





Allotype. Male. Same data and mounted
on the same slide as the holotype.

Paratypes. 8 99, 9 84, 1 deutonymph, all
from Sverdrupfjella, Dronning Maud Land,
as follows: Brekkerista 26 Jan. 1971 (No. 34),
3 99, 18. Brekkerista 24 Jan. 1971, scree with
lichens, 1150 m a.sl. (No. 30), 2 29, 6 38.
Joungane 23 Dec. 1970, north-facing slope,
1000 m a.s.l. (No. 6), 2 22, 2 48, Roerkulten
17 Jan. 1971, north-facing slope, 1500 m
a.s.l. (No. 25), 1 deutonymph.

Remarks. The chelicerae, and (especially)
the long, needle-like fixed digit serve to
distinguish this species from all others. It is
nearest N. amphibius T. & T. in size but in
amphibius the branches of the body setae are
heavy, finger-like, whereas in brekkeristae
they are fine and hairlike.

The specific name is for the locality in
which it was found.

Nanorchestes bellus sp. novo. (Figs. 5a, b)

Dorsal seta of chelicera not furcate. Pro-
podosoma about 1/3 as long as wide. Idiosomal
setae numerous, branched, about 8 microns
long.

Male. (Figs. 5a, b). Length, including che-
ticera, 300 u. Dorsum (Fig. 5a). Idiosomal
striae mostly transverse medially and longi-
tudinal laterally; punctulate except in the
sensory area. Distance between bases of sen-
sory setae nf 10 p. Setae nm inserted posterior
to, and on the same longitude as, the bases of
sensillae nb. Seta na and sensilla nb of equal
length, ca. 38 u. Both are of equal thickness
but nae has short, close, fine ciliation, whereas
nb has more sparse, coarse, and long cilia-
tions. The intersensillary flap (naso) is con-
vex, entire. Hysterosomal setae arborescent,
about 7 to 9 p long, numerous (ca 250).
Uenter (Fig. 5b). Genital pore 50 i long; the
7 pairs of eugenital (internal) setae are bi-
furcate and weakly plumed. The genital setae
(external) are arborescent and 8 on each flap,
one of which is more lateral. Anal pore with
2 pairs of setae, similar to the body setae.
Coxal seta formula, 3-1-2-3. All are large
and all are furcate except the inner posterior
seta of coxa IV, which is single. About 11
furcate or arborescent setae in the intercoxal
region between coxae III & IV; 2 setae me-
dially between coxae II & IIL. Ventral hys-
terosomal setae numerous, similar to the
dorsals. Grathosoma. Pedipalps typical for
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the genus; setae 0-2-2-3-8. Chelicera rather
short and broad. Dorsal seta coarsely plumose
not bifurcate. Anterior seta and chela not
decipherable. Striations prominent, smooth.
Hypostoma with weakly antlered rutella that
barely reach the tips of the pedipalps. The
smooth external adoral setae (AQOj) much
longer than the ciliated internal adoral setae
(AO»). Legs. Empodial claws with 6-8 rays
each side. Tarsi I & Il each with a small,
middorsal famulus. One of the sensory lines
on tibia I curves over the top of the segment.
Femora I & IV are divided. All the leg setae,
except one or two on femora IIT & IV are
single and coarsely plumose. Chaetotaxy of
legs I to IV, tarsus to femur, respectively: I,
16-6-5-6(4+2); II, 11-5-4-3; III, 8-3-3-8;
IV, 11-8-8-2(1+1).

Holotype. Female. Tvora, Sverdrupfjella,
Dronning Maud Land, Antarctica 25 Dec.
1971 (No. 7). Collected from underside of
stone, north-facing slope, 1500 m a.s.l.

Paratype. Male. Same locality as holotype.

Remarks. One cannot determine from only
two specimens whether the characters used for
differentiation will hold true, we can only
assume, and hope, they will.

Only 2 setae on femur IV, the short, very
broad chelicerae, equal thickness and length
of seta na and sensilla nb, the absence of
unusual modifications on the pedipalps are
characters which, when used in combination,
serve to differentiate this species.

This struck us as an unusually pretty little
mite, hence the name, bellus.

Nanorchestes antarcticus Strandtmann, 1963.

Brekkerista 24 Jan. 1971, facing north, in
vegetation of lichens, 1150 m as.l., 1 ¢, 1 8.
Tvora 2 Jan. 1971, scree facing north-west,
1200 m a.s.l., 1 @, Tverrnipa 4 Jan. 1971, scree
facing north-west, 1700 m a.s.l., 1 ¢, Dvergen
11 Jan. 1971, slope facing north, 1500 m
as.l., 2 38.
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Nanorchestes bellus sp. novo. a. dorsum, with enlarged view of the anterior sensory complex

and the posterior sensilla. Abbreviations: na. trigger seta for anterior sensilla; nb, posterior
sensilla; nf, anterior sensilla; nm, posterior seta in the dorsal sensory area.
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Nye funn av Coleoptera 1 Norge

KARL ERIK ZACHARIASSEN

Zachariassen, K. E. 1977. New finds of Coleoptera in Norway. Norw. J. Ent. 24,

147-148.

This paper presents a list of 45 finds of Coleoptera which have not previously been
reported from the respective Norwegian districts, Three of the species reported
(Scaphidium quadrimaculatum Ol., Agrilus pratensis Ratz, and Colydium elongatum

F.) are new to Norway.

Karl Erik Zachariassen, Institute of Zoophysiology, University of Oslo, Blindern,

Oslo 3, Norway.

Present address: Institute of Zoology, University of Trondheim, Rosenborg, N-7000

Trondheim, Norway.

I denne artikkelen rapporteres 45 funn av bil-
ler i Ser-Norge, som representerer ny ut-
bredelse for vedkommende art i henhold til
Lindroth (1960) og senere korreksjonslister.
Tre av artene, Scaphidium quadrimaculatum
Ol, Agrilus pratensis Ratz. og Colydium
elongatum F., er nylig publisert som nye for
landet. Distriktsforkortelsene er i overens-
stemmelse med Strand (1943). Funnene er
gjort i tidsrommet 1967 til 1977, og materialet
befinner seg i forfatterens samling.

Leistus rufescens F. NTy: Vikna, 26. juni
1976. To eksemplarer tatt pd gressmark. Leg.
A. E. Ofstad.

Nebria brevicollis F. MRy: Kortgard, 20.
august 1973. Leg. T. Yttrehus.

Notiophilus biguttatus F. NTy: Vikna, 26.
juni 1976. Pa gressmark. Leg. I. A. Ofstad.

Clivina fossor L. MRy: Kortgdrd, 29. april
1973. Under sten ved fjzra. NTy: Vikna,
26. juni 1976. P& gressmark. Leg. A. E.
Ofstad.

Trechus rubens ¥. NTy: Vikna, 26. juni
1976. Ett cksemplar pa gressmark. Leg. 1. A,
Ofstad.

Harpalus affinis Schrk. MRy: Kortgérd,
juni 1974, Leg. T. Yittrehus.

Pterosticus melanarius I11. NTy: Vikna,
20. juni 1973. Leg. M. Bronndal.

Agonum ericeti Panz. Os: Bagn, 14. august
1976. Pa bredden av myrvann over tregren-
sen.

Lebia crux-minor L. TEy: Kragers, 13. juli
1973. Et dedt eksemplar i edderkoppspinn pé
husvegg.

Dromius quadrinotatus Zenk. MRy: Kort-
gard, 31. mars 1974. I kvae pa furustubbe.

Graphoderes zonatus Hoppe. AK: Serum-
sand, 23. april 1973. I lite skogsvann.

Scaphidium quadrimaculatum Ol. TEy:
Kragers, 21. juni og 14. juli 1973. (Zacharias-
sen 1973). AAy: Riser, 5. juni 1976. I an-
tall under bark pa liggende soppinfisert bjer-
kestamme.

Brachygluta helferi Schm. — G. MRy: Kort-
gird, 31. mars 1974. Under sten ved fjera.

Hister merdarius Hoffm. MRy: Kortgard,
juni 1974. Leg. T. Yttrehus.

Hister ventralis Mars. TEy: Kragers, 25.
mai 1969. 1 hestelort.
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Elater ferrugatus Lac. HEs: Rotnesjgen,
Finnskog, 21. juni 1969. Under bark av terr
furustubbe.

Elater hjorti Rye. : Raugy. Puppe funnet
11. juli 1974 i lesmateriale i hul eikestubbe.
Klekket ca. 1. august.

Melanotus rufipes Herbst. MRy: Kortgard,
juni 1974. Leg. T. Yttrehus.

Melanophila acuminata DeG. HEn: v. Rea,
Femundsmarka, 10. juli 1977. 1 stekepanne
ved bal. Leg. S. Zachariassen.

Anthaxia morio F. VE: Vassbotn, 4. juni
1976. To eksemplarer tatt pd lgvetann.

Agrilus pratensis Ratz. TEy: Kragero, 11.
juli 1973, 8. juni og 6 juli 1974. (Bjernstad &
Zachariassen 1975).

Rhizophagus dispar Payk. MRy: Kortgérd,
29. april 1973. Under bark.

Rhizophagus parvulus Payk. HEn: Alvdal,
22. juni 1976. Under bark av bjerkestokk.

Typhaea stercorea L. VE: Nevlunghavn,
11. juli 1976. Svermende om ettermiddag.

Synchila humeralis F. @.: Raugy, 11. juli
1974. Under bark pa dedt eiketre. AAy: Ri-
ser, 5. juni 1976. Under bark av dedt bjerke-
tre.

Colydium elongatum F. AAy: Riser, 5. juni
1976. Under bark p& stiende ringbarket osp.
(Pasche & Zachariassen 1976).

Cerylon deplanatum Gyll. TEy: Kragero,
24. juli 1969. To eksemplarer tatt under bark
pa ospestokk.

Cerylon histeroides F. MRy: Kortgérd, 29.
april 1973. Under bark av ded furustokk.

Paramysia oblongoguttata 1.. NTy: Vikna,
26. juni 1976. I hytte.

Lyctus linearis Gze. VE: Nevlunghavn, 3.
juli 1974. P& vedstabel om ettermiddag.

Orchesia undulata Kr. TEy: Kragers, 13.
juli 1973. Sittende p& bakken.

Mycetochara flavipes F. AAy: Riser, 5.
juni 1976. Under bark p& liggende morken
bjerkestamme.

Mottatt 25. august 1977

Donacia versicolorea Brahm. NTy: Vikna,
26. juni 1976. I antall p& blad av Potamo-
geton i et lite tjern.

Zeugophora scutellaris Suffr. TEy: Kra-
gerg, 2. juni 1974. Banket av vegetasjon.

Cryptocephalus distinguendus Schneid. STi:
Servika, Femunden, 16. juli 1973. P4 blad av
ungbjerk.

Cryptocephalus pini L. STi: Servika, Fe-
munden, 17. juli 1973. P& ungfuru.

Rhynchites tomentosus Gyll. AK: Leren-
skog, 11. august 1971. To eksemplarer banket
av vegetasjon.

Sitona lineellus Bonsd. TEy: Kragers, 27.
juli 1967. MRy: Kortgadrd, 29. april 1973.
Under sten ved fjaxra.

Dryophthorus corticalis Payk. AAy: Riser,
16. juli 1974 og 5. juni 1976. Tallrik under
plankebiter i gammel sagflishaug.

- Hylobius piceus DeG. MRy: Kortgérd,
juni 1974. Flere krypende p3 husvegg. Leg.
T. Yttrehus.

Scolytus laevis Chap. Be: Sylling, 15. juni
1974. T antall om aftenen pd vedstabel.

Scolytus ratzeburgi Jans. HEn: Alvdal,
22. juni 1976. Under. bark av bjerkestokk.

Jeg vil takke Dr. phil.h.c. Andreas Strand

for & ha kontrollert deler av materialet.
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Variations in the cold-hardiness of hibernating Ips acuminatus
Gyllenhal (Col., Scolytidae) related to the sun exposure of

the habitat

UNN GEHRKEN & KARL ERIK ZACHARIASSEN

Gehrken, U. & Zachériassen, K. E. Variations in the cold-hardiness of hibernating
Ips acuminatus Gyllenhal (Col. Scolytidae) related to the sun exposure of the habitat.
Norw. J. Ent. 24, 149-152.

Adult bark beetles of the species Ips acuminatus Gyllenhal were collected from
different sides of a sun-exposed log of Scots pine in March, and examined with
respect to supercooling points and haemolymph osmolality. These values were
related to the subcortical temperature conditions at the different sides of the log.
The mean supercooling point of beetles collected at the exposed south side of the
log was about —23°C and about —28°C for beetles from the unexposed north side.
The mean haemolymph osmolality was about 1500mOsm for beetles from the south
side and about 2700mOsm for bectles from the north side. For supercooling points
as well as for haemolymph osmolality the difference was significant on level p<0.01.
The high osmolality values indicate that the beetles have high concentrations of
polyols in their body fluid, and the parallel variation in osmolality and super-
cooling points indicates that the difference in supercooling points is due to different
levels of polyols. The differences in the level of polyols are probably caused by
the high day temperatures at the exposed south side compared to those at the
unexposed north side.

Unn Gehrken, Institute of Zoology, University of Oslo, Blindern, Oslo 3, Norway.
Karl Erik Zachariassen, Institute of Zoophysiology, University of Oslo, Blindern,

Oslo 3, Norway.

Many species of insects show seasonal varia-
tions in supercooling points and polyol con-
centration during the year. The ambient tem-
perature seems to be one of the main factors
determining the polyol level and supercooling
capacity of the insects. Thus, insects kept at
high temperatures tend to have lower polyol
levels and higher supercooling points than
insects kept at lower temperatures (Dubach
et al. 1959, Salt 1959, Semme 1964, 1965,
Asahina 1966, Krunich & Salt 1971, Man-
singh & Smallman 1972).

The subcortical temperatures at different
sides of trees and logs vary appreciably ac-
cording to solar radiation (Bakke 1968). These
temperature variations might lead to different
supercooling . points and polyol levels in in-
sects having their winter habitat under the
bark. The present paper concerns the effect
of the sun exposure of the winter habitat on
the cold tolerance of adult bark beetles of the
species Ips acuminatus Gyllenbal, which hi-
bernates under the bark of logs of Scots pine
{Pinus silvestris L.).

MATERIAL AND METHODS

Thin barked logs of Scots pine, infested by
Ips acuminatus, were collected near Kongs-
berg (SE Norway) in the autumn 1976. The
logs were transported to Oslo, where they
were stored, standing against the east facing
side of the trunk of an oak tree.

At the end of March, samples of approxi-
mately 10 beetles were collected within
squares of about 0.01 m? in the bark of a log.
The squares were located at the north, east
and south sides of the log, about 0.4 m above
the ground. Fach square represented a sector
of about 40° of the circumference of the log.

The supercooling points of the beetles were
measured by means of a copper constantan
thermocouple, connected to a recording po-
tentiometer. The beetles were cooled at a rate
of about 4°C per min, and the supercooling
point was indicated by the sudden tempera-
ture increase, caused by the release of heat
of fusion from freezing water.

The polyol concentration of the beetles
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was monitored by measuring the osmolality
of the haemolymph of the beetles. The os-
molality was determined by measuring the
melting point of small samples of haemo-
lymph on a Clifton nanoliter osmometer. Each
haemolymph sample was obtained from 1-3
beetles, the supercooling points of which had
previously been determined.

The subcortical temperatures at various
sides of the log were investigated by means
of a Grant temperature recorder. The ther-
mistors were inserted under the bark on the
same sides of the log and at the same distance
from the ground as the squares from which
the beetles were collected. The air tempera-
ture was recorded by means of a separate
thermistor probe.

RESULTS

Fig. 1 shows the mean supercooling point of
beetles collected at different sides of the log.
Although the temperature ranges overlap,
the mean supercooling point of beetles from
the north side was significantly lower than
that of beetles collected at the east and south
sides, as assessed by Student’s t-test (N vs E:
t=3.52, df=16, p<0.01; N vs S: t=6.52,
df=16, p<0.01). Furthermore, the mean su-
percooling point of beetles from the east side
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Fig. 1. Supercooling points (Mean *+ S.D.) of /.
acuminatus collected at the south (S), east (E)
and north (N) sides of a log of Scots pine.

3000 1

2000 ‘. I

7000

HAEMOLYMPH OSMOLALITY (mOsm)
i

C E N
SIDE OF LOG

Fig. 2. Haemolymph osmolality (Mean +S.D.) of
I. acuminatus collected at the south (8), east (E)
and north (N) sides of a log of Scots pine.

was significantly lower than that of beetles
from the south side (t=2.34, df =16, p<<0.05).
The mean supercooling point of beetles from
the north side was about 5°C lower than that
of beetles from the south side of the log.

The osmolality of the body fluid of the bee-
tles related to the position of the sample is
shown in Fig. 2. The mean osmolality of beet-
les from the north side was significantly lower
than that of beetles from the south and east
side (N vs S: t=14.85, df=12, p<0.01: N vs
E: t=8.83, df=10, p<C0.01), whereas the mean
osmolality of the beetles from the east side
was significantly lower than that of beetles
from the south side (t=3.99, df=10, p<0.01).
The difference in mean osmolality of beetles
from the north and the south sides was about
1000 mOsm.

Prior to the registrat¥ons of the subcortical
temperatures of the log here were several
days of cloudless sky, but only one cloudless
day occurred within the registration period.
The temperature registrations from this day,
which is probably representative of the tem-
perature conditions during the period to the
sampling of the beetles, are shown in Fig. 3.
As expected, the registrations reveal that the
highest day temperatures occurred on the ex-
posed south side of the log. This side also
had the lowest temperatures during the night.
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Fig. 3. Subcortical temperatures at different sides of a log of Scots pine.

The temperature at the unexposed north side
followed the air temperature more closely
than did the temperature at the other sides.

DISCUSSION

The present data indicate that the position of
the winter habitat of I. acuminatus has a mar-
ked effect on the supercooling point of the
beetles. Thus, the supercooling points range
from a minimum of about —30°C for beetles
collected at the north side of the log to a
maximum of about —20°C for beetles from the
south side.

The high values of haemolymph osmolality
indicate that the beetles have high concentra-
tions of polyols in their body fluid. The pa-
rallel variations in osmolality and supercool-
ing points indicate that differences in polyol
levels are responsible for the differences in
supercooling points. This is in agreement with
results obtained by other investigators (Semme
1964).

In spite of experiencing the lowest tempera-
tures during the night, the beetles collected
at the exposed south side had the lowest os-
molality. However, the day temperatures at

the south side were considerably higher than
those at the unexposed north side, indicating
that the polyol decreasing effect of the high
day temperature dominates over the polyol
increasing effect of the low night tempera-
ture. This seems likely, since (1) the rate of
chemical reactions increases exponentially
with the temperature, and (2) during late
winter and spring there is a prevailing ten-
dency, increasing with temperature, to meta-
bolize the accumulated polyols (Semme 1964).

The observed differences in cold tolerance
might lead to variations in the winter sur-
vival of beetles having their winter habitat at
different sides of the log. A sudden drop-in
temperature in the spring might cause cold
death in beetles positioned on the south side
of the log, whereas those at the north side
remain unaffected.

Beetles at the south side probably have an
accelerated development compared to the
beetles from the other sides. Thus, beetles at
an exposed south side of a log are likely to
commence eating and swarming earlier in the
summer than beetles hibernating at less ex-
posed habitats. Bakke (1968) observed that
the swarming of I. acuminatus was dispersed
over a period of more than four weeks. This
extended swarming period might be due to
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differences in the rate of development of the
beetles, caused by different temperature con-
ditions in their winter habitats.
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The biology and seasonal activity of the tundra species in the
Scandinavian bumble bee fauna (Hym., Apidae)

ASTRID LOKEN

Loken, A. 1977. The biology and seasonal activity of the tundra species in the
Scandinavian bumble bee fauna (Hym., Apidae). Norw. J. Ent. 24, 153-157.

The tundra species in the Scandinavian fauna are represented by Bombus alpinus
(L.), B. arcticus diabolicus Friese, B. balteatus Dahlbom, B. hyperboreus Schonherr,
and B. lapponicus (Fabricius). The rate of the colony development and the length
of the seasonal activity are estimated on the basis of the appearance of the hiberna-
ting queens and records of males throughout the season. It is stated that B. hyper-
boreus has a flexible mode of life varying from social to social parasitic behaviour.

A. Loken, Zoological Museum, University of Bergen, N-5014 Bergen Univ., Norway.

The tundra species in the Scandinavian
bumble bee fauna comprise five species, of
which four species, viz. Bombus alpinus (L.),
B. arcticus diabolicus Friese, B. balteatus
Dahlbom, and B. hyperboreus Schénherr be-
long to the subgenus Alpinobombus Skorikov.
The fifth is Bombus (Pyrobombus) lapponicus
(Fabricius). The distribution of the individual
species, being circumpolar or limited to the
Eastern Hemisphere, is confined to the
arctic/subarctic zone and alpine/subalpine
areas. In Scandinavia they have a more or
less scattered distribution along the moun-
tain chain which dominates the peninsula
(= Norway and Sweden) and ranges from
approximately 58°30'N to the arctic in
northeast, reaching the northern coast at 71°
11'"N. The chain consists of undulating
mountainous plateaux and mountainous mas-
sifs with peaks and glaciers intersected by
canyons and valleys. The actual species,
particularly the Alpinobombus spp., have ac-
cordingly a discontinuous distribution which
impedes thorough investigations. The moun-

tain chain is roughly separated in a southern
and a northern part by east-west directions
of wooded passes at approximately 63° 30’ N
which support a more or less pronounced
‘bicentric’ distribution of the tundra species
(Leken 1973, the dot maps).

The representatives of Alpinobombus are
of particular interest. Lack of information on
nests and the scarcity of workers favoured
for years the theory of only small colonies
being produced. In order to complete the
colony development during the short season
of growth the number and size of worker
broods would be strongly reduced or even
omitted (Schneider 1909, Pittioni 1942), the
species locally reverting to temporary solitary
living. However, recent information on colo-
nies, in addition to an increasing number of
records of workers, has revealed that the
species regularly produce worker broods with
the exception of B. hyperboreus (Loken 1973).
Nevertheless, the suggestion of the latter
being adapted to solitary living is now
disputed, cf. below.
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The annual life cycle of bumble bees can
in general be divided into several phases:
Posthibernation (when the awakened queen
at first consumes nectar and pollen from
flowers and then searches for a nesting site);
nest establishment; colony development; de-
cline; hibernation. Attention should be drawn
to the fact that when the male and queen
broods are produced, no more worker broods
are reared. As the hatching of the sexual
forms has ended, there follows a steady de-
cline in the population of the colony, which
soon dies out. Thus the time the individual
hibernating queen needs to pass the phases

of post hibernation, nest establishment, and

colony development — below termed the rate
of the colony development — may roughly
be indicated by estimating the number of
days ranging from the moment the queens
begin to emerge from hibernation to the
short-living males appear in the field.

There is a local as well as an annual
variation in the time of the beginning and
duration of each phase of the life cycle ac-
cording to the environmental conditions, but
some species-specificities exist in the tempe-
rate Bombus spp. In the lowlands of southern
and central Scandinavia, for instance, there is
a specific difference in the appearance of the
hibernating queens. The bumble bees are
roughly divided into early and late-appearing
species, corresponding to an emergence from
hibernation at the beginning and end of spring
season. The seasonal length of activity is,
moreover, specific, ranging from about four
months in some species to about seven months
in other members of the genus.

The tundra species are related to areas
with pronounced seasonal changes of climate,
and the turnover intervals between winter
and summer, i.e. the spring turnover, are
short. There is no specific difference in the
appearance of the hibernating queens except
that B. hyperboreus apparently emerges some-
what later than the remaining species. B.
alpinus, B. arcticus diabolicus, B. balteatus,
B. lapponicus, and some other Bombus spp.
locally reaching the same areas appear at the
same time, i.e. as soon as the snow is locally
melted. The earliest records of the individual
species are about the middle of May in either
of the southern and northern parts of the
‘bicentric> distribution, where the queens may
be observed searching for food (Salix) in be-

tween the snowdrifts. A delay in the winter
season postpones the emergence of hibernating
queens accordingly.

Although the relevant data are meagre,
the available material has led to a compara-
tive study of the biology and seasonal activity
of the tundra species, mainly based on the
time of appearance of the hibernating queens
and records of males throughout the season.
The material from the southern area of
distribution refers mainly to records from
Hardangervidda—Jotunheimen-Dovrefjell in
southern Norway. That from the northern
area of distribution comprises records north
of the Polar Circle and mainly from the
northernmost provinces in Norway, viz.
Troms and Finnmark. A phenological study
of sex and caste of the individual species in-
dicates a seasonal activity of about equal
length throughout Scandinavia. The material
from either of the southern and northern
areas of distribution which at first was
studied separately, is therefore kept together
below.

RESULTS AND DISCUSSION

The seasonal activity is illustrated by scatter
diagrams where the frequency of males
throughout the season (based on records from
various years) is related to the number of
days succeeding the earliest appearance of
hibernating queens.

The diagrams of Alpinobombus spp. (Fig.
1) reveal that the rate of the colony develop-
ment may not vary much between B. baltea-
tus, B. alpinus, and B. arcticus diabolicus
(Fig. 1A), all of which produce 2-3 worker
broods (Leken 1973). Males recorded 50-60
days after the earliest appearance of hibernat-
ing queens (dated to 15 May) roughly indicate
the time a queen needs to complete the colo-
ny development. Considering the sparse ma-
terial, the first records of males in early sea-
sons may not have been observed, i.e. the
rate of colony development may be somewhat
shorter than the estimated 5060 days. More-
over, males recorded throughout the season
(Fig. 1A) demonstrate activity up to about
115 days. Thus the seasonal length of activity
would be about the same for the three species,
ranging from 3 to 3!/2 months depending on
the local and annual variations.
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Fig. 1. Bombus (Alpinobombus) Skorikov. Fre-

quency of males throughout the season, related to
the number of days succeeding the average date
for earliest emergence of hibernating queens. @
“indicates the appearance of queens. A: B. balte-
atus Dahlbom, B. alpinus (L.) and B. arcticus
diabolicus Friese. B: B. hypeboreus Schonherr.

Information about the high-arctic B. hyper-
boreus having a pronounced ‘islet’ distribution
needs further support. The earliest appearance
of the hibernating queens is, for instance,
uncertain. The earliest recorded specimens
examined were collected by me 17 and 20
June respectively. One of the individuals
was a pollen collector and both specimens had
slightly worn wings, i. e. they had passed the
posthibernation phase. They may have
emerged from hibernation early in June.
Owing to absence of observations the ap-
pearance of queens estimated to 4 June (Fig.
1B) needs to be adjusted. The few males
recorded about 30 to 80 days succeeding the
estimated date and queens observed at the
end of August (see below) might indicate a
seasonal length of activity up to 3 months.

Record of B. hyperboreus males early in
July (Fig. 1 B) might indicate a workerless
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life cycle of the species. A recent contribution
to the biology of the species disproves, how-
ever, an adaptation to solitary living. The
species is an obligatory usurper of B. a. arc-
ticus Kirby at Lake Hazen, Ellesmere Island,
Canada, 81° 49’ N (Richards 1973). A B. hy-
perboreus queen usurping a colony of B.a.
arcticus was located in Vegasund, Greenland
(Loken 1973). A colony of B. (Pyrobombus)
jonellus (Kirby) traced in Swedish Lappland:
Virihaure area in Lule Lappmark about 67°
10’ N (Bergwall 1970) was likewise occupied
by the same species. These observations might
indicate a social parasitic mode of life in the
total area of distribution of B. kyperboreus;
a suggestion which is supported by the fact
that B. hyperboreus is only observed in areas
where one or several members of the genus
have also been recorded.

A few B. hyperboreus workers, less than
a dozen, are, however, known from the
eastern IHemisphere (Leken 1973), all of
which were recorded more than 50 years
ago. I have examined five of the actual
specimens being collected in the following
areas: Norway: Dovrefjell in Oppland county
about 62° 10" N; Swedish Lappland: Sarek
in Lule Lappmark 67° 30" N, Vassijaure in
Torne Lappmark 68° 30'N, and an un-
known locality in Lappland; Kola peninsula.
In addition I have examined a total of four
queens with pollen loads kept in the collec-
tion of Zoological Museum, University of
Bergen. They were recorded in the northern
area of Dovrefjell (cf. above} 21 June 1926,
29 August 1948, 20 June 1967, and in Swe-
dish Lappland: Nuolja in Torne Lappmark
about 68° 20" N 30 June 1972 respectively,
1. e. they were observed in the same areas as
the workers. The pollen-collecting behaviour
indicates a contribution to the social welfare
of a colony.

As mentioned above, B. hyperboreus is
stated to be a Psithyrus-like parasite in El-
lesmere Island (Richards 1973). The records
of workers, pollen collectors in addition to a
queen usurping a colony of B. jonellus em-
phasize, however, a more flexible mode of .
life of the species in Scandinavia where the
environmental conditions are completely dif-
ferent. The previous suggestion of local adap-
tation to solitary living must, however, be
disputed.

On the whole, a more pronounced adaptation
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Fig. 2. Bombus (Pyrobombus) lapponicus (Fabri-
cius). Frequency of males throughout the season,
related to the number of days succeeding the
average date for earlist emergence of hibernating
queens. @ indicates the appearance of queens.

to extreme arctic conditions is observed in
Ellesmere Island (Richards 1973). The area
is inhabited by only two Bombus spp., viz. B. a.
arcticus and B. hyperboreus. B. arcticus is
regularly producing workers, yet only one
brood. B. hyperboreus, appearing 1-2 weeks
later in the season than B. a. arcticus, is
regularly observed usurping colonies of the
latter. The seasonal length of activity of
B. a. arcticus ranges from 2-2'/2 months and is
1-2 weeks less for -B. hyperboreus.

B. lapponicus has a wider distribution and
a greater abundance than the remaining
tundra species, a fact being reflected in the
frequency of males in the studied material
(Fig. 2). Records below the timberline were
not included. Males observed 30 to 40 days
succeeding the appearance of hibernating
queens {dated to 15 May) reveal a rapid life
cycle known from other members of the sub-
genus Pyrobombus Dalla Torre. In addition
to colony development completed in about 40
days, the diagram shows a high frequency of

males from early July to early August and a
duration of seasonal activity up to about 115
days. The observations emphasize a long pe-
riod of nest establishment. Males appearing
late in August would refer to nests being
established at the middle of July. The study
supports the suggestion put forward by Loken
(1973): Posthibernation may extend for an
unusually long period of time (ranging from
the middle of May to the middle of July in
early seasons, and from middle of June to the
middle of July when the spring turnover is
much delayed) or the species may produce
two generations of queens under prosperous
conditions as stated for B. jonellus cf. below.

In the diagram (Fig. 3), referring to males
of the ubiquitous B. jonellus, the specimens
observed in the lowlands are kept separate
from those recorded in the zones above and
beyond the timberline. The diagram reveals
that the earliest males were observed nearly
50 days succeeding the earliest appearance
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Fig. 8. Bombus (Pyrobombus jonellus) (Kirby).
Frequency of males throughout the season, related
to the number of days succeeding the earliest
emergence of hibernating queens. @ indicates the
appearance of the queens.




of the queens (dated to 20 April) in the low-
lands. The corresponding time for males at
higher altitude and in the north was abcut
35 days (appearance of the hibernating queens
dated to 15 May). The difference in the rate
of the colony development, estimated to about
50 days in the lowlands and 35 days in alpine
and arctic areas, needs further investigation.

As for B. lapponicus, the frequency of B.
jonellus males related to the number of days
succeeding the appearance of hibernating
queens indicates a long period of nest estab-
lishment. The diagram reveals a seasonal
length up to 120 days above and beyond the
timberline. Males observed late in August and
even in first half of September would belong
to nests established about the middle of July,
perhaps later. Whether this means produc-
tion of two queen generations is so far not
proved. The extremely long duration of sea-
sonal activity in the lowlands — up to about
160 days succeeding the appearance of hiber-
nating queens — demonstrates an even longer
period of nest establishment. It is, however,
stated that B. jomellus produces two genera-
tions of queens (Meidell 1968), a fact clearly
confirmed in the diagram (Fig. 3). The peak
of frequency during July represents males
produced by hibernating queens. The smaller
* peak in the middle of September refers to
the second generation; the males have
emerged from colonies founded by the young
queens.

Another ubiquitous species locally occur-
ring together with the tundra species is B.
(Pyrobombus) pratorum (L.). The species has
a life cycle and a seasonal length of activity
rather like that of B. jomellus, but the pro-
duction of a second generation of queens is
not proved.

With the exception of B. hyperboreus, the
phases in the life cycle of the tundra species
in the Scandinavian bumble bee fauna cor-
respond to that of Bombus spp. in temperate
zones. The duration of the seasonal activity,
ranging from 3 to 3'/2 months according to
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local and annual variations, is adapted to the
flowering of the local food plants. Produc-
tion of 2-3 worker broods and emergence of
sexual broods throughout August, sometimes
later, reveal that when the short spring turn-
over is delayed 3 to 4 weeks (from about
middle of May to beginning or middle of
June), the actual species have sufficient time
to produce worker broods and complete the
life cycle.

The information gained about B. hyper-
boreus in Scandinavia where the species have
a flexible mode of life, varying from social to
social parasitic behaviour, should stimulate
further investigations. The behaviour of the
species presents an interesting phenomenon,
particularly from an evolutionary point of
view.
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