Scaled Down
Using fossil measurements and real data to find out how big Dunkleosteus terrelli actually was

	Name:
	Date:
	Period:



  SECTION 1 — BACKGROUND  

What is Dunkleosteus terrelli?

Dunkleosteus terrelli was a large armored fish that lived approximately 360 million years ago. It was one of Earth's first vertebrate apex predators, with massive blade-like jaws and bony armor covering its head and chest. For over a century, textbooks and museums described it as a 9-metre (30-foot) monster — roughly the length of a school bus.

There is one major problem: nobody actually measured it properly. Only the head and chest armor fossilize. The rest of the body was cartilage and rotted away millions of years ago. Scientists had to estimate the total length, and in 2023 a researcher named Russell Engelman showed those estimates were about twice as large as they should have been.

Today you will use the same method Engelman used to find out how big Dunkleosteus really was.

  SECTION 2 — KEY CONCEPTS  

Read each definition. Then answer the question below it.
Allometric scaling
The idea that body parts grow in predictable proportion to total body size. Short fish have short heads; long fish have long heads. If you measure enough living fish, you can find the equation that connects head size to total length — and then use that equation to predict the length of an animal whose total length you cannot measure directly.

Q1. In your own words, why would allometric scaling be useful for estimating the size of an extinct animal whose body is only partially preserved?






Orbit-opercular length (OOL)
The distance from the front of the eye socket to the back of the gill region. This measurement can be taken from fossils because both the eye socket and the gill cover region are part of the preserved bony armor.

Q2. Why is orbit-opercular length a better measurement to use than jaw length when estimating the body size of Dunkleosteus?









Proxy species
A living animal used as a reference when studying an extinct one. The choice of proxy matters enormously — if the proxy has a different body plan than the extinct animal, your size estimate will be wrong.

Q3. Previous estimates used sharks as the proxy for Dunkleosteus. What assumption does that make — and why might that assumption be incorrect?













  SECTION 3 — DATASET A: LIVING FISH REFERENCE DATA  

Open this CODAP file, which contains a data table with  orbit-opercular length (OOL) and total body length measurements for 12 fish species. 
Q4. Before you plot anything: just looking at the numbers in the table, what general pattern do you notice between OOL and total length?





Q5. Find Coccosteus cuspidatus in the table. Why is it particularly important that this species is included in the reference dataset?





  SECTION 4 — BUILDING YOUR MODEL IN CODAP  

Q6. Looking at the scatter plot comparing OOL (cm) to Body Length (sm) write down the equation of your trend line from CODAP:

total_length_cm  =  ________ × OOL_cm  +  ________

       (slope)	                      (y - intercept)

Q7. Does one data point sit noticeably far from the trend line? Which species is it, and why might its body shape explain this?









  SECTION 5 — DATASET B: YOUR DUNKLEOSTEUS ESTIMATES  

Use your trend line equation to calculate the predicted total length of each specimen. Show your working below.

	SPECIMEN
	OOL (CM)
	MY CALCULATION
	MY ESTIMATE (CM)

	CMNH 5768(large adult)
	61.0
	= _______ × 61.0 + _______



	

	CMNH 6090(adult)
	54.5
	= _______ × 54.5 + _______



	

	CMNH 7054(young adult)
	44.0
	= _______ × 44.0 + _______



	

	CMNH 7424(juvenile)
	28.5
	= _______ × 28.5 + _______



	



Once you have calculated your four estimates above, enter them into your CODAP file in the empty column called Student Estimates (cm). 
Q8. Describe how your estimates varied from the historical estimates. 













  SECTION 6 — ANALYSIS QUESTIONS  

Q9. Look at your four estimates for the different Dunkleosteus specimens. Why do they give different length predictions rather than one single answer? List at least two reasons.






Q10. You applied the Coccosteus data point to validate your model. What total length does your equation predict for Coccosteus (OOL = 3.8 cm)? How close is it to the known value of 40 cm?

My predicted length for Coccosteus:  ___________ × 3.8 + ___________  =  ___________ cm
	Actual known length:
	



	Difference:
	



What does this tell you about whether the method works for arthrodires? 







Q11. The previous estimate used shark jaw measurements as the proxy. Use the data in your graph to explain in plain language why using shark proportions would overestimate the size of Dunkleosteus.








Q12. Even though your new estimate is much smaller than the old one, Dunkleosteus was still a formidable predator. Engelman noted that a 3.3-metre Dunkleosteus would have weighed about the same as a 4.6-metre great white shark — because its body was much chunkier. What does this tell you about why body length alone is not always the best measure of how dangerous a predator was?





  SECTION 7 — HOW SCIENTIFIC UNDERSTANDING EVOLVES  

Q13. The 9-metre (900 cm) estimate appeared in textbooks and museums for over 100 years. Does that mean the scientists who wrote those textbooks were doing bad science? Explain your reasoning.




Q14. Engelman's new estimate didn't come from finding a new Dunkleosteus fossil. It came from applying better statistical methods to fossils that have been in a museum since the 1800s. What does this tell you about the nature of scientific progress?






Q15. If a complete Dunkleosteus skeleton were discovered tomorrow, how might it change the analysis you just did? Would it necessarily make your estimate wrong, or could it confirm it?







Q16 — Claim, Evidence, Reasoning. Write a short scientific argument using the CER framework:

Claim: What is your best estimate for the body length of a typical adult Dunkleosteus terrelli?




Evidence: What specific numbers from your analysis support this claim?





Reasoning: Why is the orbit-opercular method more reliable than the previous shark-jaw method?



















