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Introduction 

The way in which European spiders spend the winter has, so far, been little in
vestigated. For the majority of species the winter quarters are unknown, and exact 
information concerning the physiological adaptations which enable these animals 
to survive the low temperatures of winter is lacking. 

Two investigations carried out several years ago on the orb-weaver Araneus 
cornutus Clerck (Kirchner, 1965; Kirchner and Kestler, 1969) helped to fill some 
gaps in our knowledge in this field. It was shown that this species can tolerate tem
peratures of -20 C and below, although high resistance to cold is confined to the 
winter. According to other authors (e.g. Engelhardt, 1964; Buche, 1966), some 
spiders are apparently killed by cooling to only a few degrees below zero. This 
was the starting point for the present author's comparative investigations into the 
cold resistance of a large number of spider species. It was hoped, among other 
things, to discover whether the degree of cold resistance is related to the particular 
habits of the species, especially to its choice of winter quarters. A preliminary 
answer was also sought to the question to what extent resistance to cold depends 
upon changes connected with annual rhythms or with age. 

Material and Methods 

Of the 800 species of spiders occurring in Germany, 50 species from 15 different 
families were investigated. It was unfortunately not always possible in winter to 
catch 5 or more individuals of the same species so that only single measurements 
are available for about half of the species. In view of the uncertainty attached to 
such values they will not be discussed in the following. 

Most of the experimental animals were collected in the vicinity of Bonn (especially 
in the Siebengebirge and Eifel) and in Unterfranken. My thanks are due here to 
Prof. E. Kullmann (Kiel) and Dr. B. Krafft (Strasbourg) for providing me with 
spiders from other parts of Germany and from abroad. 

Wherever possible, the cold resistance of the animals was measured within one 
to five days of their being caught. The spiders were kept, without food, in a re
frigerator at +5 to +10 C until the commencement of the experiment. 

* Supported by Deutsche Forschungsgemeinschaft. 

W. Wieser (ed.), Effects of Temperature on Ectothermic Organisms
© Springer-Verlag Berlin · Heidelberg 1973



272 ~ALTER KIRCHNER 

The animals were cooled at a constant speed of 10 C per hour, and the tem
perature at which the body water of the spiders freezes was measured with a copper
constantan thermoelement. Details of the methods used can be found in Kirchner 
and Kestler (1969), Kirchner and Kullmann (1972). 

Results 

The following results are based upon more than 700 measurements of cold resistance: 

In Central European Spiders, Death Brought about by Cold is Due to the 
Formation of Ice Crystals in the Body 

In all indigenous spiders so far investigated, cold only leads to death at temperatures 
below 0 C, at the temperature at which the thermo element indicates the formation 
of ice in the body of the experimental animal. No damage caused by cold can be 
detected prior to the freezing of the body water. Whether this is also the case if 
unfrozen experimental animals are exposed to temperatures below 0 C for longer 
than 21/2 days has not yet been tested experimentally. 

The situation in tropical spiders is apparently different: although the body fluids 
of the funnel-web spider, Agelena consociata Denis, a native of Africa, do not freeze 
until-8 C, some individuals are unable to survive even a few hours at 0 C. 

It was shown in Araneus cornutus (Kirchner and Kestler, 1969) that ice formation 
occurs in this species at temperatures much lower than those to be expected from 
the osmolarity of the haemolymph. This finding, together with the observation 
that indigenous spiders freeze at temperatures considerably lower than -2 C 
(Table 1), justifies the conclusion that cold resistance of Central European spiders 
is due to a more or less strongly developed ability to supercool. 

The Degree of Cold Resistance is Species Specific 

Individual species of spiders differ with respect to degree of cold resistance: frost
sensitive species freeze at -4 C, whereas species with a high resistance to cold 
tolerate temperatures down to -26 C (Table 1). As shown in Fig. 1 the supercooling 
point may vary considerably within a species: The values from species with low 
cold resistance (e. g. Meta menard i) exhibit, as a rule, less scatter than those from 
species with a moderate or high ability to supercool. 

In some species (e.g. Araneus cornutus and Theridion notatum), it was possible to 
compare individuals from different Central European countries, but no noteworthy 
differences in the cold resistance of the various populations could be detected. 

Similarly, no statistically significant differences between the frost resistance of 
males and females of identical age and from one and the same species have been 
detected. 


