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Summary .

" By the use of overwintering prepupa of a slug caterpillar, Monema flavescens, a few
experiments were made on the frost-injury and resistance ih insects.

s Injury to living cells freezing in a salt solutien has been: known to increase most
rapidly within @’ certain' temperature range usudlly much higher than the eutectic point of
the solution.® 1In the slug caterpillar, however, freezing experiments at graded tempera:
tures to 70°C did not disclose any such critical range where injuries rapidly develop.

Frost-injury in an insect does not always takes place as killing immediately after thaw-
ing. Active heart beats are frequently observed after thawing although the insect may die
in several days or more. The most common sublethal frostinjury is the failure to complete
metamorphosis. Even in the most frostresistant stage, if the freezing is too severe or
prolonged, the prepupae frequently remain for a few years after rewarming in the same
developmental stage as before. Some can transform into adult moths under their pupal
cuticles, but are unable to shed them successfully. Clearly, frost-resistance in an whole
insect is limited by the frostresistance capacity of those tissue cells most susceptible to
freezing. From the observations mentioned above, it seems likely that, at least in the
prepupa of the slug caterpillar, the cells of those special tissues concerned with the
developmental processes of metamorphosis are most susceptible to freezing.

Changes in the degree of frost-resistance during periods of both increase and decrease
in glycerol content was observed in the prepupae. In autumn prior to glycerol formation,
the prepupae can survive freezing at —10°C for one day. As glycerol increases, their
frost-resistance is rapidly enhanced. After the glycerol content has reached about two
percent of the fresh body weight, further increase appears unnecessary for the insects to
maintain their high frost-resistance, since at the point they have become sufficiently resistant
to survive freezing even at liquid gas temperatures (Fig. 3). Since a slight increase in
glycerol content is always followed by a remarkable increase in frost-resistance capacity,
the mechanism of the protective action of glycerol against frost-injury in insects may well
differ from the mechanism operating in the protection of mammalian erythrocytes by
glycerol.'® As the glycerol disappears from the prepupae, there is also a good correlation
between glycerol content and the degree of frostresistance at a rearing temperature of
10°C (Fig. 4), where post-diapause development proceeds very slowly. Even after the
prepupae have no more glycerol, they can survive freezing at —10°C unless post-diapause
development appreciably proceeds. An apparent increase in frostresistance was found in
the begining of winter even in the prepupae reared at 20°C, where no glycerol was
appreciably produced (Fig. 5). Only in these insects which have been hardened at 20°C
is an injection of glycerol found to be very effective in increasing their frost-resistance.

It has been generally accepted that exposure to cold for relatively long periods of
time, usually at a temperature slightly higher than 0°C, is necessary to produce frost-
resistance in insects. However, the prepupae of M. flavescens in diapause stage may
apparently be hardened, as mentioned above, by rearing them at 20°C. These prepupae,
when transferred to 10°C, rapidly enhanced frost-resistance with the concomitant rise of
glycerol content. They became as resistant to freezing as normal overwintering one in
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severe cold atmosphere in midwinter. A reasonable interpretation of the effectiveness of
mild chilling in producing good frost-hardening in insects may, therefore, be that the
optimal temperature range which produces the rapid formation of protective substance,
such as glycerol and sorbitol, in an insect frequently, though not always, involves tempera-
tures just above zero. In addition, kéeping insects at cold temperatures aids them in
retaining the frostresistance, by retarding both the postdiapause development and the

conversion of protective substance into large molecular one.



