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Lesson

The ability of organisms to cope with changes in their 
environment is critical for survival. Through years of research, 
we know that animals and plants can respond to their changing 

Tadpoles can change their body shape when in the presence of 

alter their ability to survive cold stress when acclimated to a 

multiple phenotypes depending on environmental conditions is 
termed phenotypic plasticity.

climate change are 
unprecedented in Earth’s history. These rapid changes in 
temperature and precipitation patterns are having drastic 

these new environments through evolution, leading to changes 
in behavior and phenology of organisms, range shifts of their 

plasticity is critical for an organism’s ability to persist in the face 

environmental changes that can elicit phenotypic plasticity 

Learning Goal(s)

The primary goal of this lesson is to teach students how organisms 
respond to changes in their physical environment and how we can 
use this knowledge to predict biological impacts of climate change.  

so that students can appreciate the importance of temperature on all 
levels of an organism’s biology and ecology.  Using real-world climate 
data, students gain an understanding of how changes in our world’s 
temperature regimes can impact biological systems. 

This lesson aligns with goals contained within the Ecological Society 

• 
world problems. 

• 
• 

evolution of organisms. 
• Understand the basic principles of climate change and evaluate 

how these changes in temperature regimes will impact organisms.
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abundant land animals on the planet and the focus of this lab 

ecology and evolution. Temperature directly impacts insect 

change is increasing mean temperatures, as well as variability 

seasons, and these changes in winter conditions can affect 
insects’ ability to survive sudden cold snaps when they do 

This lesson incorporates two key concepts, climate change 
and phenotypic plasticity, to investigate how a common insect 
can respond to changes in temperature by changing its cold 
tolerance, and how these biological responses relate to climate 

incorporating phenotypic plasticity to different environments 
including real weather data to predict responses to climate 
change.

Intended Audience
This laboratory activity is suitable for both science majors 

of upper-level non-science major students at Transylvania 

Required Learning Time

Prerequisite Student Knowledge
Before this lesson, students were given lectures and 

materials about the effects of climate change, including major 
changes in weather patterns such as increased temperatures 

the terms phenotypic plasticity and acclimation in light of 

with an environment that is un-predictable in temperature 

terms chill-coma and its recovery time, and critical thermal 
minimum.

Prerequisite Teacher Knowledge

with the basic science of climate change, including the 
predicted outcomes and causes. Teachers should be familiar 
with phenotypic plasticity and acclimation in organisms. 

to familiarize themselves with the lesson topics, and use in 

basic knowledge of Google sheets, or another data-analysis 

This lesson incorporates the teaching mode of think-pair-
share to facilitate active learning and inclusiveness in the 
classroom.

Active Learning

centered perspective to facilitate active learning, which has 
been shown to increase student performance in STEM courses 

learning strategy in which students think about problems 
posed by the instructor, then students work together in pairs 

ideas with the rest of the class. This model allows students to 

thinking and obtain immediate feedback from peers and the 

Assessment
Throughout the lesson, there are many opportunities for 

instructor chooses to use our included PowerPoint presentation 

can be used to gauge student knowledge or generate a pop 

students draw graphical depictions of their predictions on the 
board, labeling their independent and dependent variables, 
as well as brainstorming what variables might function as 

ability to withstand cold and how plasticity could enhance 
survival in a climate-change scenario. During the laboratory 

easily be adapted into a more rigid assessment of student 

summative assessment at the end of the activity is to create 
a lab report in which students demonstrate knowledge of the 
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Inclusive Teaching
This lesson seeks to create a collaborative learning 

environment, open to all students’ academic, social and 
cultural backgrounds. It fosters an inclusive teaching 
environment by encouraging students to use prior skills and 

course many students were business or economics majors and 

recommend incorporating a variety of teaching methods to 
meet the needs of students with diverse learning preferences. 

via PowerPoint, but also demonstrated point by point on a 
white board with graphs and drawings. Students were given 

given, and students were encouraged to work in groups with 
peer-led activities.

which students conduct and analyze the results of an 

Drosophila melanogaster, 

may result in too little work per student, and this lesson would 

of each class, students should be given a brief presentation 
that provides an overview and purpose of the activity, where 
students can locate the materials, and opportunities to ask 

plans for each laboratory activity.

Laboratory Exercise #1: Introduction to Relevant Topics. 

change, phenotypic plasticity, cold tolerance, and the life 

This lab introduces students to working with Drosophila 
while also covering the topic of plasticity and how it relates 

that instructors can use to help introduce students to the 

ectotherms, their body temperature is regulated by ambient 
temperature, such that if the environment cools down, so will 

by delving into the cellular biology of this trait. Typically, at 

enter a reversible state of paralysis known as “chill-coma.” In 
chill coma, all movement ceases, and the insect is unable to 
walk around, feed or mate. If the chill-coma lasts too long, 

the insect, if warmed back up, will recover. The time it takes 

trait is an ecologically relevant measure of cold tolerance 

genetic component to this trait, such that chill coma recovery 

Thus, it is a robust way to measure phenotypic plasticity to a 
temperature cue, and to investigate how climate change may 

cold tolerance metrics and phenotypic plasticity, discuss 

is effectively conveyed by displaying graphs of temperature 

snaps and warm spells is also predicted to increase.

The goal of this lab is for students to think about how 
ectotherms depend on temperature for their function, and how 
their entire biology may be impacted by disruption of normal 

grasping the material.

Laboratory Exercise #2: Generating Hypotheses and 
Separating Flies into Acclimation Treatments.

treatments so that their cold tolerance can be measured in the 

Lab Prep

as well as information for creating cooled and heated areas if 
you don’t have access to temperature-controlled incubators, is 

To begin this lab, introduce students to the tenants of the 
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source of confusion for students is correctly identifying 

variable types and start thinking about data graphically.

student groups generate a set of hypotheses and predictions 

predictions in graph form. In other words, have the students 
predict what their results would look like if the alternate 

the acclimation treatments. In our classroom, we had access 

you can choose to do only two temperatures, or modify the 

acclimation group, students will label their vials with markers 
and tape and place vials in the appropriate temperature 

week. During this time, they should not need any additional 
food or care.

Laboratory Exercise #3: Cold Treatment and Data 
Collection.

Lab Prep

transferred from the vials with food to clean vials without food 

treatment prior to class. Thus, when the students arrived, they 

afterwards.

a reversible chill-coma state, and they are to measure 

immediately start their timers. They will record the time it takes 

can divide the tasks so that one group member uses their 
phone or other device as a stop-watch, another one watches 

Laboratory Exercise #4: Data Analysis.

website (

can use Google Sheets to organize their data and the website 
“Social Science Statistics” (

whisker plots and have the students draw them by hand on 

to not only get students to think about their data graphically, 
but to use Google Sheets to calculate simple statistics (mean, 

computer, and many found a creative outlet in drawing the 

whisker plot for these data are provided in Supporting Matieral 

Laboratory Exercise #5: Compare Results to 
Temperature Data.

The goal of this lab is to make a connection between the 

Using freely-accessed temperature data, students can see 

temperature conditions. If time allows, use the discussion 

engagement, and assessment of real-world data.

data to make predictions about cold stress and acclimatization 
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www.ncdc.noaa.gov

month and calculated monthly averages for all three variables 

three locations. Given your class level, you may opt to have 

publicly available repositories for climate data.

Using Google Sheets, students can create a table of the 
temperature data and plot bar graphs of the monthly summaries 

minimum daily temperature represents the cold-shock that 

assess student understanding of how this activity relates to 

Depending on your class level, it may be useful to include 
a discussion on the short and long-term effects of climate 

cope with changes in climate through phenotypic plasticity. 

see evolutionary adaptation to the new thermal environment, 
especially for animals with short generation times like fruit 

Laboratory Exercise #6: Present Results.

a short lab-report and a class discussion between the groups. 

or oral reports, depending on class level and your preferred 
method of assessment.

individual population structure and ultimately shape the 

change models.

so that they could 
be used to answer a real-world problem.
was for students to understand that climate change is not only 

an issue for humans but that changes in temperature, including 

The primary goal of this lesson is to understand how 
organisms’ response to changes in their environment and 

on phenotypic plasticity of cold tolerance to demonstrate 
an animal’s ability to acclimate to its environment, and we 
use the results in conjunction with real climate data to make 

this goal, we had several learning outcomes, discussed below.

incorporated class discussions and drew graphs and charts on 
the board to help students see what we were about to tackle 

students in multiple formats, they were able to independently 

data. Student feedback about this outcome was positive, with 
one student remarking “I appreciated how we went over 

situations.”

Phenotypic Plasticity to Temperature with Climate 
Change Emphasis

used real climatic data to predict insect responses to climate 

may impact insect populations structure and ultimately their 
evolution.

The activity with real climate data hit home for many 
students. They were unaware that detailed climate data are 

appreciated being able to make a real-world connection to 

pairs and small groups they were able to combine skills to 
visualize their data. Student feedback about this portion of 
the activity was again positive, with one student remarking, 
“I had understood the concepts of phenotypic plasticity and 
cold tolerance prior to this portion of the lab, but it [i.e., the 
activity with real climate data] was interesting to look at and 
was complimentary to what we had already done.”

Conclusion
This lesson was designed to reinforce the importance of 

phenotypic plasticity in dealing with temperature change in an 
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animal system. The activity was presented under the umbrella 
of climate change and how changes in the winter seasons may 
impact animals, especially ectotherms. Students were given a 

both in the class and real-life. These skills include using a 

graphically and statistically, how to design and interpret graphs, 
and how to think about complicated problems in a synthesized 
manner. This lesson also promotes team building skills, oral and 
visual and written communication and the ability to troubleshoot 
issues all of which translate both in and outside the classroom. 

• 
PowerPoint slides on the topics of phenotypic plasticity and 
evolution of traits to be used prior to the start of the activity, 

• Information 

• 

distribute to students. The handout includes a scenario for the 

• 

climate data each region is included on a separate sheet, 

on a separate sheet.
• 

be used to guide students and assess their understanding 
of the data.

• The lab report 
rubric includes information on the format of the report as 
well as a detailed rubric of student assessment of learning 
objectives and goals of the lesson plan.

• The lab report 
rubric with the average grades from our students, followed 
up with a discussion of the students’ grades.

also like to acknowledge the biology faculty at Transylvania, 

provided mentorship and guidance to the instructor, LJP, and Dr. 

7. 

Limited tolerance by insects to high temperatures across tropical elevational 
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pdf. 
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Activity Description Estimated Time Notes

Introduction Introduction to Drosophila, 
phenotypic plasticity, cold 
tolerance in insects and climate 
change.

• 
temperature.

• the basics of phenotypic plasticity.

• cold tolerance in insects and climate change.

Discussion
temperature.

• 
on temperature for most of their biology and how 
temperatures of our world are changing. 

• Get students to think about how being able to 
phenotypically adapt to their environment would be 

Lab Setup • 
for setting up acclimation treatments.

Introduce students to steps of • 
help students understand hypotheses generation, 
variables and data analysis.

vials.
• 

long acclimation treatments.

Lab Setup
coolers for cold shock 
treatment.

• Setting up the cold shock treatment prior to the 
students getting to lab will decrease amount of time 

time to recovery.

• Students will use phones or stopwatches to record 

cold shock treatment.

Introduction to 
Statistical Test

measures.

• Using graphs and other visuals to help students 
understand what the test is comparing (treatment 

Group Data Using the freely available 
website, socscistatistics.com, 

• Students can work in pairs or groups to import data 
and analyze using the website.

Introduction
impacting winter.

• 
the winter season due to climate change, how its 

Students organize and visualize 
climate data.

• 
from three locations in the US, compare the winter 
seasons using graphs and discussion.

Discussion Tie the ideas of this lab 
together and synthesize what 
the students learned.

• This lab is very open and can tailored to your 

a short lab report and had an open classroom 
discussion on the bigger themes of the lesson plan.


