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Activity 

Educator Materials 

Beaks as Tools: Selective Advantage 
in Changing Environments 

OVERVIEW 
In this activity, students collect and analyze data from a hands-on model to discover why even slight variations in 
beak size can impact a bird’s ability to obtain food and survive. Students learn that the physical characteristics of 
individuals in a population can change rapidly when the population is exposed to sudden and significant 
environmental changes. They also reinforce their understanding of natural selection, adaptations, and fitness. 
(Although the activity does not simulate evolution, it emphasizes the role of trait variations and selective 
pressure as prerequisites for evolution.)  

In the model for this activity, students act as finches and compete for survival under different environmental 
conditions. They test which of two tools, which simulate different beak sizes, is better adapted to collect and 
“eat” seeds under various conditions. Before certain parts, students watch clips from the short film The Origin of 
Species: The Beak of the Finch to provide context for what they will be modeling without giving too much away. 
This method enhances students’ discovery process so that they can create their own understanding.  

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  
● Traits vary among individuals in a population. Individuals with one variation of a trait may be better able to 

exploit some aspects of the environment, giving them a selective advantage over individuals with other 
variations. 

● Natural selection is a process by which, under certain selective pressures, individuals with certain variations 
are more likely to survive or reproduce than others. Over time, these advantageous variations (and their 
associated alleles) become more common in a population. 

● Evolution by natural selection can occur very rapidly, in only a few generations, if there is genetic variation 
in a population and selection acting on this variation is strong. 

STUDENT LEARNING TARGETS 
● Explain how even slight variations in traits can impact an organism’s ability to survive.  
● Use evidence to explain how environmental change can lead to strong selective pressure on certain traits. 
● Develop an explanation about how traits can provide a selective advantage under different environmental 

conditions. 
● Make predictions based on observations and collect quantitative data to test these predictions. 
● Organize and analyze results by using computational thinking to make sense of data. 
● Collect, analyze, and interpret data to identify patterns and possible cause-and-effect relationships. 

PRIOR KNOWLEDGE  
Students should have a basic understanding of: 
● how heritable variations exist among individuals in a population 
● how variations of a trait can help an individual survive and reproduce  
● calculating means 

MATERIALS 
For each group of 3–5 students: 

http://www.hhmi.org/biointeractive/origin-species-beak-finch
http://www.hhmi.org/biointeractive/origin-species-beak-finch
https://www.biointeractive.org/classroom-resources/beaks-tools-selective-advantage-changing-environments
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● copies of the “Student Handout” for each student 
● one “Group Data Table” handout 
● one medium-sized cardboard or plastic box (e.g., 13 × 17 × 5 inches; lid not required) 
● substrate to cover the bottom of the box (e.g., AstroTurf, Spanish moss, or play sand) 

o You can use any substrate that makes the smaller seeds harder to find and pick up than the larger seeds. 
Make sure that the large tool (pliers) can’t get to the small seeds just by pushing the substrate aside. 

o One option is to cut large AstroTurf mats (e.g., 24 × 1 × 36 inches; Figure 1a) into pieces that cover the 
bottom of the box. Attach the mat to the box using Velcro. This will keep students from accidentally 
lifting the mat when picking up seeds; the mat can be pulled out later to remove the seeds. 

● small seeds (e.g., 4.5 tbsp/54 g of rice) and large seeds (e.g., 1 cup/180 g of kidney beans) 
o You can use any type of seed/grain you want, as long as the small seeds (e.g., rice) fall to the bottom of 

the substrate and the large seeds (e.g., kidney beans) stay on top of it. 
o The small seeds can typically be reused. The large seeds will be crushed when collected, so they must be 

replaced each time you do the activity. 
● a small tool with fine tips (e.g., tweezers) and a large tool with blunt tips (e.g., pliers) (Figure 1b) 

o Tools should be sufficiently different in size. Tweezers should be small enough to pick up small seeds in 
the substrate. Pliers should be large and strong enough to easily grab and crush large seeds. 

o If you plan to compile class data, all groups should use the same types of tools. 
● two cups of any size to collect seeds; small paper cups are large enough 
● timer (can use phones or watches that show seconds) 
● measuring spoons and cups (1 tbsp, 1/2 tbsp, and 1/3 cup) or a scale; can be shared among groups 
● (optional) access to the “Class Data Table,” either as a spreadsheet or a printed table  

 
Figure 1. Example materials for the activity. a) An AstroTurf mat, which can be used as a substrate for the 
bottom of the box. The substrate should make the smaller seeds less accessible, which simulates conditions that 
finches encounter in the wild. b) Tweezers and pliers that students can use to pick up seeds. These tools 
simulate potential mechanical differences between small and large beaks.  

TEACHING TIPS 

Running the Activity 

● Consider distributing Parts 1 and 2 of the “Student Handout” separately from Parts 3–8, since the later parts 
give away answers to some questions in the earlier ones. 

● Students should watch film clips from The Origin of Species: The Beak of the Finch when directed in the 
“Student Handout.” The clips give students the opportunity to figure out the phenomenon before the film 
explains it. After each clip, encourage students to discuss how what they did with their model mirrors what 
happened in the clip. 

a 

b 

 

http://www.hhmi.org/biointeractive/origin-species-beak-finch
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● Students should work in groups of three to five and take turns playing different roles, as described in the 
“Student Handout.”  

● Each group should record their data in one “Group Data Table” handout. 
● Ask students to discuss their results and subsequent questions with their group before writing down any 

answers. Use prompts such as “What patterns do you notice?” and “What similarities and differences are 
there in the data sets?” 

Clarifications and Caveats 

● Throughout the activity, reinforce the concept that populations evolve over multiple generations. Individuals 
do not evolve during their lifetimes. The individual finches modeled in this activity, for example, had beaks 
of a certain size that did not change. 

● Address the common misconception that new traits arise “as needed.” For example, smaller or larger beaks 
did not arise directly in response to changing environmental conditions. Variations in the population already 
existed beforehand. Once conditions changed, birds with certain variations (i.e., either a larger or smaller 
beak) were more likely to survive than birds with other variations.  

● Students may ask why finches don’t need many more small seeds than large seeds to meet their minimum 
food requirements. If so, clarify that the size of a food item doesn’t necessarily indicate its nutritional value, 
and that the net caloric intake per large seed can be similar to the net caloric intake per small seed. This is 
because large seeds, like the spiny seeds mentioned in the film, can have tough shells that take energy to 
crack open; the edible parts inside may also be quite small. In contrast, small seeds, such as grass seeds, 
have shells that are soft and easy to remove or can be eaten without removing the shells.  

Supplements and Extensions 

● During or after Part 8, consider compiling data from all the groups into one “Class Data Table” spreadsheet 
(downloadable from this resource’s webpage) or printed table (at the end of this document) for the whole 
class. Students can use the class data to calculate means and standard deviations or plot graphs. 
o If you plan to compile data in this way, make sure that all groups use the same types of tools and run 

the same number of trials. 
o If students enter their results into the “Class Data Table” spreadsheet, it will automatically calculate 

means and standard deviations, and plot several graphs. Consider using this spreadsheet if you want to 
emphasize the quantitative aspect of the activity or to familiarize students with spreadsheet programs. 
 You can use a platform such as Google Drive to share the spreadsheet and allow all groups to enter 

their data simultaneously. 
 Alternatively, you can create a Google Form for groups to submit their results to you, then compile 

the results into the spreadsheet yourself. 
o If students do not have access to computers, you can print the “Class Data Table” at the end of this 

document and have students copy their results into that table. You can then show the class results on 
the board or by using a projector.  

PROCEDURE  

PART 1: Introduction to the Phenomenon 

Students make observations of Figure 1 in the “Student Handout,” which shows images of two different finches, 
some seeds that finches eat, and an environment where finches live. Students connect their observations of the 
images to make predictions about how these finches survive in their environment. 

Inferring the function of the beaks based on their structure and components of the environment supports 
students’ understanding of the relationship between structure and function (NGSS Crosscutting Concept 6). It is 

https://www.biointeractive.org/classroom-resources/beaks-tools-selective-advantage-changing-environments
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not recommended to preteach this; this part simply sets the stage for what students will actively do during the 
rest of the activity. 

PART 2: Discussion of the Model 

Students make connections between what they observed in Part 1 and the parts of the model. Students also 
discuss the limitations of the model based on their previous observations. Consider scaffolding learning by 
asking questions like “What things in the finches’ environment can we not replicate in the model?” or “How is 
the model different from the actual environment in the Galápagos?” 

PART 3: Preparing and Practicing with the Model  

First, students set up their box environment and practice picking up and crushing seeds with their tools. Next, 
students record their observations of the different parts of the model.  

● For the beaks (tools), students should notice that the pliers are larger, heavier, and blunter than the 
tweezers. Compared to the tweezers, pliers also have a sturdier grip and can hold or even crush larger 
seeds. Tweezers, on the other hand, are better suited for jobs that require greater dexterity.  

● For the seeds (rice and beans), students should note the difference in seed size. 
● For the environment (box with substrate), students should notice the substrate’s rough surface and the 

small spaces into which small food items could fall.  

Students then make predictions about each beak’s ability to get food under three different conditions.  

● Under Condition A (both small and large seeds are available), either beak should be able to pick up at least 
one of the seed types. Large beaks (pliers) will likely pick up mostly large seeds. Small beaks (tweezers) will 
likely pick up mostly small seeds.  

● Under Condition B (only large seeds are available), the small beak probably won’t be able to collect much 
food because it cannot effectively crush the large seeds. 

● Under Condition C (only small seeds are available), the large beak will probably have difficulty picking up 
seeds without also partially grabbing the substrate. The small beak, on the other hand, should be better at 
getting in between spaces in the substrate.  

PARTS 4–6: Modeling Conditions A, B, and C 

Procedures and data collection for these parts are described in detail in the “Student Handout.” Students start 
each part by watching a clip from the short film The Beak of the Finch, which provides context for what they are 
about to do and reinforces some of the observations and predictions they may have already made. 

If you plan to compile class data later, make sure all groups are using the same types of tools, and instruct all 
groups to run the same number of trials. Groups should run at least four trials total for each condition. 

PART 7: After the Experiment  

Using their data table, each group calculates the mean number of seeds collected across all their trials for each 
environmental condition. They then use these results to calculate an “80% limit” based on the mean number of 
seeds collected by each type of finch. (The amount 80% is arbitrary; it just illustrates the fact that organisms 
require some minimum amount of food to survive.) 

PART 8: Making Sense of the Phenomenon — Variations within Populations 

Students answer a series of questions to synthesize what they learned and reflect on the activity. For the last 
question, they create a representational model of the phenomenon that they examined at the beginning of the 
activity. The format of this model is entirely up to you and/or your students. When evaluating student models, 
pay careful attention for opportunities to highlight NGSS Crosscutting Concepts like Structure & Function, 
Patterns, Stability & Change, and/or Cause & Effect. The Crosscutting Concepts can be directly provided to 

http://www.hhmi.org/biointeractive/origin-species-beak-finch
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students; students can then reflect on their work by identifying where these concepts are apparent in this 
phenomenon and activity. 

As an optional step, you can also compile data from each group to create one data table for the whole class. As 
described in the “Teaching Tips” section above, groups can enter their totals into a “Class Data Table” 
spreadsheet or printed table. Once every group has entered their totals, you can calculate totals and means for 
the whole class. The class data can also be used to develop a final model of the phenomenon for the class. 

ANSWER KEY 
Answers for Parts 1–7 will vary depending on students’ observations and results. Be open to a range of 
reasonable responses, as students will build on their understanding of the concepts throughout the activity. 
Sample answers for Part 8 are provided below. 

22. Was there any difference in the abilities of the two beaks to pick up small seeds? If so, what features made 
one beak more successful than the other? 
Answers may vary depending on students’ experiences. Students typically find that the tweezers are 
better at picking up small seeds than the pliers are, because the thinner, finer tips of the tweezers are 
better at reaching into small spaces in the substrate to grab small seeds. Sometimes, however, students 
find that both types of tools pick up small seeds equally well. 

23. Was there any difference in the abilities of the two beaks to pick up and crush large seeds? If so, what 
features made one beak more successful than the other? 
Answers may vary depending on students’ experiences. Students typically find that the pliers are better at 
picking up and crushing the large seeds, because pliers have larger tips that can crush the seeds more 
effectively. The thinner tips of the tweezers are often not as effective at crushing the large seeds. 

24. As shown in the film, what caused the average beak size in the finch population to change over time? Be as 
specific as possible about the different aspects that could have led to these changes. 
Students should explain that changes in the environment selected for some beak variations more strongly 
than others. For example: 
 
In 1977, a drought caused small seeds to become scarce, so finches relied more on large, hard seeds for 
food. Large beaks were better at cracking open the large seeds, so finches with large beaks were more 
likely to survive the drought. This increased the average beak size in the population. 
 
In 1983, there was a lot of rain that caused small seeds to become abundant, so finches relied more on 
small seeds for food. Small beaks were better at picking up the small seeds, so finches with small beaks 
were more likely to survive. This decreased the average beak size in the population. 

25. How did this model help you figure out how the finch population changed over time? 
Answers will vary depending on students’ experiences with the model. For example, students may say that 
the model helped them determine which beak variations were advantageous under certain conditions. 
Students may also say the model demonstrated selection for or against certain variations. 

26. Consider the selective pressures that could have led to the average beak size of the finch population 
changing over time. Create a diagram to explain this change in the finch population over generations.  
Student models will vary. Consider providing parameters and formats for these models in advance. 

CREDITS 
Written by Jason Crean, Saint Xavier University, IL; Kristin Rademaker 

Edited by Jessica Bean, University of California, Berkeley, CA; Laura Bonetta, Aleeza Oshry, Esther Shyu, HHMI; Sue Dodge 
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Adapted from an activity by Sandra Blumenrath, HHMI; Ann Brokaw, Rocky River High School, OH 

Scientific review by Jonathan Losos, Washington University in St. Louis, MO 

Image credits: 

● Figure 1 (“Educator Materials”): HHMI 
● Figure 1 (“Student Handout”):  

● A: “Geospiza fortis” by brian.gratwicke, used under CC BY 2.0 
● B: “Geospiza fortis” by brian.gratwicke, used under CC BY 2.0 
● C: Chamaesyce maculata seeds by Carole Ritchie/ARS Systematic Botany and Mycology Laboratory, hosted by the 

USDA-NRCS PLANTS Database 
● D: “Sida rhombifolia seed released from fruit” by iewf.org, used under CC BY-NC-SA 2.0 
● E: “Tribulus cistoides” by Forest and Kim Starr, used under CC BY 2.0 
● F: “Plaza_2018 05 25_2593” by Harvey Barrison, used under CC BY-NC-SA 2.0 

  

https://www.flickr.com/photos/19731486@N07/8499824037
https://www.flickr.com/photos/19731486@N07
https://creativecommons.org/licenses/by/2.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/briangratwicke/8499548375/
https://www.flickr.com/photos/19731486@N07
https://creativecommons.org/licenses/by/2.0/?ref=ccsearch&atype=rich
https://plants.sc.egov.usda.gov/home/plantProfile?symbol=CHMA15
https://plants.sc.egov.usda.gov/
https://www.iewf.org/weedid/Sida_rhombifolia.htm
https://www.iewf.org/
https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/97499887@N06/24228676514
http://www.starrenvironmental.com/
https://creativecommons.org/licenses/by/2.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/10299779@N03/30265308518
https://www.flickr.com/photos/hbarrison/
https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=ccsearch&atype=rich
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Class Data Table 
It is recommended that all groups run the same number of trials to simplify the calculations. 

Results 

Environmental conditions 
Condition A: 
Before 1977 

(small and large seeds) 

Condition B: 
1977–1983 

(only large seeds) 

Condition C: 
After 1983 

(only small seeds) 
“Beak” type “Beak” type “Beak” type 

Small Large Small Large Small Large 

Group 1 total            

Group 2 total            

Group 3 total            

Group 4 total            

Group 5 total             

Group 6 total             

Group 7 total             

Group 8 total             

Group 9 total             

Group 10 total            

Class total 
 

 
     

Class mean 
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