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Chaetocladius sp. (probably laminatus)
Lake Gulsjgen, Gran, Os: 31 March 1968, 1 2.
On snow in spruce forest, about 500 m a.s.l.
Valler, Ba&rum, AK: 3 April 1968, 1 2. On
snow in mixed forest, about 130 m a.s.1.

Diamesa permacer (Walk.)

Lake D=livannet, Berum, AK: 24 Feb. 1969,
1 2. On snow in mixed forest, about 130 m a.s.l.
About 0 °C,

Kols3sen, Berum, AK: 12 March 1970, 18 33,
1 2. On snow near open water in small brook,
about 130 m a.s.l. (Fig. 1). Cloudy, no wind,
—1.0 °C at the snow surface.

D. bohemani (Goetgh.) Edw.

Kolsasen, Berum, AK: 23 Feb. 1969,143,1 2.
On snow in spruce forest, about 200 m a.s.l.
About —2°C,

Eggemoen, Ringerike, Ba: 26 Feb. 1969, 2 343,
4 22. On snow in spruce forest about 100 m a.s.1.,
temperature around 0 °C.

Diamesa sp.
Baverdalen, Lom, On: 1 April 1969, 1 2.

Lake Furusjoen, Sel/Fron, On: 20 April 1969,
1 Q. On snow in wood of Scotch pine and birch,
about 850 m a.s.l.

Finse, Ulvik, HOi: 24 April 1965, 1 3. On
snow in (lower) alpine region, several flying (not
collected) along a river with open water, 1210 m
a.s.l.

Pseudodiamesa branickii (Now.)
Bekkestua, Berum, AK: 5 April 1969, 1 2.

HABITATS

Fig. 1 shows a habitat where C. leminatus and
D. permacer were found. The water in the brook-
let, only 1-5 cm deep, was running very slowly.
The bottom was covered with stones, and mosses
were growing at the edges. In the habitat shown
in Fig. 2 (about 1 km apart from the first one),
only C. laminatus was found. Here the small
amounts of water were stagnant. Both pictures
were taken in March 1970 at Kolsdsen, Berum,
about 130 m a.s.l.

Fig. 2. Open brooklet near Oslo, 130 m a.s.l. with a
few cm stagnant water. Habitat for Chaetocladius
laminatus (Photo S. Hagvar).

RESULTS

Winter-active chironomids were found from low-
land to alpine habitats. In several cases individu-
als were observed far away from open water,
indicating spreading by wind or by active move-
ments,

Fig. 3 illustrates the phenology of the species,
including additional data from Norway and
Sweden according to Brundin (1947), Pagast
(1947), and Serra-Tosio (1969).

The highest density of D. permacer on snow
was found in the habitat shown in Fig. 1. On
12 March 1970 at Kolsiasen, the density was
about one animal per m?, within one metre from
open water. Very few animals were found further
apart from water. The air temperature close to
the snow surface was —1 °C, and some indi-
viduals were flying at this temperature. It was
cloudy and there was no wind.

A great number of C. laminatus were found
swarming along a small brook with some open
water, in Sylling on 27 Feb. 1966. Several animals
were observed flying, together with several walk-
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Fig. 3. The occurrence (phenology) of winter-active
Chironomidae. A. Chaetocladius laminatus, B. Dia-
mesa permacer, C. D. bohemani, D. Pseudodiamesa
branickii,

ing on the snow along the banks of the brook.
The weather was calm and foggy, with tempera-
ture around 0 °C,

Several chironomids were flying along an
open river at Finse on 24 April 1965. The weather
was partly cloudy with a daily temperature max-
imum of 7 °C. Only one specimen, a female,
was collected and determined to Diamesa sp.
The next day, several animals were seen flying
along the river, together with many observed on
the snow. On this day, the weather was foggy
with dense snow falling and temperatures ranging
from 0 °C to 4 °C. No animals were collected.

Animals were also found (in the field) during
sunny weather. At Kolsasen on 18 March 1970,
one female of C. laminatus was flying when the
temperature, measured with a shaded thermo-
meter, near the snow surface was 0 °C. A pair
of C. laminatus was found in copulation on the
snow during sunny weather at Kolsisen 10 April
1968, not far from the habitat shown in Fig. 2.
The air temperature in shadow, one m above
the snow, was about 5 °C.

18 specimens of D. permacer collected 12

March 1970 at Kolsasen were kept under a plastic
cover on the snow, and their activity was noted
at different temperatures during several days.
They survived —13.5 °C during the night and
were capable of active movements at —4.5 °C,
Copulation occurred without swarming at —1 °C.
Both sexes were very active on the snow surface
at this temperature; males were opening and
closing their hypopygium.

Some specimens of D. permacer were kept at
—22.5 °C for one hour, but they did not survive
this temperature.

A pair of D. permacer, which was collected at
Kolsasen 12 March 1970 and kept in a small
glass at 18 °C, copulated next day. Copulation
lasted for at least half an hour. Two days later
about 400 eggs were laid in a small amount of
water offered.

As in D. permacer and C. laminatus, Diamesa
bohemani mated without swarming activity. A
male and female collected on snow at Kolsasen
23 Feb. 1969 copulated immediately when
brought together in a small glass container. Co-
pulation occurred at a somewhat higher tem-
perature than at the place where they were found,
but even at the latter temperature (—2 °C) they
were very active, although not flying. The animals
were left at —2 °C, and copulation lasted for at
least 15 minutes.

In cultures of D. permacer and C. laminatus,
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animals were seen pressing their heads for some
seconds against wet filter paper or against snow,
probably imbibing water.

DISCUSSION

The number of species recorded is low, taking
the different localities, habitats, and years into
consideration. Obviously, the ability to use the
late winter months for hatching and reproduction
seems to be a rare adaptation among chironomid
species.

Of the species listed, Diamesa permacer is new
to Fennoscandia, and Chaetocladius laminatus is
new to Norway. According to O. A. Szther
(pers. comm.), the antennal ratio of the C. lami-
natus specimens differs from the original descrip-
tion of the species. For the present, the specimens
are listed as ssp. n., as the genitalia are identical
with those of C. laminatus (O. A. S&ther, pers.
comm.).

All earlier records of C. laminatus, D. bohe-
mani, and P. branickii have been noted in the
autumn (August—October). Obviously these spe-
cies may hatch both during autumn and winter
in Scandinavia. D. permacer has been recorded
only in late winter, and some records of the
species from Germany are also from this time of
year, viz. April (Pagast 1947). Further south,
P. branickii may occur in every month from
February to August. This species has also previ-
ously been found when the ground has a snow
covering (Pagast 1947). If D. permacer does not
occur at other times of the year, this species is
the one with the most limited adaptation to
winter conditions. Concerning C. laminatus, D.
bohemani and P. branickii, it is not known
whether they have one or more generations a
year. Pagast (1947) believes that P. branickii has
only one generation a year. According to O. A.
Sather (pers. comm.), many larvae of the sub-
family Orthocladiinae (covering all species men-
tioned in this paper) seem to grow only at tem-
peratures below 5 °C; they may perhaps be at
rest in summer during the second stage. Theo-
retically, the occurrence of imagines both during
autumn and late winter can be explained by the

existence of two simultaneous generations, each
using one year to fulfil their life cycle.

D. bohemani and P, branickii are arctic, cir-
cumpolar species. D. permacer and C. laminatus
also occur in arctic conditions, e.g. the Alps
(Fittkau et al. 1967). Oliver (1968) states that
chironomids that have been able to adapt to
spring conditions in the temperate regions have
also successfully invaded the arctic regions. This
conclusion accords very well with the present
data.

According to Oliver (1968), the proportion of
chironomid species which mate on the ground
without swarming is probably no higher in the
arctic than elsewhere. However, it is obviously a
great advantage for an arctic species to be able
to mate without swarming, as flight may often be
impossible because of low temperature. The
smooth and white snow cover also facilitates the
meeting of the sexes on the ground. In this con-
nection it is interesting to note that some of the
most typical winter-active insects occurring on
the snow (Chionea sp., Diptera Tipulidae, and
Boreus sp., Mecoptera) are wingless. D. permacer,
D. bohemani (and perhaps C. laminatus) are not
mentioned by Oliver (1968) among arctic species
mating without swarming.

Oliver (1968) also observed that Chironomidae
might imbibe water; all of the nine arctic species
investigated by him were able to complete the
maturation of their eggs using only the nutrient
material collected during the larval stage. The
number of eggs (about 400) laid by D. permacer
is higher than in P, arctica (maximum about 230,
Oliver 1968).

D. permacer, D. bohemani, and P. branickii
occur mainly in running water (Fittkau et al.
1967), but C. laminatus may occur in stagnant
water during arctic conditions (O. A. Sather,
pers. comm.).

The most typical winter insects reproduce only
during the winter, and are able to withstand tem-
peratures well below 0 °C (Semme & Ostbye
1969). Obviously D. permacer, and even the other
species mentioned, are well adapted to low tem-
peratures, However, at least three of the species
also reproduce in the autumn, before snow covers
the ground. None of the species mentioned, with
the possible exception of D. permacer, should be



listed among the typical winter insects, but they
all belong to the exclusive group of insects that
are able to use the snow cover as habitat for their
reproductive activities.
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Seasonal Variation in Hemolymph Osmolality and Osmotic
Contribution of Glycerol in Adult Rhagium inquisitor L.

(Col., Cerambycidae)
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Hemolymph osmolality of the adult Rhagium inquisitor 1. (Col., Cerambycidae)
is markedly increased during winter. This increased osmolality seems to be in-
duced by low temperature and is mainly due to an increased glycerol concentra-
tion, but there is also a significant osmotic contribution from other solutes.

K. E. Zachariassen, Institute of Zoophysiology, University of Oslo, Oslo 3, Norway

INTRODUCTION

Many species of insects live exposed to low tem-
peratures during winter. The survival of insects
under these circumstances is based upon super-
cooling of the body fluids or upon tolerance to
freezing. Both increased ability to supercool and
freezing tolerance seem to be due to an increase
in the concentration of solute particles in the
insect’s body fluid (Salt 1959). In several insect
species, glycerol has been shown to be of great
importance as an osmotically active substance
(Salt 1959, Semme 1964). However, only a few
investigations have shown the exact quantitative
contribution of glycerol and other solutes to the
total solute concentration in insects.

The longicorn beetle Rhagium inquisitor L.
lives under the bark of dead conifer trunks and
stumps. Adult beetles appear in August-Septem-
ber, after having lived as larvae for 1 to 3 years
(Hansen 1966). Adults stay in their pupal cham-
bers during winter until the beginning of May.
Pupal chambers can often be found in parts of
dead trees which are above snow level during
winter. In contrast to most other overwintering
species, the species is not shielded by a thermically
insulating snow cover, which, according to
Semme & Dstbye (1969), protects the insects
from being exposed to extremely low tempera-
tures. Lindroth (1960) reported that R. inquisitor

is found all over Norway. It is very common in
the inner parts of @stlandet, where winter tem-
peratures frequently drop to —20 or even —30 °C.
The species has to survive very low temperatures,
and is thus interesting from a cryobiological
point of view. The beetles are quite large (12 to
18 mm in length) and are therefore well suited
for quantitative examinations of solutes in the
hemolymph.

The purpose of the present examination was to
find out how the hemolymph osmolality in adult
R. inquisitor varies during the year, to discover
whether glycerol occurs in the hemolymph dur-
ing winter, and to determine, if possible, the
quantitative contribution of glycerol to the total
hemolymph osmolality.

MATERIAL AND METHODS

Hemolymph osmolality was measured on beetles
which were collected in the Oslo area from 1969
to 1972. The beetles were brought directly to the
laboratory and analysed immediately, or they
were kept at outdoor temperatures during the
night and analysed the next day. All beetles
collected during winter were taken from pupal
chambers located above snow level.

Hemolymph samples were obtained by tearing
off one of the elytra. The hemolymph drop
exuded was drawn into a glass micro-capillary




















