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Preface

Fire is globally considered as one of the most
severe threats to protected areas. Authorities
and protected area managers share the view that
in most ecosystems fires are non-desired guests
which means that preventive and suppressive ac-
tions against fire demand vast resources annually.
Fires are often human-induced, heavy-impact
and large-scale disturbances that affect negatively
the biodiversity and infrastructure of protected
areas.

In some ecosystems, like boreal forests, fire is
a natural, stochastic disturbance factor and thus
essentially contributes to the ecosystem processes.
In landscape level forest fires create diversity in
stand structure, thereby increasing the variety of
habitats.

Today natural fires are spatially very limited
due to effective fire suppression. Since protected
areas are commonly small, managers and authori-
ties can not allow uncontrolled wildfires there.
Therefore, in forested protected areas prescribed
burnings have gradually become increasingly
common in Finland, and also elsewhere.

The management of protected areas aims
to maintain, safeguard and possibly restore
biological diversity. To achieve these goals,
managers have to adjust their actions according
to information cumulating from monitoring

and novel ecological research. As a product of
research, managers and scientists can increase
their understanding of processes contributing
to biodiversity, and mechanisms behind them.
The accruing knowledge can consecutively be
adopted in future improvements in guidelines
and, probably also new viewpoints, to habitat
management.

To imitate the natural fire disturbance dy-
namics in full scale in our small protected areas
is not a realistic objective. It is limited not only
by the size of areas, but also economic and social
restrictions. But, in addition to well-planned and
well-located restoration burnings, fire will have
a role in maintaining the vital habitat for spe-
cies dependent on burned wood. In these cases,
prescribe burnings may be sharply specified in
their purposes.

One of the objectives of EU’s Life Nature
funded Green Belt Life project, running in
Kainuu and Koillismaa regions during 2004-
2008, has been to increase awareness related to
forest fires and prescribed burning. This publica-
tion compiles the presentations of the Fire and
Forest symposium held in November 2007 in
Kajaani. The publication is a versatile cross-sec-
tion of both scientific research and managers’
views.

Kuusamo, 1.2.2008

Matti Hovi



Esipuhe

Tulta pidetddn yhtend merkittdvimmistd maail-
man luonnonsuojelualueita uhkaavista vaaroista.
Maastopalot ovat useimmissa ekosysteemeissi
viranomaisten ja suojelualueiden hoitajien kisi-
tyksen mukaan ei-toivottuja vieraita, ja nii-
den torjuntaan kidytetddn vuosittain valtavasti
resursseja. Palot ovat usein ihmisperiisid, voi-
makkaita hiirioitd, joiden vaikutus suojeltujen
kohteiden monimuotoisuuteen on haitallinen.

Eriissi ekosysteemeissd, kuten boreaalisis-
sa metsissi, tuli on luontainen stokastinen hii-
ritekijd ja siten osa ekosysteemin prosesseja.
Maisematasolla metsipalot luovat puustoon
vaihtelevuutta ja lisidvit siten elinympiristdjen
kirjoa.

Nykyain luontaiset metsipalot ovat yhi pieni-
alaisempia tehokkaan palontorjunnan seurauk-
sena. Koska suojelualueet ovat yleensi pinta-
alaltaan pienid, ei niissd voida sallia hallitsemat-
tomia metsipaloja. Niinpd metsiisiin suojelu-
alueisiin kohdennettu suunnitelmallinen ja kont-
rolloitu poltto on yleistynyt sekd Suomessa ettd
maailmalla.

Suojelualueiden luonnonhoidon ja ennallista-
misen tavoitteena on biologisen monimuotoisuu-
den yllipitiminen, turvaaminen ja mahdollis-
esti myos palauttaminen. Jotta toimet todella
johtaisivat ndihin tavoitteisiin, tarvitaan seki toi-

mien vaikutusten seurantaa ettd uutta tieteellistd
perustutkimusta. Tutkimuksen keinoin voidaan
luoda kisitys monimuotoisuutta ylldpitavistd
prosesseista sekd niihin vaikuttavista mekanis-
meista. Karttuva tietimys voidaan omaksua suo-
jelualueen hoidossa alati tismentyvind ohjeina ja
tarvittaessa uusina nikokulmina.

Metsien luontaisen hiiriddynamiikan eksakti
jaljittely hallituin hoitokeinoin ei liene realistista
pienilld suojelualueillamme. Sitd rajoittavat aluei-
den koon lisiksi myos taloudelliset ja sosiaali-
set tekijit. Kohdennetun ennallistamisen lisiksi
tulella on jatkossakin tehtivinsi palaneesta puus-
ta riippuvan lajiston elinympiristojen hoidos-
sa. T4lléin voidaan puhua jonkinlaisesta ”tdsmi-
hoidosta”.

Kainuussa ja Koillismaalla vuosina 2004—
2008 toimineen, Euroopan unionin Life Luonto
-rahaston tukeman Vihreivyohyke Life-hankkeen
erddni tavoitteena on ollut lisitd metsipaloihin
ja metsien tarkoitukselliseen polttamiseen liitty-
vad tietoisuutta. Tdssd julkaisussa kiteytyy marras-
kuussa 2007 jirjestetyn kansainvilisen Fire and
Forest -symposion anti. Julkaisu on monipuo-
linen lapileikkaus sekd aihepiiriin liittyvistd tut-
kimuksesta ettd kiytinnon hoitotyotd tekevien
ja kehittdvien tahojen nikemyksisti.

Kuusamossa 1.2.2008

Matti Hovi
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1 Fire Continuums and Their Restoration

in Fennoscandia

Jari Kouki

Faculty of Forest Sciences, University of Joensuu, PO Box 111, 80101 Joensuu, Finland

1.1 Introduction

Fires are often regarded as the main disturbance
factor in boreal forests both in Eurasia and North
America (e.g. Heinselman 1973, Zackrisson
1977, Van Wagner 1978, Bonan & Shugart
1989, Clark 1990, Bergeron 1991, Johnson
1992, Danserau & Bergeron 1993, Niklasson &
Drakenberg 2001, Bergeron et al. 2002). In natu-
ral boreal forests, repeated fires maintain mosaic-
like and patchy landscape structure where stand
characteristics vary from site to site and from
time to time. Such natural landscape dynamics
and patterns are rarely maintained nowadays any
more in boreal regions. In different parts of the
boreal zone fires may have either increased due to
human activites (Yaroshenko et al. 2001, Achard
et al. 2006) or decreased if fire suppression is
efficient (Zackrisson 1977, Niklasson & Gran-
strom 2000). Fennoscandia — Norway, Sweden,
and Finland — are prime examples of boreal areas
where fire suppression has been very effective and
almost completely removed fires. A few scattered
fire sites that currently occur annually are typi-
cally salvage logged and regenerated artificially
after the fire so that ecological consequences of
fires disappear from the following successional
stages (Kouki et al. 2001). Thus, the multitude
of ecological consequences both at the stand and
landscape level have vanished during the past one
hundred years. These changes have had a major
influence on ecological properties of forests.
Fire suppression is not restricted only to the
managed production forests but fires are elimi-
nated also from the forest conservation areas.
As a consequence of this, the forest-dwelling
species that are dependent on fires or on the
ecological patterns and forest structures created
by fires may not find suitable habitats from the
protected forests either. These observations have
led to major efforts in Fennoscandia recently that
aim to restore fire in these ecosystems. Besides in
the protected forests, the use of prescribed fire

as a site preparation method in managed forests
have been emphasised recently.

However, establishing and re-introducing
forest fires in Fennoscandia is complicated by
several factors and problems that are scientifically
only superficially addressed so far. Key questions
are related on three general issues: First, what
would be the natural fire pattern that should be
followed in the restoration activities? Second,
what are the detailed ecological consequences
of restoration fires, in particular in relation to
providing habitat for threatened and declined
species? Third, how should the re-introduction
of fires be done spatially and regionally, or, are
there marked differences in the payoffs gained
from the use of fires in different regions?

1.2 Spatial and temporal patterns of
fires in Fennoscandia

Generally speaking, the Fennoscandian region
has experienced three consecutive phases in the
recent occurrence of forest fires: (1) the period of
natural fires with low level of human influence,
(2) the period of clearly increased fire frequen-
cies, mostly due to widely practised slash-and-
burn cultivation, and (3) the period of effective
fire suppression (e.g. Zackrisson 1977, Pitkdnen
& Huttunen 1999, Niklasson & Granstrom
2000, Carcaillet et al. 2007). Although this
general pattern seems to hold in many parts of
Fennoscandia, there are notable regional and
temporal exceptions, too. Different site types or
geographically distant areas may not show exactly
the similar pattern. Furthermore, this general
pattern does not account for the differences in
detailed characteristics of fires. Most notably, it
does not pay attention to variations in fire in-
tensity or severity that has remarkable ecological
consequences.

From the viewpoint of restoring natural fire
continuums, the first period is perhaps the most
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interesting albeit the latter periods are also im-
portant when re-introducing fires because also
the slash-and-burn period may have maintained
some of the ecological continuums.

It is very well documented that the slash-
and-burn period differed remarkably both from
the previous as well as from the fire suppres-
sion period (Lehtonen et al. 1996, Lehtonen &
Huttunen 1997, Pitkinen & Huttunen 1999,
Niklasson & Granstrom 2000, Pitkinen et al.
2002). The slash-and-burn was practised in
large areas. For example, in Finland it was com-
monly practised everywhere southwards from the
Arctic Circle, except near the western shoreline
where trees have been removed for tar produc-
tion previously (Heikinheimo 1915). During
this period fire frequencies increased and fire
intervals were shortened only to 30-40 years in
the most productive forests. Spatially, single fires
covered much smaller areas than before the slash-
and-burn period. It has been discussed that the
lack of fuel was one of the main reason for small
size of fires, especially towards the end of 1800s
(Niklasson & Granstrom 2000). Since forests
were repeatedly burned there simply was not
anymore enough biomass for the fire to spread
in the landscape.

Only few studies have been able to address the
fire frequencies that occurred before the slash-
and-burn period. Main challenge is that den-
drochronological cross-dating is not readily pos-
sible for the time periods AD 1400s and before
because of the lack of suitable sample trees, i.e.
the trees that lived on those times have already
decayed and mostly disappeared from the forests.
Analyses based on pollen and charcoal sediment
varves provide an alternative way to assess pre-
1500s fires. Although sediment analyses do not
give detailed results on spatial aspects such as
location or size of the burned areas, they may
nevertheless provide fine insights into temporal
patterns.

Charcoal analyses from eastern Finland, for
example, have shown that average fire intervals
were around 100 years before slash-and-burn
cultivation, i.e. almost double of that reported
from dendrochronological studies (1500-1800)
(Pitkinen & Huttunen 1999, Pitkinen & Gron-
lund 2001, Pitkinen et al. 2003). What is even
more important, pollen analyses can also shed
some light on fire severities. This is based on
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the idea that the two major tree species — the
Scots pine and the Norwegian spruce — have
different abilities to survive fires. Pines can easily
survive mild surface fires once they reach diam-
eter of about 15-20 cm, whereas spruce is much
more vulnerable to all fires. As a consequence
of these biological differences between the spe-
cies, a severe and intensive fire should kill both
spruce and pine trees whereas a mild surface
fire at the ground layer should reduce only the
amount of spruce pollen in the corresponing
dated varves. Based on these ideas, it has been
estimated that perhaps only every second fire
that occurred before 1500s was a canopy-fire
and stand-replacing fire (Pitkdnen & Huttunen
1999). On average, this implies that a stand typi-
cally reached 200 years before it was substantially
affected by fires. Many fires have been relatively
mild in their effects.

The role that humans have had on past fire
frequencies before slash-and-burn period has
remained somewhat unclear. It is quite possible
that also a low human population density may
influence fire patterns. However, a recent study
shows that small human populations did not
have a considerable influence on fire patterns in
northern Sweden (Carcaillet et al. 2007). Thus, it
may be safe to assume that studies addressing fire
frequencies and intensities before slash-and-burn
period may indeed show natural patterns that are
negligibly affected by humans.

A more obvious pattern in the Fennoscan-
dian fires is that they practically diappeared after
around AD 1900. Slash-and-burn cultivation
was ceased, partly because the value of timber
became higher when used for sawlogs first, and
for pulp and paper later on during the 1900s.

1.3 Ecological effects of restoring
fires

The disappearance of fires has naturally elimi-
nated also all the ecological consequences that
fires have had on forest ecosystems. In particular,
many species that strive in natural, disturbance-
and fire-driven forests have disappeared or their
populations have decreased.

Although the general importance of fire for
many forest-dwelling species is widely acknowl-
edged (Wikars 1994, Kouki et al. 2001), only a
few studies have experimentally addressed the



issues related to fire and clear-cuts as disturbance
factors and the occurrence of rare and threatened
species. Such studies are badly needed also when
restoration burnings are planned on protected
areas.

Studies based on large-scale experimental ap-
proaches have shown that burning and prescribed
fires can have a clear positive effect on the occur-
rence of several threatened species (Hyvirinen
et al. 2005, Hyvirinen et al. 2006, Toivanen &
Kotiaho 2007). Beetles have received most of the
attention so far, partly because they respond rap-
idly to fires and also because there are quite a few
species known to be associated with fires. A study
done in pine forests in eastern Finland has shown
that burning a forest may bring 3-4 threatened
beetle species more on the burned sites than on
the corresponding unburned sites already within
a few years after the fire (Hyvirinen et al. 2005,
Hyvirinen et al. 2006). This difference is likely
to increase due to time as some of the effects
of fire on trees accumulate slowly over longer
periods, such as slow dying of the trees injured
by the fire.

A corresponding study from the spruce forests
in southern Finland has produced equally clear
results. Burned spruce forests harboured about
0-1 more threatened species than unburned
forests (Toivanen & Kotiaho 2007). The slight
difference compared with the pine forests is likely
due to smaller sample in the latter study rather
than an indication of the real difference in the
fire effects.

Both these studies show that controlled burn-
ing of forests is an effective tool to enhance and
increase habitat for several threatened species.
This provides a solid background for the efforts
that aim at restoring the lost fire continuums.
Even if the fire continuums have disappeared,
many species are still able to re-establish them-
selves if only suitable habitat is provided, for
example, by careful management.

1.4 Spatial and regional aspects on
restoring fire continuums

The third main issue on restoring fire continuums
is related to regional and spatio-temporal aspects
of re-introducing fires. Since the ecological his-
tory and the temporal patterns of fires may
differ in differing parts of the Fennoscandia,

it is tempting to assume that in some regions
the colonising species pool is still more diverse.
For example, fires — both natural and slash-and-
burn — in eastern Finland were probably more
common than in western Finland towards the
end of 1800s, and still are at the Russian side
of the border. This may have created a situation
where fire-dependent or fire-favoured species
may have better possibilities to colonise burned
areas in eastern parts of the country as compared
with the western areas where fire continuums
disappeared longer time ago.

This was followed and monitored in the Metsa-
Life programme (Kouki, Hyvirinen, Simild, un-
published data) that offered unique possibilities
to investigate the ecological consequences and
the payoffs from restoration burnings. Nine areas
were selected for the monitoring. Initially these
sites were previously managed pine forests that
are currently located inside the protected areas.
The stands were rather dense, comprising mostly
of pine with average dbh 15 cm (Fig. 1). Thus,
they were typical in the sense that many Finn-

Figure 1. Burned site at Ruunaa nature reserve. Photo
taken immediately after fire. Photo: Maarit Simila.
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ish protected areas include comparable stands of
which the level of naturalness is rather poor. The
monitored stands were burned and their beetle
assemblages were sampled with window traps
during one month after the burnings.

Several pyrophilous, threatened and threat-
ened pyrophilous species (including beetles
and flatbugs) were recorded in the sites already
within this short monitoring period. What was
notable, in particular, was that there was a clear
difference between the restored areas that were
located in the eastern part and in the western
part (Fig. 2). On average, restored forests in the
east — that are probably less isolated from the
source areas or still maintain species — number of
pyrophilous species was about 5 species more per
stand. Similar results were obtained also when
all threatened species (difference: about 8 spe-
cies more in the east) or pyrophilous threatened
species (difference: about 3 species more in the
east) were compared.

These results show that restoration burnings
bring positive effects everywhere in the southern
Finland in terms of the occurrence of threatened
and pyrophilous species. However, there is also
a marked regional effect so that restoration in
the eastern parts of the country seems to have

All pyrophilous species
(n =13 spp.)

t=-2.67
7- p=0.038

No. of species

More isolated Less isolated

East-west gradient

Figure 2. Average (mean = S.E.) number of pyrophilous
invertebrate species (beetles and flatbugs) observed in
burned areas in eastern (“less isolated”) and western
(“more isolated”) parts of southern Finland during one
month after restoration burnings. Westerns sites are sup-
posedly more isolated from the species’ source areas than
the eastern sites.
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much higher positive effect on species, at least
in the short run. Thus, the immediate ecological
payofls of applying fire in the management of
conservation areas seems to be higher in eastern
than in the western Finland.

1.5 Conclusions

Three conclusions arise from this overview:

First, there is a wealth of evidence that fires
used to be the major disturbance factor in the
Fennoscandian boreal forests before 1900s and
that fires have almost completely disappeared
since then. The historical occurrence of fires shows
several regional, spatial and temporal patterns in
their occurrence which makes it somewhat hard
to define natural fire patterns in this region (see
also Rouvinen & Kouki 2008). Consequently,
restoring fire continuums requires further explo-
rations on detailed patterns of past fires as well as
their main effects on forest ecosystems.

Second, even if the detailed guidelines to ef-
fectively plan and execute restoration fires are
largely missing, the positive effects of fires on
forest biodiversity and on the conservation of
several threatened forest-dwelling species is ob-
vious. This has been verified, for example, by
the recent large-scale experimental approaches
(studies from Finland include Hyvirinen et al.
2005, Hyvirinen et al. 2006, Toivanen & Ko-
tiaho 2007, Vanha-Majamaa et al. 2007).

Third, there are clear regional effects that
modify the ecological consequences of restorative
fires. These differences may reflect the historical
patterns of forest management and the past oc-
currence of fires. Areas that remained outside
the current intensive forestry several decades at
the beginning of 1900s (Lihtonen 1949) and
where fires were common still at the end of 1800s
(Heikinheimo 1915), seem to give highest pay-
offs. That is, if a similar forest stand is burned in
these regions and in regions outside these hotspot
areas, the benefits to biodiversity are higher in
the former group. This emphasises the need to
plan restorative fires so that also the regional dif-
ferences are taken into account. It might, for
example, provide best results if the restorative
burnings are slowly advanced from east to west
which would allow the fire-associated species to
spread and expand their distributional ranges
accordingly.
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2 Human Influence on Fennoscandian

Fire History

Tuomo Wallenius

Finnish Forest Research Institute, Vantaa Research Unit, P.O. Box 18, 01301 Vantaa, Finland

Annually burnt areas in Fennoscandian forests
are currently minuscule. In the past five hundred
years fire cycles ranged from 20 years to sev-
eral hundred years depending on the region and
forest type. In general, southern forests burned
more often than northern forests and pine forests
more frequently than spruce forests. In most of
the Fennoscandia number of fires and annually
burnt area sharply declined in 1860s and 1870s.
In southernmost Sweden and Norway the de-
crease took place already during 1750-1780.

The decrease of fires is generally attributed
to effective fire suppression, i.e. fire prevention
and the active extinguishing of fires. However, it
has seldom been considered a) what is the actual
contribution of more careful handling with fire
and b) what is actually the effect of putting out
ongoing fires ignited by lightning strikes. Here I
pose three factors, which suggest that most of the
past fires (measured in terms of number of fires
as well as burned area) were caused by humans
and that the decline in fires was due to more
careful handling with fire; and possibly due to
extinguishing of human caused fires in their early
stages.

First of all, the contemporaries of frequent
fires during the 19th century reported that
the vast majority of forest fires were caused by
humans. Lightning strikes were considered as an
insignificant reason for fires. Secondly, current
densities of lightning ignitions are miniscule,
in concordance with the observations of the
early foresters. It seems unlikely that lightning
ignitions could produce the often mentioned
“100-year natural fire cycle” for any larger area.
In Finland it would require that the average fire
size would be about 2,000 hectares. Third reason,
which suggests that humans were the dominant
cause of past fires, is the dramatic decline in fires
in 18th and early 19th centuries. Fires almost
ended also in many remote places where detec-
tion of lightning fires, early attack or effective
extinguishing of larger fires were certainly dif-
ficult or impossible due to lack of fire fighters,
roads and motorized equipment.

In conclusion, humans have likely caused ma-
jority of the fires in the past. Natural fire cycles
are probably considerably longer than previously
thought. This should be taken into account in
attempts to reintroduce fire into forest in restora-
tion practices.
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3 Use of Fire in Forestry on Privately
Owned Forests in Finland

Lauri Saaristo

Forestry Development Centre Tapio, Soidinkuja 4, 00700 Helsinki, Finland

Use of fire on private forests in Finland has tradi-
tionally been prescribed burning for regeneration
purposes. Up to the middle of 1960’s, prescribed
burning was done annually on some 5,000-
10,000 hectares of private forests. Since then, the
amounts have dwindled. During the last years,
the prescribed burning area has covered only few
hundreds of hectares per year (Fig. 1). Still, the
culture of prescribed burning has remained in
some parts of the land for certain reasons: (1)
some forestry professionals have the knowledge
and a willingness to do burnings, (2) a small
amount of burnings are demanded in the forest
certification criteria and (3) the government gives
support for prescribed burning.

Prescribed burning is still a good and recom-
mended method in forest regeneration, but it
is quite expensive and can be replaced by other
methods, mainly by mechanical land prepara-
tion. Ecological research has revealed many posi-
tive biodiversity aspects that the use of fire can
create in protected areas and also in managed
forests. Biodiversity and especially the threatened
species living on burned wood have become the
major reason for the government to give support
for prescribed burnings.

This shows clearly in the recent legislation,
where a new term “biodiversity supporting pre-
scribed burnings” is introduced. To increase the
area of prescribed burnings, modifications are
planned for its state funding from 2008 onwards.
The idea is that in the future all costs of pre-
scribed burnings are to be reimbursed for the
forest owner. This makes it possible to fund the
use of fire for biodiversity management in private
forests. The ministry of forestry and agriculture
has set the challenge to develop prescribed burn-
ings to result better conditions for species that
live on burned forests.

The development work, conducted by the for-
estry development centre Tapio, have recognized,
that the main ecological factors of the prescribed
burning area are the number and quality of the
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retention trees left in the clear cut, vegetation
type, the size of the burned area, the intensity
of the fire and the location of the burned area in
relation to other recently burned forests.

The team reforming the subsidies for pre-
scribed burning suggests that financing could
be granted for three kinds of activities. If the
aim was forest improvement, burning would be
subsidized if enough retention trees were left on
the felled area. Enough means, based on scientific
studies, at least ten cubic meters of mainly stout
trees. Prescribed burnings in nutrient-poor areas,
where the activity can have no forest management
aim, could be subsidized as well. The burning of
several retention tree groups in a certain region
would also get financing.

In the future, these activities should be more
commonly put into practise in private forests
after a regeneration felling. The use of fire as a
tool in management of some valuable habitat or
in ecological restoration should require a more
careful nature management planning to get fi-
nancial support. Also it would be important,
that subsidies could be paid for a private forest
owner, who is willing to protect a forest after a
natural fire.

One question is, that how the spatial aggrega-
tion of the species living in burned forests could
be taken in the considerations, when developing
the use of fire in private forests. Prescribed burn-
ings in private forests could have a major role
in maintaining those species in some areas of
Finland. Still, in private forestry, the decisions of
how and where to burn are made by the forest
owners and managers (Fig. 1).

The use of fire in all the forests, regardless
of the status or the owner, is forming the land-
scape for the species living in burned forests.
Co-operation of private and governmental
sector is needed to estimate the best solutions to
manage the biodiversity of burned forests, using

the fire continuity-areas concept introduced by
Metsihallitus.
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Figure 1. Prescribed burnings in private forests 1997-2006. Source: Forestry Development Centre Tapio.
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4 Fire Implications in Restoration Ecology

Timo Kuuluvainen

University of Helsinki, Department of Forest Ecology, PO Box 27, 00014 University of Helsinki, Finland

In Finland the utilization of forests has been and
continues to be intensive. Silvicultural treatments
such as planting and thinning are widely used
to create homogeneous even-aged stands. The
dominant harvesting method is clear cutting,
currently with retention trees left in groups. The
cutting rotation is ca. 100 years which has tradi-
tionally been considered to represent the natural
fire cycle. New research results indicate that
natural fire rotations have varied notably within
the country and have been longer than hitherto
assumed, especially in the north up to several
hundreds of years. In pine dominated forests the
fire regimes have been characterized by mixed
severity fires, where low- or medium-severity
fires are dominant. In spruce forests, where fires
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occur less frequently, stand-replacement has been
more common. In addition and in the absence
of fire, secondary disturbances in the form of
mortality of individual trees and small groups
of trees due to various causes plays a ubiquitous
role in the natural forest dynamics. The forest
habitat structures and variability created by natu-
ral fire and non-fire disturbance dynamics differ
fundamentally from forest structures created by
current management disturbances characterized
by clear cut harvesting. Restoring some of the
natural forest habitat structures requires a shift
from the dominance of clear cutting toward a
range of partial harvesting methods, which better
maintain structural features important for biodi-
versity than current management methods.



5 Fire as a Management Tool in Protected
Areas: Principles and Practices in Finland

Esko Hyvarinen

Metsahallitus, Natural Heritage Services, Southern Finland, P.O.Box 36, 80101 Jyvaskyla, Finland

From the beginning of the 20th century, natu-
ral disturbances have largely been replaced by
stand-replacing disturbances of human origin,
such as intensive forestry. Natural disturbances
of high intensity, such as forest fires, create habi-
tats with extensive biological legacies from the
pre-disturbance forest, such as high quantities of
dead wood. Numbers of forest-dwelling species
are adapted to benefit from these environments.
Due to the current land use in Fennoscandia, in
particular, it is clear that the natural disturbance
regimes cannot be restored on a large scale. In
order to create important structural properties
in the forest landscape and to maintain species
dependent on burned areas we have to use con-
trolled burning as a management tool also in
reserves.

The significance of forest fires for forest-
dwelling biota has been shown in several stud-
ies. Relationship between beetles (Coleoptera),
dead wood and forest fires has been studied quite
intensively in recent years in Finland, and it has
been shown that not only the pyrophilous species
but also hundreds of other species, in particular
those dependent on dead wood, benefit from
burning. Many of these species are red-listed in
Finland. Polypores seem to benefit from burn-
ing, also, but their responses need longer term
monitoring.

Currently controlled burning is used prima-
rily as a means of forest restoration in reserves
in Finland. Forests that are burned are usually
rather young and previously used for timber pro-
duction. Burning is used to initiate natural forest
succession and to create habitats for pyrophilous
species. By the end 0of 2006, 880 ha of forest was
burned in Metsihallitus reserves, of which 559
ha after the year 2003. This increase is largely
due to increased resources for forest restoration
through EU Life projects. The importance of
burning for forest-dwelling biota is now widely
acknowledged, however, and Metsihallitus’
Natural Heritage Services has a target to burn
200 ha of forest annually in Finland.

In 2003 the working group on restoration
proposed that there should be a network of fire
continuum areas based on state-owned reserves
(Ennallistamisty6ryhmi 2003). The network was
planned by Metsihallitus in 2004 and the plan
was updated and published this year (Pdivinen
& Aapala 2007). The network of fire continuum
areas include 52 areas from South to North of
Finland (Fig. 1). The areas were chosen based
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Figure 1. Location of fire continuum areas in Finland. State-owned

areas are coloured in the map.
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on previous fire history, known occurrences of
pyrophilous species and geographical location
of areas in order to achieve good coverage over
Finland and to include the most important areas
for conservation of pyrophilous species. The de-
sirable fire frequency vary between one and five
years depending on the area. In general, higher
frequences are maintained in southern Finland
and in the north burning is implemented less
often. The frequency here does not refer to
burning of the same site again but to burning
of different sites within the same fire continuum
area. If natural and accidental fires occur close to
these areas the planned controlled burnings will
be postponed. The formation of fire continuums
is supported in managed forests surrounding
reserves. There burnings are implemented with
some tree retention by Forestry of Metsihalli-
tus.

In North and East Finland older forests are
planned to be burned, too, in addition to those
normally burned as a part of forest restoration.
This is done not only to create fire continuums
and habitats for pyrophilous species but to im-
prove the quality of forests and to mimic natural
processes in these areas. Species inventories are
done before burning to avoid harm for impor-
tant species. The effects of burning on biota is
monitored after burning. The following criteria
are used in choosing the old-growth forest sites to
be burned and in implementation of burning;
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—  the representativeness of a site as a natu-
ral forest is low

—  the volume of dead wood is lower than
average within the reserve

—  signs of previous forest fires are found or
the forest site type is such that gets easily
burned

—  the site should have natural borders so
that making of artificial fire breaks can
be avoided

—  the intensity of fire is maintained natural
so that no trees are cut to increase it

— a single fire must not exceed 20 ha in
North Finland and 10 ha in East Fin-
land

— at most 50 ha are burned annually in
North Finland and 20 ha in East Fin-
land.
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6 Principles and Practices in Sweden

Tomas Rydkuvist

County Administrative Board of Vasternorrland, Pumpbacksgatan 19, 871 86 Harnésand, Sweden

Actually there are no “Principles and Practices” in
Sweden, when it comes to prescribed fire, at least
not on a national level. There are some counties
that have started to write a plan on how to use
fire in protected areas within their jurisdiction.
The county of Visternorrland started the work
with the “County Burn Plan” (CBP) in Decem-
ber 2007. This plan should be divided into two
different parts but that’s not yet decided.

Part one must include a description of the
fire history in the county of Visternorrland. And
it should include a discussion over the reasons
as well as the present demand for using fire in
protected areas. This part should also include
rules how we must act when we are burning in
state-owned areas. There should be a description
about skills needed for burning forests. There
should be a description of the safety rules and
other regulations that must be followed. Part
one is also the document that needs to be signed
by the county governor in order to become a
guideline in the use of fire in protected areas.

Part two is the more practical part of the
County Burn Plan and should contain a list of
all the protected areas and the
planned ones. This list should
then describe whether we can
or cannot use fire, depending
on the present and/or predicted
future nature values. It should
indicate those areas where burn-

In Sweden most of the forest burning is con-
ducted by certified forest companies. The major-
ity of the Swedish forest companies are certified
according to Forest Stewardship Council (FSC).
Thus they are obliged to burn five percent of the
annually logged area on dry and mesic ground
during a five year period. The total area burned
by forest companies mounts up to approximate
2,000-3,000 hectares per year. Most of that area
has a low biological diversity, since they most
often burn clear-cut areas with few retention
trees. Also they often burn under very secure
conditions, when the moisture content is high.
If they have an unlogged patch of forest out on
the cut block, they will probably not get any
affect at all in that patch due to wet conditions.
Sometimes they even use mechanical scarifica-
tion and plantation after burn, which is a proof
of prescribed fire under very bad conditions. It is
also a proof of bad planning and judgment since
it is waste of money.

The different counties burn only between
25-200 hectares annually (Fig. 1). Most of the

burned areas are within nature reserves and
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Figure 1. Prescribed fires in protected areas in Northern Sweden.
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This is a “Prescribed horror pict

consist of unlogged areas. There are only a few
counties that use fire on regular basis in nature
reserves. Until now there is only a total of 729
hectares burned in the northern part of Sweden.
We must increase the area burned annually if
we want to see some major positive changes in
biodiversity.

Sweden is currently working with Action Plans
for Endangered Species and some of the Actions
Plans concern fire-favoured species. The county
of Visternorrland has the national responsibil-
ity for the action plan for fire-favoured beetles.
In that action plan we suggest that a minimum
area of 50 hectares per year, and county, should
be burned in nature reserves. In the northern
counties it gives us a minimum of 300 hectares
of high quality burns.

Our objectives are divided in two different
levels: main objectives, which are valid for all
of our burns, and objectives that are specific for
each prescribed fire.
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ure”, no retention trees and mechanically scarified. Photo: Petter Bohman.

The main objectives are:

—  Recreate a fire prone stand structure

—  Create options for regeneration of pine
and for pine to grow tall

— Increase the amount of dead wood,
mainly pine snags (standing dead trees)
in a short and longer period of time

—  Strengthen the populations of fire-
favoured species at landscape level.

Some of the target species are: Stephanopachys
linearis and S. substriatus, Picoides tridactylus,
Dryocopus martius, Pulsatilla patens, Daldina
loculata and Geranium bohemicum.

One of the problems is that many nature
reserves have a management policy of “free de-
velopment”, which means that man can not do
any active management. The nature reserve is left
to natural processes. One can wonder what type
of natural processes is meant by that. It takes a
miracle from a lightning to strike within a 300
hectare large nature reserve. Different species
could be waiting for a fire for centuries, because



if fire started by lightning occurs outside of the
nature reserve it will be suppressed instantly.
The decision to leave an area to “free develop-
ment” is often done with no regard to fire history
or other forms of natural disturbances. That is
not reasonable, and we must put a lot of effort
to rewrite the plans, so we could use fire in our
protected areas. We have already altered some
of the management plans and used fire in order
to maintain the biological diversity and restore
the stand structure shaped by fire. The manage-
ment method of “free development” is a suitable
method for spruce dominated areas. The only
process that human can’t alter is time. The other
natural processes have been changed by man in
such a way that we no longer can regard them
as disturbance factors. I do believe that we must
replace the natural disturbance regimes with
human induced ones, such as prescribed fire.
Another problem in Sweden is that it has gone
more than 120 years since the latest fire and the
forests have become very dense. Very often there
are more then 800 trees per hectare, which is too
dense if we want a new regeneration of pine. It is
also too dense if we want to make it possible for
pines to grow as tall as they were before dimen-
sion cuttings in the middle of the 19th century.
Studies have shown that the pre-industrial forest
consisted of approximately 120-200 dominant
trees per hectare, and those were very old and
huge trees. Often they were more than 300
years old and more than 100 cm in diameter at
breast height. In many of our protected areas, old
stumps from the dimension logging era, stand as
evidence for a forest that no longer exists. Still
it is a forest that we might be able to recreate if
we are allowed to use the kind of management
tools that are required, such as prescribed fire
and selective logging when needed. In one of
our nature reserve, Stormyran-Lommyran, we
started a major restoration in 2002, with a reduc-
tion of number of trees per hectare. The surface
area of reserve is 1,000 hectares and of that area
the forest consists of approximate 600 hectares.
The average stand has a mean age of 125 year,
60% pine and 40% spruce. The average stand has
850 stems per hectare, which is too high density.
We started to log 50% of the trees, targeting
the spruce. A total of 35,000 m? of timber was
harvested and in some of the logged areas we also
removed the “limbs and tops” in order to reduce

the fuel load. After selective logging we burned
the logged areas. The results have so far been
quite good. We have a pre-burning condition of
approximate 450 stems per hectare, which allow
us to have up to 50% mortality and still have
natural stand conditions.

Another important issue is knowledge of fire
behavior and biological response to disturbance
agents, mainly fire. Therefore we have joined up
with three other counties, County of Jimtland
(Z), County of Givleborg (X) and the County
of Dalarna (W) (see Fig. 1) and a government
agency, Skogsstyrelsen (Swedish Forest Service)
to launch an education package in order for be-
coming forest fire specialists to learn about forest
burning. We have seen a lack of skilled and com-
petent people who could conduct a prescribed
burn. We have assembled a list of skills and com-
petence required for prescribed burning,.

Anyone who wants to use fire must know
the physical conditions as well as the technique,
otherwise it is easy to fail in one way or another.
It is vital that one is involved in both planning
and performance of a prescribed fire. One must

know WHY and HOW!

After rewriting the management plan, we are able to use
prescribed burns to restore our protected areas. Photo:
Tomas Rydkvist.
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Previously we only had a Burn Boss when
we did our burns, independent of the size of the
burn. Now we have a Burn Boss, who is in charge
of the whole operation, and an Ignition Spe-
cialist, who is in charge of the ignition pattern,
collecting weather data, reading and taking notes
of fire behavior and so on. The Ignition Specialist
has a mandate to control all the igniters so we can
regulate fire intensity. This type of organization
has been beneficial to our burns in the way that
we reach our objectives more easily.

We also conducted a test burn in five different
plots to evaluate certain products to prevent im-

portant features to catch fire. We have to preserve
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The first sample plot is burning. Photo: Elin Mattson-Tano.

important structures like old pines, snags, high
stumps and logs from being burned in a fire. In
Sweden there is a shortage of these features in
many reserves, so we must find a simple and cost
effective way of securing them. We have tested
foam, gel and a type of “wet water”.

See our website: http//www.y.Ist.se/pub-
likationer/rapporter. Look for Publication No:
2007:6 “Test av skum, gel och “wet water” som
skydd for substrat vid natuvirdsbrinningar. In
Swedish with an English summary. We also have
a DVD from the burns. If you would like to
obtain a copy please contact Tomas Rydkvist.




7 Forest Fires in the Russian Taiga

Heikki Kauhanen

Finnish Forest Research Institute, Kolari Reseach Unit, Muoniontie 21, 95900 Kolari, Finland

7.1 Introduction

A tremendous diversity of climate, soil and veg-
etation, together with a wide variety of anthro-
pogenic impacts, is inherent in the vast territories
of Russia (Shvidenko & Goldammer 2001). The
Russian forests stretch through eleven time zones
and ten bio-climatic zones and subzones, from
tundra in the north to deserts in the south. About
78% of the forests are located in the Asian part
and the remaining 22% in the European part of
the country. The forested area covers half of the
total area of the country and accounts for 23%
of the global forest areas (Nilsson & Shvidenko
1997). Almost 95% of the Russian forests belong
to the boreal (f2iga in Russian terminology) veg-
etation zone. More than 70% of the forested
area is dominated by five coniferous tree species
(larch, pine, spruce, fir and Siberian pine). The
Russian taiga amounts to approximately two-
thirds of the global boreal region. It contains
about 25% of the global terrestrial biomass, and
even a higher percentage of the carbon stored in
litter and soils (Conard et al. 2002).

Most people regard fire as a destructive force
that should be fought against and quickly extin-
guished. However, the fact is that wildfire is a
natural phenomenon in boreal forest landscapes
(Karpachevskiy 2004). In many European coun-
tries wildfires are almost completely eradicated as
a result of the extremely efficient fire suppression
systems. After a long suppression period fire is
now tried to reintroduce to forest ecosystems by
using controlled burning. The situation in Russia
is completely different as its fire suppression
system has never been very effective in managed
forests, and huge parts of the country remain
outside the system of forest fire suppression. This
paper presents an overview on forest fires in the
Russian taiga.

7.2 Occurrence of fires

7.2.1 Statistics of fires

There are several reasons why fire is a major dis-
turbance factor in Russian forests (Shvidenko &
Goldammer 2001). About 95% of the forests
are boreal forests, and a major part of them is
dominated by coniferous stands of high fire
hazard. A significant part of the forested territory
is practically unmanaged and unprotected. As a
consequence large fires play an important role in
this region. Due to slow decomposition of plant
material, the forests contain large amounts of
accumulated organic matter. A major part of the
boreal forest is situated in regions with limited
amounts of precipitation and/or frequent oc-
currences of long drought periods during the
fire season.

In the early 20th century, when a fire fight-
ing system was virtually absent, forest fires are
believed to have affected between 600,000 and
700,000 hectares per year (Karpachevskiy 2004).
The number and distribution of forest fires and
area burned vary annually across Russia. High
fire frequency and small fire areas are typical of
the European part of Russia, whereas the Asian
part of the country is characterized by small fire
frequency and extensive fire areas. The lower
share of the area burned in European Russia is
partly due to the differences in the capacity of fire
suppression but also to more favourable natural
conditions for fire to spread in Asian Russia. Ac-
cording to the official statistics, 20 to 35 thousand
wildfires annually affect between 0.5 and 2.5
million hectares of Russian forest (Karpachevskiy
2004). Despite the high number of individual
fires, the serious environmental impacts are gen-
erally caused by large wildfires (greater than 200
ha) and especially by catastrophic fires. The area
of an individual fire scar burned by a catastrophic
fire may exceed tens and even hundreds of thou-
sands hectares. On an average, 5% of the large
wildfires are responsible for more than 90% of
the whole area damaged by fires.
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The duration of the fire season is geographi-
cally dependent and ranges from 90-100 to
200-250 days per year. There is a clear zonal
gradient in the seasonal distribution of fire (Ko-
rovinl1996). At the southern latitudes fire season
is twice as long as in the north. Most fires occur
during a four month’s period that extends from
May through August (Fig. 1). Within the general
fire season, there may be two or three distinct
peaks of fire activity.

The extent, timing and geographical distribu-
tion of fires vary greatly. The annual area burned
can vary even ten-fold. About 60 to 90 percent of
the area burned annually is usually concentrated
in three to six regions. In one or more of these,
fires may be of catastrophic character. In Siberia,
on an average, about 1 percent of the fires are
large (with an area of more than 200 ha) but in
dry years this may rise up to 10 percent. How-
ever, large fires make up 50 to 80 percent of the
burned area (Valendik 1990). In extremely dry
years, a similar picture can be observed even in
densely populated regions.

7.2.2 Fire cycle

Frequency of fire depends on many natural
and anthropogenic factors. Typical fire return
intervals in Pinus sylvestris forest types in central
Siberia have been estimated to range from 25 to
50 years (Furyaev 1996, Swetnam 1996). How-
ever, the variation is very large with an upper
limit of 250 to 300 years for wet sites and a

lower limit of 7 to 15 years or even less for some
sites. An interval of only 3 to 4 years have been
observed in dry pine and larch forests in densely
populated areas. Longer intervals (90-130 years)
are more typical for forests dominated by Larix
species (Furyaev 1996) and by Abies sibirica and
Picea obovata. Fire return intervals decrease from
north to south, and are longer on the most well-
watered sites along rivers or in areas where forest
stands are isolated by wet bogs. From a historical
perspective, areas in which no fires have occurred
during a single life cycle of a coniferous forest
(200-300 years) are negligibly small in the taiga
zone (Furyaev 1990).

As a reflection of the difference in dominance
and in fire return intervals of the various forest
types, about 70 percent of the fires in Russia
occur in light coniferous pine and larch-domi-
nated stands (Pinus sylvestris or Larix), and only
about 15 percent in dark (primarily Abies, Picea)
coniferous boreal forest (Korovin 1996). About
80 percent of the area typically burns in surface
fires (Furyaev 1996, Korovin 1996), but patchy
crown fires are common, and in severe fire sea-
sons, crown fires may dominate.

7.3 Extreme fire seasons in Siberia

Many regions in Russia are known as high wild-
fire hazard areas. Particularly in Central and
Eastern Siberia recurrent extreme fire seasons

are common (Ivanova 1996, Valendik 1996, Val-
endik et al. 2005). In severe fire seasons multiple
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Figure 1. Monthly distribution of fire frequency during the fire season in Russia.

(Redrawn from Conard & Davidenko 1998.)
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fires may burn over long periods, casting a pall
of smoke over large areas (Conard & Ivanova
1997). Large forest fires have been reported in
the press as far back as late 19th century. In the
early twentieth century, dry years with large forest
fires were frequent in Siberia (Valendik 1996).

Shostakovich (1925) reported on extensive
fires in Siberia in 1915. The largest fires ever
recorded occurred as a consequence of an ex-
tended drought in Central and East Siberia.
Precipitation in Siberia was about 50-60% of the
normal, near the centre of it hardly 30 percent.
There were two periods with absolutely no rain
in Central Siberia: the first one from mid-June
till mid-July, and the second one from the end
of July till mid-August. These fires burned for
50 days, and in many places the fires persisted
throughout the whole summer. The fires raged
in an area covering some 181 million ha, about
one-fifth of the area of whole Europe. The main
centre of the fires was between Angara River and
Nijnya Tunguska, and the total area burned there
was estimated at 14.2 milj. ha. In many dried
peatlands peat burned over 1.8 m below the
surface. The smoke pall from the fires covered
680 million ha, and severely reduced visibility at
ground level over a large percent of the area.

Extreme fire seasons are characterized by
long rainless periods, high air temperatures and
low humidities (Ivanova 1996). The number of
precipitation-free days is the major factor con-
trolling the occurrence of large fires (Valendik
1996). In spring, forest stands in many regions
attain high flammability very rapidly: 20 rain-
less days are a critical period. In summer, large
fires begin to occur all over the area from south-
ern Siberia throughout Far East after a 30-day
drought. These droughts make all vegetation
highly flammable, natural fire breaks disappear
and fires spread freely (Ivanova 1996, Ivanova &
Ivanov 2005).

Analysis of weather information and fire pe-
riodicity has revealed that e.g. in Central Yakutia
some 50 extreme fire seasons occurred from 1670
through 1992 (Ivanova 1996). They repeated
once a decade and covered 2-3, sometimes even
4 consecutive years. E.g. in 1948, long and severe
drought prevailed across Yakutia over the three
summer months. During that period, 550 fires
burned, 125 of which were large fires. Several
extreme fire years (1987, 1992, 1998, 2002,

2003) have occurred during the last two dec-
ades. In 2002, a large number of wildland fires
occurred near Yakutsk. The fires started from
early May and continued into September, with
a burnt area estimated at more than 2.3 mil-
lion ha (Hayasaka 2003). In 2003, fires burned
a total of 14.5 million hectares (Mollicone et al.
2000). Large climate anomalies occurred during
this period that increased the likelihood of fire
ignition and propagation. In the same year the
Avialesookhrana (Aerial Forest Fire Service of
Russia) continued to be faced with insufficient
budgets for operations (Goldammer et al. 2003).
With the reduced budgets it was not possible to
suppress wildfires in an early stage. Consequently
the wildfires grew large in size and became un-
controllable in most cases.

All across Siberia and Far East, large fires vary
widely in both frequency and time of occurrence.
In Western Siberia, fires are relatively infrequent,
except Tomsk region, where they have increased
in number during recent years. In most parts of
Eastern Siberia and Far East, fires are an annual
event, and large-scale fire outbreaks are reported
once every 3 to 4 years, often occurring in two
consecutive years (Valendik 1996). In the huge
territories of Siberia it is impossible to fight fires
in all forest zones. Economy of the country will
not stand to such kind of expenses. Moreover,
full exclusion of wildfires in boreal forests leads
to extra fuel loads (Valendik et al. 2005).

7.4 Human and forest fires

7.4.1 Human influence on fire regime

Humans have historically had a significant impact
on the natural fire regime, as fire has been used
in maintaining grasslands, and in the practice of
slash and burn agriculture (Karpachevskiy 2004).
Furthermore, fire has often followed industrial
practices, such as logging, mining and charcoal
production. Forest fires became more frequent in
the 1930s and 1940s and especially in the 1950s
and 1960s, as Soviet authorities sent thousands
of people into the sparsely populated taiga to
survey and exploit the precious natural resources.
Thousands of kilometres of ground and railroads
penetrated to the taiga, making it more accessible
for people and, since that time, tens of millions
of hectares of pristine taiga in European Russia,
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Siberia and the Russian Far East have been de-
stroyed by fire.

The exact proportion of anthropogenic fires
is unknown, since the official statistics contain
a “fires of undetermined cause” category (Kar-
pachevskiy 2004). The average proportion of
anthropogenic fires is estimated to be 80-90
percent for Russia as a whole. The importance
of lightning as an ignition source varies greatly
geographically, with the highest percent of light-
ning ignitions in relatively unpopulated areas
with a pronounced continental climate such as
the Krasnoyarsk and Yakutia regions (Conard &
Davidenko 1998). A proportion of 33-67% for
the spontaneous fires has been estimated in Even-
kia and Yakutia in northern Siberia, depending
on the time period (Ivanov 1985). Nonetheless,
even in these regions, a large percentage of fires
are human-caused.

Karpachevskiy (2004) states that the propor-
tion of natural fires is likely overestimated. In
opposite to that Conard and Davidenko (1998)
suggest that, according to newer information,
the importance of lightning ignitions may have
been underestimated. Currently, the majority of
Russia’s anthropogenic fires are caused by agri-
cultural burns, the careless behaviour of children,
local hunters, fishermen and berry/mushroom
collectors, and sparks from vehicles. Most of
these fires take place in close proximity to settle-
ments, roads, agricultural fields and other forms
of human infrastructure. The large influence of
human populations on fire occurrence is well-
illustrated by Korovin (1996), who shows that
about 68 percent of fires occur within 5 km of a
road, and 60 percent of fires occur within 10 km
of a populated area.

7.4.2 Fire suppression

The major force in the fire detection and fight-
ing is Avialesookhrana (AO) with 24 regional
airbases across Russian Federation. The use of
aircraft began as early as in 1930s and, the ap-
plication of remote sensing data began in 1970s.
During the last few decades, about 80-85 percent
of all fires have been detected by aviation and
about 50 percent of all fires detected are extin-
guished during the first day. Fires that are not
extinguished during the first day often become
very large and difficult to extinguish. Since 1990s
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the system of fire detection and fighting has been
negatively impacted by financial and logistical
constraints.

In Russia, the boreal wildfire problem is both
severe and poorly documented. Fire detection
and fighting across the vast taiga is a great chal-
lenge. The Russian government only actively sup-
presses fires in less than two-thirds (62-65%) of
its boreal region, typically leaving the rest to burn
(Kasischke et al. 1999). Quite often, firefighters
are not even aware of wildfires in remote regions
until after they have been burning for days.

7.5 Use of remote sensing

Since it is not economically feasible to fight all
fires, many of them are allowed to burn them-
selves out. Regarding to the size of Russian taiga
and the remoteness of the unprotected territory
satellite remote sensors are the only cost effective
way of monitoring fires in the boreal regions.

Scientists who monitor fires on a global scale
suspect that the Russians greatly underestimate
the total area burned on an annual basis. There are
some satellite data estimating the total extent of
fires for all or major parts of Russia. Based upon
analysis of AVHRR (Advanced Very High Reso-
lution Radiometer) data, fire scientists estimate
that roughly 12 million hectares (120,000 square
km) of Eurasian boreal forest burned in 1987,
and most of that was in areas actively monitored
by Russian foresters (Kasischke et al. 1999). This
figure compares dramatically with the estimate of
1.27 million hectares burned reported by Rus-
sian officials. Cahoon et al. (1994), based also on
AVHRR data, determined the area burned in the
Russian Far East and eastern Siberia in 1987 to
be 14.4 million ha.

Extensive independent research on Russian
forest fires has been conducted by the Global Fire
Monitoring Center, based in Freiburg, Germany.
This research showed that the 1.834 million ha
of burnt land that AO reported in for the severe
fire year 2002 for their jurisdictional area may
not be an accurate reflection of the complete
picture (Goldammer et al. 2003). These findings
were further supported by the Krasnoyarsk Fire
Laboratory (Sukachev Forest Institute), which
found that 11.7 million ha burnt during the
same period in Asian Russia alone (Sukhinin
2003, see also Fig. 2). Additional researchers have



also found major discrepancies with other AO
data. For example, the Global Burnt Area 2000
initiative (GBA-2000), which has produced a
global dataset on burnt vegetated areas for the
year 2000, found that 3.11 million ha forest and
3.31 million ha woodland burnt in Russia, com-
pared to the 1.64 million ha that was reported by
AOQ. For 1998, the satellite data showed that 13.3
million ha burnt in Siberia, five times higher

than the area reported by AO.

7.6 Carbon cycle and Russian forest
fires

Boreal forests play a unique role in the global
carbon cycle and climate system (Bonan et al.
1995), as they constitute a significant part of the
world’s forest area and organic carbon storage.
It has been estimated that the vegetation, soils,
and permafrost layer of the boreal zone repre-
sent around 37% of the total terrestrial carbon
pool, and, therefore the region is extremely im-
portant with regard to the Earth’s carbon cycle
(Goldammer & Furyaev 1996).

The Russian forests are of great interest to
scientists studying the interaction of human and
natural disturbances, especially those interactions
affecting the terrestrial component of the global
carbon cycle. It has been estimated that the

closed forests of Russia contain some 41 billion
tons of vegetative carbon, and in addition to
that, the top layer (one meter) of soil of forest
ecosystems contains about 130 billion tons of
carbon (Shvidenko et al. 2000).

Global climate models linking area burned
with fire-season temperature predict that global
warming will bring significant increases in fire
regimes. E.g. results of Stocks et al. (1998) indi-
cated an earlier start to the fire season, an earlier
start in high to extreme fire severity, a later end in
the fire season, and a dramatic increase in the area
under high to extreme fire danger. Notably, the
area under extreme fire danger in Siberia during
the summer months was projected to be three
times the area affected in Canada.

Nowhere on Earth is global warming faster
than in the Arctic region. In northern Siberia,
average temperatures have risen 1 to 3°C over
the past 30 years, whereas the worldwide aver-
age increase in that time is 0.6°C (Ranson et al.
2007). Projected increases in the severity of the
continental climate in Russia suggest longer fire
seasons and much higher levels of fire danger.
The inevitable result will be an increase in the
number, size, and severity of boreal fires, with
huge impacts on the global carbon cycle and the
Russian economy.
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7.7 Conclusions

Fire is the major annual disturbance throughout
the Russian forest, especially in large portions
of the more remote areas, where fire suppres-
sion is less intensive or impossible (Bergen et
al. 2003). This disturbance exceeds the annual
area harvested or disturbed by other natural
agents, such as insects. Although some fires are
a natural component of the boreal ecosystem,
most of the fires in the Russian taiga are caused
by human activities. With the vast quantities of
carbon reserves, Russian forests play a critical role
in the global climate system and global carbon
cycling (Goldammer 2003). Any changes in their
carbon balance have potential to affect global
atmospheric CO”.
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8 Forest Fires in Norway

Malfrid Toeneiet

Norwegian Forest and Landscape Institute, Pb 115, 1431 As, Norway

Research on natural fire regimes has not come
as far in Norway as the rest of Fennoscandia.
Currently we are working with reconstructing
historical fire regimes and intervals in Trillemarka
in south-central Norway. Because of limited
knowledge about historical fire regimes, there
has been no use of fire as a management tool
in Norway. The closest we have come to a pre-
scribed burning is a small scientific burning of a
12 ha large forested area in Hedmark county in
2002 (Gongalsky et al. 2006). There was also a
couple of scientific burnings in the 1990s when
the certification standards called “Levende Skog”
were prepared. Prescribed burning of clear cut-
tings was relatively common in the mid 1950s
with close to 1,500 hectares yearly burned area
(Skoklefald 1973), but use of fire for rejuvenating
clear cuttings is not in use anymore.

Norway is a country with large climatic and
topographic variation. The Scandinavian moun-
tain range divides the country in a south-north
direction, and fjords are cutting in to the moun-
tain range from west. The costal areas are among
the areas with most precipitation in the world,
whereas the south-eastern parts towards Sweden
have a more continental climate. The immigra-
tion history of tree species differs throughout the
country. This makes Norway an interesting object
for studying how different forest types, climate
and other factors affect the forest fires spatial
extent and frequency (Bleken et al. 1997).
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Figure 1. Burned area in Norway divided into total burned
area, and burned productive forest. Source: Directorate
for Fire and Explosion Prevention.
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8.1 Forest fires in Norway for the last
100 years

Registration of fire statistics became a govern-
mental responsibility in 1913. The statistics
are relatively precise regarding the number of
forest fires, whereas the registration of fire size
is assumed to be more rough estimates (Dyen
1998).

The years with the largest area burned in
Norway in the registration period (1913-2006)
are 1937, 1942, 1947, 1950, 1959, 1964, 1972,
1974 and 2006, with total areas of more than
3,500 hectares. The largest fire-years in produc-
tive forests are 1959, 1976, 1992 and 2006 with
more than 1,500 hectares burned (Fig. 1). Aver-
age yearly burned area in the 94 year period is
1,256 hectares land and 315 hectares of produc-
tive forest.

7.4 mill hectares of Norway is covered with
productive forest. An average of 315 hectares
burned productive forest each year corresponds
to 0.04%o. A continuation of this fire regime
will theoretically give a fire return interval of
23,500 years.

The number of fires has varied over the years,
and there is a marked peak in number of fires
from 1960 to 1980 (Fig. 2). The mean fire size
is showing a declining trend through the period
from 1913 to 2006 (Fig. 3). This is probably due

to increased number of vacation properties and
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Figure 2. Total number of fires in Norway in the peri-
od 1913-2006. Source: Directorate for Fire and Explosion
Prevention.



technical installations like power lines, which
starts more fires. In the same period fire suppres-
sion has become more effective (Dyen 1998).
Year 2006 stands out from the general trend with
a high proportion of burned productive forest
and large mean fire size.

Of the total number of fires during the last
10 years (1997-2000), lightning fires accounted
for 14%. The proportion of fires which the cause
could not be determined was 34% (Fig. 4).

South-eastern parts of Norway have the high-
est density of lightning strikes. These areas also
have the highest amount of lightning ignitions
with an average of 27.2 lightning ignited burns
each year. This corresponds to a lightning igni-
tion density of 0.08/10,000 ha/yr (Dyen 1998),
which is lower than what has been found in
south- eastern Sweden (0.23/10,000 ha/yr), but
comparable to northern Sweden with a density
0f 0.05/10,000 ha/yr (Granstrom 1993).
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Figure 3. Mean fire size of total area burned. Source: Directorate for Fire and Explosion
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Figure 4. Cause of fire of total area burned. Source: Directorate for Fire and Explosion

Prevention.
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8.2 Fire history in south-central
Norway for the last 600 years

There are a few Norwegian studies on the long-
term (i.e. Holocene) variation in fire activity
(Tryterud 2003, Molinari et al. 2005, Ohlson et
al. 2006), but there is only one dendrochrono-
logical study on fire history (Groven & Niklasson
2005).

In a newly started study in south-central
Norway we have dated 330 cross-sectioned
samples with 640 fire scars. The first confirmed
fire year was in 1413, and the last was in 1821
(Toeneiet et al. 2007). The study is a complete
sampling of all fire-scarred material (living trees,
stumps, snags and logs) in a 3.4 km” nature re-
serve in Trillemarka, south-central Norway.

Preliminary results show low fire frequency in
the period 1400-1550 (1 fire per 30 years), and
high fire frequency in the period 1550 to 1700
(1 fire per 9 years). 1700-1850 had 1 fire per 21
years, and after 1850 there is no confirmed fire
in the area. This corresponds well to historical
facts. 1400-1550 was a period with low popula-
tion density due to the Black Death epidemic
(1349-1350), and few fires are probably due to
low anthropogenic influence. 1550-1700 was a

period with population increase and relatively
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low timber value. High fire frequency can be ex-
plained by human igniting fires to improve pas-
ture conditions. By the end of the 17th century
several new laws prohibited use of fire, and at
the same time the timber value increased. Fewer
fires in the period 1700-1850 and absence of
fire during the last 150 years indicate less active
anthropogenic use of fire, and more effective fire
suppression.

All sampled trees are plotted on a GPS,
making it easy to reconstruct the size and shape
of each fire. The general trend is that fires in the
15th and 16th century were larger than those in
the 17th century (Fig. 5).

8.3 Conclusion

Today forest fire is practically absent from Nor-
wegian forest ecosystems. Reconstruction of
historical fire regimes is, however, implying that
fire has been a natural part of Norwegian forest
ecosystems. Only fragments of Norwegian fire
history are documented, and the topographi-
cal and climatic variance makes it important to
document more of the history over larger areas.
Use of prescribed burning will probably be an

important tool in future forest management.

Figure 5. The map (1.7 x 2.0 km) to the left shows the size of the 1499 fire (red dots), while the map to the right shows the
fire sizes in 1690 (red), 1702 (orange), 1726 (green), and 1755 (purple). The small black dots show the collected samples
from the study area in Trillemarka, south-central Norway.
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9 Research and Forest Fires

Pasi Puttonen

Finnish Forest Research Institute, Unioninkatu 40A, 00170 Helsinki, Finland

Fires in forests support many ecosystems’ services.
Forest fires are an integral part of the forest suc-
cession by controlling composition and structure
of forests and their growth and dynamics. Boreal
forest ecosystems and tree species are adapted to
the periodic passage of fire, and some ecosys-
tems might disappear in the absence of fire. Fires
maintain the vegetation mosaic in the landscape.
The mosaic, in turn, constitutes the underlying
basis for plant and animal biodiversity within
the ecosystem.

Fire behaviour, fire severity, and fire regime
influence on the response of forest ecosystems
to fire. Understanding fire behaviour and fire
regime is necessary for interpreting fire effects.
Fire regime includes such factors as fire inten-
sity, fire interval, fire season, and size of the fire.
Many effects of fire are at the ecosystem level
and have influence on physical environments
and landscapes. These include fire impacts on
nutrient and chemical cycling, erosion, hydrol-
ogy, landscape level patterns and global carbon
cycling. Forest fires rearrange energy and mass
flows in a forested area, and a plant and animal
succession starts with species adapted for those
new conditions.

There is no one straightforward answer to
where, when and how to apply prescribed fire.
Past fire regimes provide some guidelines but use
of fire is also an ethical question; what type of
forest structures and futures we want to create.
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In today’s silviculture, prescribed burns should
create conditions to support specific values, at
specific places in a specified future forest.

There is a substantial lack of investigations on
economic — including environmental economic
— success of prescribed burning / restoration
burning for ecosystem management objectives.
A challenge is in the need to define production
functions to identify short-, mid- and long-term
relationships between prescribed burning and
ecological effects.

Research question under boreal condition
include further information needs on fire behav-
iour for e.g. forest fire danger assessment, models
of forest fire spread and extreme fire behaviour.
Fire economics and policy economic would be
needed to study and develop impact models of
fire risk and vulnerability assessment and emer-
gency response systems.

Forest ecology research provides a basis for
management and further on fire ecology and
how it affects stand structure and function, study
environmental impacts, especially cumulative ef-
fects in the ecosystems as well as forest material
characterization. Monitoring systems, along with
supporting research, will be needed as cumulative
effects of our current practices not known — long-
term goals cannot be achieved without monitor-
ing and modification through time. In forest
restoration, the basic question how to achieve
desired ecosystem conditions will sustain.



10 Monitoring of Forest Restoration in the
Green Belt LIFE Project - First Results from
Prescribed Fire Treatments

Anne Tolvanen, Anne-Maarit Hekkala, Marja-Leena Paatalo & Oili Tarvainen

Finnish Forest Research Institute, Muhos Research Unit, Kirkkosaarentie 7, 91500 Muhos, Finland

10.1 Background

Green Belt is an extensive network of old-growth
forests, aapa mires, boreal hills and arctic fells
along the border between Finland, Russia and
Norway. In order to improve the conservation
status of protected areas along the Green Belt,
Metsihallitus has carried out restoration of for-
ests and peatlands in 13 Natura 2000 areas in
Koillismaa and Kainuu as a part of the Green
Belt Life project. The project operates from 2004
to 2008. The Finnish Forest Research Institute
(Metla) acts as a partner and is responsible for
the planning of restoration and the monitoring
of forests. The purpose of the forest monitoring
is to compare how different restoration methods
work to re-establish the attributes and function-
ing of forests towards those of natural forests, and
to detect how different forest-dwelling species
respond to the restoration. Monitoring of peat-
lands and reforested forest roads is being carried
out with supplementary funding from Metla.
Due to the experimental setup of restoration and
consistent monitoring of the restored forests,
peatlands and forest roads in several Natura 2000
areas, Metla’s research forms the most extensive
scientific restoration study in Finland.

The vision of the Green Belt Life project lies
in the recent ecological knowledge showing that
restoration of forests located close to existing
source areas of target species is most efficient
(e.g. Hanski 2000). Restoration near high-qual-
ity forest stands facilitates the migration of the
species and minimizes the time delay of the
colonization. For example in southern Finland,
most protected areas are small and have been
recently managed (see Horne et al. 2006 and ref-
erences therein). Restoration will not necessarily
facilitate the colonization of threatened species,

if there are no nearby source populations from
where the migration can occur. The project area
of Green Belt Life lies in the immediate vicinity
of old-growth forests of Russia, which can act
as a source area of for example saproxylic and
fire-dependent insects and decomposing fungi.
The project area is also believed to be sufhciently
large to serve as a source area to smaller and
fragmented areas after restoration. Since most
protected areas within Green Belt Life are in a
reasonably natural state, restoration improves the
already good conservation status of the region
rather than tries to introduce landscapes, which
have already disappeared from the area.

A significant part of forests are being restored
using prescribed fires in the Green Belt Life
project. Fire is considered an important source
of heterogeneity in boreal forests. For example
fire-adapted and saproxylic beetles have declined
dramatically throughout the northern Europe
due to efficient forest management practices and
fire suppression (Zackrisson 1977, Wikars 2002,
Hanski 2000, Rassi et al. 2001). Restoration of
forests using prescribed fire aims at creating post-
fire habitat mosaics resembling those found in
naturally fire-dynamic landscapes (Kuuluvainen
et al. 2002).

In this proceeding, we present the forest
monitoring setup of the Green Belt Life project.
We also give first results on the impacts of pre-
scribed fire on the burn level of lying trees and on
saproxylic beetle assemblages in two Natura 2000
sites, Pahamaailma and Elimyssalo. The latest
inventories in Green Belt Life were finished in
autumn 2007. Hence the results presented here
comprise a preliminary part of what is forthcom-
ing from the Green Belt Life project.
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10.2 Methods

Forest monitorings were established at four
Natura 2000 areas; Oulanka, Pahamaailma,
Elimyssalo, and Lentua, prior to restoration in
2005. These areas were chosen for monitoring,
as it was either possible to compare the impacts
of contrasting restoration methods on the forests
(Pahamaailma, Elimyssalo, Lentua), or because
other factors, such as the impact of reindeer graz-
ing (Oulanka) could be investigated. Restoration
methods varied slightly from site to site (Table
1). In Pahamaailma and Elimyssalo, four restora-
tion methods were applied along with untreated
controls (Table 1). In this proceeding, we only
discuss two burning treatments in Pahamaailma
and Elimyssalo, in which the amount of burn load
was being compared. Forests in Pahamaailma are
over 120 years old, while those in Elimyssalo are
20-50 years old.

In each Natura 2000 area, four replicates of
each restoration method were applied on at least
75 m x 100 m study plots. The study plots were
split into three 150 m? circles, in which variables
related to the development of forest structure
and biodiversity are being monitored (Fig. 1).
Pre-restoration inventories were completed in
2005, restoration was carried out in 2006, and
the post-restoration inventories were done in

2006 and 2007.

All standing and lying trees were mapped
within the 150 m? circles and recorded for their
species, size, and the average levels of decay and
burn. We report here the timber volume of lying
trees, being classified into four burn levels: 1)
mostly unburnt, 2) bark slightly burned, 3) bark
burned but phloem alive, 4) charred wood.

Saproxylic beetles were monitored in control
and two burn load treatments in Pahamaailma
and Elimyssalo. Beetles were collected with six
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Figure 1. Monitoring setup in the forests.

Table 1. Restoration methods under investigation in different Natura 2000 areas. All areas had also untreated con-

trols.

Oulanka Pahamaailma

Elimyssalo Lentua

Burning with low burn load
(10-30 m*ha)

Burning with low burn load
(10-30 m?ha)

Burning with low burn load
(10-30 m?ha)

Burning with moderate
burn load (40-50 m*/ha)

Burning with moderate
burn load (40-50 m3/ha)

Adding of decayed wood
by 10-30 m3/ha

Adding of decayed wood
by 10-30 m3/ha

Adding of decayed wood
by 10-30 m3/ha

Adding of decayed wood
by 40-50 m*/ha

Adding of decayed wood
by 40-50 m*/ha

Adding of decayed wood
by 10-30 m3/ha using storm
simulation

Reindeer fencing of burnt
and unburnt sites
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window traps at each study site from mid-May to
mid-September in 2005, 2006 and 2007. Species
were identified in the laboratory; the emphasis
was on saproxylic species. Diflicult staphylinids
and Atomarias were not identified. So far, only
beetles from 2005 and 2006 have been identi-
fied.

10.3 Results and discussion

Burn load treatment had no impact on the burn
level of lying trees in Pahamaailma, whereas in
Elimyssalo the percentage of higher burn levels
was slightly greater in burn load 40 m3/ha com-
pared with burn load 20 m?/ha (Fig. 2). Most
lying trees were of burn level 2, indicating a
relatively low burning intensity. It appeared that
only old lying trees, which had been dead and

decayed already before restoration, produced
charred wood of burn level 4.

Altogether 27,427 beetle individuals were
collected during the pre- and post-treatment
years and identified into 390 species. The spe-
cies richness of saproxylic species increased sig-
nificantly at all burned sites after fire, whereas
the species richness remained unchanged at the
control sites (Fig. 3a). The increase in the burn
load had a slight positive effect on saproxylic
species richness in both study areas. Also the
number of saproxylic beetle individuals increased
significantly at the burned study sites (Fig. 3b).

The number of red-listed species (includ-
ing NT, VU, EN) increased significantly at the
burned sites both in Pahamaailma and Elimys-
salo (Fig. 4). Altogether, 13 red-listed species
were caught from the burned sites.
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Figure 2. Percentage of timber volume classified to different burn level categories
in two burn load treatments in Pahamaailma and Elimyssalo in 2006.
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The results show that prescribed fire of even a
relatively low burn level has an immediate positive
effect on the richness of saproxylic beetle species,
when the burnings are conducted near source
areas of beetle populations. The findings are in
line with Hyvirinen et al. (2005), who show that
the living conditions of saproxylic species can be
enhanced by controlled burnings at least close
to source areas of the target species. Burning of
both young and relatively old forests had a posi-
tive effect on the richness of saproxylic beetles in
our study. Suitable habitats for some endangered
beetle species may therefore be maintained with
regular prescribed fires of young and older forests
in the Green Belt region, when trees are left at
the burned sites.
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11 Tree Regeneration after Fire

Michelle de Chantal

Finnish Forest Research Institute, Vantaa Research Unit, P.O. Box 18, 01310 Vantaa, Finland

During regeneration after natural or anthropo-
genic disturbances, the successful recruitment
of new seedling cohorts often crucially depends
on the availability of suitable microsites or “safe
sites” (Harper et al. 1965, Simard et al. 1998).
Although the diversity of microsites in man-
aged forests in Finland is reduced compared to
natural forests (Kuuluvainen & Laiho 2004),
forest restoration treatments consisting of par-
tial cutting with coarse woody debris creation
and/or prescribed burning can increase microsite
diversity (Lilja et al. 2007), and thereby have
the potential to affect seedling abundance and
distribution among microsites. The following
results were obtained after restoration treatments
in mature managed Norway spruce-dominated
stands in upland and paludified biotopes in
the Evo region, southern Finland. Restoration
treatments consisted of four cutting treatments
(Fig. 1): (1) uncut, (2) low-CWD (coarse woody
debris), i.e., partial cutting leaving 50 m? ha™' of
standing retention trees and 5 m* ha'' of down
retention trees (drt) to create CWD, (3) interme-

Unburned

Burned

Low-CWD

Uncut

diate-CWD, i.e., as previous but with 30 m*ha!
of drt, and (4) high-CWD, i.e., as previous but
with 60 m® ha' of drt. Half of the stands were
burned, and half remained unburned.

Prior to treatments, seedlings of all studied
species, i.e. Norway spruce, Silver and Hairy
birches, and other deciduous (including Rowan,
Aspen, Willow, and Alder), grew predominantly
on level ground and mounds. Microsites on or
next to a stump were also common in paludified
biotopes, but in low numbers. Although there
was up to 34.8 m*/ha of CWD in stands prior
to treatments, few seedlings were growing on
or next to CWD, probably because it consisted
mainly of small-diameter logging waste.

By itself, the cutting treatment did not change
the seedling density of any species. In contrast,
fire decreased the density of Norway spruce
seedlings to almost zero in the upland biotopes
(Table 1), mainly because it spread more evenly
than in the paludified biotopes. On the other
hand, the burning outcome was patchy in the
paludified biotopes due to the wetness. As such,

IFEN
444 1y

Intermediate-CWD High-CWD

Figure 1. lllustration of the restoration treatments with the four levels of partial cutting with dead wood creation, with

and without fire.
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Table 1. Pre- and post-treatment seedling density (ha') and standard error.

Upland biotopes

Paludified biotopes

Pre-treatment

Post-treatment

Pre-treatment

Post-treatment

mean std err. mean std err. mean std err. mean std err.
Unburned
Uncut
spruce 2125 1283 1375 617 17625 7250 9208 3759
birches 0 0 0 0 750 500 333 110
deciduous 4458 1980 3333 1001 2375 1125 2833 1037
Low-CWD
spruce 4583 3667 5000 4206 5833 1158 5458 1417
birches 417 417 1708 758 1458 561 12417 3908
deciduous 1917 671 2042 758 3667 1064 6125 1305
Intermediate-CWD
spruce 5188 3437 3333 1585 5042 1146 3875 1231
birches 125 125 3458 2842 708 522 1625 439
deciduous 3438 1438 3167 1300 2792 491 2583 507
High-CWD
spruce 3417 712 2208 481 6458 1341 4542 1312
birches 3125 1665 1583 983 1125 331 5542 3949
deciduous 4875 1231 4042 1086 2542 1341 1375 804
Burned
Uncut
spruce 2667 1774 1333 712 9750 9000 9667 7619
birches 375 260 1333 686 1042 292 958 423
deciduous 3208 726 3000 1422 1917 655 2000 947
Low-CWD
spruce 7500 3903 42 42 3208 1869 792 730
birches 1417 830 8125 6097 2125 1583 11167 5357
deciduous 1000 315 1250 439 4417 1568 2250 732
Intermediate-CWD
spruce 8125 3514 0 0 9417 3908 4625 2940
birches 167 167 1083 417 4000 331 45042 15152
deciduous 2708 1590 458 182 875 439 917 583
High-CWD
spruce 2750 629 42 42 4375 804 1167 1105
birches 167 110 875 696 708 273 8625 1134
deciduous 1708 481 875 289 2750 1003 1125 382

Note: n=3 stands, except for the following pre-treatment combinations: unburned uncut in paludified biotopes, unburned

and burned intermediate-CWD in both biotopes where n=2, and burned uncut in both biotopes where n=1.
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part of the pre-treatment spruce seedling cohort
survived and was added to the post-treatment
cohort. Fire also interacted with the cutting treat-
ment to change the seedling density of Silver and
Hairy birches in the paludified biotopes, such
that regeneration increased most with low-CWD
in unburned stands but with intermediate-CWD
in burned stands, the increase in seedling density
being several times higher after burning (Table
1). At the same time, the seedling density of
birch species decreased in uncut stands in the
paludified biotopes. The cutting treatment and
fire did not affect the density of birch seedlings in
the upland biotopes, or that of other deciduous
species in both biotopes. In the uncut stands, the
seedling density of all species generally remained
high after fire in both biotopes as these stands did
not burn well due to the lack of logging residues
and fallen crowns as burning material.

After the restoration treatments, the density
of spruce and other deciduous species on level
ground and mounds usually decreased in both
biotopes, whereas that of birches increased, most
likely because birches regenerated very abundant-
ly. The number of birches and other deciduous
species also increased next to CWD and under
a fallen crown. Despite the creation of CWD,
few spruce seedlings grew on or next to CWD;
however, the number of spruce seedlings growing
under a fallen crown generally increased in un-
burned stands. Most of the post-treatment CWD
in our study was decay stage 1, which is not
a suitable substrate for regeneration. Colonisa-
tion of CWD by spruce seedlings generally takes
place 20-60 years after treefall, when CWD has

reached more advanced decay stages (Zielonka
2006). However, fresh CWD may act as shelters
offering protection against browsing (Ripple &
Larsen 2001, de Chantal & Granstrém 2007)
and changes in microclimate (Harper et al. 1965,
Kuuluvainen & Kalmari 2003, de Chantal et al.
2005).

A high proportion of seedlings of all species
were either weak or dying. Damage to spruce
seedlings by mechanical means or unidentified
causes was common in unburned stands while
damage by fungus was common in the paludi-
fied biotopes. Damage to birch seedlings was
almost exclusively caused by insects, with minor
damage by mammals in unburned stands. The
most common cause of damage to other decidu-
ous species was mammals followed by insects
in unburned stands, while insects caused more
damage than mammals in burned stands.

Evidence of protection against browsing of-
fered by CWD is provided by another study (de
Chantal & Granstréom 2007) that took place
in a large area of old-growth mixed Scots pine
and Norway spruce forest that burned in Tyresta
National Park in central Sweden. In the year fol-
lowing the fire, an abundance of European aspen
and Goat willow seedlings regenerated naturally.
Four years later, all seedlings growing outside
aggregations of dead wood formed by windthrow
of fire-killed trees had been browsed repeatedly
(mainly by ungulates) and the average height was
60 + 9 cm for aspen and 54 + 12 cm for willow
(Fig. 2). Inside the aggregations, only 33% of the
tallest seedlings had any evidence of browsing,
and in most cases only from one episode. Average
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Figure 2. Browsing history of aspen and willow seedlings growing in open areas and dead wood aggregations. Marks

along the bars indicate the height at browsing episodes.
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height for aspen inside aggregations was 153 + 41
cm and for willow 167 + 27 cm (Fig. 2).

For aspen regeneration from seed, substrate
and shelter by CWD are both important in the
early stages, as shown by a sowing experiment in
the burned intermediate-CWD stands in the Evo
restoration experiment (de Chantal et al. 2005).
Sowing areas were delimited on burned organic
matter and mineral soil substrates, in open areas
and in the shelter of CWD, in both paludified
and upland biotopes. Since aspen seeds require
high moisture conditions for germination, seed-
ling emergence was highest on mineral soil in
the paludified biotopes (Fig. 3). However, due to
flooding caused by snowmelt in the spring and
a rainy second summer, fewer seedlings survived
so that establishment after two growing seasons
was lowest on this combination of biotope and
substrate. Instead, establishment was highest on
mineral soil in the upland biotopes, and interme-
diate on burned organic matter in the paludified
biotopes. No seedlings established on burned
organic matter in the upland biotopes, most
likely because it was too dry (Fig. 3).
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The shelter of CWD was both beneficial and
detrimental to aspen seedling emergence and es-
tablishment. For example, on mineral soil in the
upland biotopes, the shelter of CWD increased
emergence but decreased establishment during
the first growing season. Evaporation of soil
moisture was probably reduced in the vicinity of
CWD, which was beneficial to seedling emer-
gence. However, seedlings may not have received
enough light to survive, especially in places where
the vegetation near CWD grew dense. On the
other hand, on both substrates in the paludified
biotopes, seedling emergence was lower in the
shelter of CWD than in open areas, for reasons
that are not clear, but a greater proportion of
them survived on mineral soil. Seedlings were
taller on mineral soil than on burned organic
matter during the first growing season: 9.0 mm
in upland biotopes and 6.4 mm in paludified
biotopes compared to 2.1 mm on burned organic
matter in paludified biotopes. After two grow-
ing season, there were no differences between
substrates and biotopes, and the average height
was 19.0 mm.
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Figure 3. Number of living aspen seedlings during the first two growing seasons.

46



References

de Chantal, M. & Granstréom, A. 2007:

Aggregations of dead wood after wildfire act
as browsing refugia for seedlings of Populus
tremula and Salix caprea. — Forest Ecology
and Management 250(1-2): 3-8.

—, Kuuluvainen, T., Lindberg, H. & Vanha-

Majamaa, 1. 2005: Early regeneration of
Populus tremula from seed after forest res-
toration with fire. — Scandinavian Journal of

Forest Research 20(Suppl. 6): 33-42.

Harper, J. L., Williams, J. T. & Sagar, G. R.

1965: The behaviour of seeds in the soil I.
The heterogeneity of soil surfaces and its role
in determining the establishment of plants

from seeds. — Journal of Ecology 53: 273-
286.

Kuuluvainen, T. & Laiho, R. 2004: Long-term

forest utilization can decrease forest floor
microhabitat diversity: evidence from boreal
Fennoscandia. — Canadian Journal of Forest
Research 34: 303-309.

— & Kalmari, R. 2003: Regeneration microsites

of Picea abies seedlings in a windthow area
of a boreal old-growth forest in southern
Finland. — Annales Botanici Fennici 40(6):
401-413.

Lilja, S., de Chantal, M., Peterson, C.,
Kuuluvainen, T., Vanha-Majamaa, 1. &
Puttonen, P. 2007: Microsites before and after
restoration in managed Picea abies stands in
southern Finland: effects of fire and partial
cutting with dead wood creation. — Silva
Fennica (accepted).

Ripple, W. J. & Larsen, E. J. 2001: The role of
postfire coarse woody debris in aspen regene-

ration. — Western Journal of Applied Forestry
16(2): 61-64.

Simard, M. J., Bergeron, Y. & Sirois, L. 1998:
Conifer seedling recruitment in a southeas-
tern Canadian boreal forest: The importance
of substrate. — Journal of Vegetation Science

9: 575-582.

Zielonka, T. 2006: When does dead wood turn
into a substrate for spruce development?
— Journal of Vegetation Science 17(6): 739-
746.

47
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12.1 A slow move into action

At least since the late 1800s (Holmertz & Orten-
blad 1886, Hogbom 1906, Hesselman 1917)
it has been generally accepted in the scientific
community that fire has played a formative role
for the European boreal forest. In Sweden, Kohh
(1975) gave the first quantitative account of fire
frequency. His study covers the last five hun-
dred years in a district of northern Dalarna and
nicely shows a relatively constant fire frequency
throughout the period, until a sudden drop in
the latter half of the 1800s. Similar results were
obtained by Zackrisson (1977) 500 km further
north. Nevertheless, it took the nature conserva-
tion authorities another 20-30 years to emulate
this knowledge into forest reserve management
(Granstrom 2001). The first fires were burned in
a reserve-to-be in 1993 and from 2003 onwards
the number of prescribed burns in forest reserves
has increased sharply. While it is clear that sub-
stantial progress is being done today, there are
still issues around fire management in boreal
Fennoscandia where research would be helpful.
Here I briefly discuss some of these.
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12.2 Historic references

Management of forest reserves requires some
notion of the desired future state. An intuitive
idea is to use historic conditions as a reference
(Fule et al. 1997). These can only be achieved
through intensive spatiotemporal reconstruc-
tions, but surprisingly few such studies have
been done in Fennoscandia. The published
studies suggest rather sparse stands, frequently
with as little as 100-200 larger pine trees per
ha (Tirén 1937, Ostlund & Lindersson 1995,
Pahlén 2000). Relatively frequent fires would
have kept surface fuels at low levels (Schimmel
& Granstrom 1997), increasing the chances for
sub-lethal fire intensity. Often the stand structure
has been static over centuries (Fig. 1). Although
this may have been the general picture, there is
also evidence for stand-replacing events at smaller
or larger scale, re-setting the stand development
(Niklasson & Granstrom 2000).

Stand reconstructions are by necessity based
on the presence of remnant trees and stumps and
it is therefore difficult to avoid a bias in the sam-
pling; It is only in areas with good material that
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Figure 1. Over millions of hectares, the pre-industrial forest in Fennoscandia was pine-dominated and structurally com-
plex. Often the stands were dominated by a sparse stratum of old pines that had survived repeated fires. However, this
archetypical stand type is only one of several possible states. Picture: Anders Granstrom.
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such efforts are undertaken (Fig. 2 and 3). For
areas devoid of preserved material, past states are
more open to speculation. This applies, not least,
to spruce-dominated areas. Sometimes it may
even be difficult to assess the past fire intervals,
due to lack of material.

It is confirmed that stand-replacing fire has
occurred in the past, but the frequency and
spatial extent of such events is not known (Kuu-
luvainen 2002). Also, the post-fire stand develop-
ment after high-intensity fire is poorly described
for the European boreal forest. Clearly, dense
deciduous stands can sometimes emerge after
fire (De Chantal & Granstrém 2007), but their
relation to soil type, fire behaviour variables etc
is uncertain (Lampainen et al. 2004). Anyhow,
stand-replacing fire would be difficult to emulate
within the present structure of predominantly
tiny forest reserves.

Figure 2. Pines with multiple fire scars testify to a regime
of frequent low-intensity fires. Throughout Fennoscandia
most of these trees were cut in the early period of large-
scale logging. Often the stumps have also been removed
for tar burning, making fire history work difficult. Photo:
Anders Granstrom.

Figure 3. Remnant dead wood can make detailed reconstructions of stand structure and fire history possible. Photo:

Anders Granstrom.
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12.3 Cultural past

When planning for fire management the question
of “naturalness” immediately comes to surface. If
people were the cause of the majority of fires (Le-
htonen & Kolstrom 2000, Wallenius et al. 2004),
should we still try to manage nature reserves to
emulate a largely human-driven fire regime? These
questions deserve a thorough consideration, but
in many regions the answer may be rather simple:
with or without people, fire would have played
a role. People have been present in the north
throughout the Holocene, but it is clear that
their cultural dependence on fire, and hence their
use of fire, have shifted (Granstrom & Niklasson
2008). In interior northern Sweden there was
a change in fire regime towards the late 1600s,
early 1700s, associated with the shift towards a
culture dependent mainly on cattle (Niklasson
& Granstrom 2000). The number of fires per
unit time and unit area went up several times,
but the sizes went down. The net effect on fire
frequency at point scale therefore was relatively
small. Prior to the shift, fires per unit area and
time were on par with the density of ignitions
that lightning delivers today (i.e. an indication of
a predominantly natural fire regime), but after-
wards most fires were evidently of human origin.
Such changes are likely to have occurred much
earlier further south. Nevertheless, the effects of
these changes on forest composition and stand
structure are difficult to pinpoint and may have
been rather small.

12.4 Technical problems

Reintroducing fire is not a problem-free business.
The long fire-free periods (often 150-200 years
for individual stands) can in itself have led to
successional changes, but nearly always these are
overshadowed by changes due to past cutting.
The typical stands that today are being treated
with prescribed fire are dramatically different
from the pre-fire stands a few hundred years back
and the fire effects can therefore be expected to
differ too (Fig. 4). In some cases, fire alone will
not do the job, but the key to successful “engi-
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neering” would be an intimate knowledge of fire
behaviour and fire effects.

Fire intensity is the main fire variable con-
trolling mortality (Fig. 5) in the tree canopy
(Sidoroff et al. 2007). It is regulated by a number
of factors which are by now well known (fuel
structure, fuel moisture, wind etc (Tanskanen
et al. 2007)). Depending on the site conditions
on the burn day these have to be balanced by a
careful handling of the ignition pattern. Depth of
burn in the organic soil layers on the other hand,
is determined mainly by the moisture content of
the humus (Miyanishi 2001), and the chance of
controlling soil impact is through selection of
a proper burn day. Ecological consequences of
variation in depth of burn are less easy to predict
than those due to variation in fire intensity. One
effect of deep burning, however, is root damage
(Fig. 6), and such effects may be associated par-
ticularly with long fire-free periods. Here more
research would be needed.

12.5 Conflicting interests

While most professional land managers today
acknowledge the need for prescribed burning,
still only few would extend it to all types of
forest reserves. Spruce-dominated forests would
rarely be considered, even when there is ample
evidence of past fires. Here the discussion of
forest continuity and late successional species
become important (Gandhi et al. 2001, Norden
& Appelqvist 2001). As more and more reserves
are being brought into fire management, one
can expect these latent management conflicts to
surface. We know today that in Northern Fenno-
scandia, landscape-covering fires at scales upward
of 50,000 ha occurred in the past (Niklasson &
Granstrom 2000), and that permanently fire-free
areas have been extremely rare (Hornberg et al.
1995). If this also means there is little risk of
loosing species due to prescribed fire in reserves,
is uncertain at the moment. More has to be learnt
on the habitat requirements and dispersal/colo-
nizing capacity of late-successional organisms for
a clear answer to that question.
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Figure 4. Schematic illustration of management challenges that typically arise when the long-term goal is to create a
fire-structured multi-cohort pine forest. Often the starting point is a dense, uniform, pine-dominated stand (1), with little
difference in tree diameter, and more importantly, in height. This results in little variation between trees in fire toler-
ance. Hence, the net outcome of burning is often either a complete stand kill, or no mortality at all. Another frequent
starting point is a mixed conifer stand (2), with a dense undergrowth of spruce. Here, fire has the potential to select at
the individual tree level, but the risk is that a high-intensity fire develops, due to the fuel structure of the stand. For both
situation (1) and (2), a pre-fire cutting (3) can help create the desired goal. Any amount of cutting, however, will add to
the surface fuels, making it difficult to keep fire intensity down, despite careful firing. Picture: Anders Granstrom.

Figure 5. Example of a pine-dominated stand that was subject to a pre-fire cutting, reducing the timber volume by 50%.
The cutting was done in patches, to increase the structural variation at stand scale. The site was burned with a uniform
ignition pattern (strip head firing with evenly spaced strips), to allow an evaluation of the effect of fuel variation on
fire behaviour. The extra fuel in the cut patches resulted in higher fire intensity and increased canopy mortality down-
wind of the openings. The stand is part of a larger area, owned by one of the major Swedish forest companies, that
will be permanently managed for conservation, i.e. with no timber extraction, but with repeated burning according to
the past fire history. Photo: Anders Granstrom.

51



52

7 ; s ' s o B - Higy
Figure 6. Fire during severe drought leads to deep burning in the humus layer and thus to severe root dam-
age. These pines (upper panel) suffer reduced vitality, mainly as a consequence of root loss. The main roots
are highly exposed to heat kill from smoldering fire (lower panel). Sampling revealed severe loss of both fine
and coarse roots due to fire, but a surprisingly active regeneration of fine roots as evidenced by an in-growth
study (Smirnova et al. 2008). Photos: Anders Granstrém.
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13 The Prehistory of Prescribed Fires -
an Archaeological View on Slash-and-burn
Cultivation and Fire History
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13.1 Introduction

The prehistoric time was long considered as a
phase with no importance in explaining and un-
derstanding modern landscapes (e.g. Foster et al.
2003). Especially in forested areas, the romantic
idea of hunter-gatherers living in harmony with
the surrounding primeval forests (Dincauze
2000, Briggs et al. 20006), as well as the concept
of wilderness as an uninhabited and uncultivated
area (e.g. Hallikainen 1998), have influenced on
interpretations made by ecologists and archae-
ologists. However, the research has repeatably re-
corded human influence on areas long though of
as pristine, and the beginning of anthropogenic
impact on nature is now known to date back to
the Stone Age (e.g. Smyntyna 2003).

In terrestrial biotopes, fire is considered to
be the most important disturbance factor affect-
ing biodiversity. Through millenniums, humans
have used fire to modify their environments and,
though, influenced the number, area and sever-
ity of fires. In archaeology, the anthropogenic
use of fire is an essential object of archaeological
research. During the last ten years, the archaco-
logical investigations on long-term human use
of fire have also been applied to restoration and
conservation ecology (e.g. Foster et al. 2003,
Hayashida 2005).

In this paper, the human impact on fire his-
tory is discussed from an archaeological point
of view. First, a brief summary of archaeological
and pollen analytical evidence of the prehistoric
human use of fire in forested areas of eastern
Finland is presented. Secondly, the use of ar-
chaeological methods on fire historical research is
discussed. Finally, the importance of the archaeo-
logical research of fire layers is emphasized.

13.2 The long continuum of
anthropogenic fires

Until the 20¢h century, fire is considered to have
been the most important factor affecting the
biodiversity of forests in the boreal zone (e.g. Za-
ckrisson 1977, Wallenius 2004). The fire cycle,
depending on the forest type as well as climati-
cal, topographical, and hydrological factors, is
estimated to range between 20-60 up to several
hundreds or thousands of years (e.g. Pitkdnen
et al. 2002, Kotilainen 2004, Wallenius 2004).
However, the human impact is discovered to in-
crease the number of fires, although its effects on
fire frequency and ecosystems in the long-term
are still largely unknown (Lehtonen et al. 1996,
Wallenius 2004).

The origins of human use of fire in Finland
can be traced to the 9th millennium BC when
the first pioneering stage of settling took place in
the areas free from ice. From the archaeological
evidence such as the remains of fireplaces, we
know that fire was used at least for domestic
purposes. The use of fire in prehistoric settlement
sites can be presumed to have increased through
time, as the new important innovations like the
production of ceramics, bronze casting and the
production of iron were all dependent on the use
of fire. Besides these, fire was also used for ritual
purposes, e.g. for cremation burials.

Almost from the introduction of fire, man has
burned vegetation in order to create pastures for
game and to improve foraging possibilities. This
presupposed model of people-plant interaction
is based on ethnographical and historical records
supported by archaeological and palacoecologi-
cal data (e.g. Branch et al. 2005). In Finland,
the marks of fires caused by Stone Age people
are sparse. However, pollen analysis made in the
vicinity of Stone Age dwelling sites e.g. in Taipal-
saari, southeastern Finland as well as in Riakkyld
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in eastern Finland, show increased frequencies of
charcoal particles connected to species indicating
the use of fire, low Picea frequencies and marks
of deforestation. In Taipalsaari, the exceptionally
high values of Preridium about 6000-3700 cal BC
are considered to indicate almost a continuous
use of fire. (Vuorela & Kankainen 1993, Vuorela
1995, 1996a and cited literature, Vuorela 1996b).
In addition to the controlled use of fire, hunter-
gatherer populations are supposed to have caused
forest fires accidentally. The possible evidence can
be found in pollen analysis where the marks of
nearby forest fires exist (Saastamoinen 1996). As
the prehistoric dwelling sites were most typically
situated on dry sandy soils, on Pinus-dominated
or mixed forests, the areas suffered, at least, a
moderate risk for forest fires.

The environmental effects, caused by the
pre-agricultural populations, are supposed to be
small-scale and local. To concretize this local-
ity, in order to detect the Stone Age land-use
by pollen analysis, the sampling site should be
no more than 250 meters away from the dwell-
ing site. If the radius grows, the signs of human
impact are too weak to be recognized (Vuorela
1996a).

The increase in human impact on fire fre-
quency is generally connected with agriculture
and, especially, slash-and-burn cultivation (e.g.
Renfrew & Bahn 1996). In Finland, the fire
historical research has documented a remark-
able shortening of fire cycle from the 16th-17th
centuries onwards with contemporary data
evidencing the beginning of continuous slash-
and-burn cultivation (e.g. Lehtonen et al. 1996,
Pitkiinen et al. 1999, 2002). Although the sig-
nificance of human influence on fire regime is
evident during the Middle Ages and Modern
Time, the preceding time can by no means be
classified as lacking any anthropogenic burning.
For example in eastern Finland, the beginning of
the periodical signs of slash-and-burn cultivation
date back to the end of the Stone Age and to
the Early Metal Period (1800 BC-AD 300): e.g.
Valkeala ca. 2200 cal. BC (Alenius et al. 2005),
Puolanka ca. 2000 cal. BC (Vuorela & Kankai-
nen 1991), Taipalsaari ca. 1400-1200 cal. BC
(Vuorela 1995), and Outokumpu ca. 750 cal. BC
(Saastamoinen 1996). Furthermore, the earliest
signs of small-scale forest clearings connected
with grazing coexisted and even preceded cultiva-
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tion (Vuorela & Kankainen 1993, Saastamoinen
1996, Alenius et al. 2005, Alenius 2007). Ac-
cording to pollen analytical evidence, the begin-
ning of continuous slash-and-burn cultivation
can be dated in eastern Finland from the 5th
century to the 16th-17th centuries (e. g. Vuorela
& Kankainen 1993, Gronlund 1995, Alenius
2007). To conclude, it can be presumed that
human land-use has influenced the fire cycle al-
ready during the Stone Age and especially during
the Metal periods, although at a local level.

13.3 The archaeology of fire imprints
on soils

In reconstructing the past human-environment
relationship, the anthropogenic indicators on
pollen analysis are interpreted in conjunction
with archaeological evidence (see Dincauze 2000,
Branch et al. 2005). As the use of fire is one of
the first and the most significant ways in which
people modified their environments, the impacts
of fires, preserved in soils for centuries, are an
essential object of archaeological research.

Fire usually — not always — leaves behind a
visible layer of charcoal and ash which can be
discovered archacologically by excavating and by
analyzing soil samples. As the carbonization im-
proves the preservation of organic materials, the
analyzing of charred seeds, wood fragments and
other plant macrofossils can be used to study the
vegetation burned, for example the forest struc-
ture and the possible marks of human impact on
vegetation (e.g. Lindman 1991, Dincauze 2000,
Lageras & Bartholin 2003). These charcoal layers
can be dated by radiocarbon dating, and, for
more precise dates, by AMS (Accelerator Mass
Spectrometry) radiocarbon dating.

By using archaeological methods, the aim
is to differentiate the natural forest fires from
anthropogenic ones. The most evident anthropo-
genic indicators consist of artifacts, e.g. ceramics,
and structures like cairns connected to slash-and-
burn cultivation. Furthermore, the structural
modifications to natural layers e.g. by ploughing
are typical to cultivated soils. On microscopic
level, the soil micromorphological methods can
be used to analyze the chemical, physical, and
biological features caused by heat and fire, and
to identify the anthropogenic features related to



human activities (Courty 1992, Hayashida 2005
and cited literature).

The study of the anthropogenic use of fire has
focused primarily on archaeological sites, where
the imprints of fire are connected to numerous
activities. In Nordic countries, although the
interest in slash-and-burn cultivation has long
traditions e.g. by historians (in Finland, e.g.
Voionmaa 1947; Soininen 1974), the archaeo-
logical excavations on slash-and-burn fields and
the question of anthropogenic fire layers were
taken into consideration by archaeologists not
until the 1990’ (Lindman 1991, 1993, see also
Larsson 1995 and Taavitsainen et al. 1998).

In Sweden, fire layers and especially prehis-
toric slash-and-burn fields and clearance cairns
have been studied archaeologically for over 15
years (Gren 1997 and cited literature, Lageris
& Bartholin 2003 and cited literature). The
pioneering research has been done by Gundela
Lindman (1991, 1993, 1995). As an example,
the results obtained by Lindman showed a site-
level continuum of periodic slash-and-burn cul-
tivation from the late Stone Age to the Middle
Ages in Bohuslin, west coast of Sweden, and gave
detailed information about the forest clearings,
cultivation practices and grazing. During these
5000 years, the time intervals between burnings
varied from 150 to 1000 years with no evidence
of natural forest fires (Lindman 1993).

Internationally, the increasing interest in the
long-lasting effects of past human land-use to
biodiversity has raised the anthropogenic use of
fire to the object of multidisciplinary research
(e.g. the Long Term Ecological Research [LTER]
program [see Foster et al. 2003 and cited litera-
ture]). During the past ten years, the archaeologi-
cal evidence has been used to study the land-use
legacies and, in co-operation with conservation
biologists, exploited in restoration and conserva-
tion planning (e.g. Hayashida 2005).

In Finland, the study of fire history has not
been central among archaeologists, with the
exception of attention paid to slash-and-burn

cultivation. The study of prehistoric slash-and-
burn cultivation has been based mainly on
pollen analytical evidence (e.g. Taavitsainen
1990, Taavitsainen et al. 1998, Gronlund 1995,
Alenius 2007) while the excavations on slash-
and-burn fields and clearance cairns are still few.
However, in order to understand the cultivation
practices and their long-lasting effects on envi-
ronment, more detailed investigations including
archaeological excavations, are needed. Also, the
formation and morphology of anthropogenic fire
layers, need to be studied (Fig. 1).

13. 4 Finally

The human use of fire has increased the number
of fires in many different ways already during
the prehistoric time. The anthropogenic burning
has been studied mainly by using pollen and
charcoal analysis and by dating the fire scars den-
drochronologically. Past fires can also be studied
archaeologically, as the burning leaves on soil
traces which can be analyzed even after millen-
niums of years.

What archaeology can offer is the possibility
to study fires that took place already during the
prehistoric time. It also offers methodology to
study fires 77 situ. And last but not least, it studies
fires as a cultural phenomena, in other words,
the human use of fire is always seen in a certain
cultural and historical context.

In Finland, the signs of past fires are com-
monly seen in the soil profiles. These layers
constitute evidence of the site-level land-use
history from the Stone Age to the present day.
For environmental archaeologists, the study of
fire history could provide valuable information
about the land-use history in forested areas poor
in archaeological remains. For ecologists, the
archaeological evidence could give new infor-
mation about the millennium long traditions of
slash-and-burn cultivation and forest grazing, as
well as natural forest fires.
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Figure 1. The reference material for the study of the formation and morphology of anthropogenic fire layers has been
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collected from Telkkamaki Nature Reserve, where the slash-and-burn cultivation has been (re)practiced from the 1990's
in order to conserve traditional biotopes. Photo: Tuija Kirkinen.
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14 Prescribed Fires in a Landscape
Context: Their Potential in Sustainable
Forest Management Planning

Pasi Reunanen

University of Jyvaskyld, Department of biological and environmental sciences, P.O. BOX 35, 40014 University of Jyvaskyla,

Finland

14.1 Introduction

The objective of sustainable forest management
is to maintain ecological processes and support
biological diversity in silviculture. This requires
that sustainable forest management adapts char-
acteristics from natural patterns and processes
and implement them in an appropriate manner
into silvicultural practises. The present manage-
ment disturbance regime, however, varies in
many respects from a natural disturbance regime.
This is mainly because of two reasons. First, we
are perhaps never able to mimic natural processes
as such in modern forest management. Second,
despite of vast research literature we still know
relatively little about natural fire behaviour in
a boreal ecosystem and the role of anthropo-
genic forest fires in Fennoscandia (e.g. Wallenius
2004). Nonetheless, prescribed fires or controlled
burning has been applied traditionally in forest
management and it has become an accepted
management method in sustainable forestry.

14.2 Background

Even though large and often catastrophic field
fires are fairly common in many forested ecosys-
tems there seems to be a shortage of forest fires
in Finland. Forest fire statistics show that large

forest fires have been very rare in Finland during
the last decades (Table 1).

However, smaller forest fires are common in
Finland and there occur numerous tiny fires an-
nually. These forest fires burn about 600 ha per
year. The average size of a burned area is less
than 1 ha (Finnish statistical yearbook of for-
estry 2006, Fig. 1). Small fires are rather evenly
distributed across Finland and forestry centres.
Most of these fires, however, are likely to be an-
tropogenic.

It is obvious that forest fires used to be typical
events in a boreal forest ecosystem (Kuuluvainen
2002, Ryan 2002). Regional disturbance regime
(and especially fire) largely determined the dy-
namic characteristics of a boreal forest landscape.
It is very essential to realise that regional distur-
bance regime affects many spatial structures in
a boreal forest landscape and changes in spatial
structures has temporal, often long-term effects
on ecological processes. Fire disturbance always
changes stand structure and, thus destroys habitat
of some species at a stand scale, but at the same
time disturbance event establishes new habitat for
some other species. Large fire events affect local,
even regional landscape structure. Broader-scale
disturbances alter local habitat composition and
may affect habitat networks. Regarding ecologi-

Table 1. Largest recorded forest fires in Finland during the recent decades.

Year of forest fire Municipality Estimated size of fire (~ha)
1959 Isojoki, Honkajoki 1,700
1960 Tuntsa 20,000
1970 Kalajoki 1,600
1970 Liminka 500
1992 Lieksa 150
1997 Laihia 150
1997 Tammela 250
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Figure 1. Forest fires in Finland 1970-2005. Squares denote the total annual area burned and
triangles number of fires, respectively. Source: Finnish statistical yearbook of forestry 2006.

cal processes, fire events are normally linked with
succession in vegetation, but disturbances also
affect local and regional processes in populations
of many organisms. Local population dynamics
in some species may change dramatically at a
burned site, whereas the same fire may contribute
to the regional population dynamics of other
species.

14.3 Spatial fire behaviour studies
and simulation of fire regimes

Empirical fire history studies are ideally con-
ducted in an unmanaged forest area where a sys-
tematic sample of forest sites over the entire area
can be examined in the field. At these sites, signs
of past fire events are investigated. Presence of
charred organic matter in a forest floor and peat
deposits are long-lasting signs of fire occurrence,
but these observations cannot be used to date
and locate a fire precisely. Therefore, fire studies
are often based on fire scars in live and dead trees.
From these data, one can count fire intervals but
also assess fire severity. At best, observations from
sample sites can be interpolated to obtain fire size
estimates (e.g. Lehtonen 1997). In practise, many
fire behaviour studies in Finland have been car-
ried out in forest areas that have been selectively
cut or partly managed in the past. In these forests
the presence of old enough tree individuals is
crucial. If fire scars cannot be found fire events
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can be assessed indirectly by inspecting tree age
or diameter distributions.

Research of complex and dynamic spatial
systems, such as forest dynamics in a boreal
ecosystem, is carried out using adequate simu-
lation tools (see Pennanen 2002). Simulation
approaches of regional disturbance regimes are
based on empirical studies and parameterisa-
tion of simulation models bases on quantita-
tive observations on factors that are related to
fires. However, depending on what factors are
emphasized simulation approaches can be very
different. In spatial fire dynamics, two simula-
tion approaches can be roughly distinguished.
Bottom-up approach starts from attributes that
are relevant to fire ignition at a forest site (e.g.
stand type and age, weather, fuel load), whereas
top-down approach is based on fire consequences
(fire frequency, size and severity). The aim of the
study will decide which approach is favoured. The
dividing element between the two approaches is
how conditions for fire ignition are incorporated
into a simulation. Top-down approach does
not depend on site specific factors, whereas in
bottom-up approach fire frequencies and sizes
are emergent. Nevertheless, approaches described
here are often somewhat overlapping.

Spatial simulation of fire regimes cannot
avoid uncertainties in empirical data. In em-
pirical studies discovery of small fires and light
surface fires is dependent on spatial sample site



density and these fire events may pass unnoticed.
Fire sizes are interpolated over unsampled areas
using logical decision rules such as natural fire
breaks between forest and mire edges, streams
and lakes (Lehtonen 1997) or simply by assessing
distances between adjacent sample sites where
fire was recorded during the same year (Niklas-
son & Granstrén 2000). In empirical studies we
observe consequences of fire but causes of igni-
tion remain obscure because these factors cannot
be assessed reliably afterwards. Reconstruction
of the past fire environment i.e. fuel load at the
site during ignition (total biomass on the site,
quantity and arrangement of live and dead trees,
woody debris, litter and humus) and weather
conditions (relative humidity, wind conditions
and drought) remain largely unknown. However,
terrain (topography, slope angle, aspect and el-
evation) stays unchanged through times.

Observed patterns in fire history studies pro-
vide us one representation of a temporal sequence
of disturbance events in a given landscape only.
Fire behaviour depends on many dependent and
independent factors that are stochastic, therefore
observed empirical pattern is one stochastic pat-
tern out of many alternative outcomes of com-
plex stochastic processes. We may assume that
the observed pattern represents a typical or an
average pattern, but we have no tools to verify
this assumption. To consider data uncertainties
in spatial simulation study is essential. However,
even though data uncertainties cannot be elimi-
nated in simulations the effect and sensitivity
of uncertain variables can be estimated using
spatio-temporal simulations.

14.4 Fire management for species
diversity

Because the practical fire management planning
is basically not a stochastic process and fire is
used as a management tool it is often not neces-
sary to model (natural) fire behaviour in plans.
The goal of fire management planning is often
to create and restore suitable sites for endangered
species. However, when making management de-
cisions one does not always know where species
in concern are located in the planning area and,
additionally the status of known locations may
change in time. In this spatio-temporal planning
situation, application of appropriate simulation

tools could markedly benefit long-term fire man-
agement planning. Utilisation of spatio-tempo-
ral simulations in forest management planning
precludes that the aim of the systematic use of
prescribed fire is carefully identified first. Then
spatio-temporal simulations can be effectively
applied to develop and design a dynamic habitat
network for species at broader scale.

In present day forest landscapes, natural forest
fires have been replaced by controlled use of fire
in forest management. Prescribed fires are gener-
ally used 1) to enhance forest regeneration, 2)
to restore forest within nature reserves and 3) to
increase habitat for biodiversity. These uses of
fire in forest management are semi-independent
and they have different spatial dimensions. New
tree generations are established in a forest stand,
forest restoration aims at changing succession
paths in a reserve, whereas habitat management
for biodiversity may have regional goals. If the
objective of fire management is to sustain forest
biodiversity and design functional ecological net-
works for species, we need to combine different
fire management modes on private and public
lands.

In general fire management favours two spe-
cies groups: species that require burned woody
material and species that depend on dead wood.
These forest species vary ecologically from each
other. Pyrophilous species favour warm and light
environments often early successional stages,
whereas most saproxylic species require decay-
ing wood to persist (Hyvirinen 2006, Junninen
2007). From such species roughly 10% are listed
endangered and 8% near threatened (Rassi et
al. 2001). Species involved are mostly beetles,
butterflies, other insects, polypores and vascular
plants. The use of fire in forest management is
well justified by the number of species in danger,
but fire management is likely to benefit many
other species as well. From ecological charac-
teristics of the two species groups follow that
fire management has to consider two spatial and
temporal scales. Spatial scales are connected with
the movement and dispersal of the species. Many
species, especially pyrophilous species, colonise
burned sites rapidly and they are thought to dis-
perse long distances. On the contrary, many spe-
cies that use decaying wood as a primary habitat
(e.g. polypores and some beetles) have a limited
dispersal range. Temporal scales refer to decaying
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rate of dead wood and, thus changes in post-fire
habitat quality. Time window for burned mate-
rial is a few years and during this time ground
vegetation recovers after the fire treatment and
the quality of burned substrate changes. Decay
of dead wood depends on the tree species and
site conditions and this process will take decades
or even a century. The system of various species
groups and several spatial and temporal scales is
a practical spatio-temporal modelling problem
that can be applied in sustainable forest manage-
ment planning where also other management
goals are incorporated.

The goal of spatial fire planning is first to
find suitable and appropriate locations for fire
management. Then, spatially relevant ecologi-
cal scales are included into the plan to reveal
potential sites that best contribute to the fire site
network. Finally, this procedure is run in time to
show the dynamic changes in a fire site network.
It is important to realise that many forest sites
contain quantities of dead wood independently
of fire or fire management. These sites host many
pyrophilous and saproxylic species and are, thus a
part of the presented dynamic ecological network
(Fig. 2).

In this approach, two different and partly
overlapping dynamic networks are simulated
simultaneously. In simulation, potential sites
that are likely to be colonised from previous fire
management sites are located. Forest sites that are

1) Fire sites at time

2) Scaling for potential
fire management sites

attime t+1

managed with fire are only a subset of all potential
forest sites for pyrophilous and saproxylic species.
Therefore, fire management sites are, also, likely
to enhance interactions among fire management
sites and less suitable or even unsuitable sites
where species may have survived temporally.

14.5 Conclusions

In this example approach, fire dynamics as such
was not simulated, but a spatio-temporal simula-
tion approach was applied to find relevant and
appropriate locations for dynamic and long-term
fire management. This approach enables the as-
sessment of consequences of fire management
plans because fire site network and alterna-
tive networks can be simulated in a real forest
landscape context. Boreal forest landscapes are
regionally markedly variable in natural pattern,
therefore management strategies and goals need
to be assessed also regarding the current land-
scape context in the planning area. Ecologically
sustainable fire management plans must be based
on recent knowledge of fire behaviour and popu-
lation ecology of target species. The aim of fire
management should not be the use of fire and
structures that fire leaves behind but spatially
functional populations and maintenance of eco-
logical processes. Patterns that are developed in
fire management must be linked with ecological
processes that are dependent on them.

3) Habitat network at
time t+n

Figure 2. A schematic illustration of a systematic fire management planning procedure, where the goal is to design a
functional, long-term ecological habitat network. Concentric circles denote spatial scales that are relevant to the man-

agement planning.
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15 Distribution and Habitat Requirements
of Boros schneideri in Ruunaa Natura

2000 Area
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" University of Joensuu, Faculty of Forest Sciences, PO Box 111, 80101 Joensuu, Finland
2 Metsahallitus, Natural Heritage Services, Urheilukatu 3A, 81700 Lieksa, Finland

Saproxylic species constitute a significant propor-
tion of the threatened species in Finland. They
suffer from the lack of natural forest structures
— especially from the lack of dead wood — and
processes in a managed forest landscape. Boros
schneideri (Coleoptera: Boridae) is a saproxylic
beetle species listed in Annex II of council direc-
tive of the European Union and it is classified
as threatened species in Finland (IUCN class
Vulnerable). Boros schneideri requires dead, bark-
covered standing pines for habitat and substrate.
Under the bark it feeds on dark fungal growth.
Such habitat is suitable for B. schneideri only
for a few years in the same tree and that is why
there must be continuous supply of dying pine
trees in a stand and landcape scale in order the
species to persist.

Boros schneideri is known to occur mainly in
eastern Finland. There are very old observations
also from southern Finland and more recent
from central Finland and Lapland. The exist-
ence of other than the most eastern populations
seems uncertain. B. schneideri is known to occur
in Ruunaa Natura 2000 area. More detailed
information was collected about the species’
habitat requirements and distribution within the
protected area during 2007. This is crucial back-
ground information for the species’ monitoring
in restored forest stands in Ruunaa.
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Restoration of pine forests in Ruunaa started
in 2005 as a part of the Life Nature project “Res-
toration of boreal forests and forest covered mires”
(Metsi-Life). Dead wood was created in several
stands and one 8 ha stand was also burnt.

Habitat requirements of Boros schneideri were
surveyed by debarking suitable trees up till 1.6
meters height. The number of debarked trees was
circa 450 of which 150 situated in Patvinsuo and
300 in Ruunaa. In total, 17 inhabited trees were
observed. They mainly situated in stands with
trees over 100 years old. Also the amount of dead
standing and fallen trees was high around inhab-
ited trees. The trees occupied by the species were
on average 22 cm (14-31) by diameter'? and the
average age was 122 years (53-200). It seems that
B. schneideri favours old but not necessarily very
thick trees and is very dependent of the landscape
level continuum of dead trees.

In the present mapping, B. schneideri larvae
were found from one fallen dead tree which situ-
ated in the small restoration gap. Larvae have
been found earlier from stumps in burned areas.
Restoration of forests — including the production
of dead wood and burning of the forests — could
help the species especially in areas without natu-
ral forests characteristics.
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The Green Belt is an extensive network of old-
growth forests, aapamires, boreal hills and arctic
fells on the border of Finland, Russia and Norway.
In order to improve the conservation status of
some protected Natura 2000 areas, Metsihal-
litus has carried out restoration practices in the
Green Belt of Finland during 2004-2008. The
Finnish Forest Research Institute has been study-
ing the effects of restoration on forest-dwelling
species assemblages since 2005. The purpose of
this study is to investigate how different restora-
tion practices work to re-establish forests to their
original state and function, and how different
forest-dwelling species respond to these restora-
tion practices.

This study design includes nine pine-domi-
nated study sites in both Pahamaailma and
Elimyssalo in eastern Finland with two burn
treatments and untreated control. In one burn
treatment 20 m?/ha of living pines were felled
before burning and in the other burn treatment
the amount of felled trees was doubled. Beetles
were collected with six window traps in each
study site from mid-May to mid-September in
2005 and 20006. Prescribed burns were conducted
in late June 2006. Altogether 29,044 beetle indi-
viduals were identified into 394 species. Difficult
staphylinids and Atomarias were not identified.
Emphasis was placed on saproxylic (dead-wood-
dependent) species.

In Pahamaailma the number of beetles dou-
bled during the year of treatments and number
of beetle species increased from 220 to 273. In
Elimyssalo the number of individuals increased
three-fold and number of species increased from
168 to 240. In both study areas the richness of
saproxylic species increased during the year of
burning at the burned sites, whereas richness
even decreased at the unburned control sites.
There were no clear differences in species rich-
ness between the two burn treatments immedi-
ately after burn, but the species assemblages were
clearly different on burned sites compared to
control sites according to NMS (nonmetric mul-
tidimensional scaling). Despite of differences in
geographical region and forest age, the saproxylic
beetle assemblages of Pahamaailma and Elimys-
salo were close to each other after burns. The
richness of red-listed (incl. N'T, VU, EN) species
significantly increased on burned sites after fire.
Altogether 13 red-listed species (313 ind.) were
caught only from burned study sites.

The results show that prescribed burns have
a positive effect on saproxylic beetle species rich-
ness. Also endangered beetle species benefit by
controlled burning, although some species might
disappear following fire application. In the vicin-
ity of adequate source areas, suitable habitats for
some endangered fire-dependent beetle species
assemblages can be maintained with prescribed
burnings, where the trees are left on the burned
sites after fire.
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17 Increasing the Amount of Dead Aspen
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Transported Logs by Aspen-specialists
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Introduction

Scarcity of dead wood is a major problem in
many protected forest areas today. Especially the
continuity of certain dead-wood qualities such as
recently dead aspen (Populus tremula) may be in
danger, increasing the risk of local extinctions of
threatened specialist species. One possibility to
relieve the lack of dead wood is to purchase fresh
logs from managed forests and to transport them
to the conservation area.

The experiment

The applicability of this method was tested in
Kakonsalo Natura 2000 area in Savonranta,
eastern Finland. This locality is famous for the
numerous threatened aspen-specialists occurring
in the area. Altogether 348 fresh, healthy aspen
logs were transported to the area in February
2005. The logs were placed in 58 piles along
forest roads, with varying distance to two aspen-
rich core areas, Raatelamminsalo and Muhamiki.
Each pile contained 6 logs, one of which was set
up in a vertical position.

Monitoring of colonisation

Beetles (Coleoptera) and flat bugs (Aradus and
Aneurus spp.; Heteroptera) colonising the logs
were monitored using trunk-window traps. One
trap was attached to the standing log in each of
the piles. The surveying has lasted now three
seasons (2005-2007) and preliminary results
are available for one sampling period (10.5.-
14.6.20006). In addition, characteristic exit holes
of aspen-specialist beetles Xylotrechus rusticus and
Trypophloeus spp. (mainly Trypophloeus bispinu-
lus) were inspected from the logs on 14th August
2007.

Results

Trunk-window traps

Altogether 4,830 beetles and flat bugs were
caught in the traps during 10.5.-14.6.2006. The
samples were selectively identified to reveal most
of the aspen specialist and red-listed species. In
both these groups the number of species caught
per pile was independent of the distance to the
core areas (Fig. 1). Nine red-listed species were
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Fig. 1. Number of aspen-specialist and red-listed species per trap (=log pile)
at different distance classes from the aspen-rich core areas.
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caught in the traps, all of which can potentially
utilize aspen logs at some phase of the decay
process (Table 1). Three of the species were new
to the area: Aneurus avenius, Scotodes annulatus

and Trypophloeus discedens.
Exit holes

Altogether 666 exit holes of Xylotrechus rusticus
and 685 exit holes of Trypophloeus spp. were re-
corded. Both species clearly favoured thick logs,
Xylotrechus rusticus those laying in the upper layer
of the pile, Trypophloeus spp. standing ones.

Table 1. Red-listed species caught in the trunk-window
traps. Abbreviations: EN=Endangered, VU=Vulnerable,
NT=Near Threatened.

Flat bugs (Heteroptera)

Aradus truncatus VU
Aneurus avenius VU
Beetles (Coleoptera)

Ampedus suecicus NT
Cis micans NT
Peltis grossa NT
Scotodes annulatus VU
Trypophloeus discedens EN
Xylotrechus rusticus NT
Zavaljus brunneus VU

Conclusions

Logs transported to the area were successfully
located and colonised by many aspen-special-
ists and red-listed species.

Transportation of aspen-logs, preferably thick
ones, into a protected area can be a valuable
tool in the conservation of threatened spe-
cies.

Many aspen specialists are able to efficiently
disperse considerable distances, potentially
more than 1,600 m from the source areas,
as even the most distant log piles were colo-
nised.
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During the Forest Biodiversity Programme for
Southern Finland, called the METSO Pro-
gramme, Metsihallitus has designed and car-
ried out restoration measures in certain parts
of reserves to help habitats to revert towards
their natural-like state. In order to evaluate the
effectiveness of these measures monitoring site
network has been established including 18 Scots
pine (Pinus sylvestris) dominated and 13 Norway
spruce (Picea abies) dominated sites. Most of the
sites are also target sites of the Life project “Res-
toration of Boreal Forests and Forest-covered
Mires”. This paper presents the very first results
of a survey, where effects of increased volume of
dead wood on saproxylic (deadwood dependent)
beetles are monitored.

The restoration measures had been executed
at the study sites during winters 2003-2006. The
measures that had been used were girdling of
pines and spruces and cutting them down. Also
high stumps were left. The results shown here are
based on beetle data collected by window flight
traps from 7 pine-dominated and 6 spruce-domi-
nated sites over the summer 2006. Each study
site had three control and three experimental
plots. At each study plot two traps were used to
obtain representative samples.
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The data include a total of 20,406 beetle in-
dividuals representing 592 species. Altogether
13,338 individuals of 276 saproxylic species
were observed. Of these, 7,418 individuals
and 239 species were found in pine-dominated
sites (n=7) and 5,920 individuals of 204 spe-
cies in spruce-dominated ones (n=6). The mean
number of saproxylics was higher in study plots
where volume of dead wood was increased than
in control plots both in pine-dominated and in
spruce-dominated sites.

The results presented here demonstrate the
short-term effects of increasing the volume of
dead wood on saproxylic beetles. Further moni-
toring is needed to reveal the longer-term effects
and effects on different saproxylic organisms such
as polypores. With these data it can be safely
concluded, however, that increasing volume of
dead wood is clearly beneficial for numbers of
saproxylic beetle species.
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