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News
Chicago: 28-Nov-2006 18:00 Eastern US Time, Eurekalert. 

Big bite

It could snap a shark in two. It might have been the first “king of the beasts.” And it can teach scientists about humans, because it belongs to the same group of jawed vertebrates. 

Dunkleosteus terrelli lived 400 million years ago. It grew up to 33 feet long and weighed up to four tonnes. Scientists have known for years that it was a dominant predator. Now new research shows that the force of this predator’s bite was an astonishing 11,000 pounds – that’s five tonnes.

The research is published in the Royal Society journal Biology Letters on November 29.

It reveals that the blades of the beast’s teeth focused its bite into a small area – the fang tip. The pressure there was an incredible 80,000 pounds per square inch (550 million pascals).

Even more surprising is the fact that this fish could also open its mouth very quickly – in just one fiftieth of a second. This created a strong suction force that could pull fast prey into its mouth. Usually a fish has either a powerful bite or a fast bite, but not both. 

This was the most interesting finding for Mark Westneat, Curator of Fishes at The Field Museum and co-author of the paper. What made it possible, he says, was the unique engineering of the beast’s skull. 

“And the different muscles used for opening and closing,” he adds. “It made this fish into one of the first true apex predators seen in the vertebrate fossil record.” 

The terrifying fish was a placoderm. This was a diverse group of armoured fishes that dominated the seas from 415 million to 360 million years ago – the Devonian Period. 

Dunkleosteus’ bladed jaws suggest that it used rapid mouth opening and a powerful bite to capture and tear its prey into pieces before eating it. It was among the first vertebrates to do so.

To figure out the bite force, scientists used the fossilised skull of a Dunkleosteus terrelli. They then tried to recreate its muscles. This gave them a model that showed the jaw’s force and motion. It revealed a highly mobile skull driven by a unique mechanism. This had four rotational joints working together. 

The extinct fish had the strongest bite of any fish ever. It was one of the strongest bites of any animal, rivalling those of large alligators and Tyrannosaurus rex. 

So Dunkleosteus was able to feast on armoured aquatic animals that also 

lived during the Devonian. These included sharks, arthropods, ammonoids and others.

Dunkleosteus could eat anything it met, said Philip Anderson, at the Department of Geophysical Sciences at the University of Chicago. He is lead author of the paper. Its bladed jaws could rip apart prey larger than its own mouth. This is an ability sharks didn’t develop until 100 million years later. 

“Overall, this study shows how useful mechanical engineering can be in studying the behaviour of fossil animals,” he said. We cannot actually watch these animals feed, he added. 

“But we can understand the range of possible behaviours by examining how the preserved parts are shaped and connected to each other.”

500 words

Flesch reading ease: 61.2

Flesch-Kincaid Grade level: 8.

Word bank
Pupils will not know some of the words used in the text. Meanings are given below, followed by a table mixed randomly – to provide an exercise in matching words and meanings. 

By tackling this and the exercises that follow – which are known as directed activities related to texts (DARTs) – pupils can engage with a piece of writing, and learn a great deal from it, even when many of its ideas and words are unfamiliar to them.


Word
Meaning

1
ammonoids
any of a group of extinct cephalopods that are often found as fossils

2
apex predator
apex is a highest point; so this is predator that eats most others but is not eaten by any of them

3
aquatic
of water

4
armoured
with a hard outer shell to protect a body

5
arthropods
invertebrate animals with jointed legs and a body with a horny casing (exoskeleton), which is shed and replaced as the animal grows. Includes spiders, mites, crabs, lobsters, shrimps, woodlice, barnacles, millipedes, centipedes and insects.

6
behaviour
the actions of an animal in response to its environment

7
cephalopods
sea animal whose mouth and head is surrounded by tentacles. Cephalopods are the most intelligent, the fastest-moving, and the largest of all animals without backbones.

8
curator
person in charge of a museum or collection

9
Devonian Period
408–360 million years ago. The first land plants, amphibians and insects appeared at this time.

10
diverse
of several different kinds

11
dominant
strongest, most powerful

12
engineering
applying science and maths to make matter and energy in nature useful to human beings

13
environment
all the factors, such as soil, climate, other lifeforms, that affect a living thing or community

14
extinct
vanished as a species

15
focused
directed to a point or small area

16
fossil
cast, impression or actual remains of an animal or plant preserved in rock

17
fossilised
turned into a form that can be preserved for a very long time in the earth

18
invertebrate
without a backbone

19
jawed
having a jaw

20
mechanical
of energy and forces and their effect on bodies

21
mechanism
the chemical or physical processes that cause something

22
mobile
able to move easily

23
model
copy of an object, usually on a smaller scale

24
pascal
unit of pressure; one newton per metre squared

25
placoderm
one of a class of extinct armoured and jawed fish

26
predator
animal that lives by killing and eating others

27
preserved
kept from decomposing or rotting away

28
pressure
force on a surface divided by the area it acts upon

29
prey
animal hunted and killed by another for food

30
record
information stored in some way that it can be read or studied later

31
recreate
reconstruct; build again

32
reveal
let something be seen or known

33
rivalling
at least as good as

34
rotational
able to turn

35
suction
force caused by a difference in pressure that seems to pull something in (actually it’s being pushed)

36
unique
being the only one of its kind

37
vertebrate
any of the animals (mammals, birds, reptiles, amphibians, fish) that have a backbone made of separate smaller bones (called vertebrae)

38
engineering
applying science and maths to make matter and energy in nature useful to human beings

39
cephalopods
sea animal whose mouth and head is surrounded by tentacles. Cephalopods are the most intelligent, the fastest-moving, and the largest of all animals without backbones.

Activity 1

Mixed-up meanings

Pupils should try to fill in the blanks in the final column with the words that match the meanings. The words needed are listed, but not necessarily in the right order, in the first column.

This exercise should not be tackled in isolation, but by a reader with access to the story itself: The contexts in which words are used provide powerful clues to their meanings. 


Word
Meaning
Word should be

1
ammonoids
with a hard outer shell to protect a body


2
apex predator
the chemical or physical processes that cause something


3
aquatic
turned into a form that can be preserved for a very long time in the earth


4
armoured
vanished as a species


5
arthropods
force on a surface divided by the area it acts upon


6
behaviour
able to turn


7
cephalopods
being the only one of its kind


8
curator
copy of an object, usually on a smaller scale


9
Devonian Period
unit of pressure; one newton per metre squared


10
diverse
at least as good as


11
dominant
applying science and maths to make matter and energy in nature useful to human beings


12
engineering
of water


13
environment
apex is a highest point; so this is predator that eats most others but is not eaten by any of them


14
extinct
the actions of an animal in response to its environment


15
focused
408–360 million years ago. The first land plants, amphibians and insects appeared at this time.


16
fossil
one of a class of extinct armoured and jawed fish


17
fossilised
strongest, most powerful


18
invertebrate
without a backbone


19
jawed
animal hunted and killed by another for food


20
mechanical
applying science and maths to make matter and energy in nature useful to human beings


21
mechanism
sea animal whose mouth and head is surrounded by tentacles. Cephalopods are the most intelligent, the fastest-moving, and the largest of all animals without backbones.


22
mobile
directed to a point or small area


23
model
of energy and forces and their effect on bodies


24
pascal
invertebrate animals with jointed legs and a body with a horny casing (exoskeleton), which is shed and replaced as the animal grows. Includes spiders, mites, crabs, lobsters, shrimps, woodlice, barnacles, millipedes, centipedes and insects.


25
placoderm
of several different kinds


26
predator
able to move easily


27
preserved
having a jaw


28
pressure
animal that lives by killing and eating others


29
prey
kept from decomposing or rotting away


30
record
reconstruct; build again


31
recreate
any of the animals (mammals, birds, reptiles, amphibians, fish) that have a backbone made of separate smaller bones (called vertebrae)


32
reveal
cast, impression or actual remains of an animal or plant preserved in rock


33
rivalling
any of a group of extinct cephalopods that are often found as fossils


34
rotational
let something be seen or known


35
suction
information stored in some way that it can be read or studied later


36
unique
all the factors, such as soil, climate, other lifeforms, that affect a living thing or community


37
vertebrate
force caused by a difference in pressure that seems to pull something in (actually it’s being pushed)


38
engineering
person in charge of a museum or collection


39
cephalopods
sea animal whose mouth and head is surrounded by tentacles. Cephalopods are the most intelligent, the fastest-moving, and the largest of all animals without backbones.


Activity 2

Comprehension 

1. What kind of animal was Dunkleosteus terrelli?

2. What was known about it before this research?

3. What have the scientists found out about the force of its bite?

4. What have they found out about the pressure of its bite?

5. Can you explain why a force on a small area like a sharp tooth does more damage than the same force spread out over a bigger area?

6. What surprised the scientists?

7. Why was this a surprise?

8. In your own words what does fossil record mean?

9. Were there other kinds of fish, something like Dunkleosteus, in the seas during the Devonian Period?

10. A lot of fish can only eat animals smaller than their mouths. How did Dunkleosteus manage to eat animals larger than this?

11. What did the scientists start from when they were doing this work?

12. They then worked out where the muscles went and how strong they must have been. Why could they not simply study the muscles themselves?

13. If they all lived at the same time which do you think would win in a fight – Dunkleosteus, Tyrannosaurus rex or a huge alligator?

14. Why do you think that?

15. How sure would you be that the scientists had got it right in their estimates of the force of the fish’s bite?

16. If you were the scientists, what research would you like to do next?

Activity 3

Find the missing word

Pupils should try to fill in the blanks using clues from the rest of the sentence. When in doubt, the length of each blank indicates the length of the missing word. A complete list of words that belong in the blanks is provided at the end of the passage.

Big bite

It could snap a shark in two. It _____ have been the first “king of the beasts.” And __ can teach scientists about humans, because it belongs to ___ same group of jawed vertebrates. 

Dunkleosteus terrelli lived 400 _______ years ago. It grew up to 33 feet long ___ weighed up to four tonnes. Scientists have known for _____ that it was a dominant predator. Now new research _____ that the force of this predator's bite was an ___________ 11,000 pounds - that's five tonnes.

The research is published __ the Royal Society journal Biology Letters on November 29.

It _______ that the blades of the beast's teeth focused its ____ into a small area - the fang tip. The ________ there was an incredible 80,000 pounds per square inch ____ million pascals).

Even more surprising is the fact that this ____ could also open its mouth very quickly - in ____ one fiftieth of a second. This created a strong _______ force that could pull fast prey into its mouth. _______ a fish has either a powerful bite or a ____ bite, but not both. 

This was the most interesting _______ for Mark Westneat, Curator of Fishes at The Field ______ and co-author of the paper. What made it ________, he says, was the unique engineering of the _______ skull. 

“And the different muscles used for opening and _______,” he adds. “It made this fish into one __ the first true apex predators seen in the vertebrate ______ record.” 

The terrifying fish was a placoderm. This was _ diverse group of armoured fishes that dominated the seas ____ 415 million to 360 million years ago - the ________ Period. 

Dunkleosteus' bladed jaws suggest that it used rapid _____ opening and a powerful bite to capture and tear its prey into pieces before eating it. It was _____ the first vertebrates to do so.

To figure out the ____ force, scientists used the fossilised skull of a Dunkleosteus ________. They then tried to recreate its muscles. This ____ them a model that showed the jaw's force and ______. It  revealed a highly mobile skull driven __ a unique mechanism. This had four rotational joints working ________. 

The extinct fish had the strongest bite of ___ fish ever. It was one of the strongest bites __ any animal, rivalling those of large alligators and Tyrannosaurus ___. 

So Dunkleosteus was able to feast on armoured _______ animals that also 

lived during the Devonian. These included ______, arthropods, ammonoids and others.

Dunkleosteus could eat anything it ___, said Philip Anderson, at the Department of Geophysical ________ at the University of Chicago. He is lead author __ the paper. Its bladed jaws could rip apart prey ______ than its own mouth. This is an ability sharks ______ develop until 100 million years later. 

“Overall, this study _____ how useful mechanical engineering can be in studying the _________ of fossil animals,” he said. We cannot actually watch _____ animals feed, he added. 

“But we can understand the _____ of possible behaviours by examining how the preserved parts ___ shaped and connected to each other.”

These are all the words that belong in the blanks:
(550, a, among, and, any, aquatic, are, astonishing, beast’s, behaviour, bite, bite, by, closing, Devonian, didn’t, fast, finding, fish, fossil, from, gave, in, it, just, larger, met, might, million, motion, mouth, Museum, of, of, of, possible, pressure, range, reveals, rex, Sciences, sharks, shows, shows, suction, terrelli, the, these, together, Usually, years

Answer Key:

Big bite

It could snap a shark in two. It might have been the first “king of the beasts.” And it can teach scientists about humans, because it belongs to the same group of jawed vertebrates. 

Dunkleosteus terrelli lived 400 million years ago. It grew up to 33 feet long and weighed up to four tonnes. Scientists have known for years that it was a dominant predator. Now new research shows that the force of this predator's bite was an astonishing 11,000 pounds - that's five tonnes.

The research is published in the Royal Society journal Biology Letters on November 29.

It reveals that the blades of the beast's teeth focused its bite into a small area - the fang tip. The pressure there was an incredible 80,000 pounds per square inch (550 million pascals).

Even more surprising is the fact that this fish could also open its mouth very quickly - in just one fiftieth of a second. This created a strong suction force that could pull fast prey into its mouth. Usually a fish has either a powerful bite or a fast bite, but not both. 

This was the most interesting finding for Mark Westneat, Curator of Fishes at The Field Museum and co-author of the paper. What made it is possible, he says, was the unique engineering of the beast's skull. 

“And the different muscles used for opening and closing,” he adds. “It made this fish into one of the first true apex predators seen in the vertebrate fossil record.” 

The terrifying fish was a placoderm. This was a diverse group of armoured fishes that dominated the seas from 415 million to 360 million years ago - the Devonian Period. 

Dunkleosteus' bladed jaws suggest that it used rapid mouth opening and a powerful bite to capture and tear its prey into pieces before eating it. It was among the first vertebrates to do so.

To figure out the bite force, scientists used the fossilised skull of a Dunkleosteus terrelli. They then tried to recreate its muscles. This gave them a model that showed the jaw's force and motion. It  revealed a highly mobile skull driven by a unique mechanism. This had four rotational joints working together. 

The extinct fish had the strongest bite of any fish ever. It was one of the strongest bites of any animal, rivalling those of large alligators and Tyrannosaurus rex. 

So Dunkleosteus was able to feast on armoured aquatic animals that also 

lived during the Devonian. These included sharks, arthropods, ammonoids and others.

Dunkleosteus could eat anything it met, said Philip Anderson, at the Department of Geophysical Sciences at the University of Chicago. He is lead author of the paper. Its bladed jaws could rip apart prey larger than its own mouth. This is an ability sharks didn't develop until 100 million years later. 

“Overall, this study shows how useful mechanical engineering can be in studying the behaviour of fossil animals,” he said. We cannot actually watch these animals feed, he added. 

“But we can understand the range of possible behaviours by examining how the preserved parts are shaped and connected to each other.”

Activity 4

What kind of statement?
Students should read the news story on page 1 about the latest scientific research, and highlight phrases or sentences according to the following key (or any other way of indicating the different types of statement that can be done with the resources in their pockets or in your classroom):

Existing knowledge

Aims of the research

Technology and methods

New findings or developments

Hypothesis

Prediction

Evidence
Issues and applications

Normally no more than one phrase or sentence should be highlighted in each paragraph, unless the reader decides that a particular paragraph contains several really important ideas. 

Usually the decision will not be too difficult. But choosing between, say, hypotheses and new findings can sometimes be tricky. There isn’t always an obviously right or wrong answer, even to the scientists themselves. 

Pupils should be encouraged not to agonise too long over their choice of statement type, but to be prepared to give reasons for their decisions. 

Note: A hypothesis is a “tentative explanation that leads to predictions that can be tested by experiment or observation”.
Answer Key: (This is an illustrative set of choices. There are many others.)
Big bite

It could snap a shark in two. It might have been the first “king of the beasts.” And it can teach scientists about humans, because it belongs to the same group of jawed vertebrates. 

Dunkleosteus terrelli lived 400 million years ago. It grew up to 33 feet long and weighed up to four tonnes. Scientists have known for years that it was a dominant predator. Now new research shows that the force of this predator’s bite was an astonishing 11,000 pounds – that’s five tonnes.

The research is published in the Royal Society journal Biology Letters on November 29.

It reveals that the blades of the beast’s teeth focused its bite into a small area – the fang tip. The pressure there was an incredible 80,000 pounds per square inch (550 million pascals).

Even more surprising is the fact that this fish could also open its mouth very quickly – in just one fiftieth of a second. This created a strong suction force that could pull fast prey into its mouth. Usually a fish has either a powerful bite or a fast bite, but not both. 

This was the most interesting finding for Mark Westneat, Curator of Fishes at The Field Museum and co-author of the paper. What made it possible, he says, was the unique engineering of the beast’s skull. 

“And the different muscles used for opening and closing,” he adds. “It made this fish into one of the first true apex predators seen in the vertebrate fossil record.” 

The terrifying fish was a placoderm. This was a diverse group of armoured fishes that dominated the seas from 415 million to 360 million years ago – the Devonian Period. 

Dunkleosteus’ bladed jaws suggest that it used rapid mouth opening and a powerful bite to capture and tear its prey into pieces before eating it. It was among the first vertebrates to do so.

To figure out the bite force, scientists used the fossilised skull of a Dunkleosteus terrelli. They then tried to recreate its muscles. This gave them a model that showed the jaw’s force and motion. It revealed a highly mobile skull driven by a unique mechanism. This had four rotational joints working together. 

The extinct fish had the strongest bite of any fish ever. It was one of the strongest bites of any animal, rivalling those of large alligators and Tyrannosaurus rex. 

So Dunkleosteus was able to feast on armoured aquatic animals that also 

lived during the Devonian. These included sharks, arthropods, ammonoids and others.

Dunkleosteus could eat anything it met, said Philip Anderson, at the Department of Geophysical Sciences at the University of Chicago. He is lead author of the paper. Its bladed jaws could rip apart prey larger than its own mouth. This is an ability sharks didn’t develop until 100 million years later. 

“Overall, this study shows how useful mechanical engineering can be in studying the behaviour of fossil animals,” he said. We cannot actually watch these animals feed, he added. 

“But we can understand the range of possible behaviours by examining how the preserved parts are shaped and connected to each other.”

Activity 5
Topic for group discussion or pupil presentations

Use problem-based learning (see below) to tackle the following question:

Dunkleosteus terrelli was king of the seas for a while. It could bite a shark in half. But sharks are still around today, 400 million years, later while Dunkleosteus and all the rest of the placoderms have long since died out.

Why?

Links to free activities, lesson plans and background information.

1. www.indiana.edu/~ensiweb/lessons/gr.fs.fd.html Fossil hunt. Following a script read by the teacher, students find paper “fossils” of some unknown creature. Each time, they try to reconstruct the creature, and each time their interpretation tends to change as new pieces are found.

2. www.ucmp.berkeley.edu/education/lessons/xenosmilus/xenosmilus.html  In this lesson students play the roles of palaeontologists on a dig. They unearth a few fossils at a time and try to reconstruct the animal the fossils represent.

3. www.fieldmuseum.org/biodiversity/scientist_department.html Meet the scientists at the Field Museum, including Mark Westneat.

4. http://serc.carleton.edu/research_education/paleontology/morphology.html Background on morphology – the study of bone anatomy and function, and muscle reconstruction.

5. www.digimorph.org/  The Digital Morphology library. Browse through the site and see spectacular imagery and animations, and details on the morphology of many animals. 

6. www.fossils-facts-and-finds.com/clock_of_eras.html Clock of geological eras.

7. www.teachersdomain.org/resources/ess05/sci/ess/earthsys/fossilintro/index.html How a dinosaur became a fossil. Teachers’ Domain.

8. www.teachersdomain.org/resources/ess05/sci/ess/earthsys/lp_funfossils/index.html Fun with fossils lesson. Teachers’ Domain.

9. www.ucmp.berkeley.edu/vertebrates/basalfish/placodermi.html Teacher background on placoderms. “The evolutionary history of placoderms has been compared to a brilliant light bulb that soon burns out.”

10. http://gallery.in-tch.com/%7Eearthhistory/devonian%20page.html Devonian fish background.

11. www.teachersdomain.org/resources/ess05/sci/ess/earthsys/fossilcollage/index.html Activity on fossils. Teachers’ Domain.

12. www.devoniantimes.org/who/pages/placoderm.html Placoderm background.

Links to more links

www.fossils-facts-and-finds.com/index.html All about fossils, “for teachers who want to put some fun into their science classes”. 

www.fossils-facts-and-finds.com/fossil_lesson_plans.html Fossil lesson plans for younger kids.

Daily tip for science class discussions and groupwork

Problem-based learning

You solve problems daily, but may not be aware of the steps you take to do so. Here is a step-by-step model for Problem Based Learning (PBL): 

1. Read and analyse the situation.
Check your understanding of the situation by discussing it with your team. Don't be tempted to start thinking about solutions or to start looking for information yet. Your team will be more effective in finding solutions or making recommendations by following Steps 1 through 7. 
2. List hypotheses, ideas or just hunches.
Write down your ideas about the cause of the problem or ideas about how to solve the problem. You will either support or refute ideas as your study proceeds. 

3. List what is known.
As a team, list everything you know about this situation, including information contained in the scenario.
4. List what is unknown.
Make a second heading entitled “What do we need to know?” Prepare a list of team questions that need to be answered to solve the problem. Questions may be in the form of requests for more information. These will guide research that may take place on the web, in the library or using other sources.

5. List what needs to be done.
Make a third heading entitled “What should we do?” List your plans for investigation. These plans may include questioning an expert, getting online data, or visiting a library to find answers to the questions developed in Step 4.
6. Develop a problem statement.
Write a one or two sentence idea that clearly identifies what your team is trying to solve, produce, respond to, test or find out. In complex situations, you may have to begin Step 7, then discuss the information in order to complete Step 6. Keep in mind that the problem statement may have to be revised as new information is discovered about the situation.
7. Gather information.
Divide responsibility for gathering, organising, analysing, and interpreting information from many sources. Exchange ideas; think about solutions; weigh alternatives; consider the pros and cons of possible courses of action. At this point, you and your team may formulate and test new hypotheses concerning the problem. Some problems may not need hypotheses. Propose a recommended solution or opinion (based on your team's research data).
8. Present findings.
Prepare a report or presentation in which you and your team make recommendations, predictions, inferences or other appropriate solutions to the problem. Be prepared to support the positions you take. Consider putting on a multimedia presentation.
Note: The steps in this model may have to be repeated several times. Steps 3 through 7 may be conducted at the same time as new information becomes available. As more information is gathered, the problem statement may be refined or changed.
Adapted from University of Miami: www.rsmas.miami.edu/groups/niehs/ambient/student/Spbl.html






















[image: image2.jpg]


real   science


