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Ants in the cold

Abstract. The life histories of boreal ants are examined for possible adaptations to long winters and severe
climate. While comparing the life cycles of Camponotus s.str. and Leptothorax s.str., strategies are
identified by which solitary colony founding is avoided or delayed from late summer to the beginning of
the new season. Possible advantages of postponing colony founding are discussed.

INTRODUCTION

Life in extreme habitats requires unusual adaptations. In social insects, not only
the behavior and physiology of individuals may be shaped by the environment, but
the social organization of the colony as a whole may be changed by selective pressure.
In insect societies, thousands of ants, bees, or termites cooperate to achieve bizarre
adaptations which are impossible to a solitary insect. Termites, e.g., survive in
extremely hot environments by air conditioning their nests (LUSCHER 1961), army
ants entwine their bodies to bridge small streams, fire ant colonies escape floods by
forming live rafts (HOLLDOBLER, WILSON 1990), and bees keep their hives at an
almost constant temperature, regardless of external climate (MORITZ, SOUTHWICK
1992).

Considered to be generally thermophilous, ants have successfully conquered also
cold or temperate biomes, including deciduous woodland, boreal and alpine conife-
rous forests, and subarctic forest-tundra. At high latitudes, however, the ant fauna
is little diverse (HOLGERSEN 1942, KUSNEZOV 1957, PISARSKI 1978), and only about
a dozen species from four or five genera reach the tree-line in northernmost Eurasia
and North America (HEINZE 1993). Though the importance of ants in boreal ecosy-
stems is well acknowledged (e.g. NIELSEN 1987), few studies have focused on how
ants manage to thrive under the harsh climatic conditions in these subarctic envi-

ronments. '
Comparing certain aspects of the life cyc
Camponotus MAYR and Leptothorax MAYR,

les of boreal species of the two genera,
we attempt to demonstrate how both
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adaptations of the individual’s physiology and specialized colony fo.un ding strategies
may facilitate life in habitats near the tree-line. For the life histories of other boreal
ants see, e.g. BERMAN et al. 1987, KIPYATKOV 1988, ELMES, KELLER 1993, and

references therein.

BOREAL ANTS: CAMPONOTUS HERCULEANUS (L.)
AND LEPTOTHORAX ACERVORUM (FABR.)

Camponotus and Leptothorax are two extraordinarily large and complex ant
genera which are known from most zoogeographical regions. In addition to several
Formica L. and Myrmica LATR. species, Camponotus herculeanus (L.) and Leptotho-
rax acervorum (FABR.) are the most widely distributed and best studied species of the
few taxa occurring in the taiga and forest tundra. The two species differ widely in
social organization, life history, and ecology, and they mark opposite ends of the scales
of both individual and colony size. Whereas colonies of L. acervorum typically consist
of 50 to 100 workers, SANDERS (1970) counted more than 13000 individuals in a single
C. herculeanus nest. The total length of a C. herculeanus major worker can reach 10
to 12 mm, that of L. acervorum rarely exceeds 4.5 mm. C. herculeanus appears to be
often associated with living trees, as it typically requires wood for nesting material
(BROWN 1955, HOLLDOBLER 1962a, BERMAN et al. 1980, FRANCOEUR 1983, GREGG
1972). L. acervorum and related species, on the other hand, which in coniferous
forests live mainly in decaying twigs, have repeatedly been found well beyond the
tree line in the tundra, where they nest under flat stones on south-facing slopes
(BROWN 1955, BERMAN et al. 1980, 1982, FRANCOEUR 1983, NIELSEN 1987, HEINZE,
ORTIUS 1991). The northernmost ant found in America is a L. “muscorum” worker
(probably L. cf. canadensis PROVANCHER) taken at Kidluit Bay on Richards Island,
about 75km from any trees (BROWN 1955), and NIELSEN (1987) collected L. acervorum
at Happy Valley Cut in interior Alaska, 150 km north of the tree line. Similarly, L.
acervorum is the only ant species occurring in the Russian tundra (ARNOLDI 1968).

Whereas colonies of all boreal Leptothorax may contain several inseminated
queens, Camponotus is monogynous, though occasionally several queens may co-exist
in separate parts of a large colony (oligogyny, HOLLDOBLER 1962b).

HIBERNATION AND COLD HARDINESS

It has long been known that ants hibernate in dense clusters, which in the case
of Leptothorax consist of workers, queens, and larvae, and in Camponotus may also
contain winged male and female sexuals. According to EIDMANN (1943) and
HOLLDOBLER (1961), the Camponotus queen, the larvae, and the nurses are positio-
ned in the centre of the hibernation cluster and are surrounded by the foragers and
nest guards. The guards are the last to join the hibernation cluster and also the first
to resume their activity during a temperature increase. Similarly, in Leptothorax the
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queen (or queens) and the brood are surrounded by workers, however, the structure
of the hibernation clusters and the dynamics of their formation are not known.

In winter, the nest entrances are typically sealed with soil or wood particles, and
the empty space of the nest chambers may be partially filled with ice crystals. Even
under a protective snow cover, temperatures in nests near the tree-line may fall as
low as —30°C (BERMAN et al. 1980), but as both adult ants and larvae accumulate
large amounts of anti-freeze polyols, mainly glycerol, in the fall, they may survive
temperatures of down to —40°C. (LEIRIKH 1989). Other freeze-protecting agents, such
as thermal hysteresis proteins, have as yet not been found in ants and other
Hymenoptera (DUMAN et al. 1991).

COLONY FOUNDING IN BOREAL ANTS

Cold is not the only obstacle to be faced in the far north. The extremely long
duration of winters and the shortness of the productive period in summer probably
also pose severe problems to ants by prolonging the development of the brood and
the growth of the colony. In many temperate Leptothorax, eggs may develop to adult
workers within one summer, but in extremely boreal habitats all larvae hibernate at
least once, some twice before pupation. In Camponotus, individuals may hibernate
twice before reaching sexual maturity, independent from ambient temperature
(Fig. 1).

Slow brood development also affects colony founding. Typically, sexuals of tempe-
rate ant species mate during a swarming flight in midsummer, seek shelter in a small
cavity in wood or the soil, and start to lay eggs. The first workers may have eclosed
by the onset of winter and the risky phase of solitary colony founding thus is
completed within the first year of the queen’s adult life. In extremely northern
habitats, the first snow may fall shortly after the mating season and there is rarely
time for the queens to produce their first brood before hibernation. Hence, a queen
which mated in late summer would face one, probably two hibernations without adult
workers and the colony founding phase would be extended to more than one year.

One way to counter the constraints of a short growing season is to develop a nest
temperature household as was demonstrated in the mound building Formica L. wood
ants. Metabolic heat production and the physical properties of the mound that
enhance the collection of heat from sunlight raise the internal nest temperature
rapidly in spring (e.g. KNEITZ 1970, DLUSSKY 1975, HORSTMANN, SCHMID 1986,
ROSENGREN et al. 1986). This permits to rear male and female sexuals from eggs to
adults in only 5 to 6 weeks. In this group of Formica, sexuals thus mate m early
summer. Furthermore, the queens found new nests by temporary parasitism or
colony budding after readoption into the maternal nest rather than solitary_foundmg.

In Leptothorax, males and virgin queens eclose in midsummer and mate in Augu.st.
Occasionally, sexuals are still present in the nest in earl‘y Se.:ptember. As in F ormica
and also Myrmica LATR., young queens may seek adoption into estabhshgd colqmes
after mating. After hibernation, new colonies are fou'nded both by sol.ltarlly emigra-
ting queens or by budding of multiply-queened colonies. In some species, budding or
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emigration is preceded by overtly aggressive or stereotyped dominance int.eractions
among the queens (HEINZE, SMITH 1990, HEINZE, ORTIUS 199 1).. Ol?servatlons show
that during the first warm days of spring, some larvae are cannibalized by Leptotl.w-
rax workers and queens. Before emigrating young queens thus probably replenish
their fat reserves. Queen adoption, emigration and budding result in seasonal
fluctuations of average queen number and colony size (Fig. 2, HEINZE 198_9). Som.e
Leptothorax queens disperse directly after mating rather then returning 1.nto t‘helr
maternal nests, but laboratory studies indicate that the success of solitarily hiber-
nating queens is low (HEINZE, BUSCHINGER 1988).

1 3 6 9 12
year 1 E=>L>Pox3=>E=> L
year 2 > P> W
temperate ants
year 1 E: > L =
year 2 L — L => P =D Q>

year 3 3@ Qx3 =E=——=L
yoar 4 Lf
boreal Camponotus

Fig. 1. Schematic illustration of the life histories of a temperate ant and a boreal Camponotus species. E,
L, P, and W stand for eggs, larvae, pupae, and adult workers respectively. In some temperate ants, larval
development may be completed within several months and mating takes place in the first year of the young
queen’s life. In other species, sexual larvae hibernate once, Typically, foundresses begin to lay eggs shortly
after mating (but see PLATEAUX 1970) and may occasionally have adult offspring before the onset of winter
or early during the next summer. In boreal Camponotus and also in boreal Leptothorax, on the other hand,
sexual larvae hibernate at least once, frequently twice. In Caemponotus, rather than mating directly after
eclosion in late summer, winged sexuals hibernate in the maternal colony and swarming takes place in
early summer. Camponotus queens begin to lay eggs after mating, but first workers often eclose only during
the following year. Nevertheless, by the shift of the mating season from late to early summer in
Camponotus, hibernation without larvae is avoided.

Solitary colony founding does, however, occur in some ant species in the north. In
boreal Camponotus, adult sexuals are produced in late summer and hibernate in the
maternal nest before mating (e.g. HOLLDOBLER 1962a, HANSEN, AKRE 1990). The
resulting life history has been analyzed in detail in C. herculeanus (HOLLDOBLER
1965) and will be summarized briefly. An “eclosion guild” of young workers and
reproductive forms produced in late summer remains together until the nuptial flight
in the following year. The young workers stay close to the males and virgin queens,
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Fig. 2. Seasonal fluctuations of colony composition in the nearctic ant Leptothorax sp. A from Québec. As

in other boreal Leptothorax, colonies collected in winter contain on average more queens.(q..n. s.tands for

queen number) and more workers than summer colonies. Ip Leptothora..x sp. A, the variation in colony

structure is especially pronounced because of its habitat requirements, which promote queen adoption and
budding rather than queen dispersal (e.g. HEINZE 1989).

feeding them food that they themselves have received from retumir'xg foragers. It is
remarkable that the males during their “social phase” not only receive food but also
donate liquid food to their nestmates (HOLLDOBLER 19§6). All 9f the members of the
guild accumulate fat reserves before hibernation begins. During late summer, the
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mother queen lays a clutch of eggs which hatch and develop to second instar larvae
before the entire colony shuts down for the winter. Colony inactivity is based on a
true physiological diapause, because it continues even if the colony is transferred to
the laboratory and kept at 22-25°C (HOLLDOBLER 1961). If the nest temperature is
maintained below 18°C the colony will remain relatively inactive and the virgin
queens and males than stay within the nest for an entire additional year. But if the
temperature is sustained above 22°C, a common event in the field in April, the
hibernation phase ends. The males become “socially emancipated” in the sense that
they now participate much less in food exchange and other social activities. They
start to use up their fat bodies. With their bodies light in weight and their sperm
poised for ejaculation, they are primed for the nuptial flight. The workers continue
to fatten the virgin queens as well as the overwintered larvae, which are destined to
mature during the late spring and summer.

By May or June, the stage is at last set for the C. herculeanus nuptial flights. In
the afternoon the queens and males start to move to the nest entrance to sun
themselves. Their excursions become more and more extended, until finally, aided
by a synchronization pheromone from the mandibular glands of the males
(HOLLDOBLER, MASCHWITZ 1965), a mass flight occurs. The newly mated queens then
start new colonies by sealing themselves into old beetle burrows or other preformed
cavities in wood. They live on their body reserves until the first brood of workers is
reared. Some individuals, which had a relatively early nuptial flight, might raise the
first workers before the second hibernation starts. Often, these nanitic workers do
not survive, however, the winter period. Other queens hibernate with second instar

esting larvae, some of which will be eaten after hibernation, while other larvae
evelop into workers which eclose in late spring (Fig. 1).

The complex life cycle of C. herculeanus represents a “storage economy” of

~~ reproductives, maintaining males and virgin queens inside the colony for many

onths. The social economic burden caused by this system is probably alleviated by

he fact that males participate in food distribution during their social phase. One of

he advantages of hibernation of sexuals is that at least one generation of males and

. 7 v.irgin queens is available for the nuptial flight whenever the environmental condi-

| tions are suitable. Overwintering of mature forms in the colony before mating is a

rather.uncommon strategy in ants, though winged males or females have been

.sp01:ad{cally found in winter nests of other species (e.g. EIDMANN 1943). It might be

Intriguing that adult sexuals hibernate and mate in late spring or early summer in

mos?, probab.ly all b.oreal‘ Camponotus species, whereas in several temperate and

tropical species mating flights occur in midsummer (e.g. BASALINGAPPA et al. 1989,

WH_EELER, KRUTZSCH 1992) and alates are presentin the colony only for a short period

of time (SATOH .1989, H:ASEGAWA 1992). However, sexuals stay in the maternal nest

for a longelj period also in some Camponotus from warm-temperate or tropical areas

le.g. C. floridanus (BUCKL.) (HOLLDOBLER, unpubl.), C, yamaokai TERAYAMA et SATOH

(SATOH 1989), C. kiusiuensis SANTSCHI (ITO et al. 1988) and in Paratrechina flavipes
(F. SMITH) (ICHINOSE 1987).
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THE BENEFITS FROM DELAYING COLONY FOUNDING

It appears that by hibernation of adult sexuals and queen readoption colony
founding is similarly postponed from the end of summer to the beginning of a new
growing period and hibernation without adult workers or larvae is avoided. The
advantages of budding or temporary parasitism to a founding queen are evident,
however, the benefit from delaying solitary founding to spring is less clear.

Camponotus queens, which had the whole summer to produce larvae with which
they then hibernate, clearly have a headstart during the next spring. They regularly
cannibalize some of their larvae to raise new brood to adulthood more quickly. The
resting larvae might serve in part as food reserves which can be recycled after
hibernation, in order to speed up the development of the other larvae.

Solitary hibernation is nevertheless costly even for large Camponotus queens
which are packed with fat reserves. According to field data (HEINZE, unpubl.) and
laboratory studies (G. GRAF, pers. comm.) 50 to 75% of all solitarily nesting Campo-
notus queens, which survived until the beginning of hibernation, died during the
winter. Smaller, less endowed Leptothorax queens might rarely survive solitary
hibernation in extremely northern habitats.
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i i i tothorax cf. canadensis. Workers from various populations in Québec and
f}:g\i’h\x}gnltf:ur:{)ar}::z oNfel\:vepHampshire were isolated in 1.5 ml plastic vials with perforated lids eltt:er
solitarily or in groups of five, with and without brood (appr. t'hl‘fee'to ﬁ\{e la;vae). L’l;h;a?:s wire u en
subjected to temperatures of between —5°C and 5°C at 90% 'humldlty‘m an incu ato? o ?el yfm eiista e'II-e
checked every month. Compared to complete hiber'natmg colonies, t!le mortality rate of solitarily

hibernating ants was significantly increased (for details see text).

ustering by itself increases the winter survi-
f L. cf. canadensis from New England and
Québec, which hibernated in isolation, had a significantly hlg}}er morgahty th.a}r:
workers, which hibernated in groups of 15 to 250 (2 x 2 test of mfiepen encef;nt
Wi]]iam’,s correction, Gadj. = 87.1; p << 0.001). Workers clustered {anrogps 'I?h m;,
however, did not show increased survival rates (G = 0.92; p > 0.1; Fig. 3). Thoug

Survival experiments suggest that cl
val of Leptothorax workers. Workers o
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queens of social insects are probably less sensitive to cold than are the workers
(e.g. STRASSMANN et al. 1984 and own observations) it might nevertheless be advan-
tageous for Leptothorax queens to seek adoption into established colonies just for the
sake of higher winter survival. The relatively high relatedness among nestmate
queens suggests that queens typically return into their maternal nests (e.g. STILLE
et al. 1991, LIPSKI et al. 1992, HEINZE et al. 1992), hence, this strategy will also be
favored by resident workers and queens.

The proximate factors which increase winter survival of clustered individuals are
currently unclear. Whereas clusters of honeybees are capable of thermoregulation
(e.g. SOUTHWICK 1983, HEINRICH 1985, MORITZ, SOUTHWICK 1992) and temperatures
may be somewhat increased over ambient temperatures in large Formica nests
(DLUSSKY 1975, ROSENGREN et al. 1986) this is not the case in the winter clusters of
Leptothorax. Clustering, however, might protect the ants in the centre of the cluster,
especially the queens and larvae, from desiccation, exceeding moisture, inoculative
freezing, or mechanical damage by ice crystals. Workers surrounding the core of the
cluster might thus have a similar function as the winter cocoons found in hibernating
solitary insects (SAKAGAMI et al. 1985, DANKS 1991). Furthermore, the observation
that ants in the outer layers of the clusters of C. herculeanus are predominantly
outside foragers (EIDMANN 1942, HOLLDOBLER 1961), which are typically the oldest
workers (HOLLDOBLER 1965), might suggest that to hibernate deeply within the
cluster may be less costly than overwintering in the periphery.

REFERENCES

ArNOLDI K. V. 1968. Zonal’nye zoogeograficheskie i ekologicheskie osobennosti mirmekofauny i nasecleniya
murav’ev russkoj ravniny. Zool. Zh., Moskva, 47: 1155-1178.

BASALINGAPPA S, KAREm_)Y V. B., MaTHAPATHI S. B., GANDHI M. 1989. Colony founding and life-cycle in the
ant Camponotus sericeus FABRICIUS (Hymenoptera: Formicidae). Uttar Pradesh J. Zool., Muzaffarna-
gar, 9: 73-83.

BERMAN D. I.‘, ZHIGULSKAYA Z. A., LEIRikH A. N. 1980. Osobennosti biologii i ekologii muraviev u verkhnego
predela ikh rasprostraneniya na khrebte bol'shoi Annachag. In: Gornye Tundry Khrebta Bol'shoi
Annachag, Vladivostok, pp. 110-126.

BErMAN I')‘.I., ZHIGULSKAYA Z. A., LEIRIKH A. N. 1982, Ekologiya Leptothorax muscorum (Hymenoptera,

5 Formicidae) v basseine verkhnej Indigirkii. Zool. Zh., Moskva, 61: 15091516

ERMAN D. 1., ZHIGULSKAYA Z. A., LEIRIKH A. N 1987. Zimnaya ekologi ) g j
- , . N. . giya polyarnogo murav'ya (Formica
B gag%miies) v verkhovyakh Kolymy. Zool. Zh., Moskva, 66: 373-383. ¢ ye (Formie
ROWN W. L. 1955. The ant Leptothorax muscorum (NYLANDER) in Nort i
P 66 ) in North Ame.nca. Ent. News, Lancaster,

Danks H. V. 1991. Winter habitats and ecological adaptations for winter survival. In: Insects at Low
Temperature (ed. by R. E LEE, D. L. DENLINGER), Chapman and Hall, New York, pp. 231-259.

Drussky GM 1975. Vesennij razogrev gnezd u ryzhikh lesnykh murav’ev (Formica rufa L., Hymenoptera
Formicidae). Nauch. Dokl. vyssh. Shkoly. biol. Nauki, Moskva, 12: 23-28. ' ,

Duman J. G, Xu L., Neven L. G, 'I"URSMAN D., Wu D. W. 1991. Hemolymph proteins involved in insect
subzero-temperature tolerance: ice nucleators and antifreeze proteins. In: Insects at Low Temperature
(ed. byR.E. LEE., D. L. DENLINGER), Chapman and Hall, New York, pp. 94-127.

Eipmann H. 1943. Die Uberwinterung der Ameisen. Z, Morphol. Okol. Tiere, Berlin, 39: 217-275

ELMES G. W, KELLER L. 199.3. Yar}abllity and ecology of queen number in ants of the genus Myrn.xica In:

- Queen Number and Sociality in Insects (ed. by L. KELLER), Oxford Uniy. Press, Oxford, pp. 294-307.




ANTS IN THE COLD 107

FRANCOEUR A. 1983. The ant fauna near the tree-line i ici
Nordican., Québos, 47 197 180. ee-line in northern Québec (Formicidae, Hymenoptera).

GRE(I;B;QI}. E. 1972. The northward distribution of ants in North America. Can. Ent., Ottawa, 104: 1073—

Hansen L. D., Akre R. D. 1990. Biology of carpenter ants. In: Applied M i
(ed. by R. K. VANDER MEER et al.). Westvier\)v Press, Boulder,p}fp. 274—?8%?0010@’ = World Perspective

Hasecawa E. 1992. Annual life cycle and timing of male-egg production in the ant Colobopsis nipponicus
(WHEELER). Inscctes soc., Basel, 39: 439—446.

HeiwricH B. 1985. The social physiology of temperature regulation in honeybees. In: Experimental
?;;:w(')%ral Ecology and Sociobiology (ed. by B. HOLLDOBLER, M. LINDAUER). G. Fischer, Stuttgart, pp.

Heivze J. 1989. Alternative dispersal strategies in a North American ant. Naturwissenschaften, Berlin,
76: 477—478.

Heinze J. 1993. Life histories of subarctic ants. Arctic, Calgary (in press).

Heinze J., BuscHINGER A. 1988. Polygyny and functional monogyny in Leptothorax ants (Hymenoptera:
Formicidae). Psyche, Cambridge, Mass., 95: 309-325.

Heinze J., Ortius D. 1991. Social organization of Leptothorax acervorum from Alaska (Hymenoptera:
Formicidae). Psyche, Cambridge, Mass., 98: 227-240.

Hemvze J., Lirsxi N, HoLLpoBLER B. 1992. Reproductive competition in colonies of the ant Leptothorax
gredleri. Ethology, Berlin, 90: 265-278.

Heinze J., Ssiti T. A. 1990. Dominance and fertility in a functionally monogynous ant. Behav. Ecol.
Sociobiol., Berlin, 27: 1-10.

HoLcerseN H. 1942. Ants of northern Norway (Hym., Form.). Tromsg Mus. Aarsh. naturhistorisk. Avd.,
Troma, 63: 1-33.

HoLLDoBLER B. 1961. Temperaturunabhingige rhythmische Erscheinungen bei RoBameisenkolonien
{Camponotus ligniperda LATR. und Camponotus herculeanus L. (Hym. Form.). Insectes soc., Paris,
7:13-22.

HoLLpoBLER B. 1962a. Uber die forstliche Bedeutung der RoBameisen. Waldhygiene, Wiirzburg, 4: 228—
250.

HoLwposLer B. 1962b. Zur Frage der Oligogynie bei Camponotus ligniperda LaTk. und Camponotus
herculeanus L. (Hym. Formicidae). Z. angew. Ent., Hamburg, 49: 337-352.

HoLLpoBLER B. 1965. Das soziale Verhalten der Ameisenménnchen und seine Bedeutung fitr die Organi-
sation der Amecisenstaaaten. Doctoral diss., bayerische Julius-Maximilians-Universitat, Wirzburg,

123 pp.
HoLLposLER B. 1966. Futterverteilung durch Minnchen im Ameisenstaat. Z. vergl. Physiol., Berlin,

52: 430-455.

HoLiposLer B., Mascriwirz U. 1965. Der Hochzeitsschwarm der RoBameise Camponotus herculeanus L.
Uiy, Forinicidae). Z. vergl. Physiol., Berliu, 50: 551-568.

HorLnosLER B., Wirson E. O. 1990. The ants. Belknap Press of Harvard Univ. Press, Cambridge, Mass.,
732 pp.

Horst™any K., Sciimip H. 1986. Temperature regulation in nests of the wood ant, Formica polyctena
(Hymenoptera: Formicidae). Entomol. gener., Stuttgart, 11: 229-236. '

Ichinost K. 1987. Annual life cycle of Paratrechina flavipes (Hymenoptera, Formicidae) in the Tomakomai
experiment forest, southern Hokkaido. Kontyt, Tokyo, 54: 9-20. o 4

[to F,, HigasHi S., MakTa Y. 1988. Growth and development of Camponotus (Paramyrmamblys) kiusiuensis
SANTSCHI colonies (Hym. Formicidae). Insectes soc., Paris, 35: 251-261.

KipyaTkov V. E. 1988. Myrmica prepares for winter. Science in the USSR, Moskva, 1 76783. o

KxErrz G. 1970. Saisonale Verdnderungen des Nestwiarmehaushaltes bei Waldameisen in Abhéinglg}(ext
von der Konstitution und dem Verhalten der Arbeiterinnen als Beispiel vorteilhafter Anpassung eines
Inscktenstaates an das Jahreszeitenklima. Verh. dtsch. zool. Ges., Stuttgart, 64: 318—.322.

Kusxezov N. 1957. Number of species of ants in faunae of different latitudes. Evolution, Lawrence,

11: 298-299.
LEIRIKH A. N. 1989. Seasonal variatio
Sci. USSR, Moskva, 16: 389478
Lipski N., Heinze J., HOLLDOBLER B. 1992. Socia
(Hymenoptera, Formicidae). In: Biology and Evo
Press, Leuven, pp. 287-290.

ns of the cold tolerance of ants on the upper Kolyma. Biol. Bull. Acad.

] organization of three European Leptothorax speci‘es
lution of Social Insects (ed. by J. BILLEN). Leuven Univ.

L eTETEY—E——————EPTY




108 J. HEINZE, B. HOLLDOBLER

LUscHER M. 1961. Air-conditioned termite nests. Sci. Am., New York, N.Y,, 205 (1): 138—145.

Morrrz R. F.A, Southwick E. E. 1992. Bees as superorganisms. An evolutionary reality. Springer, Berlin,
395 pp.

NIELSEN%\}';. G. 1987. The ant fauna (Hymenoptera: Formicidae) in northern and interior Alaska. A survey
along the trans-alaskan pipeline and a few highways. Ent. News, Lancaster, Pa, 98: 74-88.

Prsarski B. 1978. Comparison of various biomes. In: Production Ecology in Ants and Termites (ed. by M.
V. BriaN). Cambridge Univ. Press, pp. 326-331. »

PLATEAUX L. 1970. Sur le polymorphisme social de la fourmi Leptothorax nylanderi (FORSTER), I: Morpho-
logie et biologie comparées des castes. Ann. Sci. nat. ser. 12, Paris, 12: 373—478.

RoSENGREN R., ForTeLIUs W., LINDSTROM K., LUTHER A. 1986. Phenology and causation of nest heating and
thermoregulation in red wood ants of the Formica rufa group studied in coniferous forest habitats in
southern Finland. Ann. zool. fenn., Helsinki, 24: 147-155.

Sakacami S. F., Tanno K., Tsursut H., Honma K. 1985. The role of cocoons in overwintering of the soybean
pod borer Leguminivora glycinivorella (Lepidoptera: Tortricidae). J. Kansas ent. Soc., Manhattan,
Kans., 58: 240-247.

SaNDERs C. J. 1970. The distribution of carpenter ant colonies in the spruce-fir forests of northwestern
Ontario. Ecology, Lancaster, Pa, 51: 865-873.

Saron T. 1989. Comparisons between two apparently distinct forms of Camponotus nawai Ito (Hymeno-
ptera: Formicidae). Insectes soc., Paris, 36: 277-292.

SoutHwick E. E. 1983. The honey bee cluster as a homoethermic superorganism. Comp. Biochem. Physiol.
A, London, 75: 641-645.

StiLLE M., STiLLE B., Douwes W. 1991. Polygyny, relatedness and nest founding in the polygynous
myrmicine ant Leptothorax acervorum (Hymenoptera; Formicidae). Behav. Ecol. Sociobiol., Berlin,
28: 91-96.

STrASSMANNJ. E., LEE R. E.jr,Rosas R.R., Bausr J. G. 1984. Caste and sex differences in cold-hardiness
in the social wasps, Polistes annularis and P. exclamans (Hymenoptera: Vespidae). Insectes soc., Paris,
31: 291-301.

WHEELER D. E., KrutzscH P. H. 1992. Internal reproductive system in adult males of the genus Camponotus
(Hymenoptera: Formicidae: Formicinae). J. Morph., New York, N.Y, 211: 307-317.

Theodor-Boveri-Institut
LS Verhaltensphysiolagie
und Soziobiologie

Am Hubland, D 97074
Wiirzburg, FR Germany

STRESZCZENIE
Mréwki a zimno

Nfl przy]fladach gatunkéw z podrodzajéw Camponotus s.str. i Leptothorax s.str. (rézni
tak wielkoscig osobnikéw, jak i liczebnoscia i struktura spoteczen i

acych sie bardzo




