
Imagine it’s mid-winter in 
Southeast Alaska. The temperature 
has been in the low 40s for several days, and 
it’s been raining. The ground is bare. Then 
one day the skies clear and the temperature 
plummets—to 20 degrees, 10 degrees, or 
even zero.

Warm-blooded animals have developed 
a number of  ways to cope with such cold. 
They can generate considerable body heat 
by themselves, and they are covered with fur 
or feathers that help them control heat loss. 
Bears and marmots may already be hibernat-
ing in sheltered dens. Chickadees may crowd 
together in old woodpecker holes and fall 
into torpor to get through the night. And 
sea ducks such as scoters and harlequins are 
insulated by thick layers of  fat and down, 

and covered with outer coats of  interlocking 
feathers that repel wind and water.

But what about cold-blooded animals 
that have no protective coats and whose 
body temperatures generally fluctuate with 
their surroundings? What about wood frogs 
that cannot dig into the ground—butterflies 
and other wintering insects barely protected 
in the cracks of  tree bark—intertidal in-
vertebrates such as barnacles and mussels 
exposed to freezing temperatures and wind 
chill for several hours between tides?

If  you can’t get away from the cold, the 
solution comes down to one tough choice: 
To freeze or not to freeze. Figure out a way 
your body can counteract freezing tem-
peratures, or give in and figure out how to 
survive being frozen alive!

To Freeze
 or 

Not To Freeze

How Cold-Blooded 
Animals Survive 

Southeast Winters
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A number of  cold-blooded animals in 
Southeast Alaska cope with this dilemma 
every winter—mourning cloak butterflies, 
snow mosquitoes (those big ones that 
emerge earliest in the spring), the insect 
larvae that live in willow “roses” (those 
roundish galls often found at the tips of  
willow branches), and spiders that crawl 
about on snow. 

Why worry about freezing?
Freezing is lethal to living things for a 

number of  reasons. Ice crystals in body tis-
sues can deform cells and puncture cell and 
capillary walls, much as water that becomes 
frozen will bulge out and split a plastic 
container. Freezing sucks water out of  cells 
into growing ice crystals, leaving the cells 
shrunken and damaged (think of  freezer-
burned meat or fish). Freezing also prevents 
blood from delivering oxygen and nutrients 
throughout the body, so the organs become 
damaged as, for example, a human suffers 
a stroke when a blood clot blocks oxygen 
from reaching the brain.

So in winter many cold-blooded animals 
take shelter to reduce the intensity of  cold 
they may have to face—hiding under leaf  
litter, beneath roof  shingles on our houses, 
or in unheated buildings. But freezing tem-

peratures could still penetrate their shelters, 
so they have developed a number of  other 
survival mechanisms that involve complex 
chemical and biological changes in their 
bodies.

Ways to avoid freezing
Many spiders and insects—including 

snow mosquitoes and the willow gall larva—
have developed ways to keep from freezing 
even at temperatures below those at which 
their body fluids would normally freeze. By 
building up extremely high concentrations 
of  sugars or sugar alcohols in their blood 
and tissues, they lower the freezing point of  
their body fluids, much the way antifreeze 
lowers the freezing point of  water in a car 
radiator. 

The animals produce these substances 
from the large carbohydrate reserves they’ve 
accumulated during summer and fall feed-
ing, and their production is prompted by 
declining temperatures and perhaps de-
creasing hours of  daylight. In midwinter 
the level of  glycerol in the arctic willow gall 
insect (Rhabdophaga spp.), for example, may 
account for as much as 20 percent of  the 
larva’s body weight. 

Many insects also can produce another 
type of  antifreeze—special proteins that 
bind to the surface of  any ice crystals be-
ginning to develop in the blood and keep 
them from growing. This not only keeps the 
crystals small and harmless. It also causes 
them to grow as smooth, hexagonal disks, 
so they have less potential for damaging cells 
than sharp, spiky crystals do.

Animals that seek to avoid freezing may 
use other strategies to add to the effective-
ness of  antifreeze substances. They might 
lose significant amounts of  water, which 
raises the proportion of  dissolved substanc-
es in their bodies and lowers their freezing 
point. They may also eliminate or reduce the 
number of  particles in their bodies that ice 
crystals might use as nuclei around which to 

Many spiders are 
resistant to cold. You 
can often see them 
running about on the 
snow.
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grow. Since any small particle can serve as a 
nucleus for freezing to begin, some insects 
empty their guts in the fall, eliminating di-
gestive microbes, food particles, and foreign 
mineral material or dust that could serve as 
nuclei. Others somehow “mask” the par-
ticles within cell organelles or membranes 
so they can’t serve as nuclei.

For animals trying to avoid freezing, 
ice or water particles in the external envi-
ronment can also serve as “flashpoints” 
for freezing. So these creatures select dry 
hibernation sites, or protect themselves with 
a waxy cuticle on the outside of  their bodies, 
or spin waterproof  cocoons, or live encased 
in galls that grow around them when they 
secrete potent chemicals on host plants. 

A few other animals, however, have ad-
opted an “if  you can’t fight ‘em, join ‘em” 
strategy. Their approach may be the most 
remarkable of  all because these animals have 
to cope with being frozen alive.

Giving in and freezing alive
A number of  insects, including certain 

beetles, flies, bees, and ants, manage to sur-
vive freezing because they confine the ice 
to spaces between, rather than within, the 
cells of  their bodies. Like animals that avoid 
freezing, they build up high concentrations 
of  sugars or sugar alcohols that serve as 
antifreeze within their cells, but ice forms 
in the fluid outside the cells, where it can’t 
bulge the cells out or puncture their critical 
membranes. As the ice forms, it sucks water 
out of  the cell interiors and leaves behind 
an increasingly thick and syrupy solution. 
The thickening solution further lowers the 
freezing point and provides support so that 
cell walls are less likely to collapse and be 
damaged.

(Far left) Larvae of  
the willow gall insect 
(a species of  fly) winter 
inside round abnormal 
growths that emerge 
when the young larvae 
infest the tips of  
willow branches. These 
growths, or “roses,” 
have an outer protective 
layer and an inner 
layer that the larvae 
feed upon.

(Inset) Willow gall 
larvae, like the one 
indicated with an 
arrow in the photo, 
keep from freezing 
by building up high 
concentrations of  
sugars or sugar alcohols 
in their blood and 
tissues.
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“Freeze-tolerant” insects also promote 
freezing in the spaces outside their cells. 
They produce special “ice nucleators” that 
cause ice to begin forming in their bodies 
as soon as the temperature drops a few 
degrees below freezing. As a result, their 
bodies freeze slowly, taking up to 48 hours 
for maximum ice accumulation, and  their 
metabolisms have time to adjust to their 
frigid state.

Wood frogs take a slightly different tack. 
While they confine freezing to areas outside 
their cells as the insects do, frogs freeze up 
at least twice as fast. 

As soon as the first ice crystals begin to 
form on its skin, the wood frog’s body pro-
duces massive amounts of  glucose, a blood 
sugar, and dumps it into the bloodstream 
at an extraordinary rate—reaching perhaps 
200 times the normal level within about 
eight hours. Within one minute after freez-
ing begins, the frog’s heartbeat may double, 
so glucose is rapidly carried to all the body 
tissues while extracellular freezing is pro-
gressing. Twenty hours or less after freezing 

began, the frog’s heart will have stopped and 
its breathing will have ceased. 

Janet and Kenneth Storey, researchers 
at Carleton University in Ottawa, Canada, 
have done extensive studies of  freezing in 
wood frogs. Here’s how they describe what 
happens to frogs they’ve observed:

Ice penetrates through all of  the fluid 
compartments of  the animal and within 
just a few hours a mass of  ice fills the 
abdominal cavity, encasing all the internal 
organs. Large, flat ice crystals run between 
the layers of  skin and muscle, and the eyes 
turn white because the lens freezes. Their 
blood stops flowing and as much as 65% 
of  the frog’s total body water is converted 
to ice. Breathing, heart beat, and muscle 
movements all stop and the frozen ‘frog-
sicle’ exists in a virtual state of  suspended 
animation until it thaws.
Scientists are still studying how frogs’ 

body functions are reactivated once thawing 
begins, but they have found that within an 
hour after thawing, the frog’s heart resumes 
beating, and six hours later at a temperature 

In winter wood frogs 
can freeze for months, 
with no heartbeat, 
circulation, breathing, 
or muscle movement. 
Come spring, the frogs 
thaw and “come back 
to life.”
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for transplant. If  we could learn to preserve 
donor organs for weeks or months rather 
than merely hours, many human lives could 
be saved. There are even implications for 
agriculture, for insects that naturally con-
trol crop pests could be produced in large 
numbers, then frozen and held in suspended 
animation until the proper season to release 
them.

So if  you see a mourning cloak butterfly 
glide past on a warm March day, or as you 
prepare to swat a big spring snow mosquito 
that’s landed on your arm, stop for a minute. 
It might be interesting to think about the 
amazing mechanisms these animals used to 
get through the winter.

normal, but they show none of  the prob-
lems human diabetics suffer when their 
blood sugar increases only twice or 10 times 
above normal. 

How do they do it? If  we can find out, 
that information could be useful in treating 
human diabetes. 

There are other implications. Research 
on how animals regulate and recover from 
freezing is especially interesting to scientists 
studying the logistics of  preserving organs 

Mourning cloak 
butterfly
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of  only 41ºF the animal’s heart rate may be 
back to normal. According to the Storeys:

Frozen frogs can survive for weeks with no 
heartbeat, no circulation, no breathing, and 
no muscle movement. Yet, within only a few 
minutes after thawing is complete, heart-
beat resumes, then the frog begins to gulp 
for air, and then soon blinks, stretches and 
pushes itself  up into a sitting position.
Here’s another remarkable thing about 

the frogs: the antifreeze substance they 
build up is glucose, the normal blood sugar 
of  all vertebrates, rather than glycerol, the 
substance that most freeze-tolerant insects 
build up. Freezing wood frogs can easily 
tolerate blood sugar levels 100 or 200 times 
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