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Abstract

Fire scars indicating low- to moderate-intensity fires on peat deposits have been sampled from subfossil Scots pine 
(Pinus sylvestris L.) at sites in England, Wales and south-west Ireland. Analysis of ring-width responses to one fire 
event in 2800 BC illustrates its rejuvenating effect on Pinus sylvestris woodland, supporting a growing body of modern 
and palaeoecological data that illustrates the regenerative role played by fire in persistence of Pinus sylvestris woodland. 
Both the scale and timing of these fires s uggest t hat i nfrequent l ow- t o m oderate-intensity fi res ar e su fficient to 
stimulate Pinus sylvestris growth. This effect is shown by average increases in ring-width following the fire of between 
0.62 and 1.16 mm in non-scarred trees and between 0.92 and 2.74 mm in fire-scarred i ndividuals. G rowth r elease in 
non-scarred trees may prove to be a more reliable method of detecting fire t han u sing t he r elatively r are fi re scars 
alone. Radii at time of scarring varied between 1.85 and 11.2 cm, much smaller than is predicted to survive from 
modern studies.

Keywords: dendrochronology; Eire; fire scars; growth release; Pinus sylvestris; UK

1. Introduction Kellomaki, 1993; Little et al., 1996; Agee, 1998).
Palaeoecological records used in reconstructing fire

There is both palaeoecological and contempo- history originate mainly from lakes and mires.
rary ecological evidence from north-west Europe Sediment cores from these locations are commonly
supporting the contention that fire is an important analysed for pollen and charcoal in order to estab-
influence in perpetuating natural Pinus sylvestris lish spatial and temporal variation in vegetation
L. (Scots pine) woodland on a variety of different communities and also to estimate the incidence of
substrates (Carlisle and Brown, 1968; Birks, 1975; fire (Terasmae and Weeks, 1979; Patterson et al.,
Zackrisson, 1980; Bradshaw and Zackrisson, 1990; 1987; Bradshaw and Zackrisson, 1990; MacDonald
Bradshaw, 1993; Lowe, 1993; Kolstrom and et al., 1991; Odgaard, 1992; Tipping, 1996;

Pitkanen and Huttunen, 1999). Studies of the
incidence of fire are hampered, however, by the
limitations of radiocarbon dating (cf. Baillie, 1990,
1991; Pilcher, 1993). In addition, the quantification



of both micro- and macroscopic charcoal are potentials of relating the ring-width records of fire-
scarred trees to prehistoric ring-width chronologiesmerely indirect measures of fire, as charcoal can

be transported significant distances from original for Scots pine and (2) compares modern pine
mortality data as a result of fire ( Kolstrom andfire sources by various mechanisms (Patterson

et al., 1987). Hence estimates of past fire frequency, Kellomaki, 1993) with data from prehistoric fire
scars from sites in England, Wales and south-intensity, and size, and its environmental and

climatic significance, are, as noted by Tipping western Ireland.
(1996), at best imprecise. In contrast, fire scars
recorded within tree-ring series are testimony to
the effects of fires in situ, assuming that the scarred 2. Sites
trees remain where they grew. Fire scars can be
dated from tree-ring chronologies with annual and Fire scars preserved in the tree-rings of subfossil

Scots pine have been recorded during wider palaeo-even seasonal precision (Arno and Sneck, 1977;
Tande, 1979; Payette, 1980; Zackrisson, 1980; environmental reconstructions at three lowland

mire sites: in north-west England, on theSheppard et al., 1988; Baisan and Swetnam, 1990;
Ortloff, 1996; Lehtonen and Huttunen, 1997; Agee, English/Welsh border and south-west Ireland

(shown in Fig. 1). The subfossil pine trees sampled1998; Lehtonen, 1998). Wright and Heinselman
(1973) reinforced the view that tree-rings are during this research grew on peat substrates at the

sites and were sampled from combinations of inimportant for fire history reconstructions, yet for
fire records beyond 300–500 years ago they noted situ and unstratified localities.
that other techniques, such as stratigraphic analy-
ses of pollen and charcoal, needed to be employed. 2.1. White Moss
Recent research has shown that calendar dates can
also be achieved for prehistoric fire-scarred trees White Moss is a former lowland raised mire

located to the west of Alsager in south-east(Chambers et al., 1997), offering exciting possibilit-
ies for fire history, environmental and climatic Cheshire, England (National Grid Reference

SJ 775500). White Moss has been exploited extens-reconstructions in prehistory.
This paper (1) addresses the problems and ively for peat and more recently for the underlying

Fig. 1. Map showing the location of sites mentioned in the text: Cadogan’s Bog (south-western Eire); Fenn’s and Whixall Mosses
(English/Welsh border); White Moss, Leech’s Garden and Lindow Moss (all in Cheshire, England); Humberhead Levels (eastern
England).



sand deposits. One phase of peat extraction ended Holocene, notably at the ‘pine decline’ (Smith and
owing to large quantities of subfossil wood con- Pilcher, 1973; Bennett, 1984; Bradshaw and
tained within the lower peats. It is this subfossil Browne, 1987; Pilcher et al., 1995) ca. 2500 BC.
wood, comprising predominantly Scots pine, that
was the focus of research by Lageard (1992). The
aims of the research were to reconstruct local and 3. Methods
regional vegetation history to assess the timing
and duration of pine woodland on the site and to Detailed methods involved in the vegetational
review palynological criteria used to signify the reconstructions for the projects outlined above
presence of local pine trees (Lageard et al., 1999). have been reported elsewhere (Lageard, 1998;

Lageard et al., 1999; Mighall and Lageard, 1999).
2.2. Leech’s Garden Ring-width series illustrated in Fig. 3 were plotted

using Dendro software (Tyers, 1999). Methods
This site is part of a peat-filled hollow adjacent involved in defining and ageing fire scars encapsu-

to White Moss (NGR SJ 776 555) and has pro- lated within historic and prehistoric pine trees are
duced disc samples from six subfossil pine trees, described here.
so far undated.

3.1. Fire scar analysis and dating
2.3. Lindow Moss

Death of part of the base of a tree by fire can
Lindow Moss, a former raised bog located to be seen in modern forests (particularly in North

the west of Wilmslow, Cheshire (NGR SJ 820 America) as tapering scars (‘catfaces’; cf. Arno
805) has a long association with palaeoecological and Sneck, 1977). However, small scars caused by
and more recently archaeological research (Birks, low- to moderate-intensity fires, such as are
1965; Stead et al., 1986; Turner and Scaife, 1995). common in the northern European boreal forests
The latter has been possible as a result of peat (Agee, 1998), readily overheal and are more
extraction at the site and more recently has difficult to detect (Zackrisson, 1980). Arno and
revealed a substantial subfossil pine woodland Sneck (1977) provide methodologies for recon-
across large areas of the site (Lageard, 1998). structing fire history using a combination of
Reasons for the establishment and decline of this increment cores and wedge-shaped cross-sections
woodland have been investigated by Roberts obtained using a chainsaw. There are concerns in
(1998). sampling living trees (possible direct/indirect mor-

tality or damage to timber grain), but careful use
2.4. Fenn’s and Whixall Mosses of increment cores can provide a satisfactory

method for dating fire scars (Sheppard et al.,
This site is an extensive degraded lowland mire 1988), although it is possible to miss fire-damaged

system located on the Clwyd/Shropshire border sections. Examining stumps in clear-cut stands
(NGR SJ 490 370). Fire-scarred tree AAP2 was (where scars are readily examined) can allow an
sampled as part of research by Roberts (1998). accurate fire history record to be built. This luxury

can also be possible when sampling subfossil pine
2.5. Cadogan’s Bog preserved within peat deposits, as complete stump

cross-sections (discs) can be sampled using a chain-
saw. Fire scars in subfossil pine can often be notedThis is one of two sites chosen to illustrate

vegetational change during the Holocene on the in the field by the distinctive regrowth pattern of
wood around the scar, but can also be obscuredMizen Peninsula, south-western Ireland (Mighall

and Lageard, 1999). The presence of pine stumps by chainsaw marks or wet peat. Care must be
taken not to misinterpret modern charring onpreserved within blanket peat at Cadogan’s Bog

provided the opportunity to test mechanisms outer surfaces of exposed subfossil stumps (Leah
et al., 1997, p. 63).responsible for declining pine woodland during the



(a) (b)
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Dendrochronology provides the starting point burnt into the earlywood of sample D2.9 from
White Moss, denoting a spring fire.for dating fire-scarred subfossil pine. In our

studies, disc samples were recovered from pine
stumps above the root crown, using a combination

3.2. Growth releaseof chain and bow saws. Samples were allowed to
air-dry before being finely sanded using a belt

Analysis of fire-scarred discs showed significantsander. A ring-width record was then made from
growth release in rings immediately following theeach sample based on methodology described by
year of the fire. Growth release is seen as widerLageard et al. (1999). Computer-assisted cross-
rings in the year(s) following the fire. This wasmatching allowed contemporaneous tree-ring
quantified (Tables 1 and 2) as ring-width (mm) inrecords to be combined to form tree ring-width
the year of the fire (F) and in the two followingchronologies. Creation of robust ring-width chro-
years (F+1, F+2). The growth release of scarrednologies (that is, well-replicated chronologies com-
trees from a variety of sites (Table 1) and of non-prising the records of a dozen or more
scarred trees in chronology WM4 (Table 2) wascontemporary trees — for example 26 trees in
calculated by (F+1)−F and (F+2)−F.WM4, see results) can lead to the successful later

inclusion of additional ring-width series from
samples where cross-matching has so far been 3.3. Fire severity
unsuccessful. These additional chronology compo-
nents can include the ring-width records of fire- Research on modern sites in Finland, where
scarred trees (such as D2.9 from White Moss, see Scots pine represented 37 and 92% of the woodland
Fig. 2a and b) and similar methods have been basal area, has shown that all pines less than 5 cm
successful in accurately constructing modern fire in diameter died as a result of a low-intensity
histories (Madany et al., 1982). If chronologies prescribed fire (Kolstrom and Kellomaki, 1993).
can then be dated absolutely (cf. Chambers et al., The diameters at time of fire-scarring of the subfos-
1997), the calendar year of the fire or fires can be sil pines in this study (a range of values in some
determined. This procedure is not without prob- cases due to sample eccentricity) were therefore
lems. The more fire scars there are, the more measured for comparison with these modern ana-
problematic it is to fit individual trees into a logues (see Table 1).
chronology (David Brown, personal communica-
tion regarding subfossil pine trees from the early
Holocene in Ireland). Anomalous growth patterns 3.4. Radiocarbon date calibration
resulting from damage by fire and other limiting
factors are discussed by Madany et al. (1982) and Calibration of radiocarbon dates is imperative

(cf. Baillie, 1990, 1991; Pilcher, 1991) and washave caused problems in modern fire history recon-
structions in Scots pine-dominated woodland calculated using a radiocarbon calibration pro-

gram (rev. 2.0, 1987) developed by the University(Zackrisson, 1980). Careful sanding of fire-scarred
samples, including the removal of resin obscuring of Washington Quaternary Isotope Laboratory (cf.

Pearson et al., 1986). Dating based on radiocarbonfire-damaged cells (using a sharp blade), provided
additional information relating to the season in dates is expressed in this paper as calibrated years

BC (cal. BC).which the fires occurred. Fig. 2b illustrates scarring

Fig. 2. (a) A fire scar dated to the year 2800 BC, affecting about half the circumference of subfossil pine disc D2.9 from White Moss,
Cheshire. (b) Detail of the fire scar in disc D2.9, ×4.75 magnification, showing that the fire burnt into the earlywood of the tree
indicating a spring fire. (c–e) Fire scars encapsulated within pine samples L008, L010 and L046 from Lindow Moss, Cheshire. (f )
Damage to an estimated 90% of the cambium of pine sample AAP2 from Fenn’s and Whixall Mosses, Clwyd/Shropshire.
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Table 2
Ring-width reactions of trees in chronology WM4 to a fire event in spring 2800 BC (fire scar D2.9)

Sample Average Ring-widths (mm): Growth release (mm):
ring-width (mm) fire year (F), F+1, F+2 (F+1)−F, (F+2)−Fa

WP39 1.10 0.23, 0.16, 0.25 −0.07, 0.02
WP52 0.76 0.20, 0.23, 0.25 0.03, 0.05
D1.3 2.30 Outer rings missing N/D
WP07 1.07 0.41, 1.17, 2.44 0.76, 2.03
E3.14 1.67 0.46, 1.18, 3.05 0.72, 2.59
WP26 0.74 0.34, 0.99, 1.17 0.65, 0.83
WP16 1.27 0.20, 0.48, 0.87 0.28, 0.67
MYST 1.66 1.41, 2.73, 2.65 1.32, 1.24
WP40 0.91 0.37, 0.81, 1.67 0.44, 1.30
K023 1.43 0.74, 1.90, 2.65 1.16, 1.91
(D2.9) (0.86) (0.62, 1.06, 4.78) (0.44, 4.16)
K031 1.85 0.69, 1.80, 2.37 1.11, 1.68
K027 0.96 0.70, 1.51, 2.34 0.81, 1.64
WP54 0.90 1.83, 2.73, 3.03 0.90, 1.20

0.621, 1.161

a Asterisk denotes average growth release excluding fire-scarred sample D2.9.

4. Results any other trees in the chronology. There are,
however, significant ring-width responses in these
trees. 11 of the 13 trees, excluding D2.9, exhibit a4.1. White Moss and Leech’s Garden
significant growth release averaging 0.62–1.16 mm
in each of the two years following the fire year.Three phases of mire-rooting pine woodland

were identified at White Moss between ca. 3643 Two further trees, WP39 and WP52, suffered stress
in the form of narrow ring-width series (<0.40 mmand 1740 cal. BC, initially on the basis of radiocar-

bon age estimates. Subsequent long-distance cross- over seven consecutive years), and D1.3 died,
possibly as a direct consequence of the fire. Discmatching using pine ring-width series allowed one

period of woodland to be assigned a calendar age D1.3 had a diameter of 11.8–13.5 cm five years
before the fire (outer rings lost due to poor preser-2881–2559 BC (chronology WM4; Chambers et al.,

1997; Lageard et al., 1999). WM4 comprised 26 vation). Details of three other fire-scarred trees
(D6.37, E6.41 and WP04) from White Moss andpine samples, combining three floating ring-width

chronologies from Lageard (1992). Pine disc one (LG4) from Leech’s Garden, all so far
undated, are also included in Table 1 for compari-D2.9 — an example of a tree incorporated during

the latter stages of chronology building — contains son with D2.9 and fire-scarred samples from the
other sites.an encapsulated fire scar around 46% of its circum-

ference (see Fig. 2a) dated to the year 2800 BC by
its inclusion in WM4 (Chambers et al., 1997). 4.2. Lindow Moss
Fig. 2b clearly shows the fire scar burnt into the
earlywood, and hence the fire occurred in spring. Preliminary dendrochronological results indi-

cate three possible woodland phases at the siteThe diameter of tree D2.9 when it was scarred by
the fire varied between 5.2 and 5.45 cm. Fig. 3 indicated by radiocarbon age estimates falling

between 4343 and 3803 cal. BC, 2563 and 2139 cal.illustrates the ring-width record for pine tree D2.9
and also for 13 other trees representing the first BC, and a later possible ‘regeneration’ layer so far

undated (Lageard, 1998). Some 449 subfossil pinepart of chronology WM4. The fire responsible for
scarring D2.9 occurred in spring 2800 BC, and at samples have been collected from the site and so

far four encapsulated fire scars have been foundthis time there is no evidence of ring scarring in



Fig. 3. Ring-width records for pine tree D2.9 and 13 contemporary trees representing the first part of chronology WM4. These
synchronised ring-width records illustrate three distinct ecological responses to the fire at White Moss in spring 2800 BC: growth
release #, narrow ring series 1 and also possibly mortality +.

(three of which can be seen in Fig. 2c–e). It is not incorporation within the blanket peat deposit or
yet certain whether these scars result from just one to modern exposure to weathering resulting from
fire or several. In the interim, however, these hand peat cutting. The small sample size and poor
scarred trees do provide data on tree diameter at preservation have contributed to largely unsuccess-
the time of scarring and subsequent growth release ful dendrochronological cross-matching for these
(Table 1), allowing comparisons to be drawn with samples, but one tree, CR017, contained a signifi-
other sites in this study. cant encapsulated fire scar. A radiocarbon date

for a 10 year wood sample immediately post-
4.3. Fenn’s and Whixall Mosses dating the fire scar gave an age estimate of 5450–

5240 cal. BC at 2s (Mighall and Lageard, 1999).
Pine sample AAP2 is included in this study as CR017 also provides useful comparative fire scar

it represents the most severely scarred tree (90% data, see Table 1.
of the cambium killed — see Fig. 2f ). In addition,
AAP2 had a radius of 2.95–3.7 cm at the time of
the fire, less than the critical value (5 cm radius)

5. Discussionfor mortality after fire calculated by Kolstrom and
Kellomaki (1993).

Modern ecological studies of the boreal forest
in America, Europe and Asia have shown that4.4. Cadogan’s Bog
there is a close relationship between fire and the
dominance of pines (Agee, 1998). Fire has been11 subfossil pine trees were sampled, many of

which were poorly preserved, either due to slow shown to play an important part in colonisation



and regeneration of Pinus sylvestris (Dimbleby, years). At Fenn’s and Whixall Mosses, human
ignition of peat in the mid-twentieth century has1953; McVean, 1963; Carlisle and Brown, 1968;

Kellomaki, 1987) and similar associations have been attributed to local steam railway engines,
out-of-control bonfires and fires started deliber-been inferred for this taxon from palaeoecological

records (Bradshaw and Zackrisson, 1990; ately by peatmen (peat cutters), in order to reduce
the risk of their plots burning in the subsequentBradshaw, 1993; Lageard et al., 1999). The adapta-

tion to fire of various species of pine does however summer (Bill Allmark, personal communication).
More recently, on dry mires subject to mechanisedvary considerably depending on the nature of the

fire regime, and Agee (1998) uses Pinus sylvestris peat extraction, low- to moderate-intensity fires
(cf. Agee, 1998) have occurred every four to fiveto illustrate a species which generally experiences

a moderate-severity fire regime throughout its years since AD 1950 at Fenn’s and Whixall Mosses
and around every six years since the late 1970s atextensive modern Eurasian range. Pinus sylvestris

cannot be classed as a ‘fire pine’, with adaptations Lindow Moss ( Ken Harwood, personal communi-
cation), with ignitions caused by discarded glasssuch as serotinous cones (Whelan, 1995, p. 97),

but in Eurasian boreal forests Pinus sylvestris and and cigarettes. In contrast, fire frequencies for
natural dry pine forest during the historic periodits subspecies are regarded as the most fire-adapted

of trees, with a thick bark, especially under dry in Scandinavia have ranged between 40 and 48.8
years (Zackrisson, 1980; Lehtonen and Huttunen,conditions (Nikolov and Helmissari, 1992; Agee,

1998). Data presented here give an indication of 1997), and in mixed stands the fire return interval
has reached 122±81 years (Zackrisson, 1977). Inthe effects of fire on mire-rooting Pinus sylvestris

woodlands in the British Isles in the mid- and the mid- to late twentieth century, however, fire
suppression has virtually eradicated wildfire fromearly Holocene. It is important to consider these

data against the changing nature of fire regimes in some parts of Scandinavia (Pyne, 1995; Agee,
1998). Fire-scarred trees in this study show evi-north-west Europe during the Holocene, as a result

of climatic variability and human intervention, the dence of specific fire events in prehistory (Table 1).
No tree was scarred more than once, indicating alatter especially in the mid- to late Holocene.
minimum fire return interval of 74 to 182 years.
However, low-intensity fires can be overlooked if5.1. Natural vs. human ignition
fire-scarred trees are absent or are not sampled,
demonstrating the dangers of fire histories basedWright and Heinselman (1973) and Johnson

(1992) highlight the importance of lightning strikes solely on fire scars. The data in Fig. 3 demonstrate,
however, that significant growth release (0.62–in igniting fire in the boreal forest, and in northern

Europe the role of this agent has been demon- 1.16 mm) can be seen in a much greater number
of trees than would be expected to be scarred,strated during the historic period in northern

Sweden (Englemark, 1987). Others argue that ‘‘in providing a potentially useful indicator for more
realistic fire frequencies (possibly in conjunctionthe latter periods of Man’s existence, fire has been

used deliberately as a tool for changing the vegeta- with fine resolution charcoal analyses). Data from
Table 1 suggest that the fire events recorded by thetion…’’ (Dimbleby, 1977, p. 3) and that human

ignition is much more likely than lightning-induced fire-scars from five separate locations were of low
to moderate intensity, as these trees continued tofire. Indeed, dendrochronological fire histories

using Pinus sylvestris have demonstrated the sig- grow after scarring of between 23 and 90% of their
circumference. Fig. 2f shows scarring around 90%nificant effects of slash-and-burn cultivation in

shaping forest structure and composition in north- of the estimated circumference of pine disc AAP2.
This compares well with observations byern and eastern Finland between ca. AD 1500 and

AD 1900, with fire return intervals ranging from Zackrisson (1980), who noted 90% of the cambium
killed for one Pinus sylvestris tree from the modern19.2 to 48.8 years (Lehtonen and Huttunen, 1997)

and 6.2 years (Lehtonen, 1998; although for one European boreal forest. Even fires capable of
inflicting such extensive scarring, as demonstratedperiod, AD 1675 to AD 1710, the interval was 2.3



in this study, do not appear to scar many trees. trees suggest that older trees with relatively small
diameters may be capable of surviving fire onSo even moderate-intensity fires could be particu-

larly hard to detect from fire scars alone. This substrates with variable hydrological conditions.
Further, certain trees with comparatively largestudy validates the use of growth release as an

important, but complementary (as growth release radii and showing no apparent physical damage
to their trunks may experience mortality (pine discmay be triggered by other mechanisms), indicator

of fire. D1.3). This may be the result of damage to the
tree canopy or root system.Englemark (1987) notes that mires have acted

as fire breaks in the natural landscape.
Palaeoecological records show that peat surfaces 5.2. Fire and climate
can fluctuate between wet and dry phases, but
even when a bog surface is relatively dry there are The mire-rooting woodland recorded by chro-

nology WM4 grew between 2881 and 2559 BCoften mosaics of hydrological conditions which
support the evidence outlined above that the effects and is one of three phases of mire woodland

probably representing a continuum between 3643of mire fires in prehistory were patchy in nature.
It is hardly surprising that the effects of a low- to and 1740 cal. BC (Lageard et al., 1999). This

vegetation record from White Moss correlates withmoderate-intensity surface fire at White Moss in
spring 2800 BC left a mosaic-type effect on the the latter stages of a distinctly warm climatic phase

(Climatic Optimum/Hepsithermal ) of the early tomire-rooting pine woodland, with one fire-scarred
individual and the majority of other trees experi- mid-Holocene between ca. 6000 and 2500 years

BC in which average temperatures have been esti-encing growth release (but without any apparent
structural damage at the time of the fire). This mated as 1–2°C higher than present day (Bell and

Walker, 1992, p. 70). Comparison of charcoal andgrowth release can probably be related to nutrient
release in the form of ash and the burning away pollen records for White Moss suggests that fire

was present in regional Pinus sylvestris-dominatedof competitors in the field layer and small trees
competing for below-ground resources. woodlands in the Cheshire Plain region from ca.

4000 BC and also played an important role onData from Table 1 also provide evidence that
can be compared with modern estimates for pine local peat deposits (Lageard et al., 1999). Pollen

diagram 6III (Lageard et al., 1999, p. 328) showssurvival after low- to moderate-intensity fire.
Kolstrom and Kellomaki (1993) suggest that a an inverse relationship between charcoal and

Sphagnum spore counts, indicating a series of dry–diameter of 5 cm is crucial in predicting pine
mortality in modern forests. Tree D2.9 from White wet shifts on the local mire surface which resulted

in the eventual demise of pine woodland at thisMoss had a 5.2 to 5.45 cm diameter when 46% of
its circumference was scarred in the spring of 2800 refugia site for the taxon. Bradshaw (1993) also

correlates events surrounding the pine decline ca.BC. D2.9 survived for a further 64 years after this
event, although post-fire growth was restricted, 2500 BC (an episode noted by many authors at

sites throughout the British Isles and inwitnessed by increasingly narrow rings. Other fire-
scarred trees surviving prehistoric fires in this study Scandinavia; Bennett, 1984; Bradshaw and

Browne, 1987; Bridge et al., 1990; Eronen et al.,varied between 1.85 and 11.2 cm in diameter (see
Table 1), and D1.3, which may have died probably 1999), with increasing climatic wetness and a fail-

ure of mire-rooting and other pine woodlands toas a direct consequence of the fire, had a pre-fire
diameter of 11.8–13.5 cm. A degree of caution ignite and therefore to regenerate. Fire-scarred

pines from Lindow Moss (2563–2139 cal. BC),must be exercised in comparing modern ecological
and palaeoecological data, as figures for subfossil Cadogan’s Bog (5450–5240 cal. BC) and Fenn’s

and Whixall Mosses (3491–2923 cal. BC) not onlypine samples invariably underestimate tree size
owing to shrinkage of the trees and their disc present similar fire scar data to White Moss

(Table 1), but reveal a similar picture of firessamples after exposure in and extraction from peat
deposits. However, these data for subfossil pine gradually impeded by increasing climatic/site wet-



ness. There is, however, an intriguing exception to and the predicted increased incidence of fire
(Stocks, 1993).this correlation between fire and mire-rooting pine

trees in the British Isles. A series of well-replicated
ring-width chronologies has been created for sub-
fossil pines from the Humberhead Levels, eastern 6. Conclusions
England (Boswijk, 1998). Despite extensive sam-
pling of pine and oak woodlands at several sites This study highlights the problems and the

scope of fire history reconstructions using subfossilon the Levels, no fire scars were encountered
(Boswijk, personal communication), even in the Pinus sylvestris ring-width series. Robust chronolo-

gies are essential and care is needed when includingring-width chronology PISY, which is the longer
contemporary of WM4 (Chambers et al., 1997). fire-scarred trees in these chronologies, since den-

drochronological problems are exacerbated whenLack of direct evidence of fire in these woodlands
may be due to the mosaic effects of low- to fire scars are more frequent within individual

samples and within the subfossil woodlands.moderate-intensity surface fires discussed earlier,
or to regional climatic anomalies that may have Palynological and charcoal data are also vital in

the interpretation of fire histories from subfossilrun counter to modern climatic patterns. This issue
can only be resolved in the future by comparisons fire scars and growth release studies. Future

research using subfossil pine chronologies couldof wider networks of absolute pine chronologies
in both western and eastern parts of the British also trace the pathways of palaeofire events across

mire systems using careful sampling of in situIsles.
stumps (compass orientations). The creation of
more extensive tree-ring chronologies (both tem-
porally and geographically) from the early and5.3. Modern application
mid-Holocene, including fire histories based on
growth releases and fire scars, could provideThe ring-width responses to the fire event in the

spring of 2800 BC at White Moss demonstrate the important analogues for fire ecology in modern
boreal forests.rejuvenating effects of a low to moderate intensity

fire in mire-rooting subfossil Pinus sylvestris wood-
land. Natural regeneration of modern Caledonian
forest in Scotland has proved problematic (Sykes, Acknowledgements
1987) and, although fire has been traditionally
suppressed in the twentieth century, careful use of Messrs Beecroft, Leech, Harwood and Cadogan

for access to the sites. Mr. Cadogan and Leighprescribed fire could be used as a tool for conserva-
tion management (cf. Zackrisson, 1980). Cawley for chainsawing. Cheshire County Council

and the Department of Environmental and LeisureFurther, detailed study of subfossil pine during
the Holocene (cf. Boswijk, 1998; Lageard et al., Studies (MMU ) for fieldwork funding. NERC,

the North West Wetland Survey and the Earth1999) may in the future provide detailed regional
fire histories in prehistory. Such studies could Science Research Group (MMU ) for radiocarbon

dating support. Research at White Moss was con-employ methods such as life-table analysis (age-
structure used to estimate time-specific mortality, ducted during the tenure of an NERC research

studentship held by J.L. Special thanks to Dr.cf. Larsen, 1996), building on research from North
America which has demonstrated significant rela- Gretel Boswijk for dating chronology WM4

(Chambers et al., 1997) and also to Dr. Leritionships between ring-width and annual area
burned [for Jack pine (Pinus banksiana) and White Roberts for use of sample AAP2. Andrew

Lawrence for drawing Fig. 1 and Jonathan Howellspruce (Picea glauca); Larsen and MacDonald,
1995; Larsen, 1996], Such data would provide for technical assistance in constructing Fig. 3. Two

anonymous referees for useful comments on anuseful analogues for the responses of the contem-
porary boreal forest to alleged ‘global warming’, earlier version of this manuscript.
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