STUDENT WORKSHEET
Caught Red-Handed: Natural Selection in Real Time
37 years of beak measurements from Daphne Major, Galápagos.

	Name:
	Date:
	Period:



  SECTION 1 — BACKGROUND  

Darwin's finches and the island of Daphne Major

In 1835 Charles Darwin collected finches from the Galápagos Islands and noticed that different islands had finches with very different beak shapes. He eventually argued this was evidence that species change over time in response to their environment. For over a century, his finches were treated mainly as a historical example - something that happened long ago.

Then in 1973, two Princeton biologists named Peter and Rosemary Grant arrived on a tiny volcanic island called Daphne Major. They started measuring finches. Every year. For over 40 years. They caught individual birds, measured beak depth and beak length to the nearest 0.1 mm, tagged each bird, and released it. Their dataset is one of the most detailed records of evolution in a living population ever made.

Today you will work with a sample of their data - beak measurements from 1975 and 2012 - to look for evidence of natural selection happening in real time.

  SECTION 2 — KEY CONCEPTS  

Beak depth
The height of a finch's closed beak measured from top to bottom at its deepest point, in millimetres. A deeper beak can generate more force and crack harder seeds. A shallower beak is lighter and more efficient for picking up small seeds or probing flowers.

Q1. Why would a drought that killed off small soft seeds and left only large hard seeds favour birds with deeper beaks?

	 



Natural selection — three requirements
	REQUIREMENT
	WHAT IT MEANS FOR FINCHES

	1. Variation
	Individual finches on Daphne Major vary in beak depth - some have deep beaks, some shallow

	2. Heritability
	Beak depth is strongly heritable - offspring have beaks similar in depth to their parents

	3. Differential survival
	Birds whose beak depth matches the available food survive and reproduce more successfully



Q2. If all three conditions above are met, what should happen to the average beak depth of the population over several generations when only large hard seeds are available?

	 




  SECTION 3 — THE DATASET  

The CODAP file contains 2650 beak measurements from two species of finches on Daphne Major, collected in 1975 and 2012.

	COLUMN
	WHAT IT CONTAINS

	bird_id
	Unique ID number for each individual bird

	species
	G. fortis (medium ground finch) or G. scandens (common cactus finch)

	year
	1975 or 2012

	beak_depth_mm
	Beak depth in mm (top to bottom of closed beak)

	beak_length_mm
	Beak length in mm (base to tip)



Q3. Before you go into depth into the data, make a prediction: do you expect beak depth to have increased, decreased, or stayed the same between 1975 and 2012? Explain your reasoning.
	 





  SECTION 4 — LOADING AND EXPLORING IN CODAP  

Follow these steps. Check each box as you complete it. Open the CODAP file. 

	STEP
	WHAT TO DO
	DONE

	2
	Look at the selection graph. You will see two dot clusters - one for each species.
	☐

	3
	Select and hide G. scandens. Click the G. scandens cluster in the graph. All G. scandens rows highlight yellow in the table. Then click View > Hide Selected Cases. Your table should now show G. fortis rows only.
	☐

	4
	Create a graph. Click the graph icon. Drag beak_depth_mm to the x-axis. Drag species to the y-axis.
	☐

	5
	Switch to bins. Click the Configuration button on the graph (hover near the graph edge to find it). Choose Group into Bins. The dots change to a histogram.
	☐

	6
	Split by year. Drag year to the y-axis (replacing species). You now have two histogram rows - one for 1975, one for 2012. Add mean lines using the ruler icon > Show Mean. Record means in Section 5.
	☐

	7
	Restore all data. Click View > Show All Cases. All 650 rows reappear.
	☐

	8
	Repeat for G. scandens. View > Show All Cases first. Then click the G. fortis cluster in your selection graph. View > Hide Selected Cases. Create a second histogram the same way. Add mean lines. Record means in Section 5.
	☐

	9
	Restore and make summary chart. View > Show All Cases. Create a small table of your four means and make a bar chart comparing them side by side.
	☐



  SECTION 5 — RECORD YOUR MEASUREMENTS  

Use CODAP to find the mean beak depth for each group. Fill in the table below.
	SPECIES
	YEAR
	MEAN BEAK DEPTH (MM)
	MIN (MM)
	MAX (MM)

	G. fortis
	1975
	
	
	

	G. fortis
	2012
	
	
	

	G. scandens
	1975
	
	
	

	G. scandens
	2012
	
	
	





Q4. For G. fortis, calculate the change in mean beak depth between 1975 and 2012:

1975 mean: _______ mm     2012 mean: _______ mm     Difference: _______ mm

Q5. For G. scandens, calculate the change in mean beak depth between 1975 and 2012:

1975 mean: _______ mm     2012 mean: _______ mm     Difference: _______ mm

  SECTION 6 — ANALYSIS QUESTIONS  

Q6. Look at your dot plots for G. fortis. Describe in words what the distribution looks like in 1975 compared to 2012. Has the shape changed? Has the centre shifted?

	 



Q7. Is the difference in mean beak depth for G. fortis large or small? To put it in context: the full range of beak depths in the population is roughly 7.5–11 mm. What fraction of that range does your difference represent?

	 



Q8. The two species lived on the same island at the same time. Why might G. fortis and G. scandens show different patterns of beak depth change between 1975 and 2012?

	 



Q9. A drought in 1977 killed most of the small soft seeds on Daphne Major. Only large hard seeds remained. Using your data as evidence, what do you think happened to G. fortis beak depth between 1975 and the late 1970s - and why might the 2012 mean be different from what you'd expect after that drought?

	 



  SECTION 7 — BUILDING THE NATURAL SELECTION ARGUMENT  

Q10. Fill in the table to show how the three requirements for natural selection are met in this dataset:

	REQUIREMENT
	EVIDENCE FROM YOUR DATA OR THE DATASET

	1. Variation in beak depth
	

	2. Heritability of beak depth
	

	3. Differential survival based on beak depth
	



Q11. Why is 37 years of data more convincing evidence for natural selection than 1 year of data would be?

	 



Q12  CER argument. Write a short scientific argument using the Claim-Evidence-Reasoning framework:

Claim: What does the data show about beak depth in G. fortis between 1975 and 2012?

	



	



Evidence: Cite specific numbers from your analysis.

	 



Reasoning: Explain how this change is consistent with natural selection acting on the population. Use the words variation, heritable, and selection pressure.

	 



  SECTION 8 — EXTENSION (OPTIONAL)  

Extension A. Beak length also changed between 1975 and 2012. Use CODAP to plot beak_length_mm for each species and year group. What do you find? Does the pattern match what you see for beak depth?

	 



Extension B. Create a scatter plot in CODAP with beak_length_mm on the x-axis and beak_depth_mm on the y-axis. Colour the points by species. What pattern do you see? What might this tell you about the ecological roles of the two species?

	 



Extension C. The Grants' data also shows that beak depth is highly heritable - offspring have beaks similar in depth to their parents. Why is heritability essential for natural selection to produce evolutionary change? What would happen to beak depth over generations if heritability were zero?

	 





