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INTRODUCTION
Analysis of sublethal responses in cold-stressed insects 
can provide important information about fitness costs and 
a better understanding of the physiological mechanisms 
used to prevent and/or to cope with cold injury. Yet, such 
responses are understudied and often neglected in the 
literature. Here, we analyzed the effects of cold stress 
applied to larvae on the mortality/survival and fitness 
parameters of survivor adults of the vinegar fly, 
Drosophila melanogaster.

1

2

Fig. 1. Experimental design to assess the sublethal effects of cold stress applied to larvae on fitness 
parameters in survivor adults of Drosophila melanogaster
Control (C), active (A) and quiescent (Q) larvae were exposed to cold stress, either supercooling (S) 
or freezing (F), at −5 °C. The cold injury caused acute mortality of some larvae. The survivor larvae 
were maintained at 15 °C and transferred to 25 °C two days after the cold stress.
Four parameters were recorded in survivors:
• occurrence of delayed mortality
• timing of developmental transitions to puparium stage and adult stage
• life-span of survivor females
• offspring production in survivor females
Based on results of fitness analysis, we judged on a balance between resistance and tolerance 
mechanisms involved in response to cold stress.

MATERIALS AND METHODS

RESULTS

SUMMARY
• Although more than 80% of cold-acclimated larvae survive freezing to −5 °C, less than 10% 

survive until adulthood, and survivor females exhibit more than 50% reduction in their fecundity 
relative to controls.

• Female fecundity positively correlated with dry mass and negatively correlated with total protein 
and glycogen stores.

• We provide the concept of a two component defense system, which distinguishes between  
physiological mechanisms that help insects to resist (reduce or avoid) or tolerate (survive or 
repair) injuries linked to cold stress.

Fig. 2. Fitness parameters of Drosophila melanogaster that survived cold stress in larval stage
Acclimations (A, Q) and types of cold stress (C, S, F) are explained in Fig. 1. (a) Times to pupariation and adult
emergence were recorded in all survivors. (b) Life-span and (c) total number of offspring were recorded in females
maintained until their death together with two control males (not exposed to cold stress) [each box shows median
and quartiles, whiskers delimit range, arithmetic mean is shown by + symbol, (n) is shown in parentheses in (b)].
The results of ANOVA (F and p) are shown and the means that statistically differed according to Bonferroni's
multiple comparison test are flanked by different letters. (d-h)

Fig. 3. The association between offspring production and other parameters of Drosophila
melanogaster adults that survived cold stress in larval stage
For the sake of visual clarity and easy comparison, the correlations are presented in a
formally reverted shape (x axis/y axis reverted). Each point is a mean and vertical and
horizontal bars show variations (SE). Linear regressions and results of Pearson correlation
analysis (r and p) are shown for: (a) DM, dry mass; (b) total protein concentration; and (c)
glycogen concentration.

Fig. 4. Summary of main results and their interpretation
in the context of two component defense system.
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