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Summary 
 
 
All natural environments show substantial variation in important abiotic conditions such 

as spatial and temporal variation in temperature, light and humidity. These factors can 

subsequently influence food abundance and survival. Organisms should be able to 

respond to these fluctuations and have evolved various strategies to cope with 

environmental variation, including flexibility in dealing with such variation as well as 

buffering against perturbations. Evolutionary ecology aims to understand the interactions 

between species and their environment by incorporating evolutionary processes. An 

important objective of evolutionary ecology is to describe and understand how organisms 

adapt to heterogeneous environments. 

The genotype of an organism is its genetic blueprint. The phenotype can be any 

observable characteristic or trait of an organism. Phenotypic traits result from the 

expression of an organism's genes as well as the influence of environmental factors, and 

possibly the interactions between the two. Phenotypic plasticity refers to the ability of 

one genotype to express different phenotypes in different environments. The influence 

of an environmental variable on the phenotype of a specific genotype can be described 

by a reaction norm. The stronger the response, the steeper the reaction norm will be, so 

the slope of a reaction norm is a measure for the level of plasticity. 

Intraspecific genetic variation exists in the slope and mean elevation of reaction 

norms of various traits, such as age at maturity, growth rate, egg hatching, and diapause 

incidence. The level of phenotypic plasticity in a trait is therefore expected to respond to 

local selection pressures depending on the environmental regime encountered. An 

environment with much seasonal variation or a spatially heterogeneous environment can 

select for organisms with a different level of phenotypic plasticity. The aim of this thesis 

was to test the hypotheses that the selective advantage of such differentiation in the level 

of plasticity is large enough that it can occur between populations on a small spatial scale, 

and that patterns in plasticity are different for life history traits and morphological traits. 

This thesis also addresses the hypothesis that patterns in phenotypic plasticity can be 

adaptive.  

The first question was whether natural selection on phenotypic plasticity is strong 

enough to maintain differences between neighbouring populations in the presence of 

gene flow. Differences in phenotypic plasticity were investigated in the springtail 

Orchesella cincta from neighbouring habitats with distinct thermal conditions. Forest and 



 

120 

heath habitats were considered because these two habitats differ strongly in the 

amplitude of daily temperature fluctuations but are also naturally co-occurring. 

Amplitude of temperature fluctuations is more buffered in the forest habitat compared to 

the more exposed heath. However, mean temperature does not differ between the 

habitats. I measured juvenile growth rate at two temperatures. The reaction norms of the 

forest populations were steeper (more plastic) than the reaction norms for heath 

populations. Hence, juvenile growth rate of heath populations was more buffered against 

temperature fluctuations. The results of this study clearly demonstrate that reaction 

norms can be habitat-specific and that local selection pressures are strong enough to 

maintain these differences despite homogenizing gene flow.  

Juvenile growth rate is a typical life history trait. To test whether there is a general 

trend of life history traits being more buffered against thermal fluctuations in thermally 

variable habitats, an additional experiment was set up to measure the response of other 

life history traits. Thermal reaction norms for males and females were compared to assess 

whether life history responses to temperature are sex-specific. The plastic response in age 

at maturity to temperature differed between the sexes, but not between the two ecotypes. 

Weight at maturity showed differential plastic responses between the sexes as well as 

between ecotypes. In fact, females from heath populations are able to maintain a more 

stable weight at maturity across a temperature range of 10ºC than females from forest 

populations. Again, some life history traits are buffered against environmental 

perturbations in populations of fluctuating habitats. Genetic differentiation of the same 

populations was also assessed by comparing the frequency of neutral markers. Strongly 

isolated populations can also differentiate through genetic drift. No genetic differences 

were observed between forest and heath populations based on microsatellite markers. 

Apparently, there is strong homogenising gene flow between the populations. 

The next hypothesis focused on whether level of plasticity or canalization is 

dependent of the trait under consideration. Predictable environmental variation can 

select for increased phenotypic plasticity of morphological and physiological traits, while 

fitness traits such as reproduction and survival should be insensitive to environmental 

variation and show environmental canalization. However, until now, this hypothesis has 

not been explicitly tested in a natural system. I therefore assessed levels of phenotypic 

plasticity in diverse Drosophila serrata populations along a latitudinal cline along the east-

coast of Australia, ranging from a temperate, variable climate to a tropical, stable climate. 

The reaction norms for developmental rate over the 16-22ºC temperature range, were 
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flatter (more canalized) for the temperate populations than for the tropical populations. 

However, slopes for the reaction norms of the two morphological traits, were steeper 

(more plastic) in the temperate versus the tropical populations over the entire thermal 

range. These opposing latitudinal patterns in plasticity for fitness and morphological 

traits most likely reflect contrasting selection pressures along the tropical-temperate 

thermal gradient. Morphological and life history traits indeed demonstrate different 

patterns in level of plasticity.  

To test whether the observed patterns in plasticity are adaptive, it is essential to 

demonstrate that the observed plasticity is beneficial in the environment in which it is 

exhibited. It was assessed if the earlier found ecotype-specific reaction norms are 

beneficial to the populations living in these ecotypes. I therefore measured population 

growth under fluctuating thermal regimes in climate rooms, mimicking the thermal 

conditions of forest and heath. Although the fluctuations themselves had a very strong 

effect on population growth, no difference in population growth was observed between 

the populations from the two ecotypes. Under all thermal regimes, populations from 

heath and forest performed equally well. Apparently, amplitude of temperature 

fluctuations alone is not the major factor of discrimination between the two habitats. 

Temperature fluctuations will cause variation in many other factors, and the additive 

effect of these varying environmental factors most likely shapes the local selective 

pressures on these populations. 

Phenotypic plasticity in egg size can be an adaptive response to temperature or 

can be caused by physiological constraints. First, we determined whether egg size in O. 

cincta also responds plastically to temperature. Like many other ectotherm organisms, O. 

cincta females lay larger eggs at lower temperatures. The larger eggs laid at lower 

temperatures were found to have a higher survival and the juveniles that hatch from 

these eggs are also larger. This can create a ‘head start’ for these juveniles under difficult 

conditions. Also, after exposure to temperature shocks, survival of larger eggs was much 

higher than for smaller eggs. Under fluctuating thermal conditions, large eggs can be 

beneficial because they are better able to withstand unfavourable conditions. Smaller eggs 

on the other hand, are easier to produce. The results indicate that large eggs have an 

advantage in cold or stressful environments, and that egg size plasticity under variable 

conditions can be adaptive as a conservative bet-hedging strategy.  

In conclusion, differences in thermal variation between habitats over a small 

spatial scale can select for specific reaction norms. The level of plasticity of traits has 
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been shown to respond to local selection pressures, despite the homogenizing effect of 

gene flow. These differences are not only habitat-specific, but can also be sex-specific. 

Contrasting latitudinal patterns in plasticity and environmental canalization of life history 

and morphological traits were found. Morphological traits were more plastic in 

populations of variable habitats than in populations from more stable environments. 

Plasticity in life history traits demonstrated an opposite pattern. This suggests that 

statements about overall levels of plasticity of a population are not relevant. Specific 

hypotheses about the role of phenotypic plasticity in adaptation to variable environments 

and climate change can provide better insights. It has also become apparent that 

temperature fluctuations are not the only factor of vital influence, but there are additive 

effects of variation in all environmental features. It will become more important to test 

predictions on specific ecological grounds than making general predictions. The results 

of the studies described in this thesis indicate that there is adaptive potential in plasticity 

of many life history traits to respond to increased environmental variation caused by e.g. 

climate change. This flexibility, however, is not infinite, especially not for more canalized 

populations that do not experience much variation in their current environment. Given 

the importance of adequate plastic responses under fluctuating conditions and its 

significance in the context of global warming, there is an urgent need to improve our 

understanding of current patterns in phenotypic plasticity shaped by natural thermal 

regimes.  


