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Abstract

Many insects and amphibians use temperature-dependent sex
determination, which is based on temperature to determine if the
offspring is male or female. In the face of climate change, this method
of sex determination can be threatening to populations, as the
increasing temperature can cause there to be more of one sex.
Drosophila melanogaster, or fruit flies, are a model organism that have
been used for years to study how certain environments may impact a
greater organism population. Research on the temperature’s effect on
their size, viability, and genetics has been conducted, but not on how
temperature may impact their sex outcome. This research project
looked at how higher and lower temperatures affect the sex outcome of
Drosophila melanogaster. This was done by housing groups of the fruit
flies in three different incubation temperatures, one set at 13 C, another
set at 25 C (the control), and another one set at 30 C. Once the adult
fruit flies had eggs, they were separated, and once the eggs hatched,
the number of males and females were counted. This was done for
each generation. It was found that there was a higher number of
females than males overall in each incubator. Additionally, the fruit
flies in the 30 C incubator were the smallest, and fruit flies incubated at
13 C were the biggest. This shows that it is harder to produce males
when the environment is not optimal, and that temperature variation
has a major impact on the size of Drosophila melanogaster.

Insects and Climate Change

65% of the insect population could potentially go extinct over the next
century (Center, F. Nasa. A. R., 2022, November 10). Dr. Kate Dufty, a
former postdoctoral researcher at NASA’s Ames Research Center in
California’s Silicon Valley, conducted a study examining how different
species of insects would be affected by dramatic temperature swings in
their natural environment (Center, F. Nasa. A. R., 2022, November 10).
They found that 25 of 38 insect species they studied could face
increased extinction risk over the next century (Center, F. Nasa. A. R.,
2022, November 10). Since many insects are ectotherms, meaning that
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they cannot regulate their internal body temperature and that they are
very dependent on the conditions of their environment's climate, they
might respond to climate change in an intense way compared to other
animals (University of Maryland., n.d.). A way that ectotherms could
cope would be by shifting to areas that have cooler climates, but that
could potentially lead to the places they are leaving not having enough
pollinators (University of Maryland., n.d.). This drastic species change
could also potentially risk the genetic diversity of that insect species,
which limits their ability to adapt to changes (University of Maryland.,
n.d.). Climate change is not just affecting insects' bodies, but also their
fertility, hatching rate, food supply, and behavior (Scientists.,2022,
December 9). Some insects can only survive up to certain
temperatures, meaning if it gets too hot, an insect could die, or the heat
could sterilize them, rendering the insect unable to reproduce
(Scientists.,2022, December 9). There have been several studies done
to inspect the effect of heat on insects, and quite a few have found that
heat can damage insect sperm (Scientists.,2022, December 9). In a
2018 study, researchers used flour beetles as a model and found that
male reproductive organs were damaged at heatwave conditions of 5 to
7 C above optimum, which was tested over five days, but did not
damage female reproductive organs (Sales, K...., 2018). When it
comes to hatching, insects must hatch at the right time in order to have
a decent food supply, and enough time to mature so they are prepared
for temperature change. Increase in temperature can cause insects to
hatch too early, so they are then not lined up with the correct amount of
food supply, or they can be born too late, which does not give them
enough time to mature (Sales, K...., 2018). This could potentially
impact species of birds, who may hatch before insects hatch, making
them miss out on food (Sales, K...., 2018). On another hand, climate
change could potentially lead to generalist insect species being
pervading, such as disease carrying insects (University of
Maryland.,n.d.). Climate change could also lead to an increase in heat
loving insects or abnormal insect migration, which could lead to
invasive species in that specific area.

Drosophila Melanogaster and Climate Change

Drosophila melanogaster is beneficial in insect related experiments
because they are domesticated for laboratory studies, but still exist in
the wild (Markow, T. A., 2015). They have been introduced to every
area of the earth besides Antarctica, which shows adaptability
(Drosophila Melanogaster). They have short generation times, which
allows for multiple generations of data, and they are easy to raise
(Markow, T. A., 2015). Drosophila melanogaster can serve as an
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example for how climate change affects insects. They wake up from
hibernation when their food supply is right at peak (September 7,
2023). They then mate and eat for a couple of weeks, then go back to
being dormant. As climate change has been shifting the growing
seasons, drosophila melanogaster has found a way to keep up, likely
because of polygenic traits, which allow for faster adaptation
(September 7, 2023). With these adaptations, different factors such as
reproduction rate, fertility, genetics, morphology, and viability can be
examined based changes in environmental conditions.

Mating relies heavily on temperature (Miwa, Y., Koganezawa, M.,
& Yamamoto, D., 2018). Most female, virgin, Drosophila melanogaster
will mate between 20-25 C, but if the temperature gets higher, mating
will decline (Dauwalder, B., 2008). A likely cause of this could be that
increased heat leads to a decrease in courtship by males, and this
decrease could be caused by male fertility (Dauwalder, B., 2008). Male
drosophila melanogaster fertility decreases as temperature becomes
higher, and becomes infertile at 29 C (Dauwalder, B., 2008). However,
adults cannot withstand colder temperatures, which affects their
offspring production due to there being a decrease in fertility (Mockett,
R. J., & Matsumoto, Y., 2014). There has been much research done
over the genetics of drosophila melanogaster. Temperature can
contribute to how genes function in many ways, including how animals
breed. A study was done on how temperature can line up with
inbreeding (Torsten Nygaard Kristensen, Barker, F., Pedersen, K., &
Volker Loeschcke., 2008). It found that there were higher levels of
inbreeding among the flies that were kept in extremely warm
temperatures, or extremely cold temperatures (Torsten Nygaard
Kristensen, Barker, F., Pedersen, K., & Volker Loeschcke., 2008). This
indicates that under harsh environmental conditions, there could be a
loss of genetic diversity, which would lead to an increase in inbreeding
(Torsten Nygaard Kristensen, Barker, F., Pedersen, K., & Volker
Loeschcke., 2008).

Along with genetics, temperature can also have an impact on the
anatomy and physiology of drosophila melanogaster. A study was done
to observe how different temperature ranges could affect the
development of various parts on a fruit fly (Crill, W. E., Huey, R. B., &
Gilchrist, G. W., 1996). In this experiment, they started out in two
parental groups, one being kept at a temperature of 18 C, and the other
at 25 C (Crill, W. E., Huey, R. B., & Gilchrist, G. W., 1996). Once they
laid eggs, the eggs were developed in a different areas (Crill, W. E.,
Huey, R. B., & Gilchrist, G. W., 1996). The parental group that was
kept at 18 C then had eggs develop at 25 C, and the parental group kept
at 25 C had eggs develop at 18 C (Crill, W. E., Huey, R. B., &
Gilchrist, G. W., 1996). It was found then that the temperature the
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parental group was at had little impact on the anatomical and
physiological outcome of the eggs, but the temperature the eggs were
raised at did (Crill, W. E., Huey, R. B., & Gilchrist, G. W., 1996). Eggs
that developed at 25 C had a larger body and wings, increased maximal
speed, and smaller eggs (Crill, W. E., Huey, R. B., & Gilchrist, G. W.,
1996).

This then leads to the question of how temperature can have an
effect on the viability and lifespan of Drosophila melanogaster. The
life of Drosophila melanogaster is dependent on its metabolic rate,
meaning that if they have a higher metabolic rate, they have a shorter
lifespan. This is because higher metabolic rates increase aging (Moton,
M., Dampc, J., Kula-Maximenko, M., Zebrowski, J., Moton, A.,
Dobler, R., ... Skoczowski, A., 2020). In a meta-analysis that was
done, it was found that higher temperatures increase metabolic rate
(Moton, M., Dampc, J., Kula-Maximenko, M., Zebrowski, J., Moton,
A., Dobler, R., ... Skoczowski, A., 2020). It can be concluded then that
higher temperatures can decrease the lifespan of Drosophila
melanogaster (Moton, M., Dampc, J., Kula-Maximenko, M.,
Zebrowski, J., Moton, A., Dobler, R., ... Skoczowski, A., 2020).

Climate change can have an impact on a multitude of factors that
factor into Drosophila melanogaster life, but there has been miniscule
research done over climate change effect on the sex of Drosophila
melanogaster, which leaves the gap of how climate change may affect
the sex of drosophila melanogaster. Drosophila melanogaster uses
temperature-dependent sex determination, meaning that the
temperature of the environment outside the eggs will determine the
sex. With there being warmer temperatures, and less variation, it could
lead to there being more of one sex (Gilbert, S. F., 2015).

Objectives

The main objectives of this research project are to identify how higher
and lower temperatures may affect the sex outcome of Drosophila
melanogaster. Secondary objectives include looking at viability,
reproduction, size, and development of these fruit flies. In order to
reach this goal, there would be requirements necessary:

- Looking at reproduction rate in the three different incubators
that would be used (at three different temperatures) for
drosophila melanogaster.

- Examining connections between temperature and sex.

- Comparing how long it takes for drosophila melanogaster to
reach maturity in their varying habitats.

- Looking at how morphology is different between the three
incubators.
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Methodology and Approach

For my methodology, my plan is to have 3 incubators set up for
Drosophila melanogaster, they will be set at 13 C, 25 C, and 30 C. 13
C is the lowest temperature these fruit flies can survive, 25 C is their
normal temperature range, and 30 C is the highest temperature they can
withstand. Initially, there were trays of water set in each incubator,
which acted as the authentic humidity of Drosophila melanogaster
natural habitat. However, flies were getting too much precipitation, so
the tray was completely taken out in all incubators. Each incubator
initially started out with 6 sample tubes, 5 of them containing 4 or
more Drosophila melanogaster inside. Due to technical difficulties, all
but 3 of the tubes had all females instead of a mix of females and
males, but 3 of the tubes had a mix of males and females. They would
have 12 hours of light and 12 hours of darkness. Over the next few
weeks, the flies from the tubes that came with both males and females
were separated and mixed with the other tubes as they reproduced. It
was then decided that another order of flies would be made, and from
there, there was no mixing between tubes. After 7 days of collecting
data, it was decided to use a different way of collecting data. A
different batch of flies were ordered, and both the 13 C and 25 C
incubators started out with 63 fruit flies per incubator, but the 30 C
started out with 17. This was due to a shipping error, where the 30 C
fruit flies arrived later, which meant generation 2 was already
produced, and most of generation 1 had passed away. It was decided
that each generation would be labeled as G1, G2, G3, etc. G1 was the
initial group of flies, and they were first put in what was labeled tube 1.
Once G1 has their offspring, the offspring would be left in tube 1, and
the adults would be moved to a different container, which would be
called tube 2. The offspring left in tube 1 would be called G2, and once
they mated and reproduced, they would be moved to tube 3, and their
offspring would be called G3. In order to count the flies, they were
examined under a microscope using the drug triethylamine to put the
flies to sleep. To differentiate between the sex of drosophila
melanogaster, it was looked at which flies had black striped pointed
ends (females) and which had fully black rounded ends (males).
Testing the amount of females and males in each generation will help
answer the question of how temperature variation might have an effect
on sex. Some technical issues that could occur would be other factors
causing harm to the fruit flies, or them potentially escaping.
Constraints could consist of identifying some of the bugs wrong, for
example, mistaking a female for a male, or vice versa.
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Results and Analysis

After conducting the methodology listed above, there were two
different quantitative test types available for my results: the
independent T test and the paired samples T test. For the independent
T test, temperature was put under the grouping variables, and its
defined groups were 25 C and 13 C the first time the test was run, and
25 C and 30 C for the second time it was run. The tested variables were
generation 3 male and female Drosophila. This test was run for all the
temperature numbers put together, and for each individual temperature.
There was a connection found between temperature and generation 3
Drosophila when the independent T test was done on all the
temperatures combined with 25 C and 13 C as the defined groups. For
the paired samples T test, two pairs were tested, which was the male
fruit flies in generations 1 to 3, and female fruit flies in generations 1
to 3. This test was also conducted on all the temperatures and on the
individual temperatures, and a connection was found between
generation 1 males and females to generation 3 males and females
when this test was done on the 30 C fruit fly numbers.

Table 1.
Independent T test results comparing temperature (13 C to 25 C) on
generation 3 Drosophila melanogaster

Variables t Value df One-Sided p | SE of Diff.
MalesG3 1.880 13.000 041 1.17753
FemalesG3 1.976 13.000 035 2.74705

Temperatures at 13 C and 25 C had an effect on the sex ratio of
generation 3 female and male Drosophila melanogaster. Both male and
female generation 3 numbers under the one-sided p column were
numbers close to .05, which means that there was a correlation
between the sex ratio of the fruit fly population and what temperature
that population lived at (13 C or 25 C).

Table 2.
Paired Samples T test results comparing temperature (30 C) on
generation 1 to generation 3 Drosophila melanogaster

Variables Mean SD SE of t df | One-Sided
Mean Value p
MaleG1-MaleG3 -5.23077 | 13.84530 | 3.84000 |-1.362 |12 |.099
FemaleG1-Female | -6.07692 |17.35637 |4.81379 |-1.262 |12 |.115
6
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G3

The results between generation 1 male fruit flies to generation 3 male
fruit flies that lived in the 30 C incubator showed to have a connection
based on the one-sided p column. This means that the sex ratio of the
male fruit flies kept at 30 C had a change between generation 1 to
generation 3, which also implies that at higher temperatures, the sex
ratio of Drosophila melanogaster is impacted.

Chart 1.
Timeline Diagram of the Three Drosophila Melanogaster Generations in
temperatures 13 C, 25 C, and 30 C

Timeline Diagram of the Three
Drosophila Melanogaster

Generations
13 °C and 25 30 °C tubes Gen 3 starts Gen 3 starts Gen 3 starts All the flies
*C tubes arrive. Gen 2 in25 °C in 30 *C in13+C passed
arrive, Gen 1 starts inall tubes. tubes. tubes, away.
starts. fubes
01/25/2024 02/08/2024 02/27/2024
L & L L ®

This shows a timeline of the arrival of the fruit flies, when each
generation started, and when the fruit flies passed away.

Conclusion

More females were produced than males on average in all three
temperatures. In total, three generations were tested. For the first three
days, there were only flies in two of the incubators, in 13 C and 25 C,
with 13 C having one extra container compared to the 25 C. The 13 C
incubator ended up with 63 fruit flies from generation 1, 52 fruit flies
from generation 2, and 0 from generation 3. This added up to a total of
115 fruit flies from incubator 13 C. 25 C incubator produced 63 flies
from generation 1, 109 flies from generation 2, and 60 from generation
3, with a total of 232. The 30 C incubator produced 7 fruit flies in
generation 1, 325 flies from generation 2, and 7 from generation 3.
This was a total of 349 fruit flies from 30 C incubators. The 30 C
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incubator received fruit flies on day 4 and received four containers that
had flies that had already mated. This allowed for all the incubators to
be at equal points in the experiment. Initially, all incubators of flies
started growing and reproducing at the same rate, but by day 4, the
incubator at 13 C had stopped with any type of reproduction or
development. By day 8, the 13 C incubator had restarted its
reproduction and development, which shows that the reproduction and
development rate of Drosophila melanogaster could be affected by the
temperature at which it grows. The 30 C incubator also experienced
some changes. Initially, the fruit flies within that incubator seemed to
reproduce and develop faster than the other incubators, but then
development halted at day 9. By day 9, it was observed that most of the
fruit flies had died off, with the exception of 1 or 2 flies. It was also
observed by day 8 that the fruit flies in the 30 C incubator stopped
reproducing. It was led then to believe that the higher temperature of
30 C had more of an impact on the survival rate of Drosophila
melanogaster instead of the sex outcome. For the 25 C incubator, the
fruit flies within this incubator reproduced and developed at a normal
rate, and did not show any signs of randomly dying off, or randomly
halting reproduction. One noticeable difference that was observed
regarding the size in the fruit flies was that the ones grown at 13 C had
larger bodies, whereas the ones at 30 C had smaller bodies. This could
be due to the fact that the 13 C fruit flies took a longer time to develop,
whereas the 30 C fruit flies took a significantly shorter time to develop,
which led to a greater generation disparity between the two incubators.
Looking at the habitat in which these flies grew in, it was observed that
the 25 C and 30 C had a greater impact on the Drosophila habitat. The
tubes that were held at warmer temperatures were observed to be more
infected with a form of bacteria in the food, and at the 30 C incubator,
it turned the food to more of a gel-like substance. In comparison, the
food at 13 C was still infected, but a lot dryer, which may or may not
have been more beneficial for the fruit flies. There showed no
difference in sex ratio among the different temperatures for Drosophila
melanogaster, but reproduction, development, viability, and size were
affected.

Discussion

Implications

Within this study, there were multiple different implications and
limitations. Some implications within the research were that if
temperatures continue to increase due to climate change, then the
viability of insects in general will decrease. An example of this is that
the fruit flies that were kept at 30 C did not live as long as the flies in
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the other incubators. It was then also implied in the experiment and
researched literature that the reproduction rate of insects could decline
due to increasing temperatures. By day 8 of the experiment, the
Drosophila at 30 C had decreased in larvae production. In addition, it
was also found in a separate study that any temperature above 29 C
makes male Drosophila infertile, so it can be inferred that within
generation in a 30 C incubator, they became more infertile. With this
information, it can be gathered that climate change can lead to
population decline of insects, which would be detrimental to the
environment. Regarding size of insects, it can be implied that the size
of insects can be impacted by an increase or decrease in temperature.
With increased temperature, the Drosophila showed to have smaller
bodies, and with decreased temperature, they had larger bodies. This
notion then contradicted the literature though because it was found in a
different study that Drosophila melanogaster raised at 25 C had larger
bodies. Overall, it implies that temperature does have a direct impact
on an insect's size. Throughout the whole experiment, one thing that
was constantly affected negatively was the Drosophila food. It was
affected negatively in all incubators, but especially in the 30 C
incubator. It would start to grow bacteria within a day, which may or
may not have affected the health of the fruit flies. This implies that
higher temperature can lead to a negative effect on the food of
Drosophila melanogaster.

Limitations

While this study had definite results, there were many limitations
within. Regardless of the temperature the containers were in, all of
them got infected with different forms of bacteria. Most of the time,
the bacteria infected the food, which could have led to some health
problems for the fruit flies, or even death for them. As more
generations were produced, an increased tolerance of triethylamine, the
drug used to put them to sleep, was shown. This was a limiting factor
because it then made it harder to gauge how much to give them, which
could have led to death for some of the flies if they were given too
much. Triethylamine is also not a natural drug that Drosophila
melanogaster is introduced to in the wild, so it could have other health
effects that are unknown. The fruit flies were kept in small tubes that
had food and a place for them to rest inside, and a cotton ball stopper
was used as a lid so that they could be kept in their container but still
be able to breathe. Towards the end though, the cotton ball stopper was
not able to stop some of the larvae from escaping, especially in the 25
C incubator. When they escaped, they also then proceeded to
reproduce. This then skewed the number of flies present in the tubes,
and the number of flies for the next generation. Additionally, the
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extraction method of the flies was also a limitation. When the flies
would fall asleep due to the triethylamine, some of them would get
buried in the food or caught in the resting place they had, which then
affected the number of flies that were counted once they were taken
out.

Future Directions

Since there seemed to be a connection between temperature,
development, viability, and body size of insects in this experiment,
more research into how temperature impacts those factors would be
necessary to improve this study. I also originally wanted to use Pieris
brassicae as a model organism since they serve as a good model for
butterflies in general, so being able to use them in the future as the
model organism for a study with the same parameters as this one
would be beneficial as it is another insect that could be observed. A
limiting variable that would be useful to test too is how temperature
affects insects' food durability, since all of the food in the plastic
containers became infected. If temperature were to have a negative
effect on an insect's food, it could then lead to an indirect negative
effect on those insects.

References

BioRender. (2025). Biorender.com.
https://app.biorender.com/illustrations/67d39fd37d887945eca3e49
8

Carrington, D. (2019, February 11). Plummeting insect numbers
“threaten collapse of nature.” Retrieved from the Guardian
website:

https://www.theguardian.com/environment/2019/feb/10/plummeti

ng-insect-numbers-threaten-collapse-of-nature
Center, F. Nasa. A. R. (2022, November 10). Climate Change Can Put

More Insects at Risk for Extinction. Retrieved from Climate
Change: Vital Signs of the Planet website:
https://climate.nasa.gov/news/3231/climate-change-can-put-more-

insects-at-risk-for-extinction/

Chen, C., Gols, R., Biere, A., & Harvey, J. A. (2019). Differential
effects of climate warming on reproduction and functional
responses on insects in the fourth trophic level. Functional
Ecology, 33(4), 693-702.
https://doi.org/10.1111/1365-2435.13277

Chola, C., Benifa, J. V. B., Guru, D. S., Muaad, A. Y., Hanumanthappa,
J., Al-antari, M. A., ... Gumaei, A. H. (2022). Gender

10
Intersect, Vol 18, No 2 (2025)


https://app.biorender.com/illustrations/67d39fd37d887945eca3e498
https://app.biorender.com/illustrations/67d39fd37d887945eca3e498
https://www.theguardian.com/environment/2019/feb/10/plummeting-insect-numbers-threaten-collapse-of-nature
https://www.theguardian.com/environment/2019/feb/10/plummeting-insect-numbers-threaten-collapse-of-nature
https://climate.nasa.gov/news/3231/climate-change-can-put-more-insects-at-risk-for-extinction/
https://climate.nasa.gov/news/3231/climate-change-can-put-more-insects-at-risk-for-extinction/
https://doi.org/10.1111/1365-2435.13277

Carcamo, Climate Change Affects Drosophila

Identification and Classification of Drosophila melanogaster Flies
Using Machine Learning Techniques. Computational and
Mathematical Methods in Medicine, 2022, €4593330.
https://doi.org/10.1155/2022/4593330

Climate change is hammering insects — in the tropics and everywhere
else: Scientists. (2022, December 9). Retrieved September 6,
2023, from Mongabay Environmental News website:
https://news.mongabay.com/2022/12/climate-change-is-hammerin
g-insects-in-the-tropics-and-everywhere-else-scientists/#:~:text=%
E2%80%9CI1%20it%20gets%20t00%20hot

Community, E. & E. (2023, July 20). How well does climate change
explain species’ range shifts? Retrieved November 16, 2023, from
Ecology & Evolution Community website:
https://ecoevocommunity.nature.com/posts/how-well-does-climate
-change-explain-species-range-shifts#:~:text=0ne%200f%20the%
20ways%20in

Crill, W. E., Huey, R. B., & Gilchrist, G. W. (1996). WITHIN- AND
BETWEEN-GENERATION EFFECTS OF TEMPERATURE ON
THE MORPHOLOGY AND PHYSIOLOGY OF DROSOPHILA
MELANOGASTER. Evolution, 50(3), 1205-1218.
https://doi.org/10.1111/3.1

Dauwalder, B. (2008). Systems Behavior: Of Male Courtship, the
Nervous System and Beyond in Drosophila. Current Genomics,
9(8), 517-524. https://doi.org/10.2174/138920208786847980

Difference Between Male and Female Drosophila melanogaster. (2020,
January 22). Retrieved from Compare the Difference Between
Similar Terms website:

https://www.differencebetween.com/difference-between-male-an.
-female-drosophila-melanogaster/

Dutchen, S. (2018, April 2). Why the Fly? | Harvard Medical School.
Retrieved from Harvard.edu website:
https://hms.harvard.edu/news/why-fly

Entomologists Issue Warning About Effects of Climate Change on
Insects | College of Computer, Mathematical, and Natural
Sciences | University of Maryland. (n.d.). Retrieved from
cmns.umd.edu website:

https://cmns.umd.edu/news-events/news/entomologists-issue-warn

ing-about-effects-climate-change-insects
Fruit flies adjust to sudden drops in temperature, just keep buzzing

about the fruit bowl. (n.d.). Retrieved from ScienceDaily website:
https://www.sciencedaily.com/releases/2016/06/160630092051.ht
m

Gilbert, S. F. (2015). Environmental Sex Determination. Retrieved
from Nih.gov website:

11
Intersect, Vol 18, No 2 (2025)


https://doi.org/10.1155/2022/4593330
https://news.mongabay.com/2022/12/climate-change-is-hammering-insects-in-the-tropics-and-everywhere-else-scientists/#:~:text=%E2%80%9CIf%20it%20gets%20too%20hot
https://news.mongabay.com/2022/12/climate-change-is-hammering-insects-in-the-tropics-and-everywhere-else-scientists/#:~:text=%E2%80%9CIf%20it%20gets%20too%20hot
https://news.mongabay.com/2022/12/climate-change-is-hammering-insects-in-the-tropics-and-everywhere-else-scientists/#:~:text=%E2%80%9CIf%20it%20gets%20too%20hot
https://ecoevocommunity.nature.com/posts/how-well-does-climate-change-explain-species-range-shifts#:~:text=One%20of%20the%20ways%20in
https://ecoevocommunity.nature.com/posts/how-well-does-climate-change-explain-species-range-shifts#:~:text=One%20of%20the%20ways%20in
https://ecoevocommunity.nature.com/posts/how-well-does-climate-change-explain-species-range-shifts#:~:text=One%20of%20the%20ways%20in
https://doi.org/10.1111/j.1558-5646.1996.tb02361.x
https://doi.org/10.2174/138920208786847980
https://www.differencebetween.com/difference-between-male-and-female-drosophila-melanogaster/
https://www.differencebetween.com/difference-between-male-and-female-drosophila-melanogaster/
https://hms.harvard.edu/news/why-fly
https://cmns.umd.edu/news-events/news/entomologists-issue-warning-about-effects-climate-change-insects
https://cmns.umd.edu/news-events/news/entomologists-issue-warning-about-effects-climate-change-insects
https://www.sciencedaily.com/releases/2016/06/160630092051.htm
https://www.sciencedaily.com/releases/2016/06/160630092051.htm

Carcamo, Climate Change Affects Drosophila

https://www.ncbi.nlm.nih.gov/books/NBK9989/
Heat-lovers are the lucky ones: Insects and climate change: 40 years of

conservation data: Researchers show population trends of native
insects. (n.d.). Retrieved from ScienceDaily website:
https:/www.sciencedaily.com/releases/2022/06/220603100055.ht
m

Hoffman, J. M., Dudeck, S. K., Patterson, H. K., & Austad, S. N.
(2021). Sex, mating and repeatability of Drosophila melanogaster
longevity. Royal Society Open Science, 8(8), 210273.
https://doi.org/10.1098/rs0s.210273

How Fruit Flies Keep Up With Climate Change. (n.d.). Retrieved
September 7, 2023, from Genomics Research from Technology
Networks website:
https://www.technologynetworks.com/genomics/news/how-fruit-fl
1es-keep-up-with-climate-change-340619#:~:text=In%20a%20wor
1d%20where%?20global

Howlader, G., & Sharma, V. K. (2006). Circadian regulation of
egg-laying behavior in fruit flies Drosophila melanogaster.
Journal of Insect Physiology, 52(8), 779-785.
https://doi.org/10.1016/].jinsphys.2006.05.001

Insect Disturbance and Climate Change | Climate Change Resource
Center. (2011). Retrieved from Usda.gov website:

https://www.fs.usda.gov/ccrc/topics/insect-disturbance-and-climat
e-change

Kannan, N. N., Reveendran, R., Hari Dass, S., Manjunatha, T., &
Sharma, V. K. (2012). Temperature can entrain egg laying rhythm
of Drosophila but may not be a stronger zeitgeber than light.
Journal of Insect Physiology, 58(2), 245-255.
https://doi.org/10.1016/j.jinsphys.2011.11.012

Loop | Manuela Macri. (n.d.). Retrieved November 16, 2023, from
loop.frontiersin.org website:
https://loop.frontiersin.org/people/2388172/bio

Markow, T. A. (2015). The secret lives of Drosophila flies. ELife, 4.
https://doi.org/10.7554/elife.06793

Matos, M., Simdes, P., Fragata, 1., Quina, A. S., Kristensen, T. N., &
Santos, M. (2020). Editorial: Coping With Climate Change: A
Genomic Perspective on Thermal Adaptation. Frontiers in

Genetics, 11, 619441. https://doi.org/10.3389/fgene.2020.61944 1

Maxwell, A. (2022, December 9). Global Warming Impacts Migration
Patterns. Retrieved from Now. Powered by Northrop Grumman
website:

https:/now.northropgrumman.com/global-warming-impacts-migra

tion-patterns
Miller, C. (2019). Drosophila melanogaster. Retrieved from Animal

12
Intersect, Vol 18, No 2 (2025)


https://www.ncbi.nlm.nih.gov/books/NBK9989/
https://www.sciencedaily.com/releases/2022/06/220603100055.htm
https://www.sciencedaily.com/releases/2022/06/220603100055.htm
https://doi.org/10.1098/rsos.210273
https://www.technologynetworks.com/genomics/news/how-fruit-flies-keep-up-with-climate-change-340619#:~:text=In%20a%20world%20where%20global
https://www.technologynetworks.com/genomics/news/how-fruit-flies-keep-up-with-climate-change-340619#:~:text=In%20a%20world%20where%20global
https://www.technologynetworks.com/genomics/news/how-fruit-flies-keep-up-with-climate-change-340619#:~:text=In%20a%20world%20where%20global
https://doi.org/10.1016/j.jinsphys.2006.05.001
https://www.fs.usda.gov/ccrc/topics/insect-disturbance-and-climate-change
https://www.fs.usda.gov/ccrc/topics/insect-disturbance-and-climate-change
https://doi.org/10.1016/j.jinsphys.2011.11.012
https://loop.frontiersin.org/people/2388172/bio
https://doi.org/10.7554/elife.06793
https://doi.org/10.3389/fgene.2020.619441
https://now.northropgrumman.com/global-warming-impacts-migration-patterns
https://now.northropgrumman.com/global-warming-impacts-migration-patterns

Carcamo, Climate Change Affects Drosophila

Diversity Web website:
https://animaldiversity.org/accounts/Drosophila_melanogaster/

Millington, J. W., & Rideout, E. J. (2018). Sex differences in
Drosophila development and physiology. Current Opinion in
Physiology, 6, 46-56.
https://doi.org/10.1016/j.cophys.2018.04.002

Miwa, Y., Koganezawa, M., & Yamamoto, D. (2018). Antennae sense
heat stress to inhibit mating and promote escaping in Drosophila
females. Journal of Neurogenetics, 32(4), 353-363.
https://doi.org/10.1080/01677063.2018.1513507

Mockett, R. J., & Matsumoto, Y. (2014). Effect of Prolonged Coldness
on Survival and Fertility of Drosophila melanogaster. PLoS ONE,
9(3), €92228. https://doi.org/10.1371/journal

Moton, M., Dampc, J., Kula-Maximenko, M., Zebrowski, J., Moton,
A., Dobler, R., ... Skoczowski, A. (2020). Effects of Temperature
on Lifespan of Drosophila melanogaster from Different Genetic
Backgrounds: Links between Metabolic Rate and Longevity.
Insects, 11(8), 470. https://doi.org/10.3390/insects 11080470

Purdue University. (2014). Who Let the Bugs Out? | Purdue |
entomology | insect | collect | supplies | specimen | mounting |
identifying | displaying | preserve | labels. Retrieved from
Purdue.edu website:

https://extension.entm.purdue.edu/radicalbugs/index.php?page=im

portance_of insects
Sales, K., Vasudeva, R., Dickinson, M. E., Godwin, J. L., Lumley, A.

J., Michalczyk, L., ... Gage, M. J. G. (2018). Experimental
heatwaves compromise sperm function and cause
transgenerational damage in a model insect. Nature

Communications, 9(1).
https://doi.org/10.1038/s41467-018-07273-7

Schuldiner-Harpaz, T., & Coll, M. (2013). Effects of Global Warming
on Predatory Bugs Supported by Data Across Geographic and
Seasonal Climatic Gradients. PLoS ONE, 8(6), €66622.
https://doi.org/10.1371/journal.pone.0066622

Scudder, G. G. E. (2017). The Importance of Insects. Insect
Biodiversity, 2, 9—43. https://doi.org/10.1002/9781118945568.ch2

Shen, J., Ford, D., Landis, G. N., & Tower, J. (2009). Identifying
sexual differentiation genes that affect Drosophila life span. BMC
Geriatrics, 9(1). https://doi.org/10.1186/1471-2318-9-56

Skendzi¢, S., Zovko, M., Zivkovié, L. P., Lesi¢, V., & Lemié, D. (2021).
The Impact of Climate Change on Agricultural Insect Pests.
Insects, 12(5), 440. https://doi.org/10.3390/insects 12050440

The evolution of “Dark-fly”: Flies adapted to life without light
outcompete light-loving cousins in constant darkness. (n.d.).

13
Intersect, Vol 18, No 2 (2025)


https://animaldiversity.org/accounts/Drosophila_melanogaster/
https://doi.org/10.1016/j.cophys.2018.04.002
https://doi.org/10.1080/01677063.2018.1513507
https://doi.org/10.1371/journal.pone.0092228
https://doi.org/10.3390/insects11080470
https://extension.entm.purdue.edu/radicalbugs/index.php?page=importance_of_insects
https://extension.entm.purdue.edu/radicalbugs/index.php?page=importance_of_insects
https://doi.org/10.1038/s41467-018-07273-z
https://doi.org/10.1002/9781118945568.ch2
https://doi.org/10.1186/1471-2318-9-56
https://doi.org/10.3390/insects12050440

Carcamo, Climate Change Affects Drosophila

Retrieved from ScienceDaily website:
https://www.sciencedaily.com/releases/2016/02/160204111403.ht
m

Torsten Nygaard Kristensen, Barker, F., Pedersen, K., & Volker
Loeschcke. (2008). Extreme temperatures increase the deleterious
consequences of inbreeding under laboratory and semi-natural
conditions. Proceedings of the Royal Society B: Biological
Sciences, 275(1646), 2055-2061.
https://doi.org/10.1098/rspb.2008.0426

Wang, X., Amei, A., de Belle, J. S., & Roberts, S. P. (2017).
Environmental effects on Drosophila brain development and
learning. The Journal of Experimental Biology, 221(1),
jeb169375. hitps://doi.org/10.1242/jeb. 160375

Why We Need Insects - The Huck Institutes. (n.d.). Retrieved from
www.huck.psu.edu website:
https://www.huck.psu.edu/institutes-and-centers/insect-biodiversit
y-center/why-we-need-insects

(2023a). Retrieved November 19, 2023, from Gstatic.com website:
https://encrypted-tbn0.gstatic.com/images?q=tbn: ANd9GcRmgH
DuFZ{S-e7PulOKh85007r51u0xGD5z7PgsIclwCA &s

(2023b). Retrieved November 19, 2023, from Guim.co.uk website:

https://i.guim.co.uk/img/media/ff779f630537dacf018b1{bab20b29

40aSef3ed4/0_72_ 5184 3110/master/5184.jpg?width=1020&dpr=
1&s=none

(2023c¢). Retrieved from Gstatic.com website:
https://encrypted-tbn0.gstatic.com/images?g=tbn: ANd9GcRmgH
DuFZ{S-e7Pul OKh&5007r51u0xGD5z7PgslclwCA&s

14
Intersect, Vol 18, No 2 (2025)


https://www.sciencedaily.com/releases/2016/02/160204111403.htm
https://www.sciencedaily.com/releases/2016/02/160204111403.htm
https://doi.org/10.1098/rspb.2008.0426
https://doi.org/10.1242/jeb.169375
https://www.huck.psu.edu/institutes-and-centers/insect-biodiversity-center/why-we-need-insects
https://www.huck.psu.edu/institutes-and-centers/insect-biodiversity-center/why-we-need-insects
https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcRmqHDuFZfS-e7Pu1OKh85oo7r51u0xGD5z7PqsIclwCA&s
https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcRmqHDuFZfS-e7Pu1OKh85oo7r51u0xGD5z7PqsIclwCA&s
https://i.guim.co.uk/img/media/ff779f630537dacf018b1fbab20b2940a5ef3ed4/0_72_5184_3110/master/5184.jpg?width=1020&dpr=1&s=none
https://i.guim.co.uk/img/media/ff779f630537dacf018b1fbab20b2940a5ef3ed4/0_72_5184_3110/master/5184.jpg?width=1020&dpr=1&s=none
https://i.guim.co.uk/img/media/ff779f630537dacf018b1fbab20b2940a5ef3ed4/0_72_5184_3110/master/5184.jpg?width=1020&dpr=1&s=none
https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcRmqHDuFZfS-e7Pu1OKh85oo7r51u0xGD5z7PqsIclwCA&s
https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcRmqHDuFZfS-e7Pu1OKh85oo7r51u0xGD5z7PqsIclwCA&s

	 
	 
	Conclusion 
	References 

