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Abstract

As the Earth’s mean temperature keeps rising, the limit temperature species can 

survive might be reached. To avoid extinction, a species needs to respond, but the 

ability to evolve a higher heat tolerance is limited. In this study, I tested if natural 

selection could increase the heat resistance of a species living at a high temperature 

and humid environment. For testing a population of Drosophila melanogaster were 

split into three separate treatment conditions: A high humidity treatment with 

RH75%, 29°C, a low treatment with RH30% 29°C. The control group staying in a 

25°C, the same conditions as the base population of all flies in this experiment. The 

flies were measured for survival after generation 12 and 14. 

I found a difference in response in heat and desiccation resistance when flies were 

tested directly after being in their low and high humidity treatment, respectively, 

with RH30 mostly having the highest resistance. Testing the flies after all treatments 

were in the same environment for two generations, RH75 had a higher resistance. 

The results of this study point to the response found beings a phenotypic plastic 

response and not natural selection. 
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Introduction

Forecasts predict that the temperature on Earth will keep rising in the future.

Between 1880 and 2012 the mean temperature has risen to 0.85°C and this seems 

to be a continued trend (Stocker et al., 2015). When the temperature rises, existing 

species may be exposed to more heat stress, as they now need to live at a higher 

temperature. The species will need to respond to the change in the environment. 

How they will respond can be a challenge to figure out since there are many ways to 

respond. One response could be to migrate to a new place, but they can also respond 

through evolution or plasticity responses to adapt to the changed environment. 

When the temperature in the environment changes, the ability to survive this higher 

temperature has been shown to be very limited. This could mean that a species 

already living at a high temperature will be at risk of going extinct if the temperature 

were to rise, since they can not raise their temperature resistance limit more through 

natural selection (Hoffmann, Chown & Clusella-Trullas, 2013). Other climate factors 

also have an impact on the heat resistance level a species can accommodate to such 

as precipitation. Species have been shown to have a higher heat resistance if they live 

in places with a high temperature and a low humidity. So if an area does not get a 

lot of precipitation, the dryer environment can be a factor for a species to developing 

more resistances to heat (Kellermann et al., 2012)

Thermal limits 

The optimum performance of a species in relation to temperature can be described 

with a thermal performance curve. The thermal performance curve for a species 

has a critical thermal minimum CTmin, the lowest temperature in which the species 

can survive. CTmax, the critical thermal maximum, is the highest temperature it can 

survive in. For ectotherms, optimal fitness is closely related to the optimal tempera-

ture, which ectotherms seek through behavioral thermoregulation (Clusella-Trullas, 

Blackburn & Chown, 2011). When using behavioral thermoregulation, a species 

changes their temperature with the environment, as ectotherms are not able to 
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change it themselves. The species’ temperature level will be the same temperature 

as the environment they are living in (Khan, Richardson & Tattersall, 2010). Even the 

slightest rise in temperature can have a big effect for species living in the tropics. 

Many species living in tropic areas are already living close to their upper thermal 

limit. Small changes to the temperature can make it impossible for them to keep 

living in that environment (Deutsch et al., 2008). When under extreme temperatures, 

the behavior change can be lethal, if the species needs to thermo-regulate to survive 

but loses the ability to detect predators. If under the unfavorable conditions for too 

long the body itself can start to fail, as cells and tissues start to die (Robertson, 2004). 

In contrast, the rise in temperature could also mean a change for the better if the 

species is not currently living close to their thermal limit. This higher temperature 

might even raise the fitness level of the species if they can live closer to the optimal 

temperature. Ectotherms living close to their upper thermal limit will need to make 

a response in some form. This could be migration to a new environment, or adap-

tion. For ectotherms, the temperature is closely linked to many of their physiological 

functions. Functions such as locomotion, growth and reproduction are essential to a 

species’ continued survival. If any of these fail it will lower the fitness level, and can 

lead to the animal’s death (Deutsch et al., 2008).
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Figure 1: Performance curve. 
Temperature effect on an 
individual’s performance. CTmin 

Critical thermal minimum, the 
lower tolerance point and CTmax 

Critical thermal maximum the upper 
tolerance point. Between CTmin 

and CTmax are the animal’s thermal 
tolerance range, and on the highest 
point of the curve Topt the optimal 
temperature (Angilletta et al, 2002).
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Thermal stress can also affect the parameters of a population’s size. This can happen 

if the changed environment splits populations with areas the species is unable to live 

in. If the population gets fragmented and lowers the population size, the chances to 

adapt also become smaller. When a larger population becomes smaller, some of the 

genetic variation will be lost, and when having a lower number of individuals the 

chance for a positive mutation to occur also drops (Bell & Collins, 2008) (Hoffmann 

et al., 2013). 

Natural Selection 

Natural selection can lead to adaptation to an environment through evolution. For 

natural selection to happen there needs to be variation for that change and it needs to 

be heritable. Fitness is the ability to survive and have a lot of offspring. Individuals 

with high fitness will have more offspring. This will change the population as not 

all offspring will survive and have offspring of their own. In this competition, the 

individuals with the best ability to get food, mates and territories, will survive. After 

generations, the populations will be more adapted to the environment as the indi-

viduals most adapted will have the highest fitness. But if the environment changes, 

adaptation to the new environment will happen and it might not be the same genes/

traits that will stay the most fit for the new environment (Davies et al. 2012). 

There are three types of natural selection: 

•  Stabilizing selection

•  Directional selection 

•  Disruptive selection 

The first, Stabilizing selection, reduces the variation for the population while main-

taining the mean value. Average individuals will have the highest fitness. This will 

often be found in a stable environment as the population is not changing. The popu-

lation is getting more adapted to that environment. 
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The second type is Directional selection. Here there will be more variations in the 

population and the mean changes with the direction the population moves. Here 

one type of individuals will be favored and the selection will move the mean of traits 

in that direction. They will have a higher fitness and more of the type will be in the 

next generation. This will happen if a population is in a changing environment and 

is adapting to the changes. 

The last type is Disruptive selection. Here there will again be more variance as the 

population splits into two. The mean will also change, here more than one type 

will be favored.While stabilizing selection favors individuals close to the mean, 

here the individuals far from the mean will have the highest fitness. When at least 

two groups in the population have a higher fitness attained from different natural 

selection means, it will often lead to a split in the population as the two groups 

move from one another. This is a rare selection type but can lead to a new species if 

enough time passes (Mondal 2016).

Figure 2: Types of natural selection: Stabilizing selection, Directional selection and 
Disruptive selection. A for all types shows the population before any selection, and what part 
of the population the different selection types eliminated. B is the population after selection 
has started to move the population. C is how the population changes after the selection. 
(Mondal 2016).
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The only individuals that will influence the next generation are the ones that have 

offspring. 

Not all individuals will bear offspring. The selection differential is the difference 

between the mean for the whole population, and the mean for the part of the popu-

lation which has offspring. 

Phenotypic plasticity

Phenotypic plasticity is the ability of an animal with a specific genotype to respond 

to differences in the environment by changing its phenotype. The relationship 

between the environment for each genotype and continuous phenotype is explained 

by a reaction norm. If there is no plasticity, all traits in a constant environment will 

have the same reaction norm. When plasticity is present the change in environ-

ment will affect the reaction norm and even though the genotype is the same, the 

phenotype will change. The reaction norms for the genotype will not always follow 

one another but there can be various responses when the genotype is affected by the 

environment, see figure 3 (Davies et al. 2012).
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Figure 3: Reaction norms for a genotype in a changing environment. No plasticity: 
genotypes in a stable environment, so the same genotype looks the same for all individuals. 
Plasticity: the genotypes are showing different phenotypes, so a plastic response to the 
environment. The last part: is the same as with plasticity but the environment can further 
affect the different plastic responses. These won’t always follow one another (wikiwand, 
2016).
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When looking at a population divergence and speciation, assumptions are often the 

differences that are due to the genotype, but the phenotype the animal shows can be 

affected by the environment. This is a phenotypic plasticity response, as it has the 

same genotype changing its phenotype. By using phenotypic plasticity, it is possible 

for an animal to live in environments for which it was not naturally selected. 

Because of this, plasticity can work against natural selection allowing more adapta-

tion to the new environment faster. The result is that natural selection won’t be as 

strong. (Hoffmann, Sørensen & Loeschcke, 2003). Phenotypic plasticity is normally 

categorized in two types:

•  Hardening

•  Acclimation 

Time is the difference between hardening and acclimation. Acclimation often takes 

days in a stress environment, but hardening only takes hours (Fischer et al., 2010). 

Hardening is a response to a short-term exposure to sub-lethal conditions, and it 

appears to be associated with the level of expression of heat shock proteins (Hsp70). 

Acclimation is a response to sub-lethal conditions for a longer time and relatively 

mild stress. If can be hard to identify what effects acclimation will have, but effects 

have been found on the membrane lipid composition, sugar or polyol concentration, 

and metabolic rate (Hoffmann et al., 2003) (Bubliy et al, 2012). Plasticity can work 

against natural selection under normal conditions, but if under extreme conditions, 

it can express variation the selection can work on (Mittelman & Wilson, 2010).

The new variation occurs because the stressful conditions can have some influence in 

the recombination and mutation rates (Hauser et al., 2011). Phenotypic plasticity can 

be respondent via behavioral, morphology or physiology. The environment affects 

all three types of responses. If in a constant environment, the plasticity might be lost 

again, as the selection will not maintain it. It is because of this that it should not be 

favored in stable environments (Price, Qvarnström & Irwin, 2003). In order to adapt 

to a specific environment, a species might have a trade-off effect when introduced to 
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another environment, causing a decreased performance in adapting (Kristensen et 

al., 2008). 

Measuring selection 

When measuring the thermal tolerance, it is often based on mortality after exposure 

to a stressful treatment. This is often the case as mortality is an easy endpoint, but 

to use mortality as a measurement tool might not be the best way when comparing 

to natural conditions, because the stress treatments in the laboratory are often more 

severe than those found in nature. In nature, an animal under stressful conditions 

has the option to move to a less stressful place in the wild, but under controlled 

testing conditions the animal must endure. Tests in a laboratory can help to uncover 

some of the mechanisms behind the different responses (Hoffmann et al., 1997). 

However, there will also be a difference between testing on a laboratory population 

and the same species in nature. Parameters such as genetic drift, inbreeding and 

relaxed selection may differ (Rutherford & Lindquist, 1998). Heat resistance has been 

shown to have a low heritability in laboratory lines, but that isn’t necessarily true for 

a population in the wild (Hoffmann et al., 2003).

Model organism 

The model organism used in this study was Drosophila melanogaster from the family 

Drosophilae. Drosophila has been used as a model organism for a long time. This 

species was used in this study to see how natural selection would be affected by 

temperature and humidity under different settings. Natural selection works on 

the individual organism, but the effect of selection is measured on the population 

level. To create an experimental setup where natural selection can be studied, many 

generations under a given selective pressure are needed. The result of the selective 

pressure is connected to the heritability of the given trait necessary to survive the 

selective pressure. The result of selection is measured in terms of selection response. 

The number of genes for the given trait will increase in the following generation. 
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Choosing Drosophila as a model organism made it possible to get through a lot of 

generations fast, since the span of each generation is very short. They are easy to 

keep at a big population size which is needed for this kind of study, and because 

they are so small it is easy to have many replicated for every treatment. They are also 

easily affected by changes in temperature and humidity, as they have a big surface 

compared to their body size. Also, a lot is known about the D. melanogaster, so loads 

of knowledge can be used (Jennings, 2011). It is unlikely that Drosophila in the tropics 

will be able to withstand the global environmental changes just through evolution 

(Kellermann et al., 2012). 

Starvation

Insects have some ways to deal with starvation; they can store greater energy 

reserves, and by changing their metabolites rate. It is not clear what factors in wild 

populations of Drosophila affect starvation resistance, but an increase in body lipids 

has been shown to have a positive effect on starvation resistance in the laboratory 

(Clusella-Trullas et al., 2011). Reared at low humidity (RH 35%) a reduced level of 

lipids has been shown, and hereby also a reduced starvation resistance. Both sexes 

have higher levels of body lipids when they have been developing at high humidity 

(RH85%). The ability to survive under starvation is higher for females than males. 

This could mean that the humidity the flies are reared under influences the starva-

tion resistance through changes in the plastic response (Parkash, Ranga & Aggarwal, 

2014).

Body size

To get a morphological trait for fitness, the dry weight was used. The dry weight 

was used as an estimate for body size. Body size is not a fitness trait, but it strongly 

correlates with fitness. It can show measurable differences if the fitness levels in how 

the three treatments differ from one another. (Bubliy & Loeschcke, 2005) (Hoffmann 

et al., 1997). Body size has a high heritability, so if the treatments change the fitness, 
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a response should be seen in the changes in body size. It is also an easy and accurate 

trait to measure, which makes it a good choice for reference. (Imasheva et al. 1998). 

Another reason a larger body size correlates with a higher fitness, is that when 

males are larger they can perform more courtships. This is possible as the larger 

body allows these male flies to move around faster and cover more ground. When 

these larger-bodied males get more mates through the higher number of courtships, 

it raises their fitness level and should produce more offspring (Partridge, Ewing & 

Chandler, 1987). Here we can test for desiccation resistance, which is the amount of 

water an animal can lose before it dies. The resistance is influenced by traits such as 

body size, lipid stores, and the amount of water in the body. A bigger body size has 

been known to correlate to a higher desiccation resistance. This makes sense as the 

amount of water the body can store should be larger with a bigger body size (Kalra 

& Parkash, 2014) (Lyons et al., 2014).

The aim of this study

The aim of this study was to test the evolutionary potential for heat resistance in 

ectotherms. For ectotherms, previous studies have shown that the limit of heat 

resistances may be able to move to a higher level if the environment has a low 

humidity. Populations of Drosophila simulans which underwent hardening under 

extreme conditions (31°C or 35°C) and a low humidity (20%) increased their resist-

ance for both heat and desiccation. The responses in heat and desiccation resistance 

seem to be affected by both factors, the high temperature and the low humidity. So, 

to gain an understanding of how heat and humidity resistance influence the survival 

and reproduction, it is important to understand both. First, how temperature and a 

dry environment each influence the resistance to heat and humidity, but also how 

the combined effect works. However, the higher resistance to heat and humidity 

seems to come with a cost or tradeoff. Where a plastic response gives a higher 

chance of surviving in the more extreme environment, the tradeoff here is reduced 

longevity. Since the plastic response comes with a cost in how long the animal will 

live, it should only be favored in extreme environments. When under less stressful 
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conditions, natural selection should not favor plasticity (Bubliy, Kristensen & 

Loeschcke, 2013).

Here I tested if Drosophila melanogaster under natural selection would be able to raise 

its heat resistance.  Ectotherms have been shown to have a limited evolutionary 

potential for heat resistance. But previous studies have suggested that the limit for 

heat resistance can evolve under low humidity. Bases on this assumption, keeping 

flies in 29°C and RH30 % for several generations should evolve a higher resist-

ance for heat. To test this, some flies were also kept under 29°C and RH75% to see 

whether it was the humidity which affected the limit for heat resistance. 

To see if natural selection has an effect all tests are divided in two parts; in one, flies 

were tested straight from the treatments they have been under, referred to as ‘no 

common environment’. Here, if an effect is found, it can be both a plastic response 

or a selection response. But if an effect is found, humidity influences heat resistance, 

and if nothing is found then the humidity doesn’t affect the heat resistance. 

In order to test if the data from the first part, if any effect is found, is from a plastic 

response or from selection response, for the next part, all flies from all treatments 

were to be kept in a common environment for two generations after their humidity 

treatment. By doing this, any plastic response from the humidity should disappear. 

If the response was due to natural selection I should still see a difference in the same 

way as the initial data. 
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Materials and Methods 

All lines originated from the population ‘Odder 2013’ (25°C) with L: D 12H: 12H with 

standard lab food (standard oatmeal-sugar-yeast-agar). To test the flies’ heat resist-

ance in Drosophila melanogaster, a base population was split into three lines; RH30, 

RH75 and Control. RH30, for relative humidity 30%, and RH75 for relative humidity 

75%. To make sure there would be no difference between the three treatments, all 

flies from the base population were split into twelve 250 ml bottles containing yeast 

for eight hours. Eggs were then collected from the 12 bottles and placed in 270 vials, 

7 ml food and 40 eggs in each. All the vials were put in an incubator at 29°C Light: 

Dark 12H:12H until the flies hatched. 15 replicates were made and to get eggs from 

most possible flies, the vials were not chosen at random. One vial was taken from 

each of the twelve bottles. Six vials were chosen at random out of the remaining to 

bring the start population up over 500 individuals. Five replicates were made for 

each of the three treatments. Five of the replicates were used as control at 25°C, five 

replicates started as the RH30 at 29°C and the last five as RH75 at 29°C. 

After a few days, the flies were placed in bottles to lay eggs in. Some flies were used 

as F1 for this project. All bottles represented a replicate line, and were held sepa-

rately through all generations. All the replicates started with a population above 500 

individuals to reduce the effect of genetic drift. The five controls were kept in the 

standard lab treatment, 25°C L; D 12H: 12H. These were the same conditions from 

which the base population originated, and served as a control. The control stayed 

as the base population would, if there were no selection for heat and desiccation 

tolerance. The five controls stayed in the same environment they had been in since 

captured in Odder 2013. 

The other two treatments, RH30 and RH75, were moved to climate chambers 

(Temaks Model KB8000F). Before using the climate chamber, data loggers (Ibutton 

Data Loggers; Maxim, Sunnyvale, CA, USA), were used to adjust the climate cham-

bers to the right settings. This was done to make sure that the values displayed on 
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the machine were in fact the temperature and humidity in the climate chambers. 

It was also to test if there was an effect of cage and top shelf vs. bottom shelf in the 

climate chamber on the measured temperature or humidity.

The climate chambers were set to RH30 29 °C and RH75 29° C. Each had L:D periods 

of 12H:12H hours, and occupied two shelves in the chambers.There were five cages 

(BugDorm-42222F insect Tent (BD42222F)) in both chambers; three on the top 

shelves and two on the lower. 

Three of the five cages had a data logger (Ibutton Data Loggers; Maxim, Sunnyvale, 

CA, USA), so it was possible to ensure that the temperature and humidity stayed 

at their correct values, and these were to be checked before the next generation was 

started. This was to make sure that the only difference between the two treatments 

was the humidity.

Figure 5: Temaks Model KB8000F.Figure 4: BugDorm-42222F insect Tent 
(BD42222F).



16

Maintenance of the lines 

The 15 lines were never mixed and were kept separate throughout all generations. 

When the flies started to hatch, they were tipped into new bottles, and this was done 

each day until all the flies were hatched. For the control treatments, when all flies 

were hatched, they were transferred every 2nd day to fresh bottles until it was time 

for the next generation to lay their eggs. Whenever the flies were being handled, 

all cages were moved one position to the right. This was done in consideration of a 

difference between the top shelf to the bottom shelf. All cages were also marked with 

a number from 1 to 5 and a colour. So, 1-5 for the RH30 treatment and 1-5 for RH75 

treatment, called L1-5 (L for low RH 1-5) and H1-5 (H for high 1-5). The control was 

called C1-5. 

For the other treatments, RH30 and RH75, the flies were also moved to fresh bottles 

when they started to hatch, until all flies were hatched. To keep the conditions as 

close as possible to the desired treatment, a piece of fabric was placed over the 

opening of the bottle and held in place by a rubber band. This was done to keep the 

larvae in the bottle. When all flies had hatched, they were released into the cages. 

One petri dish with 40 ml food was put into each cage. After 36 hours, a new petri 

dish was put in each cage for another 36 hours. The petri dishes resulted in some 

problems for the chamber with 30RH; the water from the food evaporated too much, 

so that over the three days the humidity was closer to 40RH than 30RH. However, 

40RH was still low compared to 75RH so it should not have an impact on the 

analysis of the data. The point of the 30 RH and 75RH was to have populations for 

generations under a high and low relative humidity.

After the three days with petri dishes a 250 ml bottle containing 50 ml food with 

yeast was put in each cage for egg laying. After about four hours the bottles were 

checked to see if there were enough eggs. If not, once in every two hours, they were 

checked again until enough eggs were laid. This worked as a backup in case some-

thing should happen to the lines. All the backups from treatments RH30 and RH75 

were moved to an incubator set at 29°C L:D 12H:12H. After the backup bottles were 
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moved to the incubator, two new 250 ml bottles containing 50 ml food with yeast 

were put into each cage. Here, two bottles were used to avoid crowding. Again, after 

four hours the bottles were checked and then again every two hours until enough 

eggs were laid. The bottles with the eggs were placed in new cages with the same 

number and colour, so the lines did not get mixed up. 

For all the lines, a population of around 500-1000 individuals was kept. Sometimes a 

bit more, but preferably not less and not too many over 1000 flies, so that the differ-

ence between the lines would not be too great and so that the populations would not 

suffer from competition over food and space. 

When the RH30 and RH75 lines were laying eggs, the control was also moved to 

new 250 ml bottles containing 50 ml food with yeast for laying eggs. The flies were 

moved to a new bottle with yeast. 

After having laid their eggs, the flies from the previous generation were counted to 

get the selection differential.

Pilot test – Desiccation tolerance

After generation six, a pilot test for desiccation was done. The flies were 5-7 days old 

and only males were used, 20 from each replica. Each of the flies used were moved 

to a glass tube and sealed with a piece of fabric, and was assigned a number from 

1-300. One hundred flies from each treatment were used, so that all in all 300 flies 

were tested. The males were separated from the females by using CO2 to knock the 

flies out and then sorting them according to sex. This was done two days before the 

test to make sure the CO2 did not have a negative effect on the flies’ ability to survive 

the test. All males were kept at 25°C from the time they were separated to the start of 

the desiccation test. 

Two tanks (aquariums measuring 35 x 35 x 70 cm) were used so all 300 flies could 

be tested at the same time. Only the long sides of the aquarium were used. This 

was done to make it easier to check the flies as fast as possible, and get the most 
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accurate data as the flies are only checked once per hour. After all flies were moved 

to individual test vials, all the vials were placed in a box and mixed, then picked at 

random. The numbers on the vials were noted, and when the flies were dead, the 

number on the vial could be translated to what treatment the flies had undergone. 

The settings for the test were 25°C and as close to 0RH% as possible. A data logger 

was placed in each tank to check the settings. Each hour all flies were noted as being 

dead or alive, until 100% mortality had occurred. The flies were scored as dead if 

no movement was seen, using a flashlight to see if the flies reacted to the light. If 

the flies were assumed dead, a circle was drawn on the tank to mark the tube, and 

the following hour the fly was checked again. If it was still considered dead, an X 

was drawn inside the circle, and the time for when the circle was drawn was noted. 

To get the relative humidity as close to RH 0% as possible, a desiccant (silica) was 

heated to 70°C from the evening before the start of the experiment, so the test could 

start as early as possible the next morning. The desiccant (silica) was put in an oven 

at 70°C for at least 10 hours before the start of the desiccation test. When the test 

started, the desiccant was put in the aquarium, which was then sealed.

Figure 6: Desiccation setup.
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Desiccation tolerance and CT
max

The tests were split into two blocks, each with a CTmax test and two desiccation tests, 

done at 25°C and 29° respectively. The first block was meant to test for any effects 

between the treatments with no time elapsed in a common environment, and the 

second block was to see if there had been selection, as all the flies would go in a 

common environment for two generations.

Generation 12 no common environment 

On the last generation before each test, density control was done in order to remove 

any effect of the flies having been crowded and differences in the lines’ population 

size. Density control was done for each replica line. For each five vials 7 ml food 

were used, and 40 eggs was moved to each vial. 5 * 40 = 200 eggs. Only 60 males 

were needed for each block, but 200 eggs were used to make sure to have enough, 

since the distribution between males and females would be around 50/50, and not all 

200 eggs would hatch. The vials stayed in the same place as the conditions they came 

from. The vials from the RH treatments were in the same cage the replica was from, 

and each vial had a piece of fabric with a rubber band like the bottles. The control 

vials were on the same shelf as the control was normally on.When the flies started 

to hatch, they were moved to new bottles with 50 ml food, and CO2 was used to split 

the males and females at least two days before the first test. 

Generation 14 common environment 

After 14 generations, for each replica a bottle with eggs was moved to the incubator 

at 29°C, L:D 12H:12H for two generations. On the last generation density control was 

done. Here, 12 vials with 10 ml food were used. To be sure to get enough males the 

number of vials was increased and the food increased from 7 ml to 10 ml. When the 

flies started to hatch, they were moved to 250 ml bottles with 50 ml food. CO2 was 

used to sort the males and females. 
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CT
max

The flies were tested for CTmax when they were 4-6 days old. Twenty males were 

tested from the 5 replicas and from the three treatments, RH30, RH75 and the 

control. This test was spilt in two runs, testing 150 individuals each time, with 10 flies 

from each replica. One water tank (35 x 35 x 70 cm) was used. All males were placed 

in vials, with a number from 1-300, with one male in each. All vials were placed 

at random on three sides of the tank. This was done to make it possible for three 

people to score the flies at the same time, to get the most exact time of death for each 

fly. The water temperature in the tank increased with 0.1 °C/min and the flies were 

placed in the tank at an initial 25 °C. When the flies started to look weak they were 

checked for vital signs with a flashlight and a metal stick. If no movement was seen, 

the fly was marked as dead, and the temperature of the water was noted. The test 

continued until 100% mortality was reached. 

Figure 7: CTmax setup.
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Desiccation

When flies were 4-7 days old the first desiccation tests were done at 29°C. Only 

males were used, 20 from each replica. Two tanks (35 x 35 x 70 cm and 35 x 40 x 80 

cm) were used to test all 300 flies at the same time. To avoid an effect from using two 

tanks, 10 flies from each replica were placed in each tank. The same was done for 

25°C two days later. By then the flies were 6-9 days old. The desiccation setup was 

the same as for the pilot test. All changes to that setup have been described here. 

Starvation

After 14 generations, the flies were tested for starvation tolerance. Here the females 

not used for the desiccation test were tested. The flies were 3-5 days old. Again 20 

flies from each replica and from all three treatments were used, so 300 flies in total. 

Vials were made with 16 g agar to 1 L boiled water, to make sure the flies had access 

to water. The test was done in the 25°C room. One female was moved to each vial 

and all the vials were marked with the treatment and replica. Then, every 8 hours 

the flies were checked and when dead were removed and noted. The check was 

done at 7am, 3pm and 11pm. This was continued until all flies were dead. 

Body size

For the statistics, a covariance was used as a measure of fitness. It was only meas-

ured for males as almost all tests were done on males. After all tests were complete, 

density control was done again. Here 6 vials with 7 ml food were used for all RH 

lines, with 40 eggs in each. For each line, 10 males were taken and frozen. They were 

dried for 24 hours at 60°C to get the dry weight of the flies. A desiccant (silica) was 

also in the oven used to dry the flies, and when the flies were moved, to make sure 

the humidity never got too high. Each fly was then weighed individually. 
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Statistics 

For statistics, a linear model was used for all tests. To use a linear model each dataset 

needed to meet the assumptions. The residuals need to be normality distributed and 

the variance to be homogeneity. For all tests treatment was used as a fixed effect in 

the model, and replica a random effect. 

For tests of desiccation aquariums were also a random effect as two was used. The 

response variable for desiccations resistance test was the hours survived.

When testing for heat resistance, a random effect was the test run, as the tests were 

split in two runs. Here the response variable was the lethal temperature.

For body size the response variable was weight, and for starvation it was hours 

survived. For statistic first data was transfers from excel to R Studio. Flies with 

missing values were noted as NA, and the data from that fly could not be used. Then 

the mean number of hours or temperature for each treatment were found, as well as 

the standard error. To see if there was any significant difference between the three 

treatments, two of the treatments were pooled together, to see if the model found the 

last treatment different from the two others. In one dataset for heat resistance, the 

assumption of homogeneity of variance was not fulfilled, so an exponential trans-

formed was used. The significant value was 0.05, and the program R Studio Version 

0.99.903.

Frozen flies 

Flies were frozen in different stages of the generations between the tests. The flies 

were frozen to make it possible to test how selection had affected heat, desiccation 

and starvation tolerance in the three different treatments. Around 500-1000 flies were 

frozen from the three treatments. This was done by placing the flies in Eppendorf 

tubes, and then freezing the flies by dropping the Eppendorf tubes in nitrogen. Then 

the tubes were stored in a -80°C freezer. 
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Results

Pilot test – Desiccation tolerance

Between the two treatments, RH30 (low) and RH75 (High) a significant difference 

was found for desiccation resistance in that flies exposed to low relative humidity, 

had longer survival than flies in the high relative humidity treatment. The full model 

5.08e-06 ***. We also saw a significant difference between the control and both other 

treatments, with the control having the highest desiccation resistance out of the 

three, see table 1. 

  Low  High  

 Mean (h) p-value Df p-value Df

Control 9.9±0.594 8.955e-05 *** 1 1.001e-06 *** 1

Low 7.6±0.122 - - 0.02091 * 1

High 6.4±0.115  0.02091 * 1 - -

Table 1: Mean hours for desiccation resistance for each treatment, with standard error.  
Data from the full model with DF and p-value. 

Generation 12 no common environment 

CTmax 

The full model has a P=0.01286 *.There seems to be a significant difference between 

the two treatments for RH75 (high) and RH30 (low), with RH30 (low) having the 

highest heat resistance. But the control didn’t differ from any of the treatments. 

  Low  High  

 Mean (h) p-value Df p-value Df

Control 40.4±0.045 0.1699 1 0.05783 1

Low 40.6±0.052 - - 0.003291 ** 1

High 39.4±0.451  0.003291 ** 1  - -

Table 2: Mean hours for heat resistance for each treatment with standard errors. 
Data from the full model with DF and p-value. 
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Desiccation 25°C

For the full model p=0.02364 *. No difference was found between the control and 

the two treatments, RH30 (low) and RH75 (high). A significant difference was found 

for the two between the treatments, where RH30 (low) had the highest desiccation 

resistances. 

  Low  High  

 Mean (h) p-value Df p-value Df

Control 6.1±0.625 0.1343 1 0.1368 1

Low 7.2±0.289 - - 0.006205** 1

High 5.1±0.611 0.006205** 1  -  -

Table 3: Mean hours for desiccation resistance for each treatment with standard errors.  
Data from the full model with DF and p-value. 

Desiccation 29°C

For the full model p=0.004796 **. The control treatment showed a significantly higher 

desiccation resistance than the two other treatments. But no difference was found 

between the high and low treatments. 

  Low  High  

 Mean (h) p-value Df p-value Df

Control 7.1±0.362 0.002478** 1 0.00454 ** 1

Low 5.8±0.156 - - 0.7794 1

High 5.9±0.269 0.7794 1  -  -

Table 4: Mean hours for desiccation resistance for each treatment with standard errors.  
Data from the full model with DF and p-value. 

Generation 14 common environment 

CTmax

Full model P= 0.342. So, none of the treatments or the control differ from one 

another. RH75 (High) have the highest heat resistance but all three treatments were 

very close. If the lowest data point (outlines) is removed the data gets significant (see 

table 5 and 6). 
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  Low  High  

 Mean (h) p-value Df p-value Df

Control 40.7±0.059 0.4827 1 0.4247 1

Low 40.6±0.042 - - 0.1432 1

High 40.9±0.129 0.1432 1  - -

Table 5: Mean hours for heat resistance for each treatment with standard errors.  
Data from the full model with DF and p-value. 

Full model p=0.001279**.When the outlines at the lower end are removed, the two 

treatments RH75 (high) and RH30 (low) are significant from one another, with RH70 

(high) having the highest resistance. And the control from RH75 (high). The control 

and RH30 (low) is still not different from each other.

  Low  High  

 Mean (h) p-value Df p-value Df

Control 40.7±0.070 0.3169 1 0.01695 * 1

Low 40.6±0.042 - - 0.0003913 *** 1

High 40.9±0.223 0.0003698 *** 1 - - 

Table 6: Mean hours for heat resistance for each treatment with standard errors.  
Data from the full model with DF and p-value. Removed two outliers 

Desiccation for 25°C

Full model p= 0.2473. For desiccation resistance, none of the three treatments were 

significantly different from one another. RH30 (low) seems to have a lower resist-

ance to desiccation compared to the control but nothing significant. 

 Low  High  

Mean (h) p-value Df p-value Df

8.4±0.416 0.09589 1 0.3196 1

7.2±0.308 - - 0.4693 1

 7.7 ±0.766  0.4693 1  -  -   

Table 7: Mean hours for desiccation resistance for each treatment with standard errors.  
Data from the full model with DF and p-value. 
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Desiccation for 29°C

Full model P= 0.002841**. RH75 (high) have a significantly higher desiccation resist-

ance than RH30 (low). The control also had a significant difference from RH30 (low). 

RH30 (low) had the lowest desiccation resistance of the three treatments. The control 

and RH75 (high) were not significantly different from one another. 

  Low  High  

 Mean (h) p-value Df p-value Df

Control 6.7±0.035 0.001547** 1 0.7697 1

Low 5.8±0.108 - - 0.002724** 1

High  6.7 ±0.345  0.002724** 1  -  -

Table 8: Mean hours for desiccation resistance for each treatment with standard errors.  
Data from the full model with DF and p-value. 

Starvation 

Full model 0.2333. They were no significant differences for starvation tolerance 

between the treatments for RH75 (High), RH30 (Low) and the control.The data 

had very big standard errors. There seemed to be a trend of RH30 (low) having the 

highest resistance for starvation. The control was doing better than RH75 (high), as 

RH75 (high) had the lowest resistance. 

  Low  High  

 Mean (h) p-value Df p-value Df

Control 40.9±4.049 0.2348 1 0.5967 1

Low 47.7±6.378 - - 0.09536 1

High 37.9±1.286  0.09536 1  -  -

Table 9: Mean hours for starvation resistance for each treatment with standard errors. Data 
from the full model with DF and p-value. 

Body size 

Full model p=0.01003. A note for the data for this: the control only had 20 indi-

viduals. RH75 (high) and RH30 (low) had 10 individuals from each replica, so 50 

flies. I found a significant difference between the control and RH30 (low), with RH30 
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being smaller. There was also a significant difference between the RH75 (high), and 

RH30 (low). Here RH75’s means were bigger, but not significantly different from the 

control. 

Low High 

Mean (mg) p-value Df p-value Df

Control 0.244±0.004 0.003769 ** 1 0.1321 1

Low 0.167±0.015 - - 0.02392 * 1

High 0.209±0.013  0.02392 * 1  - -

Table 10: Means weight for body size in mg. The control has the weight from 20 flies from a 
mix between the 5 control treatments. RH75 and RH30 have 10 flies from each replica. 
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Discussion

The aim was to test if heat resistance in Drosophila melanogaster could have evolved 

through natural selection if kept under a low humidity and a high temperature. I 

expected to see RH30 (low humidity) doing better in test for heat resistance and 

desiccation resistance than RH75 (high humidity). However, the control is not a true 

control, and will be used as an estimate for the base control, so that the treatments 

for RH75 and RH30 can be compared. When compared to the control it works as a 

comparison as to how the flies change from the base population, indicating if the 

resistance has changed up or down. This is to see how the RH75 (high) and RH30 

(low) differ from the population they both came from. The base population were 

raised in 25°C and high relative humidity. 

For the pilot test, the control had the highest desiccations resistance, then the RH30 

(low) and RH75 (high) with the lowest tolerance. Here it seems that the high temper-

ature and low humidity resulted in a higher resistance to heat and desiccation. It 

should be noted that the control still had the highest resistance. This is also to be 

expected as the control had been under the same conditions of high humidity for a 

lot longer, and should be very adapted to that environment. No density control was 

done in the pilot study, and only generation six was tested. If the response were to 

be due to natural selection it did not have six generations to work on. But any 

improved resistance to desiccation and heat could be caused by phenotypic 

plasticity. From the results of the pilot study we can only say that RH30 (low) had a 

higher desiccation resistance, but not what caused it. It could be both a plastic effect 

or natural selection, a mixed effect, or just the effect of population size, when the 

density was not accounted for. When no density control is done, the difference in 

population size can change the body size for the individual, as many individuals in 

the same space and with limited food often leads to a smaller size. 

To get a better idea of the fitness for the three treatments, control, RH30 (low) and 

RH75 (high), data for body size can be used as a cofactor. With the larger body size, 
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tolerance for both heat and desiccation should be higher as the larger body size can 

store more water (Kalra & Parkash, 2014)(Lyons et al., 2014). The data for body size 

showed the control had a significantly larger body size than for the RH30 (low) 

treat-ment. RH75 (high) also had a significantly larger body size, but no difference 

from the control. A reason the control has the highest dry weight could be because 

they had been in the same environment for a long time as the control stayed under 

the same conditions as the base population. The base population is from 2013 and 

have been under the same conditions ever since. This should be enough time for it 

to adapt to that environment. For the difference seen in body size between the 

RH75 (high) and RH30 (low), the cause could be that RH30 (low) was under more 

pressure as conditions was farther from the control, resulting in a smaller body 

size. So, the smaller body size for both treatments, high and low humidity, could be 

a trade-off for adaptation. 

Generation 12 – No common environment 

In the 12th generation the flies came straight from the high/low humidity 

treatments, and a density control was done. If we were to see a change between the 

density in the treatments we still cannot be sure if it was due to a plastic response 

or to natural selection. This test was done to see if the RH75 (high) and RH30 (low) 

treatments influenced the heat and desiccation tolerance when comparing with the 

control treatment. 

The desiccation resistance for 25°C RH30 (low) had the highest tolerance of all the 

treatments, which fits the hypotheses that high temperature and low humidity can 

give a higher resistance. For this data, it seems RH30 (low) had a higher resistance 

than RH75 (high) and thus show that humidity can change the resistance, but when 

the resistance in the high/low is compared to the control it seems like the RH75 

(high) just got a lower resistance then the base populations started with. 

The data from the first desiccation test and from 25°C with common environment 

both show a higher desiccation resistance for RH30 (low). The next dataset, desic-

cation for 29°C had no difference between the two Rh75 (high) and RH30 (low) 
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treatments. But both had a lower tolerance then the control. As conditions become 

more stressed with 29°C in regards to desiccation, the two treatments seem unable 

to keep up with the control, as the control had a bigger body size and should be the 

most adapted for stresses. The other two tests for desiccation and test for heat 

tolerance was done. Here RH39 (low) also had a higher resistance than RH75 (high). 

For all the data for the first part, the control and RH30 (low) had the highest resist-

ance for heat and desiccation, or for 29°C desiccation the same resistance. From 

the data, it looks like the lower humidity can lead to a higher resistance than high 

humidity. Bubliy et al. 2013 found, when testing D. simulans under high temperature 

and low humidity that the stress from the combined conditions of a high tempera-

ture and the low humidity gave a higher resistance to both. The conditions they 

used were more extreme (31°C and 35°C, RH90%) for a short period (hardening). 

So, they found a plastic response could give a higher resistance. To be able to get a 

response for natural selection, my flies have been under not as extreme conditions, 

but for a longer time, so the response can be acclimation or natural selection (Bubliy, 

Kristensen & Loeschcke, 2013). From this part I get the same results as Bubliy et al. 

2013, with the combined effect for low humidity and high temperature giving a 

higher resistance to both heat and desiccation. But where they use hardening, my 

response must be from an acclimation response or a natural selections response. 

This was tested in the last part, with a common environment for two populations. 

Generation 14 – Common environment 

For the last part, the flies were in the same environment for two generations of 

29°C. This was done so that, if we see an effect of the treatments, it can only be 

explained by a natural selection response. Any plastic effect should disappear under 

the common environment, as the flies would start to change for the new 

environment. But if the change was due to natural selection two generations should 

not be enough time for those changes to go away again. 
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For the desiccant tolerance test, after common environment, none of the treatments 

differed from one another, where in the first test for 25°C desiccant RH30 (low) had 

the highest resistance. Here even though not significant, high RH seemed to have a 

slightly higher resistance. So, this points to the higher resistance seen in RH30 (low) 

in the no common environment as being from a plastic response and not at natural 

selection response. 

When looking at the 29°C desiccation, the control and RH75 (high) had the highest 

resistance, which is significantly higher than for RH30 (low). Before, in the no 

common environment test, RH75 (high) and RH30 (low) had the same resistance. 

This also indicates that some of the resistance seen in RH30 (low) before was a 

plastic response change due to the changed environment. 

For the heat tolerance test to have any significant result the two lowest outliers were 

removed. It can be argued that the cause of death was not due to the treatment but 

to a handling of the flies, as both died at 2°C lower than any other fly. 

The test for starvation was done to see if the change in humidity had effects on other 

traits. The test did not show any significant effects for the high/low humidity, so 

humidity doesn’t seem to have influenced the starvation resistance. Other studies 

have showed that flies reared under low humidity have a reduced starvation 

resistance (Parkash, Ranga & Aggarwal, 2014). But none of the data here supports 

that. Part of the reason could be that the flies used here had been under the common 

environment of 29°C and high humidity. The starvation response they found could a 

plastic response for being reared under low humidity, while the response of my 

flies, if any, should be a selection response. It would seem that longer time under the 

conditions with low humidity does not lower the starvation resistance. 

From this study, natural selections did not seem to raise the heat or desiccation 

resistance level. But more time or more extreme conditions might be needed in order 

to trigger a change, though too extreme would just kill the populations tested. For D. 

melanogaster, the males become sterile if the temperature stays extreme, setting an 

upper limit for the temperature the flies can live in (David et al., 2004).
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However, it was still possible to raise the resistance, but when expressed through a 

plastic response it will come with a cost, as we see the flies from the RH30 (low) 

having the smallest body size. Small body size can be considered a cost, as it 

correlates to fitness. Furthermore, phenotypic can also slow natural selection 

(Hoffmann, Sørensen & Loeschcke, 2003).

Conclusion

From the data found in this study it seems high temperature and low humidity can 

raise the heat resistance of Drosophila Melanogaster, but only through a phenotypic 

response. The data does not support natural selection being the cause of the 

increased tolerance. So, the hypotheses that the combined effect of a high 

temperature and a humidity environment should unlock higher tolerance through 

natural selections was not supported here. From this it seems possible to raise the 

upper thermal level, so when temperatures change it can be adapted to the changes. 

The adaption, since it would be a plastic response and not selection, might not be 

able to keep up if the temperature keeps rising. When a population is not adapting 

through selection, each new generation needs to adapt on its own, and the 

population as a whole does not become more resistant to the warmer temperature. It 

might postpone when the upper limit is reached, but does not move the limit. 
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Figure 1. Population size for all replicates in all generations. Each color represents a replica line.
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