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Is it possible to detect fire history by dating charcoal in humus? A
case study from 3 stands in boreal Sweden.

Abstract

This study estimates the total amount of charcoal/ha and examines the possibility of detecting
fire history by radiocarbon dating charcoal in humus from three stands in northern Sweden;
one Pinus-Cladina, one Pinus-Vaccinium and one Picea-herb stand. All stands have the same
fire history documented by dendrochronology. Samples of brushwood charcoal were taken in
the uppermost and lowermost part of the charcoal layers, and radiocarbon dated with
Accelerator Mass Specthrometry (AMS). The results show that the Pinus-Vaccinium stand
has the largest charcoal record, c. 5400 kg/ha, and the Pinus-Cladina stand the smallest, c.
850 kg/ha. The charcoal samples are too young (< 600 years) to give accurate dating results
for a comparison with the documented fires dated by dendrochronology. It is concluded that
the persistence of charcoal in humus is low and that wildfire is the most likely agent of
charcoal degradation. Further, it is suggested that the two Pinus stands, having the youngest
charcoal, are characterized by severe fires consuming old charcoal, while the fires in the
Picea-herb stand generally are less severe, making it possible for old charcoal to accumulate.
Therefore, the possibility of detecting fire history by radiocarbon dating charcoal in humus is
probably restricted to stands where fire severity is lower or similar to the Picea-herb stand.

Ar det mojligt att bestimma brandhistorik genom datering av
trikol i humus? En studie av 3 bestand i boreala Sverige.

Sammanfattning

I denna studie uppskattas den totala mingden trakol/ha i tre bcstﬁnd i norra Sverige. Tillika
undersoks mojligheten att bestimma brandhistoriken genom C-datering av trikol i humus. I
alla tre besténden; ett Pinus-Cladina-, ett Pinus-Vaccinium- och ett Picea-6rt-bestdnd, dr
brandhistoriken, dokumenterad med dendrokronologi, densamma. Trékol fran risvegetation
extraherades ur de dversta och understa delarna av kollagren och daterades med Accelerator
Mass Specthrometry (AMS). Resultaten visar att den storsta kolméngden, ca 5400 kg/ha,
Aterfinns i Pinus-Vaccinium-bestindet, medan i Pinus-Cladina-bestandet finns den minsta
mingden, ca 850 kg/ha. Det extraherade tridkolet ar alltfor ungt (<600 ar) for att ge tillrackligt
sikra dateringar for att en jimforelse med den dokumenterade brandhistoriken skall vara
mojlig. Det konstateras att trikol i humus ej ir bestindigt, och att brand dr den mest troliga
nedbrytande faktorn. Det konstateras vidare att de tva Pinus-bestdnden, som innehéller det
yngsta kolet, karaktiriseras av hérda briinder som bryter ned gammalt trikol, medan
brindernai Picea-ort-bestindet i regel dr mindre hérda, vilket mb;llggor en ackumulering av
trikol. Foljaktligen &r mgjligheten att bestimma brandhistorik genom '4C-datering av trikol i
humus formodligen begrinsad till bestdnd dir brandhardheten ér liknande, eller svagare dn, i
Picea-trt-bestindet.






Introduction

Wildfire is a natural disturbance of great importance in the boreal forest of Scandinavia
(Zackrisson 1977) as it alters vegetation composition (Wardle et al. 1998) and affects
ecological processes like the cycling of nutrients (Kimmins 1997). The produced charcoal
adsorbes allelophatic substances (Zackrisson et al. 1996) which may result in enhanced
biological activity and vegetation growth in the ecosystem (Wardle et al. 1998). Also, a large
number of plants and animals are dependent on burnt areas (Esseen et al. 1997, Kimmins
1997, Muona and Rautanen 1994). In order to understand the characteristics and function of
the present boreal forest, knowledge of its past, including fire dynamics, is required. This is
essential for conservation aspects as well as for the commercial forestry striving to mimic
natural forest disturbance in their management.

During the last century, different methods for revealing fire history have been developed
(Patterson et al. 1987). In dendrochronology wood cores from old trees are taken and the fire
scars are dated by counting the year rings (Niklasson et al. 1998, Zackrisson 1977). Using
pointer-years and cross-dating both living and dead trees can be used, the dating is very
accurate and the fire scars indicate severe local fires (Niklasson 1998). However, it is difficult
to detect fires older than one millennium, as well as to find old fire scarred trees in areas used
for commercial forestry. There is also a risk of not discovering spatially small fires (Niklasson
and Granstrém 2000).

Quantifying microscopic fossil charcoal, by counting number or measuring surface area of
particles in cores taken from lacustrine sediments (Larsen and MacDonald 1998 (a), (b),
Maenza-Gmelch 1997, Mensing et al. 1999, Turcq et al. 1998, Whitlock and Millspaugh
1996) or peat (Bradshaw and Hannon 1992, Meen 1998, Segerstrom et al. 1996, Smedstad
1997) are also frequently used methods. The approach makes it possible to identify fire
patterns several thousand years back in time (Clark 1997, Long et al. 1998), but it is difficult
to determine if the fires are local or regional (Long et al. 1998), and there is a risk of not
covering all historical wildfires when examining segments extracted uncontiguously from the
sediment core (Clark 1988, Patterson et al. 1987). Also, the characteristics of deposition and
redeposition may sometimes cause confusion when interpreting data (Patterson et al. 1987).

Fire data can also be obtained by investigating fossil charcoal records in forest humus
(Carcaillet et al. 1997, Horn and Sanford 1992, Ogden et al. 1998, Ohlson and Tryterud 1999,
Zackrisson 1977). Because macroscopic charcoal is seldom transported any greater distances
from where it is produced (Clark 1988, Ohlson and Tryterud 2000, Patterson et al. 1987,
Whitlock and Millspaugh 1996), occurrence indicates local fires (Ohlson and Tryterud 1999,
2000). However, the risk of fragmentation of charred particles by e¢.g. soil fauna and root
activity is not negligible (Carcaillet et al. 1997). Often, the charcoal record is found in a single
layer, on top of the mineral soil, which makes it difficult to quantify the number of fires and
to identify single fire events. However, if frequent fires do not totally consume the humus,
charcoal would deposit in a sequence making it possible to date individual fire events by the
use of radiocarbon dating by Accelerator Mass Specthrometry (AMS), although the method
can show a great uncertainty if the charcoal is younger than 200 years (Bowman 1990). At
present, there is a lack of data indicating if it is possible to detect individual fires in a highly
precise scale from a single charcoal layer in humus.

This paper deals with the fossil charcoal record between humus and mineral soil in three
different forest types in the boreal zone of Sweden. The purpose of this study was to



differentiate age of charcoal by depth where the oldest is found at the bottom.

The specific aims were;

- to estimate the total amount of charcoal (kg/ha),

- to examine the possibility of detecting fire history, by dating charcoal from brushwood at
different depths in humus/soils, to maximize temporal and spatial resolution.

Humus/soil samples were taken from three different stand types with documented fire history
established by dendrochronology, their charcoal content was divided into vertically
contiguous segments, and the charcoal was weighed. Finally AMS was performed to date the
brushwood charcoal at top and bottom of the same charcoal layer.

The results indicate if it is possible to detect fire history by dating selected parts of a single
charcoal layer. Further, the results contribute to the knowledge of amount, production and
persistence of charcoal in the boreal forest.

Methods

Study site

The study area, Suorke, is situated in the boreal forest, 230-240 m.a.s.l., 65 km south of
Jokkmokk, Norrbotten county, Sweden (66° 01 N, 19° 51" E) (Figure 1). The climate is
continental, with a mean temperature in January and July of ~13 °C and +15 °C respectively.
The length of growing season (number of days with a mean temperature >5 °C) is
approximately 135 days and annual precipitation is 600 mm, of which 40 % is snow covering
the ground 175-200 days/year (Anon. 1995). Soils are predominantly podzols composed of
coarse to medium sand.

Description of the stands

In the Suorke area three different stands were studied, namely a Pinus-Cladina stand, a Pinus-
Vaccinium stand and Picea-herb stand (Figure 1). The fieldwork took place at two occasions
during the summer of 1999. The stand data and humus/soil sampling procedure was done in 7
— 11 June with an additional inventory of the vegetation in 4 — 6 August. Stand data was
collected on 3 circular plots (radius of 10 m) in each stand (Table 1), and for a complete list of
species, see Appendix. The documented fire history of the stands by dendrochronology
(Zackrisson unpublished) can be seen in Table 1.

The Pinus-Cladina stand is an open Pinus sylvestris forest, mixed with a few Betula
pubescens, on flat, nutrient-poor ground. Most trees form clusters around the largest
specimens. Fire-scars are visible on larger trees and snags. Cladina rangiferina, Cladina
arbuscula, and Cetraria islandica are characterizing the ground layer, except under the
clusters of trees, where Pleurozium schreberi and Dicranum sp. are dominant. The field layer
is characterized by Calluna vulgaris and Vaccinium vitis-idaea together with Empetrum
nigrum, Vaccinium myrtillus and Arctostaphylos uva-ursi. The average humus and
fermentation layer thickness is 3 (+ 0.3) cm.

The Pinus-Vaccinium stand is a more productive, single layered Pinus sylvestris forest with a
few Betula pubescens and Picea abies. Several fire-scars are visible on the standing trees. A
few nearly decomposed logs are present. The ground layer is characterized by lichens and
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Figure 1. The study area is located in northern Sweden (A), along the road between the Varjisdn river and the
Kabdalis village (B). The study area with the 9 sample plots is pictured in (C).

mosses such as Cladina rangiferina, Cladina arbuscula, Hylocomium splendens and Poly-
trichum commune. The field layer is characterized by Vaccinium vitis-idaea and Vaccinium
myrtillus which, together with Calluna vulgaris, Empetrum nigrum, and Vaccinium
uliginosum form a denser mat than in the Pinus-Cladina stand. Other characteristic species
are Deschampsia flexuosa, Ledum palustre and, in the hollows Rubus chamaemorus and
Equisetum sylvaticum. The average humus and fermentation layer thickness is 6.5 (+ 0.7) cm.

The Picea-herb stand is located in the Suorke nature reserve. Picea abies dominates the tree
layer, some specimens of Pinus sylvestris, Betula pubescens and Populus tremula of large
dimensions being present. This stand differs from its surroundings in having high productivity
mainly due to subsurface waterflow. The ground layer, on this slightly sloping ground, is

~ characterized by Hylocomium splendens, Polytrichum commune and Pleurozium schreberi.
Field layer vegetation is more diverse consisting of 30 species including Geranium
sylvaticum, Actaea erythrocarpa, Galium triflorum, Roegneria canina, Paris quadrifolia,
Ribes spicatum, Calypso bulbosa and Matteuccia struthiopteris. The cover of brushwood
species is low. The stand has a few fire-scars, and the average humus and fermentation layer
thickness is 9.5 (= 0.7) cm.



Stand Tree species Average age Basal area Standing Production of wood Number of fire
composition (%) (+ SE) (m?) volume (m®) biomass (m’/ha/yr)  scars/sample plot
Pinus-Cladina 98/0/2 152 (£ 27) 12 120 2 3/4/6
Pinus-Vaccinium 94/3/3 173 (2 7) 20 160 43 3/5/6
Picea-herb BI77/15 142 (£ 11) 37 449 7.1 0/0/0

Documented fire years: 1441, 1652, 1697, 1758 and 1831

Table 1. Stand data and documented fire history. Tree species composition is presented as percent of total basal
area, for Pinus sylvestris/Picea abies/deciduous tree species. The annual production of wood biomass is
estimated according to Higglund and Lundmark (1981). The fire history, identical for all stands, is documented
by dendrochronology (Zackrisson unpublished).

Locating the sample plots and sampling

In each stand a research area of 75 x 50 m (3750 m?) was randomly established and marked.
Plots with the thickest humus layer, i.c. hollows and mossdominated parts, were searched
through with particular intensity in order to find as much charcoal as possible, which would
probably enlarge the span in charcoal age. After a minimum of 200 trials, three plots were
chosen. All three sample plots in the Pinus-Cladina stand and two out of three plots in the
Pinus-Vaccinium stand were situated where the ground layer vegetation was dominated by
mosses. In the Picea-herb stand no such trend was obvious.

At each plot a cubical humus/soil sample was taken using a spade, and measurements of the
sample size was made. Due to ground characteristics, there was a variation in size (cm);
length 13-16; width 13-18; and depth 9-14 (all soil samples included at least 1.5 cm of
mineral soil). One front of the profile was measured in more detail regarding thickness of
humus, charcoal layer (when visible) and mineral soil. The top and bottom of the charcoal
layer was marked with pins. A sketch was made visualising this front surface. Each soil
sample was folded in plastic sheeting, aluminium foil and finally in a plastic bag before taken
to the freezer (-18 °C), in which they were placed 6-12 hours later. In handling the samples,
direct contact with hands was restricted to a minimum. The thickness of the humus layer was
also measured at five spots, with an interval of 2 m, direction westward from each sample
plot.

Total amount of charcoal

At the laboratory the total amount of charcoal was defined, as well as the fraction of charcoal
derived from wood and brushwood at different humus depths. Using a scalpel, rectangular
segments were cut vertically from the top, down along the described soil sample front, and
placed in petri dishes (Figure 2). All sampling was done when the humus/soil sample was in a
half thawed state, to maximize cutting precision, and each cut was measured with a ruler.
Before the next segment was cut, all tools were cleaned to avoid contamination. For each
segment, the front surface of the sample was cut clean at least 0.3 cm, to eliminate the risk of
contamination from the spade used in field. This procedure resulted in the following sample
sizes (cm); width 2, depth 0.5 and length 2, giving a volume of 2 cm’. The depth of 0.5 cm
was found to be the thinnest possible layer to cut out accurately using a scalpel. From the petri
dish the segment was transferred with a spatula to a new dish, where it was stirred in water.

Samples were taken from the surface down to >0.5 cm into the mineral soil. Each dish was
examined for charcoal, using a stereomicroscope (Wild Heerbrugg M3, magnification 6.4x
and 16x). Charcoal particles (>0.5 mm) were transferred to a new petri dish containing water,
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where identification and separation of charcoal originating from brushwood was made. The
identified particles were put into tubes (Labora 1.75 ml), dried in 70 °C for 12 hours, and
weighed, (Mettler AT460, 0.0 mg). This process was completed for each soil sample before
dealing with the next. After processing one soil sample from each stand it became obvious
that the charcoal was concentrated in one vertically distinct layer, between the humus layer
and the mineral soil. The weights were transformed to kg/ha values.

Dating charcoal from brushwood at different depths

Radiocarbon dating was used for macroscopic charcoal (>0.5 mm) because the size indicates
local fire (Ohlson and Tryterud 1999, 2000). Focus was on charcoal originating from
brushwood, i.e. species of e.g. Vaccinium and Empetrum, instead of from wood, i.e. trees,
because the shorter life-span of brushwood minimizes the "old-wood effect” when dated with
AMS (Bowman 1990, Carcaillet 1998, Horn and Sanford 1992, Ogden et al. 1998).

To examine the possibility of detecting fire history by radiocarbon dating charcoal from
brushwood at different depths, the same procedure of segment extraction and handling as for
the estimation of total amount and fraction was used, with the following modifications.

At least 4.0 mg (dry weight) of pure charcoal is recommended to get an accurate radiocarbon
dating with AMS (M. Soderman, personal comment). When collecting that amount of
charcoal, the aim was to utilize the smallest horizontal area of the soil samples as possible
thus minimizing the risk of sample errors due to the assumed irregular vertical shape of the
charcoal layer. Therefore, the soil sample from each stand, which contained the largest
amount of charcoal originating from brushwood in the uppermost and lowermost ¢cm of the
charcoal layer, was chosen. From those, sample segments were cut, with (cm); length 4, width
4 and depth 0.5, giving a volume of 8 cm’. The gradient of segment sampling was placed
where it was found most suitable considering the characteristics of each soil sample.
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Figure 2. Rectangular segments were cut in a vertical gradient downward from the top, along the described soil
sample front (A). For each segment, the front surface of the sample was cut clean at least 0.3 cm. This procedure
resulted in the following sample sizes (cm); width 2, depth 0.5 and length 2, giving 2 volume of 2 cm? (B).

Examination began with the segments from the very top and bottom. If a segment did not
contain any or if it contained extremely small amounts of charcoal, the sample was discarded



12

and examination of the next level, closer to the vertical centre of the charcoal layer began.
This process continued until a segment, that alone should fulfil the requirement, was
encountered. One crucial condition was, that at least one segment was left unexamined, giving
a horizon of 20.5 cm between the selected charred brushwood pieces from the lower and
upper layer. When finished, the Pinus-Cladina stand had one segment (0.5 cm) left, the
Pinus-Vaccinium stand four (2.0 cm) and the Picea-herb stand two (1.0 cm).

Two segment samples from each stand, in all six samples of 8 cm® each, were chosen initially.
At this stage, the demand for 24.0 mg was fuifilled for two out of these six. For the remaining
additional sampling was necessary. For the upper segment of the Pinus-Cladina soil sample
as much as 12.5 cm? in addition were needed before reaching >4.0 mg. The additional
samples were cut as the previous, by horisontally enlarging the already sampled area. Six
samples, each including more than 4.0 mg of charcoal originated from brushwood, were sent
for dating at the Angstrom Laboratory in Uppsala. The radiocarbon dates were calibrated
according to Stuiver and Reimer (1993).

Results
Total amount of charcoal

The smallest mean amount of charcoal (kg/ha) was found in the Pinus-Cladina stand and the
largest was found in the Pinus-Vaccinium stand (Table 2). All soil samples, except Picea-herb
2, indicate that charcoal from wood was the dominant type of charcoal in the stands. In the
Pinus-Vaccinium stand the largest mean amount (kg/ha) of, but the lowest proportion of
charcoal from brushwood, was found. Charcoal from brushwood, had the highest proportion
in the upper half of the charcoal layer, in five of the humus/soil samples. Thus, four samples
had the highest proportion in the lower half. The average thickness of the charcoal layer was
smallest in the Picea-herb stand and largest in the Pinus-Vaccinium stand (Table 2).

Sample Amount of charcoal (kg/ha) Average charcoal Proportion of brushwood in

layer thickness each sample (%)
(£SE) (cm)

Brushwood Wood Total Average (t SE) Upper half Lower half
Pinus-Cladina 1 103 1728 1831 6 5
Pinus-Cladina 2 23 95 118 843 (+ 511) 28(+04) 5 29
Pinus-Cladina 3 270 310 580 49 45
Pinus-Vaccinium 1 383 8360 8743 2 7
Pinus-Vaccinium 2 443 5540 5983 5373 (2 2144) 43(x07) 5 12
Pinus-Vaccinium 3 250 1143 1393 59 5
Picea-herb 1 48 2805 2853 0 10
Picea-herb 2 280 135 415 1251 (+ 801) 25(x03) 72 54
Picea-herb 3 63 423 486 23 5

Table 2. The amount of charcoal (kg/ha) for each humus/soil sample, as well as the average for each stand.
Further, the average charcoal layer thickness (cm) for each stand, and the proportion of charcoal (%) derived
from brushwood in the upper and lower half respectively, of the charcoal layer in each sample.

Dating charcoal from brushwood at different depths

The '*C dates for the charcoal segments vary in age between 110 + 80 and 605 + 85 years
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(BP) (Table 3). Between the upper and lower segments of the Pinus-Cladina and the Picea-
herb stands there is a possible difference in '*C age. The very oldest charcoal is found in the
Picea-herb stand. The calibrated dates, with minimum and maximum age ranges (AD), are
separated for the segments from the Picea-herb stand only. For the Pinus-Vaccinium stand,
neither the '*C dates nor the calibrated dates show any difference in age between the segments
(Table 3).

Sample ™C age (BP) Calibrated age (AD), intercept, Sample code
min. and max. age ranges at 2g

Pinus-Cladina upper 110+ 80 1650 (1710, 1820, 1830, 1880, 1910, 1950) 1955 Ua 15747
Pinus-Cladina lower 330+ 80 1432 (1520, 1560, 1630) 1954 Ua 15748
Pinus-Vaccinium upper 235+ 80 1474 (1660) 1955 Ua 15749
Pinus-Vaccinium lower 200+ 65 1524 (1670, 1780, 1800, 1950) 1955 Ua 15750
Picea-herb upper 165+ 80 1527(1680, 1750, 1810, 1940, 1950) 1955 Ua 15745
Picea-herb lower 605 + 85 1275 (1320, 1340, 1390) 1448 Ua 15746

Table 3. The '*C ages expressed as age BP, and the calibrated ages expressed as age AD for the charcoal
samples. The analyses were made by the Angstrém Laboratory, Uppsala. The calibrations were made with the
calibration programme Calib 3.0 (Stuiver and Reimer 1993).

Discussion
Total amount of charcoal

The results show, that the largest soil charcoal record, approximately 5400 kg/ha, was found
in the Pinus-Vaccinium stand and the smallest, approximately 850 kg/ha, was found in the
Pinus-Cladina stand (Table 2). Zackrisson et al. (1996) estimated the mean value of
charcoal/ha, in 12 Pinus sylvestris stands with Empetrum-Vaccinium dominance in Sweden, to
1460 kg/ha (in the range 984-2074 kg/ha). Clark et al. (1998) made an intensive experimental
burn in a Pinus sylvestris forest in Siberia, which produced approximately 730 kg/ha of new
charcoal, equivalent to 2 % of the fuel consumed. In a similar experimental burn in one Pinus
sylvestris and two mixed Pinus sylvestris/Picea abies stands in Norway and Sweden, a mean
of 235 kg/ha and maximum of 6800 kg/ha of new charcoal (>0.5 mm) was produced (Ohlson
and Tryterud 2000). Thus, with one exception that maximum value was higher than the
maximum results in this study (Table 2). Further, the mean values in this study were higher
than the result of Clark et al. (1998), but most of the mean and maximum values were below
the corresponding results of Zackrisson et al. (1996). Thus, the results in this study seem
reasonable when compared to the previous studies, although the methods were different.

Amount and production of charcoal in the stands

There are differences between the stands, regarding the total amount of charcoal/ha, which is
due to the variation in charcoal derived from wood (Table 2), as well as of the proportion of
charcoal derived from brushwood and wood. This may result from differences in intensity and
severity of fire as well as amount and type of fuel (Clark et al. 1998, Ohlson and Tryterud
2000, Patterson et al. 1987).

In the Pinus-Cladina stand the smallest total amount (kg/ha) of charcoal was found (Table 2).
The main reason for this is probably the low productivity that results in a small amount of
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potential fuel, resulting in ground fires of low intensity. This is also the reason for the
relatively high proportion of charcoal from brushwood in this stand.

The largest total amount (kg/ha) of charcoal as well as the largest amount (kg/ha) of charcoal
derived from brushwood, was found in the Pinus-Vaccinium stand (Table 2). The reason is
probably that the Pinus-Vaccinium stand has been more affected by intensive fires than the
Picea-herb stand, and produces more potential fuel (Schimmel 1993, Schimmel and
Granstrdm 1996) than the Pinus-Cladina stand. Also, if the field layer vegetation has been
dominated by brushwood for some time, the actual amount of brushwood charcoal will be
large although the proportion is small.

In the Picea-herb stand a total amount of approximately 1250 kg/ha of charcoal was
estimated, thus less than in the Pinus-Vaccinium stand but more than in the Pinus-Cladina
stand (Table 2). Since the charcoal present has been produced during a longer time period
than in the other stands, this indicates that fires have been less intensive. Although the Picea-
herb stand produces the most potential fuel, due to high fertility, the total amount of charcoal
is relatively small but with quite a high proportion of charcoal derived from brushwood. There
is a dominance of charcoal from brushwood in Picea-herb soil sample 2, although brushwood
vegetation at present is sparse. This confirms that vegetation types are not static (Huntley
1988), thus charcoal type in humus can not be predicted by looking at present vegetation.

There seems to be no relationship between the total amount of charcoal and the thickness of
the charcoal layer. However, 3 samples per stand are insufficient to give a reliable evidence of
this.

Dating charcoal from brushwood at different depths

The "C dates as well as the calibrated dates for the charcoal segments from the Picea-herb
stand are separated indicating that the charcoal probably was produced in different fires
(Table 3). The oldest charcoal is found in the lower segment and may even origin from a fire
older than the oldest documented fire in 1441 (Table 1). The young age of charcoal from all
the other segments makes a comparison with the fire history documented by
dendrochronology impossible.

Persistence and degradation of charcoal

Zackrisson et al. (1996) found no correlation between time since last fire and amount of
charcoal in the soil. They concluded that charcoal is very persistent and that no contradictory
data existed. However, Ohlson and Tryterud (2000) made an approximate calculation and
stated that if charcoal is completely persistant, the mean fossil charcoal record in a fire-prone
boreal forest stand would be 23500 kg/ha. They concluded that charcoal is not very persistent,
and found it likely that each fire consumes a proportion of the old charcoal. The oldest
charcoal in this study, located in the Picea-herb stand, is approximately 600 years old, which
indicates that charcoal is not very persistent against degradation. The oldest charcoal in the
Pinus stands is even younger, which indicates that the rate of degradation is faster in those
stands than in the Picea-herb stand. There are several potential factors that could be
responsible for the degradation of charcoal in humus.

Indicative of the importance of wildfire is the fact that all the charcoal is located in one layer.
This indicates that in at least some fires, the severity has been high enough for complete
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consumption of the humus layer. Consequently, at these occassions there could be a possible
degradation of the old charcoal already present in the humus. This is the most likely reason
for the lack of old charcoal in the sampled stands. It seems possible that the complete charcoal
record present in the Pinus-Vaccinium stand was produced at the most recent fire, and that all
the old charcoal was simultaneously degraded (Table 3). The oldest charcoal was found in the
Picea-herb stand, which indicates that these fires have been less devastating to the charcoal
record, i.e. less severe, than in the Pinus stands, which should result in a lower rate of
charcoal consumption. In less severe fires, the charcoal closest to the humus, seemingly the
youngest charcoal, should suffer a higher risk of being degraded. Consequently, in such a case
the oldest charcoal could remain intact. On the other hand, it is possible that the older
charcoal would be more sensitive to degradation, for some reason, in which case it would
suffer the highest risk. However, at present no such studies have been made. There are other
potential factors for charcoal degradation with a biological, physical, chemical or mechanical
character, such as activity of soil organisms or weathering (Atkinson 1957, Rolfsen 1980).
However, no conclusions concerning these factors could be made from the results in this
study.

The possibility of detecting fire history

In evaluating the usefulness of the method for possible detection of fire history with high
temporal and spatial resolution used in this study, it is important to stress that even charcoal
samples of 330 years (**C age) is considered young. This strongly reduces the temporal
precision of the presented data, a fact that was stressed when the calibrated datings resulted in
wide timespans, 522 years at the most (Table 3).

The Pinus stands have probably been exposed to more severe fires consuming the old
charcoal, thus the simultaneously produced charcoal record is young. Therefore, it seems that
dating performed in this way is not recommendable for detecting the fire history in stands
similar to the Pinus stands in this study. However, in stands similar to the Picea-herb, where
accumulation of charcoal seems possible to a greater extent due to less severe fires, the
circumstances may be more beneficial regarding dating. To avoid the “old-wood effect” the
presence of brushwood charcoal in the bottom of the charcoal layer is a prerequisite for being
able to detect the oldest fire, with high temporal precision, using radiocarbon dating. In this
study, the contents of charcoal derived from brushwood seem to be evenly distributed
throughout the charcoal profiles. Even in the Picea-herb stand, there is enough older
brushwood charcoal to conduct radiocarbon dating. For example, if such a stand is also
characterized by long fire return intervals, theoretically each segment of charcoal sampled in a
vertical gradient could be separated in time from the sample just above and below. This could
make radiocarbon dating useful as a complement to dendrochronology. At least it would be
possible to extend the time period studied and to detect the number of historic fires, still not
the exact dates. However, for that purpose it might be worth to consider alternative methods,
such as e.g. quantification of charcoal layers in peat deposits (Tryterud 2000), which is easier,
cheaper and faster.
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Appendix

The ground- and field layer vegetation in the sample plots. Occurrence is marked with an X.

Species

Stand

Pinus-Cladina

Pinus-Vaccinium

Picea-herb

Actaea erythrocarpa
Arctostaphylos uva-ursi
Calluna vulgaris
Calypso bulbosa
Cetraria islandica
Cladina arbuscula
Cladina rangiferina
Convallaria majalis
Deschampsia cespitosa
Deschampsia flexuosa
Dicranum sp.
Empetrum nigrum
Epilobium angustifolium
Equisetum sylvaticum
Galium triflorum
Geranium sylvaticum
Goodyera repens
Gymnocarpium dryopteris
Hylocomium splendens
Ledum palustre

Linnea borealis

Luzula pilosa
Lycopodium annotinum
Maianthemum bifolium
Matteuccia struthiopteris
Melampyrum pratense
Melampyrum sylvaticum
Melica nutans

Moneses uniflora

Paris quadrifolia
Peltigera aphthosa
Phegopteris connectilis
Pleurozium schreberi
Polytrichum commune
Pyrola minor

Ribes spicatum
Roegneria canina
Rubus chamaemorus
Rubus idaeus

* Rubus saxatilis
Solidago virgaurea
Sphagnum sp.
Trientalis europaea
Vaccinium myrtillus
Vaccinium uliginosum
Vaccinium vitis-idaea
Viola riviniana
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