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Activity 
Educator Materials 

Exploring Island Biogeography through Data 

OVERVIEW 
In this activity, students analyze five figures from published scientific studies to understand key principles of 
island biogeography theory (IBT) that determine the number of species on an island (or in any isolated habitat). 
Two “Student Handouts” are provided as options for the activity: 
• The “Analyzing Graphical Data” handout uses the figures to guide students through key relationships in IBT. 

Students engage in graph interpretation and sensemaking from authentic data.  
• The “Building the Equilibrium Model” handout facilitates a scaffolded investigation of the dynamic 

equilibrium model of IBT. Students construct immigration and extinction curves to demonstrate the effects 
of area and isolation on the equilibrium number of species.  

Each of the five figures (A–E) comes with a “Figure Profile” that provides details on the study; these profiles 
could be used on their own to guide a classroom discussion. They demonstrate the following relationships: 
• Figure A: Island area impacts the number of species. 
• Figure B: Island isolation impacts the number of species. 
• Figure C: Island area impacts the immigration rate. 
• Figure D: Island area impacts the extinction rate. 
• Figure E: Habitat fragmentation impacts the number of species. 

This educator document contains multiple resources for implementing this activity with students, including the 
following (click links to go directly to each section in the document): 
• background on the main relationships and figures covered in the activity 
• teaching tips for this resource, including implementation ideas, misconceptions, and extensions 
• details for implementing the two “Student Handouts” 

o classroom procedure and answer key for the “Analyzing Graphical Data” handout 
o classroom procedure and answer key for the “Building the Equilibrium Model” handout 

• appendices with more information on the equilibrium model and the figures in this activity 

Additional information related to pedagogy and implementation can be found on this resource’s webpage, 
including suggested audience, estimated time, and curriculum connections. 

KEY CONCEPTS 
• Patterns and processes that affect the number of species on an island can apply to any isolated habitat, 

including habitat fragments.  
• The equilibrium number of species on an island is maintained by a balance between immigration and 

extinction rates. If a disturbance changes the number of species, these processes will return the island to the 
equilibrium number of species over time.  

• Both immigration and extinction rates are affected by an island’s area and isolation (distance from a major 
source of species). The immigration rate of species increases as area increases and as isolation decreases. 
The extinction rate of species increases as area decreases and as isolation increases. 

• Through the effects of immigration and extinction, the equilibrium number of species on an island is 
determined by the island’s area and isolation. The equilibrium number of species increases as area increases 
and as isolation decreases. 

https://www.biointeractive.org/classroom-resources/exploring-island-biogeography-data
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STUDENT LEARNING TARGETS 
For both versions of the “Student Handout”: 
• Interpret results from scientific studies that explore island biogeography in different types of isolated 

habitats. 
• Analyze graphs to identify relationships between the equilibrium number of species in a habitat and the 

habitat’s area and isolation.  
• Synthesize evidence from data, including graphs, and use scientific reasoning to infer how area and isolation 

impact immigration and extinction. 
• Construct an explanation of how area and isolation determine the equilibrium number of species in a 

habitat through the effects of immigration and extinction. 

For the “Building the Equilibrium Model” version only: 
• Construct graphical representations of the dynamic equilibrium model of island biogeography, using 

immigration and extinction curves to show the effects of island area and isolation.  

PRIOR KNOWLEDGE 
Students should be familiar with: 
• ecological terms such as individual, population, community, and species 
• basic concepts of species, biodiversity, and habitat fragmentation 
• interpreting scatterplots and lines of best fit, including those with logarithmic scales  

MATERIALS 
• either version of the “Student Handout,” depending on how you structure the activity 
• “Figure Profiles” for Figures A–E 

BACKGROUND 
This activity uses Figures A–E to explore the processes that determine an island’s equilibrium number of species, 
as described by the dynamic equilibrium model of IBT. 
• For more background on the dynamic equilibrium model, including explanations of immigration and 

extinction curves, refer to Appendix 1. 
• For more information on Figures A–E and how they relate to IBT, refer to Appendix 2. 
• For more on the history of island biogeography, including early landmark experiments, refer to the short 

film From Ants to Grizzlies and the “Educator Materials” for the associated film activity. 

IBT is based on the relationships between the equilibrium number of species on an island and the island’s area 
(size) and isolation (distance from a major source of species). These relationships (Table 1) have been found in 
many types of isolated habitats. 

Table 1. The effects of island area and isolation on the equilibrium number of species. 
 Island area Island isolation 
Equilibrium 
number of 
species 

Species increase with area (species-area 
relationship), due to higher 
immigration and lower extinction rates. 

Shown in Figure A.  

Species decrease with isolation 
(distance effect), due to lower 
immigration and higher extinction rates.  

Shown in Figure B.  

https://www.biointeractive.org/classroom-resources/ants-grizzlies-general-rule-saving-biodiversity
https://www.biointeractive.org/classroom-resources/activity-ants-grizzlies
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As detailed in Table 1, both immigration and extinction rates affect the equilibrium number of species on an 
island. The dynamic equilibrium model of IBT describes how immigration and extinction rates change based on 
island area and isolation (Table 2).  

Table 2. The effects of island area and isolation on immigration and extinction rates. The original IBT model 
(MacArthur and Wilson 1963, 1967) considered only two of these relationships. Subsequent work extended the 
model to include the target effect and the rescue effect. 

 Island area Island isolation 
Immigration Immigration increases with area because 

immigrating organisms are more likely to 
encounter larger islands by chance (target 
effect). 

Shown in Figure C.  

Immigration decreases with isolation because 
isolated islands are farther from sources of 
immigrating organisms (original IBT model). 

Students predict this relationship in both 
versions of the “Student Handout.” 

Extinction Extinction decreases with area because larger 
islands support bigger populations, which are 
less likely to die out (original IBT model). 

Shown in Figure D. 

Extinction increases with isolation because 
isolated islands are less likely to be 
repopulated or replenished by immigrating 
organisms (rescue effect). 

Students predict this relationship in both 
versions of the “Student Handout.” 

TEACHING TIPS 

Implementing the Activity 

There are several options for structuring the activity, which can be customized based on your needs: 
• Either version of the “Student Handout” can be used to guide students through the fundamental 

relationships of IBT. Both versions use the same figures. 
o The “Analyzing Graphical Data” version guides students without using the graphical equilibrium model. 

A suggested classroom procedure and answer key are provided below.  
o The “Building the Equilibrium Model” version guides students through graphically constructing the 

dynamic equilibrium model using immigration and extinction curves. A suggested classroom procedure 
and answer key are provided below. 

o Both versions use elements of the jigsaw approach, a cooperative learning strategy in which expert 
groups of students familiarize themselves with a specific concept, then recombine into jigsaw groups to 
share and synthesize knowledge. 

• The “Figure Profiles” can be used individually or in smaller sets to introduce specific patterns in IBT. You can 
guide discussions using the summaries and other resources described in Appendix 2. 

Potential Misconceptions and Challenges 

The concepts of “immigration,” “extinction,” and “equilibrium” may be challenging for students. Take care to 
clarify these terms and what they indicate in IBT specifically. In particular: 
• In IBT, “immigration” refers to the process in which a species arrives on an island and starts a population of 

a species that was not already found there. 
o Students may be most familiar with immigration in a human context, which should be distinguished 

from its biological definition in IBT. 
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o Some sources use the terms “immigration” and “colonization” interchangeably. You may need to explain 
this to your students. 

• In IBT, “extinction” refers to local extinction, also known as extirpation. This means that a species no longer 
exists in a specific geographic area, but still occurs in other places. 
o Students will likely be familiar with extinction defined as a species dying out globally. You may need to 

explain how this is different from extinction in IBT. 
• IBT considers immigration and extinction rates on the level of species rather than individuals. Make sure 

students understand that these rates refer to species arriving on or becoming absent from an island rather 
than individual organisms arriving or leaving/dying. 

• Students may think of equilibrium as the point at which immigration and extinction rates “cancel out.” You 
may need to clarify that neither rate is zero at this point and that both immigration and extinction of species 
are still occurring. This results in a “dynamic” equilibrium at which the number of species stays stable over 
time, but the types of species can change. 

Clarifications and Caveats 

• Inclusion of the four immigration/extinction effects in Table 2 above varies among textbooks. Some show 
only the two effects in the original IBT model. You can modify the activity as needed to focus on the parts 
most relevant to your class. 

• Immigration and extinction rates are often difficult to measure directly. You may want to discuss how 
studies estimate or use other indicators for these rates. 
o For example, the study in Figure C used visitation rates as an indicator for immigration rates, because 

they were specifically testing the target effect (whether the group of species they studied were more 
likely to encounter larger islands by chance). Additional information is available in Appendix 3.  

Supplements and Extensions 

The short film From Ants to Grizzlies: A General Rule for Saving Biodiversity and its accompanying film activity 
can be used to introduce students to island biogeography concepts, with an emphasis on the species-area 
relationship.  
• The first part of the film pairs well with Figure A, which also explores the species-area relationship and uses 

a similar research design as the fumigation experiment in the film (6:36–7:46). 
• The second part of the film pairs well with Figure E, which explores the effects of habitat fragmentation and 

wildlife corridors, similar to the Y2Y case study in the film (12:12–16:40). 
• The “Educator Materials” document for the film activity contains additional background on island 

biogeography history and research. 

PROCEDURE: ANALYZING GRAPHICAL DATA 
The “Analyzing Graphical Data” handout facilitates student-driven exploration of the key relationships in IBT. For 
Part 1 of the handout, students form expert groups to analyze a specific figure. For Part 2, they recombine into 
jigsaw groups to share and synthesize knowledge from multiple figures. 

Below is an example procedure for using this handout in class. You can customize this procedure to adjust 
student groupings, assign some parts as homework, add/remove stopping points for class discussion, or 
implement in other classroom contexts. 

Before the Activity 

https://www.biointeractive.org/classroom-resources/ants-grizzlies-general-rule-saving-biodiversity
https://www.biointeractive.org/classroom-resources/activity-ants-grizzlies
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1. Determine student assignments for the expert and jigsaw groups. Table 3 shows one example using groups 
of four for 16 students. Based on the number of students in your class, you can replicate groups or adjust 
group size as needed. 

Table 3. Example group assignments for 16 students. Different colors correspond to different groups of 
students. Jigsaw groups should contain at least one student from each type of expert group. So, if you are using 
four figures (A–D), each expert group should have at least four students.  

Student Part 1 
Expert Groups 

Part 2 
Jigsaw Groups 

1 Figure A  Jigsaw 1 
2 Jigsaw 2 
3 Jigsaw 3 
4 Jigsaw 4 
5 Figure B Jigsaw 1 
6 Jigsaw 2 
7 Jigsaw 3 
8 Jigsaw 4 
9 Figure C Jigsaw 1 

10 Jigsaw 2 
11 Jigsaw 3 
12 Jigsaw 4 
13 Figure D Jigsaw 1 
14 Jigsaw 2 
15 Jigsaw 3 
16 Jigsaw 4 

PART 1: Analyze One Study 

2. Give each student a copy of the “Analyzing Graphical Data” version of the “Student Handout.” 
3. Divide students into their expert groups. Give each group a “Figure Profile” for Figure A, B, C, or D. 

a. Alternatively, you can discuss Figure A with the whole class as an example, then assign expert groups for 
Figures B, C, and D. 

4. Have each group complete Part 1 of their handout using their assigned figure.  

PART 2: Put Together What You Learned 

5. Have students recombine into their jigsaw groups. 
6. Have each jigsaw group work together to complete Part 2 of their handout. 
7. If time permits, lead a class discussion to highlight connections among the figures and concepts in IBT. If 

desired, you can introduce the dynamic equilibrium model and immigration and extinction curves 
(summarized in Appendix 1). 

EXTENSION: Habitat Fragmentation 

8. As an optional extension, give all students the “Figure Profile” for Figure E.  
9. Have students complete the “Extension” section of their handouts individually or in their current groups. 
10. If time permits, lead a class discussion to synthesize concepts from Figure E, make connections to the 

previous figures, and/or discuss applications to conservation decision-making. Additional resources for 
exploring Figure E are provided in Appendix 2. 
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ANSWER KEY: ANALYZING GRAPHICAL DATA  

PART 1: Analyzing One Study 

Refer to the table in Part 2 below for a compilation of answers. 

PART 2: Putting Together What You Learned 

5. Fill out the following table based on the information that is shared. 
Figure  Information 
Figure A 

 

Types of species: 
Arthropods 

What were the “islands” and “sea”? 
The shrubs were the islands. The sand and grasses were 
the sea. 

Main pattern/relationship: 
Larger shrubs had more species, both before and after 
fumigation. 

Figure B 

 

Types of species: 
Arthropods 

What were the “islands” and “sea”? 
The shrubs were the islands. The sand and grasses were 
the sea. 

Main pattern/relationship: 
More isolated shrubs (farther from the “continent”) had 
fewer species. 

Figure C 

 

Types of species: 
Birds (specifically vagrant bird species) 

What were the “islands” and “sea”? 
These were actual islands in the sea (specifically nine 
islands off the coast of Ireland and Britain).  

Main pattern/relationship: 
Larger islands had higher visitation rates, suggesting that 
they would also have higher immigration rates. (If 
students need more support for interpreting this study, 
additional information is available in Appendix 3.) 
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Figure D 

 

Types of species: 
Mammals 

What were the “islands” and “sea”? 
The national parks were the islands. The unprotected 
areas outside the parks were the sea. 

Main pattern/relationship: 
Larger parks had lower extinction rates. 

6. Based on the figures you discussed, how does the number of species on an island change with island area or 
isolation? Fill in the following table to describe these relationships. 

 Island area Island isolation  
Number of species The number of species increases as 

area increases. 
The number of species decreases as 
isolation increases. 

7. Consider how the rates of immigration and extinction would change with island area and isolation. Fill in the 
table below to describe these general relationships. 
The relationships in the “Island isolation” column are not shown directly in the figures above. Students are 
asked to apply their knowledge to predict the effect of island isolation, so their answers may vary. 
Answers according to IBT are shown below. 

 Island area Island isolation  
Immigration rate The immigration rate increases as 

area increases. 
The immigration rate decreases as 
isolation increases. 

Extinction rate The extinction rate decreases as 
area increases. 

The extinction rate increases as 
isolation increases. 

8. Think about the biological reasons for why these general relationships occur.  
Student ideas may vary. Answers according to IBT are shown below. 
a. Why do you think island area affects immigration and extinction as you described? 

Immigration increases with area because immigrating organisms are more likely to encounter larger 
islands by chance. Extinction decreases with area because larger islands support bigger populations, 
which are less likely to die out. 

b. Why do you think island isolation affects immigration and extinction as you described? 
Immigration decreases with isolation because isolated islands are farther from sources of immigrating 
organisms. Extinction increases with isolation because isolated islands are less likely to be repopulated 
or replenished by immigrating organisms. 

9. Next, predict how the number of species on an island would change if immigration or extinction rates 
change. Fill in the table to describe your predictions.  
Student predictions may vary. Answers according to IBT are shown below. 

 Immigration rate Extinction rate 

Number of species The number of species increases as 
the immigration rate increases.  

The number of species decreases as 
the extinction rate increases.  
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10. Synthesize the concepts you’ve explored in the previous questions. Using the information you have learned 
about immigration and extinction rates, explain why the number of species on an island is affected by both 
island area and isolation. In other words, explain the reasons behind the relationships you described in 
Question 6.  
When island area increases, immigration increases and extinction decreases. This means that more 
species are coming in and fewer species are dying out, so there will be more species on the island overall. 
As a result, the number of species on an island increases with area. 
 
When island isolation increases, immigration decreases and extinction increases. This means that fewer 
species are coming in and more species are dying out, so there will be fewer species on the island overall. 
As a result, the number of species on an island decreases with isolation. 

EXTENSION: Habitat Fragmentation 
1. Read the profile to learn about the study in Figure E.  

a. What types of species were investigated in this study? 
Mites 

b. What were the “islands”? What was the “sea”? 
The mossy areas were the islands. The bare rock was the sea. 

2. This experiment examined the effects of both island area and island isolation on species number.  
a. What was the effect of area on species number? Support your answer with evidence from specific 

treatments in Figure E. 
Species number increased with area. Figure E shows that the mainland, which was 2,500 cm2, had 
more species than the insular/broken fragments, which were only 10 cm2 each. (The corridor 
fragments should not be used in this comparison because they were connected to the mainland, giving 
their species access to more area.)  

b. What was the effect of isolation on species number? Support your answer with evidence from specific 
treatments in Figure E. 
Species number decreased with isolation. Figure E shows that the insular/broken fragments, which 
were more isolated than the corridor fragments since they weren’t connected to the mainland, had 
fewer species than the corridor fragments.  

c. Imagine that isolation had no effect on species number. Sketch or describe what the bar graph in Figure 
E would look like in this case. 
Students may indicate that the bars for the broken and insular fragments would look similar to the bar 
for the corridor fragments. 

3. Are the results in Figure E consistent with the rescue effect? Why or why not? 
Based on the rescue effect hypothesis, the more isolated fragments should have more extinctions. Figure E 
shows that the more isolated fragments (broken and insular) do have fewer species than the less isolated 
fragments (corridor), which could be due to more extinctions. So, these results are consistent with the 
rescue effect. 

4. Describe a specific habitat that is fragmented by human development, maybe a habitat you have learned 
about or are personally familiar with. How might the results of this study, or island biogeography in general, 
apply to protecting species in this habitat? 
Student answers will vary. Be open to a range of reasonable responses that consider the effects of habitat 
area and isolation on species number. Based on the results in Figure E, for example, students may suggest 
building wildlife corridors or finding other ways to connect or reduce the occurrence of habitat fragments. 
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PROCEDURE: BUILDING THE EQUILIBRIUM MODEL 
The “Building the Equilibrium Model” handout guides students through using immigration and extinction curves 
to graphically construct the dynamic equilibrium model (summarized in Appendix 1). The students use different 
figures to build components of the model in pairs (or larger groups) and join new groups to exchange 
information.  

The procedure in the handout is organized as follows: 
• In Part 1, students analyze Figure A to explore the concept of equilibrium species number and its 

relationship to island area. 
• In Part 2, each student group is assigned to analyze Figure C or D as an expert group. These figures show 

how island area affects either immigration or extinction rate, respectively. 
• In Part 3, students work in jigsaw groups (each containing at least one Figure C expert and one Figure D 

expert) to share and synthesize knowledge about the effects of area.  
• In Part 4, students analyze Figure B, which shows how island isolation affects species number. Student 

groups are assigned to predict how isolation affects either immigration or extinction rates, as a second 
expert group. 

• In Part 5, students work in jigsaw groups (each containing at least one immigration expert and one 
extinction expert) to share and synthesize knowledge about the effects of isolation.  

• In the optional extension, all students analyze Figure E to apply concepts from IBT to analyze the effects of 
habitat fragmentation on the number of species.    

Below is an example procedure for using this handout in class. You can customize this procedure to adjust 
student groupings, assign some parts as homework, add/remove stopping points for class discussion, or 
implement in other classroom contexts. 

Before the Activity 

Determine student group assignments for each part of the activity. Table 4 shows one example using pairs for 
eight students. Based on the number of students in your class, you can replicate groups or adjust group size as 
needed. 

Table 4. Example group assignments for eight students. Different colors correspond to different pairs of 
students. Parts 1, 2, and 5 use one set of student pairs. Parts 3 and 4 use another set of student pairs. 

Student Part 1 
Equilibrium 

Part 2  
Area 

Part 3 
Area Synthesis 

Part 4  
Isolation 

Part 5 
Isolation Synthesis 

1 Figure A 
 

Figure C Area Jigsaw 1 Figure B Immigration Isolation Jigsaw 1 
2 Area Jigsaw 2 Figure B Extinction 
3 Figure A 

 
Figure D Area Jigsaw 1 Figure B Immigration Isolation Jigsaw 2 

4 Area Jigsaw 2 Figure B Extinction 
5 Figure A 

 
Figure C Area Jigsaw 3 Figure B Immigration Isolation Jigsaw 3 

6 Area Jigsaw 4 Figure B Extinction 
7 Figure A 

 
Figure D Area Jigsaw 3 Figure B Immigration Isolation Jigsaw 4 

8 Area Jigsaw 4 Figure B Extinction 

The example in Table 4 is structured as follows: 
• In Parts 1 and 2, students work with the same partner to analyze Figure A (Part 1), then are assigned to 

analyze either Figure C or D (Part 2). 
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• In Parts 3 and 4, students switch to a new partner who analyzed the other figure in Part 2. They work 
together to synthesize the effects of area (Part 3), analyze Figure B (start of Part 4), and then are 
assigned to focus on either immigration or extinction (end of Part 4). 

• In Part 5, students return to their original partner from Parts 1 and 2 to synthesize the effects of 
isolation.  

PART 1: The Species-Area Relationship and Equilibrium 

These instructions assume you are implementing Part 1 of the handout in class. Alternatively, students could 
complete Part 1 as a pre-class assignment and start with Part 2 in class. 

1. Give all students the “Figure Profile” for Figure A and Part 1 of the “Building the Equilibrium Model” version 
of the “Student Handout.” It is recommended to distribute the other parts of the handout later, since they 
reference answers to questions in Part 1. 

2. Have students complete Questions 1–3 and discuss their responses with their assigned partner or group.  
3. Lead a class discussion in which students share ideas for why the species-area relationship looks the way it 

does.  
4. Have students complete the rest of Part 1 and discuss their responses in their groups.  
5. Lead a class discussion on some or all of the questions in Part 1. End with students’ thoughts on Question 7, 

including their ideas for which processes maintain an equilibrium number of species on an island and what 
happens when there are too many species. 

PART 2: Immigration/Extinction and Island Area 

6. Give all students Parts 2 and 3 of the handout.  
7. Give half the groups the “Figure Profile” for Figure C (immigration) and the other half the “Figure Profile” for 

Figure D (extinction). Each group should become an expert group for their assigned figure. 
8. Have each group complete Part 2 using their assigned figure. They should skip questions for the figure they 

were not assigned; if needed, you can remove these questions from their handouts. 

PART 3: Synthesizing the Effects of Area 

9. Have students form jigsaw pairs or groups to synthesize the effects of area, with at least one Figure C expert 
and one Figure D expert per group. 

10. Have each jigsaw group exchange information and feedback to finalize their answers for Part 2 and then 
complete Part 3. 

11. Lead a class discussion and share the graphical dynamic equilibrium model for island area (shown in the 
answer key for Question 19; same as Figure 2 in Appendix 1). Students can check their predicted graphs 
against the model in preparation for analyzing the effects of isolation. 

PART 4: Island Isolation and Equilibrium Species Number 

Parts 4 and 5 parallel Parts 1–3, with students applying their knowledge on the effect of island area (the species-
area relationship) to predict the effect of island isolation (the distance effect). You can skip these sections if you 
want to focus on the species-area relationship. 

These instructions assume you are implementing these parts in class. Alternatively, students could complete 
Parts 4 and 5 (and/or the extension) as a postclass assignment. 

12. Give all students, in their current groups, Parts 4 and 5 of the handout and the “Figure Profile” for Figure B, 
which is from the same study as Figure A. Have students complete Questions 21–23.  

13. Lead a class discussion of Figure B and have students share their analysis of the relationship in the figure.  
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14. Assign each current group to become experts on either immigration or extinction. The immigration groups 
should complete Questions 24–26 and the extinction groups should complete Questions 27–29. They should 
skip questions for the rate they were not assigned; if needed, you can remove these questions from their 
handouts. 
a. Alternatively, the current groups could examine both immigration and extinction. In this case, you do 

not need to recombine students in Part 5, and students can continue working with their current group 
to finish the rest of the handout. 

PART 5: Synthesizing the Effects of Isolation 

15. Have students form jigsaw groups to synthesize the effects of isolation, with at least one immigration 
member and one extinction member per group.  
a. If you are following the group assignments in Table 4, students would return to their original partner 

from Parts 1 and 2 at this point. 
16. Have each jigsaw group exchange information to finalize their answers, synthesize the relationships in 

Question 30, and complete the rest of Part 5. 
17. Lead a class discussion and share the graphical dynamic equilibrium model for island isolation (shown in the 

answer key for Question 31; same as Figure 3 in Appendix 1). Compare this model with the model for island 
area, which was introduced at the end of Part 3.  
a. The last question (Question 33) connects IBT models to conservation decisions for wildlife. Discussing 

these issues at the end of the activity can demonstrate the broader applications of the theory. The short 
film From Ants to Grizzlies also addresses applications of IBT to conservation; refer to the “Supplements 
and Extensions” section for details. 

EXTENSION: Habitat Fragmentation 

18. As an optional extension, give all students the “Figure Profile” for Figure E.  
19. Have students complete the “Extension” section of their handouts individually or in their current groups. 
20. Optionally, lead a class discussion to synthesize concepts from Figure E and how they relate to the dynamic 

equilibrium model. Additional resources for exploring Figure E are provided in Appendix 2. 

ANSWER KEY: BUILDING THE EQUILIBRIUM MODEL 

PART 1: The Species-Area Relationship and Equilibrium Species Number 

1. Read the profile to learn about the study in Figure A. What were the “islands” (the habitats where the 
species live)? What was the “sea” (the surrounding habitat where the species are less likely to survive)?  
The shrubs were the islands. The sand and grasses were the sea. 

2. Complete the following table to compare the studies in Figure 1 and Figure A. The first row has been filled 
out as an example. 

Characteristic Figure 1 Figure A 
Location Islands in the West Indies A desert in New Mexico 
Types of 
species 

Reptiles and amphibians Arthropods 

Study 
type/design 

Observational study using survey data  Experimental study with a controlled 
removal of species 

Figure type 
and axis 
scales 

Scatterplot with a linear trendline 
The x-axis shows a measure of habitat 
size (area in km2) on a logarithmic 
scale. 

Scatterplot with a linear trendline 
The x-axis shows a measure of habitat 
size (volume in m3) on a logarithmic 
scale. 

https://www.biointeractive.org/classroom-resources/ants-grizzlies-general-rule-saving-biodiversity
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The y-axis shows number of species on 
a logarithmic scale. (If students 
wonder why a logarithmic scale was 
used, clarify that the range for number 
of species is too large to easily show 
on a linear scale.) 

The y-axis shows number of species on 
a linear scale. 

3. Both Figure 1 and Figure A demonstrate a pattern in island biogeography called the species-area 
relationship. Describe the species-area relationship based on your observations of both figures. 
The species-area relationship is a relationship between the number of species in a habitat and the area 
(size) of that habitat. The relationship shows the number of species increasing with area. 

4. Figure A shows data on the species-area relationship before and after a fumigation. 
a. Suggest three specific ways that arthropod species could have traveled to the shrubs after the 

fumigation. 
Student answers will vary. Ideas could include arthropods being carried to the shrubs by the wind, 
crossing the sand, riding on larger animals such as birds, or flying if the species has wings.  

b. What information about the species-area relationship does having data from both before and after the 
fumigation reveal? 
Having data from both before and after the fumigation can show whether the same relationship will 
naturally return after a disturbance. In this case, the pattern of larger shrubs having more species is 
similar both before and after fumigation. This suggests that there are natural processes that return a 
shrub to a certain number of species based on its size. 

c. Figure A shows the numbers, but not types, of species before and after the fumigation. Do you think the 
types of species after the fumigation were the same as those before the fumigation? Why or why not? 
Student answers may vary depending on the factors they consider. The types of species after 
fumigation were, in fact, different from those before fumigation. This is because new species arrived 
randomly, making them unlikely to all match the species that were present before. 

5. Compare the Florida Keys experiment, based on what is shown in the film, with the experiment for Figure A. 
How are the experimental designs and results similar? 
Both experiments studied arthropod species in small, isolated habitats (shrubs for Figure A, tiny mangrove 
islands for the Florida Keys) and counted the number of species both before and after fumigation. Both 
experiments found that the number of species returning after fumigation was similar to the number of 
species before.  
 
(You may want to let students know that this Florida Keys experiment, the results of which are shown in 
Figure 2 of the handout, did not include islands of substantially different areas. This experiment studied 
islands with different levels of isolation/distances from the mainland, which students will learn more 
about in Part 4. The effect of area was tested in another Florida Keys experiment, described from 7:47–
8:07 in the From Ants to Grizzlies film.) 

6. Both Figure 2 and Figure A demonstrate the concept of an equilibrium number of species. Describe what 
equilibrium means based on the patterns you observed in both figures. 
Equilibrium is a state to which a system naturally returns. In these examples, each habitat has an 
equilibrium number of species that it returns to after a disturbance, such as the removal of all species 
through fumigation. 

https://www.biointeractive.org/classroom-resources/ants-grizzlies-general-rule-saving-biodiversity
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7. New species will keep arriving on an island even after the equilibrium species number is reached. Why do 
you think the total number of species on an island stays at an equilibrium species number, instead of just 
growing bigger and bigger? 
Student ideas will vary; be open to a range of reasonable responses, such as competition for available 
space or resources. Students will learn more about the processes that maintain equilibrium in Part 2. 

PART 2: Immigration/Extinction Rate and Island Area 

8. For each of the following statements, fill in the blanks to describe the patterns shown in Figure 3. After each 
statement, propose a general biological reason for why this pattern occurs. 
Student explanations will vary depending on their prior knowledge. Explanations according to IBT are 
shown below. 
a. The immigration rate decreases as the number of species on an island increases.  

Reason for this pattern: Having more species on the island makes it less likely for incoming species to 
be new and not already on the island. Also, species already present may take up ecological niches, 
making it less likely for incoming species to have an available niche to start a new population. 

b. The extinction rate increases as the number of species on an island increases.  
Reason for this pattern: Having more species on the island increases competition among species and 
results in a greater chance of any one species dying out. 

c. The equilibrium number of species occurs when the curves for immigration and extinction rates 
intersect.  
Reason for this pattern: When the curves intersect, the rate at which species are coming in is exactly 
balanced by the rate at which species are dying out. So, the total number of species stays at a stable 
equilibrium. 

9. As you saw in Figure A and Figure 2 in Part 1, an island will return to its equilibrium species number even 
after a disturbance. Use Figure 3 to describe how an island returns to its equilibrium species number in the 
following two scenarios. In each scenario, consider what happens to the immigration and extinction rates to 
bring the species number back to equilibrium. 
a. An island loses species, which causes the species number to decrease and move to the left of the 

equilibrium point.  
In this case, the number of species falls on the left side of Figure 3, where immigration is higher than 
extinction. Since more species are coming in than dying out, the number of species will increase. As the 
number of species increases, immigration decreases and extinction increases. It eventually reaches the 
point where immigration and extinction rates are equal again and the number of species stays stable 
at equilibrium. 

b. An island gains species, which causes the species number to increase and move to the right of the 
equilibrium point.  
In this case, the number of species falls on the right side of Figure 3, where extinction is higher than 
immigration. Since more species are dying out than coming in, the number of species will decrease 
until it returns to equilibrium. 

Questions for Figure C 

10. Read the profile to learn about the study in Figure C.  
a. What types of species were investigated in this study? 

Birds (specifically vagrant bird species) 

b. What were the “islands”? What was the “sea”? 
These were actual islands in the sea (specifically nine islands off the coast of Ireland and Britain).  
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11. Summarize the main pattern or relationship that Figure C shows between island area and visitation rate, 
which is used to indicate the potential immigration rate.
Larger islands had higher visitation rates. (If students need more support for interpreting this study, 
additional information is available in Appendix 3.)

12. Propose a biological reason for why this pattern occurs.
Visitation/immigration rates may increase with area because larger islands are more likely for visiting/
immigrating organisms to encounter by chance. (You may want to let students know that this is called 
the “target effect.”)

13. The graph below shows the immigration curve for a theoretical island that is small. Based on what you 
learned from Figure C, draw and label a second immigration curve for an island that is large in comparison.

Questions for Figure D 
14. Read the profile to learn about the study in Figure D.

a. What types of species were investigated in this study?
Mammals

b. What were the “islands”? What was the “sea”?
The national parks were the islands. The unprotected areas outside the parks were the sea.

15. Summarize the main pattern or relationship that Figure D shows between island area and local extinction
rate.
Larger parks had lower extinction rates.

16. Propose a biological reason for why you think this pattern occurs.
Extinction rates may decrease with area because smaller habitats support smaller populations, which are
more likely to die out than bigger populations.
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PART 3: Synthesizing the Effects of Area 

18. Fill in Figure 6 with the immigration and extinction curves for large and small islands, based on your group’s
answers for Figures 4 and 5. Your figure should have four clearly labeled curves: a curve for immigration on
a small island, a curve for immigration on a large island, a curve for extinction on a small island, and a
curve for extinction on a large island.

17. The graph below shows the extinction curve for a theoretical island that is small. Based on what you learned
from Figure D, draw and label a second extinction curve for an island that is large in comparison.
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19. In Figure 6, label the equilibrium number of species for a small island and the equilibrium number of 
species for a large island. You will need to use the intersections of your curves for small and large islands. 

20. How can the model you built in Figure 6 be used to explain the species-area relationship?  
The model shows that large islands have a higher equilibrium number of species than small islands, based 
on the position of the equilibrium points along the x-axis. This is the same pattern as the species-area 
relationship, which shows the number of species in a habitat increasing with area. 

PART 4: Island Isolation and Equilibrium Species Number 

21. What is the “continent,” or source of immigrating species in the study? 
It was a dense clump of shrubs with many different arthropod species. 

22. Summarize the main pattern or relationship that Figure B shows between number of species and isolation 
(measured as distance to the “continent”). 
More isolated shrubs (farther from the “continent”) had fewer species. 

23. Propose a biological reason for why this pattern occurs. 
Student answers may vary. They will unpack the processes behind this pattern in the following questions 
and revisit their explanation at the end of Part 4. 

Questions for Immigration Rate 

24. Figure C showed how the immigration rate (indicated by visitation rate) changes as area increases or 
decreases. How might the immigration rate change as an island’s distance from a major source of species 
increases or decreases? Sketch your predicted relationship on the graph below. 
Student predictions will vary; be open to a range of reasonable sketches. Based on Figure C, where 
visitation rate (and thus, immigration rate) increased with area, students may predict that immigration 
rate will decrease with isolation (distance from a source). 
 
Students may sketch variations of scatterplots or trendlines, using linear or logarithmic scales. They may 
use Figure C as a reference (scatterplot with a trendline and logarithmic scales on both axes). An example 
trendline is shown below (axes scales not specified).  
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25. Explain your reasoning behind the relationship you drew in Figure 7.
Student responses will vary; be open to a range of reasonable ideas. The explanation according to IBT is
that immigration decreases with isolation (distance) because isolated islands are farther from sources of
immigrating organisms and harder to reach.

26. Figure 4 showed how you expected the immigration rate to shift based on island area. On the graph below,
draw two curves showing how you expect the immigration rate to shift based on island isolation. Draw one
curve for a less isolated island that is near the source of species and one curve for a more isolated island
that is far from the source.
Student graphs may vary depending on their predictions. The results according to IBT are shown below.

Questions for Extinction Rate 

27. Figure D showed how the extinction rate changes as area increases or decreases. How might the extinction
rate change as an island’s distance from a major source of species increases or decreases? Sketch your
predicted relationship on the graph below.
Student predictions will vary; be open to a range of reasonable sketches. Based on Figure D, where
extinction rate decreased with area, students may predict that extinction rate will increase with isolation
(distance from a source).

Students may sketch variations of scatterplots or trendlines, using linear or logarithmic scales. They may
use Figure D as a reference (scatterplot with a trendline and a logarithmic scale on the x-axis). An example
trendline is shown below (axes scales not specified).
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28. Explain your reasoning behind the relationship you drew in Figure 9.
Student responses will vary; be open to a range of reasonable ideas. The explanation according to IBT is
that extinction increases with isolation because isolated islands are less likely to be repopulated or
replenished by immigrating organisms. (You may want to let students know that this is called the “rescue
effect.”)

29. Figure 5 showed how you expected the extinction rate to shift based on island area. On the graph below,
draw two curves showing how you expect the extinction rate to shift based on island isolation. Draw one
curve for a less isolated island that is near the source of species and one curve for a more isolated island
that is far from the source.
Student graphs may vary depending on their predictions. The results according to IBT are shown below.

PART 5: Synthesizing the Effects of Island Isolation 

Student graphs throughout Part 5 may vary depending on their predictions. The results according to IBT are 
shown below. 

30. Similar to what you did for Figure 6, fill in Figure 11 with immigration and extinction curves for near and far
islands. Your figure should have four clearly labeled curves: a curve for immigration on a near island, a curve 
for immigration on a far island, a curve for extinction on a near island, and a curve for extinction on a
far island.
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32. How can the model you built in Figure 11 be used to explain the relationship between isolation and species
number? This is the relationship that you observed in Figure B and that you proposed an initial reason for in
Question 23.
The model shows that less isolated islands (near a major source of species) have a larger equilibrium
number of species than more isolated islands (far from the source), based on the position of the
equilibrium points along the x-axis. This is the same pattern as in Figure B, which shows the number of
species on shrubs decreasing with isolation.

33. Conservationists around the world have used concepts from island biogeography to design protected areas
for wildlife. Suggest at least one specific guideline for protected area design based on what you have
learned from your models.
Students could suggest guidelines based on any principles of island biogeography that they have learned
during this activity. For example, they could suggest making protected areas larger to protect more
biodiversity, because the equilibrium number of species in the protected area will increase with area. They
could also suggest picking locations for protected areas that are close to other habitats with many species,
because the equilibrium number of species in the protected area will decrease with isolation.

The short film From Ants to Grizzlies also addresses applications of IBT to conservation; refer to the
“Supplements and Extensions” section for details.

31.  In Figure 11, label the equilibrium for a near island and the equilibrium for a far island. 
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EXTENSION: Habitat Fragmentation 

1. Read the profile to learn about the study in Figure E.
a. What types of species were investigated in this study?

Mites
b. What were the “islands”? What was the “sea”?

The mossy areas were the islands. The bare rock was the sea.

2. Parts of this experiment examined the effects of both fragment area and isolation on species number.
a. What was the effect of area on species number? Support your answer by comparing specific treatments

in Figure E.
Species number increased with area. Figure E shows that the mainland, which was 2,500 cm2, had
more species than the insular/broken fragments, which were only 10 cm2 each. (The corridor
fragments should not be used in this comparison because they were connected to the mainland, giving
their species access to a greater area.)

b. What was the effect of isolation on species number? Support your answer by comparing specific
treatments in Figure E.
Species number decreased with isolation. Figure E shows that the insular/broken fragments, which
were more isolated than the corridor fragments since they weren’t connected to the mainland, had
fewer species than the corridor fragments.

c. Imagine that isolation had no effect on species number. Sketch or describe what the bar graph in Figure E
would look like in this case.
Students may indicate that the bars for all the fragments (corridor, broken, insular) would look similar.

3. How do these results align with the model of island biogeography that you investigated? Support your
answer based on evidence from Figure 6 (in Part 3) and Figure 11 (in Part 5) of this activity.
Figure 6 shows that the equilibrium species number increases with area, which is consistent with the effect
of area in Figure E (as discussed in Question 2a above). Figure 11 shows that the equilibrium species
number decreases with isolation, which is consistent with the effect of isolation in Figure E (as discussed in
Question 2b above).

4. Based on your knowledge of island biogeography, sketch the immigration and extinction curves expected for
each of the following pairs of treatments. Clearly label the curves and equilibrium for each treatment.
a. mainland vs. insular

This sketch will likely look like the dynamic equilibrium model for area (answer for Question 19), with
mainland as the "large island" and insular as the "small island."
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5. Describe a specific habitat that is fragmented by human development, maybe a habitat you have learned
about or are personally familiar with. How might the results of this study, or island biogeography in general,
apply to protecting species in the habitat you chose?
Student answers will vary. Be open to a range of reasonable responses that consider the effects of habitat
area and isolation on species number. Based on the results in Figure E, for example, students may suggest
building wildlife corridors or finding other ways to connect habitat or reduce the occurrence of fragments.
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APPENDIX 1: THE DYNAMIC EQUILIBRIUM MODEL 
This appendix is provided as an optional reference to summarize information about the dynamic equilibrium 
model of IBT (MacArthur and Wilson 1963; MacArthur and Wilson 1967), which describes the processes that 
determine an island’s equilibrium number of species. Most of these concepts are covered in the “Building the 
Equilibrium Model” version of the “Student Handout.” 

The Processes Behind Equilibrium 

The model focuses on two processes that affect the number of species on an island: immigration and (local) 
extinction. Once individuals of a new species arrive on an island through immigration, they compete with 
individuals of species already there for resources. (Only individuals of a species that start a new population, one 
that was not already on the island, are considered to have successfully immigrated.) Species that are 
outcompeted die out through extinction.  

Figure 1 below shows how immigration and extinction rates depend on the number of species currently on an 
island. The key points are as follows: 
• The immigration rate is the rate at which species enter and establish on the island. It decreases as the 

number of species on the island increases. This is because having more species makes it less likely for 
incoming individuals to be from a new species not already on the island. Also, species already present may 
take up ecological niches, making it less likely for incoming species to have an available niche to start a new 
population.  

• The extinction rate is the rate at which species die out and are no longer found on the island. It increases as 
the number of species on the island increases. This is because having more species increases competition 
and results in a greater chance of any one species dying out, especially if its population size is small.  

• When the immigration and extinction rates are equal (at the intersection of the curves in Figure 1), the total 
number of species remains stable at an equilibrium.  

• Both immigration and extinction still occur at the equilibrium since neither rate is zero. Since the types of 
species can still change as new species move in or die out, this equilibrium is dynamic. The number of 
species fluctuates (increases and decreases) around this equilibrium over time.  

 
Figure 1. IBT model of immigration and extinction rates for a single island.  

The Effect of Island Area 

A major pattern in IBT is that the equilibrium number of species on an island increases with the island’s area, 
which is known as the species-area relationship. In the model, the equilibrium number of species depends on 
immigration and extinction rates, which depend on island area through the following mechanisms: 
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• Smaller islands have lower immigration rates. This is due to the target effect, the hypothesis that larger 
islands are more likely for immigrating organisms to encounter by chance. 

• Smaller islands have higher extinction rates. This is because species in smaller areas typically have smaller 
populations, which are at greater risk of dying out. 

Once again, equilibrium occurs when the immigration and extinction rates are equal. As shown in Figure 2, 
smaller islands will have a smaller equilibrium number of species than larger islands will. 

 
 

Figure 2. IBT model of immigration and extinction rates for islands of different areas. 

The Effect of Island Isolation 

Another major pattern in IBT is that the equilibrium number of species on an island decreases with the island’s 
isolation (distance from a major source of species), which has been called the distance effect. The model 
explains the mechanism behind this pattern in a similar way as for the species-area relationship. The equilibrium 
number of species depends on immigration and extinction rates, which depend on island isolation as follows: 
• Less isolated islands have higher immigration rates. This is because they are closer to sources of new 

individuals, so they are more likely to receive immigrating organisms from these sources. 
• Less isolated islands have lower extinction rates. This is due to the rescue effect, which is when immigrating 

organisms from a major source recolonize or replenish populations on nearby islands, thereby reducing the 
chance of extinction. 

As shown in Figure 3, more isolated islands will have a smaller equilibrium number of species than less isolated 
islands will. 

 
Figure 3. IBT model of immigration and extinction rates for islands with different levels of isolation (distance 
from a major source of species).  
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APPENDIX 2: FIGURE SUMMARIES 
This appendix summarizes the five figures featured in the activity. Each figure shows data from a published 
scientific study that demonstrate key concepts of IBT. Although described in terms of islands below, these 
concepts apply to any isolated habitat, including habitat fragments. In fact, only one of the figures (Figure C) 
features islands surrounded by water.  

If you want to focus on specific IBT principles, you can use the figures individually or in smaller sets. For 
example, to focus on the species-area relationship, you can use just Figures A, C, and D — either in your own 
activity or by modifying the handouts to skip the other figures.  

Figures A, B, and E also have links to Data Point resources, which show the original published figures before they 
were simplified for this activity. Each Data Point includes tips for interpreting the original figures and optional 
discussion questions in the “Educator Materials,” which provide another option for using the figures individually. 

Figure A 

Source: Sanchez and Parmenter (2002) 
This figure demonstrates the relationship between number of species and island area, both before and after a 
major disturbance. The “islands” in the study were desert shrubs, which are home to specialist arthropod 
species that cannot survive long outside the shrubs. The figure shows that the number of species per shrub 
increases with shrub size (volume), and this pattern is found both before and after an experimental fumigation.  

Key IBT concepts for this figure: 
• The number of species on an island increases with the island’s area. 
• If a disturbance removes species from a habitat, the habitat will return to its equilibrium number of species 

over time.  

To further explore this figure, use the Data Point “Habitat Size Impacts Arthropod Species.” This figure also pairs 
well with the short film From Ants to Grizzlies; refer to the “Supplements and Extensions” section for details. The 
first part of the film (6:36–7:46) explores the species-area relationship and highlights an experiment that also 
used fumigation in the research design. 

Figure B 

Source: Sanchez and Parmenter (2002) (same study as Figure A) 
The figure demonstrates the relationship between number of species and island isolation. It shows that the 
number of arthropod species per shrub decreases with distance from what the scientists referred to as the 
“continent”: a large clump of shrubs that is a source of many species.  

Key IBT concepts for this figure: 
• The number of species on an island decreases with the island’s isolation (distance from a major source of 

species). 

To further explore this figure, use the Data Point “Habitat Isolation Impacts Arthropod Species.”  

Figure C 

Source: Stracey and Pimm (2009) 
The figure demonstrates the relationship between visitation rate (which the scientists used to indicate 
immigration rate) and island area. It is from a study that examined the average number of bird species visiting 
different islands near Ireland and Great Britain each year. The data shown in the figure are from vagrant species, 

https://doi.org/10.1006/jare.2001.0920
https://www.biointeractive.org/classroom-resources/habitat-size-impacts-arthropod-species
https://www.biointeractive.org/classroom-resources/ants-grizzlies-general-rule-saving-biodiversity
https://doi.org/10.1006/jare.2001.0920
https://www.biointeractive.org/classroom-resources/habitat-isolation-impacts-arthropod-species
https://doi.org/10.1111/j.1365-2699.2009.02090.x
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which randomly encounter these islands during their migrations. Vagrant species stop at the islands temporarily, 
but they do not join or start populations there.  

The scientists used vagrant species to test the target effect, which predicts that species are more likely to 
encounter larger islands by chance. Since the target effect applies similarly to both visitation and immigration, 
the scientists reasoned that visitation rates should correspond to immigration rate, but this was not measured 
directly since the species were migratory. 

Key IBT concepts for this figure: 
• The immigration rate to an island increases with the island’s area (indicated by the increase in visitation rate 

with island area in the figure).  
o This can be explained by the target effect, the hypothesis that larger islands are more likely for 

immigrating species to encounter by chance. 

To further explore this figure, refer to Appendix 3.  

Figure D 

Source: Newmark (1995) 
The figure shows the relationship between extinction rate and island area. The “islands” in the study were 
North American national parks, which are surrounded by a “sea” of unprotected, human-dominated areas 
where some species cannot survive as easily. A species becomes locally extinct in a park if all individuals of that 
species either leave the park or die. The figure shows that the local extinction rate for mammal species in the 
parks decreases as park area increases. 

Key IBT concepts for this figure: 
• The extinction rate on an island decreases as the island’s area increases. 

To further explore this figure, refer to Appendix 4.  

Figure E 

Source: Gonzalez and Chaneton (2002) 
The figure shows the relationship between number of species and habitat fragmentation, which includes the 
effects of both area and isolation. The “islands” in the study were patches of moss, which are home to tiny mite 
species that cannot survive elsewhere. The moss habitats were experimentally manipulated to study the effects 
of habitat fragmentation and corridors (strips of habitat that enable species to move between otherwise 
isolated fragments). 

The figure shows that the number of species is highest in large areas and in fragments connected to these areas 
via corridors. Small, isolated fragments have fewer species, likely due to greater extinction rates. This figure 
incorporates multiple concepts from the previous figures, providing an opportunity to review and reinforce 
fundamental principles of IBT and discuss conservation applications of the theory. 

Key IBT concepts for this figure: 
• The number of species on an island increases with the island’s area and decreases with the island’s isolation 

(distance from a major source of species). 
• The local extinction rate on an island decreases with area and increases with isolation.  

o Less isolated islands may have lower extinction rates due to the rescue effect, which is when 
immigrating organisms from a major source recolonize or replenish populations on nearby islands.  

• Connecting habitats using corridors can increase their overall area and reduce isolation, which increases the 
number of species they can support. 

https://doi.org/10.1046/j.1523-1739.1995.09030512.x
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1046/j.1365-2656.2002.00625.x
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To further explore this figure, use the Data Point “Habitat Fragmentation Impacts Arthropod Species.” This 
figure also pairs well with the short film From Ants to Grizzlies; refer to the “Supplements and Extensions” 
section for details. The second part of the film (12:12–16:40) explores the effects of habitat fragmentation and 
wildlife corridors by highlighting the Y2Y project. 
  

https://www.biointeractive.org/classroom-resources/habitat-fragmentation-impacts-arthropod-species
https://www.biointeractive.org/classroom-resources/ants-grizzlies-general-rule-saving-biodiversity
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APPENDIX 3: ADDITIONAL RESOURCES FOR FIGURE C 

Source 

Figure 2e (European vagrants only) from: 
Stracey, Christine M., and Stuart L. Pimm. “Testing island biogeography theory with visitation rates of birds to 
British islands.” Journal of Biogeography 36, 8 (2009): 1532–1539. https://doi.org/10.1111/j.1365-
2699.2009.02090.x.  

Interpreting the Figure 
One goal of the study was to determine whether the bird visitation rates (which the scientists used to indicate 
immigration rates) were consistent with the target effect, the hypothesis that larger islands will have higher 
immigration rates because they are more likely for species to encounter by chance. As an analogy, imagine 
randomly throwing balls into a field that has holes of different sizes. All else being equal (including distance to 
the holes), the balls are more likely to fall into larger holes, because the larger holes are bigger “targets.” 
Similarly, an organism, such as a bird flying over the ocean, is more likely to find and land on a larger island.  

The target effect is a key concept in island biogeography theory. One major pattern in island biogeography 
theory, called the species-area relationship, is that the number of different species on an island increases with 
island area. The target effect is thought to be one of the main processes behind the species-area relationship. 
Through the target effect, immigration rates increase with island area, which increases the equilibrium number 
of species on the island.  

In the figure, each data point represents a different island, and it compares that island’s area to its visitation 
rates (average number of species visiting per year) for European vagrant bird species. As shown, larger islands 
have higher visitation rates, consistent with the target effect. Since the target effect applies similarly to both 
visitation and immigration, this result supports the prediction that immigration rate will increase with island 
area. 

Vagrant species are ideal for testing the target effect because their use of islands as migratory stops is less likely 
to be affected by island resource availability or specific habitat requirements. Vagrant species also fly long 
distances and are not limited by island distance.   

In contrast, the scientists found that visitation rates for bird species that breed in Britain and Ireland, which 
more regularly use these islands, do not significantly increase with island area (data shown in the original paper). 
Because these species may intentionally seek out specific islands as part of their regular migration routes, their 
choices may be influenced by characteristics of the islands other than area, thereby reducing the target effect. 

Teaching Tips 

Prompt students to explain the parts of the figure as applicable:  
• Graph type: Log-log scatterplot with a trendline 

o “Log-log” refers to the fact that the graph has logarithmic scales on both axes. The use of a logarithmic 
scale makes it easier to compare values and visualize trends across a large range. 

• X-axis: Island area in 10,000 square meters (hectares), shown on a logarithmic scale (log-10) 
• Y-axis: Visitation rate, measured as the average number of species visiting an island per year, shown on a 

logarithmic scale (log-10) 
o These visitation rates can be used as an indicator of immigration rates because they reflect how often 

the species encounter and land on the islands. 
• Trendline: Line fitted to the data using linear regression analyses 

https://doi.org/10.1111/j.1365-2699.2009.02090.x
https://doi.org/10.1111/j.1365-2699.2009.02090.x
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Discussion Questions 

● Based on the graph, what is the overall relationship between island area and visitation rates for the 
European vagrant species? 
o Propose a biological reason for why this relationship occurs. 

● Why don’t the data points lie exactly on the line? Why doesn’t the line connect all the points? 
● What type of scale are the axes using? Why do you think this type of scale was used? 
● Do you think that different islands with similar visitation rates had the same or different types of visiting 

species? Explain your answer. 
● What characteristics could make one species more likely to immigrate than another? 
● One goal of this study was to determine whether the bird immigration rates were consistent with the target 

effect, which says that larger islands will have higher immigration rates because they are more likely for 
immigrating species to encounter by chance. Do the data in this figure support the target effect? Why or 
why not? 
o Besides the target effect, what factors could impact how often species visit an island?  
o What characteristics of vagrant birds make these species useful for studying the target effect? 
o The scientists found that visitation rates for bird species that regularly (not randomly) pass through 

these islands do not significantly increase with island area. In other words, these other species do not 
show a target effect. Why do you think this is? 

● What other types of species and habitats might work well for testing the target effect? 
o Suppose you wanted to conduct a similar study for a different group of organisms, such as insects or 

plants. How might you change the study? 
• How might the results of this study apply to designing protected areas, such as wildlife refuges? 
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APPENDIX 4: ADDITIONAL RESOURCES FOR FIGURE D 

Source 

Figure 3 from:  
Newmark, William D. “Extinction of mammal populations in western North American national parks.” 
Conservation Biology 9, 3 (1995): 512–526. https://doi.org/10.1046/j.1523-1739.1995.09030512.x.  

Interpreting the Figure 

The study focused on mammal species in the orders Lagomorpha (including rabbits and hares), Carnivora 
(including racoons, foxes, wolves, and bears), and Artiodactyla (including deer, mountain goats, moose, and 
bison). These species were selected for several reasons. First, parks tend to have more reliable records on these 
types of animals, since they are relatively large and easier to monitor compared to smaller animals. Second, 
these species may be more prone to local extinctions due to their larger body sizes and, in many cases, higher 
levels of ecological specialization.  

In the figure, each data point represents a specific national park, and it compares that park’s area to the local 
extinction rate estimated from occurrence data for the mammal species within that park. As shown, larger parks 
have lower extinction rates for the mammal species studied. 

These results demonstrate the negative relationship between extinction rate and habitat area in island 
biogeography theory. In this example, national parks act as “islands” of essential habitat and resources for the 
mammal species. They are surrounded by an inhospitable “sea” of unprotected, human-dominated areas where 
these mammals cannot survive as easily.  

Island biogeography theory predicts that fragments with smaller areas will have higher rates of local extinction. 
This is because species in smaller fragments typically have smaller populations, which are at greater risk of dying 
out. Species can be “rescued” from local extinction if new individuals of that species immigrate into the area by 
chance. However, this may be less likely for species in national parks for several reasons. First, if the species is 
already rare, there may be no source population of immigrating individuals to reestablish populations in the 
parks. Second, the parks may be too isolated for immigrating individuals to reach. This is especially true for 
species that have relatively low rates of movement between habitats and those that cannot easily cross areas of 
human development, such as roads. 

Teaching Tips 

Prompt students to explain the parts of the figure as applicable:  
• Graph type: Semilog scatterplot with a trendline 

o “Semilog” (semilogarithmic) refers to the fact that the graph has a logarithmic scale on one axis (in this 
case, the x-axis) and a linear scale on the other. 

• X-axis: Park area in square kilometers, shown on a logarithmic scale (log-10) 
o The use of a logarithmic scale makes it easier to compare values and visualize trends across a large 

range. 
• Y-axis: Estimated local extinction rate for mammal species, shown on a linear scale. This extinction rate 

(called k1 in the original paper) is a measure of how each additional species affects the per species risk of 
extinction. As a result, this rate has units of “species per year per species” (or just “per year”), rather than 
units of “species per year.”  

• Trendline: Line fitted to the data using linear regression analysis 

Discussion Questions 

https://doi.org/10.1046/j.1523-1739.1995.09030512.x
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• Based on the graph, what is the overall relationship between extinction rate and park area? 
o Propose a biological reason for why this relationship occurs. 

• Why don’t the data points lie exactly on the line? Why doesn’t the line connect all the points? 
• What type of scale is the x-axis using? Why do you think this type of scale was used?  
• Do you think that national parks with similar numbers of species had the same or different types of species? 

Explain your answer. 
• What characteristics might make one species more likely to go extinct than another? 

o What results might you expect if the study had considered only large mammals? Only small mammals? 
o What results might you expect for other types of species (birds, reptiles, insects, fish, plants, etc.)?  

• Besides area, what other characteristics of the parks might affect local extinction rates? 
o A park with a larger area may contain more types of habitats. How might habitat diversity affect local 

extinction rates? 
• How can these results be used to protect species in national parks? 

o What would be your top three priorities when designing a new national park? 
o What steps could be taken to counteract higher potential extinction rates in smaller parks? 
o In general, why is it important to monitor species in national parks?  
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