
Lesson Plan: Ecosystems and Food Webs 

Teacher contributed lesson plan by Kinley Choden (UWICER), Kinley Dorji (RTC), Bhuwan Kafley (RTC), and Rachana Sharma (Pelkhil School), 
Bhutan. 

As a High School or Undergraduate Biological Sciences or Environmental Sciences teacher, you can use this set of computer-based tools to 
teach about ecosystems, biomes, food chains, and food webs and how the balance of an ecosystem can be disrupted by climate change 
induced insect outbreak. 

Warmer temperatures and altered water availability due to climate change are causing unusual outbreaks of insect populations globally. This 
lesson plan shows how Bark Beetles (Mountain Pine Beetle, Spruce Beetle) destroy large swathes of forests, thereby disturbing ecosystems 
globally. Examples discussed in this lesson plan include climate impacts on the ecosystems of the forests of Yellowstone National Park (USA), 
Bhutan and Central Europe.  

Thus, the use of this lesson plan allows you to integrate the teaching of a climate science topic with a core topic in Biological Sciences and 
Environmental Sciences. 

Use this lesson plan to help your students find answers to: 

1. What is an ecosystem? Describe the components of an ecosystem and their functions. 

2. What are the roles of food and water cycles in an ecosystem? 

3. What are the challenges for an ecosystem? Discuss the role of climate. 

4. What are biomes and how are they categorized? 

5. What are food chains and food webs? Give suitable examples. 

6. How do bark beetle populations cause disruptions in a natural ecosystem? 

7. How has climate change influenced bark beetle outbreaks globally? 

 

About the Lesson Plan 



Grade Level: High School, Undergraduates  

 

Discipline: Biological Sciences, Environmental Sciences 

 

Topic(s) in Discipline: Ecosystems, Biotic and Abiotic Components, Biomes, Equilibrium, Resistance, and Resilience of an Ecosystem, Food 
Chain, Food Web, Producers, Consumers, Decomposers, Trophic Levels in a Food Web, Autotrophs, Heterotrophs 

 

Climate Topic: Climate and the Biosphere 

 

Location: Global, USA, Bhutan, Central Europe 

 

Access: Online, Offline 

 

Language(s): English 

 

Approximate Time Required: 60-75 min 

 



 
1. Reading (30 min) 

Two reading resources and a quiz within a teaching module that introduce ecosystems, food chains and food webs and describe their 
components and functions to maintain ecological balance in the natural world. 

This can be accessed at: 

https://www.khanacademy.org/science/biology/ecology/intro-to-ecosystems/a/what-is-an-ecosystem 

 

2. Video and Associated Student Worksheet (25 min) 

A video documentary (7.5 min) that describes the effect of climate change on the ecosystems within Yellowstone National Park (USA). This tool 
describes how bark beetles are responsible for disrupting a simple food chain in this ecosystem. The associated student worksheet assesses the 
students’ understanding of ecosystems and food webs and the effect of climate change on natural ecosystems. 

This can be accessed at: 

https://www.hhmi.org/biointeractive/liz-hadly-tracks-impact-climate-change-yellowstone 

 

3. Visualization (5 min) 

An interactive infographic that shows the extent of Bark Beetle infestation in the harvested timber of Central Europe. 

This can be accessed at: 

https://fingfx.thomsonreuters.com/gfx/editorcharts/CENTRALEUROPE-ENVIRONMENT-BARKBEETLE/0H001PBSB621/index.html 
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4. Reading (15 min) 

A resource that describes the strategies employed by Bhutan to predict climate change induced Bark Beetle outbreaks in its forest ecosystems. 

This can be accessed at: 

http://www.uwice.gov.bt/admin_uwice/publications/publication_files/Reports/2018/Predicting%20Bark%20Beetle%20Outbreaks%20using%20
GIS,%20Climate%20and%20Phenology%20Data_UWICER%20Technical%20Note%202018.pdf 

  

5. Suggested questions/assignments for learning evaluation 

• What is an ecosystem? Describe the components of an ecosystem and their functions. 

• What are the roles of food and water cycles in an ecosystem? 

• What are the challenges for an ecosystem? Discuss the role of climate. 

• What are biomes and how are they categorized? 

• What are food chains and food webs? Give suitable examples. 

• How do bark beetle populations cause disruptions in a natural ecosystem? 

• How has climate change influenced bark beetle outbreaks globally? 

 
Here is a step-by-step guide to using this lesson plan in the classroom/laboratory. We have suggested these steps as a possible plan of action. 
You may customize the lesson plan according to your preferences and requirements. 
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1. Topic introduction and discussion 

Use the reading, ‘What is an ecosystem?’ by Khan Academy, to introduce your students to the topic of natural ecosystems. Use the text to define 
ecosystems and their components. Describe the different types of ecosystems found in the natural world. Use the tool to explain how matter 
and energy is conserved in ecosystems. Further, discuss the stability and dynamics of an ecosystem- elaborate on the equilibrium within an 
ecosystem and how it responds to disturbances. Use the text to describe the resistance and resilience of an ecosystem, in response to 
disturbances to its equilibrium.  

Use another reading in the same resource, ‘Food chains & food webs’ to explain how food chains and food webs represent the flow of energy 
and matter within ecosystems. Use the tool to define producers, consumers, decomposers and to describe trophic levels within ecosystems. 
Explain what autotrophs and heterotrophs are and use the tool to describe primary, secondary, tertiary, quaternary, and apex consumers. 
Discuss the energy transfer within these systems and their limiting factors. 

Use the end-of-module quiz, ‘Practice: Food chains and food webs’, to assess student understanding of the topic of ecosystems and food webs. 
Use the associated links (video or textual hints) to enable students to answer the questions correctly. 

Optional: Use the two video micro-lectures included in this resource to improve students’ understanding of the defined topics. 

This can be accessed at: 

https://www.khanacademy.org/science/biology/ecology/intro-to-ecosystems/a/what-is-an-ecosystem 

 

2. Discuss an example of an ecosystem affected by climate change 

Use this educational resource, ‘Liz Hadly Tracks the Impact of Climate Change in Yellowstone’ by Howard Hughes Medical Institute (HHMI) 
Biointeractive, to discuss how the ecosystems of Yellowstone National Park, USA, are affected by climate change. First, play the embedded video 
(7.5 min) to describe the impacts of warming temperatures on forest ecosystems. Discuss, using the video, how this results in outbreaks of bark 
beetle populations that attack and destroy large areas of pine and spruce trees in the National Park. Explain how the destruction of these trees 
disrupts a food chain involving squirrels (primary consumers) and bears (apex consumers), thus upsetting the energy flow within this ecosystem. 
Use the video to describe how lowered water availability also affects aquatic biosystems that include amphibians in Yellowstone National Park. 
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Use the student worksheet to encourage classroom discussion and to evaluate students’ understanding of the impact of climate change on food 
webs and ecosystems. 

This can be accessed at: 

https://www.hhmi.org/biointeractive/liz-hadly-tracks-impact-climate-change-yellowstone 

 

3. Extend understanding of the extent of Bark Beetle infestation 

Use the interactive infographic, ‘Bark beetle ravages central Europe’s forests’ by Reuters, to discuss with your students, the extent of bark beetle 
infestation in the harvested timber from the forests of Central Europe, from the years 2012-2018. Ask your students to investigate the cause-
effect of higher incidences of beetle infestation in the data represented and encourage them to find a correlation, if any, to the prevailing 
climatic conditions for those countries.  

This can be accessed at: 

https://fingfx.thomsonreuters.com/gfx/editorcharts/CENTRALEUROPE-ENVIRONMENT-BARKBEETLE/0H001PBSB621/index.html 

 

4. Discuss further using the example of Bhutan’s efforts to prevent climate induced Bark Beetle infestation 

Use the technical note, ‘Predicting Bark Beetle Outbreaks using GIS, Climate and Phenology Data’ by Dr. Kaka Tshering and Chimi Tshering, 
Ugyen Wangchuck Institute for Conservation and Environmental Research (UWICER), Bhutan; and University of Natural Resources and Life 
Sciences, Austria; to explain to your students how global warming has impacted the ecosystems in the forests of Bhutan. Use the text to discuss 
how frequent bark beetle outbreaks, amongst other reasons, have resulted in making many such ecosystems unstable. To counteract this, 
explain how studies were carried out to simulate spatial and temporal distribution of bark beetle outbreaks with rise in temperature: using GIS, 
climate and phenology data. Direct your students to read the entire document. Finally, encourage classroom discussions on how this information 
can be used to preempt bark beetle outbreaks and protect the susceptible forest ecosystems of Bhutan. 

This can be accessed at: 

http://www.uwice.gov.bt/admin_uwice/publications/publication_files/Reports/2018/Predicting%20Bark%20Beetle%20Outbreaks%20using%20
GIS,%20Climate%20and%20Phenology%20Data_UWICER%20Technical%20Note%202018.pdf 
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5. Questions/Assignments 

Use the tools and the concepts learned so far to discuss and determine answers to the following questions: 

• What is an ecosystem? Describe the components of an ecosystem and their functions. 

• What are the roles of food and water cycles in an ecosystem? 

• What are the challenges for an ecosystem? Discuss the role of climate. 

• What are biomes and how are they categorized? 

• What are food chains and food webs? Give suitable examples. 

• How do bark beetle populations cause disruptions in a natural ecosystem? 

• How has climate change influenced bark beetle outbreaks globally? 

 
The tools in this lesson plan will enable students to: 

• describe the structure and function of an ecosystem 

• discuss the trophic levels of organisms within an ecosystem 

• evaluate biomes and their component food webs 

• apply their learning to real-world ecosystem challenges 

• describe how Bark Beetles destroy forest ecosystems 

• discuss climate change related Bark Beetle outbreaks globally  

3 Learning Outcomes          



 
If you or your students would like to explore the topic further, these additional resources will be useful. 

1. Video 

A video, ‘This Tiny Beetle Is Devastating Forests in the Worst Outbreak Ever’ by National Geographic, that describes the effect of Bark Beetles on 
afflicted trees in a forest ecosystem. It also shows how certain trees are not affected by them and have thus, adapted against warming 
temperatures related beetle outbreaks. 

This can be accessed at: 

https://www.youtube.com/watch?time_continue=32&v=vR30qlK0-Cw 

2. Reading 

A teachers’ note, ‘Understanding Ecosystems’ by Centre for Astrophysics, Harvard and Smithsonian, for teaching about natural ecosystems. It 
explains the scientific concepts, how students’ understanding of the topic progresses, how the causality within ecosystems can be explained for 
better understanding of the subject and gives a list of typical student misconceptions on the topic of ecosystems. 

This can be accessed at: 

https://www.cfa.harvard.edu/smg/Website/UCP/pdfs/EcosystemsOverview.pdf 

4 Additional Resources
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All the teaching tools in our collated list are owned by the corresponding creators/authors/organizations as listed on their websites. Please view 
the individual copyright and 
ownership details for each tool by following the individual links provided. 
We have selected and analyzed the tools that align with the overall objective of our project and have provided the corresponding links. We do 
not claim ownership of or responsibility/liability for any of the listed tools. 

1. Reading; ‘What is an ecosystem?’ 

By Khan Academy 

2. Video; ‘Liz Hadly Tracks the Impact of Climate Change on Yellowstone’ 

Presented by Liz Hadly. Educational resource provided by the Howard Hughes Medical Institute Biointeractive. 

3. Infographic; ‘Bark beetle ravages central Europe’s forests’ 

Provided by Reuters Graphics. 

4. Reading; ‘Predicting Bark Beetle Outbreaks using GIS, Climate and Phenology Data’ 

Technical note by Dr. Kaka Tshering and Chimi Tshering, Ugyen Wangchuck Institute for Conservation and Environmental Research (UWICER), 
Bhutan; and University of Natural Resources and Life Sciences, Austria. 

5. Additional Resources 

A video, ‘This Tiny Beetle Is Devastating Forests in the Worst Outbreak Ever’ by National Geographic. 

A teachers’ note, ‘Understanding Ecosystems’ by Centre for Astrophysics, Harvard and Smithsonian. 

5 Credits/Copyrights
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