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Clusters 1 and 3 had seven plots in corrunon (i.e. samples taken from one plot 
occurred in both clusters on seven occasion~), all of them from two sites (16 and 79). 
This implies a sequence from the Funaria hygrometrica-Leptobryum pyriforme 
vegetation type (cluster I) to the Rhinanthus minor-Agrostis capillaris-Polytrichum 
juniperinum type (cluster 3), but several sites have all their samples, regardless of age, 
within cluster 3. The vegetation in cluster 3 resembles the Achillea millefolium­
Tortula ruralis type of open grassland and the Betula pubescens-Agrostis capillaris­
Succisa pratensis type of wooded grassland described by Moen (1990), both 
comprising a number nf heathland species such as Vaccinium spp., Melampyrum 
pratense, Hylocomium splendens and Pleurozium schreberi. Some dominants in 
Moen's types, for instance Achillea millefolium in the open grassland type and Betula 
pubescens, Agrostis capillaris and Deschampsia cespitosa in the wooded type, were 
also dominants in the bonfire vegetation. Thalictrum alpinum in the open grassland 
type and Geranium sylvaticum and Potentilla erecta in the wooded type were still less 
abundant on the bonfire sites than in adjacent unbumt vegetation. 

A sequence from cluster 1 to the heathland cluster 4 (comprising most of the samples 
from site 70) may also be perceived, as two of the first three samples from site 70 
were found in cluster 1. Several heathland species had low cover values in the later 
samples in cluster 4. The plots from site 70 found in cluster 1 were the oldest (8 and 
12 years) in that cluster, but they were still dominated by early-successional species. 
This indicated the slow process of revegetation in heath Iand vegetation. 

Both TWINSPAN and DCA axis 1 separated the samples quite well along the main 
ecological gradient related to moisture. The age of the bonfire sites found within 
different TWINSPAN clusters, and the development in pH and the number of species 
seen in the sequences of clusters, mostly coincided with a decrease in the score on 
axis 2 in DCA. The over-representation of samples from centre plots in cluster 1, and 
the corresponding over-representation of samples from margin plots and unbumt 
vegetation in clusters 6 and 8, also supported this interpretation, since margin plots 
were usually revegetated much earlier than centre plots. The correlation between 
DCA axis 1 and the ground water level would probably have been even stronger if 
levels from the dry grassland samples had been included, and the correlation between 
DCA axis 2 and age, would also have been strengthened if a "succession age" for the 
unbumt samples could have been calculated. 

The somewhat unusual increase in score over time, seen for instance in plots 79C and 
81 C, may be explained by the early occurrence of seed plants of some late­
successional species with low scores on axis 2 (e.g. in 81 C: Alchemilla wichurae, 
Geranium sylvaticum, Geum rivale) before any of the early-successional species had 
become important. Age, pH and the number of species were correlated with axis 2. 
Early-successional species were ordinated with high scores, and late-successional 
species with low scores on axis 2. All in all, DCA and TWINSPAN seemed to give a 
fairly consistent picture of the ecological variation and successions. 
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5.5 CONCLUSIONS 
The oldest bonfire sites were still clearly distinguishable from the surrounding 
vegetation despite up to 20 years of revegetation. The bottom layer recovered quite 
quickly, but recovery of the field and shrub layers was a slower process, although the 
species composition of both the bottom and the field layers still differed greatly from 
the surroundings. Early-successional species were still dominant on many sites and 
appeared to inhibit the re-establishment of the natural vegetation found in these 
outlying lands. Further investigation should be undertaken to follow up the 
development in a selection of sites. The lack of information on the severity of the 
burning calls for controlled burning on experimental sites. This would also enable the 
existing vegetation to be analysed before it is burned and the establishment of unbumt 
reference plots at the time of burning. 

Recreational bonfires are not allowed within the nature reserve, but the bonfire sites 
linked with the management also cause undesirable disturbance. They cover nearly 
0.1 ha, and visitors to the reserve will inevitably pass some of them. During the 
1990's, efforts have been made to arrange for farmers to collect herbage. During the 
last five years, some of the herbage has also been composted. However, these 
measures increase the demand for transport, which may also cause problems in the 
nature reserve. It seems clear that for many years to come burning will still be 
necessary in the central parts of the reserve, where mowing takes place far from the 
nearest roads. The slow recovery demonstrated during the investigation period clearly 
calls for some caution when deciding where to bum the waste. Bonfire sites near 
public nature trails, particularly in heath land and dry grassland which show the 
slowest recovery, should be avoided. Existing sites should be used rather than 
establishing new ones whenever this can be done without increasing transport. 
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6	 SUMMARY 
Succession on bonfire sites following b,.trning of management waste in Splendet 
Nature Reserve, central Norway. 

As part of the management and restoration of the haymaking lands, brash and herbage 
derived from clearance work and mowing have been burned at 118 bonfire sites in the 
Sjijlendet Nature Reserve since 1978. In 1982-1997, the revegetation of 36 sites in fen 
margin, grassland and heathland was investigated by repeated analyses in 96 
permanent plots. The pH and mineral content in ash and in soil within and outside 
sites were measured. The biomass within and outside the sites was also measured, and 
investigations of the seed bank were carried out. Ordination by Detrended 
Correspondence Analysis (DCA) using version 3.15 of the CANOCO program (Hill 
1979a, ter Braak 1987, Oksanen & Minchin 1997) was performed. Two-Way 
Indicator Species Analysis (TWINS PAN; Hill 1979b) was used to classify the large 
number of samples (346). The TWINSPAN clusters were described as vegetation 
types in a wide sense, named after characteristic species, constants or dominants. 
Synoptic tables with constancy and the characteristic cover of species in TWINS PAN 
clusters and age groups were constructed using the SAMTAB program (Wilmann 
1987, Aune 1998). Statistical analyses of differences and correlations were performed 
using statistical techniques (Hests and regression analyses) from the SPSS for 
Windows program (SPSS Inc. 1997). This aimed to compare differences in pH in soil 
between plots and over time, to test differences in the mean number of seedlings and 
the mineral content in new and old ash. These statistics were also used to compare 
DCA axis scores with records of site age, sample pH, the number of species found in 
samples and the ground water level found in sites. 

The main findings are: 

1.	 A harsh chemical environment with elevated pH and a high content of minerals in 
soil and ash was recorded after burning, but conditions ameliorated over time due 
to leaching. 

2.	 The severe conditions observed during the first year after burning seemed to 
impede the establishment of new vegetation, but the plots were usually covered by 
early-successional bryophytes (Bryum spp., Ceratodon purpureus, Funaria 
hygrometrica, Leptobryum pyriforme, Polytrichum juniperinum and Marchantia 
spp.) within 2-4 years. 

3.	 Recovery of the field layer was a slower process, particularly in dry grassland and 
heathland. Anemochorous shrubs such as Betula pubescens and Salix spp., the tall 
graminoid Deschampsia cespitosa and rhizomateous species such as Equisetum 
palustre, Agrostis capillaris and Eriophorum angustifolium became established 
quite early. 

4.	 The seed bank seemed to be of minor importance for the establishment of species, 
but some species (e.g. Equisetum palustre and Hierochloe odorata) were able to 
survive with rhizomes. 
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5.	 Although a substantial increase in the occurrence and abundance of common fen 
and grassland species was recorded, several dominant, early-successional 
bryophytes and vasculars were stable for many years and seemed to inhibit the 
expansion of other species. 

6.	 An increase in biomass was observed downhill from the sites, probably caused by 
leachates released from the ash. 

7.	 Management waste should be burnt on existing bonfire sites, and burning should 
not occur in heathland and dry grassland vegetation near the public trails. 
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