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Abstract

“Fire and biodiversity” is a much-discussed topic based on research in different countries under
varying environmental conditions and fire regimes. Nevertheless, until now, no research has been
carried out on faunal post-fire biodiversity in winter fire-prone ecosystems such as deciduous for-
ests on the south-facing slopes of the Alps. The basic objectives of this study were to analyse the
effects of single and recurring fires on spider communities and their subsequent diversity. Epigeic
spiders were used as bioindicators to describe the ecological response of chestnut forest-floor
habitats to winter fires in Southern Switzerland. Overall, 143 spider species were sampled from
April to September using pitfall traps at both post-fire and intact chestnut coppice sites. Approx-
imately 30% of the species found were present exclusively in burnt sites (compared with only 7%
found exclusively in intact areas). These results suggest that post-fire succession was initiated by
surviving individuals. No dominant pioneer species were observed in the burnt sites. Changes in
communities were observable only within the first two years after a single fire, whereas changes
persisted in areas with recurring fires. In the latter case, communities were characterised by the
eudominance of a single species (Pardosa saltans) and by an increase in species richness. The pres-
ence of species strongly associated with particular fire regimes indicates a wide-mosaic structure of
environmental and microclimatic conditions at the epigeic level, with a predominance of xeric con-
ditions. Evidence was found that major silvicultural projects implemented before and during the
early 1950’s, combined with an intense fire history, have played an important role in the develop-
ment of the spider communities in the chestnut forest of the Southern Alps.
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INTRODUCTION

Fire is an important environmental factor in
many ecosystems throughout the world. How-
ever, few studies have examined the impact of
fires over periods exceeding 10-15 years (Huhta
1971; Merrett 1976), and little is known about
longer-term effects of fire on spider commun-
ities. A further limitation of existing work is
that most have been carried out in fire-prone
regions (e.g. Mediterranean shrub-land, steppe,
savanna, boreal forest, etc.) or in specific fire-
climax ecosystems; much less is known about

the role of fire in other ecosystems, such as
temperate forests.

Our study concentrates on the impact of fire
on spider communities in chestnut forests of the
Southern Alps. Fires are frequent in these forests,
but occur mainly during the dormant period
between December and April (Conedera et al.
1996). The following objectives were pursued:

(i) analysis of the effects of single and recurring
fires on spider diversity over a 25 year period,
(ii) identification of the species most affected by
fires, both positively and negatively, and
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Fig. |. Location of the study area (dark shading) on
the southern slope of the Alps (Ticino, Switzerland)
and the sampling design. A-F: six sectors of the
study area in which a total of 26 study sites were
selected; n: number of chosen study sites among the
categories of fire regime.

Categories of fire

. Description n
regime
Unburnt (= control) Sites without fires for the last 30 years 6
Freshly burnt Sites where sampling started 1-2 weeks after the fire 2
Single fire Sites which have burnt only once within the last 30 years 8
Repeated fire Sites which have burnt 3-4 times within the last 30 years 10

(iii) analysis of the ecological response of for-
est-floor habitats to wildfires using epigeic spi-
ders as bioindicators.

The current project is part of a wider re-
search program on the effects of wildfire on
invertebrates and is supported by the WSL
Swiss Federal Research Institute (Switzerland).

METHODS

Study area

The study region is located along a uniform,
south-facing slope (450-850 meters a.s.l.) in
Canton Ticino (46°09" N, 08°44" E) (Fig. 1). The
forest is dominated by chestnut (Castanea sativa
Mill.) coppices, situated on acidic substratum,
corresponding to the Phyteumo betonicifoliae-
Quercetum castanosum association (Ellenberg &
Klotzli 1972; Keller et al. 1998). The climate is
mild with humid summers and relatively dry
winters. Average annual rainfall is 1800 mm.
The mean annual temperature is 11°C (1°C in
January and 22°C in July).

Sampling was based on a ’‘space-for-time
substitution’ (Pickett 1989), and 26 individual
study sites were chosen. The sites were similar
to each other in aspect, slope and soil, but dif-
fered in terms of fire frequency and time
elapsed since last fire. The Wildfire Database of
Southern Switzerland (Conedera et al. 1996)
was the principal source of information on the
regional fire history over the past 30 years
(1968-1997). The sites were classified according
to fire regime (Fig. 1).

Sampling methods and data analysis

Epigeic spiders were sampled using pitfall
traps (plastic beakers, & 15 cm) with an over-
head roof for rain protection (Uetz & Unzicker
1976; Obrist & Duelli 1996). The traps were
filled with 2% formaldehyde solution and soap
was added to reduce liquid surface tension.
Three pitfall traps were installed on each of the
26 study sites (totaling 78 traps), and were
emptied on a weekly basis from March through
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Fig. 2. Spider species richness (mean + SE)
grouped in classes of (A) ‘fire frequency’ (ANOVA
F =30.69, P < 0.001) and of (B) ‘time elapsed since
the last fire’ (ANOVA, F = 19.14, P < 0.001). Bars
with different letters are significantly different (P <
0.05; ANOVA with subsequent Scheffé post-hoc
test).

September 1997 (28 sampling periods in all).
The distance between traps was never less than
10 m. All adult spiders were classified into spe-
cies using standard keys (i.e. Heimer &
Nentwig 1991) and the nomenclature followed
Platnick (1989). Specimens of each species were
deposited in the Natural History Museum of
Lugano.

In order to describe the response of forest
habitats to fire, the study focused on the abun-
dance of species, post-fire succession of domi-
nant and subdominant species, and analysis of
post-fire successional species strongly associated
with particular fire regimes (differential species).

RESULTS

Species richness

A total of 143 spider species and 10196 indi-
viduals were collected. Of these, 64 species
(46% of the total) were represented by less than
5 individuals, and 39 species (28%) were ob-
served at only one study site.
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Fig. 3. Relative dominance (%) of spider species at
study sites belonging to different classes of fire-
regimes. Dominant species (>10%; black bars), sub-
dominant species (3.2-9.9%; grey bars) and rece-
dent species (<3.2%; white bars). The species fol-
low the dominance gradient of the unburnt sites.
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Table I. Number and percentage of species asso-
ciated with particular fire regimes and of those
which were found in all types of study sites. For
each category of fire frequency six study sites were
selected (except for the two only freshly burnt
sites available).

Control  Freshly Single fires Repeated
burnt fires
n=6 n=2 n=6 n=6
Exclusive species 8
of the unburnt o
sites (7%)
1
(1%)
20
0y
Exclusive species ()
of the burnt sites 43
(35%)
7
(6%)
Species  which
were found in all 64
types of study (52%)
sites

Species richness at single fire sites was simi-
lar to values encountered at unburnt sites,
while at repeated fire sites, species richness
was found to be significantly higher (Fig. 2A).
Elapsed time since the last fire had a consider-
able effect on the number of species found. At
freshly burnt sites the number of species de-
creased but changes were not significant (Fig.
2B). On the other hand, in instances of single
fires, this initial decrease was followed by a
gradual increase, leading to a significantly
higher number of species after 22-24 years. At
repeated fire sites, there were no significant
trends in species richness with respect to the
time elapsed since the last fire.

Species structure of the community

Fig. 3 summarises some important differences
in dominant and subdominant species com-
position in relation to fire regime. On unburnt
sites, Lepthyphantes flavipes and Microneta viaria
were the dominant species (dominance > 10%),
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and Tegenaria fuesslini, Pardosa saltans, Lepthy-
phantes pallidus, Amaurobius jugorum, Trochosa
hispanica and Dasumia taeniifera were subdomi-
nant (dominance 3.2-9.9%). On freshly burnt
sites, Lepthyphantes flavipes and Microneta viaria
decreased while  Tegenaria
fuesslini and Lepthyphantes pallidus became the
dominant species. Lepthyphantes flavipes contin-
ued to be dominant 1-2 years after a single fire,
and Lepthyphantes pallidus and Dyplostyla con-
color increased considerably in abundance,
while the number of Microneta viaria declined
sharply during this period. After 7-14 years,
Pardosa saltans became strongly dominant at
many single fire sites (dominance > 32%). In
contrast, on recurring fire sites, Pardosa saltans
became the dominant species after only 2-3
years, and remained dominant for 6-17 years.

considerably,

Differential species

Table 1 shows that approximately 30% of all
recorded species were found exclusively on
burnt sites. The analysis yielded a mean num-
ber of 43 species (35%) confined exclusively to
repeated fire sites, compared with only 8 spe-
cies (7%) found exclusively on unburnt sites; 64
species (52%) showed no differences in distri-
bution. Some of the species which were
strongly associated with particular fire regimes
are listed in Table 2.

DISCUSSION
There have been numerous studies on the ef-
fects of fire on epigeic and soil fauna. They vary
greatly in sampling methods and other factors
such as habitat conditions, time of study, fire
regime and size of burnt areas. Consequently,
caution is necessary when making direct com-
parisons between the present and past studies.
As far as the post-fire succession of spiders
is concerned, in contrast to Huhta (1971), Mer-
rett (1976), Schaefer (1980), and Koponen (1993,
1995), no evidence was found of pioneer species
colonising study sites for limited periods after a
fire. Although the abundance of dominant and
subdominant species of unburnt sites decreased
after a fire, most of them maintained an impor-
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Table 2. Species and number of sampled individuals associated with particular fire regimes. For each cate-
gory of fire frequency, six study sites were selected (except for the two only freshly burnt sites available).

Selected exclusive
species of the burnt
sites

Selected species
which ‘profit* from
the fire

Selected species
‘affected‘ by fire

Species Control Freshly Single fires Repeated
burnt fires
(n=6) (n=2) (n=6) (n=6)
Walckenaeria furcillata 5
Haplodrassus signifer 6
Zora silvestris 7
Trochosa terricola 35
Zelotes erebeus 14
Episinus truncatus 4
Cercidia prominens 5
Trichoncus cf. sordidus 1 32
Hahnia ononidum 4 10
Meioneta gulosa 1 1 28
Poecilochroa conspicua 1 2 4
Alopecosa pulverulenta 2 1 7
Centromerus sellarius 1 3 8
Walckenaeria mitrata 1 11
Zelotes apricorum 1 4 19
Zodarion gallicum 14 6 25
Micaria fulgens 6 5 79
Callilepis nocturna 1 1 1 11
Gnaphosa bicolor 9 2 7 35
Hahnia helveola 14 14 31 29
Xerolycosa nemoralis 7 10 43
Zora spinimana 4 2 2 43
Pardosa saltans 262 13 260 996
Ballus chalybeius 24 2 9
Coelotes mediocris 75 11 50
Tapinocyba maureri 105 1 55 4
Lepthyphantes flavipes 214 8 80 132
Microneta viaria 217 22 105 138

tant position in the community. One possible
explanation for the in situ survival of many spe-
cies is that fires do not usually burn the fuel
uniformly (Marxer & Conedera 2000), leaving
some pockets under stones, logs, or surface tree
roots where individuals of many species can

survive (Huhta 1971; Merrett 1976; Riechert &
Reeder 1972). It seems possible that post-fire
succession is mainly determined by altered
habitat conditions and through post-fire envi-
ronmental variations at the epigeic level (Pyne
et al. 1996).
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On the whole, spider communities of single
fire sites tended to return to the pre-fire species
composition and structure over a relatively
short period (within approximately 7 years).
This is especially true for the Linyphiidae, a
family characteristic of intact forests (Uetz
1975, 1979; Bultman & Uetz 1982; Leclerc &
Blandin 1990). The rapid recovery is probably
due to resprouting of chestnut stools (Delarze
et al. 1992; Hofmann et al. 1998) resulting in
accelerated restoration of the litter layer.

In fire ecosystems resident communities are
sometimes significantly different from those in
surrounding unburnt areas, enhancing biodi-
versity in the region as a whole. In ecosystems
where fires are frequent, spider and other ar-
thropod communities seem to be adapted to
recurrent events of low to medium intensity (e.
g. Riechert & Reeder 1972; Force 1981; Weaver
1985; Siemann et al. 1997; York 1998). Never-
theless, Springett (1976) and York (1998)
pointed out that in frequently burnt dry sclero-
phyll forests of Australia, many native forest
species are lost and may be replaced by species
associated with more open habitats.

In our study, the species strongly associated
with particular fire regimes (differential spe-
cies), especially those found almost exclusively
in frequently burnt sites, are characterized by
being able to live under a wide diversity of en-
vironmental conditions, ranging from humid to
extremely xeric habitats. On the other hand, no
‘forest species’ was lost. This diversity could be
explained in terms of an increase in habitat
structural heterogeneity, where characteristic
elements of both sparse and dense vegetation
occur in close proximity, providing a rich mo-
saic of microclimatic conditions. This heteroge-
neity provides a wide range of microhabitats
capable of supporting a large number of spe-
cies. In fact, most of the species found exclu-
sively on burnt sites are associated with open,
dry conditions such as grasslands and exposed
rocky habitats (Maurer & Hanggi 1990; Hanggi
et al. 1995).

In conclusion, our results show that spider
communites of unburnt sites in Southern Swit-
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zerland are mainly dominated by litter-
dwellers. Species richness of sites that have
experienced only a single fire is generally simi-
lar to that of unburnt sites. On the other hand,
sites with recurring fires tend to have larger
numbers of species and a characteristic species
composition which differs from that of unburnt
and single fire sites. However, the relatively
high abundance of Pardosa saltans in intact for-
ests shows that communities present in fire-
free forest sites, which have not burnt for at
least 30 years, are pre-adapted to disturbance.
This confirms the hypothesis that spider com-
munites in chestnut forests of the Southern
Alps have been strongly conditioned by fire
history and human activites such as coppicing.
From the paleo history of fire we know that in
Southern Switzerland this kind of disturbance
has existed since the Neolithic period (Tinner et
al. 1998).

ACKNOWLEDGEMENTS

We would like to thank Dr. Ambros
Hénggi, Marco Conedera, Nicola Patocchi, Dr.
Peter Duelli and Dr. Martin Obrist for their
comments on the results. Our thanks are also
due to the various people who helped with
field work (Peter Wirz, Franco Fibbioli, Karl
Sigrist) and in checking spider identifications
(Dr. Ambros Hénggi, Xaver Heer and Nicola
Patocchi).

REFERENCES

Bultman, T.L. & Uetz, G.W. 1982. Abundance
and community structure of forest floor
spiders following litter ~manipulation.
Oecologia 55, 34-41.

Conedera, M., Marcozzi, M., Jud, B., Mandal-
laz, D., Chatelain, F., Frank, C., Kienast, F.,
Ambrosetti, P. & Corti, G. 1996. Incendi
boschivi al Sud delle Alpi: passato, presente e
possibili sviluppi futuri. Rapporto di lavoro
PNR 31. Hochschulverlag AG ETH, Ziirich.

Delarze, R., Caldelari, D. & Hainnard, P. 1992.
Effects of fire on forest dynamics in south-
ern Switzerland. Journal of Vegetation Science
3, 55-60.



Moretti: Winter fire and spiders

Ellenberg, H. & Klotzli, F. 1972. Waldgesell-
schaften und Waldstandorten der Schweiz.
Mitteilungen der Schweizerischen Anstalt fiir
das Forstliche Versuchswesen 48, 587-930.

Heimer, S. & Nentwig, W. 1991. Spinnen Mittel
europas. 1st edn. Paul Parey, Berlin.

Hofmann, C., Conedera, M., Delarze, R,
Carraro, G. & Giorgetti, P. 1998. Effets des
incendies de forét sur la végétation au Sud
des Alpes Suisses. Mitteilungen der Eidgends-
sischen Forschungsanstalt fiir Wald, Schnee
und Landschaft 73, 1-90.

Huhta, V. 1971. Succession in the spider com-
munities of the forest floor after clear-
cutting and prescribed burning. Annales
Zoologici Fennici 8, 483-542.

Keller, W., Wohlgemuth ,T., Kuhn, N., Schiitz
M. & Wildi O. 1998. Waldgesellschaften
der Schweiz auf floristischer Grundlage.
Mitteilungen Eigendssischen  For-
schungsinstitut fiir Wald, Schnee und Land-
schaft 73 (2),1-357.

Koponen, S. 1995. Postfire succession of soil
arthropod groups in a subarctic birch forest.
Acta Zoologica Fennica 196, 243-245.

Koponen, S. 1988. Effect of fire on spider fauna
in subarctic birch forest, Northern Finland.
In: XI. Europiisches Arachnologisches Collo-
quium (J. Haupt ed.), Vol. 38, pp. 148-153.
TUB-Dokumentation, Kongresse und Ta-
gungen, Berlin.

Koponen, S. 1993. Ground-living spiders
(Araneae) one year after fire in three su-
barctic forest types, Québec (Canada). Mem-
oirs of the Queensland Museum 33, 575-578.

Leclerg, J. & Blandin, P. 1990. Patch size, fine-
scale co-occurrence and competition in for-
est litter linyphiids. Acta Zoologica Fennica
190, 239-242.

Marxer, P. & Conedera, M. 2000. Experimental
fire in Switzerland. Final report of the PROME-
THEUS project. Swiss Federal Research In-
stitute WSL - Sottostazione Sud delle Alpi,
Bellinzona.

Maurer, R. & Hanggi, A. 1990. Katalog der
schweizerischen Spinnen, 1st edn. CSCEF,
Neuchatel.

der

189

Merrett, P. 1976. Changes in the ground-living
spider fauna after heathland fires in Dorset.
Bulletin of the British Arachnological Society 3,
214-221.

Obrist, M. & Duelli, P. 1996. Trapping effi-
ciency of funnel- and cup-traps for epigeal
arthropods. Mitteilungen der Schweizerischen
Entomologischen Gesellschaft 69, 361-369.

Pickett, S.T.A. 1989. Space-for-time substitution
as an alternative to long-term studies. In:
Long-term studies in ecology: approaches and
alternatives (G.E. Likens ed.). Springer-
Verlag, New York.

Platnick, N.I. 1989. Advances in spider taxonomy
1981-1987. A supplement to Brignolis Cata-
logue of the Araneae. Manchester.

Pyne, S.J., Andrews, P.L., & Laven, R.D. (1996)
Introduction to Wildland Fire, 2nd edn. John
Wiley & Sons, New York.

Riechert, S.E. & Reeder, W.G. 1972. Effects of
fire on spiders distribution in southwest-
ern Wisconsin prairies. In: Proceedings of the
Second Midwest Prairie Conference (J. Zim-
merman ed.), pp. 73-90. Madison, Wiscon-
sin.

Schaefer, M. 1980. Effects of an extensive fire on
the fauna of spiders and harvestmen
(Araneida and Opilionida) in Pine forests.
In: VIII Internationaler Arachnologen-Kongress
(J. Gruber ed.), pp. 103-108. Verlag H. Eger-
mann, Wien.

Siemann, E., Haarstad, ]J.,, & Tilman, D. 1997.
Short-term and long-term effects of burning
on oak savanna arthropods. American Mid-
land Naturalist 137, 349-361.

Springett, ].A. 1976. The effect of prescribed
burning on the soil fauna and on litter de-
composition in Western Australian forests.
Australian Journal of Ecology 1, 77-82.

Tinner, W., Conedera, M., Ammann, B., Gdgge-
ler, HW., Gedey, S., Jones, S.R. & Sagesser,
B. 1998. Pollen and charcoal in lake sedi-
ments compared with historically docu-
mented wildfires in southern Switzerland
since 1920. Holocene 8, 31-42.

Uetz, G.W. 1975. Temporal and spatial varia-
tion in species diversity of wandering spi-



190 European Arachnology 2000

ders (Araneae) in deciduous forest litter. data. In: Research and creative activities forum,

Environmental Entomology 4, 719-724. pp- 1-10, University of Missouri, Columbia.
Uetz, G.W. 1979. The influence of variation in  York, A. 1998. Managing for biodiversity: what

litter habitats on spider communities. are the long-term implications of frequent

Oecologia 40, 29-42. fuel-reduction burning for the conservation
Uetz, G.W. & Unzicker, ].D. 1976. Pitfall trap- of forest invertebrates? In: III International

ping in ecological studies. Journal of Arach- Conference On Forest Fire Research (D.X. Wie-

nology 3, 101-111. gas ed.), Vol. 2, pp. 1435-1445. ADAI Uni-
Weaver, J.C. 1985. Spider response to recurrent versity of Coimbra, Portugal, Luso.

fire: reclaiming a hypothesis from field



