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THE RESISTANCE OF INSECTS TO ULTRA-LOW TEMPERATURES
- USSR -

/Follawing ‘1% the translation of an article by L. K.
t@nina-Lozin-kiy in the Russian-language pudblication
Doklady Akademii Nauk S (Reporta of the Acadeay
of Sciences Usiéi. aoi g%EVII, No 5, Momcow, 1962,

pages 12“7-1249;7

(Presented by Academician Ye. N, Pavlovakiy om 3 May 1962.)

It has been established through our studiea (1) that several
species of insects can withstand freeszing at the very low tempera-
tures -55° and -78°, The pupae of Saturnia pyri consume oxygem for
an extended period, but several eggs of the Asiatic locust Locusta
migratoria preserved their normal appeerance for many daye follow=-
ing exposure of the egge to a temperature of -183°. However, not
all the caterpillars of the corn borer (Pyrausta nudbilalia) follow-
ing cooling down to =78° proved to be alive, and those which preserved
their mobility gradually perished. The existence of respiration
following chilling is not necesearily indicated by the fact that
several aigns of life were maintained in the organiss. Only receatly
(2, 3) was it shown for several species of inasectas and other inverte-~
brates that a certain percentage 0f the animals show sotor reactions
following chilling in liquid oxygen or aitrogen. The condition for
survival at such temgeratures is preliminary cooling at -30°,

Our investigations 0f-1961-1962, mainly on ¢oran horer cater-
pillars have shoun that preliminary cooling at «~30° is not the
necessary and only condition for survival at ultra=low temperatures.
The highest cold-resistance is shown only by diapaused caterpillars
(veginning fron November). However, they alaso caamnot withstand
chilling down to =183° or «196°, if they are frozen during the
initial period of the diapause or at its conclusion, when the
period of reactivation has not yet set in. In these cases the
preliminary cooling down to ~30° does not promote survival.

In our experiments we succeeded in preserving full viability
of the cora borer caterpillars following chilling at =78° and
obtained a high percentage of live specimens following chilling
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TABLE 1
Resistance of Caterpillars to -1969:
at «30° for 60 minj at =79° for 1 hr,
at =196° for 1 day.

LEGEND: a) No of experiment)
b) Date of experiment; o)
Number of caterpillars; d)
Captivity temperature im
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down to =196° under the follewing conditiuns. Diapaused corn bdorer
"caterpillars, caught in the Stavropol'sikiy Kray, were placed under
various temperature conditions for long periods (Table 1). Upon
keeping the caterpillurs at 0° and 4° for 3-4 weeks, their resis-
tance to deep chilling rose sharyly, the number of active caterpillars
chilled first to =3C° and then to -196°, following thawing was 60~70%,
and those chilled down to =78° -~ 100%. Caterpillars not grovioualy
cooled down to =30° survived at -78°, but perished at -183° and =196°,
Without preliminary cold hardening at a temperature of around 0°,

only a small percentage of the caterpillars survived following
exposure to =78° and only iandividual caterpillara reacted to the
electric stimulus after undergoing exposure to «196°. Temperatures
below O° do not promote hardening. The caterpillars, following pre-
liminary deep chilling, were kept at a temperature of 22°, which
promoted reactivation. However, as further experiments showed, the
sighest survival rate of the caterpillars chilled down to -78° was
reached when they were kept for a month at 0° (Table 2). In two




experiments, 11 out of 30 chilled caterpillars chrynallizod,
resulting in eight butterflies -- males and females, some of which
derosited eggms. Thus far, followiag such ¢hilling only 50% proved

to be active cuterpillars, which after the period of one to ons
and a half monthe perished.

TABLE 2
Effect of Captivity Conditions Before and After
Freezing on Caterpillar Resistance to -78°
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TABLE 3

Caterpillar Resistance tc Deep Freezing for Various
Sequonces, Fatea, and Lengths of Freezing. Cap-
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The chilling conditions (rate, succession of temperature
changes) is of much importance in testing for deep freesing. From
the data in Table 3 it is clear that a teaperature of -50° results
in the death of the caterpillars, that is, the intermediate temper-
ature of =50° for the corn borer is more damaging than -78° and
even =196°. The reasons for this have not yet become clear, but
it is probable that they stea from the character of water orystal-
lization in the tissues. B

The length of residence of the caterpillars at a teaperature
of -78C¢ easentially does not affect their survival rate: for chilling
from 30 sinutes to five days 1CO¥ of live caterpillars were obtained
following thawing, and after 25 days of chilling -- 79.2%. Conse-
quently, there is a possibility of preserving in a state of anaviosis
whole complex asimals, containing from 65-75% water, that has been
converted into ice.

We can judge the condition of the cells aad organe following
deep freesing from dissection of the caterpillars after sesversl
hours subsequent to thawing. FYor catervillars not showing spoatan-

" eous movement following the freezing, motor reactions can be ohserved

in response to electrical stimulus, as well as pulsations of the
heart and intestines, reapiration and the formstion of neutral red
granules. Therefore, total immobility following freeszing is not a
oritericn of death; movement can be restored in one tc two days fole
lowing thawing.

Conclueiona

The resistance of insects to deep freesing results from sany
conditions both preceding and during thé freesing, as well as fol-
lowing thawing. Chief among these is adaptation to below zero
temperatures. This stema from the following: 1) phylogenetic adap-
tation of the speciss to low temperatures; 2) sessonal change in
cold resistence related first of all with diapause; 3) catogenetic
adaptations == the process of hardening under the influence of #co~
logicel factors during the start of hibernation. The adaptation of
whole insects to low and ultra-low temperatures is the consequence
of those changes occurriang in the cells. _ :

Slow cailling increases the survival rate of the insects,
but there are dangercus temperature sones which the organiam evi-
dently aust "traverse" rapidly. The rate of waraming is not -essen~
tially important for the insects. Of great interest is the study
of the conditions under which the repairing of damage arising:
under the influence c¢f low temperatures takes place.

. The resistance of insects to ultra-low tesmperatures is
possible only due to the ability of the tissues and cells with
normal water content to survive freesing and the total cessation
of metabolism. Vitrification was abaent in our experiments.
Analysis of the reasons for such stadbility is reserved for future
studies. .
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The rueistance of highly organized animals to deep Iresezing

iadicatos that diverse cells of verious tissues and entire organiems
can witistand tke environmental conditicns which they did not exist

uader

during the process of evolution, and that arising in the cells

durding the proceas of adaptation is such a reserve of resistance to
extreme iniluences as would not be necessary for conditions of
earthly existence.
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[LEGIND to Table 2/

a) No of experiment; b) Date of experiment; ¢) Number of
caterpillars; d) Captivity temperature in ©C; e) before
frsesing; f) atter freezing; g) Reactiom following thawing;
Rh) Survival rate and develo Bt i) reacts to elec. curreat;
J) move: about; k) before 28 Dec, O° C, since 28 Dee, . 229C;
1) Perished ir 1 day; =) Lived from 3 to 34 days; n) chrysal-
1ised; o) butterflies; p) Lived from 2 to 23 days; q) As
above.

Lx.xamn to Table 3/

a) No of experiment; b) Date of experimenti o) Number of
caterpillars; 4) Sequence of freezing: e) Reaction following
thaving; f) lifespen in days; g) minutes; h) days; i) move
about; J) react to elec. current; k) up to 10.

LITERATURE CITED

1., %L K. logins~Loginskiy, aooloxinl
anrna;,f 6, No 4, 614 51937§; Briroda !;.tl:g/. No's
3.k, 65 (19%2); in the dook by P. Yu. Shmidt, ‘..h*ig
JAnabiosig/, published by the Acadeny of Sciemces R
1955.
2. K. Asshira, + By 12, 51 €19%9); Mature,
184, Mo hé. 91, 1603 (19%9).
30 Ro ‘..hi‘.. K. oni Mn mg 327 (1958)0
10,123
C30: 251.7-8 ~END-




