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Araneae from Finnmark, Norway
ERLING HAUGE

Hauge, E. 1976. Araneae from Finnmark, Norway. Norw. }. Ent. 23, 121-125.
Nineteen spider species are reported from Finnmark, Norway. Four species are
new to Norway: Eboria angulata Holm, Lepthyphantes decipiens (L. Koch), Dictyna
terricola Holm and Gnaphosa intermedia Holm. The remaining 15 species are re
latively poorly known in Norway. Two doubtful specimens of Thanatus arcticus
Thor are described and discussed.

Erling Hauge, Zoological Museum and Department of Morphology, Systematics and
Animal Ecology, University of Bergen, N-5014 Bergen-Univ., Norway.

In the summer of 1955, Dr. Hans Tambs
Lyche collected some spiders during a stay
in Finnmark. The material was deposited
unidentified at the Zoological Museum of
Bergen. Recently my examination of this
collection resulted in a list of spiders, of
which four turned out to be new to the Nor
wegian fauna. The rest of the list contains
species whose distribution in Norway is still
very little known, and these species have,
together with the new ones, been selected for
the present paper. A further species (Oedo
thorax agrestis (Blw.)) was collected in 1975
by cand. mag. Per Undheim.
To avoid too much repetition I have num
bered the localities using Roman numbers
(I-VII) which are put in brackets behind
each record:
I. Finnmark-interior: Karasjokk, 7-8 July
1955
11. Finnmark-east: Ser-Varanger, 11 July
1955
Ill. Finnmark-north: Kistrand, 6-7 July 1955
IV. Finnmark-north: Tana, 9-10 July 1955

V. Finnmark-north: Lebesby. Ifjord,
13 July 1955
VI. Finnmark-west: Kvalsund, 2 July 1955
VII. Finnmark-west: Kvalsund, Skaidi, 1 July
1955

LIST OF SPECIES

Eboria anglllata Holm (1963)
One <;! (1) after sifting the river deposits on
the banks of the river Karasjokka. The spe
cies is new to Norway.
Oedothorax agnestis (Blw.)
One t was caught in a pitfall trap 29 July
11 August 1975 near a river bank at Reppar
fjord, Kvalsund, W. Finnmark (P. Undheim
colI.). The specimen was found together with
one male of O. retllsus (Westr.). The only
previously known record in Norway is from
Suldal, W. Norway.
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Thyreosthenius parasiticus (Westr.)
One ~ (IV). Previously the most northern
record in Norway has been S",r-Tmndelag
(Hauge 1972).

Lepthyphantes decipiens (1. Koch)
One ~ (Ill) near Stabbursnes. The species is
new to Norway, but probobly not too rare
in the north (according to Koponen 1972).

Enidia bituberculata Wid
Seven ~~ + 4 ~~ (IV). First record from Finn
mark. Strand (1900) and Jackson (1932) re
corded the species from Troms.

Kaestneria pullata (Cbr.) (= Lepthyphantes
pullatus (Cbr.))
One ~ (11) near Bjernevatn, and 1 ~ (Ill) in
a bog near Loustijokka river. Previously only
one record in Norway: Hattfjelldal, Nord
land (Strand 1902b).

Diplocentria bidentata Emert
One ~ + 1 is (VII) after sifting in litter and
moss. This northern species is far from rare
in Norway, but the only record published
until now is from Ringsaker (Waaler 1972).
T apinocyba pallens (Cbr.)
One ~ (VII) together with D. bidentata. The
first record from Finnmark for this typical
northern species. Previously it has been re
corded as far north as Nordland (Hauge
1968).
Minyrioloides tritons (Cbr.)
One is (Ill) in Stokkadalen. Previously found
only in Finnmark (Jackson 1932). Holm
(1945): 'n Diinemark und Norwegen wiirden
bisher nur ~~ angetroffen.'
Agyneta conigera (Cbr.)
One ~ (VII). In moss and foerna. A further
3 iSiS were taken in pitfall traps 13-29 July
1975 at Repparfjord, Kvalsund, W. Finnmark
(P. Undheim coll.). In Norway previously
known from Nord-M",re (Hauge 1972), and
from Kvinnherad, Hardanger: 2 ~~ 23 May
1971 (Hauge unpublished).
Lepthyphantes antroniensis Schenkel (= L.
exiguus Holm)
Three ~~ (Ill) at Treviknes near Oldenfjor
den. The previous record published in N or
way was from Nordland (Hauge 1969), but
we now also know the species from a spruce
forest near Voss, W. Norway (1 is + 4 ~~ 26
June 1974, E. Hauge coll.).

Tiso aestivus (1. Koch)
One ~ (Ill) at Jonsnes, Gfm'idek. Hitherto
the most northern record in Norway has been
Skarmodalen, Nordland (Strand 1902b). The
species is locally quite common in some of
the South Norwegian high mountain areas.
Dictyna terricola Holm 1945
One ~ (11) near Bj",rnevatn. The species
new to Norway.
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Singa albovittata (Westr.)
One ~ (I) in a humid, sloping terrain. The
species was previously recorded only from
S. Norway: Oslo and Valdres (Collett 1875)
and Nes, Hallingdal (Strand 1899).
Robertus scoticus J ackson
Three ~~ + 1 is (VII) after sifting in litter
and moss. This common, northern species has
been reported only twice (in S. Norway):
Nordmarka near Oslo (Palmgren 1964) and
Ringsaker (Waaler 1972).
Lithyphantes albomaculatus (Degeer)
Four ~~ + 1 subad. is (Ill) at Sm",rdal. New
in N. Norway. Previously known from La:r
dals",ra, W. Norway (Strand 1902a, identi
fied as L. corollatus (1.)) and from AI, Hol,
and Hemsedal (Strand 1899).
Gnaphosa intermedia Holm
One ~ (Ill) near Stabburselv. The species is
new to Norway. Further there exists an un
published record from N. Nordland (Nn",:
Ankenes, Skjomen, E. Hauge coll.).

L. alacris (Blw.)
One ~ (Ill) in Stokkadalen, a birch forest
about 250 m above sea level. First record from
Finnmark of this common species.

Thanatus arcticus (?) Thor
One ~ (Ill) at S",rdal, and 1 ~ + 1 juv. (Ill)
near Loustajokka river. The identification
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Fig. 1. Thanatus arcticus (?) Thor. Epigyne.

Fig. 2. Thanatus arcticus (?) Thor. Vulva.

Fig. 3. Thanatus arcticus (?)
dorsal view.

Thor. Abdomen,

123

of these specimens has been somewhat un
certain. Personal communication with Dr.
Pekka Lehtinen has led to the conclusion that
it is probably T. arcticus. According to Dr.
C. D. Dondale (pers. comm.), however, there
is some doubt about the identification of the
specimens. It therefore seems justified to
give a more detailed description of my speci
mens.
The epig.yne (Fig. 1) corresponds very
much to that of T. vulgaris borealis as de
scribed by Tullgren (1944, PIs. XVIII, Fig.
237). This close relationship with T. vulgaris
Sim. is also indicated by Dr. Dondale in his
pers. comm. According to Dondale et al.
(1964), however, the epigyne (i.e. the median
plate) of T. vulgaris can be variable. The
vulva of my specimens (Fig. 2) deviates from
Tullgren's drawing of T. vulgaris borrealis
(Tullgren 1944, Fig. 45 B); for one thing,
the uppermost small pockets of the vulva
complex of my two specimens are more
oblique, in a way more similar to another
drawing made by Tullgren (1942, Fig. 6b).
Furthermore, the receptaculae of my speci
mens contain a circular, dark, and very ob
scure gland-like figure (Fig. 2), conspicuous
to such a degree that they can be seen through
the epigyne (Fig. 1). On the other hand, the
general elongated shape of the vulva-complex
corresponds to that of Tullgren's T. vulgaris
borealis and to that of T. vulgaris drawn by
Dondale et al. (1964, Fig. 42). The rest of
Tullgren's species (Tullgren 1944, Figs. 45A,
46A + B) have receptaculae which are con
siderably broader compared to their length.
This also seems to be true when comparing
the remaining Thanatus species of Dondale
et al. (1964, Figs. 46-59), including T. arcti
cus. AccQrding to Dondale et al. (1964, Fig.
59) the spermatecae of T. arcticus are touch
ing each other at the midline, whereas in my
specimens (Fig. 2) they are widely separated.
The length and breadth of the carapace of
my two adult specimens are as follows: Spec.
1: 3.33 mm long and 2.75 mm broad, spec. 2:
2.78 mm long and 2.55 mm broad. This is
considerably larger than the measurements
of Tullgren's T. vulgaris borealis, and more
in accordance with the data given for both
T. arcticus and T. vulgaris by Dondale et al.
(1964).
The length of the legs of my largest speci
men (ta-Mt.-tib.-pat.-fem.):
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I (1.37-1.65-1.92-1.17-2.66)
8.77 mm, stripe on the anterior half (Fig. 3), like that
of T. arcticus (Holm 1967, Fig. 101) and also
11 (1.49-1.76-2.27-1.29-2.55)
9.36 mm,
III (1.29-1.76-2.39-1.18-2.86)
9.48 mm, very like T. formicinus (Cl), and on the
IV (1.37-2.88-2.20-2.25-2.94)
11.64 mm. posterior half two zig-zag formed figures.
The descriptions given above indicate that
These lengths are considerably longer than
my
specimens have much in common with
those of Tullgren's T. borealis. Also a com
parison with two specimens of T. vulgaris both T. vulgaris and T. arcticus, but that
there are distinct differences from both spe
from France (one owned by Zoological Muse
um of Bergen and one most kindly lent to cies. They most probably belong to T. arcti
me by Dr. Dondale) makes clear that my cus, perhaps a subspecies, but to decide this
specimens are larger and are much tougher a larger material is necessary.
T. arcticus has previously been recorded
in general appearance. Dondale et al. (1964)
once in Norway (Finnmark), according to
found femur 11 (T. arcticus ~) to be approxi
Holm (1968) described as T. lapponicus by
mately 2.71 mm.
]ackson (1932).
Spinulation on the legs:
Femur I: 2 prolat. + 1 dors., 0 retrolaL
Dondale et al. (1964) (T. arcticus ~): 2-3
prolat., 1-2 dors. Tullgren (1944) (T. vulgaris
borealis): 3 prolat.
ACKNOWLEDGEMENTS
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Collembola from mountains in South Norway
ARNE FJELLBERG

Fjellberg, A. 1976. Collembola from mountains in South Norway. Norw.

J. Ent. 23,

127-137.

A total of 64 species of Collembola are reported from different mountains in South
Norway, ranging from 900 - 2300 m a.s.l. The characteristic High Alpine com
munities described by earlier authors from North Scandinavia are found to be
present also in South Norway. Certain species were associated with calceophilous
Middle Alpine meadows, among others Folsomia dovrensis n.sp., which is described.
The dorsal chaetotaxy of Anurida alpina Agrell is figured.

A. Fjellberg, Zoological Museum, N-5014 Bergen-University, Norway.

The Collembola fauna of Norwegian' moun
tains is insufficiently known. However,
Linnaniemi (l911) listed some species from
the Dovre area, and Wahlgren (1906) and
Agrell (1941) reported some observations
from mountains in North Norway. Fjellberg
(197 5b) gave a list of species from Hardan
gervidda, as part of an ecological study.
A unique element of High Alphine Col
lembola species has been reported from North
Scandinavian mountains by Wahlgren (1919)
and Agrell (1941). A corresponding fauna in
South Norway has not been found, but might
be expected, since such elements are well
known among other insect groups (Lindroth
1945, 1949) and also from plant communities
(Nordhagen 1936).
MATERIAL AND METHODS
The field work of the present study was
done during the first half of July 1975. Some
of the highest mountains in J otunheimen,
Dovrefjell, and Trollheimen were visited. A

few samples were taken from the mountains
of Hallingskarvet and Vikafjell (Fig. I,
Table I). A total of 61 samples were cut
from different plant communities and tran
sported in plastic bags to laboratory for
extraction in Tullgren funnels. Specimens
were also collected directly by hand or swept
from vegetation with an insect net.

LIST OF SPECIES

Hypogastrura scotica (Carpenter & Evans)
Loc. 2, 3, 4, 5, 14, 16, 19, 21, 24, 25, 27, 35,
37, 38, 39, 42, 43, 45, 47, 50, 52, 53, 55, 56,
57. Found over most of the area, ascending
to 2200 m in Jotunheimen. Especially abun
dant in High Alpine communities with wet
moss and grass along melt-water brooks.
H. inermis (Tullberg)
Loc. 23. Only found in dry Pinus silvestris
litter in Visdalen, 900 m a.s.l.
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Xenylla maritima Tullberg
Loc. 6, 28, 32, 33. Dry meadows and Dryas
heath in Jotunheimen and Trollheimen, up
to 1400 m.
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Willemia aspinata Stach
Loc. 3, 7, 12, 35, 45. Most abundant in
litter of Betula nana and Salix in the Low
Alpine region. Once in an High Alpine
habitat (1600 m). Dovrefjell and Jotun
heimen.

•

\

\

Trollheimen
(,

•

Dovrefjell

o.

-'j?~~

W. anophthalma Borner
Loc. 2, 5, 8, 11, 12, 14, 29, 31, 54. Dry
meadows, Dryas heaths and Betula nana
litter up to the Middle Alpine region. Once
in a High Alpine habitat (1900 m). Jotun
heimen and Trollheimen.
W. scandinavica Stach
Loc. 11. A few specimens in cushions of
moss and Festuca on dry sand in a river bed
at Spiterstulen in Jotunheimen (1100 m).
W. intermedia Mills
Loc. 29, 30, 31, 44. Only found in dry
meadows with rich, calceophilous flora in
the Middle Alpine region, 1300-1500 m.
Dovrefjell and Jotunheimen.
Friesea mirabilis (Tullberg)
Loc. 3, 5, 12, 19, 25, 26, 37, 44,
55, 56. Both dry and wet habitats
heaths, thickets, bogs) up to 1900
heimen, Dovrefjell, Trollheimen,

52, 53, 54,
(meadows,
m. Jotun
Vikafjell.

PseudachoTlltes subcrasslls Tullberg
Loc. 54. Several specimens in Dryas litter
in Sub Alpine birch forest at Bovertun in
Jotunheimen (960 m).
Anurida alpina Agrell
Loc. 21, 43. One specimen in High Alpine
habitat with moss, grass and lichens near the
summit of Styggeho in Jotunheimen (2200 m).
Many specimens in a very wet meadow with
calceophilous flora (Draba, Saxifraga, Silene,
Luzula, Carex, etc.) beneath a large snow
fen north of N. Knutsho at Dovrefjell
(1550 m).
Agrell (1941) reported the species from
mountains in Swedish Lappland and at Nar
vik in North Norway. Not reported outside
Scandinavia. As there exist no illustrations
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Fig. 1. Map of South Norway with the examined
areas.

of the dorsal chaetotaxy in the literature, it
is shown in Fig. 2.

Anurida frigida Fjellberg
One specimen under moss on stone in a
melt-water brook at N. Knutshe, Dovrefjell
(1500 m).
The species was described by F jellberg
(1973) from a mountain at Abisko, Swedish
Lappland. Later it was found to be common
in Spitsbergen (Fjellberg. unpubl.).
A. forsslundi Gisin
Loc. 3, 10, 12, 25, 46, 54. Drier habitats up
to the Low Alpine region (1320 m). Jotun
heimen, Dovrefj ell , Trollheimen.
A. pygmaea (Borner)
Loc. 7, 19, 43, 55. Both dry and wet
meadows in Jotunheimen and Dovrefjell. up
to 1900 m.
N eanllra mllscorum (Templeton)
Loc. 8, 12. Found twice in Jotunheimen in
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litter of Betula nana (1250 m) and heath
with Dryas, Silene acaulis, and Carex rupe
stris (1350 m).

Onychiurus absoloni (Borner)
Loc. 3, 5, 12, 55. Dry meadows and thick
ets of Betula nana and Salix in Jotunheimen
(1250-1400 m).
O. arcticus (Tullberg)
Loc. 1, 8, 28, 48, 50, 51. In moss and
grass in the High Alpine zone, both dry and
wet. Especially abundant at resting places of
birds, where the droppings give a rich nitro
philous flora of moss, lichens, and algae.
This was observed at the top of Nystuguho
(loc. 51), where the birds used the stone cairn
as a resting and watching place. Jotunhei
men (1400-2200 m).
The presence of this 'maritime' species
(Agrell 1941, p. 46) in the high, continental
mountains in South NOrway is surprising.
The species has a nearly holarctic, coastal
distribution, but is also found inland in
Siberia (Valpas 1967). Agrell (1941) did not
observe it in North Swedish mountains, but
found it in coastal mountains at Narvik in
North Norway. In Norway it is probably
distributed along the west coast; the south
ernmost record is from Stryn in Sogn og
Fjordane (Lie-Pettersen 1898). Some new
records are from the island of Runde at Ale
sund and the Trolltindane mountains (700 m
a.s.l.) at Molde, More og Romsdal (Fjellberg,
unpubl.).
In comparison with specimens from Jan
Mayen, the specimens from South Norway
have shorter body hairs and usually lack
the ventral pseudocelli on Abd. n. This may
indicate that different subspecies are in
volved.

O.pseudovanderdrifti Gisin
Loc. 3, 5, 6, 7, 8, 10, 12, 25, 26, 27, 28, 29,
30, 32, 33, 35, 38, 40, 42, 44, 45, 46, 50, 51,
54, 55. This is an ubiquitous species found all
over the area, most abundant in dry meadow
sites. Ascends to 1750 m. Jotunheimen, Dov
refjell, Trollheimen.
T ullbergia arctica (Wahlgren)
Loc. 28, 29, 30, 31, 32, 44. Only found in
dry meadows with calceophilous vegetation
(1350-1450 m). Trollheimen, Dovrefjell.
9-
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Fig. 2. Dorsol chaetotaxy of Anurida alpina
Agrell.
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Table I. Survey of examined localities. COill1ty abbreviations: On::: North Oppland. STi

IlU1er South Tremde

lag. SFi :::: Inner Sogn & F,'ordane, HOl ::::: Inner Hordaland. Bv -=- West Buskerud.

No.

Locali ty

Date

District

1975

1.

Svellnosi

1 July

On: Lom

2.

3·

Hellstuguhcgda

1 July

~;Tl"1

grid

Elevation

32 V

ID a.8.1.

Biotope

MP6533

2000

Moist moss & lichens on rock

&6633

1900

Wet Luzula, moss etc. on ground
soaked by melt-water.

11P6830

1320

L1lX'1J.I'iant thicket with Salix and
Juniperus.

Rich undergrowth.

4.

MP6831

"300

Eutrophic, very wet meadow.

5.

11P6830

1320

Hich dry meadow among Salix.

MP703"

1350

Dry, expo sed heath with Carex ru
pestris, Dryas, Silene ..

7·

MP70Yf

1'00

Salix reticulata, Cladonia and

8.

MF703L~

1350

6.

N of SkauthiZl

2 July

Cetraria on dry I steep rock shelf ..
Dry meadow/heath with Carex ru
pestris , Dryas, Silene etc.
9.

S of Spiterst'.ll

MP683326

1100

Stereocaulon cushions on dry sand

MP683326

1100

Thin moss layer on dry sand in

in river bed.
10.

rlver bed.
11.

12.

B'''; of Spi terstul

13.

Leirgrovi

14.

LeirhiZl

3 July

MP683326

1100

Thick moss with Festuca tufts on
dry sand in river bed..

MP6732

'1250

Dense thicket of Betula nana on
exposed heath ..

T1P9h 30"

1600

Moist moss and grass cushions

MP699?9i

1850

Moss, lichens,

near brook in steep rockfall.
~

and Ranun

culus glacialis, rather dry.
1 C/ .

11['7,7289

)320

16.

111'698298

1800

Thick moss on boulders.

17.

MP70929'

:'?OO

Wet moss at melt-water brooks.

18.

Styggeh0

July

'19.

Wet moss at melt-water brooks.

fP6529

2100

Moist moss & lichens.

I1P65?9

1900

110ss, Luzula, Ranunculus glacialis
on moist ground.

20.

1':P64~9

Dry moss & grass in rock crevices.

21.

:'".:F6·- '::'

Grass, moss lichens etc .. on rock
shelves, rather moist.

22.

:-lF65;;9

23.

Visdalen

::'4.

Gjevilvatnet

25.

Heimre Gjevil

-July

sri:
July

Oppdal

"950

Wet snowfield with Ranunculus gla
cialis, grass moss etc.

:-lP7038

900

Dry Pinus litter.

NQ20952l+

670

Meadows at lake shore.

lTQ155 4

1320

vS-::skammen

Damp meadow with Salix herbacea,
Empetrum, moss, lichens etc ..

HQ"! 55 i+

1320

.]ust melted snowfield with moss and

NQ1556

1400

Wet Luzula, moss & lichens on ground
soaked by melt-water.

29.

HQ152562

1420

Dry, calceophilous vegetation on
rock shelve.'" i~ precepice.

29.

NQ15" 56d

1440

.?6.

lichens.

Moist.

Large cushion of grass turf with
bone and feather fragments.

30.

NQ1 51564

1440

Large cushion of grass turf with
bone and

feather fragments

Collembola from mountains
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Table I. Continued
July

31.

33.

34

Varstigerr

'7

NQ15156'1

1440

Thick Dryas turf in dry meadow.

llQ151564

144lJ

Thick grass cushion with Sedum,
Potentilla, Thalictrum, etc.

NQ151564

1450

Dry meadow with grass, Dryas,
Silene etc.

UQ:z,212

July

35.
36.

0.

900

Rich undergrowth in Sub Alpine
Betula forest.

900

Under bark scales of

Betula~

Wet moss, Saxifraga, Drab a , etc.
on ground soaked by melt-water.

Knutsho

37·

NQ357087

1680

Wet moss and grass on ground
soaked by melt-water.

38.

NQ356087

1690

Dry ground with Luzula, moss and
lichens.

39.

NQ357087

1680

Moist moss and lichens on stones
in snowfield.

L-I-O.

NQ3408

1550

Wet ground with grass, moss,
Saxifraga, Ranunculus 'etc~

41.
42.

44.

N of N. Knutsh0

8 July

Wet moss close to edge of snowfen.
Moss, grass, Saxifraga etc. on
ground soaked by melt-water.

NQ3 41 1

1550

Rich, very wet meadow with Silene·,.
Saxifraga, Luzula, Carex etc.

1300

Rich dry meadow wi th calceophilous
vegetation.
Dry Dryas heath on slopes against
Drivdalen.

NQ33 1 0

46.

S of Varstigaa

47.

Gl. Reinheim

48.

Snohetta

':1

JUly

On: Dovre

49.
Nystugh0

10 July

:-:;Ti: Oppdal

51.
52.

1400
1550

N. Knutsho

45.

50.

NQ342087
NQ3 411

Fokstumyra

11 ,Tul;,'

On: Dovre

53·

1450
1155

Dry lichen heath with Empetrum and
Betula nana.

NQ1 608

1620

Wet moss and Luzula on ground
soaked by melt-water.

NQ158095

1750

Thick, moist mOSs on rock.

NQ145102

2150

Wet moss

NQ2812

1630

Wet moss and grass at brook.

NQ289133

1754

Dry grass, moss, lichens and
algae with bird droppings.

,

NP1892

920

Carex bog with moss.

IIP1892

920

Moist moss in thicket of Betula
nana and Salix spp.
Luxuriant ~ tufts in Sub Alpine
Betula forest.

54.

N of Bervertun

On: Lam

!1P5035

960

55.

Sognefjell at
Fannar8..ken

SFi: Luster

!1P3923

1400

56.

Vikafjell at
Vossadal

HOi: Voss

LN5562

900

Oligotrophic bog (Eriophorum,
Sphagnum, etc.).

57.

Hallingskarvet N
of Lengjedalsvann 29 July

MJ12720

1650

Wet moss at melt-water brook.

58.

Hallingskarvet
at Hellevassfonn

!1N2820

1800

Wet moss at melt-water brook.

!1N2820

1750

Wet moss on

!1N2522

1750

Wet moss.

!1N2522

1750

Moss, rather dry.

59.
60.
6 1, •

Hallingskarvet
at Kyrkjed0rsnut

12 July

!3v:

Hoi

Dry meadows etc. near the road.

rock~
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The species is reported from Jan Mayen
(Gisin 1960) and Spitsbergen (Valpas 1967).
I have collected specimens from Kopparasen
at Abisko (Swedish Lappland) and Rauhel
lerskorane at Hardangervidda (South Nor
way), all in calceophilous communities (Fjell
berg, unpubl.).

T. affinis (Barner)
Loc. 54. One specimen in Dryas tufts in
birch forest at Breiseterdalen, Jotunheimen
(960 m).

Recently it was found in Spitsbergen (Fjell
berg, unpubl.).

lsotomodella pusilla Martynova
Loc. 30, 31. Only found at the mountain
Gjevilvasskammen in Trollheimen, in dry
meadows with calceophilous flora (1440 m).
The species was described from mountains
in central Asia, and was reported by Fjell
berg (1975a) from Hardangervidda in S.
Norway and Abisko in Swedish Lappland.

T. krausbaueri (Barner) s. lat.
Loc. 5, 7, 8, 10, 11, 12, 25, 27, 28, 29, 30,
31, 33, 44, 46, 54, 55. Mostly in dry meadows
up to 1450 m. Jotunheimen, Dovrefjell,
Trollheimen.

Folsomia brevicauda Agrell
Loc. 4, 7, 8, 25, 26, 28, 29, 31, 33, 57. Both
in wet and dry meadows, Dryas heath and
moss. Up to 1650 m. Jotunheimen, Dovrefjell,
Trollheimen, Hallingskarvet.

T etracanthella britannica Cassagnau
Loc. 3, 4, 5, 8, 21, 25, 26, 35, 37, 39, 42,
43, 44, 45, 48, 52, 56, 57. A common species
in different vegetation types, mostly wet
moss and wet meadows up to 2200 m. Jotun
heimen, Dovrefjell, Trollheimen, Vikafjell,
Hallingskarvet.

F. quadrioculata (Tullberg)
Loc. 2, 3, 5,6, 7, 8, 10, 11, 12, 14, 15, 16,
19, 21, 22, 25, 28, 29, 30, 31, 33, 35. 37, 38,
40,42, 43, 44, 45, 46, 47, 48,51, 54, 55. The
most euryccious and abundant species in the
material. A preference for certain biotopes
could not be demonstrated. Ascends to 2320
m. Jotunheimen, Dovrefjell, Trollheimen.

T. wahlgreni Linnaniemi
Loc. 5, 7, 10, 11, 12, 19,25, 26, 27, 28, 29,
33, 38, 45, 46, 51, 53, 55. A common species,
preferring drier biotopes than T. britannica
(dry meadows, dry moss, lichen heaths, etc.
Up to 1900 m). Jotunheimen, Dovrefjell,
Trollheimen.

Anurophorus septentrionalis Palissa
Loc. 23. One specimen in Pinus litter
Visdalen, Jotunheimen (900 m).

F. diplophthalma (Axe1son)
Loc. 3, 5, 7, 8,22,29,30, 31, 32, 33, 44, 45.
Apart from one record in wet moss in the
High Alpine zone (1900 m), this species ap
parently prefers drier biotopes in the Middle
and Low alpine zones. Most abundant in dry
meadows with calceophilous vegetation. Jo
tunheimen, Dovrefjell, Trollheimen.

III

Pseudanurophorus binoculatus Kseneman
Loc. 3, 5, 7, 8, 11, 28, 29, 32, 46, 54. Rather
common in dry meadows, lichen heaths,
Dryas heath, Salix thicket. Up to 1440 m.
Jotunheimen, Dovrefjell, Trollheimen.
P. inoculatus Badvarsson
Loc. 43, 45. Only found at N. Knutsha at
Dovrefjell, once in a very wet meadow with
calceophilous flora and once in a dry Dryas
heath (1450-1550 m).
The species was redescribed by Fjellberg
(1975a) and reported from Iceland, Green
land, North Norway and North Sweden.

F. agrelli Gisin
Loc. 1, 2, 15, 16, 17, 18, 19, 20, 21, 22, 49,
50, 57, 58, 59, 61. A High Alpine species that
prefers the barren ground with abundant
melt-water and only patches of vegetation
(moss, lichens, Luzula, Phippsia, Ranunculus
glacialis, etc.) between the boulders. Not
seen below 1630 m. Jotunheimen, Dovrefjell,
Hallingskarvet.
The species is reported from North Scandi
navia and Iceland (Gisin 1960).
F. sensibilis Kseneman
Loc. 3. Only found once at Hellstuguhagda
in Jotunheimen, in litter in luxuriant Salix
scrub (1320 m).

Collembola from mountains
Folsomia dovrensis n. sp.
Loc. 11, 28, 29, 31, 32, 44, 54. Dry moss,
Dryas heath and dry meadows with calceo
philous flora (960-1440 m). Jotunheimen,
Dovrefjell, Trollheimen.
Type material
Holotype: Female, 0.48 mm, labelled: 'Nor
way, S. Trondelag: Oppdal, 8. VII 1975.
N. Knutsh0, 1300 m. Dry calceophilous
meadow. A. Fjellberg leg.' Deposited in
alcohol at Zoological Museum, Dept. of En
tomology, Bergen, Norway.
Paratypes: The following are deposited with
the holotype: 4 specimens (alcohol) with the
same data as holotype. 101 specimens (99 in
alcohol, 2 on slides) from Norway, S. Tronde
lag: Oppdal. 6 July 1975. Heimre Gjevil
vasskammen, 1420-1440 m. Dry, calceophil
ous meadow, calceophilous vegetation on
rock shelves, grass cushions with Sedum,
Thalietrum, Potentilla, etc., thick Dryas tuft.
14 specimens (6 in alcohol, 8 on slides) from
Norway, Oppland: Lom. 2 July 1975. South
of Spiterstulen, 1100 m, Moss with Festuca
on dry sand in river bed. 1 specimen (slide)
from Sweden, Tome Lappmark: Nissunkarsa,
Abisko. 16 June 1973. In Dryas on boulder
of limestone. A. Fjellberg leg. The following
are deposited at British Museum (Nat. Hist.),
Department of Entomology, London: 4 speci
mens (slide) from the sample at Spiterstulen
and 10 specimens (alcohol) from the locality
at Gjevilvasskammen.
Derivatio nominis: After the district of
Dovre.
Description
Total body length up to 0.50 mm. Colour
white, no pigment. Eyes absent. PAO narrow
elliptical, not as high as thickness of Ant. I.
Head with 3 + 3 setae along ventral line.
Antennae I with two ventrolateral sensillae,
the lateral one largest. Antennal organ III
with two club-shaped sensillae, flanked by
two long, sensorial hairs (Fig. 3c). No hairs
along ventral line of thorax. Claws and
empodia simple, without teeth. No spur hairs.
Ventral tube with 4 + 4 (occasionally 3 + 3)
lateral and 6 (5) caudal hairs. Tenaculum
with 4 + 4 teeth and one seta. Manubrium
1.2-1.3 as long as dens, with 1 + 1 (some
times 1 + 2) ventral setae. Dens 3.0-3.3 as
long as mucro, with 2 (3) dorsal setae and 8
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ventral setae (Fig. 3 d, e, f). Mucro with two
teeth. The longest macrochaetae of Abd.
IV-VI about 2.7 as long as mucro. Dorsal
chaetotaxy as in Fig. 3a. Irregularities are
frequent, but number of setae along dorsal
median line of Th. 11 - Abd. III appears to
be constant: 64/333. Sensorial hairs of Abd.
IV-VI slightly differentiated.
Affinities
F. dovrensis comes close 'to the description
of F. brevi/urea (Bagnall 1949) from Scot
land and F. monosetosa Rusek, 1966 from
Czechoslovakia. According to Lawrence
(1973), F. brevi/urea is a species dubia,
described from one juvenile specimen of
uncertain position. It differs from F. dovren
sis by longer abdominal macrochaetae (ca.
4.0 as long as mucro, not 0.4 as Rusek (1966)
reports). The single type specimen of Bagnall
measures 0.6 mm and is juvenile. Probably it
belongs to a species which is larger than F.
dovrensis. Also F. monosetosa is bigger than
F. dovrensis. The single type specimen mea
sures 1.05 mm. Adult specimens of F. dov
rensis, with well-developed genital organs,
measure only 0.45-0.50 mm. Apart from the
difference in body size, it is difficult to find
good morphological characters separating
monosetosa and dovrensis. To judge from the
original drawings, monosetosa has more slen
der antennae and furca than dovrensis.
The present records of dovrensis indicate
an arctic/alpine distribution, whereas mono
setosa was found in forest in Mahren. It is
very unlikely that the two forms are con
specific.
Ecology, distribution
F. dovrensis has been found in dry mead
ows with calceophilous vegetation and in
Dryas tufts from the Sub Alpine to the
Middle Alpine region (960-1440 m) in Jo
tunheimen, Dovrefjell, and Trollheimen. One
specimen was found in Dryas at Abisko in
Swedish Lappland.
The species is probably parthenogenetic as
only females have been seen.

Isotomiella minor Schaffer
Loc. 3, 5, 7, 8, 12, 26, 32, 33, 46, 55. Dryas
heath, lichen heath, dry meadow and thickets
of Betula nana and Salix. Ascends to 1450 m.
Jotunheimen, Dovrefjell, Trollheimen.
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Folsomia dovrcnsis n.sp. A: Dorsal ehaetotaxy, sensillae of Abd. IV-VI encircled. B: Lateral
view of the animal. C: Segments Ill-IV of right antanna. D: Ventral view of furea. E, F:
Dorsal view of furea, two different specimens.

Proisotoma subarctica Gisin
Loc. 1,2,4,7, 15,26,27,35,37,40,43,47,
50, 57, 60, 61. A typical high alpine species
in moss, lichens, and other vegetation. The
species is abundant along melt-water brooks
and is sometimes found down to the Middle
Alpine zone (1300-2320 m). Jotunheimen,
Dovrefjell, Trollheimen, Hallingskarvet.
Until now the species has only been re
ported from Swedish Lappland and North
Norway (Agrell 1941, Fjellberg 1975a).
Agrenia bidenticulata (Tullberg)
Loc. 13, 17,41,49,57, 59. At snow fields

and melt-water brooks in the High Alpine
zone. Sometimes at lower levels (1400-2200
m). Jotunheimen, Dovrefjell, Hallingskarvet.

Pseudisotoma sensibilis (Tullberg)
Loc. 33. A few specimens in a dry meadow
at Gjevilvasskammen (1450 m) in Trollhei
men.
Vertagopus westerlundi (Reuter)
Loc. 35. Under bark scales on stems of
Betula pubescens at Varstigen, Dovrefjell
(900 m).

Collembola from mountains
V. sarekensis (Wahlgren)
Loc. 1, 7, 10, 11, 15, 16, 17, 19, 20, 21, 28,
31, 33, 35, 37, 39, 45, 49, 50, 51. Common in
the High Alpine zone, most abundant in dry
biotopes (in cushions of moss and lichens on
stones). Some records in the Low Alpine
zone. Ascends to 2320 m. ]otunheimen, Dov
refjell, Trollheimen.
The species was redescribed by Fjellberg
(1975a) and reported from North Norway
and Swedish Lappland. In South Norway it
has also been found at Grunke in V. Slid re,
Oppland (1400-1500 m, H. P. Leinaas in lit.)
and at Trolltindane in Fnena, More og
Romsdal (Fjellberg, unpubl.). This last
locality is near the coast, only 700 m a.s.l.,
but above the forest limit. The species was
not seen at Hallingskarvet, in spite of careful
examination at suitable habitats.
V. arcticus Martynova
Loc. 49. Several specimens in moist moss
near the summit of Snohetta, Dovrefjell
(2150 m).
The species was described by Martynova
(1969) from the Vrangel Island in the East
Siberian Ocean, and redescribed by Fjell
berg (1975a) who found the species in High
Alpine communities at Abisko, Swedish
Lappland.
Isotoma notabilis Schiiffer
Loc. 3, 5, 7, 8, 11, 12, 22, 28, 29, 31, 33,
42, 44, 54, 55. Dryas heath, dry meadows and
thickets of Betula nana and Salix. Ascends
to 1950 m, but most abundant in lower
regions. ]otunheimen, Dovrefjell, Trollhei
men.
I. pallida Agrell
Loc. 32, 45. Dry, calceophilous meadow at
Gjevilvasskammen in Trollheimen (1440 m)
and Dryas heath at N. Knutsho, Dovrefjell
(1450 m).
I. viridis Bourlet
Loc. 2, 3, 4, 5, 6, 7, 8, 19, 27, 28, 29, 31,
33, 35, 40, 42, 43, 44, 45, 50, 52, 53, 54, 55,
56. Common in a variety of both dry and
moist habitats up to 1900 m. ]otunheimen,
Dovrefjell, Trollheimen, Vikafjell.
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I. violacea Tullberg
Loc. 1, 2, 4, 5, 7, 8, 10, 11, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 27, 29, 30, 35, 37, 38,
40, 42, 44, 45, 47, 48, 50, 51, 57, 58, 59, 60,
61. Common in both wet and dry habitats.
Most frequent in the High Alpine zone,
where it ascends to the highest peaks exam
ined (2320 m). ]otunheimen, Dovrefjell,
Trollheimen, Hallingskarvet.
I. hiemalis Schott f. mucronata Axelson
Loc. 3, 55. In dry meadow at Sognefjell in
]otunheimen (4100 m) and in litter of Salix
scrub at Spiterstulen, ]otunheimen (1320 m).
I. olivacea Tullberg
Loc. 2, 3, 4, 13, 25, 26, 27, 35, 39, 40, 42,
47, 48, 55, 56, 57. Common in wet meadows
and in moss at melt-water brooks up to
1900 m. ]otunheimen, Dovrefjell, Trollhei
men, Vikafjell, Hallingskarvet.
I. neglecta Schiiffer
Loc. 3, 4, 7, 8, 21, 25, 42, 43, 50. Most
frequent in waterlogged moss along brooks
and in wet meadows, up to 2200 m. ]otun
heimen, Dovrefjell, Trollheimen.
I. sp.
Loc. 57, 59. Some specimens in wet moss
near snow fens at Hallingskarvet, 1650
1750 m.

Entomobrya nivalis (Linne)
Loc. 6, 7, 8, 33, 46. A few specimens in
dry meadow, Dryas heath, lichen heath and
pine litter (950-1450 m). ]otunheimen, Dov
refjell, Trollheimen.
E. multifasciata (Tullberg)
Loc. 54. Several specimens in Dryas tufts
in birch forest at Bovertun, ]otunheimen
(960 m).
Willowsia buski (Lubbock)
Running in sunshine on warm slates in
garden near the railway station at Kongsvoll,
Dovrefjell (1000 m).
Lepidocyrtus lignorum Fabricius
Loc. 2, 3, 4, 5, 6, 7, 8, 12, 14, 16, 21, 27,
28, 29, 30, 31, 32, 33, 35, 42, 44, 45, 46, 52,
54, 55. Common in both dry and moist bio
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topes up to 2200 m. Jotunheimen, Dovrefjell,
Trollheimen.

L. violaceus Lubbock
Loc. 54, 56. Subalpine marsh and birch
forest (900-960 m), J otunheimen, Vikafjell.

T omocerus minutus Tullberg
Loc. 8. One specimen in Dryas heath N of
Skautho, ]otunheimen (1350 m).
Sminthurides pumilis (Krausbauer)
Loc. 3. One specimen in litter in Salix
scrub
at
Hellstuguhogda,
Jotunheimen
(1320 m).

S. malmgreni (Tullberg)
Loc. 4, 8, 40, 42, 50, 52. Subalpine bog,
wet meadow in the Middle Alpine zone and
different moist habitats up to 1630 m in the
High Alpine zone. Jotunheimen, Dovrefjell.
S. schoetti (Axelson)
Loc. 8, 19, 25, 35, 52, 53, 56. Marshes and
wet meadows up to 1900 m. J otunheimen,
Dovrefjell, Trollheimen, Vikafjell.
S. parvulus (Krausbauer)
Loc. 3, 43, 53. Wet habitats up to 1550 m.
Jotunheimen, Dovrefjell.
Arrhopalites principalis Stach
Loc. 25, 53. In bog and wet moss (920
1320 m). Dovrefjell, Trollheimen.
Sminthurinus aureus (Lubbock)
Loc. 3, 4, 5, 8, 25, 42, 43, 44, 53, 55. Both
dry and wet biotopes, but most abundant in
wet meadows, up to 1550 m. Jotunheimen,
Dovrefjell, Trollheimen.
S. concolor (Meinert)
Loc. 20, 28, 51. Only found at dry sites
(moss, lichens, grass tufts) at the mountains
Styggehe in Jotunheimen (2210 m), Nystugu
he in Dovrefjell (1754 m), and Gjevilvass
kammen in Trollheimen (1420 m).
According to Gisin (1963) this is an arctic!
subarctic species that is found in Greenland,
Jan Mayen, and England. Stach (1962) re
ports the species from Spitsbergen.

Bourletiella insignis (Reuter)
Loc. 24, 34. Among vegetation in subalpine
birch forest, up to 900 m. Dovrefjell, Troll
heimen.

B. clavigera Gisin
Loc. 3, 34, 56. Marsh, birch forest and
meadow up to 1320 m. Jotunheimen, Dovre
fjell, Vikafjell.
B. pistillum Gisin
Loc. 2, 5, 9, 10, 14, 19, 28, 55. Dry mead
ows and heaths, sometimes in wetter habitats,
up to 1900 m. Jotunheimen, Trollheimen.
B. repanda (Agren)
Loc. 34. On vegetation in Sub Alpine birch
forest at Varstigen, Dovrefjell (900 m).

DISCUSSION

Vertical distribution
As most of the examined localities are
above the forest limit (1000-1100 m), only
a few lowland species were found: Hypo
gastrura inermis, Pseudachorutes subcrassus,
T ullbergia affinis, Anurophorus septentrio
nalis, Vertagopus westerlundi, Entomobrya
multifasciata, Lepidocyrtus violaceaus and
Bourletiella repanda.
Most of the species in the Lower and
Middle Alpine zones (11 00-1500 m) are also
known from lowland sites in other places, but
some are possibly confined to plant com
munities in these zones: T ullbergia arctica,
Pseudanurophorus inoculatus, Isotomodella
pusilla, and Folsomia dovrensis. It is note
worthy that all these four species were most
abundant in the luxuriant dry meadows with
calceophilous flora in the Middle Alpine
zone.
The most characteristic fauna is found
above 1500 m, in the High Alpine zone. The
following species were not found at lower
levels: Anurida alpina, A. frigida, Onychiurus
arcticus, Folsomia agrelli, Vertagopus arc
ticus, Sminthurinus concolor. The three
subarctica, Agrenia
species Proisotoma
bidenticulata, and Vertagopus sarekensis are
most frequent in the High Alpine zone, but
were occasionally found at lower levels.
Frequent in all altitudinal zones were:
Hypogastrura scotica, Onychiurus pseudo
vanderdrifti, T etracanthella britannica, Fol
somia quadrioculata, Isotoma viridis, I. ol
ivacea, I n.eglecta, Lepidocyrtus lignorum,
and Sminthurides malmgreni.

Collembola from mountains
Geographical distribution
A rich alpine collembole fauna was de
scribed by Wahlgren (1919), Agrell (1941),
and Fjellberg (1973, 1975a) in North Scandi
navia. The present survey demonstrates that
most of these species also occur in mountains
in South Norway. Of special interest are the
following species with a predominately arctic
distribution (details given in the species list):
Anurida alpina, A. frigida, Onychiurus
arctieus, T ullbergia arctica, Pseudanuro
phorus inoculatus, Isotomodella pusilla,
Folsomia agrelli, Proisotoma subarctica, Ver
tagopus sakenis, V. anticus, and Sminth
urinus concolor.
In the high arctic (Greenland, Spitsbergen,
etc.) several of these species are found down
to sea level.
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Predation of Anthocoris sibiricus Reuter (Het., Anthocoridae)
on Myzus persicae (Sulzer) at constant and
fluctuating temperatures
USE HOFSVANG

Hofsvang, L. 1976. Predation of Anthocoris sibiriClts Reuter (Het., Anthocoridae)
on My=us persicae (Sulzer) at constant and fluctuating temperatures. Norw. ]. Ent.
23, 139-142.
Aphid predation of Anthocoris sibiricus Reuter was studied at a temperature fluc
tuating between 8° and 28° and at a constant temperature of 18°C. The green
peach aphid Myzus persicae (Sulzer) was used as prey. Total predation of the
nymphs was significantly greater at fluctuating temperature. There was no dif
ference between the daily predation of male and female nymphs. Of the imagines,
the daily predation of the females was significantly greater than that of the males.
Lise Hofsvang, Department of Zoology, Agricultural University of Norway,
N-1432 As-NLH, Norway.

Species of Anthocoridae are, together with
species of Chrysopidae, Syrphidae, and Coc
cinellidae, important predators on the green
peach aphid Myzus persicae (Sulzer) on potato
(Barbagallo et al. 1972) and on tobacco
(Mardzhanyan & Ust'yan 1965). Biirner &
Heinze (1957) report Anfhocoris sibiricus
Reuter as an enemy of M. persicae and that
the species is also known to prey on the
aphids Semiaphis dauci F., Aphidula pomi
DeC., Aphidula nasturtii (KalL), and Aphis
fabae Scop.
In the present paper, A. sibiricus is reported
as predator on M. persicae reared on swedes
(Brassica napus napobrassica (L.) Rchb.) at
a constant temperature of 18 ° and a tempera
ture fluctuating between 8° and 28°C. Times
of development, hatching per cent, and mor
tality with the same prey species are pub
lished in a previous paper (Hofsvang 1976).
MATERIAL AND METHODS
The method of rearing A. sibiricus is pub
lished elsewhere (Hofsvang 1976). The speci-

mens were supplied with fresh aphids once a
day and always in excess. Winged aphids
and the smallest aphid stages were avoided.
At the daily control, aphids alive from the
previous day were counted. In vials with
aphids only, the natural aphid mortality, z,
was found at all temperatures. When a
nymph, i, was supplied with N aphids, and
xi was the total number of dead aphids, two
equations were used to find the number of
aphids, xi' killed by predation of one speci
men of A. sibiricus. If z per cent of the aphids
die, and Yi aphids are then preyed upon, we
have:

I

Xi =

Yi

+

z

100

Ni

If Yi aphids are preyed upon, and then z per
cent of the aphids die of other reasons, we
have:

11
Aphid predation by males and females of
imagines was studied. The adult specimens
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were treated as the nymphs (Hofsvang 1976).
The observations were made from the fifth
to the 18th day of imaginal life.
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The aphid mortality during 24 hours was
12.0 per cent at fluctuating temperature and
7.2 per cent at 18°C. The results are based
on feeding of 40 nymphs at 8°_28° and 36
nymphs at 18°C. Close to and at moulting
there was no predation by the nymphs. As
the period of no predation prior to moulting
lasted longer than the period from the moult
ing was accomplished to the nymphs
again started to feed, predation at the day of
moulting was included in the following stage.
Fig. 1 shows the average daily predation of
the different instars at 18° and at 8°-28°C.
Especially at the end of instar V the lower
aphid predation can clearly be seen.
The average numbers of aphids killed by
predation of each nymph at 18° and 8°_28°C
are given in Table I. At fluctuating tempera
ture, 26.3 per cent of the total aphid preda
tion occurred during the three first ins tars,
17.8 per cent in the fourth, and 56.1 per cent
in the fifth. At 18°C, these values were 21.3,
19.4, and 59.2 per cent, respectively. The
total nymphal time of development was sig
nificantly shorter at fluctuating temperature
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Fig. 1. Daily average number of aphids killed by
predation in ins tar I-V of A. sibiricus at 8°-28°
and 18°C. The numbers at the curve points show
the number of nymphs left in each instar on that
particular day. - - 8°_28°C. - - - 18°C.
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stage for males and females of A. sibiricus
(Table 11). The female had a significantly
rf I?
longer
average time of development: 19.6
201
days for females and 17.3 days for males
at fluctuating temperature, 20.0 days for
females and 18.1 days for males at 18°C
\
,r-_,
(Hofsvang 1976). However, the mean number
\
I"
\
of aphids killed per day in a stage was simi
\
I
\
lar in the two sexes at both temperatures
\
I
\
\
I
\
\. __ .1
\ I
(Table 11).
V
Fig. 2 shows the daily number of aphids
preyed upon by 6 males and 6 females through
a period of 14 days. The females of the
i imagines of A. sibiricus had a significantly
-~~~
greater daily predation than the males (P ::::;
IS
17
0.02); the average number of aphids killed
in a day was 12.6 for females and 11.6 for
Fig. 2. Daily aphid predation of male and female males.
imagines of A. sibiricus at 18°C from the fifth
to the 18th day of imaginal life.
n
1--<;>
r --="

6

l

\
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DISCUSSION
than at 18°C (Hofsvang 1976) but more
nymphs were killed at fluctuating tempera
ture. This was significant for the total preda
tion of instar I, 11, Ill, and for the five in
stars together.
It appears from Fig. 1 and Table I that the
number of aphids killed by A. sibiricus in
these investigations was nearly always higher
at fluctuating temperature, though not sig
nificant at instar IV and V. The aphid pre
dation had a maximum in the beginning of
each instar. Except for instar I at 18°C, where
the top was reached on the first day. the
numbers of aphids killed by A. sibiricus in
the first four instars reached a top the second
day. For the fifth instar the maximum was
reached on the third day (Fig. 1).
There was a significant difference between
the average predation of the total nymphal

Table II.
Aphid predation of males and females of
A. sibiricus at constant ~'"1d fluctuating temperature.
6 • n~ - 6 •

n", -

Sex
No. aphids kllled

per total nymphal

stage

~
(f'

111. 6

~

2.40

98.1 ~ 2.67
P

t-t est

No. aphids killed
per day

8°_28°c

~

0.001

18°e:
,6.3

~

2.16

87.0 ~ 2.91
P

~

0.02

~

5.7

4.8

d"

5.7

4.8

Predation and aphid consumption of Antho
coris nemorum L., an anthocorid species of
about the same size as A. sibiricus, has been
investigated with other prey species besides
M. pcrsicae, and in different ways (Hill 1957.
Kramer 1961, Asgari 1965, Russel 1970). It
is difficult to compare these investigations
with the results of this paper. The one where
the methods seem to be most comparable is
the investigation done by Asgari (1965). He
found that the daily average amounts of the
aphid Aphidula pomi DeG. preyed upon by
A. nemorum through instar I-Vat 20°C
were 9.8, 11.0, 16.9, 15.5, and 12.9 aphids
respectively. A. porni is approximately the
same size as M. persicae. It seems that A.
JibiricuJ needs a lesser amount of food to
accomplish development than A. nernorum,
but this difference might also be due to dif
fere~t nutrial value of the different prey
speCIes.
As fluctuating temperature had a signifi
cant effect on aphid voracity of A. sibiricus,
it also shortened the time of development of
the same species significantly (Hofsvang
1976). The small increase in heat summation
at fluctuating temperature is probably the
reason (Hofsvang 1976). When the instars
are treated individually, both voracity (Table
I) and time of development (Hofsvang 1976)
are significantly different at constant and
fluctuating temperature only in the second
instar. The first and third instar did not have
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a significantly shorter time of development
at fluctuating temperature (Hofsvang 1976),
but voracity was significantly greater. The
contrary was the case in the fourth instar.
In the fifth instar no significant difference
was present. The instars seem to have dif
ferent lower temperature limits for time of
development (Hofsvang 1976). Then the heat
summation that influences the individual
nymphal instars at the two temperatures will
differ a little from one instar to the other.
Because of this and also the fact that the
increase in heat summation when changing
from constant to fluctuating temperature is
small, it is reasonable that the strength of the
response of the temperature on the individual
instars should differ.
Perhaps, then, the females of imagines of
A. sibiricus have a higher aphid consumption
to obtain energy for egg production.
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Notes on the Collembola communities In some major
plant-sociological associations at Spitsbergen, Svalbard
ERLING SENDSTAD

Sendstad, E. 1976. Notes on the Collembola communities in some major plant
sociological associations at Spitsbergen, Svalbard. Norw. ]. Ent. 23, 143-148.
The Collembola communities were studied in four different areas at Spitsbergen,
Svalbard. The sites of investigation were picked out according to a plant-sociologi
cal analysis.
Mean data for the abundance of the different species are given. It is also shown
that the Collembola are grouped characteristically according to the broad lines in
plant sociology.
Data for diversity and biomass are also given. It is shown that the two dominant
Collembola species in a specific area have a biomass of live weight estimated to
340 mg/m 2 •

Erling Sendstad, University of Trondheim, Royal Norwegian Society of Sciences
and Letters, The Museum, Erling Skakkes gt. 47 B, N-7000 Trondheim, Norway.

Human activity in different parts oof the
Arctic has many times resulted in biological
backlashes. This has more or less dramatical
ly demonstrated the need for increased ecol
ogical understanding of the arctic tundra.
Spitsbergen, the main island in the archi
pelago of Svalbard (Fig. 1), is still little in
fluenced by the activity of man. On the other
hand, this island is probably among the areas
in the Norwegian Arctic where human activ
ity will increase in the future. It is an im
portant and interesting task for biologists to
follow this process and its impact on the
fragile biological systems in this area. For
this purpose, it is important to get reference
data from the arctic tundra while it is still
found in its natural state.
AREA
These investigations were carried out during
the summer seasons of 1973 and 1974, in the
period from primo July to ultimo August.
In 1973 the field work took place at Kapp
Wijk, Isfjorden. Summerhays & Elton (1928)

divided Svalbard into four ecological zones.
In this system Kapp Wijk belongs to the
biologically richest zone, called 'Innerfjord
zone'. Three investigation sites were picked
out in three different plant-sociological asso
ciations:
Site A: Tetragono-Dryadetum (Ronning
1965)
Site B: Polari-Dryadetum (Ronning (1965)
Site C: Caricetum ursinae (Radac 1946)
In 1974 the field work was concentrated at
Ny Alesund. This area belongs to the 'Outer
fjord zone' according to Summerhays & Elton
(1928). The area as such is characterized by
more severe macroclimatic conditions than
the Kapp Wijk area. At Ny Alesund one
site was picked out as investigation area:
Site D: Tetragono-Dryadetum (Ronning
1965).
Fom a plant-sociological viewpoint, site C
is unique among the sites. Site C is a shore
meadow dominated by sedges, as Carex ur
sinae. Seaweeds deposited on land by the sea
are also typical for this site.
The other three sites, A, B, and D, all be
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during the summer, each with two replicates
for the sites A, B, and C. The data from site
D are based on nine samples, each with twelve
replicates.
QUANTITATIVE ASPECTS OF THE
FAUNA
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Fig. 1. Map of Spitsbergen and neighbouring is
lands. The two areas of investigation, Kapp Wijk
and Ny Alesund, are marked.

long to the plant-sociological unit Dryadion
(Ronning 19(5). Typical plants at these sites
are therefore Dryas octopetala and other
woody species. Consequently the litter pro
duced at these three sites is totally different
from that of site C. The edaphic data of the
four sites are given elsewhere (Sendstad
1976).

METHODS
The Collembola were extracted from soil
cores, each with a diameter of 5.5 cm. The
soil cores were 3 cm deep; consequently these
investigations describe the fauna in the upper
3 cm of the soil profile.
The extraction process was carried out by
a high-gradient extractor, following Mac
fadyen's principles (Macfadyen 19(1). The
data given are calculated as mean data for
the summer season, based on ten samples

The Collembola fauna in the four sites were
treated qualitatively and quantitatively. This
forms the basis for a comparison between the
different sites (Table I).
A coincidence table (Table Il) was cal
culated based on Renkonen's number (Ren
konen 1938). Renkonen's number is calculated
from Table I by adding the smallest relative
abundance for each species present in both of
the two sites compared. This is an index of
similarity. The estimated figures for Ren
konen's number were arranged in a coinci
dence table.
To show the relations in Table II more
clearly, a classification system based on
Mountfort (1962) was constructed. This is
done by arranging the two most similar sites
together. The similarity between these two
sites and the rest of the sites are then cal
culated. As can be seen from Table ll, sites
A and B show the greatest degree of similar
ity. The relation to the other sites was cal
culated as shown in Fig. 2.
Table II and Fig. 2, based on the Collem
bola communities in the different sites, show
the same main picture as the plant-sociologi
cal analysis. There is one site among the four
which is unique, site C. The Collembola fauna
in the sites belonging to the plant-sociological
unit Dryadion, that is A, B, and D, do not
show striking differences. It is, however, in
teresting to note that the difference between
the inner and outer fjord zone seems to have
a greater influence on the Collembola com
munities than on the plant communities in
which the Collembola live. This can be
[een by examining sites A and D (Table
I1). Site A is situated in the inner fjord
zone, while site D belongs to the outer
fjord zone; nevertheless both of these sites
belong to the same plant-sociological associa
tion. The Collembola fauna in these two
sites is, however less similar than in the
sites A and B. These two sites both belong
to the inner fjord zone, but they are plani
sociologically different.

Collembola communities
'Table I.
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2
Mean number per m of the different species of Collembola and their relative

aJundance.

The species marked with •

No./m

2

~s

R.ab.

not recorded from SpitzbE'rgen before

No./m

2

R.ab.

No·/rn

2

R.ab.

No./m

2

R.ab.

Poduridae

Bypogas trura

viat1.~ca

Hypogastrura tu ZZbergi
Hypogastrura hirsute:

Xenylla.

1290

30.6

2150

28.1

40

1.0

400

5.3

hwn~cola

110

2.5

590

2.0

1730

9.2

2930

15.6

2S0

1.4

740

3.9

6580

Willemia QilophtaZma
Anurida frigida

380

7. S

Anurida pygmaea

33.9

440

2.3

20

0.1

Onichiuridae

OnichiuY'Us groen larulicHs

5500

29.4

60

0.3

320

7.5

480

C.4

131J

0.7

SO

0.3

1900

45.2

3280

43.1

6420

34.1

8690

44.8

130

3.2

130

1.7

440

2.4

2560

13.2

Pl'oisotoma schoetti

SO

1.0

Agrenia biden ticu lata

SO

1.0

20

U.3

20

0.1

Isotoma viridis

20

0.5

20

O. ,

20

0.1

10

0.1

Isotoma. angeLicana

so

1.0

20

0.3

20

0.1

60

0.6

Is Qtorna cZivacea

20

0.5

400

5.3

UD

0.6

720

3.7

lsotcma neglecta

230

S. S

130

1.7

40

0.2

40

0.2
170

0.9

20

0.1

18770

100

19380

100

Onichiurus arcticus
Isotomidae

Falsomia quadriocu lata
Folsomia bisetcsa

Sminthur idae

Srmn thurides sp.
Smin thurinu8 niger
MCf7a ?-oLhOl'~1>X minimus·
L Co11embo1a

QUALITATIVE ASPECTS OF THE
FAUNA
The qualitative background for the data
given in Table 11 and Fig. 2 was investigated
by testing the tendency of the different spe
cies to occur together in the soil. In this anal
ysis only those species which have a relative
abundance of 5°/0 or more were treated. This
choice leaves ten species to be considered.
The degree of interspecific association is
calculated and tested by a method used by
Davis (1963). The significance of association
is given by the following equation, with one
degree of freedom:
N (/ ad - bc I - 1/2 N)2
x2 =
(a + b) (b+d) (c+d) (a +b)
where N = the number of soil cores investi
gated, a = the number of times both species
are present, band c = the number of times
10 -
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20

O. S

4230

100

7620

100

only one species is present, and d = the
number of times none of the species is present.
From a x 2 table, one degree of freedom,
one gets that x 2 > 6.63 is significant at 1%
level. A positive or negative value is given
by (ad - bc). This test was done for data
from 168 soil cores.
The degree of interspecific association is
shown in Fig. 3, where it can be seen that

Table 11.

Coincidence table,

based on Renkonen's number
D
C

40.3

B

79.7

A

82.2

D

100

A

41.7
85.9
100

B

46.7
100

C

100
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easily decomposable organic matter. They
are all common in other similar habitats on
Svalbard, for instance in areas dominated by
Deschampsia alpina. Among the species which
belong to sites A, B, and D, only H. tullbergi
seems to be a really characteristic species of
a habitat that plant-sociologically can be
described as Dryadion.
It should also be noted that all the sites
are dominated and kept together by Folsomia
quadrioculata. This species seems to be the
most widely distributed and ecologically most
important Collembola species on Svalbard,
both as a consequence of its distribution and
because it seems to prefer to feed directly on
litter (Whittaker 1974). A taxonomical re
mark must, however, be attached to this
species. In wet habitats on Svalbard it may
be mixed with Folsomia nana. These 'species'
can only be separated through relative char
acters. These characters seem, however, to be
self-contradictory. At the present state of
taxonomy, I therefore prefer to keep the two
'foims' together and treat them as F. quad
rioculata.

L

-;/40,3

~

/
~-

Fig. 2. Final classification of the four sites, based
on the Collembola communities.

the Collembola form two groups. There is
one which contains the Collembola of the
shore meadow, site C. This group consists of:
Xenylla humicola, Hypogastrura hirsuta,
Onichiurus groenlandicus, Anurida frigida.
The other group belongs to the sites A, B,
and D and comprises: Hypogastrura tullbergi,
Folsomia bisetosa, Isotoma olivacea.
It should also be mentioned in this con
nection that the Collembola fauna of site C
also includes some epigeous species which
are not trapped in the soil cores in represen
tative numbers. Of these, both Sminthurides
malmgreni and Archisotoma besselsi were
found to be common.
Among the soil-living species characterizing
the shore meadow (site C), only X. humicola
seems to be typical of this habitat. The other
species seem to be attracted by humid grass
land areas or other humid habitats rich in

THE COLLEMBOLA COMMUNITY
AT SITE D
As a specific example, the Collembola com
munity at site D will now be treated more
thoroughly, with regard to biomass and
diversity.

H. tullbergi
------

O. groenlandicus
~:

arc1icu5

' .........

.............

--X. hu m icolo

F. bisetoso

H. hirsute

I,

neglecto

Significant ot 1 0 10 level

Po~itive, but not significant.

Fig. 3.

Interspecific association of ten Collembola species as it appeared in 168 soil cores. The lines
between the species indicate the significance of association.

r

Collembola communities
The diversity in this community is presented
in Fig. 4, calculated as Shannon's index:

Number
Diversity

No. per soli core

"" Ni
Ni
H=-~NlogN
where Ni
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= the No. per m 2 of a specific

lversity

40

•

N

I'

0.1

I'

species relative to the No. per m2 of all
species.
As can be seen (also from Table I) this
community consists of a few, dominating
species. When these species increase their
abundance, the diversity consequently goes
down (Fig. 4). The mean estimate of diversity
during the season was H = 0.57.
In this community there are two species
which are of prime importance in the trans
fer of organic matter, F. quadrioeulata and
H. tullbergi. They count for about 800/0 of
the total Collembola abundance. However,
this statement does not mean that the other
ten species in the community are uninteresting
ecologically. They constitute the 'diversity' in
the community, and as such they provide the
system with a greater ability to meet the
challenge of a changing environment. To
know the diversity of a community is, in
fact, of major interest in an arctic habitat,
because a reduced diversity is one of the
most characteristic features in arctic ecology.
The biomass of H. tullbergi and F. quadrio
culata was estimated by weighing the species
alive.
The populations were divided into growth
classes by measuring the body length, from
the base of antennae to the end of the ab
domen.
The weighing was done with a microscale,
with an accuracy of 0.5 p,g. The specimens
were, however, kept on a water film for
about three hours so that their guts were

I

I

I

"

'

'
'

I

I
I

I

I

'

\' '

\

II
I

0,6

'\

\

:

,

\

I

\

\

20

0.5

0,4

0.3
22

16

27

Fig. 4. Fluctuations in the total abundance and
the diversity of the Collembola community at
site D.

emptied to a certain degree. The weight of
the different growth classes are presented
in Table Ill.
To calculate the biomass for these two
species, the fluctuations in abundance during
the summer had to be considered. A new esti
mate of biomass was calculated for each
period between the dates of sampling (Fig. 4).
Then a mean estimate for the summer was
calculated. This gives:
F. quadrioeulata
165 mg/m2
H. tullbergi
175 mg/m 2
If compensated for the total abundance of
Collembola, the biomass of this Collembola
community may be estimated to approxi
mately 425 mg/m 2 live weight.

Table Ill. Mean weight of the different growth classes in live weight for Hypogast'PUra tuLlbergi and Folsorrria

quadrio"u lata

Growth classes

Mean length

n

Hypogast1'Ul'a tuUbel'gi
Folsomia quadrioC'ULata

III

II

0.39

(mm)

10

-x

pg

Sx

5.00
2.33

0.58

IV

0.89

0.64
n

x pg

Sx

n

5

17.60

5.37

5

5

11.80

4.15

8

V

1.14

1.28

Sx

n

x pg

Sx

n

-x pg

Sx

38.80

4.60

6

42.83

4.96

5

55.00

5.70

33.38

6.00

8

39.13

8.44

5

52.67

7.51

-x

)19
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Cold-hardiness of winter-active Collembola
LAURITZ S0MME

Somme, L. 1976. Cold-hardiness of winter-active Collembola. N orw. }. Ent. 28,
149-153.
vVinter-active collembolans were collected on the snow surface in the vicinity of
Oslo. The mean chill-coma temperatures of three species, Isotoma hiemalis Schott,
Entomobrya nivalis (L.), and Hypogastrura socialis (Uzel) were -7.1°, _3.4° and
-8.6°C respectively. All species had supercooling points in the range of -25° to
-6°C. In I. hiemalis, the ability to supercool increased during starvation, llldicating
a relationship between supercooling and the presence of food in the gut. No
specimens survived freezing at temperatures corresponding to their supercooling
points. It is concluded that the collembolans avoid freezing during cold spells in
winter by escaping from the snow surface to the warmer surroundings under the
snow.
Lauritz Somme, Zoological Institute, University of Oslo, P. O. B. 1050, Blindern.
Oslo 8, Norway.

Winter-active insects have been observed by
a number of authors, and a review of older
literature has been compiled by Striibing
(1958). Several species of collembolans may
occur in enormous numbers on snow and
glaciers. Among the most common are species
of Isotoma, Hypogastrura, and Onychiurus,
as well as Podura quatica L. and Entomobrya
nivalis (L.). From Norway, Hagvar (1973)
reported that Isotoma hiemalis Schott appears
on the snow surface in mild weather from
January to April, and is the main source of
food for the winter-active spider Bolyphantes
index (Thorell).
Although numerous observations of winter
active collembolans have been made, their
cold-hardiness is poorly investigated. Stein
bock (1939), however, found that most speci
mens of Isotoma saltans (Nicolet) had chill
coma temperatures between _9° and _7°, and
some specimens as low as _12° or even _15°C.
Other species of collembolans may also be
active at low temperatures. The chill-coma
temperatures of 24 species studied by Agrell
(1941) varied from _10° to 4°C. The species

included the winter-active Entomobrya ni
valis, which had chill-coma temperatures in
the range of -7 ° to _4°C. These results were
obtained with summer animals, but in four
species a lowering of the chill-coma tempera
tures with about 4°C was observed during
August and September.
Information about the survival of winter
active collembolans at low temperatures is
also scarce. According to Steinbock (1939)
some specimens of Isotoma saltans survived
exposure to _19°, while Striibing (1958) found
that all specimens of 1. hiemalis and I. fen
nica Axels. perished at _9° to _7°C.
Other insects besides collembolans are also
known to b~ active on the snow surface during
winter (Striibing 1958). Among these are two
species of Boreus (Mecoptera), which, 2-C
carding to Somme & 0stbye (1969), are not
able to survive temperatures below _6° to
_5°C. Although these insects may be observed
on the snow at a few degrees below zero, their
mrvival apparently depends on their ability
to seek protection under the snow cover when
lower air temperatures set in.
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Fig. 1. Apparatus for studies of chill-coma tem
peratures of collembolans. A: Freezing stage, B:
Observation chamber, C: Cardboard floor, D:
Thermocouple, E: Recording potentiometer, F:
Freezing stage power unit, G: Binocular micro
scope.
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The purpose of the present study was to
obtain more information about the cold
hardiness of winter-active collembolans. Un
less these animals are frost-resistant, as de
fined by Asahina (1966), their survival on the
snow surface may depend on their ability to
avoid freezing by supercooling. It may also
depend on their-ability to escape from the
snow surface, thus avoiding the risk of freez
ing when the temperature drops. To determine
the ecological significance of these factors,
activity at low temperatures, chill-coma, and
supercooling were studied in the laboratory.
The ability of the different species to survive
freezing was judged from the revival of
specimens used in the experiments.

MATERIAL AND METHODS
Collembolans used in the present study were
collected on snow in coniferous forests.
Samples were taken at various localities in
the vicinity of Oslo from December to March
during the winters of 1971/72 and 1973/74.
The localities are situated in Enebakk (UTM:
32VPMI65248), Bxrum (UTM: 32VNM
850440), Oslo at Sognsvann (UTM: 32VNM

-25

-15
-10
-5
-20
SUPERCOOL ING POINTS

0

°C

Fig. 2. Supercooling points of Isotoma hiemalis
collected on snow at different localities from
January to March 1972.

964501), and Frogn (UTM: 32VNM93119l).
The most common species was Isotoma hie
malis Sch6tt, but on some occasions Entomo
brya nivalis (L.) and H ypogastrura sodalis
(Uzel) were also found in high numbers. The
collembolans were brought to the laboratory
in glass tubes, and stored at 2°C until experi
ments were performed the same or following
day.
Supercooling points were measured with a
copper-constantan thermocouple, connected
to a recording potentiometer. The collembol
ans were attached to the thermocouple by a
thin layer of Vaseline. The supercooling points
of five or six collembolans could be measured
simultaneously by attaching them to the
thermocouple at the same time. To slow the
rate of cooling, the thermocouple was placed
inside two glass tubes, closed by rubber stop
pers through which the connecting cords were
run. The thermocouple with surrounding
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Fig. 4. Supercooling points of HypogastTUTa so
cialis and Entomobrya nivalis collected on snow
during the winter of 1973/74.

-20

-15

-10

SUPERCOOLING POINTS

-5

0

°c

Fig. 3. Supercooling points of lsotoma hiemalis
collected in Frogn 27 February 1972 (A) and
stored without food at 3°C for one (B) and two
(C) weeks in the laboratory. Means and SD are
calculated separately from data on the right and
left sides of the dotted line.

glass tubes was then lowered into a glass
cylinder placed in the cooling bath of a
cryostat. Under these conditions the insects
were cooled at a rate of 1 to 2°C per minute.
Chill-coma and chill-stupor temperatures
were studied by observing the collembolans
under a binocular microscope during gradual
cooling. A 'Pelcool' microtome freezing stage
connected to a power unit was placed on the
microscope stage (Fig. 1). The freezing stage
itself consisted of a Peltier chamber which
could be cooled to temperatures of about
-20°C. An observation chamber, made from
a thick-walled plastic cylinder, was placed
on the freezing stage. The chamber was 3 cm
high and had an inner diameter of 4 cm. It
was covered by a clear plastic lid, through
which the animals could be observed. The
bottom of the observation chamber was made
from a cardboard plate, to the upper side of
which a small copper-constantan thermo
couple was fastened. The thermocouple was
connected to a recording potentiometer from
which the temperature of the observation
chamber floor could be read continuously.
The cooling rate could also be observed from
the potentiometer, and regulated by adjust
ments of the freezing stage power unit. In the

chill-coma temperature range of the collem
bolans, the cooling rate was approximately
0.5 0 to 1.00 per minute.
One or two collembolans were placed in the
observation chamber and their activity ob
served as the temperature was gradually
lowered. The chill-coma temperature was
defined as the temperature at which the in
sects lost their ability to walk or jump, often
falling on their sides. The chill-stupor tem
perature was reached when all small move
ments of legs and antennae ceased.

RESULTS AND DISCUSSION

Supercooling
The ability of field-collected specimens of
T. hiemalis to supercool was quite variable.
The dispersal of the supercooling points is
presented as bar charts in Fig. 2, where the
supercooling point of each specimen IS
plotted.
Specimens collected in Enebakk 23 January
and in B<erum 9 February all had relatively
Iow supercooling points, while the super
cooling points of those from Sognsvann 10
February were mostly higher than _lOoC.
A few specimens of the last sample, however,
had lower supercooling points, and the pro
portion of specimens with Iow supercooling
points was larger in collembolans collected
4 days later at the same locality. In speci
mens collected in Frogn 3 March the results
also appear to fall into two groups.
The high supercooling points of some of the
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Table I. Chill-coma and chill-stupor temperatures of winter-active collembolans collected on
snow during the winter of 1q7}/74

Species

Hypogastrura soclalis

Entomobrya nivalis
Isotoma hiemalis

Date of
collection

Chill-stupor °c
range
mean

2'1

Chill-coma DC
range
'Ylean

8

-8.6

-10.0/-7.5

14 Dec.

11

-3.4

-5.0/-2.0

-9.3

-12.5/-7.0

7 Jan.

12

-7.1

-Q.0/-5.0

-11. q

-15.0/-7.0

4 Jan.

specimens may be related to the amount of
food in their gut lumen. It has been suggested
by Salt (1967) that the food of many insects
may contain nucleating agents, which cause
freezing to start in the gut. From the gut
lumen the ice rapidly spreads through the
rest of the body.
To investigate a possible relationship be
tween feeding condition and supercooling in
I. hiemalis, some specimens were starved for
one or two weeks in the laboratory. The
specimens belonged to a sample collected in
Frogn 27 February 1972, and at the time of
collection all of them had supercooling points
higher than -11°C (Fig. 3A). After one weeks
storage at 2°C in clean, empty glass con
tainers, the supercooling points clearly fell
into two groups, and were greatly lowered
in more than one-third of the collembolans
(Fig. 3B). After two weeks storage, two-thirds
of the specimens had supercooling points be
low -11°C, and only one-third above this
temperature (Fig. 3C).
The supercooling points of H. socialis and
E. nivalis collected during the winter of
1973/74 are presented in Fig. 4. In E. nivalis
the supercooling points fell into two groups,
while most specimens of H. socialis had low
supercooling points. As in I. hiemalis most of
the supercooling- points in the lower group
lie between _22° and -15°C.

Chill-coma and chill-stupor temperatures
Chill-coma and chill-stupor temperatures of
all three species are presented in Table 1.
The ability to move actively at sub-zero tem
peratures was most pronounced in H. socialis
and I. hiemalis, whose average chill-coma

-11. 8

-12.5/-1 1 .0

temperatures were _8.6° and _7.1°C respec
tively. Specimens of E. nivalis were immobil
ized by cold at an average temperature of
-3.4 °C. The chill-stupor temperatures of all
species were still lower, and small movements
of antennae were observed even in the range
of _15° to -12°C. The chill-stupor tempera
tures, as defined in the present study, are of
no ecological significance, but show that some
muscle work may be performed at surprising
ly low temperatures.

Death by freezing
VV'hile most insects are killed by freezing,
some species may tolerate the actual forma
tion of ice in their tissues (Asahina 1966).
Following supercooling, freezing, and removal
from the cryostat at temperatures in the
range of their supercooling points, no speci
mens of any of the three species used in the
present study showed signs of revival. During
cooling for studies of chill-coma and chill
stupor temperatures, a sudden jerk or crump
ling up appeared in some specimens. Follow
ing this behaviour, no specimens survived,
although other specimens that were cooled
to the same temperatures returned to an
active state when reheated. It was assumed
that the observed jerk was due to instantane
ous freezing, corresponding to the super
cooling point, and causing the immediate
death of the animal. Of the collembolans
used for chill-coma studies, two specimens of
H. socialis died in this way at -15°, four
specimens of E. nivalis died at temperatures
from _12.5° to _7.5°, and five specimens of
I. hiemalis died with a sudden jerk at tem
peratures from -15.0° to _7°C. It is con

Winter-active Collembola
eluded that all species are killed by freezing
at temperatures corresponding to their super
cooling points, and may thus be regarded a~
freezing-susceptible species.

Conclusions
In general the supercooling points of the three
species of collembolans were relatively high
regardless of feeding condition. Supercooling
points of insects that overwinter above the
~now cover, e.g. on trunks or branches of
trees, are normally much lower. To survive
the winter, the supercooling points of freez
ing-susceptible species must be lower than
the extreme winter temperatures of the area
in which they live. In the surroundings of
Oslo, where the collembolans of the present
study were collected, winter air temperatures
may drop below _20° and -25°C. Since the
collembolans of the present study are not
freezing tolerant, even specimens with the
lowest supercooling points would be killed
during such cold spells. The means of sur
vival for winter-active collembolans is to
e~cape low temperatures by migration from
the snow surface to the warmer surroundings
under the snow. Their ability to move active
ly makes it possible for all species used in the
present studies to disappear from the snow
surface when low temperatures set in.
Received 15 June 1976
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The specific heat of insects as a function of their relative
water content
K. E. ZACHARIASSEN, H. T. HAMMEL & W. SCHMIDEK

Zachariassen, K. E., Hammel, H. T. & Schmidek, W. 1976. The specific heat of
insects as a function of their relative water content. Norw. ]. Ent. 23, 155-157.
The specific heat of adult Eleodes blanchardi Blaisd. (Col., Tenebrionidae) was
measured as a function of their relative water content. The specific heat was found
to be about 0.37 callg.oC for dry beetles, increasing linearly with the relative
water content.
Karl Erik Zachariassen, Institute of Zoophysiology, University of Oslo, Blindern,
Oslo 3, Norway.
Harold T. Hammel, Physiological Research Laboratory, Scripps Institution of
Oceanography, San Diego, California 92037.
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The specific heat of whole animals and tissue~
under various conditions is a frequently used
quantity in thermal biology. In spite of the
importance of this parameter, only few data
as to its exact value are found in literature
(Mayer 1964, Luecke et at 1975). The in
fluence of the relative water content does not
~eem to be given much attention.
In the present study the specific heat of
whole beetles was measured and related to
their relative water content.
MATERIAL AND METHODS
The measurements were performed on adult
tenebrionid beetles of the species Eleodes
blanchardi Blaisd., which were collected in
the mountains of southern California.
The specific heat of the beetles was deter
mined with a gradient layer calorimeter. The
calorimeter consists of a box, the walls of
which contain a double layer of copper
constantan thermocouples, arranged in series
and alternating between the inner and the
outer layer. Arranged in this way, the thermo

couples give rise to an electrical potential pro
portional to the mean temperature difference
between the two layers, which furthermore
is proportional to the heat flux through the
calorimeter walls. A detailed description of
the calorimeter is given by Caldwell & a1. j
(1966).
~
The beetles were kept at O°C and then'
rapidly transferred to the calorimeter, which
was previously equilibrated to room tempera
ture (21 Q,-22.5°C). Inside the calorimeter the
beetles were allowed to heat to room tem
perature, and the heat needed for this would
have to pass through the calorimeter walls,
where it would be registered by the gradient
layer.
The relative water content of the beetles
was determined by weighing the beetles be
fore and after drying to constant weight at
70°C. The relative water content was re
duced by keeping the beetles without food
and water at room temperature for up to
three weeks. In one case, the specific heat
was measured on a beetle after drying to
constant weight at 70°C.
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As should be expected, the specific heat
changes considerably with the relative water
content of the beetles, and the relative water
content should consequently be taken into
consideration when the specific heat of tissues
or whole animals is to be estimated.
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Fig. l. Specific heat of adult E. blanchardi as a
function of their relative water content (.). The
solid line represents the calculated regression line
of the observed values, while the dashed line
represents a corrected course, taking into con
sideration that the specific heat of pure water
actually is l.00 cal/g.oC. Values taken from the
literature are also included in the diagram. From
Luecke & al. (1975) are taken values for specific
heat of 'tissues' (.A) (assuming a relative water
content of 800/0) and of blood (,6) (assnming a
relative water content of 850/0). From Altman &
Dittmer (1971) is taken a corresponding value for
erythrocytes (.) (assuming a relative water con
tent of 650/0).

RESULTS AND DISCUSSION
Corresponding values of specific heat and
relative water content are plotted in Fig. 1.
The calculated regression line has the formula
y = 0.37 + 0.00656 x,
and the correlation coefficient is 0.95.
At an abscissa value of 1000/0 (pure water)
the' corresponding ordinate value of the re
gression line is 1.03 cal/g.oC. This value
agrees well with the ideal value of the specific
heat of pure water in this temperature range,
which is about 1.00 callg. QC. The good cor
respondence between these two values and
the high correlation coefficient confirm the
reliability of the present measurements.
Since the specific heat of pure water has
actually a value of about 1.00 callg.oC. a
corrected line, describing the relation between
[,pecific heat and relative water content of
the beetles. has been drawn (the dashed line
in Fig. 1). This line is in good agreement with
data given by Luecke et al. (1975) and Alt
man & Dittmer (1971) (plotted as triangles
in Fig. 1).

Particularly interesting is the specific heat
of the dry substances of the animals. A de
termination of this value should make it pos
sible, on the basis of the relative water con
tent, to estimate the specific heat of animals
by interpolation, assuming that the specific
heat increases linearly with the relative water
content.
The ordinate intersection point of the
regression line, corresponding to the specific
heat of dry beetles, has a value of 0.37 call
g.oC. This value is in fairly good ag-reement
with values given by Hodgman (1947) for
solid organic substances such as dextrose
(0.275 callg.°C), maltose (0.32 cal/g.°C), and
urea (0.32 cal/g.°C). The discrepancy might
be caused by an incomplete water loss in the
betles dried at 70°C, and by the fact that
beetles here stated to have a relative water
ccntent of zero, thus contain some water. How
ever, control measurements showed no furth
er loss of weight when beetles, previously
dried to constant weight at 70°C, were kept
at lOO°C for 12 hours. This indicates a practi
cally complete water loss at 70°C. On this
basis, the discrepancy between the present
results and the values given by Hodgman is
more likely to be due to the contribution from
other substances, with a higher specific heat
than those given by Hodgman.
As to the applicability of the present results
on animals of other phyla, it must be kept in
mind that the beetles used in the present
~tudies have a thick chitinous exoskeleton
peculiar to arthropods. The exoskeleton might
give insects a specific heat different from
that of animals of most other phyla. The
difference, if any, should be most pronounced
in dry animals and approach zero as the rela
tive water content approaches 100%. How
ever, since the specific heat of erythrocytes,
which have a relative water content as low
as 65%, fits perfectly with the corrected
line on Fig. 1, it seems that this dif
ference is insignificant, and consequently,
that the present results can be applied on a
wide biological material.

Specific heat of insects
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Homoptera Auchenorrhyncha from Norway
CARL AUGUST SCHULZ

Schu1z, C. A. 1976. Homoptera Auchenorrhyncha from Norway. NoTUJ. ]. Ent. 23,
159-160.
Fifty-two species of cicadas are reported from different parts of Norway. The
following species are new to this country: Macropsis glandacea Fieber, Psammotettix
albomarginatus Wagner, Scleroracus decumanus Kontkanen and S. TUsseolus Fall.
C. A. Schulz, Fazantenlaan 60, St.-Pancras-Z, Holland.

Localities for 52 species of cicadas from sev
eral Norwegian counties are reported, based
on material collected during the summers of
1972 and 1973. Species marked with an
asterisk are new to Norway. Previous records
of cicadas from Norway have, among others,
been published by Holgersen (1944a, b, 1945,
1946, 1953) and Ossiannilsson (1943), but a
complete list of the species and their distri
bution does not exist.
The material of the present study is kept
in the author's collection.

CIXIIDAE

Cixius cunicularius L. Kongsberg 5 July 1972
1

~.

DELPHACIDAE

Stiroma affinis Fieber. Morgedal 5 July 1972
1 ~ 1 ~, Gjevik 27 July 1973 1 ~ 3~. Dicrano
tropis hamata Boheman. Langesund 30 June

1972 2 ~ 1 ~, Morgedal 5 July 1972 2 ~,
Kongsberg 5 July 1972 2 ~, Hvittingfoss 8
July 1972 1 ~, Larvik 11 July 1972 2 ~. Crio
morphus albomarginatus Curt. Gjevik 27
July 1973 1 ~. ]avesella forcipata Boheman.
Gjevik 27 July 1973 2 ~ 1 ~. ]. obscurella
Boheman. Evje 3 July 1972 1 ~. ]. pellucida
Fabr. Langesund 30 June 1972 1 ~.

CERCOPIDAE

N eophilaenus exclamationis Thunb. Lange
sund 30 June 1972 8 ~ 4 ~, Hvittingfoss 8 July
1972 2 ~ 2 ~, Lalm 27 July 1973 3 ~ 2 ~. N.
lineatus L. Hvittingfoss 8 July 1972 1 ~,
Gjevik 27 July 1973 3 ~ 2 ~, Slinde 24 July
1973 1 ~ 2 ~, Lalm 27 July 1973 1 ~ 2 ~.
Aphrophora alni Fall. Hvittingfoss 8 July
1972 2 ~. Philaenus spumarius L. Larvik 11
July 1972 2 ~, Kongsberg 5 July 1972 1 ~,
Ulvik 22 July 1973 4 ~ 7 ~, Gjevik 27 July
1973 4 ~ 1 ~, Lalm 27 July 1973 2 ~ 1 ~,
Hvittingfoss 8 July 1972 1 ~.
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CICADELLIDAE

Oncopsis alni Schrank. Slinde 24 July 1973
1 Cf', Hvittingfoss 8 July 1972 1 ~, Horten 9
July 1972 1 Cf'. O. f[avicollis L. Morgedal 5
July 1972 1 ~, Horten 9 July 1973 1 ~, Slinde
24 July 1973 2 Cf'. O. tristis Zett. Hvittingfoss
8 July 1972 1 ~, Slinde 24 July 1973 1 ~ 6 Cf',
Kongsberg 5 July 1972 1 ~. ':'Macropsis glan
dacea Fieber. Larvik 11 July 1972 1 ~. M.
fuscula Zett. Lalm 27 July 1973 2 ~. M. cerea
Germar. Hvittingfoss 8 July 19722 Cf', Aphro
des bifasciatus L. Hvittingfoss 8 jJlly 1972
4 ~. Evacanthus interruptus L. Ulvik 22 July
1973 I ~ 2 Cf', Gjovik 27 July 1973 7 ~ 9 Cf'.
Erythria aureola Fall. Amli 30 July 1973 5 ~
5 Cf', Hella 20 July 1973 1 Cf'. Forcipata forci
pata Flor. Gjovik 27 July 1973 3 ~, Hella 20
July 1973 2 Cf'. Kybos smaragdulus Fall. Hor
ten 9 July 1972 1 ~. Euptt'ryx signatipennis
Boheman. Langesund 30 June 1972 I ~. Bal
clutha punctata Fabr. Evje 3 July 1972 2 ~,
Morgedal5 July 1972 1 Cf'. Macrostelef alpinus
Zett. Sogndal 23 July 1973 1 ~. M. horvathi
Wagner. Sogndal 23 July 1973 1 ~. M. varia
tus Fall. Gjovik 27 July 1973 1 ~, Ulvik 22
July 1973 2 ~. M. sexnotatus Fall. Seljestad
21 July 1973 1 Cf'. Doratura stylata Boheman.
Lalm 27 July 1973 1 ~ I Cf'. Allygus commuta
tus Fieber. Larvik 11 July 1972 1 ~. Grapho
craems ventralis Fall. Hvittingfoss 8 July
19722 Cf'. Palllda flaveola Boheman. Hvitting
foss 8 July 1972 1 ~, Ulvik 22 July 1973 1 ~,
Lalm 27 July 1973 3 ~ 1 Cf'. Elymana sulphur
ella Zett. Lalm 27 July 1973 1 ~. Speudotettix
subfusculus Fall. Morgedal 5 July 1972 1 ~,
Gjovik 27 July 1973 1 Cf'. Hesium domino
Reut. Slinde 24 July 1973 1 ~. Thamnotettix
confinis Zett. Seljestad 21 July 1973 1 ~,
Ulvik 22 July 1973 1 ~ 1 Cf', Morgedal 5 July
1972 1 Cf', Evje 3 July 1972 1 Cf'. Macustus
grisesce'ns Zett. Evje 3 July 1972 I ~ 3 Cf'..
Doliotettix lllnulatus Zett. Lalm 27 July 1973
1 Cf'. ':'Scleroracus decumanus Kontkanen. Ulvik
22 July 1973 2 Cf'. ';S. russeolus Fall. Hella 20
Received 14 April 1976

July 1973 1 Cf'. Streptanus sordidus Zett. Gjo
vik 27 July 1973 1 ~. S. confinis Rent. Hvit
tingfoss 8 July 1972 1 Cf'. S. marginatus Kirsch
baum. Gjovik 27 July 1973 1 ~. Psammotettix
confinis Dahlbom. Hvittingfoss 8 J nly 1972
1 ~. P. nodosus Ribaut. Hvittingfoss 8 July
1972 2 Cf'. P. frigidus Boheman. Selj estad 21
July 1973 2 ~, Turtagm 26 July 1973 1 Cf'.
P. cephalotes Herrich-Schaffer. Langesund
30 June 1972 2 ~. P. alienus Dahlbom. Lange
sund 30 June 1972 1 Cf', Seljestad 21 July 1973
1 Cf'. ':·P. albomarginatus Wagner. Lalm 27
July 1973 1 Cf'. jassargus flori Fieber. Gjovik
27 July 1973 4 ~ 1 Cf'. Diplocolenus abdomina
lis Fabr. Kongsberg 5 July 1972 2 ~, Lange
sund 30 June 1972 2 ~ 1 Cf', Hvittingfoss 8 July
1972 1 Cf', Ulvik 22 July 1973 4 ~ 2 9. Gjovik
27 July 1973 3 Cf', Lalm 27 July 1973 1 Q. D.
limbatellus Zett. T urtagro 25 July 1973 1 ~
1 Cf'.
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Norwegian stoneflies. V. Variations in morphological characters
compared to differences in ecological factors
ALBERT LILLEHAMMER

Lillehammer, A. 1976. Norwegian stoneflies. V. Variations in morphological cha
ratcers compared to differences in ecological factors. Norw. j. Ent. 23, 161-172.
In some stonefly species, environmental factors have produced differences in the
time of emergence of local populations, thus partly isolating them from other popu
lations of the same species. One such example is Leuctra hippopus at Isternfoss in
northern Hedmark. There also exist ecological differences between populations
which are often associated with differences in morphological characters such as
genital appendages, body length, wing length, and wing venation. Wing length and
body length seem greatly influenced by temperature and nutrition, and some local
populations consist of specimens with short wings at high altitudes. At these localities
there are. small amounts of food and low temperatures. In species which occur in
biotopes above the Low-Alpine (Salix) vegetation belt, such as Diura bicaudata (L.),
Capnia atra Morton, and Amphinemura standfussi (Ris), wing length is often re
duced more than body length. giving a small wing area together with a relatively
large body. This seems to make them less able to fly, and, together with low
temperatures, isolates local population to some degree. Such populations may also
be distinct in the other morphological characters such as genital appendages and
wing venation.

A. Lillehammer, Zoological Museum, University of Oslo, Sars gt. 1, Oslo 5, Norway.

Stoneflies show marked intraspecific yaria
tions in the morphological characters used in
taxonomy (Lilelhammer 1974a). In several
species, a larger part of the variants are
found within local populations, but the in
cidence of each variant nearly always varies
from population to population. In addition,
there is intraspecific variation in habitat
preference and emergence in several species
(Lillehammer 1974b, 1975a).
It has been demonstrated that certain en
vironmental factors effect the life cycle of
some species (Lillehammer 1975b). In Nor
way a great number of streams run directly
into the sea or into lakes without being
conected to other streams. During the egg
and nymphal periods the populations of such
streams are completely isolated and thus
susceptible to the differing impact of en
vironmental factors such as food, temperature,
pH, water hardness, stream flow, and preda
tion. In a country rich in streams such as
Norway there are thus thousands of isolated
nymphal stonefly populations which are in
fluenced in different ways. It is far more
11 -
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difficult to ascertain if they are also isolated
as adults. Most stoneflies, however, normally
seem to fly - if not well, well enough to
colonise suitable water courses when tem
peratures are high enough not to inhibit
flying activity.
Ulfstrand (1969) believed that isolation
among local populations arose from different
flight periods rather than from habitat dis
tribution. However, populations in different
streams might have different habitat distribu
tions and environmental factors which pro
duce different flight periods. For instance,
differences in the effect of temperature on
egg and nymphal development appear to pro
duce emergence at different times in dif
ferent populations of the same species (Lille
hammer 1975a), and in this way isolate popu
lations.
There is also evidence that climatic factors
such as low temperature, wind, and snow can
in certain circumstances lead to isolation of
imagos by preventing flying and thus inter
change between populations.
Wing length may be important for the
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spread of species, and short wingedness in
stoneflies has been discussed by several
authors, including Hynes (1941), Tjeder
(1945), Brinck (1949), and Nebeker & Gaufin
(1967).
Lillehammer (1974a) mentioned that the
environmental factors influenced body length
and wing length, and Swensson (1975) came
to the conclusion that food supply during
late winter and spring was important in
determining body size of the adult caddis
fly, Potamophylax cingulatus (Stephens), and
that environmental factors influenced the
morphometric characters of subpopulations.
The influence of certain environmental
factors on populations of Plecopteran species
will therefore be further discussed in this
paper.

Table 11.

The influence of different temperatures

on the incubation period of four species taken from
Saltveit (1976), Li11ehammer (in prep.).

Incubation period
Species and

(days)

temp~atures

Leuc-cra nigra

14 days a-c 12°C and then 4°C
U.°C

28
90

Amphinemura borealis

4°C

41

SoC

22

Amphinemura sulcico11is
i.lUC

7S

soc

20

24°C

12

Amphinemura standfussi

4°C

70 - 130

SQC

no hatching

16°C
2 DOe

SOME ENVIRONMENTAL FACTORS
INFLUENCING LIFE CYCLE OF LOCAL
POPULATIONS
Egg
Among the Norwegian species of Plecoptera
there are large differences in egg incubation
period. Capnia bifrons seems to have no in
cubation period, C. atra eggs take 8-24 days,
Amphinemura standfussi, 70-128 days (Lille
hammer 1975b), and Diura bicaudata, D.
nanseni, and Arcynopteryx compacta 8 to 10
months with a diapause during the winter
(Table I).
The effect of temperature on the length
of the incubation period and the hatching
period has been shown for Ephemeroptera
by Elliot (1972) and for N emoura avicularis
by Brittain (1973). Saltveit (1976) and Lille-

Table T.

::ggs from tht'ee female::, of DiUI'd

~icaudata.

two of

food.

Hewly hatched nymphs were on average

0.60 mm long.
Cgg

There were 10 nymphs in each of

the four aquaria.

No. :,atclling the next year

ef

bat<:h

Nar.

4 July
2 B May

Apr'.

1,

May

10

July

Aug.

Period
reared

0

Excess

Insufficient

of food

food

11

16 June

0

53

16 June

0

26

1 Jul:,:

June

7

23 June

A. com.£<l.C1:d

The range in body length attained by

L. nigra given excess of food and insufficien-c
~o

ID. April.

.El. nans~ni

Nymph
Growth and emergence is affected both by
differences in temperature and food. The
species have an upper and lower temperature
limit (Whitney 1939, Kjellberg 1972).

ne'''''ly hatched nymphs of Leuctra fusca and

Eggs of

D. nansenj wer'e kept frozen at -loDe for five days from 5.

D. bicaudata

hammer (in prep.) have investigated the
effect of different temperatures on the in
cubation periods of eggs from Leuctra nigra,
Amphinemura borealis, A. sulcicollis, and A.
standfussi (Table 11). From these studies it can
be seen that the length of the egg incubation
period can be greatly altered, and that dif
ferent species react differently to the same
stimuli.

Table Ill.

D. nanseni and one Ut Arcynopteryx cOmpaCl:d, rearelj during a
16 month period in th.o. laboratory.
The tempet'ature varied fr0m '::.5 0 C to 8.3 0 C.

24°C

L.

fusea

8~

L.

nigra

12

months

2.9-4.2 mm

2.2-2.6 nun

6.7-8.3 "

2.0-2.5
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The influence of increased temperature
and the resulting shortening of the develop
ment period of some stone flies was shown by
Lillehammer (197 5a and b). The influence of
differing amounts of food available to the
nymphs was considered by Lillehammer
(1975b), and Table III shows that food short
age slows down growth. In some species this
probably results in a two-year instead of a
one-year life cycle.

Imago
Emergence. The beginning of the reproduc
tive stage is critical because the insect changes
from the aquatic to the terrestrial environ
ment. Emergence is usually associated with
relatively high temperatures, photoperiod,
good weather, hiding places, food, and suit
able places to lay eggs (Corbet 1964).
Emergence which seemed dependent solely
on temperature was noted by ]ackson (Nebe
ker 1971) from artificially heated streams,
where emergence took place throughout the
year. Temperature-dependent emergence was
also shown by Lillehammer (1975, a and b).
Flight period. Winged insects aggregate
temporarily to rest, eat, copulate, and ovi
posite (Johnson 1966). Johnson also believed
that in this way a local population mixes
to a greater degree than it spreads within an
area. Such movements he calls migration. The
duration of the imaginal instar varies in
Plecoptera. Some live only for a short time
and do not need food, although copulating
and ovipositing. Those stoneflies whose
nymphs live on leaves or detritus often seem
to need food as imagos (Hynes (1941), Brinck
(1949)). This they find either near the water
or at some distance away. When these func
tions are fulfilled, they have to return for
oviposition or to find other suitable places
for the eggs and nymphs. During this period
they are influenced both by abiotic factors
such as weather and temperature and biotic
ones such as food and predation. The ability
to find a mating partner is also density de
pendent according to Solomon (1957).
Among aquatic insects living in running
waters some species seem to be bound to a
distributional drift of immature stages and
an upstream movement of the winged adults.
However, certain species such as the stonefly
Capnia atra have a more clumped distribu
tion in streams, and undergo behavioural
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drift as nymphs and no upstream movement
as imagos (Muller 1973). However, C. atra
seems to walk quite a long distance on snow
to reach wooded areas (Muller 1973) and
above the three line they have been observed
to move towards the nearest dark point (Daan
& Gustavsson 1973).
Other observations made by the author in
0vre Heimdalen showed that imagos sought
piles of stones in or near the stream and
aggregated there. This was most marked
among short-winged populations of Amphine
mura standfllssi at between 1100 and 1500 m
a.s.l. in 0vre Heimdalen. The same was also
noted for short-winged populations of C. atra
and D. bicaudata. They were not observed
to fly, but at 1400 m the surroundings are
sub-arctic, and in such climates the insects
appear to prefer to walk rather than fly
(Downes 1965). Under such conditions repro
ductive isolation of populations may occur.
Isolation between imagos of different popu
lations caused by differences in egg and
nymphal development can also arise in the
middle of the distribution area, while isola
tion caused by climatic impact upon the
imagos is believed to be strongest at the limits
of the species distribution. For many of the
Norwegian species this occurs at high alti
tudes (Lillehammer 1974b). As a result of
this the isolated population might be mono
morphic as mentioned by Mayr (1970).

ENVIRONMENTAL FACTORS AND THE
MORPHOLOGICAL DIFFERENCES
BETWEEN LOCAL POPULATIONS
Certain environmental factors appear to
produce isolation in local populations of
Diura bicaudata, Capnia atra, Nemoura arc
fica, and Amphinemura standfussi at high
altitudes and in sub-arctic conditions. Isola
tion of at least one Leuctra hippopus popula
tion seems to occur in the centre of its dis
tribution area. The special lake outlet tem
peratures during the egg and nymphal stages
produce emergence much earlier in the Istern
foss stream than in the surrounding streams
(Lillehammer 1975a). In this connection, the
influence of different temperatures on
emergence in areas having the same photo
period was demonstrated by Lillehammer
(1975a).
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Table IV.

20

The wing length and body length

(mean and standard deviation) of newly emerged
female Nemoura avicularis taken on the first
day of emergence, and after the emergence had
taken place for at least three weeks.

The

material was colleCTed from 0vre Heimdalsvatn

10

Wing length
Date

X

n

12 June

30

4-18 July

21

Body length

X

SD

10.50 mm
9.49

"

SD

~5

E 4

0.58

7.60 mm

0.53

0.56

7.40

0.85

"

N= 34

9
8
7
6

during 1971.

E

nl

~

3

nl

In all the above-mentioned species, marked
differences occur in the morphology of the
specimens from different populations (Lille
hammer 1974a). This is visible in the genital
appendages, wing venetation, body length,
and the wing factor (wing length/body
length).

Seasonal variation in wing length
Body length, wing length, and wing factor
in Plecoptera were assumed to be affected by

20

10-1
9
8
7

N: 30

6

-

N

5

E 4
E
nl 3
Q)
....
nl

.~ 2
~

1I
1

'

'I

2

I

I

I

I

I

I I

345678910

wing Length (mm)
Fig. 1. The relationship between wing length and
wing area in Capnia atra Morton. Y=0.996X2 • 011 ,
r=0.983, N=30.

Cl

.!: 2
~

2

3

4

5 6 7 8 910

wing Length (mm)
Fig. 2. The relationship between wing length and
wing area in Amphinemura standfussi (Ris). Y
0.393X1.687, r=0.995, N=34.

the environment (Lillehammer 1974a). Svens
son (1975) demonstrated that specimens of
the caddisfly Potamophylax cingulatus
(Sheph.) showed seasonal differences in wing
length and body weight, and that this was
assumed to be connected to environmental
factors.
In order to evaluate seasonal differences in
wing length and body length in stoneflies, the
wing lengths of 51 Nemoura avicularis fe
males were measured. They emerged from
0vre Heimdalsvatn during 1971 and were
captured in emergence traps which were
emptied daily. The specimens were therefore
not more than one day old when they were
killed.
The results (Table IV) showed that wing
length was greater at the peak in the
emergence, that is about the 12 June (30
specimens). About three weeks later (21 speci
mens) the wing length was reduced by 9.5%,
while the body length was only reduced by
2.60/0.
N. avicularis is not one of the species oc
curring with short wings and will therefore
not be considered further. However, the re
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78
68
58

N = 30

48
38

28
27
26
25
'"E 24
E 23
III 22

.. ..

.
••

..

~

III

Ol

c

21

~

20

19 +-----r--.-----,----,-----,-.---r-1r-r-.--r-------.
11 12 131415
18
9
10
wing length (mm)

Fig. 3. The relationship between wing length
and wing area in Diura bicaudata (L.). Y =
0.548X1.661, r=0.989, N =30.

sults from these measurements of N. avicu
laris meant that only samples taken as near
the peak of emergence as possible were used
in comparing specimens from different popu
lations.

Wing length and wing area
The flying ability of insects depends greatly
upon the wing area, the strength of the wings,
and the body weight.
Great interest is therefore associated with
data concerning wing area and the wing
veins of short-winged specimens having rela
tively long bodies (a low w/b index).
In Figs. 1, 2, and 3 the relationship be
tween wing length and wing area in Capnia
atra, Amphinemura stand/ussi, and Diura
bicaudata is plotted.
It can be seen that while wing length is
doubled, the wing area is increased threefold.
Data concerning the body length and weight
in mature nymphs (Brittain, pers. comm.)
show that the body length and the body
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weight have a similar relationship. Any
change in wing length, while body length
remains constant, will therefore greatly in
fluence flying ability if the wings themselves
or their associated musculature are not
strengthened. Information about the wing
veins will be given below with the descrip
tion of each species.

Diura bicaudata
This species occurs in a range of habitats in
northern Norway, in small streams, rivers,
and in lakes and their outlets (Lillehammer
1974b). In southern Norway the species has
mainly been taken in lakes and lake outlets.
Parallel with this, the local populations show
differences in morphological characters. There
are especially great differences in wing length
between specimens from low- and high
altitude populations (Fig. 4). Specimens from
populations in the highest altitudes situated
in the sub-alpine vegetation belt in Pasvik,
Finnmark, have mainly shorter wings than
the low-altitude populations. In the low
altitude populations there is also less dif
ference between wing length and bodv length.
This renders the highest-altitude populations
mostly short winged. The same differences
betwen high- and low-altitude populations
are also present around Mo i Rana, Nord
land. In southern Norway all the investigated
populations have much shorter wings than
body length, making them all short winged.
Among the females in populations from
Finnmark all forms of sub-genital plates
were present (Lillehammer 1975a) (Fig. 4).
In Nordland, at low altitude, the relatively
long-winged females mainly have sub-genital
forms 1 and 2, while at high altitudes the
short-winged females mainly have the forms
3 and 4. Females from all the populations
from southern Norway have forms .~ and 4.
A high percentage of the southern specimens
also have a high degree of irregularity in
wing veins (Lillehammer 1974a, Fig. 5).
Thus there are morphological differences
between southern and northern specimens of
D. bicaudata which are paralleled by dif
ferences in habitat. This is seen in the nar
ower variation in the form of female genitalia
and a narrower ecological valence of the
southern populations. A possible explanation
of this is that they are ecologically at the
limits of their distribution.
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Another explanation is that two main
forms have invaded Norway, one from the
south, which when reaching Finnmark hybrid
ized with a form of north-eastern origin
which reached at least to Rana in Nordland
where the two forms usually OCcur in dif
ferent kinds of lakes. However, further
studies must be carried out to evaluate these
theories.

N emoura arctica
In this species differences also exist between
local populations, in the form of the genital
appendages, wing length, body length, and
wing venation. Differences in the genital
appendages are best seen in the form of the
male sub-anal plates and the cerci. The popu
lations of the lower areas (Kautokeino) in
the sub-alpine vegetation belt show wide
variation (Lillehammer 1974, Fig. 25 A-F),
while the population in the Middle-Alpine
belt (Biggjovagge) is monomorphic in certain
characters (Lillehammer 1974, Fig. 25A).
The same population from Biggjovagge is
also more short winged than the lower-alti
tude populations. The wing venation is also
highly irregular and the specimens from high
altitude are more pigmentated.

Amphinemura standfussi
The form of genital appendages varies con
siderably in this species (Lillehammer 1974a).
However, there do not seem to be clear
morphological differences in genital appen
dages between local populations. There are,
however, considerable differences in body
length, wing length, short-wingedness, wing
venation, and in pigmentation. Specimens
from populations at higher altitudes have
shorter wings than those from low altitudes
(Figs. 5, 6). The species seems to be more
affected by the low temperatures and shorter
growing season in high altitudes than the
amount of available detritus for food during
the nymphal period.
In the low-altitude locality Tosketj0nn the
available food is the same as, or less than at
the high altitude localities of Botnavatn
(700 m a.s.l.) and 0vre Heimdalsvatn (1090
m a.s.l.).
In spite of this, the wings are much shorter
in specimens from the two high-altitude local
ities. The climate of the three localities are,
however, quite different. The Tosketj0nn
locality has an atlantic climate, while the
two other localities are situated in a climate
which is sub-arctic. This fits well with results
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Fig. 6. Wing length, body length, and wing factor
(wing length/body length) of female Amphinemura
standfussi specimens. Samples were taken at dif
ferent altitudes. The number of specimens is given
in parentheses. Horizontal lines indicate the total
variation, arrows the mean. The rectangles in
dicate ± standard deviation: hatched rectangles
for wing length, and white rectangles for body
length.

percentage of specimens with irregular wing
venation in the higher altitude localities. In
addition the ribs have a tendency to be re
duced (Fig. 7). The separate individuals are
also darker pigmentated at high altitude
localities.

Capnia atra

Fig. 5. Wing lengths of female Amphinemura
standfussi. Samples were taken at different alti
tudes. Horizontal lines indicate the total variation,
arrows the mean of the samples. There were
usually 30 specimens in each sample.

from life-cycle studies made in laboratory.
The development of nymphs of A. standfussi
has been shown to be much more affected
by differences in temperature than differences
in food (Saltveit 1976).
The body length, however, is not reduced
to the same degree as the wings. This is best
seen in the wing factor (w/b, wing length/body
length). A low wing factor means that the
wings are relatively short and the body
relatively large, indicating less flying ability
(see also Fig. 2). Locally there is also a higher

Marked differences in the shape of genital
appendages are present in this species (Lille
hammer 1974a), and in females there are dif-

A

B
Fig. 7. Wings of Amphinemura standfussi speci
mens. A = normal veins. B = irregular veins
with reduced number of cross veins in the cubital
area. Type B is often seen in specimens from high
altitudes.
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of the samples. There were usually 30 specimens in
each sample.

ferences in the form of the sub-genital plate
between local populations.
There are also differences in wing length
between local populations at low and at high
altitudes. The high-altitude populations gen
erally have shorter wings (Fig. 8), but there
are exceptions, such as the population of
the lake, 0vre Heimdalsvatn (1090 m a.s.l.)

and the lake, Sandalsvatn, Finse (1400 m
a.s.l.) which have fairly long wings. Locally,
however, there is a decrease in wing length
with increasing altitude (Fig. 9). The body
length does not decrease to the same degree
as wing length and therefore the high-altitude
populations are those most short winged
(low-wing factor), indicating less ability to
fly (see also Fig. 1).
Increased irregularity of wing venation
showed no relation with increasing height,
but occurred scattered in local populations at
all altitudes. Pigmentation was, however,
stronger at high altitudes.

Leuctra hippopus
This species is one of the most widely dis
tributed in Norway (Lillehammer 1974b).
Marked variations exist in the morphological
characters used in taxonomy (Lillehammer
1974a). The variation is visible in the genital
appendages of both sexes, and in Table V
the variation in male genital appendages from
9 local populations is shown. Drawings of
the different forms A-L are shown in Lille
hammer (1974a, Fig. 48). The Isternfoss
population is markedly different from the
rest, with its narrow variation.
In the investigated areas of south-western
Norway there were differences in both body
length and wing length between L. hippopus
specimens from local populations both in
lowland and at high-altitude localities. Body
length and wing length were reduced at high
altitude but body length was reduced more
than wing length (Fig. 10). The wing factor

I
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(w/b) was therefore greater at high-altitude
localities, indicating better flying ability.
This trend is oposite to that of C. atra, A.
standfussi, N. arctica and D. bicaudata.
Parallel to the decrease in wing length and
body length with increasing altitude there
is also an increase in the frequency of
irregular wing venation (Fig. 12).
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Fig. 10. Wing length, body length, and wing factor
(w/b) of female Leuctra hippopus specimens. Sam
ples were taken in two low-altitude and two high
altitude localities in Rogaland, West Norway.
Horizontal lines indicate the total variation, arrows
the mean of the samples. Rectangles indicate ±
standard deviation: hatched rectangles for wing
length, white rectangles for body length.

Although there was a clear trend towards
reduction of wing length with increasing
altitude in L. hippopus from south-western
Norway, there was only a slight trend for
the country as a whole (Fig. 11). There are
populations from low altitudes which have
short wings, and there are populations from
localities at high altitudes which have fairly
long wings. The variation present within a
local population seems to be greatly de
pendent on local environment factors. In
such situations body length seems to be more
affected by local conditions than wing length.
Different amounts of food, principally alloch
thonous matter, seem to be important in this
connection. In south-western Norway the
populations at Sveio, Sandeid, and Nordelva
(Fig. 12, A. B, and Cl are situated at low
altitudes. The streams are bordered by a
dense fringe of deciduous trees and thus con
tain considerable amounts of allochthonous
matter (Lillehammer 1974b) and the speci
mens of L. hippopus have a fairly long body
and long wings. At high altitudes such as
Botnavatn, Sauda, and Grindheim, Etne,
where there are only small amounts of decidu
ous trees and bushes, and where there is little
allochthonous matter in the streams, the
specimens have a fairly short body and short
wings (Figs. 12, D and E). The same is also
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Fig. 11. Wing length of female Leuctra hippo pus
specimens. Samples are taken at different altitudes.
Horizontal lines indicate the total variation, ar
rows the mean of the samples. There were usually
30 specimens in each sample.

true of samples taken at Tosketjonn, Hauge
sund, a low-altitude locality (Fig. 12, F).
However, the vegetation in this locality can
be compared to that of high altitudes in that
there are no deciduous trees and only scat
tered small bushes of Salix. resulting in only
small amounts of allochthonous matter in the
streams. This indicates that the amount of
food during the nymphal period is an im
portant factor determining both body and
wing length in the adult insects. However,
as there are both low temperatures and a

short growing season at higher altitudes, it is
often difficult to evaluate the relative im
portance of food and temperature in deter
mining wing length and body length.
In L. hippopus the specimens taken in the
lowlands of Rogaland and Hordaland show
certain differences in wing length and body
length. There is a decrease in wing length
from the coast towards the inner fjord areas
(Fig. 12, A, B, and C). Parallel to this trend
there is a decrease in winter temperature
and in the period during which growth is
possible, while the food situation seems to
be similar, as allochthonous matter is abun
dant in all the investigated streams (Lille
hammer 1974b). It seems therefore pos
sible that different temperatures at least af
fect the wing length more than body length
in this species.
The most interesting local L. hippopw
population investigated is the Isternfoss popu
lation, which seems to be isolated in a short
stream between two lakes, Galten and Istern
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in Hedmark. L. hippopus does not normally
occur in lakes. The specimens of this popu
lation have the shortest wings of the in
vestigated local populations (Lillehammer
1974a, Fig. 52). The body length is fairly
long, thus making the Isternfoss population
the most short-winged population of L. hip
popus. The population of Isternfoss has also
a very high degree of irregularity in the
wing veins. This was also maintained in
specimens reared in laboratory for two gen
erations. Only one of the 15 specimens did
not show irregularity. The same population
also consists of specimens which have a
heavier pigmentation than most other popu
lations.

CONCLUSIONS

l

During the nymphal stage local populations
are influenced by differences in environ
mental factors which in turn produce differ
ences in emergence period. Marked morpho
logical differences also exist between many of
these populations. In Diura bicaudata, N e
moura arctica, Capnia atra, and Amphine
mura standfussi the differences seem to be
greatest in the populations which are near
their ecological or geographical limits. Such
populations often contain specimens with a de
creased wing length. Decreases in wing length
with increasing altitude also occur locally.
This reduction in wing length is often not fol
lowed by an equivalent reduction in body
length, thus producing short-winged speci
mens which probably have less abilitv to
fly. Together with low temperatures' this
indicates a considerable degree of isolation
between populations of streams and of lakes
which are widely separated. This is the case
in C. atra, A. standfussi, and D. bicaudata
which OCCur high up in the Middle-Alpine
belt where the climate is subarctic.
In Leuctra hippopus the greatest divergence
occurs in the population from Isternfoss
stream which has a much earlier emergence
than other populations in the surroundings
(Lillehammer 1975a) and where the nymphs
seem isolated in a stream between two lakes.
In this Isternfoss population L. hippopus is
also short winged.
Normally there is a reduction in body
length and wing length in L. hiPfJOpus at
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high altitudes, but the reduction in body
length is greater than the wing length with
increasing altitude producing long-winged
specimens at high altitudes. However, L.
hippopus does not go above the low-Alpine
belt such as the other species do.
The cause of the differences in the length
of wings and body seems to be differences in
temperature, growing season, and the amount
of food available during the nymphal stage.
The differences in emergence and the low
temperatures during the imaginal stage, to
gether with a reduced flying ability, appear
to isolate the local population of Isternfoss,
despite it being in the middle of its distribu
tion area. This can be seen in the narrow
variation in the morphology of genitalia
appendages of L. hippopus in this population.
Most populations normally consist of both
long-winged and short-winged specimens
which also vary in other morphological char
acters. The environmental factors seem to
have selected specimens with a certain
genetic load, and in some cases the isolation
has stabilized the population into a genotypic
unit such as in the Isternfoss population of
L. hippopus.
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Mire invertebrate fauna at Eidskog, Norway. 1.
Aim, methods, and habitat descriptions
ARNE PEDERSEN, SIGMUND HAGVAR & ALF BAKKE

Pedersen, A., Hagvar, S. & Bakke, A. 1976. Mire invertebrate fauna at Eidskog,
Norway. 1. Aim, methods, and habitat description. Norw. ]. Ent. 23, 173-180.
The invertebrate fauna in mire habitats in Norway is poorly known. To an in
creasing degree, the quantity and diversity of untouched mire habitats are becoming
reduced. There is therefore a need for a closer investigation of the mire invertebrate
fauna in general, and also for more intensive studies which can result in concre:c
proposals on mire areas which should be protected, due to their invertebrate fal'na.
The present investigation was initiated by the Norwegian Entomological Society
and concerns the invertebrate fauna in thirteen different mire habitats at Eidskog,
Hedmark county, South Norway. In this first paper, aims and methods are pre
sented, t:Jgether with descriptions of the habitats.

Arne Pedersen, Botanical Laboratory, P.O. Box 1045, University of Oslo, Blindern,
Oslo 3, Norway.
Sigmund Hagvar & Alf Bakke, Norwegian Forest Research Institute, N-1432
As-NLH, Norway.

This investigation was initiated by the Nor
wegian Entomological Society and has its
basis in the following question: What is the
need for protection of invertebrates in Nor
way? The question arises from the recognition
that the diversity of invertebrate species and
communities should, as far as possible, be
conserved for the future. The main problem
in this connection is our lack of kilOwledge
on which habitat types contain the most
specific fauna, and also which habitat types
are most threatened.
It was, however, decided to arrange a study
on the invertebrate fauna in mire habitats.
This fauna is only poorly known in Norway,
but our knowledge indicates that mires may
contain a rather special and interesting in
vertebrate fauna. Originally, Norway con
tained about 30,000 km 2 of mires, of which
two thirds were situated below the timber
line. Today, about one fifth of the mire areas
below the timber line has been cultivated.
Each year, between 50 and 100 km2 of mires

are cultivated. From a zoological point of
view, this means that the diversity of species
bound to mire habitats may be reduced. Very
often, the cultivated mires belong to the
most eutrophic ones, which contain the
largest number of plant and animal species.
Thirteen different habitats were chosen
on two mires at Eidskog, Hedmark county,
South Norway. Ten were situated at Momyra
bog (UTM 33VUG353454), and three at
Orremyra fen (UTM 33VUG362463). The
description of the habitats is given by Arne
Pedersen.
The intention of this investigation was to
iluminate the following questions: How
specific is the mire invertebrate fauna? How
does the fauna respond to differences in
plant communities? Are special groups or
species so stenotopic that they might be used
as 'indicators' on certain invertebrate com
munities on mire?
The different invertebrate groups will be
treated in separate papers in this journal.
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METHODS
The main part of the material was collected
by pit-fall traps, 6.5 cm in diameter, and
containing 4% formaldehyde. Such traps are
selective, collecting the surface-active in
vertebrate fauna. However, since the same
method was applied in all habitats, differ
ences in catches must be due to faunal dif
ferences between habitats. It was also of
interest to see to what extent this simple
method might be useful for more extensive
studies of the Norwegian invertebrate fauna
on mIres.
Ten pit-fall traps were placed in each
habitat. They were arranged in two parallel
rows, with 5 m between rows and traps. At
each emptying of the traps, all material from
each habitat was pooled. All traps were set
out 2 June. They were emptied at the fol
lowing dates: 25 June, 9-11 July, 24 July,
5-6 August, 7 September, and 28 September.
Unfortunately, the material from the first
sampling at habitat 3 and A could not be
used due to wrong labelling.
At the point marked with x on Momyra
(Fig. 1) a light trap - model of Robinson,
with baffles and a HPL 125 W mercury
vapour bulb - and a rotary trap (Bakke 1968,
p. 486) were operated periodically during
the summer. Some material was also collected
by hand-collecting on the two mires.

Fig. I. Air photo of Momyra bog, with the ten
sampling sites indicated.

Vegetation around the traps at Momyra
Momyra (Fig. 1) is an ombrotrophic mire
complex which consists mainly of two large
bog elements - an eastern and a western.

HABITAT DESCRIPTIONS
The location of the ten habitats on Momyra
is indicated on Fig. 1. They are named 1-6
(either on open mire, or within forest areas
on the mire), and A-D (transition zones be
twen open mire and forest). Fig. 2 shows the
three sites on Orremyra, named I-Ill, which
are all situated on open fen areas.
The botanical field work was carried out
on 14 September 1974. By a combination of
floristic notes and local ecological gradients
the different plant communities were clas
sified into the associations proposed by Frans
son (1972). pH and specific conductivity were
measured in mire water sampled on 24
September 1975. According to Sjors (1952),
the recorded values of specific conductivity
are corrected by subtracting the contribution
of the H + ions (K). This corrected value is
representative for the total mineral content
in the mire water.

Fig. 2. Air photo of Orremyra fen, with the three
sampling sites indicated.

Mire invertebrate fauna. I.
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These areas are separated partly by pine
bog forest and narrow soaks with dominance
of Carex rostrata. The eastern bog element
slopes mainly against east, and its surface
features are arranged slightly excentrically.
Site 1. The traps were placed in wet lawns
on the transition between Scheuchzeria pa
lustris/Sphagnum cuspidatum mud-bottom and
hummocks rich in Calluna. The lawns mainly
consist of Sphagnum fallax, S. flexuosum, S.
rubellum, and S. magellanicum. Frequent
species in the field layer are Andromeda,
Oxycoccus quadripetalus, Rubus chamaemo
rus, and Scirpus caespitosus. Fransson (1972,
p. 39) has referred such lawns to the poor
mire expanse fen association Trichophoro
papillosetum. Recorded parameters in mire
water of the Scheuchzeria hollow: pH = 3.8,
K = 32.
Site 2. This is a typical ombrotrophic mire
expanse community belonging to the associa
tion Rubello-tenelletum sensu Fransson (1972,
p. 33). Scirpus caespitosus is the most domiFig. 4. Fragment of site .3 with pine bog forest.
Apart from the pine and birch, there is a great
quantity of the shrub Vacci7lium uliginosum.

Fig. .3. Fragment of site 2. The photo shows an
ombrotrophic mire expanse community with do
minance of Scirpus caespitosus.

nant species in the field layer (Fig. 3). The
moss cover is composed of Sphagnum magel
lanicum, S. rubellum, and S. balticum. pH =
4.0 and K = 49.
Site 3. The biotope (Fig. 4) consists of a
tree-covered mire margin community where
Pinus silvestris and Betula pubescens form
the tree layer. The field layer is dominated
by the shrub Vaccinium uliginosum, but spe
cies like V. myrtillus, V. vitis-idaea, Andro
meda, and Eriophorum vaginatum are fre
quently present. Varying quantities of
Sphagnum magellanicum,. S. fuscum, PLeuro
zium schreberi, Polytrichum strictum, and
Aulacomnium palustre constitute the bottom
layer upon the hummocks, whereas Dicranum
polysetum and Sphagnum flexuosum occupy
lower parts between the hummocks. According
to Kielland-Lund (1973), this community is
sociologically identical with the ombrotrophic
mire margin association Vaccino uliginosi
Pinetum (abbreviated VUP in Table 1). The
peat is dark, well humificated and rich in
minerals; pH = 3.5 and K = 167.
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Fig. 5. Fragment of site 4. Carex Tostrata domi
nates the soak vegetation of this poor fen com
munity.

Fig. 6. Fragment of site 5. Homogenous mire ex
panse with hummock vegetation dominated by
Calluna and Eriophorum vaginatum.

Site 4. As shown in Fig. 5, this station lies
in a narrow soak dominated by homogenous
Carex rostrata lawns with pH = 4.1 and K
= 84. Besides Andromeda, Oxycoccus quadri
petalus, and Eriophorum vaginatum, there are
scattered individuals of the two fen indicators
Carex nigra and Menyanthes trifoliata.
Sphagnum flexuosum, also a typical fen in
dicator, dominates the bottom layer. S. fallax
and S. majus are sparsely found in the wettest
parts of the soak. At Momyra, Carex rostrata
mats appear to belong to a mire expanse/mire
margin transitional community, but are close
ly related to the poor mire margin fen asso
ciation Rostrato-parvifolietum in Fransson
(1972, p. 42).
Site 5. The mire expanse community in this
biotope may be characterized as a typical
Calluno-fuscetum in the sense of Fransson
(1972, p. 34). Calluna vulgaris" Eriophorum
vaginatum, Sphagnum fuscum, and S. rubel
lum are the quantitatively most important
species of the hummock vegetation (Fig. 6).

Other species like Andromeda, Rubus chamae
morus, Drosera rotundifolia, and the liver
wort Mylia anomala are constantly present.
Vaccinium uliginosum grows exclusively on
the highest hummock levels. The mire water
hold pH = 3.85 and K = 64.
Site 6. This is a pine bog forest, almost
identical with site 3. The most important
floristic difference is that Calluna vulgaris
has replaced Vaccinium species in the field
layer. There are also a few scattered individ
uals of the subalpine shrub Betula nana. pH
= 3.5 and K = 62.
Site A. The row of traps goes from scattered
pine-covered mire margin association Vacci
nio uliginosi-Pinetum and almost to the
ombrotrophic lawn association Rubello-tenel
letum. Mire water from Rubello-tenelletllm
holds pH = 3.7 and K = 45.
Site B. Most of the traps were placed in a
mire margin fen community which sociologi
cally is closely related to the bilberry spruce
forest (Eu-Piceetum subass. myrtilletosum).

Mire invertebrate fauna. I.

Fig. 7. Fragment of site B with the poor lagg
association Caricetum globularis in the back
ground. In front, open Carex rostrata lawns and
small hummocks with Vaccinium uliginosum and
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Fig. 8. View of site C. The boundary line be
tween the pine bog forest (on the left) and poor
fen association Paucifloro-parvifolietum (to the
right) is evident from the picture.

Polytrichum commune.

Dominants were in the tree layer: Picea abies
and Betula pubescens, in the field layer:
Vaccinium myrtillus and V. vitis-idaea, and
in the bottom layer: Polytrichum commune
and Sphagnum girgensohnii. The frequent
occurrence of species like Equisetum silvati
cum, Carex globularis, and Hylocomium
splendens indicates that this is a typical lagg
community which belongs to the poor fen
hummock association Caricetum globularis
(Fransson 1972, p. 33). Just outside this com
munity towards the mire expanse, there is
a more open Carex rostrata/Spagnum flexuo
sum lagg, divided by small, but characteristic
hummocks with dominance of Vaccinium
uliginosum and Polytrichum commune (Fig.
7). Mire water from the Carex rostrata lawns
holds pH = 4.8 and K = 120.
Site C. Two different mire communities
are represented in this biotope (Fig. 8). The
traps were placed partly in the association
12 -

Norw. Journal of Ent.

Vaccinio uliginosi-Pinetum and partly in an
exposed poor lawn community, where An
dromeda, Oxycoccus quadripetalus, Erio
phorum vaginatum, Carex pauciflora, C. ro
strata, and Sphagnum flexuosum occur very
frequently. The latter community is con
sidered to be closely related to the mire
margin fen association Paucifloro-parvifolie
turn after Fransson (1972, p. 43). pH = 3.85
and K = 54.
Site D. The vegetation here represents a
part of a larger, continuous hummock element,
and the traps were placed both in the pine
bog forest association Vaccinio llliginosi
Pinetum and in the treeless Calluno-fuscetum
bog. pH = 3.8 and K = 41.

Vegetation ar:ound the traps at Orremyra
Orremyra (Fig. 2), a topogenous mire com
plex, is mostly occupied by large, homogen
ous elements with poor minerotrophic lawn
communities. It has few well-defined surface
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features, and may belong to a hydrotopo
graphic mire type termed 'flat fens' (see e.g.
Moen 1973, p. 190). The only feature of
importance is represented by an intermediate
water track running in a south-westerly direc
tion, which divides the complex into approxi
mately two equal parts.
Site I. This habitat consists of floating,
intermediate lawns located close to the larger
water pools in Orremyra. In the field layer,
Carex rostrata and Eriopharum vaginatum
are the most dominating species, whilst three
Sphagnum species compete in the bottom
layer, viz. S. papillosum, S. flexuosum, and
S. fallax. Carex livida, C. pauciflora, Meny
anthes, Andromeda, Oxycoceus quadripetalus,
and Calliergon stramineum are also common
species. This community corresponds both
floristically and ecologically with the inter
mediate mire expanse association Subfulvetum
in Fransson (1972, p 45).

Fig. 9. Site n, inundated after a heavy rainfall.
Close to the water track on the left lies a narrow
dark area with the lawn association Subfulvetum.
To the right, a dense stand of Myrica gale.

Site II. This sampling area was located on
wet lawns in the lower parts of the water
track, and shows clear similarities with site I,
both with regard to mire flora and trophic
levels. However, there are a few differences
in the floristic composition of the two sites.
In site 11, Eriophorum vaginatum dominates
in the field layer at the expanse of Carex
rostrata. In addition, Rhynchospora alba is
common and Scheuchzeria palustris grows in
small quantities. A couple of traps are also
placed in an adjacent dense stand of Myrica
gale, about I m high (Fig. 9). Apart from the
bog myrtle, this community is composed of
several hummock indicators, e.g. Rubus cha
maemorus, Andromeda, Sphagnum magrel
lanieum, and a few lawn species, e.g. S.
papillosum and Calliergon stramineum.
Site III. The location of site III is in the
south-easterly section of Orremyra. Here,
there are large, homogenous lawns with high
subsoil water table. The mire vegetation is

Fig. 10. From site Ill, showing a homogenous mire
expanse occupied by the extremely poor fen as
sociation Trichophoro-papiIIosetum.
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Species and types of community from 13 selected mire sites at Momyra and Orremyra, arranged in an
ecological system (d: dominant, c: common, +: sparse).
(The botanical nomenclatur follows Lid (1963) for vascular plants, AmelI (1956) for liverworts,
Nyholm (1954-1965) for mosses and Isoviita (1966) for ~ ) .

Mire feature and
trophic level
ASGoclations
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Additional species (With sparse occurences): Betula nana 6, Equisetum fluviatile B,I, Carex magellanica
C, nigra 4, Aulacomnium palustre 3. Drepanocladus fluitans 11, Sphagnum angustifolium D, S. annulatum
var. porosum II, S. cusp1datum 1, S. imbricatum I, S. majus 4, Cladonia arbUBcula D,5, C. rangiferina

D,5, C. stellaris D,5.

dominated by typical bog indicators. In the
field layer, Scirpus caespitosus, Eriophorum
vaginatum, Andromeda, and Oxycoccus
quadripetalus grow in large numbers (Fig.
10). A mixture of Sphagnum papillosum and
S. magellanicum constitutes most of the bot
tom layer. Occurrence of scattered and barren
individuals of the fen indicator Menyanthes
trifoliata indicates that these lawns must be
included in the poor fen association Tricho
poro-papillosetum. pH = 3.95 and K = 59.
12. -
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CONCLUSIONS
Table I gives a survey of the flora and types
of community at the 13 mire sites described
above. Along the wet-dry vegetation gradient,
all the traps were placed either in lawns or
in typical hummock communities. The selected
mire sites represent a considerable variation
in trophic levels, from mire margins with
pine bog forest at Momyra (sites 3 and 6) to
mire expanses with intermediate lawns rich in
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minerals at Orremyra (sites I and II). None
of the complexes have areas with rich mire
vegetation.
Ecologically and phyto-sociologically,
the following sites can be considered as ap
proximately identical: sites l/III and sites
3/6. Almost identical are also sites 1/11, only
cliffering by an absence of a Myrica gale stand
in the former. Site 4 represents a specific
soak community, whilst a typical Carex glo
bularis lagg community is well-developed in
site B. The sites A, C, and D reflect two dif
ferent trophic levels. Site A and D are pure
ly ombrotrophic, while site C consists of one
ombrotrophic and one poor fen mire margin
community. Each of the remaining sites (2
and 5) represents its own mire margin bog
community.
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Mire invertebrate fauna at Eidskog, Norway. 11.
Surface-active Collembola
ARNE FJELLBERG

Fjellberg, A. 1976. Mire invertebrate fauna at Eidskog, Norway. 11. Surface-active
Collembola. Norw. j. Ent. 23, 181-183.
35 species of surface-active Collembola were found on thirteen mire habitats near
Lake Helgesjoen in Hedmark county. 1sotoma tenuicornis Axels., Arrhopalites
cochlearifer Gisin and Sminthurides pseudassimilis Stach are reported new to N or
way. The following species recorded are typical mire inhabitants: 1. tenuicornis,
1. neglecla Schiiffer, 1. olivacea Tullberg, 1sotomurus plumosus Bagnall, Sminthurides
aquaticus (Bourlet), Arrhopalites principalis Stach, and Bourletiella novemlineata
(Tullberg). The highest number of species was found in habitats in the transition
zone between mire and forest.

Arne Fjellberg, Zoological Museum, N-5014 Bergen-Univ., Norway.

The present material was sampled as part
of an analysis of the invertebrate fauna in
mire habitats near Eidskog, Hedmark, South
Norway. Frome earlier, little is known of the
Collembola fauna occurring on Norwegian
mlfes.
MATERIAL AND METHODS
All Colembola were taken in pit-fall traps
during a period of four months. Only species
which are active in litter or vegetation are
represented. However, the material gives in
formation on the occurrence of a rather large
number of species in thirteen different mire
habitats. The habitats are named 1-6, A-D,
and I-Ill. Description of the habitats and
more information on the method is given by
Pedersen, Hagvar & Bakke (1976).
RESULTS AND DISCUSSION
Table I shows the species recorded III each
habitat, together with a subjective evalua
tion of dominance. A total of 35 species was

found. On the basis of the present data, and
in light of earlier knowledge on the biology
of each species (e.g. Gisin 1960), it is possible
to make a rough ecological grouping of most
speCIes.
1. Eurytopic species: H ypogastrura denti
culata, Isotoma viridis, Lepidocyrtus cyaneus,
Lepidocyrtus lignorum, Bourletiella clavigera.
2. Species occurring on mires: Isotoma
neglecta, I. olivacea, I. tenuicornis, Isotomurus
plumosus, Sminthurides aquaticus, Arrhopa
lites principalis, Bouletiella novemlineata.
3. Species occurring in forests and on
rather dry ground: Neanura muscorum, Anu
rophorus laricis, Isotoma hiemalis,. Entomo
brya corticalis, E. nivalis, Orchesella cincta,
Orhchesella flavescens, T omocerus flavescens.
Sphyrotheca lubbocki, Sminthurus fuscus, Di
cyrtoma fusca, D. minuta.
The following habitats have the most 'pure'
mire communities of Collembola species: 1,
2, I, 11 and Ill. The number of recorded
species in these habitats is relatively low.
The highest number of species is found in
the transition zones between forest and mire,

182

A Fjellberg
Table I. Collembola from mire habitats. (+): Sporadic occurrence.
+: Constant. but low dominance. ++: High dominance. +++: Very high
dominance.

Habitat
1
Hypogast:rnra denticuLata

(Bagnall)

2

3

+

4

5

+

++

H. inermis (Tullberg)
Friesea mirabiLis (Tullberg)

I

II

III

+

(+)

(+) +

+

++

+

+

+

+

+
+

+

+

(+)

(+)
(+)

+

(+)

Neanura muscorum (Templeton)
Isotoma hiemaLis

BeD

(+)
(+)

Pseudacho:rntes dubius Krausbauer

Nicolet

Anurophorus Laricis

A

+

Tullberg

XenyLLa maritima

6

+

SCh~tt

I. negLecta SChdffer

+

I.notabiLis SChdffer
I. oLivacea Tullberg

(+)

+

(+)

+

+

(+)

(+)

+

+

+

+

+

+

+

+
+

+

+

+

+

(+)

+

+

(+)

(+)

(+)

+

+

+

+

I. tenuicornis Axelson
I. viridis Bourlet

+

+

+

(+) +

+

Isotomurus pLumosus Bagnall

+
+

(L.)

OrcheseLLa bifasciata Nicolet
O.

+

O. fLavescens (Bourlet)

(+)

++

Lepidocyrtus LignoPUm Fabricius

(+)

++

Tomocerus

+

fLavescens (Tullberg)

++
(+) +

NeeLus minutus Folsom
Sminthurides aquaticus (Bourlet)
S. pseudassimilis

+

+
+

+

+
+

+

+

++ ++

++

++ +++ ++ ++

+

++

++

+

+

+

+++++

+

+

+

+

++

+

++++++

+

+

+

(+)

+

+

+

+

+

(+). (+)

+

+

+

+

+

+

+

+

+

+
+

+

+

Sminthurinus niger (Lubbock)

(+)

Bourletiella clavigera Gisin

++++++

B. novemlineata (Tullberg)

++ +++

Sphyrotheca lubbocki (Tullberg)

+++++++++++++

(+)
+

+

Sminthu:rns fusous (L.)
++

D. minuta (0. Fabricius)

35

viz. A, B, C, and D, and also in habitat no. 6,
which represent a small forest zone on the
mire. In these habitats, the Collembola fauna

+

++

++

+

+

12

9

12

+

+++

Dicyrtoma fusca (Lucas)

Number of species:

+
+ +

+

Arrhopalites cochlearifer Gisin
A. principaLis Stach

(+) + (+)

+

Stach

S. schoetti (Axelson)

+

+

cincta (L.)

L. cyaneus Tullberg

+

+

Entomobrya corticaLis (Nicolet)
E. nivaLis

+

+

+
14

9 12

13

9

++ (+)

+

+

+

+

+

+

+

22

17

18 14 23

is a mixture of mire species and forest species.
The listed species are mostly common with
a wide distribution in Norway. Of some

Mire invertebrate fauna. II.
interest are Isotoma tenuicornis and Sminthu
rides pseudassimilis which probably belong to
a boreal element, and Arrhopalites cochleari
fer described from Switzerland and Austria
(Gisin 1960). These three species are new to
Norway.
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Mire invertebrate fauna at Eidskog, Norway. IV.
Carabidae and Curculionidae (Col.)
TORSTEIN KVAMME

Kvamme, T. 1976. Mire invertebrate fauna at Eidskog, Norway. IV. Carabidae and
Curculionidae (Col.). Norw. ]. Ent. 23, 189-191.
Eighteen species of Carabidae and four species of Curculionidae were pit-fall
trapped in thirteen different mire habitats at Eidskog, Hedmark county, south
Norway. Agonu7Il ericeti Panz. is bound to this kind of habitat. This species is new
to HEs. Six other species of Carabidae are typical mire inhabitants, but without
being restricted to mires. The catches of Carabidae and Curculionidae were rather
low in most of the habitats. The highest number of species and specimens were re
corded in transition zones between forest and mire.

Torstein Kva7llme, NISK, Section of Forest Protection, N -1432 As - NLH, Norwny.

This paper is part of a study on the inverte
brate fauna in thirteen mire habitats at Eid
skog, south Norway. Locality, habitat de
scription, and the aim of these investigations
are given by Pedersen, Hagvar & Bakke
(1976).

MATERIAL AND METHODS
The materia was collected in pit-fall traps.
Further details of the method, and explana
tion of the symbols used in this paper for
the different habitats, are given by Pedersen,
Hagvar & Bakke (1976).
199 Carabidae and 35 Curculionidae were
collected. The method is less suitable for
Curculionidae than for Carabidae.

RESULTS AND DISCUSSION
Eighteen species of Carabidae and four spe
cies of Curculionidae were recorded. The
species are listed in Table I, together with

total catches from each habitat. Habitat B,
which is a transition zone between very wet
sedge grass area (Carex rostrata Stokes) and
blueberry-spruce forest, gave the largest num
ber of species, as well as the largest total
number of specimens. Also habitat D gave
relatively high catches of species and speci
mens, compared to most other sites. Habitat
D is in the transition zone between birch
pine forest - where lingonberry (Vaccinium
vitis-idaea L.) is typical, but without heather
(Calluna vulgaris (L.) Hull.) - and an open
mire dominated by heather vegetation.
In Table n, the recorded species have been
grouped according to their affinity to mire
habitats. Agonum ericeti Panz. was the only
species with absolute affinity to peat-moss
mires, occurring not only in wet, pure Sphag
num areas but also in dryer Sphagnum areas
mixed with Calluna and other Ericaceae sp.
(Lindroth 1945). Krogerus (1939) found that
the species was heliophilous and had a pre
ference temperature from 20 to 28°C. He
also found that the species demanded pH<4.6.
Also in the present investigation pH in soil
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Table I. Pitfall catches of Carabidae and Curculionidae in thirteen mire habitats at Eidskog,
South Nor~lay.
No. per

Habitat:
Species:

1

Carabidae:
Carabus glabratus Payk.
C. hOT'tensis L.
C. problematicus Hbst.
C. violaoeus L.
CychT'uS oaraboides L.
Notiophilus biguttatus Fbr.
Bembidion dentellum Thunb.
Trechus
secalis Payk.
Patrobus atrorufus Chaud.
Trichocellus cognatus Gyll.
Pterostichus diligens Sturm
Pt. melanarius Illig.
Pt. niger Scha11.
Pt. nigrita Fbr.
Pt. oblongopunctatus Fbr.
Calathus micropterus Dft.
Ag0l'1Um ericeti

A. ful.iginosum

Panz
Panz

-

2

1

-

-

6

2

3

4

5

6

-

-

-

1
2
1
2

1
4
2

-

1

1
-

1

-

-

7
-

-

1
-

-

-

-

-

-

-

-

-

-

-

-

-

-

2
1

-

2

1

1

1

1

-

2

1

4

2
1
1

A

-

1

1

-

Il

1

2

-

1

5
3
4

-

f

30
1
11

-

1

-

5
11

1
-

I

C

-

-

D

B

-

-

-

-

3
1

2

-

2
1
3

-

2

-

3
-

1

7

1

-

2
1
6

-

1

5
-

1

8
4

-

2

-

III

4
1
1

-

species

10
38
6
25
3
1
1
6
13
1
46
1
1
18
4
6
17
2
199

Sum Carabidae

Curculionidae:
Otiorrhynchus scaber L.
Strl/lm
O. dubiu8
Hylobius abietis L.
Rhyncolus at er L.
Sum Curculionidae

Total no. of specimen per habitat:
Total no. of spec:les per habitat:

1

-

-

-

-

1

-

-

13

-

3

-

-

-

2

-

-

-

5

-

1

4

-

4
1

-

-

-

-

-

6

234

3

22

- -

10

6

11

18

9

19

3

83

11

37

6

15

4

4

7

5

4

9

3

15

5

12

2

4

water was below 4.6 in all habitats where this
species occurred (Pedersen, Hagvar & Bakke
1976). The species was recorded from seven
habitats (Table I).
Pterostichus diligens, P. nigrita. and Ago
num fuligonosum are all typical species in
mire fauna. However, their affinity is not
absolute, even if they often occur in Sphag
num vegetation. A. fuliginosum prefers mires
with alder trees (Alnus sp.), and Trechus
secalis commonly occurs together with it.
P. diligens is one of the euryoecious
species among those Carabidae beetles that
prefer humid habitats. These species demand
about the same degree of soil humidity and
humus (Lindroth 1945).
T richocellus cognatus occurs in two dif
ferent types of habitats: A. Typical Miscodera
sites are preferred in the northern parts of
the distribution area. B. The demand for
humidity increases southwards, and in south
Sweden the species is considered as a mire
inhabitant (Lindroth 1945).
Bembidion dentellum is dependent on
swampy, wet, and muddy ground, with or
without moss vegetation, but it never occurs
in Sphagnum (Lindroth 1945). The species

32
1
1
1
35

demands open water, either stationary or
running (Hansen 1968, Lindroth 1945). Areas
with Salix or other shrubs are preferred.
Carabus glabratus, C. hortensis, Patrobus
atrorufus, Pterostichus oblongopunctatus and
Calathus micropterus are all typical members
of the forest fauna. They all demand humid
soil. In particular, C. micropterus and P. ob
longopunctatus are bound to shady places,
with humus mixed up in the soil (Hansen
1968, Lindroth 1945). All these species prefer
places with moss vegetation.
N othiophilus biguttatus is not bound to
humid areas, but lives in a wide range of
habitats (Hansen 1968). P. oblongopunctatus
and N. biguttatus very often occur together
with C. micropterus (Lindroth 1945).
Cychrus caraboides, Carabus problematicus,
C. violaceus, Pterostichus melanarius and P.
niger are species which have no special af
finity to mires, and which occur mainly in
other kinds of habitats. C. caraboides demands
moistly soil with humus and moss vegetation
and a high degree of shading, preferring
deciduous forests, or mixed forest. The other
species in this group have a very wide range
of habitats (Hansen 1968, Lindroth 1945).
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Table 11: Affinity of the recorded

specie~

to mire habitats

Species found only in mire
habitats

Agonum ericeti

Species typical to mire habi
tats, but not absolutely
bound to these sites

Bembidion dente llum
Trechu8 secaZis
TrichoceLLus coanatus
pterostichus diligens
Pt. niarita
AgoTlum fu liginosum
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The catches indicate that the density of
Carabidae in most of the habitats is rather
low. However, we can conclude that some
of the recorded Carabidae contribute to that
group of invertebrate species which prefer
mires as habitat.

W

Species common in mires, but
equally common in other types
of habitats

SpecIes occasionally found in
mire sites, but more conunon
in other habitats

Carabus glabra-cus
C. hortensis
No tioph £ lus bigu ~ -catus
Patl'obue atl'orufus
ptel'ostichu8
ob l ongopunc-c a tus
Calathus microptel'us
Otiorl'h)pwhu3 scaber
Cychrus cal'aboides
Cal'abus pl'obLematicus
C. vio Laceus
pterostichus meLa'l1arius
Pt. nigel'
RhyncoLu8 ater
Otiorrhynchus dubiuB
HyLobiu8 abietis
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Otiorrhynchus scaber was the most com
monly recorded species among the Curculio
nidae. This species can be recorded on dry
hills with pine forest (Pinus syvestris L.), as
well as on mires. The species are most com
mon on spruce (Picea abies L.) (Hansen 1965).
Otiorrhynchus dubius is common also in the
alpine areas. Here the species eats Rubus
chamaemorus L., Salix herbacea L. and
Oxyria digyna (L.) I-Iill. (Hagvar, pers.
camm.) Hylobius abietis and Rhynmlus ater
typically occur on coniferous trees (Hansen
1965).
It must be concluded that none of the re
corded Cu;'culionidae species are bound to
mire habitats.
Agonum ericcti and Bcmbidion dentellum
can perhaps be used as indicator species to
the habitats where they live.
A. ericeti may also be used as an indicator
in relation to pH-values.
Received 15 July 1976
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Phenology of egg development and egg-laying in a winter
active insect, Chionea araneoides Dalm. (Dipt., Tipulidae)
SIGMUND HAGVAR

Hagvar, s. 1976. Phenology of egg development and egg-laying in a winter-active
insect, Chionea arneoides Dalm. (Dipt., Tipulidae). Norw. ]. Ent. 23, 193-195.

Chionea araneoides Dalm. (Dipt., Tipulidae) is a wingless insect which reproduces
during winter, when snow covers the ground. In spruce forests near Oslo, the
species has been recorded on snow from October to March. Females hatch in the
autumn, at which time eggs are not visible in the ovaries. Eggs become developed
in November and December. Each female produces about one hundred eggs. The
eggs are laid mainly during December and January, but some also in February and
March. Only a few are deposited at a time, probably on soil in the subnivean air
space. The ovaries are not refilled. Reproduction in C. araneoides is performed at
very low temperatures, around O°C or lower. Although several terrestrial inverte
brates may be found active during winter, both on snow and in the subnivean air
space, very little is known about the function of this winter activity. Clearly, C.
araneoide~ belongs to those whose reproduction period falls within winter.
Sigmund Htlgvar, Norwegian Forest Research Institute, N-1432, AS-NLH, Norway.

Chionea araneoimes Dalm. is a wingless, win
ter-active insect, which can be found on snow
on windless days at temperatures between
00 and _6°C (Svensson 1966, Hagvar 1971).
Copulation occurs on the snow surface. Since
larvae develop in soil (Striibing 1958), it is
commonly assumed that eggs are laid on the
soil in the subnivean air space, where the
animals evidently stay during unfavourable
temperatures. Wiger (pers. comm.) has col
lected the species in pit-fall traps under the
snow. Migration between the snow surface
and the subnivean air space occurs along
stems, branches, stones, etc., which penetrate
the snow layers.
The species has been recorded in the
imaginal stage from September to April
(Somme & 0stbye 1969). Most of the imaginal
life time is spent at temperatures below or
around O°C - either on snow, or in the sub
nivean air space, where temperature stays
close to O°C (Coulianos & Johnels 1962).
Obviously, reproduction is performed under
quite extreme temperature conditions. The
present study gives information on the egg
13 -
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production capacity per female, together with
phenology of egg development and egg
laying.

MATERIAL AND METHODS
Animals were collected on snow during sev
eral winters (1967-76), mainly in spruce
forests in the neighbourhood of Oslo. 121
females, collected between 22 October and 28
March, were dissected. The animals could be
grouped into three categories: 1. Eggs not
visible. 2. Eggs visible, but only partly de
veloped. 3. Eggs fully developed. In the latter
case, the number of eggs was counted.

RESULTS
The results are presented in Fig. 1. The
occurrence of females in the two first cate
gories is indicated in the bottom of the
figure. The number of developed eggs per
female is plotted, and monthly mean values
are given as horizontal, broken lines.
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Phenology of egg development and egg-laying in Chionea araneoides. Small dots denote the
number of eggs in females where all eggs are developed. Figures and arrows indicate that
two or more females had the same number of eggs. Small dots on the zero line indicate
females which had emptied their ovaries. Horizontal broken lines give the monthly mean
number of developed eggs per female. Bottom of figure: Circles indicate single females with
partially developed eggs. One circle in mid-November represents four females. The square
indicates a female, probably newly hatched, where eggs were not yet visible in the ovaries.

The following can be read from the figure:
Female imagines of C. araneoides hatch with
undifferentiated ovaries. In November, eggs
are fully developed in some animals, and in
January in all animals. The monthly de
crease in the mean number of developed eggs
from November to March, together with an
absence of eggs under development after
December, shows that the ovaries are not
refilled. Evidently, the number of eggs pro
duced per female is around 100. Since ani·
mals with every number of eggs from the
maximum down to zero have been recorded,
only a few eggs, or perhaps only one egg, is
laid at a time. Furthermore, Fig. 1 indicates
that the egg-laying period of a single female
covers several weeks.
Obviously, there are great individual dif
ferences as to which phase of egg-laying dif
ferent females are in at a given time. This is
especially evident in January. In the middle
of this month, some animals had laid all their
eggs, while others were just beginning. How
ever, in February, the main part of the popu
lation's egg production has been laid, and
the numbers recorded were all relatively low.
Specimens with some eggs can also be found
in March. Clearly, most eggs are laid during
December and January.

DISCUSSION
The occurrence of nearly any number of eggs
in specimens taken on snow indicates that
animals seek the snow surface at any stage
of their egg-laying period, if only weather
conditions are acceptable. Since only a few
eggs are laid at a time, and since specimens
on snow are always moving (Hagvar 1971),
the eggs from each female may be spread
over a rather large area.
It is not known whether imagines feed
during winter. However, the full number of
eggs fills up the abdomen almost completely,
leaving practically no space for fat or the
other organs. When most or all eggs have
been laid, most of the abdominal cavity ap
pears empty.
In some animals, especially at the end of
the egg-laying, a few smaller eggs could be
noted, mostly with distorted shape. These
have been regarded as resorbed or undevel
oped eggs, rather than as new eggs under
development.
The concentration of observations from
January is typical. For some reason, this spe
cies is most often found on snow during this
month. It may perhaps be explained by a
peak in copulation activity. Whether the same

Chionea araneoides
female copulates more than once, is not
known.
The rather large spread in egg number at
a given point of time in Fig. 1 may partly be
due to differences in phenology in different
years.
Imagines probably hatch before the soil
becomes frozen, i.e. at the latest during Oc
tober in the actual area. Still, in most females,
the eggs are not developed until two months
later or more. Even in February, four months
or more after hatching, most of the recorded
females had still some eggs left to be laid.
Evidently, egg development, copulation and
egg-laying activity altogether cover a period
of at least five months. This is of course a
much longer time than what insects repro
ducing in summer would need for the same
processes. The remarkable point here is that
these activities are really performed by C.
araneoides during full winter conditions, and
that the necessary physiological processes are
working adequately at temperatures around
or below O°C.
A lot of invertebrate species can be found
active during winter, both in the subnivean
air space (Niismark 1964) and on snow (e.g.
Frey 1913). However, little is known about
the purpose of winter activity in most of these
species. Even in typical, winter-active species
like Scoliocentra nigrinervis \Vahlgr. (Dipt.,
Helomyzidae), and Boreus sp. ( Mecoptera)
(e.g. Svensson 1966, Somme & 0stbye 1969,
Hiigvar 1971), we have no exact information
on when egg-laying occurs. There is clearly
a need for a kind of grouping of terrestrial
Received 15 July 1976
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winter-active invertebrate species according
to the function of their winter activity. First
among these categories should be those spe
cies whose reproductive activity falls within
that period when the ground is covered by
snow. C. araneoides would be a typical spe
cies in this group.
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Contribution from the Norwegian IBT/PT-UM sectiom

Studies on the ecology of Zygaena exulans Hochw. (Lep.,
Zygaenidae) in an alpine habitat at Finse, south Norway
SIGMUND HAGVAR

Hilgvar, S. 1976. Studies on the ecology of Zygaena exulans Hochw. (Lep., Zyga
enidae) in an alpine habitat at Finse, south Norway. Norw. ]. Ent. 23, 197-202.
Zygaena exulans Hochw., a common species on the Hardangervidda mountain
plateau, prefers habitats with rather high soil moisture. A main food plant is
Salix herbccea L. However, the species is absent from S. herbacea snowbeds, which
have a rather short snow-free period. Larval development seems to take two years
or more. The slow growth is partly due to a considerable weight loss at each
ecdysis. Up to 77 larvae and 7.7 pupae have been recorded per m". During pupation,
almost a fourth of the adult larva's dry weight is lost in exuviae and silk. Pupation
usually starts about 1 July, with the main swarming period about one month later.
Imagine~ have a short life time and swarm only on very warm, calm days. Mass
hatching on favourable days, which in some years are few, is probably triggered
by a certain minimum temperature in the top litter layer, above which the cocoons
are spun. In small-rodent peak years, the habitat is strongly disrupted by their
grazing, runways, ete. This activity must certainly kill a part of the larval popu
lation. Pupal density was higher before a peak rodent year (1970) than during the
two next years.
Sigmund Hagvar, Norwegian Forest Research Institute, N-1432 As-NLH, Norway.

Zygaena exulans Hochw. is a common spe
cies on the Hardangervidda mountain plateau.
The larval density may be rather high, and
in the favoured habitats this species is prob
ably one of the main herbivores. Respiration
rates, caloric content and water percentage
have been presented by Hagvar & 0stbye
(1974). The present study was performed
in a habitat at Finse, 1220 m a.s.l. (60 0 36'N
7° 30'E). In the same habitat, the main sapro
vore invertebrate group, larvae of TipuIidae
(Dipt.), has been studied by Hofsvang (1972,
1973).
MATERIAL, METHODS AND HABITAT
DESCRIPTION
The study covers a period of three years
(1970-72). It is mainly based upon field
observations, but animals have also been
kept in cultures at room temperature to study
weights, egg-laying, food preference, growth
etc. Some larvae were kept in cultures under
field conditions in cages 50 X 50 cm wide
and 10 cm high, covered by insect screen.

I

The actual habitat had high soil moisture,
a eutrophic vegetation and well-developed
tu[socks. Common plants are Carex bigelowii
Torr., mosses, Salix herbacea L., Antho
xanthum odoratum L., and Deschampsia flex
uosa (L.). More details are given by Hilgvar
& 0stbye (1972).
RESULTS

Eggs
Most females collected in the field weighed
much less than newly hatched females (see
chapter on imagines). This indicates that
emptied ovaries are not refilled. The eggs
are probably ready for fertilization imme
diately after the hatching of imago, and are
deposited during a rather short period. Eggs
could be found in the field in the beginning
of August: 3 August 1970 and 5 August 1972.
The eggs are laid in clusters on vegetation
near the ground, but not all at the same time.
In cultures at room temperature, time inter
vals of up to 2-3 days were recorded between
different egg batches from the same animal.
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Five females, collected 4 August 1970 and
kept in cultures at room temperature, de
posited from 31 to 60 eggs each. Each batch
contained from 9 to 51 eggs.
Eggs collected in the field 3 August 1970
hatched after eight days at room tempera
ture. Probably the eggs hatch before winter
in the field.
The mean weight of 250 rather newly laid
eggs was 0.29 mg.

Larvae
Growth and larval period
Larvae were recorded throughout the snow
free period. Weight distributions at different
collection times are given in Fig. 1. The
figure also includes larvae collected at Mos
vann, 950 m a.s.l., 95 km SE of Finse, just
after the spring thaw in the start of June.
Obviously hibernation occurs in the larval
stage. Pupae have never been recorded im
mediately upon the spring thaw.
Larval weights vary greatly just after
hibernation. Some larvae are already heavier
than mean pupal weights and should need
little or no food before pupation. The ques
tion arises whether larvae achieve such high
weights during their first autumn, or whether
the larval period covers two or more years.
Several observations on larval growth
make a one-year life cycle improbable. First,
about twenty newly hatched larvae kept in a
culture at room temperature for about one
month in August/September 1970, grew in
significantly. They were fed leaves of Salix
sp., which should be among the preferred
food items (see below). Secondly, three larger
larvae, at least one year old, did not change
their weight much after 11 days in a culture
at room temperature. One larva increased
from 22.0 to 22.9 mg, one from 39.6 to 42.2
mg, and one dropped from 37.3 to 34.0 mg.
They were fed leaves of Salix herbacea,
which is probably their main food. All larvae
performed an ecdysis during this period.
Before ecdysis, the larvae did not eat for 5-6
days, losing from 11 to 25% of their weight.
The rather large weight reductions during
ecdysis, and lack of significant growth during
a period of 11 days in the culture, indicate
that a rather long time is needed in the field
for complete larval development. Thirdly,
cultures in the field revealed that not all
larvae present at the spring thaw reached
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Fig. 1. Fresh weight distribution of Zygaena
exulans larvae during the main snow-free period.
Data from early June from Mesvann, just after
snow melt. At that collection, the smallest larvae
have probably been overlooked. Some dots from
5 July have been displaced to the left, and from
6 July to the right. Mean pupal weights are in
dicated.

maturity during the snow-free season. Four
larvae which had overwintered weighed from
17 to 44 mg in the first half of August, at
the end of the swarming period. 'The total
range of larval weights recorded in August
was from 15 to 71 mg (Fig 1). Before winter,
this population is supplemented with ad
ditional, newly hatched larvae.
The very large variations in larval weight
in June and July must be due to a mixture

Z ygaena exulans
of different age groups. However, the weights
do not fall into two or three distinct year
classes, as might be expected if larval devel
opment lasts two or three years. This might
be explained by large variations in weights
among larvae of the same age. As seen in
Fig. 1, female pupal weights are consider
ably higher than male pupal weights. There
are also large variations in pupal weights
within each sex.
The use of the head capsule breadth in
order to separate the larval stages was tried,
but abandoned. This was partly because the
capsule was often hidden and difficult to
measure, and partly because some preliminary
mea8urings did not indicate clear groups.
Density of larvae
Larval density was measured 5 July 1972.
Within a typical habitat, measuring 20 X 10
m, the number of larvae were counted within

48 squares of 15 X 15 cm on the top of
tussocks, and within 19 such squares between
tussocks. Up to eight larvae were found per
square. The mean density on top of tussocks
was 48 per m 2 , and between tussocks 37 per
m 2 • The squares contained a total of 158
animals. Twelve newly pupated larvae were
included in this figure.
In a more moist habitat, with smaller
tussocks, 30 squares on the top of tussocks
had 49 larvae per m 2 , and 33 squares between
tussocks had 77 per m 2 •
Food preference

Salix herbacea is probably the favoured food
plant. Together with leaves of other Salix
species, this plant was strongly favoured in
a preference test conducted 28-29 June 1971.
S. herbaoea is, however, the only Salix species
in the actual habitat. Leaves of Polygonum
viviparum L. were slightly eaten, while other
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common plants in the habitat were not
touched: Rubus chamaemorus L., Oxyria di
gyna (L.), and some grasses.

corresponded to the mean density within the
main plot. The highest number recorded in
one square was 18.

Pupae
Pupation time and pupal period
Fig. 2 shows the percentage of larvae which
had pupated, and how large a part of the
pupae were hatched at different times in
1970, 1971 and 1972. In the last two years,
pupation obviously started about 1 July. One
month later, most of the pupae were hatched.
Pupation occurred somewhat earlier in 1970.

Weights
The mean weight of the female pupae (142.8
mg, SD = 24.4, n = 14) was considerably
higher than that of the male pupae (107.7 mg,
SD = 7.3, n = 6); p<0.005, t-test. However,
very large variations in female pupal weights
(93.5-193.5 mg) produce a complete overlap
of the range of male pupae (98-119.5 mg).
All weights refer to pupae just before hatch
ing.
The dry weight of an exuvium of a male
pupa which weighed 109 mg was 2.5 mg.
The mean dry weight of eleven cocoons to
gether with the last larval exuvium was 3.5
mg. Altogether, the fully grown larva leaves
6 mg dry weight of larval exuvium, pupal
exuvium, and cocoon. The mean fresh weight
of an adult larva can be estimated at about
130 mg. Using a body water percentage of
about 78 (Hagvar & 0stbye 1974), this gives
a dry weight of 28.6 mg. Evidently, almost a
fourth of the larval dry weight is lost to
exuviae and silk.

Site of pupation
The location of the pupa is very character
istic. The larva makes a cocoon attached to
a plant stem just at the soil surface. Most
often the plant is Carex bigelowii. Due to the
white cocoon, the pupae can be found rather
easily. Two or more cocoons may be attached
to each other. Of 157 cocoons, 84 occurred
singly, 44 ocurred in groups of two, 24 in
groups of three, and one group of five was
found.
Density
The cocoons remain attached to the plants
even after the pupae have hatched. Cocoon
density was measured all three years in
August, within the same area where the
larval density was measured. Table 1 presents
the results, based upon 25 squares of 0.5 X
0.5 m on the top of tussocks and the same
number between tussocks. While the densi
ty in 1970 was largest between tussocks, the
situation was the opposite the next two years.
All cocoon densities were much lower than
the larval densities measured before the
pupation of 1972.
In another part of the habitat, with less
developed tussocks, a mean density of 5.4
cocoons per m 2 was measured on 35 randomly
placed squares of 0.5 X 0.5 m in 1970. This

Table 1.

Density of Zygaena exulans pupae during three

years, n:easured on the top of tussocks and between
tussocks.
0.5 x 0.5

Each mean number is based on 25 squares at
ffi.

z--

1970

1971

1972

3.4

1.6

3.9

7.7

0.32

0.64

Number per m

on top of tussocks

2

Number per m

between tussocks

Tolerance against submergence in water
During heavy rain falls, the area between
tussocks is filled with water. This, however,
does not seem to harm the pupae. The tol
erance is due to the cocoon, which keeps
water out and maintains an air space around
the pupa. Four pupae in their cocoons, sub
merged for 1.5 days at room temperature,
hatched normally.

Imagines
Hatching time and swarming activitv
The first hatching of imagines usually oc
curs in the first half of July, and the total
period over which imagines occur lasts about
one month (Fig. 2). However, the main part
of the population may hatch and swarm
within a few days of this period. Mass
hatching occurs only on warm, sunny and
calm days. Imagines need such favourable
weather conditions in order to achieve
successful swarming, copulation and egg
laying.
If unfavourable weather conditions, e.g.
rain and strong winds, follow a day with
intense hatching activity, a large part of

Zygaena exulans
the adult population will die. During heavy
rain fall many animals drown in water ac
cumulating between the tussocks.
Most imagines probably swarm within a
relatively small area, but some specimens
can also be found in habitats far from the
hatching point.
Weights
The mean fresh weight of ten newly hatched
females was 133.9 mg, SD = 22.6. The values
varied between 102 and 183 mg. The mean
loss of weight during hatching of these ani
mals was 12.9 mg, SD = 5.0. Three newly
hatched males weighed 69.5, 83.5 and 103
mg. .6ased upon male pupal weights and
given the same percentage loss during hatch
ing as for females, an estimated mean weight
of newly hatched males is 98.2 mg.
Most imagines recorded in the field
weighed considerably less than newly hatched
animals. Twenty-four females collected 2-8
August, 1972, weighed from 36 to 95 mg.
The mean value was 54.6 mg, and SD = 12.3.
Nine males collected during the same period
weighed from 31 to 50 mg, with a mean
value of 42.0 mg and SD = 6.3.

DISCUSSION
A life cycle lasting for more than one year
represents a typical adaptation to alpine hab
itats with a short snow-free season (Downes
1962, Mani 1968). The present dat; cannot
exclude the possibility of a life cycle lasting
for more than two years. Nordstrem et al.
(1941) gives no definite information about
the larval period in Sweden, but they assume
that larvae hibernate twice.
In the mountain area studied, the favour
able weather conditions necessary for success
ful swarming may be realized only on a few
days during the potential swarming period.
The mechanism which ensures mass hatching
on favourable days evidently lies in the
pupation site. The cocoon is spun quite near
the litter surface, i.e., in just that layer of
the habitat which is most strongly warmed
on a sunny day. This layer is also relatively
rapidly heated, so that hatching may occur
early enough to allow copulation and some
egg-laying during the same day. Tempera
tures above 40°C have been measured in the
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upper litter layer in a Salix herbacea com
munity nearby (Higvar 1975a). There prob
ably exists a minimum temperature, above
which fully developed pupae react with
hatching activity.
A life cycle covering more than one year
implies that only a part of the larval popula
tion pupates and hatches in a given year. If
swarming activity and egg-laying is un
successful due to bad weather, the species
has a 'population reserve' in the younger
larvae. The prolonged life cycle thus 'buf
fers' extreme fluctuations in the total popu
lation of the species. However, an unsuccess
ful egg-laying one year will, of course,
result in a low density of imagines the year
when these larvae would be adults.
From Table I it evident that pupal density
may vary markedly from one year to an
other. Here it is interesting to note that the
drop in density from 1970 to 1971 corresponds
with a peak in small rodent populations
during early 1971. At snow melt this year,
the habitat was markedly influenced by
rodent grazing, rodent runways, etc. This
activity must have killed a part of the hiber
nating larvae. Most probably, populations of
Z. exulans larvae are regularly reduced in
peak years for small rodents.
The shift in the site of highest larval
density, from between tussocks in 1970 to
the top of tussocks in the next two years
(Table I) may also be due to the rodent activ
ity, which was most intense between tussocks.
The great differences between larval and
pupal densities in 1972 cannot be satisfactori
ly explained solely by assuming a mixed
population of one and two-year-old larvae.
The larval population may have contained
more than two age classes, and/or there may
have been a high larval mortality before
pupation.
An interesting feature is that the only
conspicuous flowering plant in the habitat,
a Hieracium sp., blooms just during the
swarming period. Both sexes often seek these
flowers, and copulation sometimes occurs
here.
S. herbacea, which is a suitable food plant
for the larvae, also occurs in several other
types of habitats, forming almost a mono
culture in the S. herbacea snowbeds (Hagvar
1975a). However, in the Finse area, Z. exulans
larvae occur only in rather moist habitats
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with a long vegetation period. Their absence
in S. herbacea snowbeds may partly be due
to the short snow-free season (Hagvar 1975a).
However, it is difficult to explain the ab
sence from several other habitats containing
S. herbacea by factors other than unfavour
able microclimate. Also, the Z. exulans hab
itat at Mesvann mentioned earlier as having
a high larval density, was very moist.
Melasoma collaris L. (Col., Chrysomelidae),
which also feeds on S. herbacea, although in
other habitats, has an annual life cycle at
Finse (Hagvar 1975a). This is possibly due to
a very high assimilation efficiency and growth
rate in larvae (Hagvar 1975b). For Z. exulans.
the critical factor in the life cycle is not the
growth rate, but to accomplish hatching on
just the few suitable days. Thus, these two
species illustrate two different ways of
adapting to alpine conditions.
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Short Communications
Haliplus obliquus Fabricius (Col., Haliplidae) ny for Norge
DAG DOLMEN & JAN IVAR KOKSVIK

Three males of Haliplus obliquus Fabricius have been collected from the tarn
Bjortjorna (UTM: VN546664) in Susendalen, Nord~and Coufolty. The species ha~ not
previously been reported from Norway. The tarn IS a relatively s~all one wI.th. a
dense water vegetation. Values for total hardness and electrolytic conductivity
were high, as the tarn and its drainage area lie in a belt of calcareous rocks.
D. Dolmen & j. 1. Koksvik, University of T rondheim, Royal Norwegian Society of
Sciences and Letters, The Museum, Erling Skakkes gt. 47 b, N-7000 T rondheim,
Norway.

Under undersokelsene i Vefsnavassdraget
sommeren 1974 i forbindelse med Statskraft
verkenes utbyggingsplaner i omradet ble det
den 16. juli i Bjortjorna (UTM; VN546664)
i Susendalen funnet tre hanner av Halipus
obliquus Fabricius. Arten er tidligere ikke
oppgitt a vcere funnet i Norge.
H. obliquus er utbredt i de sentrale deler
av Europa, pa De Britiske oyer, i Danmark
og Sor-Finland, og er i Sverige registrert
nord til Uppland (Balfour-Browne 1940,
Lindroth 1960).
Sammen med H. obliquus fant en ogsa H.
confinis, en art hvis utbredelse stort sett fal
ler sammen med utbredelsen av H. obliquus,
men som gar noe lengre mot nord, og er i
Norge funnet spredt nord til Troms.
I Storbritannia er bade H. obliquus og H.
confinis funnet i et vidt spekter av vann
typer, og de forekommer ofte i samme lokali
tet; i Danmark er H. obliquus ogsa funnet i
saltvann (Balfour-Browne 1940, Hansen
1964).
Bade H. obliquus og H. confinis ble i
Vefsnavassdraget funnet kun i denne ene
tjorna, som skiller seg klart ut fra de andre
undersokte vatna m.h.t. beliggenhet, berg
grunn og vegetasjon. Bjortjorna ligger ca.
200 m o.h., arealet er 1.5 ha og sterste dyp
ca. 3 m. Tjorna er omgitt av blandingsskog
og ligger lunt til i terrenget. Vanngjennom
stromningen er liten. Et kraftig Carex-belte
strekker seg rundt storparten av tjorna, og
mot slutten av sommeren er det forholdsvis
Mottatt 23. februar 1976.
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tette forekomster av Potamogeton Spp. i storre
partier. I vegetasjonsprover tatt utenfor
Carex-beltet ble det forovrig funnet Utricu
laria sp., Myriophyllum sp. og Scorpidium
sp., dels i meget tette bestander.
Hydrografiske data er vist i tabell I. Etter
norske forhold er elektrolyttverdiene for
vannet meget hoye. Dette har sin naturlige
forklaring i at nedslagsfeltet og selve tjorna
ligger i det kraftige kalksteinsbeltet som
strekker seg nordover mot Rossvatn pa ost
sida av Susendalen. KMn04-forbruke indi
kerer at humuspavirkningen er liten.
I hele den undersekte delen av Vefsna
vassdraget ble det ellers av Halipidae bare
funnet Halipus fulvus, en euryok art med
utbredelse over hele Norge.
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Winter-active insects enclosed by ice from supercooled rain
SIGMUND HAGVAR

Thirty specimens of the winter-active, wingless insect Chionea araneoides Dalrn.
(Dipt., Tipulidae) were found completely enclosed by ice from supercooled rain on
snow. Evidently, supercooled rain may act as a strong decimating factor for several
winter-active invertebrates, trapping that part of the population which is present
on the snow surface.
S. Hagvar, Norwegian Forest Research Institute, 1432 As-NLH, Norway.

Chionea araneoides Dalm. is a typical winter
active insect which can be found walking on
snow at temperatures between 0° and _6°C
(Hagvar 1971). At Krokskogen near Oslo 13
January 1974, 15 iM and 15 ~9 were found
enclosed in a thin ice layer on the snow in
spruce forest. The ice layer had been estab
lished the preceding day as a result of super
cooled rain at temperatures just below ooe,
and covered several hundred square kms. All
animals were completely enclosed, and the
ice cover, which partly followed the shape
of the animals, was up to 3 mm thick. At
that time, the insects must have been en
closed in ice for at least twelve hours.
When the ice cover was melted in the
hand, all animals immediately started to
move and behaved quite normally.
According to Somme & 0stbye (1969), the
haemolymph freezing point of C. araneoides
varies between -0.42° and -l.OOoe, with
mean value _0.71°. Animals frozen at their
supercooling points (mean value -7.5°C) did
not survive. Somme & 0stbye (1969) con
cluded that the species cannot survive freez
ing.
The animals mentioned had spent the night
enclosed in ice at temperatures just below
ooe. If the haemolymph really was frozen,
freezing had occurred at temperatures con
siderably above the supercooling point. It is
a well-known fact that insects may freeze
at temperatures above their supercooling
Received 8 June 1976

point when they are in direct contact with
water, and that insects in some cases may
survive freezing when this occurs just below
ooe (Somme 1974). However, as the animals
behaved normally as soon as the ice cover
melted, it seems reasonable to assume that
the haemolymph had not been frozen. If this
is the case, the ice cover would act only as a
mechanical limitation, until freezing, or death
caused by oxygen deficiency occurs.
Obviously, supercooled rain on snow may
act as an important decimating factor on
populations of C. araneoides, as well as on
other winter-active invertebrates which peri
odically occur on the snow surface (Svensson
1966, Hagvar 1973).
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Nye funn av Lepidoptera
C. F. LUHR

New localities from various parts of Norway are reported for nineteen species of
Lepidoptera.

C. F. Liihr, N--2680 Vagamo, Norway.

Ved gjennomgaelse av de siste ars innsamlete
Lepidoptera kan nye lokaliteter angis for
felgende arter. Samtlige arter er fanget med
lysfelle.
Endromis versicolora L. On: Vagamo 18.
mai 1976. Ammoconia caecimacula Schiff.,
On: Vagamo 20. sept. 1975. Cosmia gilvago
Esp., On: Vagamo 27. aug. 1975. Crymodes
rubrirena Tr., TEi: Treungen, Nissedal 13.
juli 1975. Scopula immutata L., VAy: Rep
stad, Segne 16. juli 1957. Sterrha bisetata
Hufn., AAy: Groos, Grimstad 18 aug. 1974.
Acasis viretata Hb., AAy: Groos, Grimstad
2. mai 1974. Hydrelia testaceata Don., On:
Lom 29. juni 1963. Eupithecia palustraria
Db!., STi: Storlidalen, Oppdal 28. juni 1975.
E. actaeata Walderd. ssp. bergunensis Dietze,
On: Vagamo 9. juni 1976. E. assimilata Db!.,
AAy: Groos, Grimstad 13. aug. 1974. E. vul
gata Haw., TEi: Tjennefoss, Nissedal 5. juli

1974. E. nanata Hb., HEs: Helgesjeen, Eid
skog 17. juni 1974, TEi: Tjennefoss, Nissedal
5. juli 1974, On: Vagamo 19. juni 1975, E. do
doneata Gn., AK: Asker 2. juni 1961, Chloro
clystis chloreata Mab., AAy: Tromey 15. juli
1975, TEi: Treungen, Nissedal 5. juli 1974. C.
debiliata Hb., YE: Sem, Narvemd 7. aug.
1974. Arichanna melanaria L., TEi: Tjenne
foss, Nissedal 14. juli 1975. Ectropis conso
naria Hb., AAy: Groos, Grimstad 2. mai
1974. Pachycnemia hippocastanaria Hb., AAy:
Groos, Grimstad 10. mai 1976.
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New records of Rhamphomyia marginata Fabr. (Dipt., Empididae)
from East and West Norway
TROND ANDERSEN & ARNE F]ELLBERG

Rhamphomyia marginata Fabr., (Dipt., Empididae) is recorded from 0stfold, Vest
fold, and Hordaland.
T rond Andersen & Arne Fjellberg, Zoological Museum, University of Bergen,
N-5014 Bergen-Univ., Norway.

The female of Rhamphomyia marginata Fabr.
(syn.: platyptera Panz.) is easily recognized
by her large wings with a broad dark brown
margin. The species was first published from
Norway by Opheim (1973), who caught a

specimen at Holmsbu in Humm, Buskerud
county.
In the collection of the Zoological Museum
in Bergen there are several specimens from
various localities in East and West Norway.
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0stfold: Strupe at Halden, 5 June J 967 1 ~,
pine and spruce, L. Greve leg. Hordaland:
Steinesto in Kvam, 26 May 1971 1 ~, hard
wood, A. Fjeldsa leg. Lofallstrand in Kvinn
herad, 6 June 1966 1 ~, Student excursion
leg. Storsoy in Stord, 27 May 1968 4 ~~ and
29 May 1969 1 ~, Student excursion leg. Lii
in Os, 22-25 May 1976 1 ~, light-trap, T.
Andersen leg. The species has also been col
lected in Vestfold: Rod in Tjome 23 May
1965 1 ~, pine and spruce, by A. Fjellberg.
The species is distributed in Central Europe
and southern Sweden (Frey 1956).
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Schizonotus sieboldi Ratzenburg 1852 (Hym., Pteromalidae) reared from
Melasoma populi (L.) (Col., Chrysomelidae)
HENRIK PETTERSEN

Altogether 20 ~~ and 11 ~~ of Schizonotus sieboldi Ratz. were reared from Mela
soma populi (L.) larvae found on Populus tremula L. at Veum, eastern Norway
(UTM: 32VPLlU7695).
Henrik Pettersen, Norwegian Forest Research Institute, N-1432 As-NLH, Norway.

In September 1972 Dr. Alf Bakke collected
some parasitized beetle larvae of Melasoma
populi (L.) from leaves on root shoots of
Populus tremula L. The location was Veum
close to Fredrikstad in south-eastern Norway
(UTM: 32VPLl07695).
During February 1973 twenty females and
eleven males of Schizonotus sieboldi Ratz.
emerged. The specimens correspond with the
descriptions given by Boucek (1958) and Gra
ham (1969).
M. populi is a widely distributed and com
mon species in Scandinavia; it has one gen
eration each year and overwinters as imago.
Further south in the distribution range,
i.e. Middle and Southern Europe, the M.
populi may have two or three generations

each year (Giinther 1950, Mellini 1962). M.
populi is named as a chief host to this para
site, and S. sieboldi has been reported from
Germany, Czechoslovakia, Poland, and the
Soviet Union (Boucek 1958, Szujecki 1966,
Nicolskaya 1952). S. sieboldi is also known
from North America, where it sometimes
heavily parasitizes the introduced beetle pest
Plagiodera versicolor Laich. (Boucek 1958).
The species therefore seems to have a hol
arctic distribution, but no other Scandinavian
records are previously known to the author.
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Colydium elongatum Fabr. (Col., Colydiidae) new to Norway
ARVID P ASCHE & KARL ERIK ZACHARIASSEN

Colydium elongatum Fabr. is reported new to Norway. One specimen was found
under loose bark of a standing ring-barked aspen near Risor, Aust Agder county,
on 5 June 1976.
A. Pasche & K. E. Zachariassen, 1nstitute of Zoophysiology, University of Oslo,
Blindern, Oslo 3, Norway.

The clavicorn beetle Colydium elongatum
Fabr. lives under the bark of dead deciduous
trees, particularly of beech and oak, where
it feeds on xylophagous insects (Hansen 1951).
In Northern Europe the species has been
found in scattered localities in Southern
Sweden and in Jylland in Denmark (Lind
roth 1960). According to Hansen (1951), the
Danish finding was made as long ago as in
1887.
On 5 June 1976 one specimen of Colydium
elongatum was taken by the authors under
loose bark of a standing ring-barked aspen
near Risor in the outer part of Aust-Agder
county. The aspen was standing sun-exposed
in an open area, which seemed to have been
Received 31 July 1976

clear-felled a couple of years ago. The length
of the specimen was 6.5 mm.
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Bokanmeldelser

M. ChvaIa. 1975. The Tachydromiinae (Dipt.
Empididae) of Fennoscandia and Denmark. Fauna
ent. Scand. 3, 336 pp., 790 figs. Scandinavian
Science Press, Klampenborg, Denmark. Pris d. kr.
98.- (abonnement d. kr. 68.-).
Underfamilien Tachydromiinae horer til danse
£luene (Empididae) og omfatter arter av stlHrelse
mellom 0.7 og 5.5 mm. De horer siHedes ikke til
de mest ioynefallende artene. Kjennskapet til
deres levevis og okologi er ogsa reJativt begrenset,
selv om mange arter utvilsomt har en hoyst spe
sialisert og interessant biologi. Sa vidt man vet
er alle rovinsekter, som sa:rlig lever av andre
Diptera. Noen av dem kan ha okonomisk betyd
ning ved at de fanger skadeinsekter pa korn og
andre kulturplanter.
Det er meget gledelig at vi na far en mono
grafi om denne insektgruppen i Fauna Entomolo
gica Scandinavica. Som tidligere boker i serien
inneholder ogsa dette bindet bestemmelsestabeller
og beskrivelse om de enkelte artene. Ialt er 128
arter omtalt, og forf atteren regner med at dette
er de aller £leste som fins i Danmark og Fenno
scandia. Teksten er meget rikelig illustrert med
na:rmere 800 figurer. De aller £leste av dem er
usedvanlig klare strektegninger, som med stor
dyktighet er utfort av Grete Lyneborg. Uten a
ha provd selv, ma det va:re god grunn til a tro at
den utforlige teksten og de detaljerte tegningene
gir den beste mulighet for en vellykket identifika
sjon.
Det ligger et omfattende arbeid bak en bok
som denne. Forfatteren, som er ts i ekkisk har til
bragt et ar i Kobenhavn for a bearbeide nordisk
materiale. Han har selv gjort en rekke innsam
linger i Danmark. Mer enn 18000 eksemplarer
av Tachydromiinae fra museene i Danmark og
Fennoscandia har blitt undersokt. Bade i Finland
og Sverige fins gode samlinger, men dessverre er
det norske materialet relativt begrenset. Det gir
seg ogsa utslag i utbredelsesoversiktene bakerst
i boken. Forholdsvis fa arter er kjent fra Norge,
og man vet lite om deres utbredelse i de forskjel
lige deler av landet.
Dette sorgelige faktum gjor boken spcsiell ver
difull for norske entomologer. Her har man iall
fall forsteklasses bestemmelseslitteratur, med
ajourfort utbredelse for alle kjente arter i Nor
den. Ikke minst ville det va:rt av stor interesse a
vite mer om mange arters forekomst pa Vestlan
det og i Nord-Norge.
Forfatteren fortjener ros for det store arbeid
han bar nedlagt i denne boken. Det fortjener ogsa
seriens redaktor, Leif Lyneborg, som har funnet
frem til en klar og oversiktlig lay-out av bindene
i Fauna Ent. Scand. Serien har allerede blitt en
suksess, og har fatt en rekke abonnenter i og
utenfor de nordiske land.
Lauritz Somme

B. Ohnesorge. 1976. Tiere als Pflanzenschiidlinge.
288 pp. G. Thieme, Stuttgart. Pris DM 19.80.
Boken er utgitt i Thieme-forlagets serie av
«Flexible Taschenbiichep>, som vanligvis er av
meget god kvalitet.
Professor B. Ohnesorge gir her en innforing i
skadedyrenes levevis, med sa:rlig vekt pa de oko
logiske forutsetninger for deres opptreden og
skade. Bokens format begrenser tildels innholdets
omfang, og det bar heller ikke va:rt forfatterens
mening a gi en helt uttommende fremstilling av
emnet. Bokens innhold ma sees som en introduk
sjon til og en oversikt over dette fagomrade. Den
er i forste rekke beregnet pa studenter i land
bruksfag, men vii utvilsomt ogsa va:re av interesse
for biologistudenter ved andre la:resteder.
Den forste delen av boken er en systematisk
oversikt over de dyregrupper hvor skadedyr pa
kulturplanter horer hjemme. For det meste dreier
dette seg om insekter. Under omtalen av hver
insektorden presenteres de viktigste skadedyr med
en kort beskrivelse av deres biologi og form for
skade. Nyttige insekter, dvs. rovinsekter og para
sitter behandles i et senere kapittel.
Det neste hovedavsnitt er en redegjorelse for de
okologiske forutsetninger for skadedyrcnes opp
treden. Her behandles bade abiotiske og biotiske
faktorer som kan va:re av betydning for skade
dyrenes biologi. Avsnittet avsluttes med en inn
foring i populasjonsdynamikk. Mye av dette stof
fet er av generell karakter og berorer bare kort
fattet. Det meste kan man finne, og ofte mer ut
forlig, i en generell la:rebok i okologi. Allikevel
ma det sees som en fordel at problemenes bredde
her er presentert mellom to permer, slik at leseren
far et inntrykk av hvor kompliserte forholdene
egentlig er. Den som viI fordype seg i deler av
problemene kan gil til andre kilder som det ogsa
er rikelig referert til.
I det siste hovedavsnitt av boken diskuteres de
okologiske forutsetninger for at skaden skal inn
treffe. Her blir man presentert for problemstillin
gel' angaende vekselvirkningen mellom skadedyr
og kulturplanter, bl. a. med omtale av frastotende
substanser og na:ringskvalitet hos plantene, og
hvorledes dette kan utnyttes i utviklingen resisten
te kulturplanter. Avsnittet tar ogsa for seg insek
tenes rolle som vektorer for plantesykdommer og
plantenes reaksjon pa skadedyrenes angrep.
Boken har i det hele en meget stor spennvidde.
Om alle emner ikke er like utforlig behandlet,
burde den inspirere til videre lesning av mer spe
siell litteratur. Den kan anbefales for alle som
vii ha en innforing i skadedyrenes okologi med
hele den bredde omradet omfatter. Boken er
illustrert med tydelige strektegninger.

Lauritz Somme
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Bokameldelser

P. J. Mill (ed.) 1976. Structure and Function of
Proprioceptors in the Invertebrates. 686 pp. Chap
man & Hall Ltd., London. Pris £19.50.
Samtidig som flommen av faglitteratur oker, ser
vi en stigende tendens til at bokene blir mer og
mer spesialiserte. Dette henger naturligvis sam
men med den stadige tilforsel av nye kunnskaper
gjennom fagtidsskriftene, og skal de bli tilgjenge
lige for andre enn spesialister pa de enkelte om
rader, ma de samles i oversiktlige review-artikler
og boker. Man skal ikke sa mange arene tilbake
for det neppe var mulig a skrive en egen bok om
evertebratenes proprioceptorer, eller selvoppfat
tende sanseorganer.
Basert pa bI. a. elektronmikroskopi og elektro
fysiologiske malinger har det foregatt en vold
som utvikling pa sansefysiologiens omrllde. Det
er derfor med stor interesse man tar for seg den
foreliggende boken, selv om den bare dekker en
del av dette feltet. Proprioceptorer er her definert
som de sanseorganer som er i stand til a registrere
strekninger, trykk og andre deformasjoner i krop
pen, som kan skyldes dyrets egne bevegelser, eller
har sammenheng med dets vekt eller andre ytre
mekaniske krefter. I boken benyttes denne defini
sjonen i videste forstand, og bare de mekanoresep
torer som utelukkende reagerer pa beroring eller
lyd er utelatt. Som det fremgar av tittelen dreier
boken seg om virvellose dyr i sin helhet. Pa den
maten gir boken en rekke komparative aspekter.
s<erlig mellom insekter og krepsdyr, hvor de fleste
undersokelser pa dette omradet er utfort.
I till egg til bokens redaktor, J. P. Mill, har
femten forfattere bidratt med artikler innen sitt
spesialfelt. Det er ikke mulig i en anmeldelse som
denne, a gi en kritisk vurdering av de enkelte
bidrag mellom bokens permer, som ialt rommer

n<ermere 700 sider. Jeg ma her noye meg med
en kort omtale av deres innhold.
Bokens forste kapittel er en oversikt over ytre
mekanoreseptorer, som gir dyret proprioceptiv
informasjon. Dette omfatter en lang rekke or
ganer, hvis morfologi er grundig beskrevet og
illustrert. I de neste ni kapi tler behandles indre
proprioceptive organer hos arthropoder. De for
skjellige kroppsavsnitts og ekstremitelenes orga
ner omtales hver for seg. Mange av de indre
proprioceptive organene er strengformete eller
chordotonale, og viser en stor grad av variasjon
og kompleksitet i sin oppbygning. Sa meget er
na kjent om deres ultrastruktur, at el egd kapillel
er vid dette lema. Likevektsanser hos arlhropoder
og mollusker blir omtalt i kapittel 12 og 13. Pa
dette omradet har det samlet seg store kunnskaps
mengder, som her blir oversiktlig oppsummert.
Boken avsluttes med egne kapitler om de proprio
ceptive organers rolle i l<eringsprosesser hos
evertebrater, om metoder til kvantitativ analyse
av den informasjon de gir, og hvorledes impulser
fra proprioceptive organer oppfattes i det sen
trale nervesystem.
Dd er ingen tvil om at dette er en meget avan
sert og ajourfort bok innen sitt omrade. Den vil
v<ere en nodvendighet for alle som driver forsk
ning pa dette felt et, men ogsa for forskere pa be
slektete fagomrader. Boken viI ha stor betydning
til undervisningsformal ved universiteler og hoy
skoler, hvor forelesere kan finne rikelig med stoff
fra dette interessante felt. Boken inneholder en
rekke ypperlige illustrasjoner av de enkelte sanse
organenes morfologi. Det dreier seg tildels om
elektronmikroskopiske fotografier, men ogsa used
vanlig klare tegninger av stor pedagogisk verdi.

Lauritz Somme

IN MEMORIAM

Leif Reinhardt Natvig
Forstekonservator, dr. philos Leif Reinhardt
Natvig dode 14. november 1975. Med ham
er en sentral skikkelse i norsk entomologi
gatt bort. Natvig var fodt i 1894, og allerede
het etter artium i 1913 begynte han a ar
beide ved Zoologisk museum, Universitetet
i Oslo. Han var senere knyttet til dette insti
tutt helt til han nadde aldersgrensen. Hans
hovedinteresse var parasittiske og blodsugen
de insekter, og hans viktigste publikasjon var
hans store doktorarbeid 'Contribution to the
knowledge of the Danish and Fennoscandian
Mosquitos, Culicini' fra 1949.

I henes lop har Natvig innehatt en rekke
tillitsverv i Norsk entomologisk forening. Han
var med i redaksjonen av Norsk entomologisk
tidsskrift fra starten ay. og senere dets redak
tor i arene 1952-1955. Ved hans 70 ars dag i
196-! var hefte 5-8. bind 12 av Norsk entomo
mologisk tidsskrift tilegnet ham. 1 sammc
hefte skrev forstekonservator Astrid Loken en
hyldest og utforlig omtale av Natvigs karriere
og innsats. Vi viI minnes ham for det arbeid
han nedla for entomologien i Norge, bade
som forsker, foreleser og gjennom Norsk en
tomologisk forening.
Lauritz Somme

Arne Nielsen

Den 18. februar 1976 mistet vi var gode venn,
lege og entomolog-kollega Arne Nielsen. For
hans familie og na::rmeste venner var det ikke
sa overraskende, da han i mange ar hadde
slitt med dhlig helse. Allikevel hIe det en
tung stund for oss alle, som hadde la::rt ham

a kjenne som det stille og fine menneske han
var.
Arne Nielsen var fodt 5. juli 1907, og tok
sin medisinske embedseksamen i 1932. Forst
var han lege i Sandnes, senere i Elverum, men
som den rogalending han var, dro han i 1938
tilbake til Stavanger, hvor han ble assistent
lege ved Rogalad sjukehus. Bortsett fra et
ars fangeopphold pa Grini 1944-45 prakti
serte han resten av sitt liv pa Sandnes som
bedriftslege hos ] onas 0ghend, og fra 1964
til 1974 som lege ved Rogaland psykiatriske
sjukehus.
Det var som entomolog vi kjente Arne
Nielsen hest. Hans store interesse var Lepid
optera. bade macros og micros. Han var en
fast deltager ved de Nordiske Entomolog
moter, hvor han med sitt varme sinn og store
viten om sommerfugler, vant seg mange ven
ner. I Norsk entomologisk Tidsskrift har han
skrevet flere artikler om sine funn av Lepid
optera. Til hans viktigste arbeider horer en
undersokelse av Rogalands macrodlepidopter
fauna, og nye arter av noetuider for Norge.
Spesielt vakte hans funn av Stilbia anomala
Hw. stor oppmerksomhet som ny nordisk art.
Norsk entomoloigsk forening er ham meget
takknemlig for hans mange nye funn. Som
venn, kollega og forsker viI vi alltid minnes
ham i kja::rlighet.
CarI Fredrik LiJhr

,
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