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Unit Overview 
 

How Do Populations Change?  is a 12 day population biology unit developed as part of the ModelSim 
project (http://modelsim.tech.northwestern.edu/info/).   The activities in this unit have been pilot-tested 
in high school biology classes through the last few years, to revise and refine the materials based on our 
own research findings and feedback from teachers and students    The focus of the unit is primarily on 
helping students master two performance expectations of the Next Generation Science Standards 
(NGSS): 
 

• HS-LS2-1. Use mathematical and/or computational representations to support 
explanations of factors that affect carrying capacity of ecosystems at different scales. 
[Clarification Statement: Emphasis is on quantitative analysis and comparison of the relationships 
among interdependent factors including boundaries, resources, climate, and competition. 
Examples of mathematical comparisons could include graphs, charts, histograms, and population 
changes gathered from simulations or historical data sets.] [Assessment Boundary: Assessment 
does not include deriving mathematical equations to make comparisons.]  

 
• HS-LS2-6. Evaluate the claims, evidence, and reasoning that the complex interactions 

in ecosystems maintain relatively consistent numbers and types of organisms in 
stable conditions, but changing conditions may result in a new ecosystem. [Clarification 
Statement: Examples of changes in ecosystem conditions could include modest biological or 
physical changes, such as moderate hunting or a seasonal flood; and extreme changes, such as 
volcanic eruption or sea level rise.]  

The agent-based approaches adopted by the computational models in this unit can deliver both 
qualitative and quantitative models with minimal algebraic formalism yet powerful modeling capability. In 
addition, these models serve as powerful test-beds for students to design and conduct experiments to 
analyze data and construct scientific explanations for the mechanisms and patterns underlying population 
dynamics. Each activity begins with a pre-class discussion to introduce students to the central question of 
the activity and to elicit students’ prior ideas about the topic. After students have interacted with the 
model, either alone or in small groups, the teacher facilitates a consensus-building discussion in class to 
synthesize what students learned. This state-of-the-art curriculum has been designed to closely align with 
the Next Generation Science Standards in terms of the scientific practices that students engage in as well 
as the performance expectations and disciplinary core ideas addressed in the unit. 

Over the course of the unit students investigate a real-world case study of an ecosystem (Isle Royale) 
over a 50-year period to analyze data from the moose and wolf populations on this island.  Special thanks 
to the John Vucetich and Rolf Peterson, for their permission to reuse their excellent images, text, and 
research data from http:// http://www.isleroyalewolf.org/ in the case study for this unit.   The context of this 
ecosystem is used to construct explanations and argue from evidence to answer the question “How Do 
Populations Change?”  The answer to this question develops further with each new lesson, as students 
contribute new questions and new discoveries to what the class figures out.  Each lesson students 
contribute new discoveries that apply to all populations of organism that they make through the 
investigations to the Driving Question Board, a publically posted space that captures and displays these 
ideas.   And they contribute new questions and discoveries they make related to the Isle Royale case 
study to the class Case Study Board. 

At the end of the unit, students construct a scientific explanation answering the question “Is Isle Royale a 
stable ecosystem?”  The explanation helps students integrate important mechanisms they learned about 
in the unit related to interactions, competition, resource availability, birth/death rates, 
fluctuation/stability, and environmental changes.  And students also integrate evidence from the Isle 
Royale ecosystem and from the computer investigations they gathered along the way.  Typically, 
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students develop alternate explanations to this question, as some students start with very different claims 
about whether the Isle Royale ecosystem is stable.  This controversy facilitates further argumentation 
from evidence where students are asked to evaluate competing arguments [claims, evidence, and 
reasoning].   
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Targeted Disciplinary Core Ideas 

In the unit, students learn specific disciplinary core ideas (DCIs) outlined in the Framework for the Next 
Generation Standards.  The bold sections of the following DCIs are the focus of this unit: 

 

LS2.A: Interdependent Relationships in Ecosystems 
 
• Ecosystems have carrying capacities, which are limits to the (average) numbers of 

organisms and populations they can support. These limits result from such factors as the 
availability of living and nonliving resources and from such challenges such as predation, 
competition, and disease. 
 

• Organisms would have the capacity to produce populations of great size were it not for 
the fact that environments and resources are finite. This fundamental tension affects the 
abundance (number of individuals) of species in any given ecosystem.  

 
 
LS2.C: Ecosystem Dynamics, Functioning, and Resilience  
 
• A complex set of interactions within an ecosystem can keep its numbers and types of 

organisms relatively constant over long periods of time under stable conditions. If a 
modest biological or physical disturbance to an ecosystem occurs, it may return to its 
more or less original status (i.e., the ecosystem is resilient), as opposed to becoming a 
very different ecosystem. Extreme fluctuations in conditions or the size of any 
population, however, can challenge the functioning of ecosystems in terms of resources 
and habitat availability. 
 

• Moreover, anthropogenic changes (induced by human activity) in the environment—
including habitat destruction, pollution, introduction of invasive species, overexploitation, 
and climate change—can disrupt an ecosystem and threaten the survival of some species. 
(HS-LS2-7)  

 
 
LS4.C: Adaptation  
• Changes in the physical environment, whether naturally occurring or human induced, 

have thus contributed to the expansion of some species, the emergence of new distinct species as 
populations diverge under different conditions, and the decline–and sometimes the extinction–
of some species.  
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Prerequisite Student Knowledge 
 

This unit assumes the following prior knowledge: 

• food is a source of energy and building blocks for all living organisms 
• all organisms need food to survive  
• plants make their own food from carbon dioxide, water, and sunlight  
• animals and decomposers get their food by consuming parts of other organisms.   
• organisms can store extra food for later use 

The unit does not assume that students have discussed: 

• interactions in ecosystems, nor food webs, nor food chains.  

 

Scientific Principles Discovered in the Unit 

These are the lesson level statements of what students figure out by the end of a lesson.  They  cover 
the same scope as the disciplinary core ideas, but make further connections to Cross-Cutting Concepts, 
and unpack the DCIs into more specific understandings lesson level understanding that students will 
uncover at different points in the unit.  The L# designation below indicates which lesson.  Versions of 
these principles that are similar in meaning (but might be worded differently) should be posted on the 
driving question board in the room as student’s uncover/discover them.   

• L1:  Organisms interact with other organisms and the abiotic surroundings both directly and 
indirectly in an ecosystem and can result in immediate or delayed effects.   

• L2: Food sources, metabolic rates, the amount of food stored as fat, grazing and predation 
behaviors, reproductive rates, weather/climate, and parasites are possible factors that could 
affect the size of (wolf and moose) populations. 

• L2: When food becomes scarce, decreases in populations size are often delayed due to the 
stored food (fat) that organisms can use up; when food becomes abundant, increases in 
population size are often delayed, due to gestation time. 

• L3:  All ecosystems have limited amount of resources necessary for survival. 

• L3:  Competition emerges when individuals consume resources that other individuals need. 

• L4:  Changes in resources in ecosystems available often have a delayed affect on birth rates and 
death rates in populations.   

• L4:  Population sizes tend to move back towards a stable average value (or carrying capacity) in 
an ecosystem after temporary or modest disturbances in the environment. 

• L5 & L6:  More sustained changes in environmental conditions (e.g. loss of habitat, addition of 
predators, introduction of invasive species) tend to change the stability of ecosystems and often 
result in new carrying capacities. 

• L7:  As the environment changes, the competitive advantage of specific trait variations in a 
population tends to change.  

• L8:  The fossil record shows that over the billions of years that life has been on Earth, most 
species that once lived have gone extinct, most likely due to dramatic and sustained 
environmental changes.  



ModelSim Population Biology 2014v3.0- Center for Connected Learning at Northwestern University Teacher Guide 
	  

Front Matter 
	  

8	  

Targeted Crosscutting Concepts 
The bold sections of these Cross-Cutting Concepts in the Framework from the Next Generation Science 
Standards in the high school grade band were targeted in the lesson level performance expectations in 
this unit: 

 
Stability and Change  
 

•  Much of science deals with constructing explanations of how things change and how 
they remain stable.  

 

Cause and effect: Mechanism and explanation.  

• Events have causes, sometimes simple, sometimes multifaceted. A major activity of 
science is investigating and explaining causal relationships and the mechanisms by which they 
are mediated. Such mechanisms can then be tested across given contexts and used to 
predict and explain events in new contexts.  

 

Systems and System Models  
 

• Models (e.g., physical, mathematical, computer models) can be used to simulate 
systems and interactions—including energy, matter, and information flows—within and 
between systems at different scales.  

• When investigating or describing a system, the boundaries and initial conditions of 
the system need to be defined. 

 

The bold sections of these Cross-Cutting Concepts in the Framework from the Next Generation Science 
Standards in the middle school grade band were leveraged in the lesson level performance expectations 
in this unit: 

 

Patterns 

• Patterns can be used to identify cause and affect relationships. 
• Graphs, charts, and images, can be used to identify patterns in data 

 

Cause and Effect 

• Cause and effect relationships may be used to predict phenomena in natural systems. 
• Phenomena may have more than one cause, and some cause and effect relationships in 

systems can only be described using probability. 
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Anchoring Phenomena in the Unit  
What do we mean by phenomena? 
Phenomena are things that happen, events or processes, that are observable by the senses, or 
detectable by instruments and that happen more than once (repeatable).   In this unit the class of 
phenomena that students consider are all related to sizes of populations changing over time in 
ecosystems. 

What is the role of phenomena in NGSS? 
One of the big shifts in the Next Generation Science Standards from previous science standards, is in 
central focus in having students engaged in using scientific practices, disciplinary core ideas, and cross-
cutting concepts simultaneously to explain phenomena or design solutions.  This coupling of process and 
content in the service of developing an explanation or design is at the heart of what drives scientific and 
engineering enterprises in the large scientific community.   

 

What is the role of anchoring phenomena in this unit study? 
An anchoring phenomena serves as the context of what we want students to be able to apply their skills 
and knowledge to as the instruction unfolds over the course of the unit.  It is what we want them to be 
able to explain by the end of the unit of study.  And it also serves as an anchoring event, that provides 
the class with something that raises questions, controversy or competition explanations, a sense of 
“incompleteness” or dissatisfaction in our initial explanations of the phenomena.  And lastly it provides a 
daily motivation for each new lesson, guiding students to connect what they need to do next to what 
they need f to figure out still about the anchoring phenomena over the course of the rest of the unit.   

While many types of phenomena can be motivational in terms of questions they raise, controversy they 
engender, or a compelling reason/need to know how they work, productive phenomena for instruction 
must do even more.   

A productive phenomenon will help students connect the disciplinary core ideas in science to a causal 
explanation about how and why that phenomenon occurs.  And that phenomenon should belong to a 
whole class of other related phenomena that unfold/happen due to similar mechanisms.  That way as 
students figure out how to explain one phenomenon, they are developing a lens and model that they can 
use to apply and transfer to explaining a host of other phenomena. 

One single anchoring phenomenon was chosen to build this unit around.  It is a case study of the Isle 
Royale ecosystem.  The case study looks at changes in the size of the wolf and moose populations over 
60 years.  

Why was the Isle Royale case study chosen as the anchoring phenomena? 
The Isle Royale case study met seven criteria we think help to determine if anchoring phenomena would 
be a productive one to use for the learning goals of this unit.. 

1) The phenomenon is one that students find comprehensible.   Thinking about wolf and 
moose populations over a sixty-year period on an island is within a scale of time and space that 
students can visualize and relate to.   The ecosystem has relatively simple food chains between the 
wolves, moose, and the vegetation that moose eat.  And most of the environmental changes and 
disruptions that affect the island are familiar ones (fire, ticks, severe weather, mild winters, 
immigration).  The format of the numerical data (tables and bi-variate line graphs) is familiar to 
students from their middle school Common Core Standards in math. 
 
2) The phenomenon is one that draws on/out students’ prior conceptions.  Students have 
many experiences with dogs and dog behavior that they bring to connect to the wolf population.  By 
introducing small slices of the population data at the start of the unit (e.g. population sizes in 1959 
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and 2009 only, the unit is able to help the teacher draw out prior conceptions that there will be 
disagreement about (e.g. whether the populations sizes will remain constant in the intervening 
years or show fluctuations, cycles, other trends).  
 
3) The phenomena is complex to explain, is “rich in that content”, but can be explained 
using grade level science content (DCIs) An explanation of the changes in the both the wolf 
and moose population involves interactions between populations in the food chain, metabolic rates, 
the amount of food stored as fat, grazing and hunting patterns and rates, reproductive rates, 
parasites, weather, and fire.  The combination of temporary disturbances and more sustained 
environmental changes in trying to make sense of how much stability and change there is in the 
ecosystem over time, helps link in the concept of carrying capacity and how dependent it is on the 
interactions and resources in the ecosystem. 
 
4) The phenomenon is observable.  You can go visit the island.  Some high school teachers that 
piloted this unit have decided to make a visit to the island a culminating class trip.  Scientists 
regularly study the island.  It is considered an ideal laboratory for trying to make sense of 
population dynamics in a natural setting.  Many scientists’ original field notes of the island 
populations over the years exist for the interested learner.   
 
5) The phenomena provides a sense of something that is unanticipated, difficult to 
explain, or unsatisfying to leave unanswered, but isn’t exotic; it is grounded in a 
puzzling case to figure out for a specific event in a specific context.   As intervening years 
of data between 1959 and 2009 are revealed to the students, the pattern in population size changes 
becomes increasing more complex and diverges a great deal from student’s initial predictions.  What 
in the world is going here?  Is this typical here?  Is it typical in all populations? 
 

• 6) The questions students pose about the phenomena are likely to help drive 
investigation and instruction toward what we want them to figure out.  After the initial 
introduction to the case study (through the first set of data packets), student pose questions about 
exactly the sort of factors we want them to investigate (e.g. does weather effect the amount of food 
for moose?  Is disease a factor?  What is the most number of Moose that can survive on the island if 
there were no wolves?  Do wolves have babies even if they don’t have enough food?  Can wolves 
survive by eating anything else besides moose?  How did the wolves get to the island?) 
 

• 7) The phenomena and questions lend themselves to being revisited across a unit of 
instruction.  The case study updates given to students show population size changes that 
scientists believe are the result of many of the same factors students investigate and scientific 
principles they discover through their NetLogo investigations across the unit.  The final performance 
expectation has students explain deceivingly simple sounding question, “Is the Isle Royale A Stable 
Ecosystem for Wolves and Moose?” that generates scientific argumentation and refutation of 
competing claims, backed by evidence from the entire set of case study data files students have 
looked at earlier in the unit. 

 

Is the Isle Royale case study the only real world phenomena in the unit? 

No.  Two other lessons have out of class assignments that integrate additional phenomena.  These give 
students a chance to extend and apply what they are learning about the main case study to other 
situations/context: 

• Canadian Lynx and Snowshoe Hare population graphs from over a hundred years  
• Patterns of invasive species progression in the U.S. (Asian Long Horned Beetle, Kudzu, Ribbed 

Mussels) and rabbits in Australia. 
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The Role of NetLogo Models  

The ModelSim project approaches its four life sciences units (Evolution, Population Biology) with a 
distinctive and unified approach: in both of these subject areas, we encourage students to conceive of 
fundamental real-world phenomena in new ways.   And in each area we provide a computer learning 
environments for exercising this new way of thinking, which build on students’ intuitions to develop 
powerful and grounded understandings of ways to explain real-world phenomena 

This fundamentally new way of thinking is called “agent-based modeling.”  Within this perspective, 
complex phenomena are viewed as emerging from interactions between systems of simple elements, or 
“agents.”  By focusing on the behavior of these simple agents, and by using computational modeling to 
simulate interactions between many of these agents, scientists in a wide range of disciplines are 
introducing powerful new research methods. 

We believe that this cutting-edge approach is also powerful for learning science in a wide range of 
disciplines.  This is in part because the agent-based approach taps into student intuitions in subject 
areas, which are traditionally experienced as non-intuitive.  Indeed, research has shown that many 
incorrect ideas that learners have about aggregate phenomena (such as whether capacity for speed as 
resource built up in its lifetime and then “passed on” to its offspring, whether competition for resources 
between individuals only when there is an orchestrated planned and orchestrated effort on part of the 
individuals to outcompete one another).  

These incorrect but vivid ideas are actually powerful conceptual resources. They can be brought to bear 
in learning environments that show how the aggregate, complex phenomena emerge out of interactions 
between simple agents in the system.   

Once learners can identify and computationally interact with entities at this agent level, they can use their 
intuitions to guide reasoning about the emergent properties of the larger system.  For instance, once a 
student begins to see how the changing the amount of resources necessary for survival changes in an 
ecosystem changes the carrying capacity for a population of consumers, but changing the initial number 
of consumers does not, they can understand how carrying capacity is an emergent outcome  

To provide students with the means of getting to know systems in biology from agent-based 
perspectives, we have developed activities based on the award-winning NetLogo modeling 
environment.  NetLogo allows students to model and interact with complex systems computationally, first 
by specifying the behaviors of agents and then by simulating interactions among these agents and 
visualizing emergent properties at the aggregate level of the system.  In addition to on-screen 
computational simulations, the ModelSim project extends virtual agent-based modeling in two key 
ways:  bifocal modeling and participatory simulations. 

Bifocal Modeling 

In bifocal models, students are connecting computational behavior in virtual simulations with real-world 
phenomena by using the results of the model investigations to develop scientific principles to apply to the 
explanation of the real-world phenomena.   

In the biology units, these phenomena are taken from real-world case studies, such as an island 
ecosystem of wolves and moose (Isle Royale), the historical record of selective breeding of dogs (in the 
evolution unit), or the distribution of sub-species of wolves and their characteristics in different 
environments across the world (also in the evolution unit). 
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The similarities and contrasts between virtual and physical real-world stimulate conceptual reflection and 
”experimentation” processes through which student adjust their conceptual models about the real world 
case study under consideration and their virtual models in concert, as the data they uncover in one 
context helps inform their thinking about the other context.    

Participatory Simulations 

Another means of helping students to make connections with agent-based models is through embodied, 
role-play activities in which learners take on the perspectives of agents in the system.  In these 
participatory simulations, each student individually controls the behavior of an agent in the simulation. 
The class as a whole embodies the system and experiences the simulation as a group.  Participatory 
Simulations thus give students the opportunity to gain experience both agent and aggregate 
perspectives, from vantage points both inside and outside of the systems being studied.  Although we all 
participate as elements in human complex systems, we rarely get to experience these systems at both 
micro- and macro- levels, as both actors and observers. Through the NetLogo HubNet architecture, we 
are able to provide this experience to classroom groups as they reflect on systems in science. Working in 
a local network of computers, students use the HubNet client to control the behavior of individual objects 
or agents and view the aggregated results in the host NetLogo environment, which runs on the teacher’s 
computer. 

Students use such simulations at two points in this unit of study.  In one they control the behavior of a 
single bug in an ecosystem in which their classmates are doing the same.  Though this experience they 
discover the nature of competition for resources in an ecosystem.  And in another they control the 
“release” of user-designed population of critters in an attempt to outcompete other classmate’s critters in 
the same ecosystem.  Through this experience they discover thee ever-changing nature of “competitive 
advantage” for a group of individuals with identical traits in the face of environmental changes in the 
ecosystem. 
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The Driving Question Board and the Case Study Board 
	  

This	  unit	  makes	  needs	  two	  display	  areas	  in	  the	  classroom	  to	  keep	  track	  of	  student’s	  questions,	  
discoveries,	  and	  scientific	  principles	  the	  class	  develops.	  	  	  

The	  first	  of	  these	  areas	  is	  the	  Driving	  Question	  Board.	  	  It	  is	  composed	  of	  five	  separate	  sheets	  of	  butcher	  
paper	  with	  sub-‐questions	  on	  them.	  	  The	  space	  on	  each	  piece	  of	  butcher	  paper	  is	  left	  blank	  before	  the	  
lesson	  it	  is	  used	  for.	  	  Then	  at	  the	  end	  of	  each	  lesson,	  students	  post	  their	  discoveries	  on	  this	  sheet.	  	  And	  
the	  teacher	  summarizes	  the	  main	  scientific	  principle(s)	  that	  capture	  the	  students’	  discoveries.	  

	  

An	  example	  of	  one	  of	  these	  from	  the	  end	  of	  one	  lesson	  is	  shown	  below.	  	  Special	  thanks	  to	  Katahdin Cook 
Whitt at Dayton STEM School, Dayton OH.  	  

The categories for the post-it notes that 
students bring up are included in the teacher 
guide for the lesson, as is suggested scientific 
principles to help summarize the student 
discoveries (Shown on the green sheet on the 
bottom of the picture to the right.  This green 
sheen was added after student’s brought up 
their ideas to the Driving Question Board, 
posted them and discussed them with the 
class.  And, the teacher facilitated a 
consensus building discussion to help students 
consolidate those ideas. 
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The	  second	  display	  area	  used	  in	  the	  classroom	  is	  used	  to	  keep	  track	  of	  student’s	  questions,	  discoveries,	  
and	  data	  related	  the	  case	  study	  they	  will	  be	  trying	  to	  explain	  in	  the	  unit.	  	  It	  is	  called	  the	  Case	  Study	  
Board.	  	  An	  example	  of	  the	  board	  (with	  a	  photograph	  of	  a	  moose,	  a	  wolf,	  and	  Isle	  Royale)	  is	  shown	  below.	  	  
In	  the	  second	  lessons,	  students	  contribute	  questions	  and	  findings	  to	  the	  board	  after	  reading	  through	  
data	  packets	  on	  the	  island.	  	  Toward	  the	  end	  of	  the	  unit,	  a	  graph	  of	  the	  moose	  and	  wolf	  population	  sizes	  
from	  1959	  to	  2010	  is	  posted	  as	  well.	  	  
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Description of the Activities in Each Lesson 
 

Lesson 1 
What types of interactions affect populations of organisms in ecosystems? 

 
Performance Expectations:    
• Students use a model of a food web to describe how a change in the size of a population and/or a 

change in the resources available in the environment would affect the size of other populations in the 
ecosystem. 

 
Description 

Students observe a photograph two real world ecosystems and describe some of the changes 
they expect to see in that ecosystem over the course of a week, a month, a year, and 30 years. The class 
develops a definition for an ecosystem and an interaction.  The class builds a physical food web of a pond 
ecosystem as an entire class using string and index cards.  The class uses this model of the ecosystem 
food web to visualize and predict various forms of interactions between populations, describing indirect 
and delayed effects on population size as other population sizes and resources necessary for survival 
change in the ecosystem. 

Through discussion, the teacher helps build consensus on types of interactions in ecosystems and 
indirect vs. direct effects, and immediate vs. delayed outcomes.  The class also discusses how using a 
model of an ecosystem helped them understand, predict, and explain various outcomes. 

In their homework students describe what type of objects and interactions they think might be 
important to include in a computer simulation of an ecosystem, to connect to their upcoming work 
(throughout the rest of the unit) using computer based models.  This homework also helps students 
understand what it means to use modeling as a scientific practice and models as scientific tools (such as 
the ecosystem model they made in class).   
 
 

Lesson 2 
What factors influence the size of the wolf and moose populations on Isle Royale? 

 
Performance Expectation 
• Students obtain and communicate information from text and verbal presentations about the physical 

structures, behaviors/metabolism, and resources needed for survival, and environmental factors that 
affect wolves and moose populations on Isle Royale. 

 
Description 

Students read and summarize a general introduction to the Isle Royale ecosystem, with a 
particular focus on two populations: the wolves and moose that live on the island.  They analyze graphs 
of the wolf and moose population sizes for the first year that data was collected (1959) and for a recent 
year that the data was collected (2010).   They draw predicted graphs for population sizes for the years 
between these two points. 

They then meet in small groups and break up the responsibility for researching more information 
about one of these populations in another short reading (a different reading is assigned to each of the 
four group members).  They share their findings with the group members and write a brief summary of 
each other’s discoveries. 

The class brainstorms possible factors that might cause the population size to change (or not 
change) over time and questions they now have about the case study.  They share these and post these 
on the Case Study Board.  

In their homework students analyze graphs of the wolf and moose population sizes for the first 5 
years that data was collected (1959 to 1963) and plot data for the next nine years (1963 to 1970).   
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Lesson 3 

What Causes Competition Between Individuals in an Ecosystem? 
	  
Performance Expectations 
• Use mathematical thinking to 1) compare an individual’s success at gathering resources from an 

ecosystem to other individuals in the population and 2) compare the performance of different 
populations in a participatory simulation. 

• Use mathematical thinking to determine the average amount of food available in an ecosystem per 
individual consumer as the size of the consumer population changes.   

 
Description 

In this lesson, students are introduced to a participatory computer simulation where each student 
takes the role of an individual consumer (a bug) in an ecosystem. Students make predictions about 
various model runs and compare their predictions to the outcomes they observe. In one exploration they 
control the direction of movement of a bug, trying to gather as much food (grass) as possible in a variety 
of conditions.  In another exploration they observe the outcome when many bugs move randomly and 
blindly around an ecosystem consuming food without any intentional control.   Students recreate a 
physical representation of a histogram graph (of energy levels of bugs) from NetLogo and analyze 
characteristics of the population in the graph to draw comparisons between populations and individuals. 

 

 
Bug Hunt Consumers NetLogo Model 

 
Through discussion, the teacher helps build consensus about what they discovered:  Competition 

is an emergent outcome that results from 1) limited resources necessary for survival, 2) and unequal 
distribution of those resources throughout the ecosystem, 3) and from interactions (intentional or 
unintentional) that always are occurring between each individual and their environment.   

In their homework students address the difference between intentional and unintentional 
competition further.  They critique the modeling assumptions used in the computer simulation.  They 
describe the variation in local resource availability for individuals in the computer model.  They calculate 
how changes in the amount of grass or amount of bugs in would change the average amount of grass 
per bug in the ecosystem and they identify that ecosystems with lower average grass per bug would have 
higher levels of competition than those with higher average amounts of grass per bug. 
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Lesson 4 

How do population sizes in an ecosystem change over time? 
 
Performance Expectation 
• Use mathematical and computational representations from investigations to support explanations of 

factors that do not affect carrying capacity of ecosystems. NGSS HS-LS2-1 
 
Description 
         Students observe the behavior of a wobbling cereal box and use this to define characteristics of 
stable systems.  Students are shown how to interpret the graphs in NetLogo models that are dynamically 
updating.  They use the computer model to explore to determine that changing the initial number of 
bugs, introducing disease, or adding bugs during a run does not affect the stability of the ecosystem.    
 

 
Bug Hunt Consumers NetLogo Model 

 
Through discussion, the teacher helps build consensus about some of ways that populations sizes 

change in ecosystems – exhibiting minor fluctuations, cyclical fluctuations, while remaining relatively 
stable under certain environmental conditions.  They discuss how counterbalancing forces of deaths and 
births affect the amount of food available per individual in the ecosystem.  

In their homework students interpret NetLogo model run graphs for stability and fluctuation and 
critique modeling assumptions of the NetLogo models.  They analyze data from some real-world 
predator-prey ecosystems to determine the usefulness and validity of the computer model.   
 
 

Lesson 5:    
How Do Sizes of Populations Change Over Time?  

 
Performance Expectation 
• Use mathematical and computational representations from investigations to support explanations of 

factors that affect carrying capacity of ecosystems. NGSS HS-LS2-1 
 
Description 

In this activity, students make predictions about how different initial conditions affecting amount 
of resources available in the ecosystem will affect the stability of the bug population size.   From their 
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model runs, students record observations about fluctuations in population size and stable states 
(equilibrium levels) for each population to test their predictions.   

Through discussion, the teacher helps build consensus  about some of ways that populations 
sizes change in ecosystems – exhibiting minor fluctuations, cyclical fluctuations, while remaining relatively 
stable under certain environmental conditions.  They discuss how sustained environmental changes lead 
to new stable states for the ecosystem.   

In their homework students brainstorm other types of environmental changes and read about the 
sources of evidence scientists use to figure out how the environment changed in the distant past.  They 
read about some of the type of climate changes and biological changes that have occurred on earth over 
the past 3.5 billion years.  

 

 
Lesson 6: 

How Do Populations Affect Each Other in Ecosystems? 
 
Performance Expectation 
• Use mathematical and computational representations from investigations to support explanations of 

factors that affect carrying capacity of ecosystems. NGSS HS-LS2-1 
 
Description 

Students use the computer model to investigate the interactions between producers and 
consumers and predators of the consumers, noting the delayed affects between population peaks in each 
population.  They adjust the attributes of all the individuals in one population to see how such changes in 
that trait affects the carrying capacity and fluctuations of that population.  They also introduce an 
invasive species, adjusting how much it eats, to see how this population affects competition between  it 
and the native consumer (the bugs)   They analyze why population fluctuations still exist in both the 
invasive species and native species for certain conditions and why in other conditions one population 
disappears. 
 

 
Bug Hunt Predators and Invasive Species NetLogo Model 
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Through discussion, the teacher helps build consensus about how populations interact with each, 

revisiting ideas from activity 1.  They discuss how populations affect the stability of each other, revisiting 
ideas from activity 3, and they describe how populations compete against each other, extending ideas 
from activity 2 noting that unintentional competition between individuals for the same resources could 
result in unintentional competition between populations.   

In their homework students are introduced to historical examples of where invasive species 
outcompeted an invasive species and where severe environmental change caused native species to die 
out in a region or when it prevented an invasive species from entering a new region.  They brainstorm 
some possible changes in the traits of a population that they think might help it outcompete other 
populations in an ecosystem.   
 

Lesson 7:    
Can You Design a Population That Will Outcompete All Others? 

 
Performance Expectation 
• Design and test the traits for populations within a computer model to determine if a population can 

be designed to outcompete all others in an ecosystem and never go extinct. 
 
Description 

Students are introduced to a new participatory computer simulation where each student takes of 
a critter designer.  They design the movement behavior, reproductive behavior, and if their critter is a 
consumer or predator, and they release a critter into an ecosystem in an attempt to outcompete other 
populations of critters that other students release into the ecosystem.  As a class they investigate 
whether they can create at least one species of critter, which outcompetes all other species all the time, 
even as the environmental conditions are changing.  They discover that this is impossible. 

 

 
Critter Designers NetLogo Model 

 
Through discussion, the teacher helps build consensus about how changes in the environmental 

conditions and interactions affected the success of their population, why different trait combinations have 
different competitive advantages (different fitness) for survival, and why no single “design” is optimal all 
the time in a changing environment.  This discovery partially motivates the investigation of the evolution 
WISE project as a future unit of study.  

In their homework students learn about other major environmental changes that have occurred over 
the history of life on Earth.  They describe why environmental changes would change the competitive 
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advantage for a set of traits in an ecosystem.  They predict whether variation in individual attributes 
would increase the likelihood or decrease the likelihood of some individuals form their population 
surviving for various populations.  
 
 

Lesson 8: 
 Is the Island Royale a stable ecosystem for the wolf and moose populations? 

 
Performance Expectations 
 
l Construct a scientific explanation based on evidence from ecosystems and computer models to 

answer the question:  “Is the Island Royale a stable ecosystem for the wolf and moose populations?” 
 

l Present and evaluate competing arguments that the complex interactions in an ecosystem (Isle 
Royale) either A) are maintaining relatively consistent numbers and types of organisms in stable 
conditions or B) will result in a new ecosystem (unstable) due to changing environmental conditions.  
NGSS HS-LS2-6 

 
Description 

The teacher reviews the homework and summarizes a final scientific principle from a class 
discussion about life on earth and the fossil record.  The teacher introduces the structure of a scientific 
explanation and the goal of the summative assessment.   

Then students work in teams to summarize a list of scientific principles that are relevant to this 
argument and summarize the data relevant to this argument.  

Then the students work on their own to annotate the population graph data from the population 
data for wolves and moose over 60 years and write a scientific explanation synthesizing this analysis. 

Then students present to small groups or the whole class, defend their argument to their peers, 
and individually question and evaluate competing arguments. 

Lastly each student works individually to add a rebuttal to these alternate explanations into their 
scientific explanation as homework. 
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Suggested Sequencing of Lessons for 50-60 minute periods 

 

Lesson 1 & 2 Lesson 3 & 4 
1st day 2nd  day 3rd day 4th day 5th day 

 

Lesson 3 & 4 Lesson  5 & 6 Lesson  7 
6th day 7th day 8th day 9th day 10th day 

 

Lesson  8 

11th day 12th-  to  13th   day 
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Storyline for the ModelSim Population Biology Unit   Driving Question: How Do Populations Change? 

In-class:  Steps or handout 
and  Teacher guide 

Lesson 
Question 

Phenomena / 
Evidence 

Performance Expectation(s) What Students Figure Out Out of class 
assignment 

In-class: (60-90 min) 

WISE Steps  1.1-1.8 

 

Teacher guide: 

1:Modeling Interactions In 
Ecosystems 

What types of 
interactions 
affect 
populations of 
organisms in 
ecosystems? 

Pond photographs 
 
Photographs of 
some organisms 
from a pond food 
web. 

Use a model of a food web to 
describe how a change in the 
size of a population and/or a 
change in the resources 
available in the environment 
would affect the size of other 
populations in the ecosystem. 

Organisms interact with other 
organisms and the abiotic 
surroundings both directly and 
indirectly in an ecosystem and 
can result in immediate or 
delayed effects. 

Reading 1.1 

In-class: (60-90 min) 

In-class Handout 2.0: Case 
Study Introduction 

 

Teacher guide: 

2: Case Study–Isle Royale 

What factors 
influence the 
size of the 
wolf and 
moose 
populations on 
Isle Royale? 

Data packets 
about wolves & 
moose on Isle 
Royale 
 

 

Obtain and communicate 
information from text and 
verbal presentations about 
the physical structures, 
behaviors/metabolism, and 
resources needed for survival, 
and environmental factors 
that affect wolves and moose 
populations on Isle Royale. 

Food sources, metabolic rates, 
the amount of food stored as fat, 
grazing and hunting patterns and 
rates, reproductive rates, 
weather, and parasites are 
possible factors that could affect 
the size of (moose and wolf) 
populations in ecosystems. 

When food becomes scarce, 
decreases in populations size are 
often delayed due to the stored 
food (fat) that organisms can use 
up; when food becomes abundant 
increases in population size are 
often delayed, due to gestation 
time. 

HW 2.1 – Case 
Study Update 

#1 
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In-class:  Steps or 
handout and  Teacher 

guide 

Lesson 
Question 

Phenomena / 
Evidence 

Performance Expectation(s) What Students Figure Out Out of class 
assignment 

In-class:  (90 min) 

WISE Steps 3.1-3.11 

 

Teacher guide: 

3: Competition Between 
Individuals 

What causes 
competition 
between 
individuals in 
an ecosystem? 

Data and graphs 
(histograms) from 
class wide 
participatory 
simulation in 
NetLogo. 

Use mathematical thinking to 
1) compare an individual’s 
success at gathering 
resources from an ecosystem 
to other individuals in the 
population and 2) compare 
the performance of different 
populations in a participatory 
simulation. 

Use mathematical thinking to 
determine the average 
amount of food available in 
an ecosystem per individual 
consumer as the size of the 
consumer population 
changes. 

All ecosystems have a limited 
amount of resources necessary 
for survival (e.g. water, habitat, 
sunlight, food) 
 
Competition emerges when 
individuals consume resources 
that other individuals need. 
 

Reading 3.1 

In-class:  (90 min) 

WISE Steps 4.1 - 4.11 

 

Teacher guide:   

4: Fluctuation and 
Stability (part 1) 

 

How do sizes of 
populations 
change over 
time? 

Cereal box with 
bags of coins. 

 
Screenshots of 
graphs from 
individual student 
investigations 
shared with class.  
 

Use mathematical and 
computational 
representations from 
investigations to support 
explanations of factors that 
do not affect carrying 
capacity of ecosystems. 
NGSS HS-LS2-1 

 

Changes in resources available in 
ecosystems have a delayed 
affect on birth rates and death 
rates in populations. 

Population sizes tend to move 
back towards a stable average 
value (or carrying capacity) in an 
ecosystem after temporary or 
modest disturbances in the 
environment. 

Reading 4.1 
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In-class:  
Steps/handout 
Teacher guide 

Lesson 
Question 

Phenomena / Evidence Performance Expectation What Students Figure Out Out of class 
assignment 

In-class: (90 min) 

WISE Steps 5.1 - 5.7 

In-class handout 5.0: 
Case Study Update #2 

Teacher guide: 

5: Fluctuation and 
Stability (part 2) 

How do sizes of 
populations 
change over 
time? 

Screenshots of graphs 
from individual student 
investigations shared with 
class. 

Photographs of canyons 
showing erosion. 

Use mathematical and 
computational 
representations from 
investigations to support 
explanations of factors 
that affect carrying 
capacity of ecosystems. 
NGSS HS-LS2-1 

. 

More sustained changes in 
environmental conditions (e.g. 
loss of habitat) tend to change 
the stability of ecosystems and 
often result in new carrying 
capacities. 
 

Reading 5.2  

In-class:  (60 min) 

WISE Steps 6.1 -6.12 

 

Teacher guide: 

6: Competition 
Between Populations 

How do 
populations 
affect each 
other in 
ecosystems? 

Screenshots of graphs 
from individual student 
investigations shared with 
class.  

Historical graphs of 
snowshoe hare and lynx 
population sizes. 

Invasive species 
information for zebra 
mussels, Asian long-
horned beetles, and Kudzu 
in the U.S. and rabbits in 
Australia. 

Use mathematical and 
computational 
representations from 
student conducted 
investigations to support 
explanations of factors 
that affect carrying 
capacity of ecosystems.  
NGSS HS-LS2-1 

 

Revised principle (bold has 
been added):  More sustained 
changes in environmental 
conditions (e.g. loss of habitat, 
introduction of predators or 
invasive species) tend to 
change the stability of 
ecosystems and often result in 
new carrying capacities. 

 

Reading 6.1  
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In-class:  Steps or 
handout and  

Teacher guide 

Lesson Question Phenomena / 
Evidence 

Performance Expectation What Students Figure Out Out of class 
assignment 

In-class: (45-60 min) 

WISE Steps 7.1-7.9 

Teacher guide: 

7: Design a 
Population 

Can you design a 
population that 
will always 
outcompete all 
others? 

Data and 
graphs from 
class wide 
participatory 
simulation in 
NetLogo. 

Design and test the traits for 
populations within a computer model 
to determine if a population can be 
designed to outcompete all others in 
an ecosystem and never go extinct. 

As the environment changes, 
the competitive advantage 
of specific trait variations in 
a population tends to 
change 

Homework 7.1:  
Case study 
update #3 

 

Reading 7.2 

In-class: 

(120-180 min) 

In-class Handout 8.0: 
Case Study Final 
Explanation 

 

Teacher guide: 

8:  Explaining Our 
Case Study 

 

Is the Isle Royale 
a Stable 
Ecosystem for 
the wolf and 
moose 
populations? 

Population 
graphs from 
Isle Royale and 
environmental 
condition event 
information. 
 

Any relevant 
evidence from 
previous 
computer 
investigations. 

Use mathematical and representations 
to support explanations of factors that 
affect carrying capacity of ecosystems 
at different scales.   HS-LS2-1. 
 
Construct, argue, and evaluate 
competing scientific explanations 
answering the question “Is Isle Royale 
a stable ecosystem?”  (the explanation 
should reference these mechanisms: 
interactions, competition, resource 
availability, birth/death rates 
fluctuation/stability, and environmental 
changes.  Evidence should include data 
from the ecosystem and from the 
computer models).   HS-LS2-6. 

After reviewing reading 7.2:  
The fossil record shows that 
over the billions of years 
that life has been on Earth, 
most species that once lived 
have gone extinct, most 
likely due to dramatic and 
sustained environmental 
changes.   

Part 3 of 
handout – 
finish 
annotation of 
the graph 

Part 4 of the 
handout – 
finish the 
explanation 

Part 7 of the 
handout –
extend 
explanation  
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A Recommended ModelSim Unit To Implement After This One 

There unit can be taught either on its own as a standalone unit or in sequence, prior to a 2nd ModelSim 
Unit on evolution, How Do Populations Evolve?   While both the later evolution unit and this population 
dynamics unit can be taught separate from one another, both units complement each other well, and 
teaching the evolution unit at some point in time after the ModelSim unit during the same course of study 
provides some potential learning gains for many reasons.  Students who do both units typically 
demonstrate: 
 

• Greater literacy in the use of the computational tool they use in both units.  In the first few 
computer activities in this unit, students become familiar with how the NetLogo interface works. 
And they are explicitly taught how to interpret data in the models (e.g. histograms and bivariate 
line graphs).  In the second unit, students jump into using progressively more complex models, 
without these orientation scaffolds being built into the activities in the 2nd unit.   
 

• A greater familiarity with and willingness to critique the underlying assumptions of the models 
they use.  In some classroom pilots, we have observed that some students modify the code of 
the computer models outside of class to develop new models. 

 
• Reapplication and reuse of scientific principles learned in the population dynamics in their 

explanations and arguments they make in evolution unit.  The principles end up being important 
contributing mechanisms to explain evolutionary phenomena. 

 
• Growing fluency in how they engage in the scientific practices.  Both the Analyzing data and 

Constructing Explanations practices are grounded in working with evidence.  And in both units, 
every lesson has evidence at the center of work that the students are doing.  They around 
generate evidence from their own computer investigations and from related real-world case 
studies.  Their ability to analyze evidence (particularly from graphs) and critique explanations 
(whether their own or a classmates), tends to grow quickly, because of how these scientific 
practices are continually revisited in both units.  Increased student buy into engaging in two 
other scientific practices:  Asking Questions and Arguing From Evidence.  Doing both units back 
to back into the need to “going public” with their findings to contribute to the “what we figured” 
out, and, as both units use a very similar structure and role for students as investigators and the 
teacher as discussion facilitator. 
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How to setup accounts and use WISE to get to student and 
teacher resources: 

ModelSim WISE FAQ: http://modelsim.tech.northwestern.edu/info/?page_id=498 

Getting started: http://abmplus.tech.northwestern.edu:8080/webapp/pages/gettingstarted.html 

WISE FAQ: http://abmplus.tech.northwestern.edu:8080/webapp/pages/teacherfaq.html 
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Non-Computer Based Supplies and Materials for All Lessons 
 

Supplies 
• 1 Large index card or post-it or half sheet of paper and marker per student –  

for all lessons 
• Copies of all HW and Handouts - for each lesson 
• Poster Paper for Driving Question Board - for all lessons 
• 2 sets of 12 organism cards (Lesson 1) 
• 2 sets of 50 pieces of 10 foot yarn (Lesson 1) 
• 50 blank index cards (Lesson 1) 
• Rolls of tape (Lesson 1) 
• Poster Paper for Case Study Board (lesson 2 and beyond) 
• Cereal Box and a ziplock bag filled with of a couple dozen coins (lesson 4) 
• 4 or more colored pencils per pair of studetns. (lesson 5) 
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Lesson 1:  What types of interactions affect populations  
of organisms in ecosystems? 

 
Overview: 

Purpose:   
The purposes of this activity is for students to use a model of a food web describe some of the types of 
interactions that can occur between organisms and their environment in ecosystems and to describe these 
interactions in terms of direct or indirect effects and immediate or delayed outcomes. 
 
Prerequisite Student Knowledge:    
This unit assumes the following prior knowledge: 

• that food is a source of energy and building blocks for all living organisms 
• all organisms need food to survive  
• plants make their own food from carbon dioxide, water, and sunlight  
• animals and decomposers	  get	  their	  food	  by	  consuming	  parts	  of	  other	  organisms.	  	  	  
• organisms	  can	  store	  extra	  food	  for	  later	  use	  

The unit does not assume that students have discussed: 
• interactions in ecosystems, nor food webs, nor food chains 

 
NGSS Lesson Level Learning Performance: 

• Use a model of a food web to describe how a change in the size of a population and/or a change in the resources 
available in the environment would affect the size of other populations in the ecosystem. 

 

Scientific Principles (re) Discovered in this Activity 
• Organisms interact with other organisms and the abiotic surroundings both directly and indirectly in an 

ecosystem and can result in immediate or delayed effects. 

 
Description of the Lesson 

Students observe a photograph two real world ecosystems and describe some of the changes they 
expect to see in that ecosystem over the course of a week, a month, a year, and 30 years. The class develops a 
definition for an ecosystem and an interaction.  The class builds a physical food web of a pond ecosystem as an 
entire class using string and index cards.  The class uses this model of the ecosystem food web to visualize and 
predict various forms of interactions between populations, describing indirect and delayed effects on population 
size as other population sizes and resources necessary for survival change in the ecosystem. 

Through discussion, the teacher helps build consensus on types of interactions in ecosystems and 
indirect vs. direct effects, and immediate vs. delayed outcomes.  The class also discusses how using a model of 
an ecosystem helped them understand, predict, and explain various outcomes. 

In their homework students describe what type of objects and interactions they think might be 
important to include in a computer simulation of an ecosystem, to connect to their upcoming work (throughout 
the rest of the unit) using computer based models.  This homework also helps students understand what it 
means to use modeling as a scientific practice and models as scientific tools (such as the ecosystem model they 
made in class).   
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Lesson Details: 
 
Time 60-90 minutes 
 
Materials 
 
For Teacher 

l Images on step 1.1 (also called Transparency 1.1) and step 1.4 (also called Transparency 1.2  
l Projector, document camera, or computer for displaying transparencies / images 
l The Driving Question Board – see an example of this in the lesson notes 
l An additional piece of butcher/poster paper or space on the wall for students to stick the post it notes on. 
l Pieces of tape and 3 large index cards labeled in marker large enough to see across the room:  

■ “Prairie Grass” on one, “Mice” on the second, and “Hawks” on the third 
 
For the class activity 

l 12 large organisms cards.  Full sized versions for printing and cutting out of these are available 
in the last pages of this teacher guide.  

 
 

l 1 organisms chart (below) for reference (displayed from WISE or printed up per group).  
 

 Organism Type Eats 

1 Algae Producer Nothing (makes its own food) 

2 Marsh grass Producer Nothing (makes its own food) 

3 Pickle weed Producer Nothing (makes its own food) 

4 Zooplankton Herbivore Algae 

5 Grasshopper Herbivore Marsh grass  

6 Ribbed mussel Herbivore Marsh grass  

7 Plankton-eating fish Carnivore Zooplankton 

8 Heron Carnivore Ribbed mussel, Plankton-eating fish 

9 Harvest Mouse Omnivore Grasshopper, Pickle weed 

10 Clapper rail (bird) Omnivore Grasshopper, Marsh grass 

11 Marsh hawk Carnivore Harvest mouse, Clapper rail (bird) 

12 Bacteria Decomposer Dead cells of all organisms 

 
l 50 pieces of yarn each about 10 ft. long (one for each connection in the food web) 
l 50 blank index cards (students will draw arrows on these) 
l multiple rolls of tape 
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l 15 markers 
 
For each student 
 

l Modeling Interactions in ecosystems homework – available in pdf form from teacher dashboard web 
page. 

 
Lesson Outline and Timing 
 
 
Launch  

• Login into WISE and intro the unit through step 1.1 – (5 to 7 min.) 

• Student predictions for step 1.2 –(2 min.) 

• Building a definition for ecosystems and interactions – (5 to 10 min.) 
Explore 

• Brainstorm types of interactions in ecosystem (5 min.) 

• Demonstrating the type of interactions & lifting/lowering of cards in food chain – (3 to 5 min.) 

• Build the class ecosystem model out of string and index cards – (5 to 10 min.) 

• Use the model to discuss and predict various interactions in the food web.  – (15 to 20 min.) 

Summarize 

• Student Discoveries and Big ideas – (5 min.) 

• Class Consensus Building Discussion  – (15 to 20 min.) 

 
Lesson Enactment Details 
Build the driving question board below before class starts.  Large pieces of butcher paper for each section are 
recommended.  It is typically easiest to use the same driving question board for each class, so when you add your class 
discoveries to each section, it is recommended you temporarily tape those in.  That will allow you to remove them before 
the next class. 
 
Launch:   
Write the driving question on the board “How do Populations Change?”  Under this write five lesson questions 
you will investigate.  Leave space (chart paper) under each lesson question to make bulleted notes about what 
the class discovers related to each question.   
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Tell students that you are going to study the driving question over the next two weeks of study.  In order to study 
this question, the class will look at a new lesson question throughout the unit.   Tell students that one of the goals 
by the end of the lesson will be able to answer the lesson question, and the other will be to be able to develop 
more ideas we can use to answer the driving question.   Point out the first question that they will investigate will 
be “What type of interactions affect populations of organisms in ecosystems?” 
 

• Have students log into WISE and start the Population Biology Unit. 
 
You too will want to log into WISE in teacher mode, but will be projecting some of the images from the student 
view too.  To do this click on the Teacher Home tab.  You will see a list of all the active runs you have started 
for each class period. For the current class that you are teaching.  In the example below, the first row show the 
Student Activity for this Teacher’s Period 1 class 
 

 
 

Look for the Grading & Tools Column to the right.  Under that look for the Project: Preview link.  Click on the 
link that says Preview. 
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• Show Step 1.1    Ask students to go to step 1.1 and show this step to students (project it as a 

transparency or computer projector).   
 

 
 
Tell students that these are two ponds located in different parts of the United States.  Besides size, ask them what 
other things they can infer from the picture that might be different about both ponds.  Students might say depth, 
what is in the water, what things live around or in the pond, the climate, etc...Again accept all answers that can 
students can support with reasons or evidence from the photographs. 

 
Ask students what type of organism they can see in the picture that appears to be interacting with the water of 
the pond in each picture?  Students may mention trees, plants, grasses, etc... Ask whether the same types of 
plants are interacting with the pond in both?  Accept all answers, asking what evidence would we use/need to 
support that claim? 
 
Ask students to brainstorm some of the types of organisms that they don't see in the photograph, but that they 
might expect to find in the pond (or interacting with the surface of the pond throughout the day or year).   
 

• Instruct students to complete step 1.1 and then wait a minute before continuing. 
 
Then have students share some example organisms that might be the same in both ponds.  For a couple of their 
examples, point out the difference between an individual organism and the population (e.g. a single trout is an 
organism and all the trout in the pond is the population).   
 
Ask student if they think the size of the population for these same organisms f(in both ponds) would be the same 
or different?   Ask students whether the size of the population in each pond would always be the same from day 
to day, month to month and year to year.   
 
Tell students to pick a type of organism that they think lives in, on, or at the edge of one of the ponds and to 
write that organism in the first question of step 1.2.  Tell the students to make some predictions about how the 
size of the population of that organism would compare from day to day, month to month, and over 30 years.  
 

• Instruct students to complete step 1.2 and then wait a minute before continuing. 
 
Tell students that this type of thinking, about what type organisms are in different areas and what type of 
physical conditions exists in different areas, and how these might change over time is one important way that 
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scientists think about ecosystems. 
 
Ask students if they have heard the word ecosystem before.  Most likely students will say yes.   
Ask students for an example of another type of ecosystem besides a pond.  Students may mention islands, a 
desert, a forest.   
 
Write these two ideas under a class definition for ecosystems on the board.   

 
Ecosystems:  
-All the living organisms (biotic) in that space  
-All the non-living (abiotic) physical components (air, soil, water, sunlight, etc.) in that space  

 
Return to the questions on the board and point out the word “interact” in today’s lesson question “What type of 
interactions affect populations of organisms in ecosystems?”   Tell students that types of  interactions are what 
they will investigate further in today’s lesson.   
 
Tell students that for any type of organism, there may be many ways it interacts with other organisms or with the 
environment in that pond.  Emphasize that the word interaction can be broken into two parts.  “Inter” meaning 
“between” and “action”.  To demonstrate this idea, have students take a pencil and draw simple shape on their 
paper.  Ask students for evidence for this claim  “pencil acted on the paper”.  Students should say the marks on 
the paper are evidence of this.  
 
Then ask students evidence they would look for that the “paper also acted on the pencil”.  If students don't come 
with examples of the pencil lead changing size, ask them to observe the tip of the pencil again, and then use the 
tip of the pencil to scribble on the paper much harder, and then look at the tip again.    
 
Ask, “What evidence do they now see that the paper acted on the pencil?”  Students should say that an 
interaction between the paper and the pencil occurred, because the action affected both things.  Students may 
point out that effect on the pencil may have been less noticeable than the affect on the paper.   
 
Have the class construct a definition for interaction at this point.  The class definition should be in the student’s 
own words.  Example definitions might include:   
 

Interaction 
• Actions between two things  
• Effects on both things   

 
Now ask students how studying interactions between organisms would help us understand how populations 
might be effected in ecosystems.  Accept all answers. 
 
Say, “It sounds like we should update our ecosystem definition then to also include that studying all the living 
and non-living things in a space also mean we would be studying how they interact.” 
 
Update the class definition for ecosystem to include: 
 

Ecosystems:  
-All the organisms in a space (biotic)  
-All the non-living physical components (air, soil, water, sunlight, etc.) in that space (abiotic) 
-All the interactions between these things 
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• Instruct students to complete step 1.3 and then wait a couple minutes before continuing. 
  

 
Explore:   
 

• Have students turn off their monitors and/or turn their chairs to look at the board now.  Tell them 
they will return to their computers in a moment, but don’t log off.  
 

Have students pick one organism from one of the ponds they listed and other students suggest some possible 
types of interactions that might occur in a pond ecosystem.  Have students share types of interactions and keep 
track of these on the board. 
 
Types of interactions that might occur in a pond ecosystem: 

Between two different individuals: Between one individual its abiotic (non-living 
surroundings: 

 
After developing a brainstorming list, tell students that one important interaction that they listed is “which 
organism eats another organism”.  If this was listed on the chart, circle where it was listed.  If not, ask students 
where it should be listed.  Students should say under “between two different individuals”. 
 
Prompt students for other types interactions between individuals and their physical surroundings if they haven't 
listed a few of these.  Ask for examples with water, soil, etc... (You may wish to avoid sunlight, since this is 
harder to describe in terms of how individuals are affecting the light.  If it does come up, then the interaction can 
be described in terms of how light interacts with matter.  In general all matter can absorb, reflect/scatter, or 
transmit various levels/colors of light.  But this idea is not an important prerequisite for students to understand 
for this unit's learning goals, so only use it if it comes up from students prior knowledge). 
 
Point out that seeing the relationship between who eats who is sometimes difficult to picture in the entire 
ecosystem and that one way to visualize this is a food chain of who eats whom.  Draw the following the board, 
using index cards with tape or magnets for each of the populations: 
 
 Birds ---> tadpoles-----> algae 
 
Point out that in this food chain, each index card represents the entire population of organisms of that type.  
In this food chain birds eat only tadpoles, and tadpoles only eat algae, but algae eats nothing because it makes its 
own food out of carbon dioxide, water, and light.  Tell students that relationship between algae and tadpoles is 
called a predator/prey relationship and the relationship between the tadpoles and algae is a consumer/producer 
relationship.  Draw attention to the fact the arrow shows the direction the food goes in each relationship.  Right 
now this food chain only shows one food source for mice and hawks in this ecosystem.   
  
Ask students to predict what would happen to the size of the tadpole population if most of the algae were 
removed from the pond ecosystem they live in.  Lower the index card for prairie grass to represent this and tell 
students that lifting the card will represent an increase in population size and lowering it will represent a 
decrease in population size.   So in this example, because the algae decreased you lowered the card.   Ask them 
how the card for the tadpoles should be moved?  Students should say should also go down too.  Some students 
may argue that this won’t happen immediately and might not happen if algae back quick enough at a later time.  
But if the algae population permanently decreased for some reason, it seems like the tadpole population would 
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decrease too, due to a lack of food. 
 
Then ask why would this removal of algae also eventually affect the size of the bird population?  Why might it 
take a bit of time before the size of the hawk population is affected?     Students should say that the hawk 
population would decrease too because they had less food. 
 
Ask students, “How did the model help us visualize possible interactions between populations in the 
ecosystem?”    Accept all answers.   Point out that the visualization the model provides, can help us understand if 
interactions would generate a direct or indirect outcome.  For example, a relatively immediate and direct 
outcome of removing most of the prairie grass is that mice less food available.  A more delayed and slightly 
more indirect outcome of removing the prairie grass is that mice begin to die (after they use up all the food they 
stored in their bodies as fat).  A much more delayed and indirect effect of removing the prairie grass is that 
hawks would begin to die too (after mice start die off and they have used up the stored in fat in their bodies).  Put 
this thinking in a chart: 
 
 
Initial Change:  Immediately removing the algae 

Effect (or Outcome) How direct or indirect? Is the effect immediate or delayed? 

  Less food in the ecosystem available for 
tadpole 

        Very Direct      Immediate 

   Some tadpoles die from starvation         More Indirect     Delayed 

   Less food in the ecosystem for birds        More Indirect      Delayed 

   Some birds die from starvation         More Indirect      Delayed 
 
Allow students to argue for describing effects in terms of more indirect or more direct instead of simply 
classifying as one or the other.  Allow and encourage students to explain indirect effects in terms of a sequence 
of multiple “domino effects” of cause and effects. 
 
Teacher Note only:  At this point the unit is introducing a way of describing change and effects in terms of direct 
or more indirect and immediate or more delayed, so that at later points in the unit, when students makes claims 
such as “the environment causes the population to change.” or “the introduction of the invasive species causes 
the ecosystem to collapse.” you can ask them to elaborate with prompts such as “Do you mean directly? Or do 
you mean indirectly?  Do you mean it has an immediate effect or a delayed effect?”  And then we can ask 
students who make claims that the effects are indirect, to provide an explanation of the chain of causes and 
effects that leads to a particular outcome. 
 
Ask students if they have ever heard of a food web.  If this idea is new to students then explain that a food web is 
similar to a food chain, but it shows all the food sources that all the organisms eat in an ecosystem and helps 
visualize what actions have direct or indirect effects and have immediate or delayed outcomes. One way to think 
of a food web is that it represents multiple food chains. 
 

• Project step 1.4 for students to refer to or have them look at step 1.4 on their own computer as 
reference for the next hands on activity 
 

Tell students that they are going to create a model of a food web for a pond ecosystem in Australia shown in step 
1.4, but that they are only going to use 12 different types of organisms.  Remind them that different pond 
ecosystem might have more or less types of organisms. 
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Tell students you will assign 12 groups of people the role of a type of organism in the food web.   Assign group 
members based on proximity.  For example in a class of 24 people, assign pairs of people sitting near each the 
same organism.  In a class of 36 people, assign triplets of people sitting near each other the same organism.   
 
Give each group the following supplies: 

• One organism card (colored printable cards are in the last pages of this teacher guide).   
• Some blank index cards 
• Tape and a maker. 
 
• Have all group members complete steps 1.5 and 1.6 for their organism.  They may need to return 

to step 1.4 to see which arrows they should be drawing.   
 
Once all groups are done with step 1.6, have the class pause their work on the computer.  Tell students their 
group is in charge of making sure their portion of the food web is correct.  They will build their portion of the 
food web by working together to build the food chain arrows that they drew on step 1.6. 
 
Have one group member take the organism card and arrange a circle of 12 chairs for each organism to sit in.  
Make sure there is an arms length of space between the chairs. This person sitting in the chair should hold the 
card.  The other group members for that organism are in charge of the following tasks: 

• Getting pieces of yarn from the teacher 
• Stringing yarn to string to/from their organism.  (The person in the chair will hold the end of the string) 
• Making sure that there are arrows drawn on index cards and taped to the yarn. 
• Checking to make sure the physical model matches what the group drew in step 1.6 
• Cleaning up (returning cards and yarns to the materials area at the end of the activity) 

 
 
In small classes (under 24 students), students not holding the organism cards may have to help multiple 
organisms with yearn.  The 12 seated students can help check to see that all the connections are made between 
themselves and what they eat and what eats them.   
 
When all the food chains have been strung have all students sit/stand around those seated in circle and have a 
discussion, simulating various affects on the food web if one population was increased or decreased. 
 
Show this by raising the string bundle or lowering it to represent whether their population size would increase or 
decrease.  Ask each adjoining member of this part of the food chain, to describe whether their population size 
would go up or go down and why.  Again, have them lower or raise their string bundle accordingly.   Some 
example events to simulate are “What would happen to the other populations if the tadpole population size 
decreased due to disease?” or “What would happen to the other populations if the “Algae population size 
increased dramatically?” 
 
As each adjoining member of the food web shows how this change would effect their population, ask them if 
their changes were direct or indirect and they were immediate or delayed and why?  Then ask students who are 
connected to these populations how the newly changed populations (the cards that moved up or down), would in 
turn affect them.  Repeat this.  And if time permits, ask what would happen if a population disappeared 
completely from the food web.  Pick any population for this, and have that person drop their card and related 
strings and again have the adjoining populations explain how this change would affect them.  Again repeat for 
adjoining populations.  Then put the population back to its initial state by having students bring their cards and 
strings back down and ask what would happen if a different population was removed (a predator or a prey).   
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Repeat the visualization.   
 
Then ask about how changes in the environment might affect the size of a population.  If there was very little 
rain or very little sunlight one year, what population might be affected the most at first?  Which ones might be 
affected indirectly and later through delayed interactions?   What if there was a drought that decreased the 
amount of algae and sedge that could grow in the pond, but did not hurt any animals at first, how could the 
effects of the drought still affect size of the others populations (even if the effects were delayed or indirect)? 
 
Ask students to summarize why it is difficult to accurately predict the outcome on every population in the food 
web.  Try to focus on the large number of interactions and the delayed aspect of some of the effects or outcomes. 
 
Review with student what we mean by an effect (or outcome) by revisiting the lesson question and underline the 
word affect.  “What type of interactions affect populations of organisms in ecosystems?”  Say that sometimes 
when we are how an interaction affects something, we are trying to describe the mechanism responsible.  Other 
times we are trying to describe the result of the interaction, in which case we are trying to describe its effect or 
outcome.  Tell students that outcomes might be ones that can be measure in the entire population (such as 
change in the size of the population), a portion of the population, in a single individual, or a non-living part of 
the environment.       
 
Ask students, how using the food web model helps understand, predict, and explain these outcomes.  Ask 
students for specific examples of how the model helps us do this more easily.  
 
Tell students that we will be using other types of models to help us visualize and simulate outcomes effects in 
coming days, but that many of these models will be explored on the computer.  For those models, students will 
have to think about interactions, ecosystem, and outcome, just like they did for our yarn and index card model of 
an ecosystem we made today.  
 
 
Summarize:  
Now have students return to the computers.  
 

• Instruct students to complete step 1.7 and 1.8  and then wait about 5 minutes before continuing. 
 
Then have students talk with a partner and select one idea they discovered today related to “What type of 
interactions occur in ecosystems?”  Have students write this idea on a large piece of paper or a large post it note 
in dark pen/marker.  Have one student from each pair of students bring their papers/post-its to the front of the 
room and stick them up on the board.   
 
Also have students bring up any questions they came up with too to post (the last question on step 1.6 
encourages this).  Have students post those questions along the side of the driving question board that they think 
it most related to.   
 
With the papers/post-its displayed for the class to look at together, lead a consensus building discussion.  
Facilitate the movement and reorganization/clustering of the ideas students brought up, under the 3 headings 
listed below.   This consensus building discussion and reorganization of the student descriptions of their 
discoveries will help students condense and summarize the big ideas from the day's lesson.  If an idea that 
students suggest doesn't fit under these 3 areas, don't leave it out.  Rather, emphasize that the idea shared is 
another interesting discovery and that the main ideas that the students are responsible for knowing and reusing in 
future explorations are the ones organized under the 3 areas listed.  Try to write the 3 categories in the student's 



ModelSim Population Biology 2014v3.0- Center for Connected Learning at Northwestern University Teacher Guide 
 

11 Lesson 1 
 

own words, and using their own papers if possible.  You may want to consider posting these big ideas in class, 
having students summarize these ideas now (or later) in their notes.  Either way, try to use the students own 
words and the way the class expresses the ideas listed below, without feeling it is necessary to use this exact 
wording.  Examples of possible student responses they might contribute on their sheet or post it note are shown 
in italics.  Ask students whether they agree or disagree with how the ideas or organized and whether this 
summary helps pull out the main points they discovered.   
 
The underlined statement is the suggested category.  The non-bold italics statements are possible student ideas.  
The bold italics statement can serve as another way to summarize what is common amongst the student ideas and 
each underlined category.  
 

Conclusions & Insights: What Type of Interactions Affect Populations of 
Organisms In Ecosystems? 
 

l Interactions between organisms    
l Example student idea:  An Individual might be eaten by something else. 
l Example student idea:  Creatures might eat certain things for food in the ecosystem.  
l Summarize with this idea: Organisms can interact with other organisms 

(through predator/prey, producer/consumer relationships) 
 

l Interactions between an organism and its abiotic surroundings    
l Example student idea:  Animals need water to drink. 
l Example student idea:  Plants need space for roots to grow. 
l Summarize with this idea:  Organisms interact with the non-living 

surroundings (abiotic) to get the resources they need to survive (water, 
shelter, space, minerals, etc...) 

 
l Interactions can cause indirect or delayed effects on the sizes of populations  

l Example student idea:  When the size of one population changes it affects other 
populations next to it in a food chain, but it takes a while. 

l Example student idea:  Having babies takes time. 
l Example student idea:  Individuals don’t die from starvation right away. 
l Summarize with this idea:  Some interactions can cause indirect or delayed 

effects on the sizes of populations  
 

 
Add only this one scientific principles to the driving question board: 
 

• Organisms interact with other organisms and the abiotic surroundings both directly and 
indirectly in an ecosystem and can result in immediate or delayed effects. 

 
 

 
Once these ideas in the bold have been agreed upon by the class make sure they have been added to the blue 
section of your driving question board.  Add them either in the abbreviated form (e.g. “interactions between 
organisms” or the fuller form of the idea “individuals can interact with each other through predator/prey, 
producer/consumer, or host/parasite relationships).  One easy way to do this is to move the butcher paper or 
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poster paper that you had been using to keep track of the ideas and tape it under the lesson question for today.   
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Here are example student post-its from 9th grade regular biology classroom  
(special thanks to the first pilot teacher: Kate Cook in Dayton, OH): 
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Notice that the big ideas on the green sheet at the bottom can take a very different syntax and focus than the ones 
suggested in the teacher manual.  This teacher used her own student’s ideas and language to craft summaries of 
their discoveries as they converged on trying to express the scientific principles suggested in the teacher guide 
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Homework: Assign the homework for this lesson (Reading 1.1). PDFs of the homework are available on the 
teacher resource page for the unit.  Simply click on the blue link for each activity under the student assignments 
section to download the pdf of the homework. 
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1. Algae 

 
Image credit:  http://en.wikipedia.org/wiki/File:Stigeoclonium_sp_zugespitzte_seitenzweige.jpeg 

 
 

2.  Marsh Grass 

 
Cropped image from:  http://upload.wikimedia.org/wikipedia/commons/9/93/Wye_Marsh_panorama1.jpg 
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3. Pickle Weed 

 
Image credit:  http://en.wikipedia.org/wiki/File:Salicornia_europaea_MS_0802.JPG 

 
 
 

4. Zooplankton 
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Image credit: http://en.wikipedia.org/wiki/File:Meganyctiphanes_norvegica2.jpg 

 
 

5. Grasshopper 
 

Image credit: http://en.wikipedia.org/wiki/File:Young_grasshopper_on_grass_stalk02.jpg 
 

6.  Ribbed Mussel 
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Image credit: http://en.wikipedia.org/wiki/Geukensia_demissa 

 
 

7.  Fish 

 
Image credit: http://upload.wikimedia.org/wikipedia/commons/e/ee/Grass.Carp2web.jpg 
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8.  Heron 

 
Image credit: http://en.wikipedia.org/wiki/File:GBHfish5.jpg 

 
 
 
 

9.  Harvest Mouse 

 
Image credit:  http://en.wikipedia.org/wiki/File:Micromysminutus1.jpg 
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10.  Clapper Rail 
 

Image credit: http://en.wikipedia.org/wiki/File:R%C3%A2le_gris.jpg 
 
 
 

11.  Marsh Hawk 

 
Image credit: http://en.wikipedia.org/wiki/File:Northern_Harrier2_by_Dan_Pancamo.jpg 



ModelSim Population Biology 2014v3.0- Center for Connected Learning at Northwestern University Teacher Guide 
 

22 Lesson 1 
 

 
 

12.  Bacteria 

 
Image credit: http://en.wikipedia.org/wiki/File:EscherichiaColi_NIAID.jpg 
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Lesson 2:  What factors influence the size of the wolf and moose populations 
on Isle Royale? 

 
Overview: 

Purpose:   
The purposes of this activity is to gather information from real-world case study (the Isle Royale wolf & moose 
ecosystem) and develop questions about factors that might be influencing population size changes. 
 
NGSS Lesson Level Learning Performance 

• Obtain and communicate information from text and verbal presentations about the physical structures, 
behaviors/metabolism, the resources needed for survival, and environmental factors that affect wolves 
and moose populations on Isle Royale. 

 

Scientific Principles Discovered in this Activity 
l Food sources, metabolic rates, the amount of food stored as fat, grazing and hunting patterns and rates, 

reproductive rates, and parasites are possible factors that could affect the size of wolf and moose 
populations.  

l When food becomes scarce, decreases in populations size are often delayed due to the stored food (fat) 
that organisms can use up; when food becomes abundant, increases in population size are often delayed, 
due to gestation time. 
 

Description of the Lesson 
Students read and summarize a general introduction to the Isle Royale ecosystem, with a particular 

focus on two populations: the wolves and moose that live on the island.  They analyze graphs of the wolf and 
moose population sizes for the first year that data was collected (1959) and for a recent year that the data was 
collected (2010).   They draw predicted graphs for population sizes for the years between these two points. 

They then meet in small groups and break up the responsibility for researching more information about 
one of these populations in another short reading (a different reading is assigned to each of the four group 
members).  They share their findings with the group members and write a brief summary of each other’s 
discoveries. 

The class brainstorms possible factors that might cause the population size to change (or not change) 
over time and questions they now have about the case study.  They share these and post these on the Case 
Study Board.  

In their homework students analyze graphs of the wolf and moose population sizes for the first 5 years 
that data was collected (1959 to 1963) and plot data for the next nine years (1963 to 1970).   
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Lesson Details: 
 
Time 60-90 minutes 
 
Materials 
 
For Teacher 

l Blank piece of poster board or poster paper titled “Isle Royale Case Site”.  Optional: color printouts of 
moose, wolves, and/or the island posted on the poster (see next page for example). 

 
Per student 

l 1 packet of “Introduction to the Class Case Study – Isle Royale” – available in pdf from teacher 
dashboard web page (see last page of the teacher guide for this lesson for details on how to get to that). 

 
 
Lesson Outline and Timing 
 
 
Launch  

• Introduce the case study by doing either of the following: A) read through page 1 through 3 and 
Introduction to the Class Case Study packet together  OR B) login into wise and read through 
step 1.1 together – (10 min.) 

Explore 

• Assign groups to analyze data packets (1 person in each group to one packet). Individuals in 
each group read, highlight and summarize important information in their data packet (15-20 
min.) 

• Group members share out and record a summary of each member’s findings (15-20 min) 
Summarize 

• Introduce Case Study Board.  Brainstorm factors that might affect whether the size of the 
population changes from year to year (20 min.) 

• Adding two new principles to the Driving Question Board. (5-10 min.) 
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Lesson Enactment Details 
Build the case study board below before class starts.  One 
large piece of butcher paper can be used for this.  As the unit 
progresses, record and post student questions or discoveries 
about the case study here.   Toward the end of the unit you 
will also add a graph of the moose and wolf populations 
from 1959 to 2010 on it. 
 
Here is a simple example that includes a picture of the 
island, the wolves, and the moose (pictures found on the 
internet by searching for Isle Royale). 
 

                  
 
Launch 

• Pass out a copy of “Introduction To Our Class Case Study – Isle Royale” packet to each student. 
 

• Read page one together as a class and have students answer question 1 on page 1. 
 

• Have students read page 2 individually and answer the questions on that page. 
 

• Talk through the graph on page 3 to show students how both the wolf and moose populations are plotted 
on different y-axis, but on the same graph.  Questions to ask to check for understanding this 
representation would be: 

o Based on this graph, estimate how many wolves were on the island in 1959?   
Students should say around 20 

o Based on this graph, estimate how many wolves were on the island in 2009? 
Students should say about the same as in 1959 (20). 

o Based on this graph, estimate how many moose were on the island in 2009?   
Students should say a bit above 500. 

o Based on this graph, estimate how many moose were on the island in1959? 
Students should say about the same as in 2009 (around 500). 

 
• Have students complete questions 5 though 7 individually on this page. 

 
Explore 

• Assign students to groups of 4 people and have the group members assign different tasks to each 
member.  Everyone should complete question 8 (keeping track of names of people assigned different 
data packets in the  group). 

• Have all individuals in each group read, highlight and summarize important information in their data 
packet.  Pages 5 and above in the packet are divided into different sections for the different readers. 

• When that is complete remind group members share out within their group and record a summary of 
each member’s findings on page 4 in question 9. 

Summarize:  
• Introduce the Isle Royale Case Site board and tell students that this is where we want to keep track of 

ideas or questions we have about this case.  Ask students to brainstorm factors that might affect whether 
the size of the population changes from year to year or questions they have about the case site.   

• Have them write these on index cards or post it notes and share them out as they post those on the board. 
Here are some factors that students will likely mention in what they post to the case study board”:   Food 
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sources, metabolic rates, the amount of food stored as fat, grazing and hunting patterns and rates, 
reproductive rates, parasites, weather and climate. 

• When students have completed sharing, discuss how available food would impact the size of a 
population.  Ask students why a population would tend to decrease in size when there is less food 
available.  Students should say because the organisms starve and die if they don’t have enough food to 
stay alive.Ask students why a population would tend to increase in size when there is more food 
available.  Students should say because organisms need food to make new organisms (for building 
blocks).  

• Point out to students that they learned that both the wolf and the moose store up the food they eat as fat.  
And this stored fat can last many days to keep the organism alive when no other food is available.   Ask 
students if this is true in humans?  In bears?  In other animals?  Students should say yes.  Add the first 
principle listed to the driving question board:  When food becomes scarce, decreases in populations size are 
often delayed due to the stored food (fat) that organisms can use up 

•  Point out to students that they learned that both the wolf and the moose take many weeks or months 
from mating to giving birth.  This time it takes for gestating (pregnancy) delays the effects of food 
abundance have on increasing the size of a population. Ask students if this is true in humans?  In bears?  
In other animals?   Students should say yes.   Add this principle to the driving question board: when food 
becomes abundant, increases in population size are often delayed, due to gestation time. 

• Tell students that both of these principles will be represented in behavior of the computer simulations 
they will be using in the next lessons. 

 

Conclusions & Insights: What Type of Interactions Affect Populations of 
Organisms In Ecosystems? 
 
• When food becomes scarce, decreases in populations size are often delayed due to the stored food (fat) 

that organisms can use up 
• when food becomes abundant, increases in population size are often delayed, due to gestation time. 

 
Homework: Assign Homework 2.1 - Case Study Update #1 for tonight.  PDFs of the homework is available 
on the teacher resource page for the unit.  Simply click on the blue link for each activity under the student 
assignments section to download the pdf of the homework. 
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Lesson 3:  What Causes Competition Between Individuals in an Ecosystem? 
 

Overview: 
Purpose:   
The purpose of this activity is for students to describe how consumer/producer interactions for limited resources 
necessary for survival leads to the emergence of a competition for those resources, even when there is no 
intentional effort being made by individuals to outcompete each other. 
 

Connection to previous activities:    
In previous activities, students have described types of interactions between organisms and their environment.  
They have described predator/prey interactions and direct consumer/producer interactions in food webs they 
observe.  And they have described how indirect and delayed effects between consumers and predators can occur 
between populations through intermediate interactions with abiotic factors and between other populations in the 
ecosystem.  They have identified some of the abiotic resources that are necessary for survival for different types 
of organisms (food, space, water, air, and shelter) and factors that influence the distribution of resources. 
 
Learning Performances 

• Use mathematical thinking to 1) compare an individual’s success at gathering resources from an 
ecosystem to other individuals in the population and 2) compare the performance of different 
populations in a participatory simulation. 

 
• Use mathematical thinking to determine the average amount of food available in an ecosystem per 

individual consumer as the size of the consumer population changes.   
 
Scientific Principles (re) Discovered in this Activity 
 

• All ecosystems have a limited resources necessary for survival (e.g. water, habitat, sunlight, food). 
• Competition emerges when individuals consume resources that other individuals need. 

 

Description of the Lesson 
In this lesson, students are introduced to a participatory computer simulation where each student takes 

the role of an individual consumer (a bug) in an ecosystem. Students make predictions about various model 
runs and compare their predictions to the outcomes they observe. In one exploration they control the direction 
of movement of a bug, trying to gather as much food (grass) as possible in a variety of conditions.  In another 
exploration they observe the outcome when many bugs move randomly and blindly around an ecosystem 
consuming food without any intentional control.   Students recreate a physical representation of a histogram 
graph (of energy levels of bugs) from NetLogo and analyze characteristics of the population in the graph to 
draw comparisons between populations and individuals. 

Through discussion, the teacher helps build consensus about what they discovered:  Competition is an 
emergent outcome that results from 1) limited resources necessary for survival, 2) and unequal distribution of 
those resources throughout the ecosystem, 3) and from interactions (intentional or unintentional) that always 
are occurring between each individual and their environment.   

In their homework students address the difference between intentional and unintentional competition 
further.  They critique the modeling assumptions used in the computer simulation.  They describe the variation 
in local resource availability for individuals in the computer model.  They calculate how changes in the amount 
of grass or amount of bugs in would change the average amount of grass per bug in the ecosystem and they 
identify that ecosystems with lower average grass per bug would have higher levels of competition than those 
with higher average amounts of grass per bug. 
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Lesson Details: 

Time 90 minutes  
 
Materials 
 
Per Student 

l 1 computer with Java 7 and Firefox installed. 
l A student WISE account for the class period was already created. 
l One small post-it note and one large post-it note. 

 
For Teacher 

l 1 computer with Java 7 and Firefox installed and projector or large display screen for the teacher to 
display the computer model. 

l The driving question board 
l 1 piece of butcher paper or poster paper or space on the wall for students to stick the post it notes on. 

 
Lesson Outline and Timing 
 
 
Launch  

• Review the driving question board and introduce today’s lesson question– (2 min.) 
 Explore – Exploration 1 

• Screencast - Demonstrating the interface and model rules  (step 3.1 to 3.2) – (5 min.) 

• Students join the simulation (step 3.3) and run the first competition – (5 to 10 min). 

• Build the class histogram and (step 3.4) - (10 min) 

• Sketch the graph and discuss the distribution (step 3.4 to step 3.6) - (10 to 15 min.) 
 Explore – Exploration 3  

• Make a prediction and discuss (step 3.7) – (5 min). 

• Record data, sketch the graph, answer follow-up questions (step 3.8  to 3.10) - (10 to 15 min.) 

Summarize 

• Student Discoveries and Big ideas – (5 min.) 

• Class Consensus Building Discussion  – (15 to 20 min.)    

 
Lesson Enactment Details 
 
Launch:  
 
Remind students of the discoveries they made related to their driving question.  Tell students that they will 
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continue using models today explore and discover more ideas to help answer the driving question.  Tell students 
that they are going to be investigating the 2nd lesson question today, “What Causes Competition Between 
Individuals?”   
 
Have students log into WISE and resume work on the Population Biology Unit 
 

• Instruct students to complete step 3.1 and then wait a minute before continuing. 
 
Tell the class that they will be using a computer model to run a simulation today.  In this simulation each student 
will be given an individual bug to control the movement of.  Every student’s bug will appear in the same 
ecosystem, as the computers will be networked together. In this way all members of the class will be playing in 
the same simulation.  The goal of every player is to move a bug around such that it eats as much food as possible 
before the end of the competition.  Everyone's goal is to outcompete other players by gathering more food.   Tell 
students that you will provide a brief introduction on how to the interact with the controls of the simulation and 
then they will join the simulation and play it multiple times, each time learning new information about how the 
model works as well as analyzing the results from the entire class.  Tell students that they will have to 
summarize some notes about what you are demonstrating in the next step on WISE. 
 
Explore:  
 
Directions for teacher:  Model Introduction & Exploration #1 
These directions explain in detail how to launch run a HubNet based Participatory Simulation from 
WISE.  Remember to have Java 7 downloaded and log into WISE using a 64-bit browser (Safari or 
Firefox).  You will not be able to run Java content in Chrome.    Do the following steps to launch the 
model before class starts. 
 

1. After logging into WISE, click on the Teacher Home tab.  You will see a list of all the active 
runs you have started for each class period. For the current class that you are teaching.  In 
the example below, the first row show the Student Activity for this Teacher’s Period 1 class.   

 

2. Look for the Grading & Tools Column to the right.  Under that look for the Grade by Step 
heading.  Next to that you will click on the link that says All Revisions. 
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3. A new window will pop up like the one shown below. Click on Launch Teacher Page on the top 
right of the page.  

 

 
 

4. The teacher Grading & Feedback page will come up.  Click on Launch Teacher Page on the top 
right of the page.  
 

5. Play a screencast of a sample model run, by clicking on the ScreenCast Videos tab.   
 

 
 

6. Click on the Bug Hunt Competition Model ScreenCast menu item.  Press the play button.  
Audio narration is provided 
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7. Now you will launch the model yourself.  Click on Launch Teacher Guides tab on the top right 

of the page.  
 

 
 

8. Press the Bug Hunters Competition Host button to launch the model to demo for the class and 
that they will join in to. 
 

9. You will see a Security Warning dialog box appear.  Click on Run to run the program 

 

10. A Java Web Start file dialog box will now open.  Press the OK button.  
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11. A 2nd Security Warning dialog window will open.  Select the box that says I accept the risk 
and want to run this application, and then click Run to start the supplication. 

 

 

12. A NetLogo – BugHunters Competition Window will now open.  When it does press the Start 
button on the Start HubNet Activity dialog box. 

 

13. A HubNet Control Center window will now open.  Check both the Mirror 2D view on clients 
box and check the Mirror plots on clients (experimental) box too. 
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14. Then Press the LOCAL button to launch a student interface window.  

 

 

  

15. After pressing that LOCAL button, a HubNet: Bug Hunters Competition window will 
appear. 

NetLogo – Bug Hunters Competition Window 

 

HubNet: Bug Hunters Competition 

window 

 

 

16.  Move the window to one side of the screen and NetLogo – Bug Hunters Competition 
window to the other side (shown below).  You will need to interact with both these windows in 
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this demonstration.   

17. Press SETUP in the NetLogo – Bug Hunters Competition window.  In both windows, the 
world will turn green and a bug will appear on the screen.  This is the bug you will be 
controlling in the demo.  

 

The model is now ready to run and demo to the students.  You can keep the model in this 
state for the coming class period before the class starts.  But you can only run one HubNet 
model at a time, so if you have back to back classes, you will have to close each HubNet 
window you launched between classes and launch a new one, by going back to the 1st 
instruction 1 picking a run from another class period.  

18. Tell students that what they see on the left is the entire ecosystem that the bug can move in. 
What they see in the HubNet– Bug Hunters Competition window is a small view of the 
world around the bug.  This is what the bug can see.  Tell students that they will each get a 
bug to control in a class wide ecosystem in today’s computer activities. 

19. Tell students to watch how the bug moves and what happens to the grass when you press 
GO/PAUSE.  Press GO/PAUSE and let the model run a bit.  Then Press GO/PAUSE again to 
pause the model.  Ask students to explain what they saw happen.  Students should note the 
following observation in italics.  With each observation explain the underlined rules in the 
model that lead to that outcome: 

• The bug appears to move forward on its own.  Tell students that all bugs that added to the 
model will move forward on their own. 

• The green grass under the bug turns lighter (and sometimes all white) as the bug moves 
over it. Tell students that a bit of the grass that the bug moves over will be eaten 
automatically by the bug and the longer the bug travels over a spot a grass the more of it 
that will be eaten (until there is none left – which then appears white). 

• The number next to the bug is increasing.   Tell students that this number represents the 
amount of energy this bug has gained from eating grass.  The larger the number, the more 
grass it has eaten and stored in its body for later use.  When the students enter into the 
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model, they will see their name next to that number as well. 

• Spots of white that used to be green eventually turn back to green.  Tell students that grass 
grows back after a short delay. 

• When the bug reaches the edge of the NetLogo – Bug Hunters Competition window it 
appears on the other side.  (Students may not notice this effect.  If not point it out to them) 
Tell students that this window is like a world map, where east and west edges wrap around 
– but is a bit different in that north and south edges wrap around too.   

20. Now show students how to steer the bug.  Again press GO/PAUSE to resume the model.  Use 
the mouse cursor in the HubNet: Bug Hunters Competition window to click on different 
spots around the bug.  The bug will move toward the spot you clicked on. 

21. Tell students that this is how they will also steer their own bugs in the model when everyone 
in the class joins into the ecosystem.   Remind them that, “Your own bug will automatically 
keep moving forward throughout the game.  It is your job to steer the direction of movement 
so that your bug moves eats the grass they move across.    Clicking on locations you want to 
the bug to head towards does this.  It is your goal in the first few explorations to “drive” your 
bug so that it eats more grass than any other player within about a two-minute time limit.  
Ask if there are any questions.  

 

 

 

22. Now have the students complete the MODEL RULES and the MAKE A PREDICITION 
sections of step 3.2.    While students are doing this, make sure you have passed out a 
small post it note to each of them to transfer data to at the end of this exploration. 

 

23. Have students follow the directions on step 3.3.  As they do so, you will see their names 
pop up on the client list in the HubNet Control Center window. 
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24. Once you have checked the Client List to make sure all students have joined the game.  Press 
the SETUP button again. After you do so, ask students if they all see a bug at the center of 
their screen with their name on it. (If not, make sure students have joined the simulation in 
the CLIENT list.  If they are not in the list, repeat their directions with them on the student 
activity sheet) and then repeat the press SETUP button step again. 

25. When all students have a bug to control, tell them that this steering will begin when you say 
go (press the GO/PAUSE button in the model when you say go). The model will automatically 
stop two minutes. 

26. When the model stops ask the students to do four things: 

(1) Have them complete the step 3.4.  

(2) While students are doing this setup the class Histogram on a piece of butcher paper or on 
a white board so that its x-axis starts at X-MIN and ends at X-MAX and increases by an 
interval of X-INTERVAL.  The width of each interval should be the width of the post it notes 
you gave the students to record their data on.   These values will be displayed in the following 
monitors in the model window: 

 



ModelSim Population Biology 2014v3.0- Center for Connected Learning at Northwestern University Teacher Guide 
 
 

  Lesson 3 11 

(3) Direct students to put their post-it note on the class 
histogram.  Model where the first students post it note would 
go for the class, using the energy level of your bug (you will 
see your [the teacher‘s] bug energy in the HubNet: Bug 
Hunters Competition. An example class histogram of the 
energy of the bugs built from post-it notes is shown here: 

(4) Once all post-its are on the histogram point out to 
students that the shape of the histogram they built matches 
the shape of the histogram in the model.  Use your mouse 
button to hover over the histogram at various points to show 
that the x and y values also match what is shown in the 
histogram built in class.  Point out that though students can't 
read the individual energy values for each bug in the 
histogram in NetLogo, like they can on the post it notes in 
class, they can still tell how many bugs are in each energy 
interval.  

 

 

• Tell students to make a sketch of this graph in Step 3.5  and  complete Step 3.6. 

 

 
 
Directions for teacher:  Exploration #2  
 

1. Have students go to step 3.7.  Have a student read the question out loud for this 
exploration.  Describe to students how the model will change in this last exploration:  Instead 
of student driven bugs, the computer will control all the bugs in the model, steering the 
randomly back and forth as they move forward.  The bugs therefore will be moving blindly 
through the ecosystem.  Tell students, “I wonder how the outcome of this competition will 
compare to the previous one.  Will there be any noticeable differences in the histogram?” 

2. Have students complete their prediction question on this step.  Have student share some of 
their predictions. 

3.  All the students should still be connected to the model.  You should still see their names the 
HubNet Control Center window.  
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4. In the NetLogo – Bug Hunt Competition window make the following changes: 

Setting Value  

INITIAL-AUTOMATED-BUGS 30 

SETUP-CLIENTS-AS-BUGS Off 

PLAYER-VISION 10 

SHOW-LABELS-AS Energy ranges 

ALL-BUGS-LOSE-ENERGY? On 

 

5. Press the SETUP button again.  Tell students that they can either watch the NetLogo – Bug 
Hunt Competition window or the HubNet: Bug Hunt Competition window during the 
simulation.  At the end of the simulation, however, they will need to sketch the shape of the 
graph  

6. Press GO/STOP to run the model.   

7.  When the model stops have students complete 3.8 through 3.10 

 
Summarize:  
 
Remind students that the main question for the unit of study that they are studying is “How do Populations 
Change?” 
 
Ask students what we discovered today that helps us both the lesson question and the unit question.   Have 
students write their ideas down in the DISCOVERIES AND INSIGHTS section of the activity sheet.   
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• Then have students talk with a partner and select one idea they discovered today related to “What 

causes competition between individuals in ecosystems?”  (Step 3.11)  
 
Have students write this idea on a large piece of paper or a large post it note in dark pen/marker.  Have one 
student from each pair of students bring their papers/post-its to the front of the room and stick them up on the 
board.   
 
Also have students bring up any questions they came up with too to post (the last question on step 1.6 
encourages this).  Have students post those questions along the side of the driving question board that they think 
it most related to.   
 
With the papers/post-its displayed for the class to look at together, lead a consensus building discussion.  
Facilitate the movement and reorganization/clustering of the ideas students brought up, under the 4 headings 
listed below.   This consensus building discussion and reorganization of the student descriptions of their 
discoveries will help students condense and summarize the big ideas from the day's lesson.  If an idea that 
students suggest doesn't fit under these 4 areas, don't leave it out.  Rather, emphasize that the idea shared is 
another interesting discovery and that the main ideas that the students are responsible for knowing and reusing in 
future explorations are the ones organized under the 4 areas listed.  Try to write the 4 categories in the student's 
own words, and using their own papers if possible.  You may want to consider posting these big ideas in class, 
having students summarize these ideas now (or later) in their notes.  Either way, try to use the students own 
words and the way the class expresses the ideas listed below, without feeling it is necessary to use this exact 
wording.  Examples of possible student responses they might contribute on their sheet or post it note are shown 
in italics.  Ask students whether they agree or disagree with how the ideas or organized and whether this 
summary helps pull out the main points they discovered.   
 
 
The underlined statement is the suggested category.  The non-bold italics statements are possible student ideas.  
The bold italics statement can serve as another way to summarize what is common amongst the student ideas and 
each underlined category.  
 
 
 

Conclusions & Insights: What Causes Competition Between Individuals In Ecosystems? 

• Limited Resources Necessary for Survival 
o Example student idea: There is limited space for plants to grow in a pond. 
o Example student idea: An area can run out of food. 
o Summarize with this idea: All ecosystems have a limited amount of resources available 

that are needed for survival (food, water, space, air, sunlight, shelter, etc.) 

• Variation in Resource Distribution  
o Example student idea: Some creatures are lucky to find food before others 
o Example student idea: If a seed lands near where there is water it will grow quicker and use up 

more water than one that does not. 
o Example student idea: The soil is different in different parts of an ecosystem, so trees would 

grow better in some parts than others. 
o Summarize with this idea:  Because resources aren’t always equally distributed near 

every individual all the time, sometimes some individuals will be able to get more 
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resources than others.  

• Intentional Competition  
o Example student idea: Humans can try to outcompete others. 
o Example student idea: Some animals may learn and think about how to outwit or beat their 

competition 
o Example student idea: Birds fight other birds who try to take their food away from them 
o Example student idea: Plants growing together in a container might automatically try to choke 

out or over shade neighboring plants when they sense they have competition. 
o Summarize with this idea: Some organisms sometimes make an effort to intentional 

compete.   (Example: instincts, ability to learn and plan, etc.).  

• Unintentional competition 
o Example student idea: There are winners and losers in a population even when the organisms 

aren't intentionally competing for resources. 
o Example student idea: Not every organism is equally successful at getting what they need to 

survive, even when they aren't trying. 
o Example student idea:  Some bugs win, even when they aren’t trying. 
o Summarize with this idea:  Competition emerges, when organisms interact with and 

deplete the same resource pool, even if there is no intentional effort between individuals 
to compete.   

 
Add only these two scientific principles to the driving question board: 
 

• All ecosystems have a limited amount of resources necessary for survival (e.g. water, 
habitat, sunlight, food). 
 

• Competition emerges when individuals consume resources that other individuals need. 
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Once these ideas in the bold have been agreed upon by the class make sure they have been added to the orange 
section of your driving question board.  Add them either in the abbreviated form (e.g. “limited resources 
necessary for survival” or the fuller form of the idea “All ecosystems have a limited amount of resources 
necessary for survival for living things”).  One easy way to do this is to move the butcher paper or poster paper 
that you had been using to keep track of the ideas and tape it under the lesson question for today.  An example of 
this is shown below.  Special thanks to Katahdin Cook Whitt at Dayton STEM School, Dayton OH.   
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Homework: Assign the homework (reading 3.1) for tonight. PDFs of the homework is available on the 
teacher resource page for the unit.  Simply click on the blue link for each activity under the student 
assignments section to download the pdf of the homework. 
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Lesson 4:   How Do Sizes of Populations Change Over Time? (part 1) 
 

Overview: 
Purpose:   
The purpose of this activity is to identify relative amounts of stability and change in population sizes over time, 
and describe these outcomes in terms of immediate and delayed affects between birth rates, death rates, and 
resource availability.  
 
Connection to previous activities:    
Students have experienced what an individual bug experiences in the computer simulation they will use today, 
when they drove a bug around the ecosystem in the previous activity.  In that activity they were introduced to 
some of the modeling assumptions used in the computer model today.  They had observed the unequal 
distribution of resources that emerges locally in the ecosystem when many bugs are interacting with the 
environment.  They have described competition as an emergent outcome that can result either from intentional or 
unintentional interactions of individuals consuming a shared group of resources.   
 
Learning Performances 

• Use mathematical and computational representations from investigations to support explanations of 
factors that do not affect carrying capacity of ecosystems. NGSS HS-LS2-1 

 

Scientific Principles (re)Discovered in this Activity  

• Changes in resources available have a delayed affect on birth rates and death rates.   
• Population sizes tend to move back towards a stable average value (or carrying capacity) in an 

ecosystem after temporary or modest disturbances in the environment. 

 

Description 
Students observe the behavior of a wobbling cereal box and use this to define characteristics of stable 

systems.  Students are shown how to interpret the graphs in NetLogo models that are dynamically updating.  
They use the computer model to explore to determine that changing the initial number of bugs, introducing 
disease, or adding bugs during a run does not affect the stability of the ecosystem.    

Through discussion, the teacher helps build consensus about some of ways that populations sizes 
change in ecosystems – exhibiting minor fluctuations, cyclical fluctuations, while remaining relatively stable 
under certain environmental conditions.  They discuss how counterbalancing forces of deaths and births affect 
the amount of food available per individual in the ecosystem.  

In their homework students interpret NetLogo model run graphs for stability and fluctuation and critique 
modeling assumptions of the NetLogo models.  They analyze data from some real-world predator-prey 
ecosystems to determine the usefulness and validity of the computer model.   
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Lesson Details: 
 

Time 90  minutes 
 
Materials 
 
Per Student 

l 1 computer with Java 7 and Firefox installed. 
l A student WISE account for the class period was already created. 
l One large post-it note 

 
For Teacher 

l An empty cereal box (reuse it for each class or keep one new empty one for every class) 
l A couple handful of coins 
l Tape 
l 3 Large index cards with the following written on them:   

■   Deaths           Food available per Individual Bug             Births       
l 2 pieces of different colored construction paper with the following written on them: 

■ Amount of Competition for resources      Size of Bug Population. 
l Green and red white board makers 

 
l 1 computer with Java 7 and Firefox installed and projector or large display screen for the teacher to 

display the computer model. 
l The driving question board 
l 1 piece of butcher paper or poster paper or space on the wall for students to stick the post it notes on. 

 
Lesson Outline and Timing 
 
 
Launch  

• Review the driving question board and introduce today’s lesson question– (2 min.) 

• Student predictions (step 3.1) – (1 min.) 

• Stability and fluctuation demonstration (cereal box) and class definition (step 3.2) - (7 min) 
 Explore – Exploration 1 

• Sketch a graph prediction for population size change over time (step 3.3)– (2 min.) 

• Teacher runs experiment (also a demo of how to interpret graphs)– ( 3 min). 

• Students complete making sense questions (step 3.6 ) (5 min) 
 Explore – Exploration 2 

• Students design experiment on initial bug population effects, conduct it, record observations, 
and analyze their results (step 3.7 though 3.11) – (10 min). 
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 Explore – Exploration 3  

• Students design experiment on initial bug population effects, conduct it, record observations, 
and analyze their results (step 3.12 though 3.16) – (10 min). 

Summarize 

• Class Index Card Modeling Activity Discussion  – (15 min)   

• Class Consensus Building Discussion  – (15 min.)    

 

 
 
Lesson Enactment Details 
 
Launch:   
 
Remind students of the discoveries they made related to their driving question.  Tell students that they will 
continue using models today explore and discover more ideas to help answer the driving question.  Tell students 
that they are going to be investigating the 3rd  lesson question today and tomorrow, “How Do Sizes of 
Populations Change Over Time?”   
 
Ask students to think of pond or lake as an ecosystem like they did in activity 1.  Ask students if the size of a 
population of fish in the pond would remain the same or would change from day to day?  Week to week?   Year 
to year?  Students will likely say it would change at some point due to deaths and/or births. 
 
Put these two ideas on the board: 

• Reproduction increases the size of a population and  
• deaths decrease it 

 
Remind students that though this is true, that they have some scientific principles that tell them more about 
reproduction and death (at least from starvation).  Review these two scientific principles with the students from 
lesson 2: 

l When food becomes scarce, decreases in populations size are often delayed due to the stored food (fat) 
that organisms can use up 

l when food becomes abundant increases in population size are often delayed, due to gestation time. 
 
Ask students to think back to the last activity and make some predictions regarding the individuals in that 
ecosystem.  Which bugs would be more likely to die and which ones would be more likely to reproduce, those 
with a lot of stored food energy or a little bit of stored food energy?  Students should say those with a lot of 
stored food energy would be more likely to have enough stored food to use as building blocks needed to make 
offspring, while those with very little stored food energy would be more likely to run out of what is left before 
eating again, and would die from starvation.  
 
Remind students that we discovered that in the last activity that some individuals will outcompete others.  In this 
competition this means, that some individuals may reproduce and others won’t, and some individuals will die 
and others won’t, all based on how much food they have consumed.   And since deaths and births don't happen at 
exactly the same instant for each individual, in part due to the amount of stored food energy they have, the 
population size may not be exactly the same from one day to the next. 
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Tell students that since they will be studying an ecosystem model on the computer similar to the one they 
experienced yesterday, but one in which population sizes might constantly be changing, they will need a way to 
describe the changes in populations size. 
 
They may see change back and forth or fluctuation and they may also see stability in the population size. 
 
Put both of these words on the board:   stable/stability  and fluctuate/fluctuation 
 
Tell students that the ideas of stability and fluctuation are something that you want them to think about further.   
 
Show them the empty cereal box.  Ask for a volunteer who can give it a small enough push or tap at the top of 
the box so that the cereal box would wobble back and forth, but not tip over, and return to much the same 
position it started from.   Have a volunteer come up and try (see the picture) 
 
 

 

 

An empty cereal box An empty cereal box, being given a small 
push that isn't enough to push it to a new 

stable state.  When this push is released the 
box will wobble back and forth (fluctuate its 
position), but eventually return to nearly the 
same position it started at (its stable state). 

 
 
Now ask them to describe what they saw happen.  First ask if the saw any fluctuations or “back and forth” 
changes in the position of the box after you tapped it.  Then ask them why the box ended up returning to nearly 
the same position as when it started.  Accept all answers. 
 
Ask students what would happen f you pushed it a little less hard?  Test this with the students and emphasize that 
again the system was stable because it returned to much the same position it started in, even though it fluctuated 
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around that position a bit after being pushed. 
 
Ask if anything different might happen if you pushed it much harder.  Many students will say it will tip over.  
Show them this phenomena, and say, that you pushed the box so hard that it was no longer stable, but if you had 
pushed it only a little bit it would have remained stable even if it fluctuated a bit before returning to a position 
close to its original position.   
 
 Tell students that what is meant by stability.  It is the tendency for a system to fluctuate around an average state 
or to return to its original state if it experiences a disturbance.   Unstable systems however, do not return to their 
original state when they experience a disturbance.  Instead, they settle into a very different state or position. 
 
Now ask students to predict how the stability and the fluctuations would change if you added some coins to the 
box.  Show them this by adding two handful of coins.  Then ask them how we could test and measure whether 
the system shows the same level of stability as before.  Accept all answers.  Students may predict the system is 
less stable and tips over more readily.  Or they may predict it is more stable by returning to its original position 
even with harder pushes.  Ask what might be different about the fluctuations they see when the system is given a 
small push.  Accept all answers (students may predict the fluctuations are greater or smaller.  They might 
predict that they are slower or faster.   Test their predictions a couple of times with a student volunteer and ask 
them what they noticed. 
 
 

  

Add a couple of handful of coins into the box Now when being given the same small push 
as before that Isn't enough to push it to a new 
stable state.  When this push is released the 

box will wobble back and forth (fluctuate its 
position), but eventually return to nearly the 
same position it started at (its stable state). 

 
Remind students of the driving question, “How do populations change?” that today they will be investigating 
how population sizes change over time using a computer model of an ecosystem.  As they do so, they may find it 
useful to record observations about the fluctuations and the stability in the size of the population.   
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• Instruct students to complete step 4.1 and then as you say and write down these two behaviors of a 

stable system on the board: 
 
Stable systems: 

1. May show fluctuations, or slight back and forth changes in the state of the system.   
2. But tend to return to a similar state even after experiencing a minor disturbance.   

 
Explore:  
Tell students that the model they will be using will be very similar to the model they used before.   

• Bugs that are randomly steered by the computer will walk through the ecosystem and consume grass, 
gaining energy when they walk over spots of grass.   

• Grass will grow back after a time.   
 
But tell students that two new types of interactions will occur in the bug population.   

• One is that a bug will die if its energy ever decreases to 0.  
•  Another is that bugs will reproduce when they are old enough (20 ticks of the clock in the simulation) 

and if they have enough energy (10 energy units or more).  When they create offspring, they split the 
energy they have amongst themselves and their offspring.  

 
Tell students that you are going to start the new simulation with 30 bugs and that you will run the model in a 
moment.  
 

• Have students to complete step 4.2 and 4.3 and then wait a few minutes before continuing.  
 

Demonstrating the first model 
result (and how to interpret the 
graph in the model) 

 

 
Model Demonstration Directions For the Teacher 

1. You too will want to log into WISE in teacher mode, but will launch the same model the 
students will be using in later steps. Click on the Teacher Home tab.  You will see a list 
of all the active runs you have started for each class period. For the current class that 
you are teaching.  In the example below, the first row show the Student Activity for this 
Teacher’s Period 1 class 
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2. Look for the Grading & Tools Column to the right.  Under that look for the Grade by Step 
heading and click on the Latest Work link.   

3. The teacher Grading & Feedback page  will come up.  Click on Launch Teacher Page on 
the top right of the page.  
 

 
 

4. The teacher Grading & Feedback page will come up.  Click on Launch Teacher Page on 
the top right of the page.  

 
5. Play a screencast of a sample model run, by clicking on the ScreenCast Videos tab. 

 
1. The teacher Grading & Feedback page will come up.  Click on Launch Teacher Page on 

the top right of the page.  
 

2. Play a screencast of a sample model run, by clicking on the ScreenCast Videos tab.   
 

3. Click on the Bug Hunt Consumers Model ScreenCast menu item.  Press the play button.  
Audio narration is provided 
 

 
 

4.  Press the play button.  Audio narration is provided 
 

 
• Instruct students to complete step 4.4  and then wait a minute before continuing. 
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You may wish to discuss the answers together before having them go on to work on the rest of the activity.  The 
students should say this is stable system, 1) it show fluctuations, or back and forth changes in the state of the 
system, 2) but it maintains nearly constant average population size over time (a steady state) 
 

• Instruct students to complete Steps 4.5 to step 4.10 to run various experiments using this same 
model and record their results.  Leave 30 min. for the final discussion. 

 
Summarize:  
 
With 30 minutes left(out of 90 minutes set aside for this this lesson)  have all students stop the simulations and 
join a class discussion around a index cards at the front of the room.    
 
Ask students why removing grass temporarily or removing most of the bugs temporarily still led the ecosystem 
to return to the same stable state (In other words why did the bug population grow back to previous levels)?    
Students should say that the bugs can still reproduce to return to their previous population levels.  And students 
may say, it just may take a while for the grass growing there to grow back or to get eaten up. 
 
Using index cards for    Deaths           Food available per Individual Bug             Births      draw the following 
interaction  model on the board. 
 
 
              up           immediate affect                                                                 delayed affect 
         Deaths       ------------->        Food available per Individual Bug       --------------->         Births     
                            <-------------                                 < ---------------- 
                            delayed affect                                            immediate affect 

 
Ask students what happens  to the food per individual as the rate of bug death starts to increase.  Raise the index 
card for      Deaths    .  Students should say that the food available per individual bug will go up.  Raise the card 
for    Food available per Individual Bug    Place a 1 in the green arrow. 
 
 
 
              up          immediate affect                          up                                   delayed affect          
         Deaths       ------1----->        Food available per Individual Bug       ------------->         Births     
                            <------------                                 < ---------------- 
                            delayed affect                                            immediate affect 

 
Ask students if this will cause size of the population to change.  Students will say yes.   Ask students if this will 
cause the amount of competition for resources to change in the population.  Students will say yes.   Tell students 
you’d like to visualize this too.   Give one student a large piece of colored paper that says Amount of 
Competition for resources.  Give another student a different pieces of colored paper that says Size of Bug 
Population.  
 
Tell those students to keep to raise their papers above their heads when their amount goes up and bring it down 
to chest level as it goes down and keep it at face level when its in between.  Have them start their papers at face 
level.  Then ask the class, so as the death rate went up, what should we do to each of these papers to reflect that 
change.  Students should say that Amount of Competition for resources should go down and Size of Bug 
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Population should go down.   
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Then ask students to think about what happens a bit later after the population has decreased and more food per 
individual is now available.  How will that affect birth rates and death rates?   Students should say that the births 
will go up and deaths will go down.  Ask them why this might take a while to see an increase in the births, why 
doesn't increased food available immediately increase the births?  Students should say it takes a while to gather 
the food, or it takes a while to turn food into the cells/building blocks needed to grow the baby bugs inside mom.  
Raise the index card for     Births     and lower the one for      Deaths      Put a 2 in both of the red arrows. 
 
 
        down           immediate affect                          up                                    delayed affect         up 
         Deaths       ------1----->        Food available per Individual Bug       ------2------>         Births     
                            <----2-------                                 < ---------------- 
                            delayed affect                                            immediate affect 

 
Then ask the class, how to change the Amount of Competition for resources and Size of Bug Population cards.  
The class should say to raise both of these.    
 
Then ask students how we should change the food available per individual bug now that the size of the 
population has gone up. Students should say that the food available per individual bug will go down. Lower the 
card for    Food available per Individual Bug    
 
 
 
        down           immediate affect                          down                               delayed affect         up 
         Deaths       ------3----->        Food available per Individual Bug       -------2----->         Births     
                            <----2-------                                 < -------3--------- 
                            delayed affect                                            immediate affect 

 
Point out that as population went up this had an immediate affect on the amount of food available.  Add a three 
to both green arrows.  But remind students that it takes a while for organisms to use up their stored food (to 
starve).  Replace the 2 with a 4 in the red arrows 
 
Ask students what eventually happens  to the deaths and births as the food per individual available goes down. 
Students should say that the deaths increase and births decrease.  Move the card for       Deaths   up and the one 
for       Births     down.   
 
 
        up           immediate affect                          down                               delayed affect          down 
         Deaths       ------3----->        Food available per Individual Bug       -------4------>         Births     
                            <----4-------                                 < ------3--------- 
                            delayed affect                                            immediate affect 

 
Then ask the class, how to change the Amount of Competition for resources and Size of Bug Population cards.  
The class should say to lower both of these.    
 
Tell students to notice how this teeter totter (back and forth) affect on births and deaths going up and down in 
response to the food available per individual bug, has a delayed effect on births and deaths.  Ask students to 
explain what type of cycle this leads to in the size of the bug population.  Ask students if they saw evidence of 
this in their graphs.  Students should be able to provide examples of the cyclical fluctuations they saw in some 
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graphs, particularly right after a temporary disturbance. 
 
 Point out to students how deaths and births are counterbalancing forces that change the food per individual 
available  Also point out , that the number of individuals affects this avg. food available per individual.  Which 
factor (births or deaths) is having a greater factor on the ecosystem, depends on the number of individuals 
already alive and the amount of food per individual currently available.  The strength of each counterbalancing 
effect changes as the level of competition for food changes, so that the avg. amount of food per individual 
remains relatively stable.  This in turn leads the number of bugs in the population to remain relatively stable (and 
to return to its carrying capacity) when there are fluctuations in population size. 
 
Ask students if every bug is always equally successful at finding enough food to stay alive at the same time?  To 
reproduce?  If some bugs are more successful than others, and the bug that is most successful at one time might 
not be the same bug most successful at another time, what other features of the graph could be explained by this 
ongoing competition for resources.  Students may say that other minor fluctuations might be due to this.  
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 Summarize:  
 
Remind students that the main question for the lesson  study that they are  studying is “"How do sizes of 
population change over time?"     
 

• Have student’s complete step 4.11 
 
Ask students to talk in groups of 4 for two minutes to create a single piece of paper that summarizes their ideas. 
Have students write this idea on a large piece of paper or a large post it note in dark pen/marker.  Have each 
group post their paper on the board.   
 
With the papers displayed for the class to look at together, lead a consensus building discussion.  Facilitate the 
movement and reorganization/clustering of the ideas students brought up, under the 2 headings listed below.    
 
This consensus building discussion and reorganization of the student descriptions of their discoveries will help 
students condense and summarize the big ideas from the day's lesson.  If an idea that students suggest doesn't fit 
under these areas, don't leave it out.  Rather, emphasize that the idea shared is another interesting discovery and 
that the main ideas that the students are responsible for knowing and reusing in future explorations are the ones 
organized under the 4 areas listed.  Try to write the 4 categories in the student's own words, and using their own 
papers if possible.  You may want to consider posting these big ideas in class, having students summarize these 
ideas now (or later) in their notes.  Either way, try to use the students own words and the way the class expresses 
the ideas listed below, without feeling it is necessary to use this exact wording.  Examples of possible student 
responses they might contribute on their sheet or post it note are shown in italics.  Ask students whether they 
agree or disagree with how the ideas or organized and whether this summary helps pull out the main points they 
discovered.   
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The underlined statement is the suggested category.  The non-bold italics statements are possible student ideas.  
The bold italics statement can serve as another way to summarize what is common amongst the student ideas and 
each underlined category.  
 

Conclusions & Big Ideas:  
As a class:  :  How do the sizes of populations change over time? 
 
Why they fluctuate…. 
 

l Variation in resource distribution  

� Example student idea: Some creatures are lucky to find food before others 
� Example student idea: The amount of resources near each individual isn’t the same. 
� Summarize with this idea:  Because resources aren’t always equally distributed near every 

individual all the time, some individuals will sometimes be able to get more resources than 
others.  

 
l Changing birth rates and death rates à changes population size 

� Example student idea:   When bugs start dying faster, than bugs are born, the population size will 
go down.  

� Example student idea:  Sometimes more bugs are born than other times.  
� Example student idea:  How fast the bugs are dying changes. 
� Summarize with this idea:  Changes in birth and death rates change the size of a population. 
 

Why they remain relatively stable… 
 

l Changes in population size à resources availability (competition),à  changes birth & death rates 
� Example student idea:   When there is a lot of food per individual, the rate of births is higher than 

the rate of deaths.    
� Example student idea:  When there is little food per individual the rate of death is higher than the 

rate of births.   
� Example student idea:   Deaths and births are indirectly affect each other. 
� Example student idea:  Deaths eventually lead to a delayed outcome of more births.  
� Connect these idea to the prior ones:  Changes in resources available have a delayed affect 

on birth rates and death rates.  Changes in these rates push the population size back 
towards a stable value (or average size called the carrying capacity).  Populations tend to 
return to previous carrying capacities after temporary disturbances in the environment. 

 
Add only these three scientific principles to the driving question board: 
 

• Changes in resources available have a delayed affect on birth rates and death rates.   

• Population sizes tend to move back towards a stable average value (or carrying 
capacity) in an ecosystem after temporary or modest disturbances in the environment. 

 

 
Once these ideas in the bold have been agreed upon by the class make sure they have been added to the orange 
section of your driving question board.  Add them either in the abbreviated form (e.g. “limited resources 
necessary for survival” or the fuller form of the idea “All ecosystems have a limited amount of resources 
necessary for survival for living things”).  One easy way to do this is to move the butcher paper or poster paper 
that you had been using to keep track of the ideas and tape it under the lesson question for today.  An example of 
this is shown below: 
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Once these ideas in the bold have been agreed upon by the class make sure they have been added to the question 
board.  Here are example student post-its from 9th grade regular biology classroom from this lesson and the next 
one. (special thanks to the first pilot teacher: Kate Cook in Dayton, OH): 
 

 
 
 
Notice that the big ideas on the green sheet can take a very different syntax and focus than the ones suggested in 
the teacher manual.  This teacher used her own student’s ideas and language to craft summaries of their 
discoveries as they converged on trying to express the scientific principles suggested in the teacher guide 
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Homework: Assign the homework (reading 4.1) for tonight.  PDFs of the homework is available on the 
teacher resource page for the unit.  Simply click on the blue link for each activity under the student assignments 
section to download the pdf of the homework. 
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Lesson 5:   How Do Sizes of Populations Change Over Time? (part 2) 
 

Overview: 
Purpose:   
The purpose of this activity is to describe how a sustained change to the environmental conditions of an 
ecosystem often leads to a different stable state (different carrying capacities). 
 
Connection to previous activities:    
Students have analyzed population level graphs for fluctuation and stability in the computer model.  They have 
described the carrying capacity of a population in an ecosystem as the average population level over time.  And 
they have discussed why changing the amount of a limited resource necessary for one population could have a 
delayed effect on the size of this population.  They used an index card model as a class to account for the 
cyclical pattern of population size changes in terms of delayed effects between the average amount of grass 
available per bug, and death rates and birth rates in the bug population.  
 
Learning Performances 

• Use mathematical and computational representations from investigations to support explanations of 
factors that affect carrying capacity of ecosystems. NGSS HS-LS2-1 

 

Scientific Principles (re)Discovered in this Activity  

• More sustained changes in environmental conditions (e.g. loss of habitat) tend to change the stability of 
ecosystems and often result in new carrying capacities. 

 
 

Description 
In this activity, students make predictions about how different initial conditions affecting amount of 

resources available in the ecosystem will affect the stability of the bug population size.   From their model runs, 
students record observations about fluctuations in population size and stable states (equilibrium levels) for each 
population to test their predictions.   

Through discussion, the teacher helps build consensus  about some of ways that populations sizes 
change in ecosystems – exhibiting minor fluctuations, cyclical fluctuations, while remaining relatively stable 
under certain environmental conditions.  They discuss how sustained environmental changes lead to new stable 
states for the ecosystem.   

In their homework students brainstorm other types of environmental changes and read about the 
sources of evidence scientists use to figure out how the environment changed in the distant past.  They read 
about some of the type of climate changes and biological changes that have occurred on earth over the past 3.5 
billion years.  
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Lesson Details: 
 
Time 90 minutes 
 
Materials 
 
Per Student 

l 1 computer with Java 7 and Firefox installed. 
l A student WISE account for the class period was already created. 
l One large post-it note 
l In-class handout 5.0:  Case Study Update #2 

 
Per Pair of Students 

l 4 or more different colored pencils  
 
For Teacher 

l 1 computer with Java 7 and Firefox installed and projector or large display screen for the teacher to 
display the computer model. 

l The driving question board 
l 1 piece of butcher paper or poster paper or space on the wall for students to stick the post it notes on. 
l An empty cereal box from the last activity (reuse it for each class or keep one new empty one for every 

class) 
l A couple handful of coins from last activity 
l Tape 

 
Lesson Outline and Timing 
 
Launch  

• Introduce today’s lesson question, brainstorming and share responses (step 5.1) – (5 min.) 
 Explore  

• Test different environmental conditions (step 5.1-5.6)– (20 min.) 
Summarize 

• Presentations and Class Consensus Building Discussion  – (35 min.)    
Exploring the Case Study 

• Review graph from Homework 2.1 – Case Study Update #1;  use the graph to make predictions 
about the years between  1972 and 2009 (5-10 min). 

• Work on In-class Handout 5.0 – Case Study Update #2 (20-25 min.)  

 
 
 



ModelSim Population Biology 2014v3.0- Center for Connected Learning at Northwestern University Teacher Guide 
 
 

3 Lesson 5 

Lesson Enactment Details 
 
Launch:   
 
Remind students of the discoveries they made related to their driving question.  Tell students that they will 
continue using models today explore and discover more ideas to help answer the driving question.  Tell students 
that they are going to be investigating the 3rd  lesson question today and tomorrow, “How Do Sizes of 
Populations Change Over Time?”   
 
Ask students to think of pond or lake as an ecosystem like they did in activity 1.  Ask students if the size of a 
population of fish in the pond would remain the same or would change from day to day?  Week to week?   Year 
to year?  Students will likely say it would change at some point due to deaths and/or births. 
 
Put these two ideas onto the driving question board in the green section: 

• Reproduction increases the size of a population 
• Deaths decrease the size of population 

 
Ask students to think back to the last activity and make some predictions regarding the individuals in that 
ecosystem.  Which bugs would be more likely to die and which ones would be more likely to reproduce.   
 
Have students log into WISE and resume work on the Population Biology Unit 

 
• Instruct students to go to step 5.1 and complete the questions on that step. 

 
Have students share their responses.    Remind students that yesterday they discovered that the ecosystem model 
they explored tended to remain stable in spite of encountering different temporary disturbances.  Ask students to 
explain what in the model results provided evidence of that stability? 

 
• Instruct students to complete steps 5.2 through 5.6 and that if they don’t see their model run 

results in the experiment gallery on step 5.6 to go back to step 5.5 and make sure to follow all the 
instructions there again. 

 
Summarize:  
 
With 20 minutes left have all students stop the simulations and join a discussion about how the stability of an 
ecosystem is affected by a sustained environmental change and how the outcomes different than the effects of 
temporary disturbance.  
 
Ask for student volunteers who can show two model results in the gallery step (5.6) that give us evidence for 
helping us answer this question:  “Do different environmental conditions lead to different carrying capacities“. 
Have them present these to class. 
 
Ask for student volunteers who can show a model results in the gallery step (5.6) that led to the collapse of the 
entire bug population, even though there was some grass available.  Have them present these to class.   
 
Ask students for reasons why some little amount of grass may not be enough to sustain any size of bug 
population.  Accept all answers.  One useful way to think about why a bug population can’t survive in such an 
ecosystem is that the rate of energy loss from foraging for food exceeds the average rate of energy intake.  
Simply put, the food is too far and too sparse to make the journey from one food source to another without dying.   
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Ask students to go back to their answers in step 5.1 and to discuss these with a partner next to them, identifying 
one of the changes they agree is a more sustained environmental change than the others.  The one they choose is 
one they think would be affecting the carrying capacity of that ecosystem.    Have different students share their 
example with class and the reasoning behind their choice 
 
Remind students that similar environmental conditions yielded similar stable states, different environmental 
conditions sometimes yielded different stable states, and sometimes made the system unstable (so that the 
population collapsed completely).  These changes environmental conditions were different than the temporary 
disturbances we gave the system before, because they changed the conditions of the entire ecosystem for a 
sustained amount of time. 
 
Show the cereal box again with the coins in the bottom.  Using a big piece of duct tape, tape the coins to the 
bottom of the cereal box.  Now turn the box upside down.  Explain to the students how the coins now at the top 
of the box.  Ask the students what will happen if the box was pushed the same amount as before?  Ask them to 
explain whether this kind of change to the box is this a good model for a temporary disturbance or a more 
sustained environmental change?    Help students to see that this could be a good model for  representing a 
sustained change in the environmental conditions, similar to setting the amount of grassland very low for the 
entire model run.  
 
In such a new environment once some bugs are introduced into the system, or grass is burned down for a bit, or a 
disease wipes out half of the bugs, that would be similar to the push/tilt you gave the box, but instead of 
returning to the same state as before, it may move to a very different state (fall over) due to these new 
environmental conditions.  Changing the box now to sit on its long side might represent another type of 
sustained environmental change, as would be adding more coins or taking away more coins. 
 
Summarize the big ideas from the day's lesson.  The non-bold italics statements are possible student ideas.  The 
bold italics statement can serve as another way to summarize what is common amongst the student ideas and 
each underlined category.  
 

Conclusions & Big Ideas:  
As a class:  :  How do sizes of populations change over time? 

 
Due to amount of habitat  

• Example student idea:   Changing the amount of grassland had a different effect than temporarily 
burning down the grass, because after the burn, the grass could grow back.   

l Example student idea:  The population had a different carrying capacity when we changed the amount 
of grassland each time.  

l Example student idea:   When there was a different amount of grassland there was a different amount 
of fluctuation. 

l Example student idea:  Too little grassland and the bugs all died off. 
l Example student idea:  If there isn't enough grass, no bugs can survive for long. 
l Summarize with these one idea:   

� More sustained changes in environmental conditions that affect the amount of resources 
available in the ecosystem tend to change carrying capacities.  

 
Add only this one scientific principle to the driving question board: 

• More sustained changes in environmental conditions (e.g. loss of habitat) tend to 
change the stability of ecosystems and often result in new carrying capacities. 
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Once these ideas in the bold have been agreed upon by the class make sure they have been added to the question 
board.  Here are example student post-its from 9th grade regular biology classroom from this lesson and the last. 
(special thanks to the first pilot teacher: Kate Cook in Dayton, OH): 
 

 
 
 
Notice that the big ideas on the green sheet can take a very different syntax and focus than the ones suggested in 
the teacher manual.  This teacher used her own student’s ideas and language to craft summaries of their 
discoveries as they converged on trying to express the scientific principles suggested in the teacher guide 
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Exploring the Case Study 
Ask students take out an assignment they completed on a previous night: Homework 2.1 – Case Study Update 
#1.  Discuss the answers they gave on the last page with students.  Ask them to share questions they had written 
down.  Ask students if there are any of those questions that they now think we can answer based on the work 
they’ve done in their investigations. 
 
Ask students to predict what they think the graph will look like between 1972 and 2009.  You may want them to 
make a sketch of their prediction on the last page of Homework 2.1.  Tell students to compare predictions with 
classmates and give reasons for their predictions. 
 
Now pass out the In-class Handout 5.0 – Case Study Update #2.  Tell student that this case study update will 
help them  understand how to annotate graphs, which they will need to do as part of their final assessment for the 
unit.   
 
Have students do page 1 individually and then share out their answers. 
 
Pass out colored pencils to partners and have each person use these to share and label the regions corresponding 
to events A, B, C, D.  Events might be only 1 year long, or many years long, and so the width of the region 
shaded may vary.   
 
When students have completed this have them finish the remainder of the pages. 
 
If time permits have students share their answers to these questions: 

• “What ideas from the computer modeling activities and class discussion are you suing to predict this 
outcome?” 

• “What additional data would like to be able to see form the case study site, to help you better understand 
what is causing the changes in the population sizes of the moose and wolves?” 

 
 

 
 

Homework: Assign Reading 5.2 that can be assigned tonight.  PDFs of the homework is available on the 
teacher resource page for the unit.  Simply click on the blue link for each activity under the student assignments 
section to download the pdf of the homework. 
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Lesson 6:   How Do Populations Affect Each Other in Ecosystems? 
 
Overview:  
 
Purpose:   
To explain how populations indirectly compete against each other, by applying the concepts of stability and 
change in population sizes over time, direct and indirect interactions between individuals, and immediate and 
delayed outcomes in two different ecosystems, each more complex than those modeled previously computer.  
 
Connection to previous activities:    
Students have used a computer model to explore the interactions between consumer and producer populations, 
investigating how temporary disturbances and longer-term environmental change affect both  average population 
size and the fluctuations.  
 

Learning Performances 
• Use mathematical and computational representations from student conducted investigations to support 

explanations of factors that affect carrying capacity of ecosystems.  NGSS HS-LS2-1 

 

Scientific Principles Extended in this Activity  

• Revised an old principle from previous lesson.  The bold has been added:  More sustained changes in 
environmental conditions (e.g. loss of habitat, introduction of predators or invasive species) tend 
to change carrying capacities of ecosystems. 

 
Description 

Students use the computer model to investigate the interactions between producers and consumers and 
predators of the consumers, noting the delayed affects between population peaks in each population.  They 
adjust the attributes of all the individuals in one population to see how such changes in that trait affects the 
carrying capacity and fluctuations of that population.  They also introduce an invasive species, adjusting how 
much it eats, to see how this population affects competition between  it and the native consumer (the bugs)   
They analyze why population fluctuations still exist in both the invasive species and native species for certain 
conditions and why in other conditions one population disappears. 

Through discussion, the teacher helps build consensus about how populations interact with each other, 
revisiting ideas from activity 1.  They discuss how populations affect the stability of each other, revisiting ideas 
from activity 3, and they describe how populations compete against each other, extending ideas from activity 2 
noting that unintentional competition between individuals for the same resources could result in unintentional 
competition between populations.   
In their homework students are introduced to historical examples of where invasive species outcompeted an 
invasive species and where severe environmental change caused native species to die out in a region or when it 
prevented an invasive species from entering a new region.  They brainstorm some possible changes in the traits 
of a population that they think might help it outcompete other populations in an ecosystem.  



ModelSim Population Biology 2014v3.0- Center for Connected Learning at Northwestern University Teacher Guide 
 
 

2  Lesson 6 

 
Lesson Details: 

Time 60 minutes 
 
Materials 
 
Per Student 

l 1 computer with Java 7 and Firefox installed. 
l A student WISE account for the class period was already created. 
l One small post-it note and one large post-it note. 

 
For Teacher 

l 1 computer with Java 7 and Firefox installed and projector or large display screen for the teacher to 
display the computer model. 

l The driving question board 
l 1 piece of butcher paper or poster paper or space on the wall for students to stick the post it notes on. 

 
Lesson Outline and Timing 
 
Launch  

• Review the interaction diagram for bugs and introduce a parallel one for birds.  Discuss 
predicted causes and effects using the interaction diagrams– (10 min.) 

 Explore – Exploration 1 

• Predict, run, record, and analyze data  (step 5.1 to 5.8)– (10 min.) 
 Explore – Exploration 2 

• Predict, run, record, and analyze data  (step 5.9 to step 5.13) (10 min.) 
Explore – Exploration 3 (Optional – if time is short its ok if student’s don’t finish this exploration) 

• Predict, run, record, and analyze data  (step 5.14 to 5.17)  (10 min.) 
Summarize 

• Student complete step 5.18   (3 min.) 

• Class Consensus Building Discussion  – (17 min.)    

 
 
Launch:   
Ask students to think of the ecosystem they studied yesterday and to identify which population was a producer of 
food and which was a consumer of food.  Students should say the grass was a producer and the bugs were 
consumers.   
 
Ask students what some types of predators might be of the bugs.  Ask them to identify other possible consumers 
of the plants.   
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Tell students that they will be investigating how addition of a predator (birds) affect the stability and average 
carrying capacity of the bug population.   Put the interaction model from yesterday on the board again, using 
index cards for       Deaths     ,      Food available per Individual Bug      , and       Births   
 
Label this section of the model, #of BUGS 
                                                                          # of BUGS 

 
                       immediate affect                                                                  delayed affect          down 
         Deaths       ------------>        Food available per Individual Bug       ------------->         Births     
                            <------------                                 < ---------------- 
                            delayed affect                                            immediate affect 

 
 
Tell students that in today's computer model, they will be adding a predator and later they will be adding another 
consumer as an invasive species.  The predator they will be adding will be birds.  Tell students that the birds will 
move about the model the same way as bugs do (at the same speeds and with the same blind and random 
steering).  Tell them that the birds will eat any bugs they land on and get energy from those bugs.  Just like the 
bugs, they will reproduce (and split the energy with their offspring) if they have enough energy from food, and 
they will die if they run out of energy (they lose one energy unit each move just like the bugs did).   
 
On the board, below the first interaction model, put another interaction model, for birds and label it # of BIRDS.  
A different colored background index card is advised here: 
 
                                                                          # of BIRDS 

 
        up           immediate affect                                                                  delayed affect          down 
       Deaths       ------------>        Food available per Individual Bird       ------------->         Births     
                            <------------                                 < ---------------- 
                            delayed affect                                            immediate affect 

 
 
Ask students if the # of Birds will be dependent on the # of bugs?  Will the # of bugs be dependent on the # of 
birds? 
 
Then ask students if there is a relationship specifically between bug births and the food available per individual 
bird.  Students should say yes.  Add a two-direction arrow to show that each of these factors influence each 
other.  Ask and do the same for death of bugs and food available per individual birds.   Then ask if the number of 
birds influences bug deaths.  Students should say yes.  Again add a two-direction arrow between these two 
factors. 
 
Tell students that these set of interactions represented in the diagram alone shows how one change in one factor 
could lead to a variety of other changes, some delayed and some immediate, and some direct and some indirect, 
between the bug and bird populations.   But prediction the outcome of such changes becomes difficult as the 
diagram of interactions become more complex!    Tell students that this is where computer models can help us 
keep track of how these affects add up and cancel each other at different times and under different conditions.  
Tell them that the model on the board however, makes one thing clearer – it helps us with part of the answer to 
today's question, “How do populations compete with one another?”    
 
Ask students if there is competition within the bug population?  Within the bird population?  Based on their 
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experiences from activity 2, students should say that there is some form of unintentional competition occurring 
in both.   
 
Ask students “what does the diagram tells us about whether the competition occurring in one population affects 
another the level of competition in another population?”  Students should say that it suggests there may be some 
sort of interaction related to competition occurring though it may be hard to predict how much or due to what 
specifically.   
 
Have students start the explorations for activity 4. 
 
 
Explore:  
Now tell students to read the directions in each exploration of Activity 4, and complete the Data and 
Observations and Making Sense of Your Data sections for each exploration.  
 
Summarize:  

• Have all students stop the simulations and complete the last step 5.18  
 
Then after about 3 minutes for this, shift to a discussion.   Ask to explain how changes in grass directly affect 
bugs, and how the changes in bugs also affect the amount of grass growing.  Ask them to explain how changes in 
bugs affect the amount of bird growing and vice versa.  Then ask students to explain why changes in grass could 
have indirect affects on the birds. 
 
Point out that some changes, such as birth and deaths, do not occur immediately as food per individual changes, 
so the effects of a change in one population can have delayed and indirect affects on other population.  This 
makes the changes that occur over time and the direction of those changes hard to predict.  
 
But, point out that even in the complex interactions between three populations (grass, bugs, and birds), the 
populations can return to stable values as since when there is a lot of food per individual, the rate of births is 
higher than the rate of deaths.   When there is little food per individual the rate of death is higher than the rate of 
births.   Even between multiple populations these counterbalancing changes contribute to the stability of 
population sizes over time, since changes in population size affect the amount of food per individual which than 
affects the population size.  For example more births leads to less food per individual, which after some delay 
than leads to more deaths, which after some delay leads to more food per individual which leads to more births. 

 
Remind students that ….Cyclic change in population size is commonly found when there are feedback effects in 
a system—as, for example, when a change in any direction gives rise to forces or influences that oppose the 
change  such as  changes in population size affecting the amount of food per individual which than affects the 
population size.   For example, more births leads to less food per individual, which after some delay than leads to 
more deaths, which after some delay leads to more food per individual which leads to more births.” 
 
Remind students that this is what they saw in the model yesterday and in the first ecosystems today, “In stable 
ecosystems, population sizes return to stable states even in the face of some fluctuations and disruptions since as 
long as some of a population remains, the population can rebound (through reproduction) or collapse (due to 
insufficient food per individual) back toward the carrying capacity of the ecosystem.” 
 
Ask students if when they introduced a predator and when they changed the attribute of the predator, and when 
they did the same for an invasive species, if they found evidence that the carrying capacity and fluctuations of 
bug and grass population changed as well.  Students should provide evidence from exploration 2 and 3.  
Summarize this idea from this evidence:  “When new populations with different attributes are introduced to an 
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ecosystem, the interactions in the system may change, and the stability of the system may undergo a radical 
change until the system achieves a new state of equilibrium with very different conditions, or it may fail to 
achieve any type of equilibrium.” 
 
Ask students to recall what they learned about how unintentionally individuals compete against one another from 
the 2nd activity.  In the case of the invasive species, that population was not directly interacting with the bugs.  
Instead it was directly interacting with the grass and with the birds.  Why then, was this population still 
competing against the bugs?   Students should say they both were indirectly competing for the same food source 
and both were indirectly competing for survival from getting eaten by birds.   
 
Ask students for what values for attributes they found in exploration 3 that led to different outcomes in the 
competition between the invasive species and the native bugs?  Which values of the attributes led to co-survival 
of both species?  Which ones led to many cycles of population fluctuation, but eventual collapse of one 
population?  Which ones led to more immediate collapse or eradication of one of the populations?  
 
Have students talk with a partner and select one idea they discovered that they wrote in the last step (step 5.18). 
Then have that students write one (or both) of those ideas on a large piece of paper or a large post it note in dark 
pen/marker.  Have one student from each pair of students bring their papers/post-its to the front of the room and 
stick them up on the board.   
 
With the papers/post-its displayed for the class to look at together, lead a consensus building discussion.  
Facilitate the movement and reorganization/clustering of the ideas students brought up, under the 4 headings 
listed below.   This consensus building discussion and reorganization of the student descriptions of their 
discoveries will help students condense and summarize the big ideas from the day's lesson.  If an idea that 
students suggest doesn't fit under these 4 areas, don't leave it out.  Rather, emphasize that the idea shared is 
another interesting discovery and that the main ideas that the students are responsible for knowing and reusing in 
future explorations are the ones organized under the 4 areas listed.  Try to write the 4 categories in the student's 
own words, and using their own papers if possible.  You may want to consider posting these big ideas in class, 
having students summarize these ideas now (or later) in their notes.  Either way, try to use the students own 
words and the way the class expresses the ideas listed below, without feeling it is necessary to use this exact 
wording.  Example of possible student responses they might contribute on their sheet or post it note are shown in 
italics.  Ask students whether they agree or disagree with how the ideas or organized and whether this summary 
helps pull out the main points they discovered.   
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The underlined statement is the suggested category.  The non-bold italics statements are possible student 
ideas.  The bold italics statement can serve as another way to summarize what is common amongst the 
student ideas and each underlined category.   
 

Conclusions & Insights:    How Do Populations Affect Each Other in Ecosystems? 
 
Interactions between populations - direct and/or indirect outcomes that are immediate or delayed  

l Example student idea:  When one population changes it could affect all the other populations in the 
food chain or food web. 

l Example student idea:  Some effects occur immediately, others take a while. 
l Example student idea:  Changes in the bird population first affect the bug population and this then later 

affects the grass population... and vice versa. 
l Restate this old idea (and extend it):  Some interactions cause an additional chain of interactions 

that travel further (or later) through the ecosystem.  Extension:  Every population affects the size of 
other populations either indirectly or directly, immediately or delayed, through various chains of 
interactions. 
 

Competition between populations - Addition of predators  
l Example student idea:   The addition of birds affected the carrying capacity for bugs 
l Example student idea:  Adding predators affected the amount of fluctuation in the other populations 
l Example student idea:  Birds and grass don't intentionally compete against each other, but because 

individual birds are unintentionally competing against each other for food (bugs), this in affects both the 
bug and grass species. 

l Summarize with this idea:  When new populations with different traits are introduced to an 
ecosystem,  the stability of the system change until the system achieves a very different state 
of equilibrium. 
 

Competition between populations - Introduction of invasive species 
l Example student idea:  Not every organism is equally successful at getting what they need to survive, 

even when they aren't trying. 
l Example student idea:  Adding the invasive species sometimes affected the bugs and other times the 

bug population rebounded to previous levels and the invasive species died out. 
l Example student idea:  Adding bugs with low grassland (from previous activities) sometimes led to the 

bugs dying out, but the grassland returning to previous values. 
l Example student idea:  Sometimes adding a new species causes an existing species to die off. 
l Summarize with this idea:  Competition between individuals in the same population for one 

resource, affects competition between individuals in other populations for that same resource.   
l Summarize with this idea:  When one population outcompetes another, it may lead to immediate 

or eventual disappearance of other populations in the ecosystem.   
 
As you can see there a lots of sub-ideas that will come out of this activity.  Fold all these ideas 
above  into one scientific principle, by modifying an old one from the previous activity (bold 
text below are the additions to the old principle).   
 
Add this one scientific principle to the driving question board: 
 

• More sustained changes in environmental conditions (e.g. loss of habitat, introduction 
of predators or invasive species) tend to change carrying capacities of ecosystems. 
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Here are example student post-its from 9th grade regular biology classroom where the teacher kept track of the 
sub-ideas as well as students contributions (special thanks to the first pilot teacher: Kate Cook in Dayton, OH): 
 

 
Notice that the big ideas on the green sheet can take a very different syntax and focus than the ones suggested in 
the teacher manual.  This teacher used her own student’s ideas and language to craft summaries of their 
discoveries as they converged on trying to express the scientific principles suggested in the teacher guide 
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Homework: Assign the homework (reading 6.1) for tonight. PDFs of the homework is available on the 
teacher resource page for the unit.  Simply click on the blue link for each activity under the student assignments 
section to download the pdf of the homework. 
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Lesson 7:   Can You Design a Population                                                        
That Will Outcompete All Others? 

 
Overview: 

 
Purpose:   
The purpose of this activity is to discover that populations that are designed so that all the individuals have the 
same set of traits and can outcompete other populations in an ecosystem for a while, do not survive over the long 
run in environments when the environmental conditions change and/or where new populations (with new traits) 
are continually introduced into the ecosystem. 
 
Connection to previous activities:    
Students have seen how when new populations with new traits are introduced into ecosystems, the stability of all 
the populations in the ecosystem may change.  And they have considered how minor trait differences between 
two populations can lead to one population outcompeting the other one over time and driving it to extinction.  
 
Learning Performances 

• Design and test the traits for populations within a computer model and analyze the results of the 
competition to determine if a population can be designed to outcompete all others in an ecosystem and 
never go extinct. 

 
Scientific Principles Discovered in this Activity  

• As the environment changes, the fitness (competitive advantage) of the traits in a population 
tends to change.  

 

Description 
Students are introduced to a new participatory computer simulation where each student takes of a 

critter designer.  They design the movement behavior, reproductive behavior, and if their critter is a consumer 
or predator, and they release a critter into an ecosystem in an attempt to outcompete other populations of 
critters that other students release into the ecosystem.  As a class they investigate whether they can create at 
least one species of critter, which outcompetes all other species all the time, even as the environmental 
conditions are changing.  They discover that this is impossible. 

Through discussion, the teacher helps build consensus about how changes in the environmental 
conditions and interactions affected the success of their population, why different trait combinations have 
different competitive advantages (different fitness) for survival, and why no single “design” is optimal all the 
time in a changing environment.  This discovery partially motivates the investigation of the evolution WISE 
project as a future unit of study.  

In their homework students learn about other major environmental changes that have occurred over the 
history of life on Earth.  They describe why environmental changes would change the competitive advantage for 
a set of traits in an ecosystem.  They predict whether variation in individual attributes would increase the 
likelihood or decrease the likelihood of some individuals form their population surviving for various populations.  
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Lesson Details: 
 

Time 45 to 60 minutes   -  If you choose to do the additional Unit Summary of the major ideas discovered in 
learning set 1 shown at the end of the teacher directions add an additional 30 to 60 minutes – giving a total of 90 
to 120 minutes for this lesson.  
 
Materials 
 
Per Student 

l 1 computer per student with HubNet installed. 
l One post-it note 

 
For Teacher 

l 1 computer with NetLogo installed along with a copy of the Critter Designers.nlogo model file to demo 
and host the multiplayer version of the game that all the students will join over the network. 

l 1 computer and projector or large display screen for the teacher to display the computer model. 
l 1 piece of butcher paper or poster paper or space on the wall for students to stick the post it notes on. 

 
Lesson Outline and Timing 
 
Launch  

• Review the interaction diagram for bugs and introduce a parallel one for birds.  Discuss 
predicted causes and effects using the interaction diagrams– (10 min.) 

 Explore – Exploration 1 

• Predict, run, record, and analyze data  (step 5.1 to 5.8)– (10 min.) 
 Explore – Exploration 2 

• Predict, run, record, and analyze data  (step 5.9 to step 5.13) (10 min.) 
Explore – Exploration 3 (Optional – if time is short its ok if student’s don’t finish this exploration) 

• Predict, run, record, and analyze data  (step 5.14 to 5.17)  (10 min.) 
Summarize 

• Student complete step 5.18   (3 min.) 

• Class Consensus Building Discussion  – (17 min.)    
 
 
Instruction:  
 
Launch:   
 
Remind students that they have seen how an invasive species with just a slight difference in traits compared to a 
native species, had a strong advantage in outcompeting the native species.  In such cases, the native species can 
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end up dying off completely or going extinct. 
 
Tell students that they are going to be interacting with a computer model today where their goal will be try to 
design a species that outcompetes all other species or at least never goes extinct.  Ask students what sort of 
attributes they saw in the bugs or birds that they would want to change in the bugs to make them outcompete 
other bugs or birds that outcompete other birds.  Ask them if they can make a brand new population of critters, 
would they have any recommended changes for how fast it should move, what patterns of movement it should 
have, what it should eat, how often it reproduces. 
 
Tell them that they will get to test out their ideas for themselves and that each student will be given an “critter 
design interface” in the next model they use that will allow them to set the rules of behavior (the instincts and 
inherited traits) of every individual in their critters.  And it will allow them to decide when to release a single 
bug into the class ecosystem.  Their critter they design will be able to asexually reproduce and have more 
identical critters.  It is their goal to design a species of critters that survives over time and does not die out in the 
ecosystem.  But everyone's critters will be in the same ecosystem and so will be either directly or indirectly 
competing against each other. 
 
Explore: 
 
Directions for teacher:  Model Introduction & Exploration #1 
These directions explain in detail how to launch run a HubNet based Participatory Simulation from 
WISE.  Remember to have Java 7 downloaded and log into WISE using a 64-bit browser (Safari or 
Firefox).  You will not be able to run Java content in Chrome.    Do the following steps to launch the 
model before class starts. 
 

1. After logging into WISE, click on the Teacher Home tab.  You will see a list of all the active 
runs you have started for each class period. For the current class that you are teaching.  In 
the example below, the first row show the Student Activity for this Teacher’s Period 1 class.   

 

2. Look for the Grading & Tools Column to the right.  Under that look for the Grade by Step 
heading.  Next to that you will click on the link that says All Revisions. 
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3. A new window will pop up like the one shown below. Click on Launch Teacher Page on the top 
right of the page.  

 

 
 

4. The teacher Grading & Feedback page will come up.  Click on Launch Teacher Page on the top 
right of the page.  
 

5. Play a screencast of a sample model run, by clicking on the ScreenCast Videos tab.   
 

 
 

6. Click on the Critter Designers Model ScreenCast menu item.  Press the play button.  Audio 
narration is provided 
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7. Now you will launch the model yourself.  Click on Launch Teacher Guides tab on the top right 

of the page.  
 

 
 

8. Press the Critter Designers Host button to launch the model to demo for the class and that 
they will join in to. 
 

9. You will see a Security Warning dialog box appear.  Click on Run to run the program 

 

10. A Java Web Start file dialog box will now open.  Press the OK button.  
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11. A 2nd Security Warning dialog window will open.  Select the box that says I accept the risk 
and want to run this application, and then click Run to start the supplication. 

 

12. A NetLogo – CritterDesigners Window will now open.  When it does press the Start button on 
the Start HubNet Activity dialog box. 

 

13. A HubNet Control Center window will now open.  Check both the Mirror 2D view on clients 
box and check the Mirror plots on clients (experimental) box too. 
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14. Then Press the LOCAL button to launch a student interface window.   

15. After pressing that LOCAL button, a HubNet: Critter Designers window will appear. 

NetLogo – CritterDesigners Window 

 

HubNet: CritterDesigners window 

 

 

16.  Move the HubNet: CritterDesigners window to one side of the screen and NetLogo – 
CritterDesigners window to the other side (shown below).  You will need to interact with 
both these windows in this demonstration.   

17. Press SETUP in the NetLogo – CritterDesigners window.  Then Press GO/STOP .  In both 
windows, the world will turn from black to patches of green, dark green, and black.  
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The model is now ready to run and demo to the students.  You can keep the model in this 
state for the coming class period before the class starts.  But you can only run one HubNet 
model at a time, so if you have back to back classes, you will have to close each HubNet 
window you launched between classes and launch a new one, by going back to step 1, and 
picking a run from another class period.  

18. Tell students that what they see in the HubNet– CritterDesigners window is a view of the 
world around the ecosystem and a view of the critter they want to design.  Press the Change 
Shape button a few times, pointing out that this button changes what their species will look 
like, but not how it behaves.   

 

19. Point out that the species had not appeared yet, because you have to still press the PLACE 
NEW SPECIES button before those changes take affect. 

20. Tell students that you can change how the critters move by changing the BEHAVIOR-DNA.  By 
default the movement behavior is to have the critter take four steps forward and then turn to 
the left each turn.  Have a student volunteer model this for the class. 

21. Press the Change button in the corner of the BEHAVIOR-DNA.  Tell students to notice the 
letters that are written “FFFFL”.  Say, this means every critter will move forward, forward, 
forward, forward, and then turn left.  Ask for a student volunteer to show this.   Have the 
volunteer take 1 step forward, 1 step forward, 1 step forward, 1 step forward, and then turn 
right.  Now tell the class that this critter will repeat this behavior over and over again.  Ask the 
class to predict the shape of movement for this critter.  Students should say a square.  Have 
the volunteer repeat the movement if necessary 
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22. Ask for a student volunteer for an idea for how to change the letters used (F=Forward, R-
Right, L=Left, *=random).  Type in the new values and have the student walk off the 
simulated movement to demonstrate to the class. 

23. Ask a student volunteer for an idea about how fast the critter should move (fast, slow or 
medium).  If they say fast, increase the SPEED slider, if they say slow then decrease it. 

24. Ask another student volunteer for a suggestion for how quickly the critter should reproduce 
(quickly, slowly, or medium).  If the student says quickly, then decrease the birthing-level 
slider, but tell them this also means the offspring will be born with very little stored energy in 
them.    If the student says slowly, then increase the birthing-level slider, but tell them this 
also means the offspring will be born with lot of stored energy in them.     

25. Tell students that they can also choose to have the critter be a carnivore (it eats other moving 
creatures) or not.  If not, then it eats the grass growing in the ecosystem.   

26. Now have students record their own ideas in step 7.1 and these values that you 
will test as a class together in Step 7.2 

27. Press PLACE NEW SPECIES and watch the behavior of the critters in the ecosystem for a bit. 

28. Tell students that you will have the computer introduce new invasive species randomly and 
will turn that on in a moment.  Pause the model by pressing GO/STOP.  Have students next 
make a prediction on step on step 7.3 now. 

29. Go back to the NetLogo– CritterDesigners window and turn the MINIMUM-RANDOM-
SPECIES SLIDER to 20 and ENVIRONMENTAL-CHANGES? To “Off” 
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30. Resume the model by pressing GO/STOP.  Now keep the model running and tell students that 
the computer will replace any species that goes extinct that it released with a randomly 
generated new species design.  Turn the GRAY-OUT-OTHERS? Switch to “On” and explain to 
students that this can help them focus on only their own species.  Tell them that the other 
switches:  FOLLOW-A-CRITTER? And SHOW-ENERGY? may be useful to use as well. 

 

31. Run the model for about 2 minutes and then pause it pressing GO/STOP.  Have students look 
at the graph and monitors as evidence for whether this species you created is still alive.  In 
the example below, the YOUR CURRENT SPECIES LONGEVITY shows 0 and the YOUR 
CURRENT SPECIES SIZE is also 0, which means the species is extinct now.  But the YOUR 
MAX. SPECIES LONGEVITY shows 125, which means that the species we just tested lasted 
125 time steps.  The SPECIES LONGEVITY LEADER shows who is currently winning the 
competition (in terms of how many time steps they have been around for) 

 

32. Have students complete step 7.5 now.   

33. While students are doing this adjust the MINIMUM-RANDOM-SPECIES SLIDER to 5 and 
ENVIRONMENTAL-CHANGES? To “Off” 

 

34. Have students complete step 7.6 before they join the competition.  Tell them they 
will have about 5  minutes to test various designs, but are limited to 10 different designs at 
maximum they can test.  Tell them that when they press PLACE NEW SPECIES their old 
species will be completely removed. 

35. Have students follow the directions on step 7.6.  As they do so, you will see their names 
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pop up on the client list in the HubNet Control Center window. 

 

36. Once you have checked the Client List to make sure all students have joined the game.  Press 
the SETUP button again. Then press GO/STOP to run the model.  

37. After 5 minutes pause the model by pressing GO/STOP again and have students analyze 
the data in the monitors on the client to answer the question on step 7.7 and step 
7.8. 

38. Tell students that this time only 5 randomly added new species will be introduced by the 
computer, and every time one dies off another new species will be added to replace it. And 
everyone will join the competition at the same time.   Tell students that you will let everyone 
compete for the first 5 minutes and then you will pause the model to discuss what they see 
happening before you then change the model so that the environmental conditions will change 
intermittently and randomly (varying how fast the grass grows and how much grass grows in 
one spot) 

39. Press the SETUP button again. Then press GO/STOP to run the model  

40. After 5 minutes pause the model by pressing GO/STOP again and analyze the data in the 
monitors on the client together.  

 

41. Now tell students that you are going to have the computer randomly change the 
environmental conditions for another 5 minutes.  Turn the environment-changes? Switch to 
“on”.   



ModelSim Population Biology 2014v3.0- Center for Connected Learning at Northwestern University Teacher Guide 
 
 

12 Lesson 7 

 

42. And now resume the model by pressing GO/STOP, or if some students have used up all of 
their 10 species design placements, you can press SETUP first and then GO/STOP to restart 
the model.   

43. After 5 minutes have students analyze the data in the monitors on the client to 
answer the questions on step 7.8 

Summarize:  

Then ask students why are some critters more successful at surviving than others?   Students should mention that 
different variations help some critters survive better than others.  Students may also mention that which 
variations are helpful for survival may change as other organisms enter the ecosystem (for example if there are 
no predators, being a predator may help a species survive, but if there are many predators, being a predator 
may make it harder to survive). 
 
Ask students why some critters that were tested that were successful for a while, didn't remain successful.  
Again, students should say because of changes to the environment (introduction of new species, different 
amounts of grass at different times, variation in local conditions, etc..._).   An optional activity to run the model 
constantly for 24 hours exists as an extension to the last follow-up question.  If this is done, you will likely find 
that no species every survived for more than 1% of the simulation run, even though a species may have survived 
for almost the whole simulation run when it is run for only 5 minutes.   
 
Ask students what would happen, if instead of releasing a critter whose offspring were all the same (identical in 
traits), the offspring of the critter could have random variations in their traits.  Would a diversity of possible trait 
combinations in offspring make it more or less likely that at least one of the critters would survive?  Accept all 
answers at this point. 
 
Have students share their answers with a partner for step 7.9 and then share them with the class. 
 
This consensus building discussion and reorganization of the student descriptions of their discoveries will help 
students condense and summarize the big ideas from the day's lesson.  If an idea that students suggest doesn't fit 
under these areas below, don't leave it out.  Rather, emphasize that the idea shared is another interesting 
discovery and that the main ideas that the students are responsible for knowing and reusing in future explorations 
are the ones organized under the areas listed.    Examples of possible student responses they might contribute on 
their sheet or post it note are shown in italics.  Ask students whether they agree or disagree with how the ideas 
are  organized and whether this summary helps pull out the main points they discovered.   
 
The underlined statement is the suggested category.  The non-bold italics statements are possible student ideas.  
The bold italics statement can serve as another way to summarize what is common amongst the student ideas and 
each underlined category.  
 

Conclusions & Big Ideas:  “Can You Design A Population That Will Outcompete All Others?” 
 
...for a limited amount of time?  

• Example student ideas: Sometimes, if you pick the right combination of traits. 
• Example student idea: Not always, since many trait combinations lead to extinction of that type of critter. 
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• Example student idea:  Its possible but unlikely if there are lots of populations. 
• Summarize with this minor idea and transition to the next one:  Yes, for a limited amount of time 

if the environment isn’t change and the individuals have a the right combination of 
traits….,but…..  

 
….as the environment in the ecosystem changes? 

• Example student idea:  As population sizes change and new species are added, the stability of 
everything might change. 

• Example student idea:  Grass growth changes also changed the stability of all populations in the 
ecosystem.  

• Summarize with this idea:  As the environment changes, the fitness (competitive advantage) of 
the traits in a population tends to change.   

 
...always?   

• Example student idea: If you wait long enough, no critter population survived for ever. 
• Example student idea: Most of the species didn't survive. 
• Summarize with this idea: The fossil record shows that over the billions of years that life has 

been on Earth, most species that once lived have gone extinct.  
 

...If you could keep changing the traits of the individuals in the population?  
• Example student idea:  Maybe, since not all species on Earth have gone extinct 
• Example student idea: Maybe not, since we don't have anyway to explain how traits would change in a 

population. 
• End with this teaser:  There is another ModelSim unit that could help us answer this question! 

 
Add only these two scientific principle to the driving question board: 
 

• As the environment changes, the fitness (competitive advantage) of the traits in a 
population tends to change.   

• The fossil record shows that over the billions of years that life has been on Earth, most 
species that once lived have gone extinct.   

 

Homework: Assign the homework 7.1 – Case Study Update # 3 for tonight and reading 7.2  The PDFs of 
these are available on the teacher resource page for the unit.  Simply click on the blue link for each 
activity under the student assignments section to download the pdf of the homework. 
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Optional Unit Summary or Case Study Summary:   
Use the driving question board to summarize what you have discovered in the unit activities, before assigning 
the final scientific explanation for the case study (next lesson).  It can be useful to brainstorm with students how 
these principles may apply to the case study. Here is a suggested summary outline: 
 

l Changes in size: 
l  

l Are due to: 
l Different types of interactions  

l Indirect vs. direct  
l delayed vs. immediate effects  
l biotic vs. abiotic 
l introduction of new species into the ecosystem 

l limited resources 
l changes in local resource distribution 
l different environmental conditions 
l intentional and unintentional competition for them 

l competition between individuals  
l competition between populations with different traits  

l  takes the form of: 
l fluctuations due to random distribution of resources / events 
l cycles (a repeating pattern of fluctuation) due to counterbalancing changes in birth and 

death rates as resources per individual continually change when population size 
changes 

l apparent stability 
l remaining around an average value (carrying capacity) over time 
l even when experiencing temporary disruptions (to food supply, the environment, 

the population size, etc...) 
l new stable states sometimes as the ecosystem changes 
l extinction sometimes 

 
l changes in traits?  ….to be continued (this is what we you could return to investigate in the WISE unit 

on Evolution at a later point in the year).  If you plan to do that unit, save the driving question board 
from this unit and bring it back out at that point of the year as a review of what students have learned so 
far that can be used for the revised driving question board again.    You will simply change the driving 
question from “How Do Populations Change?”  to “How Do Populations Evolve?” 
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Lesson 8: Is the Island Royale a stable ecosystem  
for the wolf and moose populations? 

 
Overview: 

Purpose:   
The purpose of this activity is to construct a scientific explanation to answer this question:  “Is the Island Royale 
a stable ecosystem for the wolf and moose populations?“ 
 
This explanation can be answered by making many possible (and different) claims, but the explanation will need 
to draw on multiple lines of evidence (from the data packets, from case study updates and homework about the 
wolf and moose populations, and from the data from the model) and it will need to connect in multiple scientific 
principles (from the driving question board).  
 
Target Learning Performances 

l Construct a scientific explanation based on evidence from ecosystems and computer models to answer 
the question:  “Is the Island Royale a stable ecosystem for the wolf and moose populations?” 

l Present and evaluate competing arguments that the complex interactions in an ecosystem (Isle Royale) 
either A) are maintaining relatively consistent numbers and types of organisms in stable conditions or B) 
will result in a new ecosystem (unstable) due to changing environmental conditions.  NGSS HS-LS2-6 
 

Scientific Principles (re) Discovered in this Activity 
• The fossil record shows that over the billions of years that life has been on Earth, most species 

that once lived have since gone extinct.   

 
Description of the Lesson 
The teacher reviews the homework and summarizes a final scientific principle from a class discussion about life 
on earth and the fossil record.  The teacher introduces the structure of a scientific explanation and the goal of the 
summative assessment.   
Then students work in teams to: 

• summarize a list of scientific principles that are relevant to this argument. 

• summarize data relevant to this argument.  
Then students work individually to: 

• annotate the population graph data from the population data for wolves and moose over 60 years. 

• write a scientific explanation synthesizing this analysis. 
Then students present in small groups or the whole class, defend their argument to their peers, and individually 
question and evaluate competing arguments. 
Lastly students work individually to add a rebuttal to these alternate explanations into their scientific 
explanation. 
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Lesson Details: 

Time 90-120 minutes  
 
Materials 
For the teacher 

• The Isle Royale Case Site poster 
 

Per student 
l 1 packet of “In-class Handout 8.0: The Case Study Final Explanation” and extra copies of any of the 

other case study updates  (or introduction) that students might need from missing/absent days they were 
assigned.   All of these resources can be downloaded from the teacher dashboard page in WISE. 

 
Lesson Outline and Timing 
 
Launch  

• Review the case study and introduce the scientific explanation assignment.  (2 min.) 

• Review the parts of a scientific explanation and where students will need to look for this 
information. (8 min.) 

 Explore 

• Assign small groups of students to work part 1 and 2: creating lists of the relevant scientific 
principles and data (30-50 min.)   

 Summarize 

• Provide example of how to annotate the graphs (5 min) 

• Assign students to individually work on annotating the graph (part 3 can be done at home or as 
in class assignment (0 – 25 min).  This is a key part of the summative assessment. 

• Assign students to individually work on constructing their scientific explanation (part 4 can be 
done at home or in class assignment (0-30 min).  This is a key part of the summative 
assessment. 



ModelSim Population Biology 2014v3.0- Center for Connected Learning at Northwestern University Teacher Guide 
 
 

3 Lesson 8 

Present and Critique 

• Break up students into groups or whole class to present and critique selected presentations (part 
5 and 6).  This is a key part of the summative assessment.  Doing this in small groups allows all 
students to present.  Doing this as a whole class allows all students to build off each other’s 
arguments and critiques.  The later is recommended, but often time prohibitive.  (35-50 min) 

• Introduce the rebuttal piece of the scientific explanation - part 7.  (5-10 min)   
• Assign part 7 for student’s to complete individually.  This is a key part of the summative 

assessment. 
 
 
Launch 
 
Tell students that today they will prepare to write a scientific 
explanation that answers the question:       “Is the Island Royale a 
stable ecosystem for the wolf and moose populations?”  Add this 
question in large print to top of the Isle Royale Case Site poster.  
Add the graph of the wolf and moose population sizes to the poster 
too over the past 50 years. 
 

 

Is the Island Royale a stable ecosystem 
for the wolf and moose populations? 

 
 
Tell students that this is the final assessment for this unit of study.  Remind students that a scientific explanation 
should include the following:  (Later you will introduce another section, called “Rebuttal”) 
 

Claim:  
• A single sentence that answers the question and specifically refers to the case, phenomena, details in 

the question. 
 
Evidence  

• Necessary and sufficient data to support the claim 
• Possible sources for Evidence include: 

o Data from the computer modeling activities  
o Data from the graph above 
o Data from the the data/packets and case update you read 

 
Reasoning  

• Scientific principles and/or models you discovered in class that are: 
o Connected to the claim (i.e. s how are they relevant to this case) 
o Connected to one another (i.e. how one scientific principle is related to another one) 
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• What the data means (i.e. how does the data support your claim). 
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Explore 
• Hand out a copy of the Case Study Population Biology Final Explanation assignment packet to each 

student.   
 

• Read through the first page of the packet with the students together.   Tell students that this packet is 
designed to help them get ready to complete their summative performance expecations for the unit.  It is 
designed to help them show what they know and can do, by explaining a case study with quite a bit of 
complexity to it, but which can be explained using scientific principles they discovered.  Tell students 
they will: 

o prepare to write a scientific explanation that answers the question: “Is Isle Royale a stable 
ecosystem for the wolf and moose populations?” (parts 1-3) 

o they will then write the explanation (part 4) 
o they will then present and defend the explanation (part 5) 
o they will critique the alternate explanations they hear (par 6) 
o they will then revise and extend their explanation and submit their work (part 7) 

 
• Tell students that each step is outlined in their packet.   Read through part 1 and 2 of the packet with 

students.   
 

• Remind students that the scientific principles that are relevant are on the driving question board, but that 
they may decide that some, rather than all of these are more relevant than others.   Remind students that 
the data from Isle Royale is not only on this graph, but also in all the data packets they have gotten over 
the unit.  And data can be in the form of tables, graphs, journal, photographs, maps, etc… anything that 
refers to an observed outcome or effect.  Also remind students that data from other homework can be 
used as well (examples from other real world ecosystems).  Remind students that the experimental 
results from the model runs are also data that they can use in their argument.   

 
• Give students a general sense of how many pieces/facets of data from this data source they need to 

include.   Give students a general sense of how many scientific principles are needed from each lesson as 
well (For example: Is one principle related to competition and one related to interactions enough?  or are 
you looking for multiple principles from multiple lessons?). 

 
• Put students into small groups to work together to organize their notes for part 1 and 2. 

 
Summarize:  
 

• Briefly show examples of what students should be doing in part 3.  These examples are included in this 
teacher manual.  Don’t zoom in enough show the details of the annotations, as the goal of showing these 
is to simply give students a sense of all the different ways in which they might chose to try to annotate 
and explain the trends and patterns in the graphs.   Assign students to complete part 3. 

 
• Read through part 4 and refer back to what is needed in a scientific explanation again on page 1 of their 

packets.  Give students a general sense of how many pieces/facets of data they need to include in the 
explanation and how specific they need to be (For example:  Do you want them to say something general 
related to a trend in the data such as “the population showed little fluctuation in the first decade data was 
recorded”, or do you prefer they reference specific numbers/values/observations in the data such as “the 
population varied from 20 to 28 wolves in the 1960’s”).   Assign students to complete part 4. 
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Present and Critique:  
 

• Once all students have completed part 3 and 4, tell students they will now share and critique each other’s 
explanations.  Read through parts 5 through 7.   

 
• Determine how many students have differing claims: 

(a) the ecosystem is stable for both populations 
(b) the ecosystem is not stable for either population 
(c) the ecosystem is stable for the moose population, but not wolves. 

            (d) the stability of the ecosystem for these populations depends on the time scale you consider.    
 

• If there are enough students with differing claims, break up students into groups that have students with 
different claims.  If there are not, keep the class together for whole class presentations.  Each student 
must be able to hear two explanations and related arguments presented that are different than their own 
claim.  This means that at least, a class would need to hear 4 total presentations. 
 

• Once students have completed these presentations and critiques, assign the students part 7 of the packet.  
Tell students that they should revise their explanation and add to it to include a rebuttal to the counter-
claims they heard.  Go through what that includes from their packet.   

 

Claim:  
• A single sentence that answers the question and specifically refers to the case, phenomena, details in 

the question. 
 
Evidence  

• Necessary and sufficient data to support the claim 
• Possible sources for Evidence include: 

o Data from the computer modeling activities  
o Data from the graph above 
o Data from the data/packets and case update articles you read 

 
Reasoning  

• Scientific principles and/or models you discovered in class that are: 
o Connected to the claim (i.e. s how are they relevant to this case) 
o Connected to one another (i.e. how one scientific principle is related to another one) 

• What the data means (i.e. how does the data support your claim and not another) 
 
Rebuttal  

• A summary why alternate claims are not valid.  
o Introduce the alternate claim(s) and related argument(s).  
o Discuss ways the data might have been misinterpreted for the counter argument(s) 
o Discuss ways the scientific principles might have been misapplied for the counter argument(s). 

 

• Collect these 3 artifacts together to assess student performance toward meeting the two culminating 
performance expectations for this unit: 

o The revised scientific explanation with the rebuttal included 
o The annotated graphs 
o The last page of the student activity packet (a record of the critique of other explanations) 
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Student A – Annotated Population Graph  

 
 



ModelSim Population Biology 2014v3.0- Center for Connected Learning at Northwestern University Teacher Guide 
 
 

8 Lesson 8 

 
Student 2 – Annotated Population Graph  
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Student 3 – Annotated Population Graph Continued 
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Student 4 – Annotated Population Graph  
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Student A – Example Scientific Explanation. 
 
On Isle Royale, the moose population is stable, but the wolf population is not. In order for a population to be considered 
stable, two things have to be true. First, the population has to have fluctuation in population. Second, the population will 
return to carrying capacity after fluctuation from a minor disturbance. 
 
During 1963-1972, Isle Royale has a series of mild winters. This leads to longer growing seasons, providing more 
vegetation for the moose to eat. This makes it easier for the moose to find food, making the population slowly rise up. At 
this time, the wolf population on the island begins to fluctuate. During this period of time, the wolves actually drop below 
their carrying capacity, and don’t return to carrying capacity. With this being said, the wolf population is not stable. In our 
activities we did, all of the populations of bugs returned to carrying capacity after a minor disturbance. On Isle Royale, the 
wolf population does not do this. In reading 6.1, it states that high peak cycles occur when one population depends on 
another single population for a food source. On Isle Royale, the wolf population only has one source of food, the moose. 
The high peak cycles are supposed to be regular with equal wave length. In the wolf population on Isle Royale, the wolf 
population experiences sporadic highs and lows with no real rhythm. This means that the wolf population is not stable. 
 
Between 1974 and 1981, Isle Royale experiences nine harsh winters in a row. Because of this, it leads to shorter growing 
seasons for the vegetation on the island. This means that the moose don’t have as much food as they normally would. The 
shorter growing seasons don’t provide as much food for the moose. After 1981, you see the moose population begins to 
return to their carrying capacity. After a minor disturbance, the fluctuation in carrying capacity returns to stability. This is 
one reason why the moose population is stable. In our activities, we used bugs as our model population. I introduced a 
minor disturbance, a fire. At first, the population went down. After a short while, the model population returned to carrying 
capacity. In conclusion, the moose population is stable by reasoning.  
 
In 1989, the wolf population experiences genetic mutations because of inbreeding. This leads the wolf population to have 
bad legs. Because of this, the wolves can’t run as fast or as well as they use to. This causes the moose population to rise. 
During this time, the wolf population is very low below its carrying capacity. In our activities, the bug population returned 
to carrying capacity after a fire which eliminated a lot of food.  In the wolf population on Isle Royale, they do not return to 
carrying capacity, after this disturbance. This means that the wolf population is not stable. 
 
Some might say that both populations are not stable on Isle Royale, but the evidence proves otherwise. First, the moose 
population returns to carrying capacity many times after a temporary disturbance. As I stated before, the wolf population 
never reach carrying capacity again after a minor disturbance. Even after a series of harsh winters, the moose population 
goes back to its carrying capacity. This being said, it’s proven that the moose population is stable, but the wolf population is 
not. 
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Student B – Example Scientific Explanation. 
 

A. Through	  the	  data	  that	  has	  been	  collected	  for	  Isle	  Royale	  from	  1959	  to	  2009,	  I	  have	  determined	  that	  Isle	  Royale	  is	  
a	  stable	  environment.	  But	  how	  would	  we	  classify	  something	  as	  stable?	  For	  us,	  a	  stable	  environment	  is	  an	  
environment	  that	  has	  a	  carrying	  capacity,	  the	  environment	  fluctuates	  due	  to	  minor	  disturbances,	  but	  it	  always	  
returns	  to	  its	  carrying	  capacity.	  	  

 
B. In	  1997	  shown	  on	  the	  graph,	  the	  wolf	  population	  increases	  continually	  for	  two	  years	  from	  a	  population	  of	  13-‐154	  

wolves	  all	  the	  way	  up	  to	  29-‐30	  wolves.	  This	  increase	  was	  due	  to	  the	  fact	  that	  in	  1997,	  a	  Canadian	  wolf,	  known	  as	  
wolf	  no.93,	  walked	  across	  the	  frozen	  lake	  that	  surrounded	  Royale,	  and	  began	  to	  live	  there.	  Recently	  there	  had	  
been	  genetic	  diseases	  among	  the	  wolves	  due	  to	  inbreeding,	  but	  introduction	  of	  the	  new	  wolf	  brought	  new	  genes,	  
which	  in	  a	  under	  a	  year,	  showed	  improvement	  in	  the	  wolf	  population.	  Even	  though	  the	  wolves	  had	  a	  disease,	  the	  
new	  wolf	  helped	  bring	  the	  population	  closer	  back	  to	  the	  carrying	  capacity,	  better	  proving	  stability.	  Something	  
similar	  has	  been	  shown	  in	  our	  Hubnet	  Model,	  where	  the	  disturbances	  on	  the	  bugs	  effected	  the	  population,	  but	  
they	  still	  eventually	  returned	  back	  to	  their	  carrying	  capacity.	  

 
C. Between	  the	  years	  of	  1963	  to	  1972,	  the	  moose	  population	  increased	  from	  620	  to	  1243.	  Then	  the	  next	  nine	  years	  

the	  moose	  population	  decreased	  from	  1243	  to	  nearly	  750.	  These	  events	  happened	  like	  this:	  Through	  1963	  to	  
1972,	  there	  were	  mild	  winters,	  which	  increased	  vegetation,	  giving	  the	  moose	  more	  food.	  The	  next	  nine	  years	  
experienced	  harsh	  winters	  each	  year,	  shortening	  the	  growing	  seasons	  for	  food.	  The	  first	  event	  made	  the	  moose	  
population	  fluctuate	  away	  from	  the	  carrying	  capacity,	  but	  the	  second	  event	  actually	  helped	  the	  population	  by	  
bring	  it	  back	  down	  nearly	  to	  its	  carrying	  capacity.	  This	  situation	  was	  also	  shown	  in	  the	  Hubnet	  Model	  when	  my	  
group	  member	  and	  I	  did	  an	  experiment	  in	  which	  we	  introduced	  a	  fire	  at	  the	  beginning	  of	  the	  experiment,	  which	  
removed	  nearly	  all	  vegetation	  in	  the	  area.	  The	  bugs	  required	  the	  vegetation	  for	  food,	  so	  it	  would	  be	  expected	  for	  
them	  to	  die	  off	  or	  nearly	  go	  extinct.	  However,	  the	  fire	  actually	  helped	  in	  a	  way,	  because	  the	  bugs	  went	  to	  carrying	  
capacity	  afterwards	  instead	  of	  dying	  off.	  

 
D. Between	  2001	  and	  2007	  the	  moose	  population	  decreased	  from	  about	  1100	  to	  roughly	  350.	  Then	  the	  remaining	  

years	  show	  that	  they	  appear	  to	  begin	  to	  stabilize.	  This	  situation	  is	  the	  result	  of	  six	  years	  of	  harsh	  winters,	  which	  
reduce	  the	  amount	  of	  food	  available	  to	  the	  moose,	  thus	  reducing	  there	  population.	  These	  six	  years	  were	  2001	  to	  
2007.	  The	  remaining	  years	  contained	  no	  disturbances,	  so	  the	  moose	  population	  slowly	  began	  to	  stabilize.	  This	  
helps	  show	  that	  disturbances	  (minor)	  in	  population	  cause	  fluctuations	  in	  populations,	  but	  the	  populations	  return	  
back	  to	  carrying	  capacity.	  The	  whole	  of	  the	  Hubnet	  Model	  additionally	  helps	  prove	  this	  through	  the	  experiments	  
that	  we	  did	  in	  class.	  We	  used	  different	  kinds	  of	  disturbances,	  but	  each	  time	  the	  population	  of	  the	  bugs	  would	  
return	  to	  their	  carrying	  capacity.	  

	  
E. Now,	  some	  might	  say	  that	  my	  theory	  is	  wrong.	  They	  might	  say	  that	  Isle	  Royale	  isn’t	  stable,	  due	  to	  the	  fact	  there	  

are	  so	  many	  disturbances	  in	  both	  species,	  causing	  their	  populations	  to	  be	  erratic.	  They	  are	  correct	  in	  the	  sense	  
that	  there	  many	  disturbances,	  but	  they	  are	  minor	  disturbances.	  Each	  disturbance	  only	  affects	  the	  specie(s)	  for	  a	  
limited	  amount	  of	  time,	  not	  long	  enough	  to	  be	  considered	  a	  long	  term	  disruption.	  After	  the	  disturbances,	  the	  
species’	  populations	  return	  or	  begin	  to	  return	  their	  carrying	  capacity,	  which	  only	  proves	  that	  Isle	  Royale	  IS	  A	  
STABLE	  ENVIRONMENT!	  
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Student C – Example Scientific Explanation. 
 
 Isle Royale is stable, concerning the populations of moose and wolves because the populations fluctuate due to 
minor disturbances, can return to a carrying capacity after minor disbranches and experience a new carrying capacity after a 
major disturbance. These are the definition of stability. 
 When a minor disturbance occurs, stable populations fluctuate. The populations of wolf and moose fluctuate in 
many instances. One example of a fluctuation occurred during the years 1972-1981 a series of harsh winters occurred. At 
the beginning of this minor disturbance (1972) the moose population was approximately 1100 individuals and the wolf 
population was 22 individuals. Moose population decreased due to food being killed by the cold. Wolves increased due to 
an abundance of unhealthy moose, which the wolves had an easier time hunting. The reason that the wolf population did not 
plummet was because that there were still enough moose to support all of the wolves.by the end of these harsh winters, the 
moose population had dropped to approximately 750 individuals. One year before the end of the harsh winters a disease 
called canine parvovirus was introduced into the ecosystem killing many wolves, although the year before the wolf 
population had increased to 49 individuals. These changes in population are minor fluctuations due to a minor disturbance 
(excluding the canine parvovirus incidence at this time, will address later). As in our NetLogo models when a very stable 
population was affected by a minor population the populations fluctuated. Therefore, when minor disturbances occur the 
population have the ability to fluctuate. 
 When minor disturbances and fluctuations occur, stable populations are able to return to a set carrying capacity. An 
example of when the populations returned to carrying capacity occurred in 1959-1972, there were no disruptions. The 
carrying capacity of the moose seemed to be at about 1100 individuals after the minor disturbance of harsh winters in ’72-
’81. The population increased from the 750 low back to a 1100 in only 7 years with no disturbances. This quick return to 
carrying capacities show that moose population is stable. The exact opposite occurred with the wolf population. Before 
1972, it had a carrying capacity of 21 which increased to 49 during ’72-’81. After ’81 the population lowered again to 16 
and fluctuated around the population of 21. That means the wolves are returning to carrying capacity. This data supports 
that there were fluctuations during a minor disturbance and after the disturbance the populations returned to approximately 
what their numbers were before the disturbance quickly. As in our NetLogo models when we introduced a minor 
disturbance the populations returned to their carrying capacities. Therefore, when fluctuations occur the populations tend to 
return to carrying capacity. 
 When a major disruptions occur, the population is temporarily unstable but sets itself to a new carrying capacity. 
An example of this occurred once in moose and once in wolves. For wolves it occurred in 1980 with the introduction of the 
canine parvovirus. Before the virus, the wolves had a carrying capacity of approximately 43. After the two years in which 
the virus was extremely active, the population dropped from a maximum 49, minimum 35 to a maximum 23, minimum 15. 
They fluctuated around 19 for the next few years stabilizing to a new carrying capacity. The instance for the moose occurred 
in 1996 with an extremely harsh winter. Before the harsh winter the moose population had been increasing to a carrying 
capacity of 2500 individuals. After this single year of harsh cold. The population dropped to approximately 900. In the 
following years the population began fluctuation to a new carrying capacity of approximately 500. This occurred because 
when the environment changes, as in our NetLogo models carrying capacity is affected. Also according to the Introduction 
to Class Case Study packet. Moose populations suffer in harsh winters due to lack of food. Therefore, when a major 
disturbance occurs, the population arrive at a new carrying capacity. 
 Others might say that the ecosystem is not stable because the fluctuations are so large that is does not meet the 
requirements to be stable. This is not true because each of those fluctuations has a definite cause and they return to a 
carrying capacity afterwards, therefore, the population meets the definition of stability. Some of the causes included a 
genetic disease but the wolves are still able to sustain the population, so it did not affect the stability of the population. 
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Student D 
 
 Isle Royale is a stable ecosystem for the wolf and moose ecosystem. This is because a stable ecosystem is defined 
as a population which can fluctuate but tends to return to a similar place, the carrying capacity of the ecosystem for that 
given creature. It is also important to note that short term disturbances are able to make the population fluctuate more, and 
long term disturbances are able to change the carrying capacity of the environment. Either of these can occur while still 
having an environment be stable as long as the populations eventually return to the carrying capacity from before the event. 
Isle Royale shows through this that it is a stable ecosystem because it has a carrying capacity which the moose and wolf 
populations tend to return to when they are not effected by disturbances, because the populations, when faced with a short 
term disturbance, will tend to fluctuate and start to return to their original carrying capacity, and because the populations, 
when faced with a long term disturbance, will tend to fluctuate and return to a new carrying capacity, but eventually lose the 
effects of the long term event and return to the original carrying capacity. 
 The first point that makes Isle Royale a stable ecosystem that the wolf population and the moose population have 
carrying capacities. For much of the time period viewed during this case study, various short term or long term effects 
affecting either one population or another make it hard for a carrying capacity to be declared. If an event is having an 
immediate (or long term) effect on one population or another, that population will not be representative of the carrying 
capacity. Due to this, there are only two sections of time that can be viewed in the case study to figure out the carrying 
capacity. The first is at the very beginning, from the years 1959 to around 1964. The other is the section at the very end, 
around 2003 through 2009. In both situations, the populations are not being influenced by any event. From 1959 to 1964, 
the wolf population varied, going from twenty to around twenty-two, then up to twenty-three, followed by a drop back 
down to twenty. As for the moose, they increase very slightly over time, but the population stays around five hundred. From 
2003 through 2009, the wolf population the wolf population started out increasing drastically, from around twenty-two 
earlier to around thirty. It holds that sized population for three years, and then dropped just as drastically to around twenty-
three wolves. In the following years, the population increased to about twenty-four wolves and then dropped again to 
twenty. The moose population showed the inverse. They saw a drastic decrease from 2006 to 2007, the lowest point being 
around three hundred moose. They then saw an increase in 2008 to around six hundred and then a following drop back to 
around five hundred the next year. Although these changes in population may seem arbitrary, they fluctuate back and forth 
around a certain size, the carrying capacity. Within the models that we did for class, we saw a similar trend. For example, 
when we first were testing the model, we had only two elements, the grass and the bugs. We found that when the bugs were 
allowed to start eating the grass, the population would increase immediately as it ate all the grass and then decrease again as 
the population found that there wasn’t any more grass to eat. In did these repeatedly, fluctuating back and forth with the 
amount of grass that was available. They would not stop and level out at a specific point, but would instead fluctuate above 
and below a general population, each fluctuation getting steadily smaller and closer until it had minimal fluctuation, which 
was the point where it reached a carrying capacity. Even in cases where the fluctuations aren’t shrinking at a regular rate, 
we found through our models and readings that the carrying capacity could be decided by examining the average of the 
fluctuations. Therefore, considering the population at both points in the case study, the carrying capacity for the wolves 
seems to be around twenty-two wolves, and the carrying capacity for the moose appears to be around five hundred moose. 
These populations are the points at which the population would want to return after events that change its population. 
 The second point that makes Isle Royale a stable environment is that the population will tend to try to return to its 
normal carrying capacity after short term events occur. This can be seen at several points throughout the case study. These 
includes times such as during 1980 to 1984 and 1996 to 2010. During 1980 to 1982, a disease called canine parvovirus 
struck the wolf population. This led to a drastic decrease in wolves from nearly fifty wolves down to around thirteen within 
the two year period. In the following two year period, from 1982 to 1984, there was an increase in wolves to about twenty-
three wolves, back towards the carrying capacity. The wolf population then started to go down, but was affected by another 
event before it could fully fluctuate back to the original carrying capacity. In 1996, there was a particularly harsh winter and 
a major outbreak in winter ticks which led to the moose population dropping from around two thousand four hundred (it 
will be explained later why the moose population was so large at the time) to around one thousand. The moose then began 
to grow again, reaching nearly one thousand two hundred, and then it dropped back down to around three hundred over a 
period of years. It continued to fluctuate like this at even smaller intervals around the earlier established carrying capacity, 
around five hundred moose. The wolves, starting in 1997, faced a sudden drop in numbers from around twenty-five to 
around fifteen. This corresponds with the moose drop, suggesting it was due to the lack of prey. The wolves then saw a rise, 
peaking at around twenty-nine in 2000 before dropping due to another event from 2000 to 2004. This drop takes the wolf 
population down to eighteen individuals at its lowest point. After the event, the population responds by growing again, 
reaching about thirty members before dropping again down towards twenty in 2007. It continued after that point to grow 
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and shrink around twenty-two members. Both of these cases acted like the models that were considered stable models in 
class. In the models in class, an ecosystem would be constructed, usually only just containing bugs and grass. After the 
population became somewhat stable, a short term event would be introduced to the ecosystem. When the event, such as 
adding more bugs, occurred in the models, the population would increase from the original carrying capacity of around two 
hundred seventy to about three hundred seventy. This initial increase would lead to a responding decrease, and then the 
decrease would lead to an increase. This would continue on until it reached back to the carrying capacity it first had. From 
this, the class came to the conclusion that a stable environment will have the population eventually return back to the 
carrying capacity after a short term event leads to its change. Since the populations in Isle Royale did this, eventually 
returning to the original carrying capacity, it can be said that it is in fact stable. 
 The third point that makes Isle Royale a stable environment is that when the populations are faced with a long term 
event, they may have their carrying capacity temporarily changed, but the carrying capacity eventually returns to its original 
size before the event. This happens several times over the course of the case study, but there are two main times in which 
the population’s changes due to it are fairly obvious and unaffected by other events. The first period is from 1964 to 1972. 
The second is from 1984 to 1999. From 1964 to 1972, there were a series of relatively mild winters. This meant that the 
moose population began to increase because there was more vegetation available and they had more access to water for 
longer. The moose are much safer from wolves when they are in water than anywhere else. Over this period, the moose rose 
from around five hundred to about one thousand two hundred. The larger amount of vegetation growth and safety from the 
wolves temporarily raised the carrying capacity, allowing the population to rise without having a counter fluctuation back 
down. As for the wolves, without as much opportunity to hunt, their numbers went down from around twenty-eight in 1965 
to its lowest at around sixteen in 1969. Later, from around 1972 to 1980, there was a series of particularly harsh winters. 
The conditions inverted. The moose began to see a steady decline from around one thousand three hundred in 1980 to 
around seven hundred fifty in 1980. The wolves saw an increase in members, increasing from its lowest in 1969 to nearly 
fifty by 1980. If the rate of decline had continued, the moose would have soon reached their original carrying capacity, but 
the next long term event struck at that time. In the other period, from 1984 to 1999, the readings said that the wolves began 
to have a drastic increase in offspring with malformations due to inbreeding. This led to the wolf population decreasing 
drastically for a period of time and the moose population increasing drastically, since the wolves had a much harder time 
hunting and surviving. The wolves, starting with around twenty-three individuals in 1984, dropped down to around twelve. 
They stayed like this for around five years, with the exception of one blip in 1990. Meanwhile, the moose population 
skyrocketed, increasing from around one thousand in 1984 to two thousand four hundred in 1996. The wolves, even with 
malformations, began to grow due to the sheer numbers of moose. From 1994 to 1997, they increased from around twelve to 
twenty-three. After that point, the moose population decreased due to the harsh winter and outbreak of winter ticks. The 
wolves reacted to this, but not before the introduction of an important element. In 1997, a new lone alpha wolf crossed the 
frozen water to Isle Royale. This single wolf soon was breeding with the wolves on the island. Since he was not native to 
the area, he did not have the genetic mutations that had become prevalent on the island. When the wolves decreased in 
response to the moose, and then they increased again, the new genetics was able to deal with the issue arising from the 
increase in abnormalities. The wolf population could increase correctly again, and this is seen from 1998 to 2000 when the 
population increased from thirteen to thirty. From there, the results were like what was discussed in the short term event 
section, where both the wolf population and the moose population eventually returned to the earlier carrying capacity. In our 
lessons, the condition with the wolves could most closely be associated with the model in which invasive species were 
introduced into an environment. The environment would start out at a stable point with bugs and grass. An invasive species 
would be added in with a different trait. The two species would then compete, and whichever species had the traits that 
benefited the most would eventually lower the other population to a point of extinction. This would then become a new, 
stable state. In this case, it is not competition between different species, but between different characteristics in a species. 
The wolves without malformations that descended from the new wolf were able to survive better than those that did, leading 
to them populating the environment. The new stable state was not in fact a new state, but the old state being returned to once 
the genetic mutation was removed that kept it set lower. The populations would return to their former carrying capacities 
after the event was dealt with, so the ecosystem was still stable. 
 Someone may argue that this ecosystem is not stable due to a series of small changes in the data that occur 
throughout the study. In areas like 1990 to 1991 and 1999 to 2003, the populations would have sudden increases or 
decreases without being connected to an event. One might argue that, if this ecosystem is stable, there should be no sudden, 
seemingly random changes in the population. To address this, such events may appear seemingly random, but are in fact 
just as much short term events as any of the events addressed in the second paragraph. These events are not caused by 
changes in climate or the strike of disease, but can instead be explained using the behaviors of the animals and how they 
interact. For example, in 1990, during the time when the wolves had the mutations, the wolf population sees a sudden 
increase from its earlier status at twelve to the new size of fourteen. The following year, the population drops back down to 
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twelve. On its own, this event seems random. Yet, if the moose population is also monitored at that time, it can be seen that 
in the year before the population spike, the moose had a large increase in numbers, from one thousand to one thousand two 
hundred. This new population had to consist entirely of calves. Also, in the following year, the moose growth is actually 
below average for that time period, only growing by about fifty. This suggests that many of the new calves from the 
previous year did not survive. This, therefore, could explain the sudden rise and fall in the wolves. In a year when the moose 
had a particularly high birth rate, the wolves were able to hunt the calves rather than the adults. The calves are easier to hunt 
and are much less dangerous. The wolves, even with malformations, were able to hunt easier and to grow in population 
because of it. When the size of the calf population decreased due to hunting and the calves’ growth, the population could no 
longer support the size of the wolves. This led to the wolves decreasing again. These kinds of situations can be found 
surrounding each of the seemingly random changes. In 1999 to 2003, the wolf population dropped greatly and then 
increased again. This could be explained by a reoccurrence of the malformation genes. In some of the cases, it relates back 
to the principles that the class found surrounding how animals interact. These two are an example of predator versus prey 
interaction, where each directly influences the other because they each are limited by the population size of the other. Since 
they rely on each other, changes in one can lead to some drastic changes in the other. Other changes can be explained by 
principles of competition. Competition occurs to a limited set of resources. It leads to consequences, usually the increase of 
one population at the disadvantage of another, such as in 1999 to 2003. At any rate, these events are able to be logically 
explained using the established principles as well as the behaviors know to wolves and moose. Since these each can be 
explained, they cannot be used against Isle Royale in arguing whether it is or is not a stable ecosystem. Furthermore, since it 
is able to be said that Isle Royale has a steady carrying capacity for both wolves and moose, that the populations will return 
to that capacity after faced with a short term event, and that the populations will eventually return to that carrying capacity 
when faced with a long term event, even if the long term event temporarily changes that carrying capacity, it can stated that 
Isle Royale is in fact stable. 
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