|

1

© Entomologica Fennica. 12.X.1993

Diptera in mines and other cave systems in southern Norway

Jostein Kjerandsen

1. Introduction

Kjerandsen, J. 1993: Diptera in mines and other cave systems in southern
Norway. — Entomol. Fennica 4:151-160.

The dipterous fauna in 32 mines, 5 caves and some other cave systems in
southern Norway has been studied with regard to species composition and
periodicity. Some 20 000 specimens belonging to 80 species in 18 families
were recorded. Mycetophilidae (95.0%), Culicidae (3.2%) and Heleomyzidae
(1.3%), dominated. With the exception of Speolepta leptogaster (Winnertz,
1863) (Mycetophilidae), a possible troglophile, all species must be regarded
as trogloxenes, most of them habitual trogloxenes inhabiting cave systems for
hibernation. Some differences regarding species composition in different cave
systems and between western and eastern Norway were demonstrated. Seasonal
occurrence and sex-ratios reflect different life cycle strategies and seasonal
adaptations among the habitual trogloxenes: hibernators, (Mycetophilidae,
Culicidae), aestivators (Limoniidae, Bolitophilidae), species which seek cave
systems independent of sex and season (Heleomyzidae, Trichoceridae), and
opportunists (Chironomidae, Phoridae?, Dixidae?). Species belonging to other
families are most likely accidental trogloxenes.

Jostein Kjeerandsen, Museum of Zoology, University of Bergen, Muséplass 3,
N-5007 Bergen, Norway

Sweden and by @stbye et al. (1987) and Hippa &
Koponen (1988) from Norway. So far nothing

Diptera, like several other invertebrates, are
known to inhabit caves and mines. The dipterous
fauna in caves in continental Europe and the
British Isles is well documented (e.g. Hazelton
1955-60, 1960, 1961, 1963, 1965a, 1965b, Tollet
1955, 1959, Burghele-Balacesco 1965, 1966a,
1966b), and the fauna in mines has also been
studied (e.g. Husson 1936, 1947, Plassmann &
Weber 1988). In Fennoscandia however, inver-
tebrates inhabiting cave systems are poorly
known. A few species lists from caves, including
Diptera, have been published by Krogerus (1926)
from Finland, by Gislén & Brinck (1950) from

has been published on Diptera in mines.

Most Diptera occurring in caves and mines
hibernate or aestivate in these environments and
thus only inhabit the cave systems for part of
their lives. Such animals are referred to as habitual
trogloxenes. Others are occasional inhabitants,
entering underground environments only when
particular habitats occur (e.g. bat guano, streams).
They are referred to as opportunists. Yet others
are simply accidental visitors. Only a few Euro-
pean Diptera species are known to establish per-
manent populations in cave systems. These are
referred to as troglophiles or troglobites (e.g.
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Fig. 1. Locations of cave systems visited in southern Norway. The numbers correspond to the localities given in

Table 1.

Matile 1970, Jefferson 1983, @Gstbye et al. 1987).
The normal habitat for most cavernicole Diptera
is thus evidently not caves, but any natural or
artificial system of cavities or fissures below the
superficial soil layer where they find suitable
environmental conditions (see Racovitza 1907,
Glennie 1965). The term cave system as used
here refers to all such types of underground cavi-
ties.

The aim of the present survey was to improve
the knowledge of Diptera dwelling in different
cave systems in Norway, to study whether differ-
ent species occurred in different cave systems,
and to examine which life cycle strategies and
seasonal adaptations their occurrence might re-
flect. Data on preferred sites and resting posi-
tions within some of the mines is presented else-
where.

2. Study area and cave systems

Adult Diptera were collected from 21 localities
in the counties of Hordaland and Rogaland in
Southwest Norway, and from 3 localities in the
counties of Akershus and Buskerud in Southeast
Norway (Fig. 1). In Hordaland only a few minor
caves are known. However, there are several
mines originating from the late 19th and early
20th centuries (Sandvik 1977). In Southeast
Norway a few small caves are known (e.g. @stbye
et al. 1987). A total of 32 mines, 3 limestone
caves, 2 soapstone caves (partly manmade in the
Stone Age), 6 concrete bunkers (made during the
second World War) and some screes and smaller
rock fissures were surveyed (Table 1).

The western coast of Norway has an Atlantic
climate, with heavy rainfall and only shorter pe-
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riods with frost and snow cover during winter.
Eastern Norway has a more continental climate
with dry and cold winters, usually with frost and
snow cover prevailing.

3. Material and methods

The survey includes samples of adult specimens,
collected in cave systems in the period 1990-
1992. Localities no. 8, 9 and 10 were sampled
many times at all seasons, while most other lo-
calities were visited only once, in winter (Table
1). Only the walls and roof were examined, leav-
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ing out larval habitats in bodies of water. A pooter
was found suitable for collecting the insects and
showed a very high efficiency for small and me-
dium sized insects. Only large species such as
crane flies had to be handpicked. In 14 gallery-
shaped cave systems a standardized sampling
method was used. At every fifth metre from the
entrance, one metre sections along the walls and
roof were closely examined and all observed
insects collected with the pooter. This sampling
method should enable semi-quantitative com-
parisons of the material. Approximately 67% of
the total material was collected using this method.
In the other cave systems the walls and roof were

Table 1. Cave systems visited. LM = large mines, i.e. penetrating more than 20 metres inwards, SM = small
mines, i.e. 20 metres or shorter, CA = caves, BU = bunkers, SF = screes and fissures.

Loc. Locality Municipality UTM reference Number, type and length of gallery Date
1o. 32v from entrance to bottom
1 Nonas Osteray LN 075169 1 LM (~100m) 13.111.90
2  Skistad Ostergy LN 098122 1 LM (25m) and 1 SM (15m) 13.111.90
and 08.X1.90
3 Skafta Osteray LN 144073 1 LM (~1000m) 08.X1.90
4 Trengereid Bergen LN 135042 1 LM (~100m) 22.1.91
5 Langhelle Vaksdal LN 192063 1 CA (19m), limestone 22.1.91
6 Bergen Bergen KM 974999 1 LM (~100m) 01.11.91
7 Trollhaugen Bergen KM 976928 1 LM (25m) 08.X1.91
8 Haukeland  Bergen LM 046962-047963 2 LM (160m, 85m) and 11.X.90 to
2 SM (20m, 15m) 14.111.92
9 Riple Bergen LM 036918 1 LM (155m) and 2 SM (9.5m, 3m) 11.X.90 to
14.111.92
10 Gymmeland Bergen LM 040905-043909 2 LM (65m, 22m) 18.111.90 to
14.111.92
11 Varaldsgy Kvinnherad LM 345671 2 SF (1m, 2m) 10.111.91
12 Atramadalen Kvinnherad LM 260595 3 LM (~100m,~80m, 40m) 09.111.91
13  Fugleberget Kvinnherad LM 249577 2 CA (12m, 5m), soapstone 09.111.91
14  Litlabe Stord KM 992337 1 LM (85m) 11.11.91
15  Hidle Bomio KM 889273 1 SM (19m) 10.1.91
16 Lykling Bemlo KM 846249-852268 1 LM (25m) and 2 SM (15m, 10m) 04.X.90 and
10.11.91
17  Nordbg Sveio KM 906102 4 BU (9.5m, 5m, 5m, 1m) 21.X11.90
18 Forde Sveio LM 013139-001134 4 SF (~3-10m) 02.1.92 and
04.1.92
19 Dreganes Plen LM 193162 2 SM (10m, 8m) and 1 BU (5m) 03.X.90 to
05.1.92
20 Vikse Haugesund KL 900004 1 SM (3m) 11.X1.90 and
09.11.91
21 Kvalsvik Haugesund KL 870950 1 BU (8m) 09.XI11.91
22 Minnesund  Eidsvoll PN 209006 3 LM (2x~100m, 81m) and 15.11.92
2 SM (18m, 6m)
23 Bantjern Oslo NM 954486 1 CA (~70m), limestone 15.1.92
24 Svarttjern Nedre Eiker NM 580266 1 CA (~30m), limestone 17.11.92
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Table 2. Numbers of adult Diptera from different cave systems in Southwest and Southeast Norway. The
grouping of the cave systems is explained in Table 1. An asterisk behind the proportion of females denotes
significant deviation from 50% (y*test). * = P< 0.05, ** = P<0.01, ** = P < 0.001.

Southwest Norway

Southeast Norway

LM SM CA BU SF LM SM CA Total Percent

Cavities / samples: 16/44 11/17 3/3 6/5 6/4 3/3 2/2 2/2 49/80 % females
Bolitophilidae
Bolitophila cinerea Meigen, 1818 21 - - - - - - - 21 011 100>
Mycetophilidae
Mycetophila evanida Lastovka, 1972 17 3 — = = 1 = — 21 0.1 52
Mycetophila ocellus Walker, 1848 = = = 7 1 - = = 8 0.04 25
Mycetophila ornata Stephens, 1829 1 1 - 6 - 1 = = 9 0.05 33
Mycetophila signatoides Dziedzicki, 1884 3 11 - = = = - 14 0.07 64
Mycetophila unipunctata Meigen, 1818 27 16 1 = 6 = = = 50 0.26 40
Anatella ankeli Plassmann, 1987 3 - - - - - - - 3 0.02 67
Exechia confinis Winnertz, 1863 7 - - - 3 8 3 = 21 0.1 43
Exechia contaminata Winnertz, 1863 2 1 — = = — = - 3 0.02 67
Exechia cornuta Lindstrom, 1914 6 1 1 — = — — - 8 0.04 50
Exechia dizona Edwards, 1924 30 6 5 - 3 - 2 - 46 0.24 57
Exechia exigua Lundstrém, 1909 493 31 4 = 1 1 = - 530 2.71 55*
Exechia festiva Winnertz, 1863 261 189 106 1 8 = = - 565 289 Bigrrs
Exechia frigida (Boheman, 1865) 8 4 - - = - = = 12 0.06 67
Exechia fusca (Meigen, 1804) 8 2 - 2 2 - - - 14 0.07 36
Exechiopsis clypeata (Lundstrém, 1911) 41 - — — —= 3 6 1 51 0.26 53
Exechiopsis distendens (Lackschewitz, 1937) 74 2 18 = - . - - 94 0.48 46
Exechiopsis dryaspagensis Chandler, 1977 27 - - - - - - - 27 0.14 52
Exechiopsis fimbriata (Lundstrém, 1909) 226 4 2 - = 5 - = 237 121 68***
Exechiopsis hammi (Edwards, 1925) 34 2 1 - - 1 1 - 39 0.20 59
Exechiopsis indecisa (Walker, 1856) 3 - - - 1 1 = - 5 0.03 40
Exechiopsis intersecta (Meigen, 1818) 4 1 1 - = 3 = - 9 0.05 33
Exechiopsis januarii (Lundstrém, 1913) - - - - - 12 3 10 25 0.13 64
Exechiopsis lackschewilziana
(Stackelberg, 1948) 2 - - = - 1 1 4 0.02 50
Exechiopsis ligulata (Lundstrém, 1913) 16 - 1 - = 1 = — 18 0.09 44
Exechiopsis pseudopulchella
(Lundstrém, 1912) 38 1 2 —- = - = = 41 0.21 46
Exechiopsis subulata (Winnertz, 1863) 1568 31 9 - = 18 = 1 1625 8.31 47*
Exechiopsis pollicata (Edwards, 1925) 2 - - - - 2 - - 4 0.02 50
Pseudexechia aurivernica Chandler, 1978 354 93 8 2 9 = - - 466 2.38 56**
Pseudexechia trisignata (Edwards, 1913) 4 - 1 - 16 -~ - - 21 Q11 71
Rymosia affinis Winnertz, 1863 23 77 1 1 — - - - 102 0.52 45
Rymosia fasciata (Meigen, 1804) 9665 2306 1052 807 6 399 182 6 14423 73.76 AB"E*
Rymosia placida Winnertz, 1863 11 6 - - - 1 1 = 19 0.10 21"
Tarnania dziedzickii (Edwards, 1941) 36 9 — — = -~ = = 45 0,23 62
Tarnania fenestralis (Meigen, 1818) 12 = - - = - = — 12 0.06 42
Trichoceridae
Trichocera maculipennis Meigen, 1818 6 = = 1 - = = = 7 0.04 43
Dixidae
Dixa nebulosa Meigen, 1830 - - - - - - - 3 3 0.02 100
Culicidae
Culex pipiens Linnaeus, 1758 163 75 25 4 14 43 44 11 379 1.94 100***
Culex territans Walker, 1856 74 27 6 = 7 — 3 5 122 0.62 100***
Culiseta alaskaensis (Ludlow, 1906) - - - - 2 20 10 4 36 0.18 100***
Culiseta annulata (Schrank, 1776) 8 37 3 11 36 - - - 95 0.49 100***
Chironomidae
Zavrelimyia nubila (Meigen, 1830) 6 = - - = - - - 6 0.03 83
Syrphidae
Eristalis tenax (Linnaeus, 1758) 7 7 - 1 = - 6 - 15 0.08 100"
Heleomyzidae
Scoliocentra brachypterna (Loew, 1873) 4 - 1 - - - = 4 9 0.05 44
Heleomyza serrata (Linnaeus, 1758) 199 7 14 - - g a1 245 1.25 64"
Other species” 27 8 - 2 1 - 3 46 0.24
Totals 13515 2958 1262 845 116 530 269 60 19555 100
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more briefly examined by moving slowly in-
wards while collecting either all observed in-
sects, or representative samples where dense
aggregations occurred. An ordinary hand lamp
was used to illuminate the walls during sam-
pling. The insects in the pooter tube were killed
by adding 70% alcohol. Most identifications were
made under a Wild M5A lupe with magnifica-
tion range 6-100x, but some of the material was
mounted in Canada balsam on slides and exam-
ined under a Leitz Laborlux K microscope. The
material is in the Museum of Zoology, Univer-
sity of Bergen.

4. Results

4.1. The species

Cuave systems sustain a rich Diptera fauna in
southern Norway. A total of 19 555 adult speci-
mens belonging to 80 species in 18 families were
found (Table 2). Of these, 95.2% belong to 50
species of fungus gnats (Sciaroidea). Eight spe-
cies, all belonging to the tribus Exechiini (Myce-
tophilidae) constitute about 92% of the material.
Four species of mosquitoes (Culicidae) make up
3.2%, and four species of Heleomyzidae make
up 1.3%.

4.2. Seasonal occurrence and sex-ratios

Analysis of seasonal occurrence showed that most
species evidently sought refuge underground for
hibernation. In the most extensively studied mines

at locs 8, 9 and 10, hibernating fungus gnats and
mosquitoes were present from early October to
early May. The greatest numbers were obtained
in November and December. The hibernators
penetrated the mines to various depths. Most
specimens remained in the mines until late April,
and seemed to leave rapidly in early May. Among
the hibernating species only a few specimens of
Exechiopsis, Tarnania fenestralis (Meigen, 1818)
(Mycetophilidae) and Culex pipiens Linnaeus,
1758 (Culicidae) were found in the mines during
summer. Females of Bolitophila cinerea Meigen,
1818 (Bolitophilidae) were only found in summer,
together with a few specimens of Dolichopeza
albipes Strgm, 1768 (Tipulidae), Limoniidae and
Zavrelimyia nubila (Meigen, 1830) (Chironomi-
dae). These aestivators did not penetrate far be-
yond the entrance. Heleomyza serrata (Linnaeus,
1758) (Heleomyzidae) was found throughout the
year, with maximum abundance in summer.
Larvae of Speolepta leptogaster (Winnertz, 1863)
(Mycetophilidae) were frequent in winter, and pu-
pae in spring. A single adult was taken in June.

Both sexes were recorded in species belong-
ing to Mycetophilidaec and Heleomyzidae, and
most species of Mycetophilidae showed a sex-
ratio close to 50:50. The proportion of females in
species of Rymosia and Exechiopsis was gener-
ally slightly lower than in species of Exechia and
Pseudexechia. One notable exception was, how-
ever, Exechiopsis fimbriata which was com-
posed of 68% females (n = 237, P < 0.001). In
Heleomyza serrata the proportion of females was
64% (n = 245, P < 0.001). The families Bolito-
philidae, Culicidae and Syrphidae were repre-
sented by females only.

" Other species: Tipulidae: Dolichopeza albipes Stram, 1768 20J. Limoniidae: Limonia nubeculosa Meigen, 1804
19, cf. Elliptera sp. 15, Limoniidae sp. 1. Mycetophilidae: Speolepta leptogaster (Winnertz, 1863) 15, Macro-
brachius sp.n.? 1, Mycetophila cf. blanda Winnertz, 1863 10, Mycetophila curviseta Lundstrom, 1911 1d,
Mycetophila ruficollis group 200, Mycetophila cf. sordida van der Wulp, 1874 1¢, Phronia fusciventris Van Duzee,
1928 200, Phronia sp. 1, Anatella sp. 19, Exechia spinigera group 19, Exechiopsis ingrica (Stackelberg, 1948)
13, Exechiopsis cf. landrocki (Lundstrém, 1912) 10, Exechiopsis pseudindecisa Lastovka & Matile, 1974 15" 19,
Rymosia cf. winnertzi Barendrecht, 1938 1¢. Sciaridae: Lycoriella cf. solani (Winnertz, 1871) 255, Psychodidae:
Psychoda lobata Tonnoir, 1922 25, Psychoda phalaenoides (Linnaeus, 1758) 1&, Psychoda sp. 1o. Tricho-
ceridae: Trichocera implicata Dahl, 1976 1&, Trichocera hiemalis (De Geer, 1776) 15. Chironomidae: Diamesa
bohemani Goetghebuer, 1932 10, Chaetocladius sp. 10, Thienemannia gracilis Kieffer, 1909 10. Empididae:
Clinocera appendiculata (Zetterstedt, [1838]) 10. Lonchopteridae: Lonchoptera lutea Panzer, 1809 10. Phoridae:
Megaselia sp. 20¢0. Heleomyzidae: Heleomyza borealis (Boheman, 1865) 13, Suillia sp. 20¢. Sphaeroceridae:
Copromyza roseri (Rondani, 1880) 15. Drosophilidae: Drosophila phalerata Meigen, 1830 1¢, Leucophenga
quinquemaculata Strobl, 1893 1 1¢. Calliphoridae: Calliphora vicina Robineau-Desvoidy, 1830 15 10.
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4.3. Species composition in different cave sys-
tems

The species composition did not vary consider-
ably between the different cave systems, as nearly
all abundant genera occurred in all systems ex-
amined (Table 3). As regards relative abundance
some differences were apparent. Species of Exe-
chiopsis seem to prefer larger mines and caves.
The proportion of Rymosia is very high in all
systems, except in screes and fissures. In screes
and fissures species of Exechia, Pseudexechia,
Culex and Culiseta dominated, although only a
few specimens were found.

At species level, a few species within some
of the abundant genera of Mycetophilidae indi-
cated preferences regarding cave systems. My-
cetophila evanida LaStovka, 1972 was only found
in mines, Exechia exigua Lundstrom, 1909 was
mainly found in large mines and Pseudexechia
trisignata (Edwards, 1913) seemed to prefer
screes and fissures.

4.4. Regional distribution patterns

Some differences in species composition are ap-
parent when cave systems in Southwest and
Southeast Norway are compared (Fig. 2). Rymosia
Jasciata (Meigen, 1804) dominated in both areas,
providing 74% and 67% of the material, respec-
tively. Among Exechiopsis, E. subulata (Win-

Table 3. Relative abundance (%) of genera making up
more than 1% of the total in one or more of the
different cave systems. +/— denotes presence/absence
of a taxon. The grouping of the cave systems is ex-
plained in Table 1.

LM SM CA BU SF
Mycetophila + 1 + 2 6
Exechia 6 7 9 + 15
Exechiopsis 15 2 4 - 1
Pseudexechia 3 3 1 + 22
Rymosia 72 80 80 96 5
Culex 2 5 4 + 18
Culiseta + 1 1 1 33
Heleomyza 1 + 2 - -
Sample sizes 14045 3227 1322 845 116
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Fig. 2. Relative abundance (%) of species making up
more than 1% of the total in cave systems in either
Southwest Norway (SW) or Southeast Norway (SE).
Note the axis break.

nertz, 1863) dominated in southwestern cave
systems while E. januarii (Lundstrém, 1913)
dominated in southeastern ones. In the south-
west, several species of Exechia were commonly
found, Exechia festiva Winnertz, 1863 and Exe-
chia exigua being the most abundant. In the
southeast, only a few specimens of this genus
were found; most of them belong to Exechia
confinis Winnertz, 1863. Pseudexechia auriver-
nica Chandler, 1978 ranked as the fifth most abun-
dant species in the southwest; in the southeast no
specimens of Pseudexechia were taken. Culex
pipiens ranked sixth in the southwest, but second in
the southeast. In the southeast, Culiseta alaskaensis
(Ludlow, 1906) ranked third. This species was al-
most entirely replaced by the related Culiseta
annulata (Schrank, 1776) in the southwest.

Two abundant fungus gnats, Rymosia affinis
Winnertz, 1863 and Tarnania dziedzickii (Ed-
wards, 1941), were only found in southern parts
of Hordaland, the latter only at loc. 16 where
both species were quite abundant.
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5. Discussion

According to Jefferson (1983), Diptera are the
most numerous cavernicole animals occurring
near the entrance. In southern Norway Myceto-
philidae dominated both in number of species
and in abundance, while Culicidae ranked second
and Heleomyzidae third. This situation is gener-
ally found throughout Europe where many species
of Mycetophilidae and some species of Culicidae
and Heleomyzidae dominate (e.g. Tollet 1959).
Among Mycetophilidae, species in the tribus
Exechiini clearly dominate (e.g. Tollet 1955,
Burghele-Balacesco 1966b, Plassmann & Weber
1988), and according to Matile (1970), Rymosia
fasciata undoubtedly is the most common dip-
terous dweller in cave systems throughout Europe.

In terms of species composition, the cave
assemblage can be recognized as a fairly well
defined community. ITowever, temporal varia-
tion in abundance and different sex-ratios reflect
that the fauna in cave systems is composed of
species with highly different life cycle strategies
and seasonal adaptations. Jeannel (1926) called
the association of species characteristically seen
on the walls and roof near the entrance of cave
systems the ‘parietal association’. This association
is composed of both hibernators, aestivators and
species occurring independent of season. In
southern Norway, nearly all species of Myceto-
philidae and Culicidae evidently used cave sys-
tems only for hibernation. In central and south-
ern Europe, on the other hand, many of the same
or related species are found underground at vari-
ous times through the year, often during summer
(see e.g. Tollet 1955, 1959, Burghele-Balacesco
1965, 1966a, 1966b). This probably reflects a
different life cycle strategy in northern Europe,
compared to southern Europe. In the warmer
parts of southern Europe the hibernators are likely
to extend the sojourn underground throughout
the summer. They may also to a larger extent
roost inside the entrance of caves during daytime
in summer.

The occurrence of Bolitophila cinerea and
Limonia nubeculosa Meigen, 1804 in summer
concurs with records from throughout Europe,
where many species of Bolitophila and Limonia
nubeculosa are known as underground aestivators
(Krogerus 1926, Husson 1936, 1947, Hazelton

1955-60, 1960, 1961, 1963, 1965a, 1965b, Tollet
1955, 1959, Burghele-Balacesco 1965, 1966a,
1966b, Hippa & Koponen 1988, Plassmann &
Weber 1988). Only one species of Bolitophila, B.
saundersi (Curtis, 1836), seem to occur in cave
systems throughout the year (Tollet 1955, 1959).
All others, including B. cinerea, are found only
during summer. According to Matile (1970)
Limonia nubeculosa is the most common aesti-
vating species of Diptera in the Palaearctic region.
Figures of thirty to fifty individuals per square
metre on the walls of caves in France are ob-
served (Matile 1970). It is surprising that only
one specimen was taken during this study, but
only the four large mines at localities no. 8, 9 and
10 were visited in summer.

According to Dahl (1970), adults of Tricho-
ceridae are found in crevices and under stones
when conditions are less favourable in winter,
and a cool climate with high air humidity is
important for the activity of the adults. Species
of Trichoceridae are thus preadapted to cave
systems and some species are regarded as habitual
trogloxenes (e.g. Hutson 1978). In subboreal lo-
calities Trichocera maculipennis Meigen, 1818
flies in spring and autumn (Dahl 1970). However,
it is recorded throughout the year in British caves
(Hazelton 1955-60, 1960, 1961, 1963, 1965a,
1965b, Hutson 1978). Hence, the occurrence in
northern cave systems does not seem to be re-
stricted to hibernation or aestivation. Many
corpses of Trichoceridae, probably belonging to
this species, were observed several hundred me-
tres from the entrance in the mine at loc. 3.

Among the Heleomyzidae, entire genera, such
as Scoliocentra Loew, 1862, Orbellia Robineau-
Desvoidy, 1830, Oecothea Haliday, 1837 and
Eccoptomera Loew, 1862, show imaginal fea-
tures connected with subterranean life (Hackman
1963). Their eyes are more or less reduced and
the arista often conspicuously long. Many spe-
cies are known to be saprophagous (Hackman
1963), and some of these are known to breed in
cave systems (Matile 1970). However, Heleomyza
serrata seem to belong to the parietal association
as only adults are found inside cave systems
(Jefferson 1983). This species was particulary
abundant in the largest gallery at Haukeland (loc.
8), where great numbers of dead specimens, in
various stages of fungal decomposition, were
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observed on the lower parts of the walls. Living
individuals only made up a small proportion,
even in summer.

It is something of a mystery why Heleomyza
serrata and Trichocera maculipennis seek un-
derground environments since their occurrence
is nearly aseasonal and most individuals appar-
ently perish without returning to the surface (see
Jefferson 1983). This seems to confirm a death
aggregation (thanatoses). Both these species are
reported from vole burrows, where they are re-
garded as saprophagous (Hackman 1963). If the
proximate factor when searching for vole bur-
rows is negative phototaxis, as suggested for
subterranean hibernating species (e.g. Tercafs &
Thines 1973, Danks 1978), this could result in
such accidental aggregation in cave systems.
Another explanation might be an evolutionary
dead end selection or “the ghost of competition
past”, where the habits of recent species have
causal connection in evolutionary history of de-
scent back to true cavernicole ancestors.

Zavrelimyia nubila can be regarded as an op-
portunist. The adults found in summer probably
emerged from ponds located near the entrance.

Speolepta leptogaster is very common in cave
systems throughout Europe where larvae are more
frequently seen than the short lived adults (e.g.
Hutson 1978, Jefferson 1983). The species is
usually regarded as a troglophile. However, in
Southwest Norway it seemed to leave the mines
after hatching in spring, but lack of adults in the
mines in summer may be due to the short lived
adult stage (see Hutson et al. 1980, Jefferson 1983).

5.1. Variation in species composition

None of the species found are obligate cave
dwellers, and the majority of the species pass
their immature stages in habitats found exclu-
sively outside cave systems. Thus, it is likely
that the specific conditions in the surrounding
biotopes largely define the species composition.
Hence, their occurrence seems to be controlled
by environmental conditions inside the cave
systems and habitats in the geographical area
outside rather than by the history of the cave
systems. Each generation finds its way into the
cave systems independent of previous genera-

tions, contrasting with the history dependent oc-
currence of true cave dwellers. Exceptions might
be Speolepta leptogaster and Heleomyza serrata
which probably maintain history dependent
populations in certain cave systems. Most cave
systems were located in areas with deciduous or
mixed forests. The lack of variation in species
composition between the cave systems is thus
not surprising. However, in the southern parts of
Hordaland several cave systems were located in
coastal heathland, dominated by Calluna vulgaris.
This can explain the exclusive occurrence of
Rymosia affinis and Tarnania dziedzickii in these
cave systems, if they are restricted to heathland
habitats.

The apparent difference in relative abundance
between larger cave systems and fissures and
screes is probably due to environmental condi-
tions and accessibility. Species of Exechiopsis
and Rymosia fasciata penetrated further inside
large mine galleries than most other species.
However, these species might also be abundant
in fissures and screes if they aggregate in the
innermost minute and unreachable cavities or
fissures. Hence, only those species occurring near
the entrance were found in fissures and screes.

The regional comparison of the fauna dem-
onstrates some elements of eastern and western
distribution patterns. Exechiopsis ingrica
(Stackelberg, 1948) and Exechiopsis januarii
found in Southeast Norway have been previously
recorded from Finland and the European parts of
the former USSR only (Hackman 1980, Sods &
Papp 1988), while Exechiopsis dryaspagensis
Chandler, 1977 found in Southwest Norway, was
previously known only from Great Britain (So6s
& Papp 1988). Pseudexechia aurivernica which
was quite abundant in Southwest Norway, was
previously known only from the British Isles,
where it seems to have a northwestern distribution
(Chandler 1978), and from northern Germany
(Plassmann 1989). It is hard to conceive why
mosquitoes were relatively much more abundant
in Southeast Norway than in Southwest Norway.
All four species are widespread throughout major
parts of the Holarctic region (Sods & Papp 1991).
Hence, the switching from Culiseta annulata in
Southwest Norway to Culiseta alaskaensis in
Southeast Norway cannot be explained by distri-
butional pattern in adjacent countries.
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5.2. Life cycle strategies

The environment inside the cave systems provides
opportunities for prolonged survival of the re-
productive stage during the period when suitable
larval habitats are unavailable. Thus, cave sys-
tems are temporary resorts which may play an
important role in maintaining populations of spe-
cies with an entirely different ecology. The dif-
ference in sex-ratio between Mycetophilidae and
Culicidae is probably connected with the differ-
ent life histories of the species. Species within
Exechiini seem to be mainly, if not entirely, as-
sociated with soft sporophores of Agaricales
(Hackman & Meinander 1979). Buxton (1960)
stressed the difficulty in understanding how
Agaricale dependent and often monophagous
species of Mycetophilidae can maintain them-
selves, as the available period of sporophores
can be restricted to a few weeks in autumn only.
The gnats must follow this transitory occurrence
of sporophores in autumn. If no more than one
generation is produced, the females must wait
for the next autumn’s sporophores to emerge
before oviposition. Further, if the time females
are able to store sperm received during copula-
tion is restricted, this may necessitate a delayed
mating, which explain why both sexes hibernate
and seem to mate in spring. Hibernating species
of Culicidae are always females (Tollet 1959,
Jefferson 1983). In these species, mating occurs
before the winter and only the fertilized females
hibernate. Thus, the need for spring proximity of
the sexes is obviated (Danks 1978). Oviposition
probably takes place in a much shorter time after
emergence from the hibernation site than for
Mycetophilidae. For the common mosquito Culex
pipiens a seasonal obligatory diapause is prob-
ably involved to maintain the reproductive vigour
of the population (Roubaud 1933).

Within Bolitophila it is nearly always females
which occur in cave systems (e.g. Tollet 1955),
while both sexes of Limonia nubeculosa are found
(Jefferson 1983). Like most Mycetophilidae
Bolitophila is a fungivorous genus feeding on
Agaricales (Hackman & Meinander 1979). Ac-
cording to Sodés & Papp (1988) they hibernate
either as larvae or as adults. Aestivation by fe-

males probably takes place between mating in
spring and oviposition in autumn. The function
of the sojourn underground is not understood in
the case of Limonia nubeculosa (Jefferson 1983).

6. Classification

Based on the various kinds of affiliation and
utilization of subterranean habitats, the Diptera
in cave systems in southern Norway can be clas-
sified as follows:

A. Troglophiles of which larvae live in under-
ground environments: Speolepta leptogaster.
B. Habitual trogloxenes:

I. Hibernators.

— Species where both sexes hibernate
underground and mating takes place
in the following spring (Myceto-
philidae).

— Species where mating takes place prior
to hibernation and only females are
found underground during winter
(Culicidae).

II. Aestivators.

— Species where both sexes seek cave
systems during summer (Limoniidae).

— Species where mating takes place prior
to aestivation and only females are
found underground in summer (Boli-
tophilidae).

III. Species which seek cave systems inde-
pendent of sex and season (Heleomy-
zidae, Trichoceridae).

IV. Opportunists (Chironomidae, Phoridae?,
Dixidae?).

C. Accidental trogloxenes (most other Diptera).
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