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Summary

The pine needle gall midge, Thecodiplosis japonensis Uchida et Inouye, overwinters as a third-
instar mature larva in the litter layer or soil surface in Korea. The supercooling point (SCP) of
the larvae remains constant at -20.6+2.3°C during overwintering. No larva survives below the
SCPs and overwintering larvae adopt a freeze avoiding strategy for survival of subzero
temperatures. A rapid cold hardening response is found in field-sampled 7. japonensis larvae
from the end of December to the end of February in 1997/98 winter. The acquired cold
hardiness is transient and is rapidly lost (after 15 min at 27°C). Rapid cold hardening process is
more effective in maintaining larval survival than long term cold hardening process. It indicates
that different mechanisms exist in the rapid and long-term cold hardening responses in
overwintering 7. japonensis larvae.
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INTRODUCTION

Overwintering insects exposed to subzero temperatures in their environments can be divided
into two categories according to the basic strategies for survival: freeze tolerant species which
are able to survive the partial formation of extracellular ice within their body fluids, and freeze
avoiding species for which such ice formation is invariably fatal (1, 12, 13, 18). In preparation
for overwintering, freeze-avoiding insects commonly depress their supercooling points (SCPs),
Although depression of SCP is required for freeze-avoiding insects to survive at fow
temperatures, a number of recent studies have demonstrated that there are a few freeze-
avoiding insects, which are dying before they freeze at either long or short exposures to low
temperature (1). Furthermore, additional mechanisms of cold-hardening may be required for
surviving at subzero temperature near SCP (1, 11, 12),

The term cold-hardening describes various physiological and biochemical processes that enable
insects to survive at lower temperatures experienced in winter. In general, the cold-hardening
process is regarded as a seasonal phenomenon, triggered mainly by environmental cues. The
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intensity increases over days or weeks, Besides the long-tesm cold acclimation, the rapid cold-
hardening process also centributes insect cold hardiness, The rapid cold hardening response
was first reported in pupae (pharate adult) of the flesh fly Sarcophaga crassipalpis (2, 11). The
response is usually observed as an increase in survivals at a selected sub-zero temperature in
acclimated compared to non-acclimated specimens, in which the insects are transferred directly
from their culture temperature to the exposure temperature, ot via an acclimation temperafure,
which confers protection against injury due to celd shock at temperatures above SCP.

The pine needle gall midge (Thecodiplosis japonensis Uchida ef Inouye, Diptera:
Cecidomyiidae) is an important pest of pine trees of Pimes thunbergii and P. densiflora, with
frequent outbreaks in Korea and Japan. Adults emerge from the end of May to late July, with a
peak in mid-June. Females copulate soon after emergence and deposit egg clusters on the
surface of the cavity between a pair of developing needles in a fascicle. Newly hatched larvae
move ta the base of needles where they form galls. 7. japonensis spends three iarval instars in
the galls. Mature third instar larvae emerge from the galls and drop onto the ground from
November to March of the foliowing year. The dropped larvae crawl into the litter layer or the
surface soil, where they undergo cold-hardening and acquire cold tolerance. Pupation begins in
early April and the adults begin to emerge from the ground at the end of May (8).

The aims of this study were to determine the special characteristics of overwintering biclogy
and rapid cold hardening response in the mature third instar larvae of the pine needte gall midge
during winter season.

MATERIALS AND METHODS
Jnsects

The gall-formed pine shoots were collected from 2 forest zone near Taejon, Korea on
December § in 1997/98 winter, just the day when the larvae from the gails began to fall down
to the ground {usually the gall midges fall down to the ground and crawl into the crush wood
during winter season). The shoots were kept in an outdeor pool with a wood crush floor.
Larvae were sampled fiom the cut-galls or the wood crush at different overwintering dates.
Generally, most of the overwintering larvae left the gall and stayed in the wood crush before
mid-fanuary.

Acelimation

For temperature acclimation, feld-collected tarvae were placed into petri dishes by group with
moist Whatman Eler paper. The petri dishes with lids were directly transferred to culture
chambers maintained at different temperatures for various perieds in complete darkness.

Superceoling point determination

Supercooling point (SCP) was determined as the lowest temperature recorded prior to the
release of latent heat of fusion when body water freezes (10). SCPs of overwinterng or
temperature acclimated farvae were measured with a semi-conductor thermocouple connected
to a uR 100 recording potentiometer (Model 4152, Hankuk Yokogawa, Korea). A cooling rate
of ca. 1°C/min was obtained in a deeply cooled freezer. Five to twenty individuals were used to
determine the SCP for each pgroup. Survival of larvae following SCP determination was
assessed by placing gall midges in a recovery dish at 25°C for 48 h as follows.
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Lo temperature survival limly or cold-tolerance

Samples of larvae at various overwiniering dates (December, January snd March) were
exposed to a constant low temperature of -15°C for different periods. Following exposure to
the low temperature, larvae were placed in a recovery dish at 25°C for 48 h to evaluate
survivals. Following the recovery period, a larva that was able to move when contacting its
body with a forceps was considered as normal, otherwise, as dead.

Rapid cold-hardening response

To determine whether larvae have the capacity of rapid cold hardening response as it occurs in
other insects, two groups of larvae were taken from outdeor at different overwintering stages.
One group was placed directly from 27°C into the exposure chamber at -15°C for 3 h (nhon-
conditioning group). A second group was prechilled at 4°C for 2 h immediately prior to
exposure to -15°C for 3 h (conditioning group). After exposure, all larvae were removed and
determined for survival as stated above.

Limitation of rapid colid hardening

The limit of the increased cold telerance gained through the rapid cold hardening process was
quantified by exposing the larvae to 4°C for 2 h that produced an increase in cold tolerance,
then transferring the larvae to 27°C for 15, 30, 60 min prier to exposure to the cold shock
temperature, -15°C, for 3 h.

Effects of rapid cold hardening and acclimation on cold tolerance

To determing the relative effects of rapid cold hardening and temperature acclimation on cold
tolerance of overwinteting larvae, three pre-ireatments were applied separately te ferm
different experimental types of larvae:

1. non-acclimated larvae (Controi, just sampled from field),

2. rapidly cold-hardened larvae (RCH, expose field sampied iarvae directly to 4°C for 2 h),

3. cold acclimated larvae {(Cold-Acc, expose field sampled larvae directly to 4°C for 24 h);

4, warm acclimated larvae {Warm-Ace, expose field sampled larvae directly to 27°C for 24 h).

After the treatment, larvae were exposed to a constant low temperatuse of «15°C for 3 h
Following exposure to the low temperature, the larvae were returned to normal condition
{25°C) and placed in & recovery dish at 25°Cfor48 h to evaluate survivalsas described above.

Stetistics

Student's r-test was used for comparison of twe means.
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