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Pyrophilous (literally «fire-loving» or «fire-specialist») insects are mainly found in freshly burnt habitats,

where they exploit early post-fire resources. As a consequence of fire suppression management
in various European countries, many pyrophilous species, mainly beetles, are threatened and included
in Reti Lists. In 2004. 2005. ami 2006. the occurrence of pyrophilous beetles was monitored at Leuk
(Canton Valais, Switzerland), where approximately 300 ha of forest were destroyed by a fire in August
2003. We sampled the beetle fauna (Coleoptera) at 18 trap sites, 12 of which were completely burnt
and 6 were control plots in the intact forest.

Virtually all pyrophilous beetle species of the families Cerambycidae, Carabidae and
Anthribitlae known from Western ami Northern Europe were sampled: Acmaeops marginane, ami
Acmaeops septenlrionis (Cerambycidae); Pterostichus quadrifoveo/aliis and Sericoda quadripunctata
(Carabidae); Pltitvrhinus rcsinostts (Anthribitlae). Our results show that forest fires in the Swiss Central

Alps might have an important effect on the European distribution of pyrophilous species. The
conservation value ol occasional local fires in the Central Alps has to be recognized in order to maintain
and enhance the populations of threatened pyrophilous species in Switzerland.

Keywords: Forest lire, lire-adapted species. Coleoptera. Cerambycidae. Buprestidae, Carabidae.
Anthribitlae.

INTRODUCTION

Fire has a dramatic impact on organisms and its consequences remain evident
for many years. Far less recognized is the positive impact of fire on hiodiversity,
which is the result of an evolving assemblage during the succession of fire adapted
species, later successional species, and adjacent forest species. Therefore, many
organisms such as plants, fungi and arthropods appear to be adapted to survive or even
exploit early post-fire successions (Granström 1996; Wikars 1997; Dajoz 1998;
Hermann et al. 1998; Moretti et al. 2004). In north-western Europe about 40 species of
forest insects are considered pyrophilous (i.e. fire-loving or fire-specialists), and
most of them are beetles (Heliövaara & Väisänen 1984; Lundenberg 1984; Wikars
•994; Ehnström et al. 1995). Pyrophilous forest beetles can either be «fire-favoured»

species (which prefer burnt areas but can also colonize clear-cuts), «fire-
adapted» species (which have fire-adapted traits such as fire-sensory organs) or
«fire-dependent» species (which depend on fire for their long-term survival). This
heterogeneous ecological group of pyrophilous organisms includes saproxylics, lit-
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Fig. 1. Study area and trap sites (Photo M. Moretti).

ter-dwellers, and species associated with wood-decomposing fungi (Palm 1951;
Muona & Rutanen 1994; Wikars 1997). Whereas an exclusive dependence on fire is

the exception, wildfires appear to be extremely important for the conservation of
various pyrophilous species, which are declining in numbers as a consequence of Ihe

fire suppression management in many countries (Wikars 1997; Jonsell et al. 1998).

Despite the considerable knowledge on pyrophilous beetles in boreal forests,
little is known about the occurrence of fire-specialised beetles in the Swiss Central
Alps. On August 13th, 2003 a fire (arson) destroyed more than 300 hectares of forest
above Leuk, Canton Valais (Wohlgemuth et al. 2010). We expected to find
pyrophilous beetle species during the years following this event, given the known
historical occurrence of sporadic forest fires in the Swiss Central Alps (Gobet et al.
2003; Carcaillet & Müller 2005; Tinner et al. 2005). In the following three years,
the arthropod fauna was collected on burnt and adjacent unburnt surfaces. This paper
reports on the findings of pyrophilous beetles in Leuk and discusses their distribution

in Europe, their ecological requirements, and their conservation status.

MATERIALS AND METHODS

Study area

The burnt forest area is located on a south-facing slope above Leuk (Canton
Valais), in the Swiss Central Alps (Fig.l; see also Wohlgemuth et al. 2010).
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Fig. 2. Window trap and pitfall trap of a trap site in the burnt area (Photo M. Moretti).

The climate is continental with cold winters and dry summers (Zumbrunnen et
al. 2009). Mean annual temperature decreases from 8.6 °C at 640 m a.s.l. to 5.2 °C
at 1500 m a.s.l., while annual precipitation ranges from 600 mm at 640 m a.s.l. to
1000 mm at 1500 m a.s.l. (1961-1990) (Aschwanden et al. 1996). The 60-year old
forest extended from a xerodermic mixed forest of oak (Quercus pubescens) and
Scots pine (Pinus sylvestris) at 800 m a.s.l., to spruce (Picea abies) and open larch
(Larix decidua) forest at timberline at approx. 2000 m a.s.l. (Moretti et al. 2010).
Within each vegetation type the forest was homogenously structured, with the ex-
eeption of small gaps of former pastures and rock outcrops. Along the altitudinal
gradient, forest density and canopy coverage decreased with altitude.

During the night of the 13th August 2003, one of the largest forest fires that
occurred in Switzerland in the last 30 years destroyed 300 hectares of forest from
800 m to 2200 m a.s.l., killing about 200.000 trees (Wohlgemuth et al. 2005). Lying
and dead standing trees at different decomposition stages and a succession of various
luxuriant herbaceous vegetation dominated the forest aspect during the first years
after the event (Moser et al. 2009).

Data sampling

In the study area, 18 trap sites were placed at mutual distances of about 200
"i- The 18 trapping localities were distributed according to a 3 x 3 balanced block
design, in which the factors were the «fire gradient» (unburnt, burnt margin, and
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burnt centre), and the «altitudinal gradient» (1200 m, 1450 m, and 1700 m a.s.l)
(Fig. 1). The average distance between the burnt margin sites and the unburnt forest
borderline was about 70 m.

Each trap site consisted of a window trap and a pitfall trap (Fig. 2).
Window interception traps for flying insects were made of two vertically and

crosswise installed transparent sheets of plexiglass (50 cm x 40 cm), mounted above
a 45 cm wide bright yellow plastic funnel filled with water, some detergent and
bactericide. Traps were placed at a height of 1.5 m above ground (Duelli et al. 1999).
Pitfall traps for surface-dwelling arthropods consisted of a 15 cm diameter plastic
funnel sunk in the ground with its upper rim set flush with the soil surface. An
attached bottle filled with 2 % formaldehyde solution (Obrist & Duelli 1996) collected

and preserved the catch. Within each trap location, the window trap and the pitfall

trap were placed at a lowest distance of 5 meters.
A preliminary sampling was performed in the first year after the wildfire, in

2004. The traps were emptied weekly from July to September. During the following
two years (2005 and 2006) the traps were emptied weekly from mid April to the

beginning of September.

Beetle identification and data processing

Sampled invertebrates were sorted to different taxonomical groups. All adults
of Cerambycidae (longhorn beetles), Buprestidae (jewel beetles) and Carabidae

(ground beetles) collected in 2004, 2005 and 2006 were identified to species level

using standard keys (Freude etat. 1966, 1979; Trautner & Geigenmüller 1987; Pesarini

& Sabbadini 1994; Bense 1995; Forsythe 2000; Freude et al. 2006). The
identification of further beetle families, including Anthribidae (fungus weevils), is in

progress. Nomenclature is held in accordance to the current version of the Fauna

Europaea (2007).
Pyrophilous species were classified according to Wikars 1994, 1997).

Information on the ecology of the species is based on the following literature: Cerambycidae

(Picard 1929; Palm 1951; Palm 1959; Freude et al. 1966; Sama 1988; Koch
1992; Pesarini & Sabbadini 1994; Bense 1995; Wikars 1997). Carabidae (Jeannel
1941, 1942; Magistretti 1965: Lindroth 1974; Freude et al. 1976; Barndt 1982;
Casale et al. 1982; Trautner & Geigenmüller 1987; Koch 1989; Marggi 1992;
Wikars 1997; Du Chatenet 2000; Forsythe 2000; Dajoz 2002; Luka 2004; Du Cha-
tenet 2005; Freude et al. 2006), Anthribidae (Koch 1992; Wikars 1997). Swiss red-
list categories for carabids were taken from Marggi (1994), while the status of
cerambycids and buprestids is based on the Swiss Center of Fauna Cartography
(CSCF, http://www.cscf.ch; the Swiss Red List for cerambycids and buprestids is

still in preparation). Species distributions in Europe were taken from the Fauna

Europaea (2007).

RESULTS AND DISCUSSION

Pyrophilous beetle species

Five pyrophilous species were trapped in Leuk: the cerambycid Acmaeops
marginatus (37 individuals; Fig. 3a), the cerambycid Acmaeops septentrionis (88
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f'ig. 3. Pictures of the live pyrophilous beetles: a) Acmaeops marginatus: b) Acmaeops septentrionis;
c) Pterostichus c/uadrifoveolalits: tl) Sericoda quadripunctata; e) Platyrhinus resinosus (Photos: a-c.
e: B. Wermelinger; ti: Y. Chittaro).
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Tab. 1. Overall numbers of individuals of pyrophilous species sampled per: a) sampling year, b) lire
gradient, and c) altitudinal level. * Identification of anthribids is still in progress.

\cmaeops [cmaeops Pie,'osticlllts Serìcoda Platyrhìnus
marginatus septentrlonis t/lliull'ijovco latus quadripunctata resinosus *

Overall N of individui ils 17 XX 473 716 2

2004 71 1 IO
a) sampling

vear
2005 14 27 86 201 2

2006 23 58 386 505

unburnt 5 17 1 1

b) lire
gradient

burnt margin 17 55 279 368 2

burnt centre 15 16 193 347

1200m a s.l. 28 19 52 35 1

c) altitude
level

1450m asl 7 45 238 195 1

1700m asl 2 24 1X1 486

individuals; Fig. 3b), the carabid Pterostichus quadrifoveolatus (473 individuals;
Fig. 3c), the carabid Serìcoda quadripunctata (716 individuals; Fig. 3d), and the an-
thribid Platyrhìnus resinosus (2 individuals identified till now; Fig. 3e) (Tab. I).

According to the European pyrophilous species list (Wikars 1994, 1997), the

pyrophilous beetle species collected in Leuk represent almost all pyrophilous cerambycid,

carabid, and anthribid species known to occur in Europe. There is only one
notable exception: we did not find the carabid Sericoda bogemannii, which has

never been reported from Switzerland, and also no longer been found in Europe
since 1943 (Freude et al. 2006). Thus, burnt forests such as the one in Leuk represent

important resources for pyrophilous species. The wide ecological range of the

pyrophilous species observed in Leuk (i.e. two saproxylics, two soil-dwellers, and

one species associated with fungi) suggests that fire and early post-fire succession
provide a mosaic of environmental conditions suitable for highly specialized
species.

Despite these interesting findings, we did not sample any pyrophilous bupres-
tid species, and this may be the most alarming result of our investigation. In
particular the absence of the fire-adapted buprestid Mclanophila acuminata, which has

a particular ability to perceive long-distance infrared radiation emitted from forest
fires, might be a warning signal for the conservation status of this very rare beetle,

strictly associated with burnt conifer forests and observed three times in Switzerland,

i.e. in 1892 in the Canton Bern, in 1946 in the Canton Geneva, and the last
time in the Canton Valais in 1951 (CSCF, http://www.cscf.ch).

Pyrophilous beetles found in Leuk

Acmaeops marginatus (Fabricius, 1781) - In the study area, clearly the highest

abundance of this pyrophilous beetle was observed in the burnt margin and the
burnt centre sites, whereas considerably fewer individuals were collected in the
unburnt forest (Tab. 1). The presence of A. marginatus in Leuk is noteworthy as, despite

its wide distribution, it is restricted in Europe to few localities in burnt forests.
The burnt area above Leuk is the only place in Switzerland where the species has

ever been observed (Tab. 2).
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Tab. 2. Description of the five pyrophilous species sampled in Leuk. * Information based on Swiss
distribution maps and experts' considerations (http://lepus.unine.cii/carto/, CSCF Neuchâtel).

Icmaeops marginatus (Fabricius, 1781), Cerambycidae

Ecology Stenotopic species of open and sunny forests. Mountain and subalpine species 1 he

xylophagous larvae develop for 2 years in Ihe thick bark of conifers (especially l'unis) injured
by tire The pupation lakes place in spring, aller the larval overwintering, under the soil at the
base of trunks Adults emerge from May to June Found on host plants, [lowers or [lying
during day-time.

Distribution in Norway. Sweden. Finland, Germany, Netherlands, Belgium, Luxembourg, France, Spam.
Europe Italy. Switzerland. Austria. Poland. Czech Republic, Slovakia. Bosnia, Serbia. Greece,

Northern Russia. Northwestern Russia. Central Russia. Southern Russia, Estonia, Latvia.
Lithuania, Belarus, Ukraine

Distribution in <>nlv one previous report in 1964 in Leuk

Ctl
Status in CM* Very uncommon

Acmuenpt scptentrlimis (I liminoli, 1866), Cerambycidae

Ecology Stenotopic species of open and sunny forests, also in clear-cuts Mountain and subalpine

species The xylophagous larvae develop for 2 years in or under the bark of conifers

(especially Picea) injured by lire I he pupation lakes place m spring, after the larval

overwintering, tinder the soil or under the bark at [he base of trunks Adults emerge from May
lo August Found on host plants, flowers or Hying during day-time

Distribution in Norway, Sweden, Finland, Germany. France, Italy. Switzerland, Austria. Poland, Czech

Europe Republic. Slovakia. Slovenia?, Northern Russia. Northwestern Russia. Eastern Russia.

Southern Russia. Estonia, Latvia. Lithuania. Belarus, Ukraine. Romania. Bulgaria

Distribution in Distributed along the alpine regions
CI I

Status in Cll* Uncommon
___

llermticlim ipiatlrlfnveolalus (Icl/ncr, 1)152), Carabidae

Ecology Eurytopic and xerophilous species, observed especially in open, dry, warm anti sunny forests
affected bv lire Mountain anti subalpine species Adults, omnivorous, are active from April to

June They overwinter ami breed during Ihe following spring Macropterous (able (o llv) the
Oenus Pterostichus is typically nocturnal

Distribution in Norway. Sweden. Finland, Great llntain. Denmark. Germany, Netherlands, Belgium,
Europe I uxembourg, France, Spam. Italy. Switzerland, Austria. Poland, Czech Republic, Slovakia.

Slovenia. Bosnia, Serbia North-Russia, Northwestern Russia. Lastern Russia, Central Russia,

Estonia, Latvia, Lithuania, Belarus. Ukraine, Moldavia. Bulgaria

Distribution m Few records on northern slope of Alps central Jura ami norlhwestcrn lowlands
11

Status in Cl 1* Endangered .^__„
Serìcoda quadripunctata (De Geer, 1774), Carabidae

Ecology Eurytopic species, u prefers burnì, uncut forests where it's probably a breeding pioneer
Mountain species II lives as a predator under the bark of Irccs damaged or killed by lire.

feeding on oilier species attracted lo the same trees Adults emerge Irom May to September
I hev ovcrw niter and breed during Ihe following spring Day-active and macropterous

Distribution m Norway, Sweden. Finland, Great Britain, Denmark, Germany. France, Italy, Switzerland,

Europe Austria. Poland. Czech Republic. Slovakia. Slovenia. Bosnia. Northern Russia. Northwestern

Russia, Eastern Russia. Central Russia. Estonia, Latvia. Lithuania, Belarus, Ukraine, Hungary

Distribution m 1 eu records m Canton Valais and southern slope of Alps

Cll
Status in Cl [* Endangered __^
Platyrhìnus resinosus (Scopoli, I76J), Antlirihid.it'
Ecology Stenotopic species of sun exposed deciduous forests, especially m clearings and along the

margins of forest Not an alpine species fhe larvae feed specifically within the ascomycetes
Daldinia concentrica, during the spore producing stage of the fungus I he pupation occurs in

the fungus Adults are found on dead Irecs and stumps from May to September

Adults overwinter in the tlead ascomycetes

Distribution in Noiway. Sweden. Finland, Great Britain. Denmark, Germany, Netherlands. Belgium,
Europe Luxembourg. France. Spain. Italy. Switzerland, Austria. Poland, Czech Republic, Slovakia.

Slovenia. Croatia. Bosnia. Serbia. Albania, Macedonia. Greece. European Turkey. Northern
Russia. Estonia, Latvia. Lithuania, Ukraine. Hungary. Romania. Bulgaria

Distribution in Records from all biogeographical regions of Switzerland

Cll
stains nun» Common
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The saproxylophagous larvae of A. marginatus are strictly dependent on trees

fleshly killed by fire. This requirement, in addition to a preference for coniferous
mountain forests, indicates that wildfires in the Swiss Central Alps are extremely
favourable for the development and conservation of this rare species.

Acmaeops septentrionis (Thomson, 1866) - The largest numbers of individuals

of this species were trapped at the margin of the burnt forest. Equal numbers
of individuals were collected in both unburnt and central burnt locations. The
ecological requirements of A. septentrionis, which is more common than A. marginatus

in the Alpine regions of Switzerland, suggest that this beetle is not exclusively
associated with fire. Thus the predilection for the burnt margin may rather be related

to the ecotone structure, which also favours A. septentrionis in clear-cuts and

open forests.
Pterostichus quadrifoveolatus (Letzner, 1852) - In the Leuk study area this

carabid species showed an extremely strong attraction to burnt sites, with 472
individuals collected in the burnt sites versus only I individual in the unburnt forest.

Although P. quadrifoveolatus may develop also in open and dry habitats, our results
indicate that this species is strongly associated with burnt sites. Since this is the first
record of P. quadrifoveolatus in the Swiss Central Alps and the most southern Swiss
observation, the abundant occurrence of this rare carabid in Leuk was obviously due
to the effect of fire. Our results highlight the role of fire to extend the range of this
endangered species.

Sericoda quadripunctata (De Geer. 1774) - Like P. quadrifoveolatus. also .S'.

quadripunctata was most strongly attracted to the burnt sites, with 715 individuals
in the burnt sites versus I individual in the unburnt forest, and not showing any
significant difference in abundance between the margin and the centre of the burnì
area. Its ecology is strongly associated with fire and the known distribution in
Switzerland emphasizes its presence in fire-prone regions such as the southern slope
of the Alps. Here also, occasional or sporadic fires are very important for the
conservation of 5. quadripunctata in Switzerland.

Platyrhinus resinosus (Scopoli. 1763) - Only two individuals off. resinosus
were identified till now (we may expect to find further individuals when identification

will be concluded), however they are worthy of mention, given their
documented pyrophilous status. Although P. resinosus appears commonly in broadleaf
forests in Switzerland, in Leuk it was trapped in burnt margin sites in a coniferous
stand at high altitudes (1450 m a.s.l.). This may be the result of a post-fire spread
of its specific feeding substrate, the ascomycete Daldinia concentrica. The presence
in burnt areas of this fungus, which can survive in exceptionally dry conditions
(Ingold 1965), and its role as food source for pyrophilous beetles have already been

reported in the literature (Hingley 1971; Wikars 1997).

CONCLUSIONS

Our results show that the Swiss Central Alps represent an important habitai
for rare and threatened beetles favoured by fire. The five pyrophilous beetle species
sampled in Leuk have a wide distribution from northern boreal forests to southern

temperate forests, suggesting a great capacity of adaptation to different geographical
and climatic conditions, which is a quite exceptional trait among insects.

Nonetheless, their scattered populations in Switzerland, and throughout Europe, may re-
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present a relict heritage from the past, when forest fires were more frequent and
widespread. In central Europe today, freshly fire-killed trees are quite an ephemeral

substrate. Saproxylic species disperse during their lifespan to find freshly dead
trees for oviposition, while litter-dwelling predators risk competition by late
successional species. According to Saint-Germain et al. (2008), not only the fire
suppression but also the degradation of the surrounding unburnt forests might be limiting

factors for pyrophilous beetles. This is particularly true for saproxylics that have

multiple ecological and habitat requirements during their developing stages, which
partially also involve unburnt areas. Further efforts should be taken to investigate
the long-term effect ol" fire on pyrophilous species, especially the required frequency
and intensity of wildfires, as well as the quality of unburnt natural and managed
habitats.
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