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BELLY OF THE BEAST 
Why did the giant megalodon go extinct? 

  

 

Great white sharks are terrifying, but also awesome. They’re huge, their teeth 
are as sharp as knives, and some even have a taste for human flesh. 

But as frightening as great white sharks may be, their ancestor, the 
megalodon, was even scarier.  In this lesson, students model the bodies of 
different sharks using cylinders, and explore how the volume of a cylinder 
changes when its dimensions change.  They learn that the megalodon was a 
massive ocean beast, but after estimating the dietary needs of such a large 
animal, they discover that its size may ultimately have led to its downfall. 

 

Primary Objectives 

 

 Use cylinders (and optionally, cones) to model the shape of a great white shark and a megalodon 

 Apply the volume formulas for cylinders (and optionally, cones) to estimate the volume of different sharks 

 Explore how the volume of a cylinder (or cone) changes as the radius/height change 

 Estimate how much food the megalodon would have needed to eat in order to stay alive 

 Apply arguments about megalodon’s dietary needs to discuss possible reasons for the megalodon’s extinction 
 

 

Content Standards (CCSS) Mathematical Practices (CCMP) Materials 

   
Grade 8 G.9 MP.4  Student handout 

 LCD projector 

 Computer speakers 
    

 

Before Beginning… 

Students should know what cylinders are and be able to evaluate the volume formulas for cylinders given their radii 
and heights (for example, if a cylinder has a radius of 2 and a height of 3, they should be able to evaluate the formula 
V = πr2h at h = 3 and r = 2).  The modeling students do can also incorporate volumes of cones, though this is not 
required.  Finally, it’s best if students don’t have a crippling fear of sharks. 
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Preview & Guiding Questions 

Students watch a clip from Discovery Channel’s Shark Week featuring a group of fisherman who are trying to film a 
great white shark.  The fishermen take a bag full of tuna, throw it over their boat, and then watch as a 15-foot great 
white shark shreds the bag to pieces.  As the shark bites down on the bag, the narrator says, “This is the most 
powerful bite in the entire animal kingdom.” 

After watching the video, ask your students what they think about great white sharks.  Aren’t they awesome?  Aren’t 
they terrifying?  You certainly wouldn’t want to be caught in the open ocean with one, would you?! 

While students may be able to name a more dangerous predator on land – e.g. lions, tigers, or bears – when it 
comes to the ocean, the great white shark is certainly on the short list for most dangerous predator.  At least, 
nowadays that’s true.  After talking about great whites, however, students will be ready to learn about an even more 
dangerous prehistoric predator that used to roam the Earth’s oceans. 

 On a scale from one to ten, how awesome are great sharks? 

 On a scale from one to ten, how terrifying are great white sharks? 

 Can you think of a more dangerous predator than the great white shark? 

 Can you think of a more dangerous ocean predator than the great white shark? 

 

Act One 

Students learn about the prehistoric giant shark megalodon, which used to live in our oceans and could grow to be 
three to four times as long as a great white shark.  Using cylinders (and optionally, cones), students model the shape 
of these fish and discover that a megalodon three to four times as long as a great white would’ve been 27 to 64 
times the size (by volume). 

 

Act Two 

There’s no doubt that the megalodon was a massive creature and terrifying predator.  But why, then, did it go 
extinct while the great white shark is still around?  In Act Two, students explore one of the downsides of being so 
large: namely, the bigger you are, the more you need to eat.   

Students learn that great white sharks typically need to eat one seal every two days; at that rate, a large megalodon 
would have needed to eat around 64 times that much, or around 32 seals a day.  That’s roughly equivalent to three 
killer whales every four days.  With appetites that big, it’s no wonder the megalodon is no longer around.  
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Act One: Shark, Weak 

1 The image below shows a great white shark beneath an ancient megalodon.  If the great white is 15-feet long with a 3-foot 
diameter, and assuming the megalodon was just a scaled-up version of a great white, calculate the volume of each.  (Note: 
The volume of a cylinder is equal to πr2h, while the volume of a cone is equal to ⅓πr2h.) 

Answers will vary.  Sample response: 

 

 

 Great White Shark Megalodon (Medium) 

Length 15 feet 45 feet 

Diameter 3 feet 9 feet 

Volume π × 1.52 × 15 ≈ 106 ft3 π × 4.52 × 45 ≈ 2,862 ft3 
 

 

Explanation & Guiding Questions 

The note in the question text strongly suggests that students should model the shape of these sharks using cylinders 
and/or cones.  However, this is easier said than done.  Students may not be sure how to decompose the shark into 
these shapes; alternatively, they may focus too much on the details, resulting in a model that’s fairly accurate but 
difficult to work with. 

Encourage students to come up with a relatively simple model of a shark’s shape.  The simplest thing would be to 
model the entire shark as a single cylinder; while this isn’t terribly accurate, it does make calculating volumes much 
more straightforward.  In the answer above, for example, each shark is modeled as a single cylinder with length 
equal to the length of the shark, and diameter equal to the diameter of the shark.  For the great white, this means 
the radius is 1.5 feet, and the volume is therefore π × 1.52 × 15 ≈ 106 ft3. 

Once students have estimated the volume of the great white, they need to do the same for the megalodon.  To 
estimate the dimensions of the megalodon, students should use the great white as a point of reference: for 
instance, it would take around 3 great whites, placed from end-to-end, to be as long as a megalodon.  This means 
that the megalodon should be around three times as long (45 feet), its diameter should be three times as big (9 
feet), and therefore its volume should be around π × 4.52 × 45 ≈ 2,862 ft3. 

 How could you model the shape of a shark using cones and cylinders? 

 What’s the simplest way you could model a shark’s body?  What are some pros/cons of this approach? 

 If a cylinder has a diameter of 3 feet, what’s its radius? 

 If a cylinder has a radius of 1.5 feet and a length of 15 feet, what’s its volume? 

 How many great whites would you need to line up to equal the length of the megalodon? 

 If the great white is 15 feet long with a diameter of 3 feet, what are the radius/diameter of the megalodon? 

 What’s the volume of the megalodon? 
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2 It’s reasonable to assume that if a shark grows three times as long, it also grows three times as wide and three times as tall.  
Will it also grow three times as big?  If not, how does the volume change as the length changes? 

If a shark grows to be three times as long, it will be more than three times as big.  For instance, a megalodon that’s three 
times as long as a great white shark will be around 2,862 ÷ 106 = 27 = 33 as big (by volume). 

Similarly, if you increase the length of a shark by some factor, then the volume of the shark increases by the cube of that 
factor (assuming that the larger shark is a scaled-up version of the smaller shark). 

 

Explanation & Guiding Questions 

Students should realize fairly quickly that if a shark grows to be three times as long, it will be more than three times 
as big.  The previous question provides a concrete example: the megalodon in question one had three times the 
length of the great white shark, and three times the diameter, but 27 times the volume!  (This should be true 
regardless of how your students decomposed the sharks into cones and cylinders.) 

If students have difficulty relating the factor of 27 to the length factor of 3, encourage them to explore how the 
volume formulas change as the radius and height change.  For example, the volume of cylinder with radius r and 
height h is πr2h.  But if you increase the radius by a factor of 3 and the height by a factor of 3, this expression 
becomes π(3r)2(3h) = 27πr2h, which is 27 times as large as the original volume. 

Finally, it’s important for students to realize that there’s nothing special about the number 3 here.  If you increase 
the radius and height by any factor, then the volume will increase by the cube of that factor.  By having students 
explore this relationship with some other factors besides 3, they should be able to pick up on the pattern. 

 In your calculations from the previous question, how big was the great white?  How big was the megalodon? 

 The megalodon was how many times as large as the great white shark? 

 How is the volume increase (27 times) related to the length increase (3 times)? 

 If you increase the radius and height of a cylinder by a factor of 3, what happens to the volume?   

 What if you increase the radius and height by a factor of 4?  Of 5? 

 How is 64 related to 4?  How is 125 related to 5? 

 If you increase the radius and height of a cylinder by the same factor, what happens to the volume? 

Deeper Understanding 

 If you increase the radius of a cylinder by a factor c, and the length by a factor d, what happens to the 
volume? (It is increased by a factor of c2d.) 
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3 According to Stephen Godfrey of the Calvert Marine Museum, how long was the largest megalodon, and how many times 
bigger would it have been than a 15-foot great white shark? 

According to the video, the largest megalodon reached a length of 60 feet.  This would have made it 60 ÷ 15 = 4 times as long 
as a great white shark, which means that it would’ve been around 43 = 64 times as big! 

 

Explanation & Guiding Questions 

In the video, Stephen Godfrey stands in front of a recreation of a megalodon skeleton and says, “This model is 
around 37 feet long…but this is not the largest size megalodon.  They could have achieved lengths between 50 and 
60 feet.”  That’s much larger than the megalodon students have studied so far; a large megalodon would have been  
60 ÷ 15 = 4 times as long as a 15-foot great white! 

To compare their actual sizes, students can use the rule they’ve developed in the previous question.  They should 
know that when you increase the length of a shark by some factor, the volume increases by the cube of that factor.  
In this case, the large megalodon is around 4 times as long as the great white, so it should be around 43 = 64 times 
as big.  Encourage students to come up with their answers without resorting to the specific models they used in 
question one.  The point here isn’t for them to use cylinders and cones to model a 60-foot megalodon; instead, they 
should simply apply their understanding of how volume scales from the previous question. 

 How long is the model megalodon in the video?  How long could megalodon have grown? 

 The large megalodon would’ve been how many times as large as a 15-foot great white? 

 If a megalodon is 4 times as long as a great white, how many times bigger would it be? 

Deeper Understanding 

 If the length of a shark increases by a factor of 4, do you think the diameter necessarily increases by a factor 
of 4 as well?  (It might not be exactly a factor of 4, but this is probably not a bad approximation.) 
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Act Two: Seal the Deal 

4 Watch the National Geographic video about the great white shark’s feeding habits, and answer the following. 

a. How many seals does a great white shark need to 
eat, and how often? 

According to the video, a seal will only last a shark 
two days; after that, it will need to hunt again.  

b. Based on this, how many seals would the large 
megalodon need to eat, and do you think it could? 

If a large megalodon is 64 times the size of a great 
white, it would probably need to eat 64 times as 
much.  This means it would need to eat 64 seals 
every two days, or 32 seals a day.  This seems like 
a lot, but maybe the megalodon could do it. 

 

 

Explanation & Guiding Questions 

The video clip shows a great white shark hunting for seals.  (Note: the video gets fairly graphic, so you may want to 
warn students before showing the clip.)  After the shark successfully captures its prey, the narrator says, “This meal 
will only hold the shark for two days.  Then it will be back, and the hunt will start all over again.”  In other words, a 
great white shark needs to eat one seal every two days in order to survive. 

What does this mean for the megalodon?  One way to estimate how much the megalodon would have needed to 
eat is to go back to the size comparison from Act One.  Students know that the large megalodon (60 feet long) was 
about 64 times the size of a typical great white shark.  It seems reasonable, then, that it would have needed to eat 
around 64 times as much food.  But if a great white needs to eat one seal every two days, this means that the 
megalodon would have needed to eat 64 seals every two days, or 32 seals a day!  Students can debate whether or 
not they think that a megalodon could have captured that much prey on a daily basis. 

 According to the video, when a great white catches a seal, how long will it be before it needs to eat again? 

 The large megalodon was how many times as large as a great white? 

 If the megalodon was 64 times as big, how much more food do you think it needs to eat? 

 If the megalodon ate 64 seals every two days, how many seals would it have needed to eat per day? 

 Do you think a megalodon could actually hunt down 32 seals every day? 

Deeper Understanding 

 Do you think the amount of food an animal needs to survive is actually proportional to its size?  (There’s 
probably some variation here, but this seems like a reasonable first estimate.) 
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5 As creatures get bigger, they need to eat more, but they can also eat larger prey.  A harbor seal is approximately 6-feet long 
and weighs 130 kg.  A killer whale, or orca, is approximately 21-feet long and weighs 6,000 kg. 

a. How many times bigger would you say an orca is 
than a seal?  Explain. 

By size, an orca is around 213 ÷ 63 ≈ 43 times bigger 
than a seal.  By weight, it’s around 6,000 ÷ 130 ≈ 
46 times bigger. 

b. If a megalodon fed on orcas, how much do you 
think it would have needed to eat, and how often? 

A large megalodon needed to eat around 64 seals 
every two days, which is roughly 1.5 orcas.  In 
other words, it would’ve needed to eat around 
three orcas every four days. 

 

 

Explanation & Guiding Questions 

We’ve been talking about volume for most of this lesson, but when it comes to food, volume may not be the best 
way to measure how much an animal eats.  That’s why students are given the lengths of the animals in question 5 
along with their masses.  Whether students prefer to use volume or mass, they’ll find that an orca is somewhere 
between 43 and 46 times as large as a seal. 

What does this mean for megalodon’s eating habits?  Well, students have already estimated that a megalodon 
would have needed to eat around 64 seals every two days.  Since an orca is equivalent to somewhere between 43 
and 46 seals, this means that the megalodon would’ve had to eat between 64 ÷ 43 ≈ 1.5 and 64 ÷ 46 ≈ 1.4 orcas 
every other day.  In other words, a large megalodon would have needed to eat roughly 3 orcas every four days!  
With appetites this strong, could megalodon have eaten itself into extinction? 

 By volume, an orca is around how many times as large as a seal? 

 By mass, an orca is around how many times as large as a seal? 

  If a megalodon ate 64 seals every two days, how many orcas would it have needed to eat in that time? 

 Do you think megalodon could have eaten that many orcas? 

Deeper Understanding 

 Is there a downside to using your volume technique from Act One to compare the sizes of orcas and seals?  
(The biggest difference here is that megalodons and great white sharks have the same shape, but one is a 
scaled up version of the other.  This isn’t true here, though; orcas and seals have different shapes, so 
comparing their volumes using a scale factor is probably less accurate.) 
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6 Marine biologists estimate that there are millions of seals in the world, but as few as 50,000 orcas.  Also, seals swim close to 
the shore and are easy prey for sharks, whereas orcas swim in small pods in the open ocean. 

Many people describe the prehistoric megalodon as a “super-predator.”  Do you agree that larger animals have an advantage 
over smaller ones, and why do you think the megalodon went extinct millions of years ago? 

Answers will vary.  Sample response: 

Larger animals have a larger advantage in that they’re better predators and can probably capture more prey.  But if they’re 
too large, they may need more food than they can find, which means that their size can be a disadvantage as well. 

 

Explanation & Guiding Questions 

Students watch a video from National Geographic that explores one possible reason for the megalodon’s extinction: 
a lack of food.  Over time, the whales that megalodon preyed on grew larger and began migrating to the colder 
waters of the north.  Students have already estimated how much food a megalodon needed in order to survive, so 
when a significant portion of the whale population migrated north, it seems reasonable that this would have had an 
impact on the megalodon’s ability to find enough food. 

Based on current population numbers, it’s not surprising that the megalodon went extinct.  With a world population 
of around 50,000 orcas, it would take 100 megalodons less than two years to wipe out the entire killer whale 
population.  So the fact that we don’t see megalodons anymore isn’t so surprising.   

But could there be a single megalodon left, hunting whales and lurking in the murky depths of the ocean?  According 
to scientists, the answer is no.  Your students, however, may choose to believe otherwise. 

 According to scientists, what may have caused the megalodon to go extinct? 

 Do you think the planet could support a large population of megalodons today?  Why not? 

 Do you think one or two megalodons could still be lurking in the ocean? 

Deeper Understanding 

 Assuming orcas didn’t reproduce, how long could one megalodon live if it fed off of the current population of 
orcas?  (At roughly 0.75 orcas per day, the megalodon could feed for 66,667 days, or around 183 years.) 

  


