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Summary

Observations were made on the frostresistance of overwintering pupae of a butterfly,
Papilio zuthus.

A typical process of freezing in this pupa is shown as a freezing curve in Fig. 1 in
which a plateau is clearly noted. Actual ice formation within the pupal bodies resulted
in some injuries to the insects without exception. However, if they were rapidly thawed
in a certain stage of their freezing process being still on the plateau of the freezing curve
above mentioned, none of them suffered fatal injury at least soon after thawing. They
could even resume metamorphosis, but they always failed to appear on the wing; none
of them could cast off their pupal skins. In these insects the formation of imaginal tissue
was frequently restricted to the anterior half of the pupal bodies; the abdominal part
remained in the pupal state. A body-freezing down to a stage beyound the plateau of
the freezing curve, on the other hand, was usually followed by a fatal injury without any
subsequent sign of metamorphosis. A cooling of the frozen insects down to a temperature
below —20°C invariably resulted in frost-killing.

The pupae were found to have glycerol usually of about 1 per cent and sometimes
even more than 4 per cent based on their fresh body weight. Such a large glycerol con-
tent was entirely ineffective to protect the insect against freezing injury. Besides, the pupae
which were previously injected with glycerol (1 per cent of fresh body weight) never sur-
vived freezing.
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In unfrozen control pupae, the loss of water content, as determined by a decrease in
body weight, was always slower than in frozen and thawed pupae under the same tem-
perature and humidity conditions. The rate of water loss in frostkilled pupae were about
twice that in survived ones after a freezing and thawing. The determination of frost-
killing within several days after thawing in a non-mobile animal, at least in some kinds
of insects, can therefore be done by measuring the rate of body weight decrease.



