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Cold Hardiness Change in Solenopsis japonica(Hymenoptera: Formicidae) by
Rapid Cold Hardening

Youngjin Park*, Mohammad Vatanparast and Jieun Lee
Plant Quarantine Technique Center, Animal and Plant Quarantine Agency, Gimcheon 39660, Korea

ABSTRACT: Solenopsis japonica, which is belonging to Formicidae in Hymenoptera, is a native ant species in Korea. However, it had
not been studied for cold hardiness of S. japonica to understand on its overwintering mechanisms in field so far. Cold tolerance on
developmental stages was measured at different cold temperature with various exposure times. Workers showed more survival at 5°C
and 10°C compared with other stages and elevated cold tolerance when workers were exposed at 15°C for more than 12h incubation as
arapid cold hardening (RCH) condition. RCH treatment not only increased survival of workers at cold temperatures, but also decreased
supercooling point (SCP) and freezing point (FP). RCH group increased the survival rate by 44% at 10°C compared with Non-RCH
group. SCP and FP were depressed from -10.0 to -14.2°C and from -11.3 to -15.3°C, respectively, after RCH treatment. Cold temperature
increased expression level of cold- and stress-related genes such as glycerol kinase and heat shock protein. These results indicate
unacclimated cold tolerance of S. japonica and its acclimation to low temperature by RCH.
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Fig. 1. Anidentification of S, japonica(Hymenoptera: Formicidae),
which was collected from Mt. Manin in Daejeon, Korea. Antennal
clubs (red arrows) in antenna of full-face view (A). Petioles (red
arrows) in lateral view (B). Phylogenetic analysis of S. japonicaCOI
gene (C).
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Fig. 2. Cold tolerance of S. japonica at low temperature. Survival
of brood (A), pupa (B), and worker (C) for 24h when exposed at
various temperatures. Each bioassay was replicated three times
with 10 individuals per replication. Different letters above
standard deviation bars indicate significant difference among
means at Type | error = 0.05 (LSD test).
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Fig. 3. Effect of rapid cold hardening (RCH) on survival of S, japonica
workers at various low temperatures. Survival of workers at 15°C for
3h (A), for 6h (B), for 12h (C), and for 24h (D) between RCH and No
RCH treatment. Mortality was assessed at 24h after treatment. Each
bioassay was replicated three times with 10 individuals per
replication. Asterisk above standard deviation bars represents a
significant difference on survival between RCH and No RCH
treatment at each temperature at Type | error = 0.05 (LSD test). NS
represents no significant difference.
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Fig. 4. Temporal changes in supercooling point (SCP) and
freezing point (FP) of 5. japonica worker in response to exposed
time at low temperatures (10, 15, and 20°C). Survival of brood (A),
pupa (B), and worker (C) for 24h when exposed at various
temperatures. Each bioassay was replicated three times with 10
individuals per replication. Different letters above standard
deviation bars indicate significant difference among means at
Type | error = 0.05 (LSD test).
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