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 The purpose of this article is to describe a lesson plan that can be used in the biology 

college classroom for introducing students to the ecological concepts of character displacement 

and ghost of competition past by using the historical episode of David Lack’s (1947) study.  The 

other learning objective for this lesson plan is to illustrate the nature of science concept that there 

is not a single traditional method in science; in other words, its methodologies do not only 

consist of experiments in a laboratory setting.  This article will begin with a description of the 

historical episode, followed by the details of the lesson plan, and finally why this is the preferred 

method to teach these learning objectives. 

 

Historical Episode 

 

 Charles Darwin (1897) traveled on the ship, the Beagle, from 1831 to 1836 as a 

naturalist; the purpose of the voyage was to survey the various coasts around the world.  In 1835, 

the Beagle stopped at the Galápagos Islands, which are about 500 miles from South America, 

just below the equator and are composed of ten main islands (Darwin 1897).  Darwin (1897) 

suggested that these islands formed from volcanic activity and were never attached to the 

mainland.1  However, Darwin (1897) also commented on how the wildlife, including the finches, 

on the Galápagos Islands was similar to the mainland, yet the habitat was very different.  Darwin 

(1897) noted that the finches seemed very similar to each other in beak shape, body structure and 

color yet had a wide range of beak sizes.  Unfortunately, due to time restrictions, Darwin (1897) 

was not able to collect a comprehensive amount of data or specimens.    

 After Darwin, numerous scientists have traveled to the Galápagos Islands to study these 

finches.  Among them included David Lack (1947), who also noted the large variation of beak 

depth in the finches and used the data that he collected to infer hypotheses regarding competition 

and natural selection.  

Lack (1947) and others traveled to the Galápagos Islands in 1938, nearly 100 years after 

Darwin and stayed there for several months.  Their focus was studying the characteristics of the 

finch species to infer hypotheses regarding their distribution between the islands and natural 

selection.  During Lack’s (1947) study, no experiments were done; instead, the birds were 

captured and bird beak length and depth, diet, and location were recorded.  These measurements 

occurred on several different islands (Lack 1947).  The number of finches studied varied, but at 

some of the islands there were as many as 200 finches that were captured, creating a very large 

sample size (Lack 1947).   Therefore, although one cannot be absolutely certain of their 

distribution patterns, with the amount of data that was taken, reliable inferences were made.  

Moreover, experimentation would be impractical due, in part, to finch mobility and generation 

time.   

 Regarding the variation in beak depth among the finches, Lack (1947) developed the 

possible conclusion that “all the main differences between the species may be regarded as 

adaptations to differences in diet” (p. 72).  However, Lack (1947) also noted beak-size variation 

within the same species between allopatric populations.  Most notably, Lack (1947) observed 

this pattern with three finch species, Geospiza fuliginosa (small ground finch), Geospiza fortis 

(medium ground finch), and Geospiza magnirostris (large ground finch).  On the island Daphne, 

G. fortis is present without G. fuliginosa, and vice versa on the island Crossman, but G. 

                                                           
1 Lack (1974) also proposed that the islands were never attached to the mainland. 
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magnirostris is not present on either of those islands.  All three species are present on the island 

James (Lack 1947).   

Lack (1947) further concluded later that originally, when one species first arrived on the 

same island as another species with a similar niche, that eventually each species changed their 

eating habits by creating a “subdivision of the food supply and habitats, and then to an increased 

restriction in ecology and specialization in structure of each form” (p. 148).  For these 

conclusions, the main traits that Lack focused on were beak measurements since the beak size 

limits the type of foods that they can eat (Snodgrass 1902).  Although differences among traits 

within the same species had been concluded previously (via field studies), this was the first time 

that the variation among these species was discussed as may be due to interspecific competition 

that occurred in the past due to having a similar niche (e.g., eating similar foods).   

 Having morphological differences between isolated populations of the same species when 

one of the populations lives and shares a similar niche as a different species is called character 

displacement.  Furthermore, ecologists infer that this is likely due to interspecific competition 

that occurred in the past.  This hypothesis is now referred to as ghost of competition past.  

Although Lack (1947) did not use these terms specifically, he did provide a great deal of 

evidence for them during his studies on the Galápagos finches.  Therefore, even extremely 

influential studies do not have to necessarily follow the traditional scientific method that 

involves experiments being performed in a laboratory setting. 

 

Lesson Plan 

 

There are two purposes to this lesson.  One is to teach the scientific concept of character 

displacement and ‘ghost of competition past’ by simulating a classic field study with Galápagos 

finches.  The other purpose is to teach students about the nature of science, namely that science 

can be done in the field, not just in a laboratory, and that science can occur via observations; 

experiments are not always necessary and sometimes even impractical.  This lesson was created 

to occur in one three-hour class during an ecology unit.  After the simulation, students will 

reflect on possible reasons for what was observed and will be guided to the concept of character 

displacement.  They will also be directed towards understanding the nature of science concepts 

discussed above. 

 As students enter the classroom for this activity, they should have a basic understanding 

of evolution, including natural selection, and ecology, including competition.  However, students 

should not be taught about character displacement or ghost of competition past before this class.   

 Before the activity begins, the instructor should describe who David Lack was and the 

methods that he used while at the Galápagos Islands.  It can be discussed that he collected 

descriptive data on the finches but his findings should left out, including evidence of character 

displacement.  It should also be explained how biologists catch birds while conducting research 

and how calipers are used to measure beak depth.  This will lead to a description of the set-up of 

the classroom (discussed below), but it should not be acknowledged that a field study is being 

simulated.  Lastly, students should be informed of the specific finch species of interest and how 

to distinguish between them, which, since they look very similar, will be based primarily on size. 

 The classroom will be divided into three different sections, each section being an island.  

Within each island, bird netting will be set up.  Laminated, colored pictures of birds will be 

hanging from the bird netting.  The bird pictures will be cut out so that they will only be of the 

bird, not any background.  This will make measuring easier and slightly more realistic.  The 
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specific islands being simulated are Crossman, Daphne, and James, and, for simplicity, only two 

finch species will be studied (Geospiza fuliginosa and Geospiza fortis).  The bird pictures will 

vary in size so that the beak depth measurements will be different; there should be very small 

variation on one island, and slightly larger variation between islands within the same species.  G. 

fuliginosa will be on the islands Crossman and James, with having slightly larger beak sizes on 

Crossman than on James.  G. fortis will be on Daphne and James, the birds on James will have 

slightly larger beak sizes than the ones on Daphne.  There should be at least 10 birds of one 

species on each island (James will have at least 20 birds total since both species are on that 

island). 

 During the activity itself, each student will be assigned to an island with twice as many 

students assigned to James since both species will be on that island.  Students should take turns 

collecting the birds from the netting, measuring and recording the beak depth with calipers, and 

identifying and recording the species until all birds have been measured.  Once each bird is 

measured, students will have to make sure to let the bird go (i.e., put them aside) instead of 

putting them back on the netting.  While students are working on this project, it is important that 

the instructor walk around to make sure that the birds are being measured and identified 

accurately; however, the instructor should not hint to the purpose of the activity. 

 After completing the activity, students should write their data on the board so that all 

students will have data from the three islands.  Then, students will be provided with a handout 

that includes several parts (see Appendix).  For Part A, they will individually record all of the 

data and draw histograms with the data for each island.  They will have to make sure to 

differentiate between species.  For Part B, students will be asked to identify the patterns that are 

observed in the data.  They, while working in pairs, will then be asked to come up with possible 

hypotheses that explain the pattern and the evidence supporting those hypotheses.  It is crucial 

that the instructor visit all of the groups to make sure that students are identifying correct 

patterns.  At this time, the explanation for the pattern is not important.  Finally, Part C pertains to 

the nature of science and the methods that they used while completing the activity.  After 

students have worked through Part C of the handout, the class as a whole should discuss Part C 

first.  The instructor needs to emphasize that although an experiment was not conducted in a 

laboratory, the study that Lack (1947) completed, which the students simulated, is still science.  

After completing the discussion on Part C, the class will discuss Part B.  The class should 

explain their possible hypotheses for the patterns observed while using the specific data and 

graphs obtained in Part A as evidence.  The instructor should list all possibilities on the board 

without implying if any are correct or not.  After they are on the board, the instructor should 

explain how David Lack (1947) interpreted his data.  Gradually, the discussion should lead to 

what is character displacement and how the data that Lack gathered provided evidence for 

character displacement, although the concept was not given a name at the time.  Afterward, the 

discussion should lead to how character displacement is an example of ghost of competition past.  

The discussion on Part B is occurring after Part C since it will lead back into a lecture on new 

material.  However, students should fill out Part B first since Part C is based on the entire 

simulation, including the interpretation of the data. 

 

Argument 

 

 The lesson plan on character displacement adequately addresses the learning objectives 

discussed above for nature of science and for ecology by simulating the historical episode of 
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Lack’s (1947) study on the Galápagos finches.  Below, I will describe why this lesson is the 

preferred lesson to use to meet these learning objectives.  My defense will include both 

arguments on how the use of the historical episode in this lesson plan will meet the objectives 

listed above and why this is the preferred way to teach the historical episode to meet the learning 

objectives. 

 Students often have the misconception regarding the nature of science that science 

requires experiments and that these experiments must be completed in laboratories (American 

Association for the Advancement of Science 2009).  It is essential for students, whether they are 

biology students or not, to understand that there is not just one traditional scientific method.  In 

order to illustrate to students that science can and has occurred through observations, students 

will be provided with a historical example.  The historical event that I selected is an example of 

when experimentation is impractical to do and so is studying it in a laboratory.  This will allow 

students to not only experience that even influential science does not always follow one set 

scientific method but also that experiments and lab work are not always feasible.  In my lesson 

plan, instead of just describing this to students, they will be able to understand it by completing a 

simulation and having discussions afterward.  Previous studies have shown that simulations can 

be used in the classroom to improve students’ learning of various scientific concepts (e.g., Harris 

et al. 2009) and historical episodes (e.g., Brodsky 2010).  In this simulation, they will find that 

even quantitative data can be collected by observing the natural world, without having any 

manipulations to it.  

 From my observations, character displacement is typically taught by describing the 

historical event mentioned earlier in a few statements, describing what character displacement 

means, and then moving on to the next topic.  I have found that students often have difficulty 

with this concept for several reasons, which is why I created an entire laboratory lesson on this 

subject.  By students spending more time on this particular historical episode, they will have a 

better idea on what occurred in this historical episode, which will lead to a better understanding 

of character displacement.    

 Students will not learn about character displacement before this lesson plan, so they will 

not be confirming what they already have learned.  Instead, this lesson is created so that they will 

come to their own conclusions.  The simulation will provide similar data that Lack (1947) used 

to infer that differences occurred because of competition in the past.  They will have learned 

about competition recently in class, so that information will be fresh in their minds, and the 

questions at the end of the activity are written in such a way that they should help lead students 

to a similar conclusion that Lack (1947) made without actually stating it.  At the end of the 

activity, a class discussion will be done to discuss the students’ conclusions and eventually to 

what Lack (1947) concluded with his data collections.  The interaction during the discussion is 

important so that students are more interested and, therefore, more engaged.  Also, by sharing 

their own conclusions, they will have more ownership of the ideas and, therefore, understand and 

remember them better.   

 Although simulating any scientific study will help students meet the learning objectives 

discussed above, it is further important that the study being simulated is an actual historical 

episode.  This will lead the students to a greater appreciation of the various ways that science can 

be done since the historical episode has withstood the test of time and is now a classic example 

of character displacement.  Therefore, they will see that not only can science be done in multiple 

ways, but that completing field studies is not regarded by the scientific community as less 

important science than science done via laboratory experiments.   
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 There are several possible approaches to teaching this historical episode.  One common 

approach to teaching character displacement with the historical episode is through lecture alone.  

However, students will not be able to truly understand these concepts until they experience them.  

For instance, students can be shown the graphs that Lack (1947) created using the beak sizes of 

the finch populations.  However, from my experiences, students commonly are not sure how to 

interpret the graphs.  Further, students could be handed the data to create the graphs themselves; 

however, this will not necessarily allow them to understand the nature of science objectives.  In 

order for them to discover that science can be done in the field without a specific experiment, 

such as what occurred in this historical episode, they need to somehow simulate the actual event.   

Moreover, having a hands-on approach will allow for a more interactive and enjoyable 

experience for students.  Not only are they going to create the graphs, they will be collecting the 

data themselves.  By doing this, they will be more involved with these concepts.  Although real 

birds are not being used, they are still doing science similar to Lack (1947) in the historical 

episode by capturing the birds and making measurements on them.  They will also have a sense 

on how a particular type of field work is done, which allows students to gain a better 

appreciation for the work behind the scientific concept.  Students will not have this if they are 

simply given the graphs or even data to graph. 

 Another way to simulate historical episodes in ecology is by completing laboratory 

lessons out in the field.  However, with this particular historical episode or science content, it is 

nearly impossible to do since it is unlikely that any school will actually have funding to send its 

students to the Galápagos Islands for a class project.  Even if another example was available 

locally, it would still be expensive to complete, and it would be time consuming to train students 

on how to catch, handle, and measure birds. 

 Another possible way for this historical event to be simulated is on the computer.  With 

advancements in technology, simulations are commonly done on the computer.  Computer 

simulations for biological concepts can be very helpful (e.g., Aegerter-Wilmsen et al. 2006; 

White & Bolker 2008), but whenever possible, hands-on simulations are also beneficial (e.g., 

Reed 2001).  Not only will students be able to analyze historical data as they would be able to do 

on a computer simulation, but they also will be able to collect it, instead of just clicking on a 

button that provides the data for them.  This should give them a better appreciation of how the 

research was completed during the historical episode.  Another benefit of computer simulations 

is that they can be a cheaper alternative to field work (Gibbons et al. 2004).  On the other hand, 

this hands-on simulation can also be managed in the classroom itself and the materials are cheap 

since actual animals are not being used and all of the equipment and supplies can be used every 

semester. 

 Overall, for meeting the learning objectives, one of the best approaches is using history, 

namely, the classic, historical study completed by David Lack (1947) on the finches of the 

Galápagos Islands.  Not only that, but although there are other ways to illustrate this historical 

example of character displacement to students, the specific lesson plan discussed in this article 

will provide students with the best opportunities within the classroom to learn both the nature of 

science and ecology objectives listed above.  This is partially because the use of a historical 

episode will allow students to realize that even influential science can occur outside of the 

traditional scientific method.  Moreover, this historical episode is taught with a hands-on 

approach which will allow students to not only understand the origins of the scientific concept 

better but also on the various approaches on how science can be done.  Moreover, this simulation 
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includes materials that are reusable and affordable and it does not take up a great deal of class 

time, making this activity a possibility in many classrooms. 

 

Appendix 

Handout Questions 

 
Part A 

1. Record all of the class data; distinguish between islands and finch species. 

2. Using the data above, create histograms for each island.  Label the axes.  For each island, write on or near 

your graph which finch species was/were present.  If there are two bird species on one island, put them on 

the same graph but indicate which species is which.  For the beak depth (x axis), use 0.5mm intervals and 

use the same range for all three graphs so that easy comparisons can be made.  Indicate the mean on each 

graph. 

Part B 

1. Why is it important to study beak size?  Why do some birds in nature have different beak sizes than others? 

(Hint: what are beaks used for?) 

2. Compare the histograms from Part A.  Are there any patterns?  Are there differences between species 

and/or between islands?  Record the patterns that you have inferred from the histograms. 

3. Why are these patterns occurring?  Develop at least two possible biological hypotheses for these patterns.  

Make sure to include the evidence that supports each hypothesis. 

4. Fill in after class discussion.  What are some other hypotheses that your classmates identified?  What was 

their evidence?  Do you think the evidence used was valid for each hypothesis? 

5. Fill in after class discussion.  When Dr. David Lack was completing his study, what was his hypothesis?  

What evidence did he use for his hypothesis? 

6. In this class we have two separate units for evolution and ecology.  However, in studying life, are these 

concepts really isolated from each other? 

Part C 

1. What is science? 

2. In doing science, are experiments required? 

3. Does science ever occur outside of the laboratory? 

4. Was the study that we simulated today an experiment? 

5. Did the original study occur in a laboratory? 

6. Was this study science? 

7. Could this study have been completed via an experiment?  Explain. 

8. Do all studies done in the present time involve experiments?  Do they occur only in the laboratory? 

9. Is there one type of methodology that all scientists follow? 
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