
J. Comp. Physiol. 131, 347-352 (1979) 
Journal 
of Comparative 
Physiology. B 
�9 by Springer-Verlag 1979 

Subzero Temperature Tolerance in Spiders: 
The Role of Thermal-Hysteresis-Factors 

John G. Duman  
Biology Department, University of Notre Dame, Notre Dame, Indiana 46556, USA 

Accepted December 18, 1978 

Summary. The immature  stages of two species of  
spiders which overwinter under the bark of standing 
dead trees survive subzero temperatures by depressing 
their supercooling points in winter. These are a crab 
spider, Philodromus sp. (Philodromidae), and a sac 
spider, Clubiona sp. (Clubionidae). The solutes which 
are at least partially responsible for the decrease in 
supercooling points in winter are: (1) proteins which 
produce a thermal hysteresis (a difference between 
the freezing and melting points) of  approximately 
2 ~ in the hemolymph and (2) glycerol. The thermal- 
hyst_eresis-factors and glycerol are only found in the 
spiders in winter. Acclimation of winter spiders to 
warm temperatures,  at either long or short photope-  
riods, results in loss of the thermal hysteresis within 
two weeks. These thermal-hysteresis-factors appear  
to be similar to protein and glycoprotein antifreezes 
previously found in polar marine fishes and certain 
overwintering insects. 

Introduction 

All of  the species of  overwintering spiders which have 
previously been studied are unable to survive the for- 
mat ion of ice in their body fluids. The species which 
overwinter in exposed locations survive subzero tem- 
peratures by depressing the supercooling point (tem- 
perature at which spontaneous nucleation occurs) of 
their body fluids, thereby inhibiting ice formation 
(Kirchner, 1973). High glycerol concentrations (2-3% 
of wet weight) were reported in the European spider, 
Araneus cornutus, in winter (Kirchner and Kestler, 
1969). However, the elevated glycerol levels were not 
directly correlated with the depressed winter super- 
cooling points. Therefore, the solutes responsible for 
the seasonal decrease in supercooling point, essential 
to the overwintering survival of  many spiders, have 
not been previously identified. 

Recent investigations have shown that certain 
overwintering insects have proteins in their hemo- 
lymph which produce a thermal hysteresis (a differ- 
ence between the melting and freezing points). These 
proteins act as antifreeze agents to lower the super- 
cooling point of  the insect (Duman,  1977a, b, c; Pat- 
terson and Duman,  1978). The insect thermal-hyster- 
esis-proteins appear to be similar to protein and gly- 
coprotein antifreezes common in marine, cold-water 
teleost fishes (DeVries, 1971a, b; Duman and 
DeVries, 1975, 1976; Raymond  et al., 1975). The re- 
sults presented in this paper show that similar ther- 
mal-hysteresis-factors are also present in certain over- 
wintering spiders and that these factors function to 
depress the supercooling points of the spiders. 

Materials and Methods 

Immature crab spiders, Philodromus sp. (Philodromidae) were 
collected in winter under the loose bark of standing, dead trees 
(mostly oak) in mature oak-hickory forests near South Bend, In- 
diana. Generally over 75% of the individuals collected were on 
the southern half of the trees. In the winter the spiders were fairly 
abundant in this microhabitat. In summer, however, the crab 
spiders became extremeiy difficult to find. Although extensive 
searches were made only five individuals could be collected in 
the month of June. 

Immature sac spiders, Clubiona sp. (Clubionidae), were 
collected under the bark of standing, dead trees (mostly poplar) 
in Cambria County, Pennsylvania. The Clubiona were found inside 
silken sacs. 

Hemolymph samples, 3-5 ~1, were collected in 10 gl glass capil- 
lary tubes by capillary action after the carapace had been punctured 
in the dorsal mid-line of the abdomen with a 28 gauge needle. 
The opposite end of the capillary was sealed in a flame and the 
sample centrifuged into the sealed end. The sample was then sealed 
with mineral oil, leaving an air space between the sample and 
the oil. 

A modification of the technique of Ramsay and Brown ,(1955) 
was used to determine the melting and freezing points of the hemo- 
lymph samples. A small seed crystal (0.25 mm) was spray-frozen 
in the sample with Cryokwik and the sample was placed in a 
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refrigerated viewing chamber in which the temperature was finely 
controlled ( • 0.01 ~ The crystal was observed with a microscope. 
The temperature of the bath was raised 0.02 ~ rain until the 
crystal disappeared. The temperature at which the crystal disap- 
peared was taken as the melting point of the sample. Another 
crystal was then spray-frozen in the capillary and the temperature 
lowered 0.05 ~ below the melting point. If the seed crystal did 
not grow the bath was lowered further at a rate of 0.1 ~ min 
until growth occurred. The temperature at which growth occurred 
was taken as the freezing point of the sample. With this technique 
hemolymph which does not contain the thermal-hysteresis-factors, 
or aqueous solutions which contain only "ideal" solutes, exhibit 
freezing and melting points which are virtually identical, as theory 
predicts. However, in hemolymph which contains the thermal-hys- 
teresis-factors the freezing point may be 2 3 ~ below the melting 
point. 

The supercooling points of the spiders were determined using 
a thermoelectric technique (Salt, 1966). A thermistor was attached 
to the cuticle with beeswax. The thermistor was connected to a 
Y.S.I. Model 42SC telethermometer and a recorder. The spider 
was placed in a freezing chamber and the temperature lowered 
at a rate of 0.2 ~ The supercooling point was easily detected 
as the temperature at which a rapid rise in body temperature 
took place because of the release of the heat of fusion as the 
body fluids froze. 

Lower lethal temperatures were determined by placing groups 
of individuals (n= 10-12) in a freezing chamber and lowering the 
temperature 0.2 ~ to a specific temperature. The group was 
then held at that temperature for 24 h. At the end of this time 
the individuals were removed from the freezing chamber and held 
at room temperature for 24 h after which they were checked for 
movement and ability to orient. The temperature at which 50% 
of the individuals died was called the lower lethal temperature. 

The presence of high levels of polyhydroxy alcohols (glycerol, 
sorbitol, mannitol) and carbohydrates (trehalose) commonly found 
in overwintering insects in high concentrations, was monitored 
in the hemolymph using the paper chromatographic method of 
Perkins and Aranoff (1959) as modified by Somme (1964). 

Pooled samples of crab spider hemolymph were dialyzed for 
48 h at 4 ~ in a Cole-Parmer microdialysis cell (10 pl) using dia- 
lysis membranes with a molecular weight cutoff of 3,500 (Spectra- 
por). The sample was dialyzed against an isosmotic NaC1 solution 
to prevent volume, and therefore protein concentration, changes 

in the sample. (An aqueous NaC1 solution was made up which 
had a melting point equal to that of the pooled hemolymph. The 
thermal hysteresis factors do not significantly effect the melting 
point). Dialysis provides information as to the relative molecular 
weight of the thermal hysteresis producing factors. If the thermal 
hysteresis producing factors do not diffuse out of the dialysis 
chamber then they obviously have molecular weights greater than 
3,500. 

The proteolytic enzyme with which the spider hemolymph was 
treated was a non-specific protease purified from Streptomyces 
griseus (Type VI, Bacterial protease, Sigma Chemical Co.). 

All acclimation studies were conducted at a relative humidity 
of 90+%. 

The studies of the microhabitat temperatures of the crab spider 
overwintering sites were done with Y.S.I. surface temperature therm- 
istors connected to a Y.S.I. Model 42SC telethermometer. Two 
thermistors were threaded approximately 30 cm under the loose 
bark of a standing, dead oak tree (circumference of tree= I77 cm) 
at a height of 150 cm above the ground. One thermistor was placed 
on the north side of the tree and the other on the south. The 
temperatures of these sites were periodically monitored over the 
course of several days and compared to air temperatures as deter- 
mined by a third thermistor. Days of varying meterological condi- 
tions were chosen. 

Results 

The freezing behavior of the hemolymph of overwin- 
tering Philodromus and Clubiona spiders is similar 
to that of certain overwintering insects and to the 
serum of many polar fishes. As the bath temperature 
is lowered below the melting point no growth of the 
seed crystal occurs until the freezing point is reached. 
In the overwintering spiders this temperature is ap- 
proximately 2 ~ below the melting point. At the 
freezing point, groups of short monocline spears grow 
out from the seed crystal and rapidly spread down 
the length of the capillary. This growth is quite similar 
to that of the blood serum of the winter flounder, 

Table 1. Comparison of the melting points, freezing points, thermal hysteresis (melting point minus 
freezing point) and supercooling points of crab and sac spiders collected at various times of the 
year. Note that the supercooling points were lowest when the thermal hysteresis was greatest. 
Values indicate mean • standard deviation. Numbers in parentheses indicate the sample size 

Species, Melting Freezing Melting minus Supercooling 
date point point freezing point point 
(n) (~ (~ (~ (~ 

Philodromus 

November 20 (6) -2.25+0.62 3 . 6 2 _ + 0 . 6 2  1.37_+0.66 
January 16 (10) -2.47_+0.10 -4.13• 1.66• 
February 17 (9) --2.74+0.3t -5 . I9•  2.44_+0.76 
June (5) --0.66_+0.08 --0.66• 0 

Clubiona 

January 3 (10) -2.87+0.51 -4.76+1.61 1.88• 1.43 
As above, -0.98-+0.23 -0.98-+0.23 0 
warm-acclimated 
14 days (6) 

--I9.9+3.8 
--26.2• 
--6.2• 

--15.4+4.8 
--9.2• 


