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70% and 23% of the fruiting bodies on average. Sulcacis fronticornis (Panzer)
and Ennearthron cornutum (Gyllenhal) were relatively common in southern
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Cis bidentatus (Olivier) and Cis dentatus Mellié were rather common in Norway,
but almost absent from the Finnish samples. Species relative abundances in the
six study regions exhibit more variation, which to some extent corresponds the
biogeographical zones. Our results on the high similarity in species composition
indicate deterministic nature of the F. pinicola-associated insect assemblage over
large spatial scales. On the other hand, climatic factors probably have an impact
on the relative abundance of species.
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1. Introduction

The magnitude of spatial variation in species dis-
tribution and abundance is one of the basic ques-
tions in ecology. In addition, the scale of variation
is important for many applied questions, such as
in assessing the effects of habitat loss and frag-
mentation on natural biota (Edwards et al. 1994).
For example, if a given ecological community is
relatively constant in species composition and
ecological structure over large areas, then man-
agement practices (e.g. timber felling) could op-
erate at coarser basis than if there is plenty of
small-scale variation. However, most ecological
studies operate at small spatial scales (Edwards et

al. 1994, Gaston & Blackburn 2000) and infor-
mation on large-scale spatial variation is urgently
needed, not only because it provides the basis for
understanding the spatial variation in smaller
scale studies, but also to fully evaluate the conse-
quences of habitat loss and fragmentation (Harri-
son & Bruna 1999).

Many insect communities occur inside rela-
tively small and discrete resource patches, such as
decaying trees, ant mounds, dung patches or fun-
gal fruiting bodies (Hammond & Lawrence 1989,
Hanski & Cambefort 1991, Siitonen 2001,
Päivinen et al. 2002). These insect assemblages
are relatively species-rich considering the small
habitat size, comprise many specialized species
which are unable to reproduce outside their focal
resource patch, and play an important role in the
decomposition of organic matter and thus pro-
mote nutrient cycling (e.g. Hanski & Cambefort
1991, Samuelsson et al. 1994, Siitonen 2001).
Thus, these kinds of insect assemblages are likely
to contribute greatly to the local biodiversity and
ecosystem functioning. Partly due to the con-
cealed life style, however, very little is known
about the distribution, abundance and ecology of
species in these systems, especially at large spa-
tial scales.

In forests, polypores (Aphyllophorales: Poly-
poraceae) constitute an important component of
ecosystem as symbionts, parasites and de-
composers of wood (Swift 1982). The fruiting
bodies of polypores also host speciose insect
communities, including many species that are
monophagous on a particular host fungus or uti-
lize a few fungal species (Hanski 1989, Jonsell et

al. 2001). Research on polypore-dwelling in-
sects, predominantly in boreal forests in Fenno-
scandia, has focused on species composition, di-
versity and community structure (Økland &
Hågvar 1994, Thunes 1994, Økland 1995, Thu-
nes & Willassen 1997, Thunes et al. 2000, Ko-
monen 2001, Komonen et al. 2001), substrate as-
sociations (Nilsson 1997, Fossli & Andersen
1998, Jonsell et al. 2001), extinction and coloni-
zation (Whitlock 1992, Jonsson et al. 1997,
Jonsell et al. 1999), and spatial variation, espe-
cially on the effects of forest fragmentation
(Rukke & Midtgaard 1998, Sverdrup-Thygeson
& Midtgaard 1998, Kehler & Bondrup-Nielsen
1999, Jonsson et al. 2001, Komonen et al. 2000,
Jonsell & Nordlander 2002). Most of these stud-
ies have operated at relatively small spatial scales,
and the largest distances between study regions
have been ca. 500 km (Komonen 2001). Thus,
comparisons over large spatial scales are crucial
to fully understand patterns of variation in these
fungal-insect systems in boreal forests.

In this paper, we analyse the large-scale spa-
tial variation in species composition, diversity
and community structure of the insect fauna oc-
curring within the polypore Fomitopsis pinicola

(Swartz: Fr.) Karst. (Aphyllophorales: Polypora-
ceae) in Fennoscandian boreal forests. We com-
piled the data on this insect assemblage collected
by the authors of the present paper from Finland,
Sweden and Norway (e.g. Økland & Hågvar
1994, Thunes et al. 2000, Jonsell et al. 2001,
Komonen 2003), and examined the spatial varia-
tion across six regions. Firstly, we provide an
overview of the full insect assemblages encoun-
tered in the different regions. Secondly, we focus
on the obligate fungivorous species, particularly
Cisidae (Coleoptera).

2. Material and methods

2.1. The fungus

Fomitopsis pinicola is a conspicuous and often
the most abundant polypore in Fennoscandian
boreal forests (Ryvarden & Gilbertson 1993). Al-
though the species is common in managed for-
ests, its population density is considerably higher
in areas with large amounts of suitable coarse
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woody debris (CWD), particularly in the old-
growth forests (Lindblad 1998, pers. obs.). The
fungal fruiting bodies grow predominantly on
stumps, snags and downed logs of dead and dying
Norway spruce (Picea abies (L.) Karst.), al-
though they can be found on numerous other tree
species (Ryvarden & Gilbertson 1993). The fruit-
ing bodies of F. pinicola are perennial and the old-
est can reach a size of about 40 cm in cap diameter
(Ryvarden & Gilbertson 1993). The insect mate-
rial in this study was obtained from within fungal
fruiting bodies that were collected from the field
and taken into laboratory in order to rear the in-
sects living inside; Collembola was not recorded.
The nomenclature of Coleoptera follows Silfver-
berg (1992).

2.2. Study areas

We sampled polypore fruiting bodies from six
Fennoscandian regions, representing different
climatic and biogeographical zones (Fig. 1). The

climate ranges from oceanic in the west (Norway)
to more continental in the east (Finland) (Anon.
1992). There is also a south–north gradient in cli-
mate ranging from the hemiboreal vegetation
zone to the middle boreal zone in the northern-
most sites (Ahti et al. 1968).

The Häme region in Finland (61–62ºN, 23–
25oE) is situated in the transition zone between
the southern and middle boreal zone. The Kuhmo
region (� 64oN, 29–30oE) is the easternmost
study region belonging to the middle boreal zone.
The mean annual precipitation in Häme and
Kuhmo is 550–600 mm, and the mean annual
temperature +2–4oC and +1oC, respectively (data
from the Finnish Meteorological Institute).

The province of Uppland in Sweden (59°30’–
60°30’N, 17°–18°E) was the southernmost study
region, belonging to the hemiboreal zone.
Dalarna (60°30’N, 14–15°E) and Västerbotten
(64°N, 19–20°E) are situated in the middle boreal
zone. The mean annual precipitation and temper-
ature is 544 mm and 5.6°C in Uppland, 730 mm
and 2.6°C in Dalarna, and 591mm and 1.5°C in
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Fig. 1. Map of the study regions and

boreal vegetation zones. HB =

hemiboreal, SB = southern boreal, MB

= middle boreal, NB = northern boreal.



Västerbotten (data from the Swedish Meteoro-
logical Institute).

The westernmost region belongs to Akershus
and Buskerud counties in Norway (59°51’N–
60°30’N, 10°40’E–11°05’E) and is situated in the
southern boreal zone. The mean annual precipita-
tion is 760–1200 mm, and the mean annual tem-
perature +2.9oC (data from the Norwegian Mete-
orological Institute).

The studied forest areas are dominated by
Norway spruce on mesic and moist sites, while
Scots pine (Pinus sylvestris Linnaeus) is the pre-
dominant tree species on dry ridges, hill tops and
pine bogs. Birch (Betula Linnaeus spp.) and as-
pen (Populus tremula Linnaeus) are less frequent
in the study areas. All forest areas studied, except
some sites in Uppland, were old-growth forests.

2.3. Sampling procedure

Fruiting bodies were collected haphazardly from
tree trunks and brought to the laboratory to rear
the insects living inside. The size distribution of
the collected fruiting bodies reflected natural size
variation. The Swedish material included both
living and dead fruiting bodies, whereas the Nor-
wegian and Finnish material consisted only of
dead ones. In Norway, fruiting bodies were col-
lected in May 1991 and 1992, and June and early
July 1997. In Sweden, fruiting bodies were col-
lected during the years 1992–1996, mainly in the
winter/spring but also in the autumn. In Finland,
collections were made between mid-May and late
June 1999. Table 1 summarizes the data on study
regions and sampling.

The rearing procedure was somewhat differ-

ent in the different countries. In Norway and Fin-
land insects were reared in cloth-covered plastic
funnels (Norway) or boxes (Finland), which were
kept in outdoor temperature; 122 fruiting bodies
in Norway were kept in plastic boxes indoors.
The rearings were checked for insects continu-
ously until the end of September. The fruiting
bodies sampled in 1997 in Norway were dis-
sected afterwards. In Sweden, polypores were
placed indoors in 1-litre containers of waxed pa-
per (milk containers). A glass vial was inserted
into the container so that emerging photopositive
insects could be easily collected; the non-photo-
positive insects were collected by hand. Rearings
were checked for insects over a half a year, after
which the fruiting bodies were dissected to find
the remaining insects.

2.4. Analyses

To measure species diversity in the F. pinicola-as-
sociated insect assemblage, we used different di-
versity measures (Magurran 1988). We used re-
ciprocal of Simpson’s diversity index (1/D), as it
is not very sensitive to the number of species. In
addition, we used Fisher’s alfa, because it is prac-
tically independent of sample size when n >1000,
as was the case in this study. The index is also less
sensitive to single species dominance. We also in-
cluded the widely-used Shannon diversity index,
as it is rather sensitive to a few abundant species
and thus indicates differences in dominance pat-
terns. To allow comparisons of similarity in spe-
cies composition, we used Sörensen’s qualitative
(C

s
) and quantitative (C

n
) indices. All indices

were calculated using EstimateS (Colwell 2000).
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Table 1. The number of sites and F. pinicola fruiting bodies sampled, and the number of insect individuals and

species encountered from the six regions in Finland, Sweden and Norway. The figure for the number of insect

species encountered is an underestimate, as not all taxa were identified to a species level.

Finland Sweden Norway

Häme Kuhmo Uppland Dalarna Västerbotten Akershus

Sites 9 4 11 3 2 3
Fruiting bodies 226 110 781 180 106 461
Insect species 56 30 76 35 19 57
Individuals 4,864 652 20,640 3,520 1,709 14,273



3. Results

We provide an overview of the species composi-
tion in Finland, Sweden and Norway (Table 2),
followed by more detailed analyses of primary
fungivorous species, particularly beetles, be-
tween regions. The total material includes 45,658
insect individuals of at least 139 species (Table 1).
Not all specimens were identified to species level;
thus, the total number of insect species is likely to
be higher than the figure above. Hereinafter we
use the term taxa, if the figures or analyses in-
clude taxa other than species. Because many
fungivorous beetle species form long lasting pop-
ulations in a given fruiting body (implying that
population size increases as a function of time),
we measured the abundance as the frequency of
fruiting bodies with occurrences.

The relative abundance patterns of taxa were
similar among the regions (Fig. 2) in that most
taxa encountered were rare and the insect assem-
blages were dominated by a few very abundant
primary fungivores. Overall, the beetles Cis

glabratus Mellié (Cisidae) and C. quadridens

Mellié were the most frequent species occurring
on average in 70% and 23% of the fruiting bodies,
respectively.

These species were among the three most
common species in each region, except in Väster-
botten and Dalarna (Table 3). Primary fungivores
accounted on average for 83% of all occurrences,
including all Sciaridae and Cecidomyiidae, sec-
ondary fungivores and potential predators ac-
counted for 13%, and parasitoids 3%. Classifica-
tion was based on literature as well as notes from
the taxonomists who identified the material. Al-
though the percentages for occurrences are only
indicative due to differences in taxa identified, yet
they demonstrate that primary fungivores are
clearly most frequent in the F. pinicola associated
insect assemblage.

Of the 139 taxa encountered, we classified 31
as primary fungivores (Table 2). Taxa with the
highest frequency of occurrence belonged to
Cisidae and Anobiidae (Coleoptera), and Scia-
ridae and Cecidomyiidae (Diptera) (Table 3). As
the ecology of the presumably fungivorous
Diptera is poorly known, and diversity and simi-
larity indices require data at the same level of bio-
logical hierarchy, we focus only on the fungi-

vorous Coleoptera (n = 12) in the diversity and
similarity analyses (Table 4). Species diversity of
the insect assemblage was similar in each of the
study region (Table 5). The most similar regions
in species composition were Västerbotten, Dal-
arna (both in Sweden) and Häme (Finland;
Sörensen’s qualitative index 94–100%; Table 6).
In terms of species relative abundances, there was
a trend in similarity, closely corresponding the
biogeographical zonation. The most similar re-
gions were Akershus and Uppland, Kuhmo and
Västerbotten, and Häme and Dalarna (Table 6).
Despite the overall similarity in species composi-
tion and diversity, the frequency of occurrence of
the four F. pinicola specialist beetles [C. gla-

bratus, C. quadridens, Ennearthron laricinum

(Mellié) (Cisidae), Dorcatoma punctulata Mul-
sant & Rey (Anobiidae)] differed between the
regions (Table 4).

In polypore-insect systems, parasitoids are
typically much more abundant than predators
(Komonen 2001). In this study, the number of
hymenopteran parasitoids encountered was rela-
tively high in Swedish material only (6% of total
number of occurrences). The most abundant taxa
in Sweden were Lissonota sp. (Ichneumonidae),
Kleidotoma ciliaris (Zetterstedt) (Eucoilidae),
Diospilus dispar (Nees) (Braconidae) and spe-
cies in Mymaridae and Eulophidae. Kleidotoma

and D. dispar were also the most abundant taxa in
Finland. In Norway, only a few parasitoid speci-
mens were identified.
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Fig. 2. Relative abundances of insect species in the

six study regions associated with the fruiting bodies of

Fomitopsis pinicola.
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Table 2. Species classified as primary fungivores and the country-specific percentage of fruiting bodies with oc-

currences. (–) refers to taxa not counted or identified in the material in question.

Species Finland Sweden Norway

Coleoptera

Cisidae

Cis glabratus Mellié 73 64 81

Cis quadridens Mellié 21 25 18

Cis bidentatus (Olivier) 1 5 20

Ennearthron laricinum (Mellié) 9 3 5

Cis alter Silfverberg 1 5 4

Cis jacquemartii Mellié 5 3 0

Cis dentatus Mellié 0.3 0.6 7

Sulcacis fronticornis (Panzer) 0 2 0

Cis lineatocribratus Mellié 0.3 0.6 2

Ennearthron cornutum (Gyllenhal) 0 1 0

Cis comptus Gyllenhal 0.3 0 0.2

Anobiidae

Dorcatoma punctulata Mulsant & Rey 3 11 0.4

Diptera

Sciaridae

Lycoriella solani (Winnertz) 17 – –

Scaptosciara Edwards sp. 0.3 – –

Corynoptera Winnertz sp. 0.6 – –

Indet Sciaridae 0 37 –

Dolichopodidae

Medetera impigra Collin 0 6 –

Medetera abstrusa Thuneberg 0 0.5 –

Cecidomyiidae

Camptomyia Kieffer sp. – – 0.7

Lestodiplosis polypori (Loew) – – 0.4

Winnertzia nigripennis Kieffer – – 0.4

Winnertzia Rondani sp. – – 0.2

Indet Cecidomyiidae 8 15 –

Phoridae

Megaselia armata (Wood) 3 – –

Megaselia rufipes (Meigen) 0.3 – –

Indet Phoridae 0 3 –

Tipulidae

Ula bolitophila Loew 9 – –

Discobola annulata (Linnaeus) 2 – –

Discobola caesarea (Osten Sacken) 1 – –

Indet Tipulidae 0 0.8 –

Chloropidae

Gaurax maculipennis (Zetterstedt) 4 0 0

Gaurax dubius (Macquart) 0 0 0.2

Drosophilidae

Leucophenga quinquemaculata Strobl 0 0.7 –

Leucophenga Mik sp. 0.3 0 –

Indet Mycetophilidae 0 5 –

Lepidoptera

Tineidae

Archinemapogon yildizae Kocak 1 4 –

Montescardia tessulatella (Zeller) 0.3 0 –

Nemapogon Schrank sp. 0 0.1 –
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Table 3. Five most common taxa and their frequency of occurrence (%) in the fruiting bodies of F. pinicola. Ab-

breviations: Cisgla = Cis glabratus, Cisqua = C. quadridens, Cisbid = C. bidentatus, Cisalt = C. alter, Cisden = C.

dentatus, Lycsol = Lycoriella solani, Ulabol = Ula bolitophila, Cecido = Cecidomyiidae, Ennlar = Ennearthron

laricinum, Dorpun = Dorcatoma punctulata, Leppul = Leptusa pulchella. Sciaridae and Cecidomyiidae are likely

to host more than one species; Lycoriella solani reared from Finland belongs to Sciaridae, and thus could be one

of the sciarid species from Sweden.

Finland Sweden Norway

Häme Kuhmo Uppland Dalarna Västerbotten Akershus

Cisgla 82 Cisgla 55 Cisgla 66 Cisgla 66 Cisgla 46 Cisgla 81
Cisqua 23 Lycsol 25 Sciari 36 Sciari 40 Sciari 34 Cisbid 20
Lycsol 13 Cisqua 16 Cisqua 33 Cecido12 Ennlar 6 Cisqua 18
Ulabol 12 Ennlar 10 Cecido 17 Ennlar 7 Cecido 6 Leppul 9
Cecido 11 Ulabol 4 Dorpun 14 Cisqua 7 Cisbid & Cisalt 4 Cisden 7

Table 4. Percentage of fruiting bodies occupied for the twelve fungivorous beetles in the six study regions.

Finland Sweden Norway

Häme Kuhmo Dalarna Uppland Västerbotten Akershus

Cis glabratus 82 55 66 66 46 81
Cis quadridens 23 16 7 33 2 18
Ennearthron laricinum 9 10 7 2 6 5
Cis jacquemartii 7 1 6 2 2 0
Dorcatoma punctulata 4 2 6 14 3 0
Cis bidentatus 2 0 5 5 4 20
Cis alter 1 0 2 6 4 4
Cis dentatus 0 0 0 1 0 7
Cis lineatocribratus 0 0 1 0 2 2
Cis comptus 0 1 0 0 0 0
Ennearthron cornutum 0 0 0 2 0 0
Sulcacis fronticornis 0 0 0 2 0 0

Table 5. Diversity indices for the fungivorous beetle species (n = 12).

Finland Sweden Norway

Häme Kuhmo Dalarna Uppland Västerbotten Akershus

Fisher’s alfa 1.72 1.69 1.68 1.67 1.66 1.76
Shannon 1.37 1.42 1.46 1.46 1.47 1.29
Simpson 2.62 2.71 2.79 2.76 2.76 2.51

* The reciprocal of Simpson’s index.



4. Discussion

This paper is a post-hoc comparison of several
studies of the insect assemblages associated with
the fruiting bodies of F. pinicola in Fennoscandia.
Our study examines similarity in species compo-
sition, diversity and community structure in six
regions representing different environmental
conditions, such as biogeographical zones and
climate. However, we are not in a position to
make explicit conclusions about the relative im-
portance of these large-scale environmental vari-
ables on the community attributes, particularly
because biogeographical zonation and climate
are highly interrelated. It is also unlikely that the
biogeographical zones would have a striking ef-
fect on the F. pinicola-associated insect assem-
blage, as the polypore occurs abundantly across
the boreal biogeographical zones. In the follow-
ing we thereby discuss differences between the
six regions, which may relate to various bio-
geographical differences, including present cli-
mate, but also post-glacial colonization history.

4.1. Species composition

Species composition of the primary fungivorous
beetles was similar across Fennoscandia. Cisidae
and Anobiidae included most individuals, Cis

glabratus was the most common species and C.

quadridens was among the three most common
species in each of the study regions, except in

Västerbotten and Dalarna. This may result from
including also living fruiting bodies in the Swed-
ish samples. On the other hand, C. bidentatus

(Olivier) was second to the most common in
Akershus but much less frequent in the study re-
gions of Finland and Sweden. In addition to
Cisidae, Cecidomyiidae and Sciaridae were nu-
merically dominant groups, but as the species in
these families were rarely identified, they were
not included in detailed analyses. The absence of
Sulcacis fronticornis (Panzer) (Cisidae) and
Ennearthron cornutum (Gyllenhal) from the
Finnish and Norwegian samples, while being rel-
atively abundant in Sweden (particularly in the
southernmost region), largely contributes to the
differences in abundance-based similarity be-
tween Sweden and the other two countries.

Despite the similarities in species composi-
tion between the countries, clear differences in
species relative abundance were also observed.
There are at least two obvious reasons why the
frequency of occurrence of the four F. pinicola

specialist beetles was different between the coun-
tries, and that C. bidentatus and C. dentatus

Mellié were rather common in Norway, whilst al-
most absent from the Finnish samples. Firstly, the
forest insect fauna in Finland generally has more
“eastern” species in comparison with Sweden and
Norway (Siitonen 2001). Secondly, the climate in
Norway is more oceanic than in Sweden or Fin-
land (Anon. 1992). Thus, there may be a general
turnover of species across countries from west to
east, resulting from differences in climate. On the
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Table 6. Similarity of fungivorous beetle assemblages (n =12) across Fennoscandia based on Sörensen’s inci-

dence (above) and abundance (below) based similarity indices.

Norway Finland Sweden

Akershus Häme Kuhmo Dalarna Uppland Västerbotten

Akershus 0.89 0.67 0.82 0.80 0.82
0.58 0.25 0.39 0.65 0.19

Häme 0.67 0.94 0.90 0.94
0.48 0.73 0.43 0.38

Kuhmo 0.71 0.59 0.71
0.64 0.16 0.72

Dalarna 0.84 1.00
0.29 0.57

Uppland 0.84
0.13



other hand, the observed difference could also re-
late to latitudinal differences between the eastern
and western study regions (see below). In south-
western Germany, for example, where the domi-
nating temperate climate is more similar to south-
ern Norway and Sweden than Finland or boreal
Sweden, the insect assemblage associated with F.

pinicola frequently includes C. bidentatus and C.

dentatus (Reibnitz 1999). Cis glabratus and C.

quadridens are among the most abundant species
in south-western Germany, but the insect assem-
blage also includes species such as C. fagi Waltl
and C. castaneus Mellié that were absent from
our Fennoscandian material. Also in hemiboreal
NE China, C. glabratus was the most frequent
species (60% of fruiting bodies occupied), and D.

punctulata and E. cornutum occurred in low
numbers (Komonen et al. 2003). Although a dif-
ference of just a few species may seem irrelevant
ecologically, we emphasize that for an insect
assemblage occurring within such a specific
microhabitat, this difference is entomologically
interesting.

Similarity comparisons based on relative
abundances (C

n
) of fungivorous beetle species

between study regions reveal some interesting
patterns. The regions were grouped in two’s,
closely corresponding the biogeographical zones.
The northernmost regions (Västerbotten and
Kuhmo) were more similar to each other than to
the other regions, as were the southernmost re-
gions (Akershus and Uppland). Also, Häme and
Dalarna in the transition zone between southern
and middle boreal zones where more similar to
each other than to the other regions. These results
suggest that there is a south–north trend in species
abundances, working in concert with the west–
east gradient, possibly resulting from differences
in temperature and precipitation, although these
are interrelated and difficult to distinguish. These
two gradients corroborate with what is known
about forest insect assemblages (Stokland 1994,
Siitonen 2001).

The south–north difference in species-abun-
dance patterns was also demonstrated for the in-
sect assemblage associated with the polypore
Amylocystis lapponica (Romell) Singer and
Fomitopsis rosea (Alb. & Schwein.: Fr) P.
Karsten between Häme and Kuhmo in Finland
(Komonen 2001).

4.2. Diversity patterns

and community structure

The diversity of primary fungivorous beetle as-
semblages occurring within F. pinicola fruiting
bodies was very similar in distinct biogeographi-
cal regions, as measured by different diversity in-
dices. More specifically, this indicates similar
patterns of dominance and evenness in the
fungivorous beetle assemblage, and the domi-
nance of C. glabratus gives the diversity indices
relatively low values. The diversity in the differ-
ent regions was similar to that between countries,
and there was no south–north or west–east pat-
tern, as was observed for species composition and
abundances.

The pattern of species’ relative abundance
was very similar between the countries, charac-
terized by a very long tail of rare species. Similar
long tail is commonly detected in many kinds of
insect samples (Hanski et al. 1993), including
fungal-insect communities (Komonen 2001, but
see Pielou & Verma 1968). In this study, just over
20% of all species were primary fungivores, yet
they were numerically dominant as measured by
their frequency of occurrence in the fruiting bod-
ies. At the same time, however, there was more
variation in the frequency of occurrence of sec-
ondary species and parasitoids. Secondary spe-
cies such as Leptusa pulchella (Mannerheim)
(Coleptera: Staphylinidae), L. fumida (Erichson),
Acrulia inflata (Gyllenhal) (Staphylinidae) and
Rhizophagus dispar (Paykull) (Coleoptera:
Rhizophagidae) were very frequent in the Nor-
wegian material and thus contributed consider-
ably to the observed difference, particularly as the
fungivorous Diptera were not identified in Nor-
way. Most of these secondary species are primar-
ily associated with decaying wood but often en-
countered as a few individuals from the fruiting
bodies of wood-decaying fungi (Koch 1989–
1992). Although the above pattern agrees well
with observations on species frequency distribu-
tion among the feeding guilds in fungal-insect
systems (Komonen 2001), we point out that the
taxa counted and identified in this study were
somewhat different in each country. Thus, the
dissimilarities in the proportions of occurrences
in different feeding guilds should be considered
as indicative only.
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4.3. Methodological remarks

Post-hoc comparisons of ecological assemblages
sampled at different time periods is a common
outlook in biogeographical research tradition, be-
cause one can rarely sample large, geographically
distant areas at the same time. In our study, it is
unlikely that the difference in the time of sam-
pling in different regions (1991–1999) would
have a great effect on our conclusions. The ratio-
nale is that the availability of decaying wood in
old-growth and other forest habitats is rather con-
stant from year to year, and F. pinicola fruiting
bodies have a long duration stability (tens of
years). Cisid beetles also form long-lasting popu-
lations in a given fruiting body, thus being un-
likely to show great stochastic variation in local
population abundances and distributions. Within
each study region, samples were collected from
several sites, thus representing wider range of
environmental conditions than just a single forest
stand.

4.4. Conclusions

Our study demonstrates that insect communities
in F. pinicola fruiting bodies are very similar in
species composition over large geographical ar-
eas in the boreal forests in Fennoscandia. Yet,
species relative abundances indicate south–north
and west–east trends corresponding the biogeo-
graphical zones. Similar large-scale comparisons
of other ecological assemblages would greatly in-
crease our understanding of biodiversity patterns
in Fennoscandian boreal forests.
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