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Is there a fecundity/longevity trade-off under heat stress?
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Abstract — The idea of this study was to discover remote
consequences of the long-term effects of regular stress exposure.
We investigated the effect of short-term heat stress (38°C, 1 h) of
varying frequency on longevity, fecundity, fat content, dopamine
metabolism and resistance to acute heat stress (38°C, 4 h) in
Drosophila melanogaster. We showed that stress once a day causes
a significant decrease in both longevity and fecundity, as well as in
the fat content, and increases dopamine metabolism and survival
under acute stress. We believe that this decrease could possibly
contribute to adaptation, allowing insects to save energy. We
found that weekly stress in the first two weeks does not affect the
longevity, dopamine metabolism and resistance to acute stress, but
causes a significant increase in the total level of fertility, despite
sharp fertility drops on the exact days of stressing. Thus, two stress
modes were found to have opposite effects on the reproductive
function of D. melanogaster (negative or positive). However, the
data obtained allow us to assume that there is no
fecundity/longevity trade-off under heat stress. The trade-off we
can see here is between reproduction and stress resistance. The
flies use their energy resources either on the immediate individual
survival (under acute stress) to the detriment of fertility and
longevity or on the fecundity increase (under mild stress).
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Introduction

The ability to develop an adequate response to unfavourable
conditions of different natures is of crucial importance for the
successful adaptation of an organism to ecological challenges. It
is known that stress can cause both a decrease and an increase
(due to the hormetic effect) in fitness [1]. Many genetic
mechanisms, both ensuring resistance to unfavourable factors
and underlying the processes of reproduction and ageing are
highly conservative, and therefore model objects such as
Drosophila melanogaster (Diptera: Drosophilidae) can be used
for their study.

Results and discussion

Here we studied the effect of repeated episodes of mild heat
stress (38°C, 1 h) of varying frequency (once a day, once a week,
twice in the first two weeks) on the longevity, fecundity, fat
content, dopamine metabolism and resistance to acute heat stress
(38 °C, 4 h) in D. melanogaster. We found that mild heat stress
repeated weekly in the first two weeks did not affect the
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longevity, resistance to acute heat stress and dopamine
metabolism, but caused a decrease in the fat content and increase
in the total level of fertility, in spite of a sharp fertility drop on
the exact days of stressing. Stress once a week throughout the
entire period of reproduction did not affect the total level of
fertility, although it resulted in a significant fertility decrease on
the exact days of stressing. The mild stress repeated daily caused
a significant longevity and fecundity decrease throughout the
entire reproduction period. We believe that this decrease could
possibly contribute to the adaptation, allowing flies to save
energy. This suggestion is supported by the data on dopamine
metabolism and fat content in the flies exposed to the mild stress
once a day. Dopamine is known to be involved in the control of
many cellular and physiological processes in insects, the
neuroendocrine stress response and energy metabolism among
them [2-4]. The fat body is the most important energy store of
insect organism and a key organ in the metabolism of lipids and
carbohydrates [5]. We found out that the mild heat stress
repeated daily within two weeks resulted in an increased activity
of the dopamine metabolism enzymes, dopamine-dependent
arylalkylamine N-acetyltransferase and alkaline phosphatase,
which, together with an increased survival rate of these flies
under acute heat stress, indicates a decrease in dopamine levels
[6-8]. These data agree well with the results of transcriptome
analysis of the fat body, which demonstrated significant changes
in expression levels of genes involved in catecholamine and
carbohydrate metabolic processes following the daily mild heat
stress. The revealed decrease in the fat content following the
mild heat stress repeated daily also supported the idea of energy
consumption of adaptation process.

Conclusions

Thus, the data obtained allow us to assume that there is no
fecundity/longevity trade-off under heat stress. The weekly
stress episodes during first two weeks have a hormetic effect on
reproduction but do not decrease longevity, whereas the daily
stress episodes result in a decrease in both fecundity and
longevity. The trade-off we can see here is between long- and
short-term strategies of adaptation. The flies may compromise
the reproduction and stress resistance. They could use their
energy resources either on immediate individual survival (under
more severe stress) to the detriment of fertility and longevity or
on the fecundity increase (under less severe stress).
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