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The almost complete elimination of fire from forest management practises in Scan-
dinavia has made post-fire succession rare and, consequently, generated conservation 
problems. The importance of fire in conjunction with slash-and-burn cultivation has 
been recognised as a management strategy. It is a potential tool for managing forest 
structure and regeneration processes in nature reserves. In this study we observed 
the first decade of vegetation succession after slash-burning. Prior to the study, most 
trees at the study site were felled and burned. The monitoring was carried out in 
three burned areas of different age and an unmanaged control forest. In addition to 
describing the responses of different plant species and plant functional groups to fire, 
multivariate methods were applied to illustrate community level changes. The results 
indicated succession processes at each hierarchy level in the recovering community. In 
general, the community switched from pioneer bryophyte mass abundances to grami-
noid dominance within ten years. Moreover, plant diversity seemed to have increased 
due to slash-burning. A total of 88 plant taxa (i.e. vascular plants, bryophytes and 
lichens) were observed in the sample plots during the study period, as compared with 
the 44 taxa observed in control plots. We concluded that slash-burning is an appropri-
ate method for mimicking natural fires, at least from a botanical perspective, and may 
therefore be a forest renewal practise worth considering in special areas.

Key words: boreal forest, Calamagrostis arundinacea, Ceratodon purpureus, Epilo-
bium angustifolium, fire, Mnium stellare, multivariate methods, slash-burning, vegeta-
tion succession

Introduction

Slash-and-burn agriculture is a cultivation 
method of cutting living trees to clear land, burn-

ing the biomass after letting it dry, and planting 
a crop in the ashes in an appropriate season. 
During past centuries slash-and-burn agriculture 
was an important source of livelihood for people 
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in Finland and Scandinavia. For example, in 
1860 approximately 50% of Finland’s land area 
was influenced by slash-and-burn cultivation 
(Heikinheimo 1915). During the slash-burning 
era (ca. from 1600 to the late 1800s), human-
induced fires shaped the landscape into a mosaic 
of coniferous, mixed, and deciduous forests 
and post-fire grasslands often used as pastures. 
According to fire history studies conducted in 
Fennoscandia (e.g. Zackrisson 1977, Lehtonen 
et al. 1996), the fire frequency in Sweden and 
middle Finland was between 30–60 years during 
the period of intensive shifting-cultivation. How-
ever, most of the fires were probably due to 
slash-burning and other human activities (Wal-
lenius et al. 2004).

The increasing value of timber was the pri-
mary reason for the cessation of this traditional 
cultivation technique. Unfortunately, manage-
ment for efficient timber production frequently 
disrupts the continuity of natural and man-
induced forest processes. Thus, timber produc-
tion does not generate as wide a range of habitats 
for forest organisms as did the former manage-
ment regimes. Since maximum vegetation and 
floristic diversity is apparently attained when a 
spectrum of successional communities is main-
tained within the landscape (e.g. Louks 1970, 
Heinselman 1973), the prevailing management 
practices may pose a threat to landscape level 
diversity.

In boreal ecosystems, many plant species 
have evolved to depend upon fire for their sur-
vival (Shafi & Yarranton 1973). Therefore, a 
change in the fire regime, attributed to human-
caused disturbances, such as logging and climate 
change, may also have important impacts on bio-
diversity in these ecosystems. Fire is also con-
sidered as an important source of heterogeneity 
in the boreal forest. At many scales, continuous 
production and maintenance of habitat hetero-
geneity is generally accepted to be important for 
biodiversity (sensu Kuuluvainen 2002). Thus, 
management that favours the development of 
stands and landscape compositions and struc-
tures similar to those that characterize natural 
ecosystems should be favoured (sensu Bergeron 
et al. 2002).

The effects of wildfire on boreal forests have 
been studied intensively (e.g. Stickney 1986, 

Halpern 1989, Schimmel & Granström 1996). 
In Finland, post-fire forest succession has been 
studied by e.g. Sarvas (1937), Lindholm & Vas-
ander (1987), and Uotila (2004). Studies on 
post-fire succession, mainly concentrating on the 
proportions of different plant functional groups, 
have produced contrasting results (DeGrande et 
al. 1993, Larsen & MacDonald 1998). Moreo-
ver, to our knowledge, the early succession stage 
following slash-burning has not been studied in 
boreal ecosystems.

The primary sources of disturbance in the 
managed forests of Fennoscandia are wood har-
vesting and other silvicultural treatments, while 
natural disturbances are largely excluded (Kuu-
luvainen 2002). Since natural forests show a 
wide variety of disturbances of different size, 
severity, and repeatability, the structural differ-
ences between managed and natural forests can 
largely be attributed to differences in disturbance 
dynamics. Keeping this in mind, slash-burning 
might be, in association with its cultural value, 
a potential management method for introducing 
heterogeneity at stand-scale.

In this paper we present results on the veg-
etation development during the first ten years 
of succession after slash-burning on sites previ-
ously occupied by 60-year-old Picea forest. The 
study was conducted in Koli National Park, in 
eastern Finland. We investigated the vegetation 
processes at species level and among plant func-
tional groups. In addition to describing species 
responses, we applied multivariate methods to 
create an overall picture of the early vegetation 
succession.

Materials and methods

Study area and experimental design

The study area is located in the Koli National 
Park (Salo 1997) in eastern Finland (Fig. 1). 
After a 55-year break, slash-and-burn cultiva-
tion was re-established in Koli National Park in 
1994, when approximately one hectare of a 60-
year-old managed Picea abies forest was burnt 
(Salo 1998). Naturalization of the local managed 
forests has since continued and additional slash-
burning was carried out next to the original area 
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in 1996 and 1998. The study area consists of 
these three areas. An adjacent 60-year-old spruce 
forest was used as a control. The burned sites 
are about of the same size, having a total area of 
approximately three hectares. Both the burned 
and the control forest were classified as Myrtillus 
type (MT) in the Finnish Forest Classification 
System. The Koli national Park is located in the 
mid-boreal vegetation zone. At Koli the growing 
season lasts on average for 145–160 days.

Prior to burning, all but a few trees were 
felled and left to dry. In all cases burning took 
place in June. Fire was initiated from the edges 
of the slash, down-slope was preferred when it 
was possible. The fire destroyed all the existing 
vegetation and the top of the humus layer creat-
ing a slightly alkaline, nutrient-rich ash medium. 
After the fire had become extinct, all those 
trunks that had not been completely burned were 
gathered in several piles and re-burned.

However, the three areas were not similarly 
affected by the burning. The first site (burned 
in 1994) had a thicker residual humus layer as 
compared with that of the other two sites. At the 
third site (burned in 1998) the mineral soil had 
been exposed in many places and the second site 
(burned in 1996) was approximately intermedi-
ate between the first and third. These differences 
were not planned, but resulted partially from 

different site conditions, such as moisture, and 
partially from human error. The three sites also 
have different topography. The first site is very 
flat, whereas the second site is more or less on a 
slope, and the third is somewhat intermediate to 
the first two. Different topography means differ-
ences in water movement and exposure, which 
potentially affect the movement of nutrients in 
the soil and soil temperature, respectively.

A total of 15 permanent circular plots were 
established in the slash-burned areas and in the 
control forest. The 1994 (B94), 1996 (B96) and 
1998 (B98) areas and the control area received 
four, five, four and two plots, respectively 
(Table 1). These permanent plots (the same each 
year) were located subjectively at points consid-
ered to be representative of the areas. Each cir-

Fig. 1. Left-hand side 
panel: location of Koli 
National Park at 63°04´N 
and 29°52´E (Salo 1997). 
The boundaries between 
the subzones of boreal 
vegetation are only sug-
gestive. Right-hand side 
panel: sampling design 
within each circular plot 
(Hokkanen et al. 2003). 
For details see Table 1.

Table 1. Details considering the experimental design. n 
= number of squares sampled during the study period.

Area Number Sampling events n
 of plots (yrs after fire) 

B94 4 2, 3, 6, 10 64
B96 5 0, 1, 4, 8 80
B98 4 0, 2, 6 44*
Control 2 2, 6, 10 32
Total 15  220

* Only 3 plots sampled at the first event.
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cular plot (Fig. 1) (10 m2) contained four sample 
squares (2 m2 each), (total n = 220) (Table 1) 
(see Hokkanen 2003). The squares were located 
2 m from the centre point of the circle in each 
main compass direction: North (0°), East (90°), 
South (180°) and West (270°). Each square was 
located on the right-hand side of the radius of 
the circle, but was in a few cases relocated when 
the original location had an interfering obstacle 
(i.e. a large rock or a tree stump) (Salo 2004). 
After burning, the areas were surveyed in 1994, 
1996, 1997, 1998, 2000 and 2004, by the same 
group. Sampling normally took place from July 
to August.

Each sample square was inventoried for 
bryophytes, lichens and vascular plant species 
occurrence. Also the percent coverage of differ-
ent plant species was estimated using the follow-
ing scale: 0.1; 0.5; 1; 2; 3; 4; 5; 6; 7; 8; 9; 10; 15; 
20; 25; …; 90; 93; 95; 96; 97; 98; 99; 100 (Salo 
2004). The nomenclature follows Hämet-Ahti 
et al. (1998) for vascular plants and Holmåsen 
(1998) for bryophytes and lichens. Identification 
of vascular plants, bryophytes and lichens was 
done by Kauko Salo (Metla) and Hanna Keski-
Karhu (Joensuu University).

Data analysis

In order to display the overall development 
and variation within all the areas, and also to 

compare the development between the areas, a 
sites ¥ species matrix, with 220 sites (sample 
squares) and 88 species, was constructed from 
the data. The raw data was transformed with a 
natural logarithm function in order to make the 
distributions of the species descriptors more 
symmetrical (Legendre & Legendre 1998). 
According to Legendre and Legendre (1998), 
most multivariate methods perform better with 
symmetric data.

A Steinhaus similarity coefficient (designed 
for quantitative data and which excludes double 
zeroes; Legendre & Legendre 1998) was cal-
culated for the transformed matrix in order to 
describe the floristic differences between differ-
ent samples (years) and the different areas:

 Sij = 2W/(A + B) (1)

where W is the sum of minimum abundances of 
species shared by sites i and j, and A and B are 
the total abundance of species occurring at site 
i and j, respectively. We converted the similarity 
matrix to a dissimilarity matrix (with a square 
root function) in order to avoid negative eigen-
values. This matrix was further used to calculate 
a principal coordinates analysis (PCoA) in order 
to study succession at community level. The R 
-package (Legendre & Vaudor 1991) was used 
in the computations. The first three principal 
coordinates were used to create ordinations dia-
grams.

Fig. 2. — A: Coverage (%) 
of different plant functional 
groups during the first 
decade of vegetation suc-
cession following slash-
burning. The columns 
represent mean cover-
age calculated between 
sample squares that were 
monitored for an equal 
time interval (sample sizes 
for different year groups in 
Table 1). — B: Species 
richness of different plant 
functional groups during 
the first decade of vegeta-
tion succession following 
slash-burning.
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Results

Species richness and coverage

The plant species composition was observed to 
change significantly during the ten-year study 
period. This could be seen, for example, in the 
percent coverage of different plant functional 
groups (Fig. 2A). The species richness at the 
burned sites seemed also to change during the 
study period (Fig. 2B). Maximum species rich-
ness was apparently reached within six years 
after the treatment, whereafter it remained rela-
tively constant.

A total of 88 plant taxa were recorded during 
the study period in the sample squares on the 
slash-burned areas (Table 2). These taxa included 
18 (20%) bryophytes, 5 (5.6%) lichens, 5 (5.6%) 
pteridophytes, 32 (36 %) herbs, 19 (21%) grami-
noids, 3 (3.4%) dwarf shrubs, 1 (1%) shrub and 
5 (5.6%) trees. The differences in the propor-
tions have to be considered with caution, how-
ever, since the sample size in the year groups 
was different. Only nine additional species were 
observed in the control plots. These species 
included mainly bryophytes (such as Barbilo-
phozia, Calypoegia, Ptilidium, Rhizomnium and 
Rhytidiadelphus), Oxalis acetosella and Alnus 
incana. 33 (38%) of the species observed in the 
slash-burned areas were also present in the con-
trol plots.

Vegetation succession was primarily initiated 
by Epilobium angustifolium, which colonized 
the area immediately after slash-burning and 

remained the dominant field layer plant for the 
following six years; it was also the most abun-
dant vascular plant in this study (Fig. 3A). It also 
had the lowest spatial variation among the widely 
distributed pioneers. Rubus idaeus seedlings also 
became established directly after burning and its 
relative coverage reached relatively high values 
within two years (Fig. 3A).

The primary pioneer bryophytes Pohlia 
nutans and Ceratodon purpureus were the most 
abundant ground layer plants in this study (Fig. 
3B). P. nutans had its peak abundance three years 
after burning and disappeared almost as rapidly 
as it appeared. High abundances of C. purpureus 
occurred the following year, after which it disap-
peared in the same way as P. nutans.

The last species to dominate the system 
during the study period was Calamagrostis 
arundinacea (Fig. 3A). Its abundance increased 
steadily throughout the study period gaining 
dominance in the community after six years. 
After ten years it was still the dominant plant in 
the community. However, it was already nega-
tively affected by spruce.

The colonization of trees began with the 
sprouting recovery of birch species (Betula spp., 
including Betula pendula and Betula pubescens) 
and Sorbus aucuparia (Fig. 4a). Establishment 
of Pinus sylvestris seedlings was also observed 
directly after burning. The abundance of pine 
fluctuated through the study period and did not 
reach relevant coverage, although the established 
seedlings started to grow faster within ten years. 
Picea abies (Fig. 4a) was observed throughout 

Fig. 3. Coverage of the most abundant species during the first decade of vegetation succession following slash 
burning. — A: Vascular plants. Rubus idaeus is a shrub, Epilobium angustifolium a herb and Calamagrostis arundi-
nacea a graminoid. — B: Bryophytes (Ceratodon purpureus and Pohlia nutans). C. arundinacea is the only spe-
cies also growing in the control plots. The values on the vertical axis represent mean coverage (%), calculated for 
sample squares that were monitored an equal time interval.
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Table 2. A list of observed taxa in order of increasing abundance. The values indicate average percent coverage. 
p = present (coverage < 1%).

Species Succession year Control
 

 0 1 2 3 4 6 8 10

Bryophyta
Aulacomnium palustre      p p p p
Barbilophozia barbata   p   p p p 
Barbilophozia lycopodioides         p
Brachythecium spp.    p  p 2 3 1
Calypogeia mulleriana         p
Ceratodon purpureus   7 15 60 7 1 p 
Chiloscyphus profundus      p p p 
Dicranum majus        p p
Dicranum polysetum    p  p p 1 1
Dicranum scoparium     p p p p 2
Hylocomium splendens    p  p p p 17
Marcanthia polymorpha   p  p p p p 
Mnium stellare  p       
Plagiothecium dendriculatum      p p p p
Plagiothecium laetum p        p
Pleurozium schreberi    p p p p p 39
Pohlia nutans p  11 44 7 1 1 p 
Polytrichum commune         p
Polytrichum juniperinum  p 5 8 2 6 6 5 
Ptilidium ciliare         p
Ptilidium pulcherrinum         p
Ptilium crista-castrensis        p 1
Rhizomnium punctatum         p
Rhodobryum roseum       p  p
Rhytidiadelphus triquetrus         p
Sphagnum angustifolium        p p
Dwarf shrubs
Calluna vulgaris  p p 1  1 1 4 
Vaccinium myrtillus p 1 p 1 2 1 2 1 11
Vaccinium vitis-idaea p p p 1 1 1 1 3 p
Graminoids
Agrostis capillaris p p p 4 1 2 1 4 
Anthoxanthum odoratum   p p  p  p 
Calamagrostis arundinacea p 1 3 8 5 14 23 29 1
Calamagrostis epigejos        p 
Calamagrostis purpurea   p  p p p  
Carex canescens   p 1 p p  p 
Carex digitata  p p p 1 p 1 p p
Carex nigra   p   p   
Carex ovalis  p 1 1  p   
Carex pallescens      2  p 
Deschampsia cespitosa  p p 2 p 1 p  
Deschampsia flexuosa p p 1 2 1 3 11 11 2
Luzula pilosa   p p  p  p 
Luzula multiflora p 9 3 4 5 6 7 3 p
Melica nutans   p  p p p  p
Phleum pratense   p p  p p  
Poa pratensis      p 1 1 
Secale cereale  p p      
Herbs         
Angelica sylvestris       p  
Cerastium fontanum      p   

Continued
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Table 2. Continued.

Species Succession year Control
 

 0 1 2 3 4 6 8 10

Cirsium palustre  p   p 1 p  
Convallaria majalis       p  
Dactylorhiza maculata       p  
Epilobium angustifolium p 45 44 42 35 12 8 4 
Epilobium montanum  p       
Erigeron acer      p   
Fragaria vesca      p   
Galeopsis bifida   1 p p 2 p p 
Galium uliginosum      p   
Geranium sylvaticum    p p p p p p
Gnaphalium sylvaticum     p p p p 
Goodyera repens       p  
Hieracium sp.    p  p p p 
Maianthemum bifolium p p 3 6 p 4 1 1 1
Melampyrum pratense    p  p 1 1 p
Melampyrum sylvaticum   p  3 6 2 2 p
Oxalis acetosella         p
Potentilla erecta   p p  p p p 
Rhinanthus serotinus        p 
Rubus arcticus   p  p p p p p
Rubus saxatilis   p p p p p  p
Rumex axetosella   1 p p p   
Solidago virgaurea     p    
Solidago canadensis       p  
Stellaria palustris      p   
Taraxacum officinale p p p p p p p  
Trientalis europaea    p p p p p 
Veronica officinalis p p p p 2 1 2 p 
Viola canina   p p p p p p 
Viola mirabilis   p  p p p  
Viola riviniana p p p p p p p p 
Lichens         
Cetraria pinastri        p p
Cladina arbuscula       p p 
Cladina stellare        p 
Cladonia cornuta        p 
Cladonia deformis      p p p p
Pteridophyta         
Dryopteris carthusiana      p p p p
Equisetum sylvaticum p p   p p   
Gymnocarpium dryopteris   p p  p  p p
Lycopodium clavatum     p p p p 
Selaginella selaginoides        p 
Shrubs         
Rubus idaeus p 3 19 3 11 8 p p 
Trees         
Alnus incana         p
Betula sp. p p p p p 3 3 1 2
Picea abies p p p p p 1 2 11 p
Pinus sylvestris p p p p  p p p p
Prunus padus      p   
Salix caprea      p  p 
Sorbus aucuparia p p p 1 1 p 1 1 p

Total number of species 19 26 42 41 40 68 59 60 42
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the study period and, as the established seedlings 
increased in size, it started seriously to shadow 
the non-woody community within ten years.

Vaccinium myrtillus and Vaccinium vitis-
idaea (Fig. 4b) both sprouted from roots after 
fire. Nevertheless, they seemed to recover at a 
relatively slow rate. Regeneration of Calluna 
vulgaris (Fig. 4b) seemed to be relatively similar 
to that of V. vitis-idaea, although it is not clear 
whether it sprouted or regenerated via seeds. Its 

occurrence clearly showed high spatial variation, 
being restricted to dryer patches.

The species turnover of herbs was relatively 
similar to those of mosses, except that herb 
species generally had wider temporal distribu-
tions. After the dominance of Epilobium angus-
tifolium was relaxed after four to six years, other 
herbs became established in the community, 
although they were still heavily suppressed by 
Rubus idaeus. Other early successional herb spe-

Fig. 4. Cover of selected species in different plant functional groups during the first decade of vegetation succes-
sion following slash-burning: (a) tree seedlings, (b) dwarf shrubs, (c) herbs, (d) graminoids, (e) bryophytes, and 
(f) lichens. Abbreviations: Betula spp. (BET spp.), Picea abies (PICABI), Sorbus aucuparia (SORAUC), Calluna 
vulgaris (CALVUL), Vaccinium myrtillus (VACMYR), Vaccinium vitis-idaea (VACVIT), Galeopsis bifida (GALBIF), 
Maianthemum bifolium (MAIBIF), Melampyrum sylvaticum (MELSYL), Veronica officinalis (VEROFF), Agrostis 
capillaris (AGRCAP), Deschampsia flexuosa (DESFLE), Carex ovalis (CAROVA), Luzula pilosa (LUZPIL), Brach-
ythecium spp. (BRA spp.), Polytrichum juniperinum (POLJUN), Cetraria pinastri (CETPIN), Cladina arbuscula 
(CLAARB), Cladonia cornuta (CLACOR), and Cladonia deformis (CLADEF). The values on the vertical axis repre-
sent mean percent coverage, calculated for sample squares that have been monitored for an equal time interval.
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cies in the community included Galeopsis bifida, 
Maianthemum bifolium, Melampyrum sylvaticum, 
Veronica officinalis (Fig. 4c), Rubus saxatilis, 
Cirsim palustre, Potentilla erecta, Melampyrum 
pratense and Geranium sylvaticum (Table 2).

The graminoid succession started from grasses 
regenerating via subterranean organs, followed by 
sedges and seed-dispersed grasses. Luzula pilosa 
(Fig. 4d) recovered immediately after burning 
and became relatively abundant the following 
growing season; it was present throughout the 
study period, even in the control areas. Des-
champsia flexuosa regenerated slowly during the 
first six years. It did not reach a clear peak during 
the study period and it is possible that D. flexuosa 
continued to increase in abundance even after ten 
years (Fig. 4d). After all, it was still present in the 
control areas in relatively high numbers. Agros-
tis capillaris was present throughout the study 
period and showed no decline in abundance even 
ten years after burning (Fig. 4d).

Colonization and peak abundance differed 
clearly between the pioneer moss species. The 
first species in the chronological series was 
Mnium stellare, which was only observed one 
year after burning (Table 2). The second pioneer 
was Pohlia nutans (Fig. 3B) and the third Cera-
todon purpureus (Fig. 3B). Like C. purpureus, 
Polytrichum juniperinum (Fig. 4e) colonized the 
area within two years after burning and was still 
strongly present after ten years. Species character-
istic of later succession (i.e. Aulacomnium palus-
tre (Table 2) and Brachythecium (Fig. 4e) and 
Plagiothecium species) entered the recovering 
community within five to six years. Interestingly, 
even the late successional species, which made a 
major contribution to the ground coverage in the 
control areas, Pleurozium schreberi, Hylocomium 
splendens, Dicranum polysetum, and Dicranum 
scoparium were already present after six years 
(Table 2). Lichens (i.e. Cladonia deformis and 
Cladina rangiferina) were also found to establish 
within four to six years, although they were only 
observed with very low abundances (Fig. 4f).

Community level patterns

The site ordination accounted for 29% of the 
total variation in species composition (Fig. 5). 

The ordination diagrams displayed a clear 
but diffuse temporal post-fire development in 
vegetation composition. The data points were 
organized along a strong gradient, resulting in 
a clear arch (Fig. 5A). Furthermore, variation 
within squares sampled the same year seemed to 
decrease during the study period. The variation, 
observed in the first summer following slash-
burning, was approximately twice as great as in 
the following year. This is expected on the basis 
of succession theory. The high variation in years 
‘1’ and ‘4’ may also have been due to a greater 
within area variation in B96, as compared to the 
other areas (B94 and B98). Moreover, the con-
trol area was clearly separated from the burned 
areas, indicating a significant difference between 
initial and later succession.

As the different slash-burned areas were not 
always sampled during the same events, the aver-
age difference between the areas was examined 
(Fig. 5C and D). The arrangement of the centro-
ids for sample squares within each area revealed 
a few sources of variation observed in Fig. 5A 
and B. Although the overall development seemed 
to be relatively similar and the position of centro-
ids for different years was relatively logical in the 
three burned areas, there were some peculiar dif-
ferences. Firstly, year ‘2’ in B94 and B98 differed 
remarkably from each other. Also the year ‘6’ dif-
fered between the two areas, the variation being 
much lower, however. Secondly, the three areas 
seemed to develop at a different rate, although the 
relative difference between the areas was hard to 
judge. Roughly stated, development was appar-
ently more rapid in B98, as compared to B94.

Discussion

Major changes were evident in the initial sec-
ondary forest succession following slash-burn-
ing. These changes were observed on different 
scales; from individual species to the overall 
composition of the plant community.

Species responses to slash-burning

Generally, plant species differ in their ability to 
respond to fires of different depth of penetration. 
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These differences are principally due to variation 
in the position of seeds and rhizomes in the soil 
and to the colonizing habit of the plant (Schim-
mel & Granström 1996). Our results showed a 
considerable difference in species responses to 
slash-burning, according to their life form and 
regeneration strategy.

The first species to stand out in the post-
fire succession was Epilobium angustifolium. 
It is known to rapidly colonize deforested 
areas (Lindholm & Vasander 1987, Granström 
& Schimmel 1993), even over great distances 
(Archibold 1980, Solbreck & Anderson 1986). 
E. angustifolium was not growing in the control 
plots and, because it does not store seeds in the 
soil (Grime et al. 1981, Granström 1986 ), it col-
onized the area via dispersed seeds, as reported 
by Schimmel and Granström (1996). It could 
thus be considered an invader strategist (Rowe 
1983, Sirois 1995). After an initial rapid prolif-
eration, its stature decreases, flowering declines, 
and the seedling density is reduced (Turner et al. 

1997). Such a decline was observed four years 
after burning. Moreover, the observed response 
curve of fireweed was strikingly similar to that 
reported by Stickney (1986).

The second dominant colonizer among vas-
cular plants was Rubus idaeus. This shrub is 
locally important in areas subjected to deforest-
ing disturbance (Whitney 1984). It is relatively 
intolerant to shading and its growth is thus 
associated with large breaks in the forest canopy. 
During its short occupancy it produces a long-
lived seed bank ready for activation following 
disturbance (Whitney 1978). It could be classi-
fied, on the basis of its regeneration strategy, as 
an evader (Rowe 1983). Because of its relatively 
tall stature, in comparison to other non-woody 
vascular plants, its decline was not a conse-
quence of shading in Vaccinium myrtillus-type 
habitats. The most probable explanation for its 
decline was increasing competition with grasses 
for soil nutrients and water. Our observations are 
in conflict with those of Lindholm and Vasander 

Fig. 5. Four PCoA dia-
grams, which display the 
vegetation succession 
within the study area (n 
= 220) (A, B) and differ-
ences between the three 
slash-burned areas (C, 
D). — A and C: axes 1 
and 2. — B and D: axes 
1 and 3. The ellipses in 
A and B represent 95% 
concentration ellipses for 
sample squares that had 
been sampled in the same 
year. The numbers indi-
cate succession year, and 
C indicates the control (60 
years old).
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(1987), who reported that R. idaeus was present 
even 120 years after prescribed burning. This 
difference may be due to habitat factors.

The third dominant vascular plant was 
Calamagrostis arundinacea. This grass sprouts 
from survived underground rhizomes (Novak 
et al. 2001). According to Turner et al. (1997) 
seed dispersal is not important for the reinva-
sion of this genus. C. arundinacea may thus be 
an endurer strategist (Rowe 1983). This species 
regenerated relatively slowly, probably due to 
competition with E. angustifolium. It gained 
dominance in the community after six years, and 
remained the dominant species until the end of 
the study period, without any signs of decline.

In the herb succession Maianthemum bifo-
lium was apparently replaced by Melampyrum 
sylvaticum, but there was probably no causal 
relationship between these two species. Inter-
estingly, these herbs are considered to be forest 
species. M. bifolium is a small, shade tolerant 
ground layer plant indicative of fertile habitats, 
and M. sylvaticum is a hemiparasite, usually 
found in spruce forests but it can also be encoun-
tered in meadows. Maianthemum species are 
considered endurers (Sirois 1995), since they 
regenerate from buried roots. M. sylvaticum, 
on the other hand, has a weak root system and 
relatively heavy, animal-dispersed seeds. Mela-
mpyrum species have been found already during 
the next year following a ground fire (Schimmel 
1993), indicating relatively effective dispersal 
in spite of heavy seeds. In the present case, 
however, M. sylvaticum was not observed until 
the second year after burning, indicating that 
colonization occurred through dispersed or resi-
dent seeds. Veronica officinalis was observed to 
recover immediately after burning. It is often 
encountered on clear-cut areas, but not in the 
understorey of spruce forests. It may thus have 
regenerated from a buried seed bank. Galeopsis 
bifida is a clear invader strategist (Rowe 1983). 
It is most commonly encountered on disused 
land, clear-cut areas, and other open habitats free 
of taller vegetation. It probably colonized the 
area via seeds within a few years after burning, 
and disappeared within ten years.

Luzula pilosa differs from the other grami-
noids in its regeneration strategy. It can be clas-
sified as an evader (Rowe 1983), since it mainly 

recovers from the surviving seed bank (Schim-
mel 1993). However, its seeds cannot germinate 
unless the humus layer is reduced (Granström 
1986), e.g. by a severe fire. Recovery from 
underground rhizomes is also possible if the fire 
has not been too severe. This seemed to be the 
case, at least locally. The bimodal abundance 
curve we found in our study may be a combi-
nation of individuals with a different recovery 
mode. Carex ovalis, like other sedges, seemed 
to be an invader strategist (Rowe 1983). It was 
rapidly outcompeted by regenerating grasses. 
Agrostis capillaris can also be considered an 
invader (Sirois 1995).

Deschampsia flexuosa, together with the 
dwarf shrubs Vaccinium vitis-idaea and Vac-
cinium myrtillus, is considered to be one of 
the most abundant understorey species in north 
European boreal forests (Kielland-Lund 1981, 
Reinikainen et al. 2000). It is one of the vascu-
lar plants characterising early succession after 
clear cuttings. D. flexuosa can be classified as an 
endurer or invader, depending on the conditions. 
It regenerates from buried rhizomes after an 
intermediately severe fire, but it is killed in more 
severe fires (Schimmel & Granström 1996). It 
does not have a preserved seed bank (Granström 
1986, Schimmel & Granström 1996) and its 
recovery is therefore probably mediated through 
local sprouting, prolific flowering of the survived 
individuals (Schimmel & Granström 1996), and 
seed dispersal from the adjacent forest.

The dwarf-shrubs Vaccinium vitis-idaea and 
Vaccinium myrtillus can be classified as endur-
ers (Sirois 1995, Schimmel & Granström 1996), 
since they recover from buried roots after fire. 
However, regeneration of these species was slow 
in this study as compared with their regeneration 
after less severe wildfires (Schimmel & Gran-
ström 1996) and prescribed burning (Lindholm 
& Vasander 1987). This was most probably due 
to shading and resource competition with faster-
growing herbs and graminoids. Their abundance 
started to increase within ten years. This could 
be connected to increasing tree seedling cover. 
However, V. vitis-idaea favours drier, pine-domi-
nated forests and it is not maintained in the com-
munity for a long period of time. On the other 
hand, V. myrtillus is a characteristic plant of the 
prevailing mesic forest communities in the area.
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Heather (Calluna vulgaris) is known to be 
well adapted to withstand fire (Gimingham 
1972). According to Schimmel (1993), the post 
fire recovery of heather is initiated from a pre-
served seed bank. It is thus an evader strategist, 
although it may also recover from rhizomes in 
similar circumstances as Luzula pilosa. How-
ever, it may be more sensitive to heat than 
L. pilosa, since C. vulgaris was not observed 
during the same year the slash was burned. The 
colonization of C. vulgaris is possibly favoured 
by an increase in the soil calcium content after 
fire (Uotila 2004).

Our findings, regarding the shift from herb 
to grass dominance in early succession, are par-
tially in conflict with those of many other studies 
(summarized by Rego et al. 1991), which state 
that the cover of herbs and grasses increases sig-
nificantly during the first years after a fire, before 
being dominated by the increasing cover of 
sprouting shrubs, and finally the trees. However, 
habitat characteristics may have had a major 
impact on the course of succession.

Within ten years the community started to 
be strongly affected by the presence of spruce 
(Picea abies) seedlings (Niklasson 2002). Sirois 
(1995) considers Scots pine (Pinus sylvestris) 
and spruce to be evaders (Rowe 1983), due to 
their above ground seed bank in their canopy. 
Scotch pine is also particularly tolerant against 
forest fires (Kolström & Kellomäki 1993). In 
the present case, the adjacent forest provided 
the slash-burned areas with a plentiful supply of 
propagules. High numbers of spruce seedlings 
were in fact observed, but the number of pine 
seedlings remained low. As deep organic layers 
are poor seedbeds for a variety of species includ-
ing forest trees (Zasada et al. 1992), humus-con-
suming fires are beneficial to tree seedling estab-
lishment (Ahlgren 1959, Schimmel 1993). How-
ever, pine seedling survival is reported as being 
affected by ground vegetation cover (Johnsson 
1999). Pine seedling establishment is also more 
sensitive to site conditions than that of spruce 
(Johnsson 1999). Therefore, spruce may be more 
tolerant against herbaceous competition and may 
also not need as severe a fire as pine to recover.

Two deciduous trees, Sorbus aucuparia and 
Betula spp., were observed to sprout from under-
ground buds almost immediately after burning. 

Among the boreal forest tree species, sprouting 
is known to be the most pronounced in birch 
(Uemura et al. 1990). However, new seedlings 
managed poorly in the dense, recovering veg-
etation. The decline observed in the abundance 
of birch can also be explained by the growth of 
individual trees. The coverage of young trees 
that had grown tall enough for their canopy to 
exit the shrub layer was not estimated.

The three most abundant pioneer bryophytes, 
characteristically present on charred surfaces 
(Sarvas 1937, Crum 1979), Pohlia nutans, Cera-
todon purpureus and Polytrichum juniperinum 
formed a clear succession sequence. They colo-
nized burned areas via dispersed spores and 
could be classified as invaders (Rowe 1983), 
since they were present only a short time during 
the course of succession. Many authors have 
reported that Polytrichum spp. and C. purpureus 
are dominant bryophytes in early post fire suc-
cession (e.g. Sarvas 1937, Black & Bliss 1978, 
Schimmel 1993). It appears that Polytrichum 
spp. and C. purpureus become well established 
if the burned surface consists of a rather compact 
layer of surface-charred, mor humus or exposed 
mineral soil (Schimmel & Granström 1996). 
There are also reports indicating that C. pur-
pureus starts to become overtopped and shaded 
out by Polytrichum species after a few years. 
Our results supported these findings. Sarvas 
(1937) reported that C. purpureus is replaced by 
P. nutans, but our results indicated that the situa-
tion is the opposite.

Pleurocarpous mosses, such as Pleurozium 
schreberi, Hylocomium splendens, Brach-
ythecium spp. (several species), and Plagi-
othecium spp. (several species), which were the 
predominant species in the control plots, colo-
nized the areas between three to six years after 
burning. Their recovery was very slow and they 
did not reach high abundances during the study 
period. These species favour closed habitats and 
according to Schimmel and Granström (1996), 
pleurocarpous mosses and fruticose lichens (clas-
sified as “avoiders” by Novak et al. 2001) are 
totally dominant in understorey vegetation, but 
are virtually absent in burned plots at least during 
the first five years. Normally these species do not 
achieve dominance until approximately 30 years 
after fire, and in the meantime Polytrichum spp. 
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and C. purpureus are dominant (Sarvas 1937, 
Black & Bliss 1978, Schimmel 1993).

Lichens were the last to arrive at the fire area. 
The first lichen species (Cladonia deformis) was 
observed not until six years after burning. After 
wildfires, lichens are known to regenerate veg-
etatively from surviving or partially burned thal-
lus fragments. However, the fact that lichens 
appeared as small, randomly scattered tiny 
patches would seem to indicate recovery from 
dispersed spores. According to Sarvas (1937), 
C. deformis is expected to recover within five 
years after a fire, and the re-establishment of 
Cladina species takes approximately ten years. 
Ground lichens are not, in general, typical plants 
of mesic, spruce-dominated forests (Esseen et al. 
1997, Uotila 2004), which explained their low 
diversity in this study.

As concluded by Schimmel (1993), bryophyte 
flora best fits the classical mode of succession, 
with species replacing each other in sequence. 
However, trees also have a clear replacement 
pattern. Some replacement can also occur within 
herbs and graminoids, but this is not as clear as 
with mosses and trees. Actually, a more realistic 
picture of species replacement patterns could 
be obtained by considering herbs and grami-
noids together. Stickney (1986) reported that a 
well developed ground surface bryophyte layer 
occurred extensively after a severe wildfire, and 
it did not appear as an initial stage but developed 
concurrently with the vascular component. These 
and other findings concerning sequential estab-
lishment of different moss species led to the con-
clusion that a successional process is operating at 
the bryophyte level at the ground surface parallel 
to the development of the vascular vegetation. 
Our results clearly supported these ideas.

Species richness

Our results showed an increase in plant spe-
cies richness during the six-year period after 
slash-burning. Although almost 40% of the plant 
species were also present in the control plots, 
55 new species were encountered in the burned 
plots. This result supported the view that plant 
species richness increases (Trabaud & Lepart 
1980, Armour et al. 1984) following fire. Vas-

cular plant diversity seemed to be greater in 
comparison to bryophyte richness at least during 
the first decade. Respectively, bryophyte species 
richness was greater in the 60-year-old con-
trol forest. This pattern was most probably due 
to increased competition and shading by fewer 
and bigger plant individuals (i.e. Calamagrostis 
arundinacea and Picea abies).

Studies investigating post fire species diver-
sity have reported contrasting results. According 
to Turner et al. (1997), overall species richness 
increases during the first five years of post-fire 
succession. Ruuhijärvi et al. (1985) found that 
plant species richness increases up to 14 years 
after prescribed burning, and Lindholm and Vas-
ander (1987) reported maximum species richness 
15 years after burning (see also Uotila 2004). 
Moreover, vascular plant richness is found to be 
greatest in early succession, and bryophyte and 
lichen diversity in late succession (Rees & Juday 
2002, Waide et al. 1999). The opposite view 
states that the initial post-fire plant community 
is primarily composed of surviving individuals 
(Armour et al. 1984, Lyon & Stickney 1976). 
Furthermore, Rego et al. (1991) found commu-
nity diversity and the number of species to be 
only slightly altered by fire. Hence, the regenera-
tion of trees, coupled with the rapid resurgence 
of most shrub species from underground parts, 
has consequently led to the view of succes-
sion in boreal ecosystems as a cyclic process 
involving little overall floristic variation, despite 
major environmental changes resulting from fire 
(Viereck & Schandelmeier 1980).

Our findings supported the view of Trabaud 
and Lepart (1980), who stated that new species 
appear progressively on the microsites opened 
up by the fire and gradually increase the spe-
cies diversity and richness. These species then 
gradually decline as the pre-fire community re-
establishes on the site. According to Trabaud and 
Lepart (1980), the length of time for this to occur 
varies according to the pre-fire community and 
the characteristics of the fire.

Community level patterns

Our results indicated a significant change in 
community composition following slash-burn-
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ing. According to the site ordination, the per-
manent sample squares differed considerably 
between the burned and control areas. Although 
there was variation between the experimental 
areas, the overall pattern was relatively clear. 
The differences in vegetation development 
between the three areas may have been due to 
differences in fire intensity and site topography. 
There was also a continual, although diffuse, 
succession sequence appearing in the ordina-
tion diagrams (Fig. 5). Succession seemed to 
be initially very rapid, and then slowing down 
as time elapsed. However, the recovering com-
munity was not even close to the surrounding 
forest with respect to the species composition 
within ten years after burning. The succession 
sequence was realized through the replacement 
of invasive, fast growing pioneers with more 
competitive species that were finally replaced 
by late succession species with high shade and 
low nutrient level tolerance. One possible expla-
nation for the observed pattern might have been 
a change in the availability of soil nutrients after 
burning.

As with species richness, different views 
have been proposed considering the patterns 
of community composition following fire. For 
example, Rego et al. (1991) found plant fre-
quency composition to be only slightly affected 
by fire, while cover composition was initially 
reduced for many species, but recovered within 
four to six years. They concluded that other 
factors are much more important than fire in 
regulating understorey vegetation. This agrees 
with Trabaud and Lepart’s (1980) conclusion 
that fire does not dramatically alter species 
composition, and that pre-fire composition is 
a major factor in the initial stages in post-
fire succession (Armour et al. 1984, Stickney 
1986). Moreover, Reich et al. (2001) did not 
detect any systematic differences in vascu-
lar plant nor bryophyte community composi-
tion between post-logged and post-fire stands. 
In contrast, other studies have reported that 
fire influences vegetation succession (Annila 
1993, Novak et al. 2001). Buried or immigrant 
seeds are found to contribute as much to rapid 
re-vegetation as does vegetative reproduction 
after destructive burning (Lutz 1956, Heinsel-
man 1973).

Conclusions

The vegetation succession following slash-burn-
ing of a boreal forest consisted of a recognizable 
replacement sequence of plant species. These 
species were generally the same reported to 
be the most important in a recovering commu-
nity after a wildfire or after prescribed burning. 
Moreover, as the effects of slash-burning on the 
local flora seemed to be similar to those reported 
for natural fires, we found slash-burning to be a 
nature-mimicking forest restoration method, well 
suitable for special areas such as nature reserves, 
in order to increase local heterogeneity. How-
ever, this conclusion is relevant only for plants 
and lichens. Moreover, since the fire regimes of 
natural forests are largely unknown, our conclu-
sions are only applicable to those anthropogenic 
forests dating back to the slash-burning era.
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