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STUDENT GUIDE

Sim0lating themotions of
4o0r sharkӗs ja2s
Text and images by Aaron M Olsenӌ PhD

Description
In this moduleӌ you will identify and attach jawmuscles to the skeleton of your spiny dogfish

shark ԂS,0al0. aca)/hia.ԃ and figure out the actions of eachmuscle by using your model to

simulate the motions of the jawsӋ
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Introd0ction
Aʯer learning the skeletal elements of the shark skullӌ you may be thinkingӍ relative to sharksӌ
humans have a much simpler cranial skeletonӐ Excluding the tiny middle ear bonesӌ we only
have twomoving cranial bonesӍ our mandible and hyoidӋ In this senseӌ the human cranial
skeleton is less kinetic ԂiӋeӋӌ capable of moving in fewer waysԃ than the shark cranial skeletonӋ
With so fewmoving bonesӌ how do we biteӌ chewӌ suckӌ processӌ and swallow foodӒ

Our trick to achieving all of these complex motions is having a highly kinetic tongueӋ Just
three or so muscles are associated with moving the mandible but more than sevenmuscles
make up and attach to the human tongueӋ This gives the tongue a high degree of mobility
thatӌ in coordination with the mandible and hyoidӌ helps us perform complex manipulationsӋ

Although sharks process their food differently from usӌ they still need to manipulate their food
in complex ways to eat ԂeӋgӋӌ moving food around inside their mouthӌ reducing its sizeӌ moving
it toward the stomach to swallowԃӋ Yetӌ if you were to look inside a sharkӗs mouth you
wouldnӗt see a tongueӋ The floor of their mouth and pharynx canmove up and down but itӗs
nothing like a tongueӋ How do sharks achieve these manipulations without a tongueӒ

Sharksӌ such as this white shark ԂCa-cha-*d*) ca-cha-ia.ԃӌ donӗt have a tongueӋ Modified from a

photograph by Bernard Dupont licensed under CC BY-SA 2.0Ӌ

Whereas humans have a highly kinetic /*)g0eӌ sharks have a highly kinetic c-a)ial .kele/*)Ӌ
Sharks have nine separate jaw cartilages that make up the first and second arches of their
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jaws and that connect together to form a linkagemechanism Ԃan engineering term for rigid
elements connected by mobile jointsԃӋ Sharks move their jaw cartilages to manipulate and
transport food and water through their mouth rather than using a tongue ԂDean, Wilga &
Summers 2005ԃӋ How do sharks use their jawmuscles to drive this complex cranial linkage
mechanismӒ In this moduleӌ you will figure this out for yourselfӌ by attaching muscles to your
shark skeletonӌ simulating jawmotionsӌ and discovering which muscles drive which motionsӋ

Materials needed
For this moduleӌ youӗll needӍ

● The Student Notebook for this module ԂSA05ԃӋ
● To first complete the module Building the skeleton of your shark skull ԂSA01ԃӋ In that

moduleӌ youӗll mount your chondrocranium and brain to the stand and attach all of
the jaw cartilagesӋ Aʯer completing that moduleӌ your shark skull will look like the
image below and youӗll be ready to start this moduleӋ

If your skull has the branchial arches attachedӌ itӗs fine to leave them in placeӎ youmay
need to remove and reattach them as you complete this module to attach some
musclesӋ
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Materials needed Ԃcontin0edԃ

● The rubber bands ԂԴ14ԃ from your kit box Ԃthere should bemore in your kit than you
need for this moduleԃӋ Your rubber bands may be all single rubber bands or somemay
be knotted together Ԃif your kit has been used beforeԃӋ Either is OKӧ if you need double
or triple rubber bandsӌ youӗll make them as a part of this moduleӋ

● The ribbons from your kit box with slits at each endӋ For this moduleӌ youӗll only use
the two shorter ribbons Ԃ50׫ mm in lengthӎ see image belowԃӋ

● OPTIONAL ӘDressing forcepsә Ԃnot Әrat toothә or Әtissueә forcepsԃ can be helpful for

attaching the ligaments andmusclesӌ though they are not necessaryӋ

All image. and /e3/ licen.ed 0nder CC NCӧBYӧSA b4 ҺD Anatom4 Studiosӌ 0nle.. o/her2i.e no/edӋ

https://creativecommons.org/licenses/by-nc-sa/4.0/
https://3danatomystudios.com/


Sim0la/ing /he mo/ion. of 4o0r .harkӗ. ja2. Ӯ 1ҸӋҸ SAҷҼ S/0den/ G0ide Ӯ Page Ҽ

Adding ligaments to stabili5e 4o0r sharkӗs ja2s
Recall that from the Building the skeleton of your shark skullmoduleӌ each pair of
attracting magnets in your jaw cartilages represents one or more ligamentsӋ Ligaments
function in holding together but also limiting the motion of skeletal elementsӋ Howeverӌ these
magnetic connections are(0chweaker than real ligaments and they can only act over a short
distanceӋ

A key ligament limiting the motion of your sharkӗs jaws is the ethmopalatine ligamentӋ

This ligament prevents the palatoquadrate frommoving too far from the chondrocraniumӋ
To make your simulations more realistic and to help keep your jaw cartilages from coming
apartӌ you can add amore realistic ethmopalatine ligament ԂiӋeӋӌ a ribbonԃ to your sharkӋ Itӗs
easier to add this ligament bef*-e adding any musclesӌ so if you add itӌ itӗs best to do that nowӋ

Before you add any ligamentsӌ read through the Build note on the next pageӋ If youӗre having
trouble attaching the ligamentsӌ you can just complete this module without attaching themӋ
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BUILD NOTEӍ A//achi)g 'iga(e)/.

The 3D printed pieces in your kit have small hooks and pegs with raised letters on themӍ the
hooks are for attaching muscles and the pegs are for attaching ligaments ԂribbonsԃӋ Each
peg has a unique letter on it oriented approximately with the bottom pointing ventrallyӋ

Each ligament has a slit cut in either endӌ like a buttonholeӋ To attach a ligamentӌ attach
each end to a pegӌ like to buttoning a button Ԃa pair of dressing forceps can be helpfulԃӍ

1Ӌ Position one end of the ligament next to one of the pegsӋ
2Ӌ Slide one edge of the slit under one side of the pegӋ
3Ӌ Pull the other edge of the slit across and under the pegӋ
4Ӌ Carefully pull the ligament down to secure it in placeӋ

To detach the ligamentӌ just follow the same steps in reverseӋ
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Using the Build note on the previous pageӌ attach one of the two .h*-/e- ribbons in your kit to
the ӘOә peg of the leʯ palatoquadrate and the ӘBә peg on the wall of the leʯ orbit of the
chondrocraniumӋ It may be easier to remove the palatoquadrate to attach the ligament to the
ӘOә pegӎ you should be able to carefully remove the leʯ palatoquadrate while keeping all the
other jaw cartilages connectedӋ

Repeat this on the right sideӌ attaching the second shorter ribbon to the ӘSә peg of the right
palatoquadrate and the ӘFә peg on the wall of the right orbit of the chondrocraniumӋ
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Sec/i*) ҸӋWhat are the shark ja2m0sclesӒ
Muscles are the motors of animalsӋ Every intrinsically driven movement of an animal Ԃdriven
by the animal itselfӌ not externallyԃ is driven by a muscleӋ So to fully understand how an
animal can Ԃand cannotԃ moveӌ you need to understand the attachments and orientations of
the muscles that drive those movementsӋ In this sectionӌ youӗll attach eight muscles that drive
most of the motion of your sharkӗs jawsӋ For how to attach musclesӌ see the Build note belowӋ

BUILD NOTEӍ A//achi)g(0.c'e.

The hooks on the 3D printed pieces in your kit are for attaching muscles Ԃrubber bandsԃӋ
Each hook generally has a unique letter and every hook letter is oriented with the bottom
toward the base of the hookӌ as shown in the image belowӋ

Attach eachmuscle by looping the rubber band around the hook and secure it by pulling it
down around the base of the hook Ԃa pair of dressing forceps can be helpful for thisԃӋ

Once attached at both endsӌ the rubber band should be tight enough to stay in placeӋ
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The 'e1a/*-.

The first twomuscles youӗll add are both Әlevatorsӌә so named because their actions include
elevationӋ The first is levator palatoquadratiӌ which originates on the chondrocranium and
inserts on the palatoquadrateӋ Add the leʯ levator palatoquadrati to your shark skull by
attaching one end of a single rubber band to hook ӘCә on the leʯ side of the chondrocranium
and attaching the other end to hook ӘQә on the leʯ palatoquadrateӋ

Repeat this on the right side of your sharkӗs skull by attaching a single rubber band to hook
ӘGә on the chondrocranium and hook ӘUә on the right palatoquadrateӋ On page 1 of your
Notebookӌ fill in the ӘAttachmentsә column for levator palatoquadrati with the two elements
this muscle attaches toӋ
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The second levator is the levator hyoideusӌ which originates on the chondrocranium and
inserts on the hyomandibulaӋ Add the leʯ levator hyoideus by attaching a single rubber band
to hook ӘDә on the leʯ side of the chondrocranium and hook ӘIә on the leʯ hyomandibulaӋ

Repeat this on the right side by attaching a single rubber band to hook ӘHә on the
chondrocranium and hook ӘJә on the right hyomandibulaӋ On page 1 of your Notebookӌ fill in
the ӘAttachmentsә column for levator hyoideusӋ
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BUILD NOTEӍ Maki)g a '*)ge- (0.c'e

Your kit includes rubber bands of just one length but your sharkӗs muscles are different
lengthsӋ To make longer musclesӌ youӗll loop together two and three rubber bandsӋ

If your kit already has rubber bands looped togetherӌ sort them into separate pilesӋ If notӌ
follow the instructions and image to form square knots between the rubber bandsӋ

1Ӌ Place two rubber bands on your work surface so they are slightly overlappingӋ
2Ӌ Pull the leʯӧmost part of the right rubber band Ԃaԃ upӋ
3Ӌ Insert the rightӧmost part of the right rubber band Ԃbԃ through the gapӋ
4Ӌ Pull loop Ԃaԃ down to the right and loop Ԃbԃ upӋ
5Ӌ Continue pulling loop Ԃbԃ up and over Ԃaԃ toward the rightӋ
6Ӌ Pull apart to tighten the knot but d*)Ӕ/ +0ll i/ /** /igh/ or the length will be offӋ

To create a triple rubber bandӌ just repeat these steps with a second rubber bandӋ
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The add0c/*- (a)dib0'ae c*(+'e3

The next twomuscles youӗll add are part of whatӗs called the adductor mandibulae complexӋ
To adductmeans to bring togetherӌ whereas abductmeans to pull apartӋ The first is
preorbitalisӌ which originates on the chondrocranium and inserts on themandibleӋ The
preorbitalis is longer than the previous twomuscles so youӗll need to use a double rubber
bandӎ if your kit doesnӗt already have these madeӌ use the build note on the previous page to
make themӋ

Add the leʯ preorbitalis to your shark skull by attaching a d*0ble rubber band to hook ӘAә on
the leʯ side of the chondrocranium and to hook ӘXә on the leʯmandibleӋ

Repeat this on the right side by attaching a d*0ble rubber band to hook ӘEә on the
chondrocranium and hook Әdә on the right mandibleӋ On page 1 of your Notebookӌ fill in the
ӘAttachmentsә column for preorbitalisӋ
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The secondmuscle of the adductor mandibulae complex is the quadratomandibularisӌ
which originates on the palatoquadrate and inserts on the mandibleӋ Add the leʯ
quadratomandibularis by attaching a .i)gle rubber band to the rostralӧmost ӘRә hook on the
palatoquadrate and the rostralӧmost ӘYә hook on the leʯmandibleӋ The other hooks are
alternate attachment sites for this muscle Ԃthus the repeat lettersԃ that youӗll use in another
moduleӋ

Notice how you added the quadratomandibularis muscle Әon top ofә the preorbitalis muscleӒ
This matches the layering in an actual shark skullӍ the quadratomandibularis is superficial to
the preorbitalisӌ meaning closer to the external surface of the bodyӋ An equivalent way to say
this is that preorbitalis is deep to the quadratomandibularisӋ

Repeat this on the right side by attaching a single rubber band to the rostralӧmost ӘVә hook on
the right palatoquadrate and the rostralӧmost Әeә hook on the right mandibleӋ On page 1 of
your Notebookӌ fill in the ӘAttachmentsә column for quadratomandibularisӋ
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The Әc*-ac*ә(0.c'e.

The next muscles youӗll add could be collectively called the Әcoracoә musclesӍ all these
muscles attach directly Ԃor indirectlyԃ to the coracoidӌ the main element that makes up the
pectoral girdle Ԃor shoulder girdleԃӋ The first is the coracomandibularisӌ which originates on
the pectoral girdle Ԃspecificallyӌ the coracoid partԃ and inserts on the mandibleӋ

BUILD NOTEӍ A .h*0'de- ./a)dӧi)

Themiddle 3D printed piece of the stand rod in your kit serves as an approximate standӧin
for the pectoral girdleӋ Although the stand rod is located more rostrally than in an actual
spiny dogfish sharkӌ the dorsoventral position ԂiӋeӋӌ its heightԃ is approximately the sameӋ
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BUILD NOTEӍ F'i++i)g 4*0- .ha-k

Since the coraco muscles are on the ventral aspect of your shark skullӌ you might find it
easier to flip your shark upside downӋ To do thisӌ remove the stand rod plus shark skull from
the stand baseӌ flip it overӌ and set the skull upside down onto your work surfaceӋ
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Add the leʯ coracomandibularis to your shark skull by attaching a d*0ble rubber band to hook
ӘWә on the leʯmandible and hook Әhә on the middle piece of the stand rodӋ

Repeat this on the right side by attaching a d*0ble rubber band to hook Әbә on the right
mandible and hook Әmә on the stand rodӋ On page 1 of your Notebookӌ fill in the
ӘAttachmentsә column for coracomandibularisӋ
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The other two coraco muscles are the coracohyoideus and coracoarcualisӋ These two
muscles form something like a Әmuscle chainәӍ the coracoarcualis originates on the pectoral
girdle and inserts on the coracohyoideus(0.cleӌ and the coracohyoideus originates on the
coracoarcualis(0.cle and inserts on the basihyal cartilage of the hyoid archӋ ԂThe
coracomandibularis actually attaches to the coracoarcualis tooӌ in addition to the pectoral
girdle ӧ itӗs just been simplified for your shark skull modelӋԃ

Because these muscles connect to each otherӌ youӗll add them together as a double rubber
bandӋ Add the leʯ Әcoracohyoideus ם coracoarcualisә to your shark skull by attaching a d*0ble
rubber band to hook ӘMә on the basihyal and hook Әkә on the stand rodӋ The double rubber
bandmay not be very tight once itӗs attachedӎ thatӗs OK ӧ if you secure the band by pulling
them around the hooksӌ it should stay attachedӋ

Repeat this on the right side by attaching a d*0ble rubber band to hook ӘNә on the basihyal
and hook Әnә on the stand rodӋ On page 1 of your Notebookӌ fill in the ӘAttachmentsә column
for the combined Әcoracohyoideus ם coracoarcualisӋә
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The 1e)/-a' .hee/ (0.c'e.

The last twomuscles youӗll add could be called the Әventral sheet musclesӋә These muscles
are broadӌ thin sheets of muscles that cover most of the ventral surface of the sharkӗs skull
and are superficial to the coraco musclesӋ So keep in mind that the rubber bands just
represent the approximate orientation of these musclesӌ not their shapeӋ For these musclesӌ it
will probably be easiest to remove and flip your shark skull again so you canmore easily
access the ventral aspect of the skullӋ

The deepest of these two is the interhyoideusӋ The interhyoideus runs between ԂӘinterәԃ the
two leʯ and right ceratohyals of the hyoid archӋ Add the interhyoideus to your shark skull
Ԃsuperficial to the coraco musclesԃ by attaching a d*0ble rubber band to hook ӘLә on the leʯ
ceratohyal and hook ӘKә on the right ceratohyalӋ
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Superficial to the interhyoideus is the intermandibularisӋ Analogous to the interhyoideusӌ
the intermandibularis runs between the leʯ and right mandiblesӋ Add the intermandibularis
by attaching a /-i+le rubber band to hook Әfә on the leʯmandible and hook ӘZә on the right
mandibleӋ

On page 1 of your Notebookӌ fill in the ӘAttachmentsә columns for interhyoideus and
intermandibularisӋ Once youӗve finishedӌ check that you have all of your muscles attached
correctly by comparing your shark with the image on the following pageӋ
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ASSESSӍ M0.c'e. added

With all the jawmuscles addedӌ your shark should look like the image belowӋ

All image. and /e3/ licen.ed 0nder CC NCӧBYӧSA b4 ҺD Anatom4 Studiosӌ 0nle.. o/her2i.e no/edӋ

https://creativecommons.org/licenses/by-nc-sa/4.0/
https://3danatomystudios.com/


Sim0la/ing /he mo/ion. of 4o0r .harkӗ. ja2. Ӯ 1ҸӋҸ SAҷҼ S/0den/ G0ide Ӯ Page ҹҸ

Sec/i*) ҹӋHo2 can 4o0r sharkӗs ja2smo1e and
2hichm0scles dri1e thosemotionsӒ
Now that youӗve added all of the jawmuscles to your sharkӌ youӗre ready to simulate some
motion and figure out which muscles drive which motionsӐ Before you do thatӌ howeverӌ itӗs
important to talk about how to infer muscle actions from simulated motion and the
limitations of those inferencesӋ

H*2 /* i)fe- (0.c'e ac/i*) f-*( .i(0'a/ed(*/i*)

At the cellular levelӌ muscles can only produce force in tension Ԃalso called a tensile forceԃӋ
This meansӌ basicallyӌ that muscle cells can only pullӌ not pushӋ It is possible for whole
muscles composed of cells in multiple orientations to effectively push Ԃone example is your
tongueԃӌ but thatӗs not relevant for this moduleӋ Muscles can produce tension while they are
shortening Ԃconcentric contractionԃӌ staying the same length Ԃisometric contractionԃӌ or
lengthening Ԃeccentric contractionӎ Dickinson et al. 2000ԃӋ For this moduleӌ weӗll just
consider muscle actions from concentric contractionsӋ
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To infer the actions of muscles with your shark skullӌ youӗll simulate a particular motion ԂiӋeӋӌ
actionԃ of the jaws and observe which rubber bands shorten or slacken during that motionӎ
the rubber bands that shorten correspond to muscles that could drive that motionӋ

Be awareӌ howeverӌ that just because a muscle c*0ld drive a motion doesnӗt mean that it d*e.Ӌ
To actually prove a muscleӗs actionӌ you need to show that it is active during that action in a
live animalӋ This is done by recording electrical signals from themuscleӌ a technique called
electromyography ԂEMGԃӋ EMG experiments have actually been performed for the spiny
dogfish shark byWilga and Motta 1998 andӌ despite your more basic approachӌ the results of
your simulations will be very similar to their resultsӋ
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L*2e- %a2 e'e1a/i*) a)d de+-e..i*)

The first action youӗll simulate is elevationӧdepression of the lower jaw ԂmandibleԃӋ

Since all the jaw cartilages are connectedӌ if you try to just move the lower jawӌ it will move
other elements tooӋ To simulate motion of only the lower jawӌ use your right hand to secure
the palatoquadrates and use your leʯ hand to elevate and depress the lower jawӋ

Which muscles shorten or slacken during each actionӒ On page 1 of your Notebookӌ indicate
the muscles that could potentially drive these motions by filling in the corresponding
columnԂsԃ with an ӘXӋ
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Youmay have noticed how the hyoid arch moves along with the lower jawӋ This is partially
due to how your model is put together but also due to ligaments connecting the mandible
and the ceratohyal at the caudal end of these elements Ԃthe magnets in your kit reproduce
this to some extentԃӋ These connections can produce 1a-iable coupling between the hyoid and
mandibular arch Ԃthe upperםlower jawԃӌ potentially allowing the coracohyoideus to
indirectly depress the lower jawӋ Howeverӌ this coupling is not absolute nor is it fully
understood in spiny dogfish sharksӋ

U++e-םL*2e- %a2 e'e1a/i*) a)d de+-e..i*)

You just simulated elevation and depression of the l*2e- jaw but sharks can also elevate and
depress their upper and lower jaw togetherӎ you could call this Әjaw elevation and
depressionә Ԃwithout the ӘlowerәԃӋ This motion is primarily along the dorsoventral axisӋ

Simulate elevation and depression of the upperםlower jaw by holding the chondrocranium in
place with one hand andӌ with your other handӌ gripping the upper and lower jaw together at
the symphysis Ԃwhere the leʯ and right side connect at the midlineԃӋ
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Which muscles shorten or slacken during each of these actionsӒ Fill in the table on page 1 of
your Notebookwith your resultsӋ
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U++e-םL*2e- %a2 +-*/-0.i*) a)d -e/-0.i*)

What is traditionally called jaw protrusion in sharks is actually a c*(bi)a/i*) of two different
motionsӍ upӧandӧdownmotion and forwardӧandӧback motionӋ When you simulated
upperםlower jaw depressionӧelevation previouslyӌ you simulated the up and downmotions
Ԃprimarily along a dorsoventral axisԃӋ The secondmotionӌ forwardӧandӧbackӌ occurs primarily
along the rostrocaudal axisӋ In this moduleӌ weӗll call this rostrocaudal motion protrusion
and retrusion Ԃto match the terms used in other animalsӌ such as mammalsԃӋ

When combinedӌ these two axes allow the jaws to move upӌ downӌ forwardӌ and backwardӋ
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For the purposes of determining muscle actionsӌ howeverӌ itӗs simpler to break this complex
motion down into two axesӋ Simulate protrusion and retrusion of the upperםlower jaw similar
to how you simulated elevationӧdepressionӌ but this time pull the jaws rostrally b4 j0./ a
c*0+le (illi(e/e-.Ӌ Note that the jaws move(0ch less rostrocaudally than they do
dorsoventrallyӋ

Which muscles shorten or slacken during each of these actionsӒ Because the motions are
relatively smallӌ the length changes are subtleӋ Fill in the table on page 1 of your Notebook
with your resultsӋ This one is a bit more challenging so use the following two hints to help youӋ
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HINTӍ T-4 a 1e)/-a' 1ie2

If you view the ventral aspect of your skull as you simulate protrusionӌ you can observe that
as the jaws protrude rostrallyӌ they also narrow Ԃare compressedԃmediolaterally Ԃalong the
leʯӧright axisԃӋ

What muscleԂsԃ could drive this mediolateral expansion or compressionӒ
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HINTӍ T-4 a ca0da' 1ie2

If you view your skull caudally as you simulate protrusionӌ you can observe that as the jaws
protrude rostrallyӌ the hyomandibulae adduct Ԃrotate inwardԃӋ

What muscleԂsԃ could drive this depression or elevation of the hyomandibulaeӒ
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H4*id a-ch e'e1a/i*) a)d de+-e..i*)

Elevation and depression of the hyoid arch is how fish compress and expandӌ respectivelyӌ
their throat to create suction for drawing prey into their mouth and for moving water over
their gillsӋ As mentioned when you simulated lower jaw elevationӧdepressionӌ the hyoid arch
has some coupling with the mandibular arch Ԃthe Әhyoid archә here refers primarily to the
ceratohyals and basihyalӌ since the hyomandibulae move in a different wayԃӋ Howeverӌ this
coupling is not absoluteӍ the hyoid arch can also move independently of the mandibular archӋ

To simulate hyoid elevationӧdepressionӌ hold the lower jaw in place with one hand and use
your other hand to push and pull the basihyal dorsally and rostrallyӋ

Which muscles shorten or slacken during each of these actionsӒ Fill in the table on page 1 of
your Notebookwith your resultsӋ
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Sec/i*) ҺӋHo2 do sharks 0se bod4m0scles to
open their mo0thӒ
Youӗve added all of the major jawmuscles to your shark skullӌ howeverӌ there are two
additional muscles Ԃgroups of muscles reallyԃ that have an essential role in jaw openingӍ the
epaxial and hypaxialmusclesӋ The epaxials Ԃalso called epaxialisԃ are essentially the Әback
musclesӌә whereas the hypaxials Ԃalso called hypaxialisԃ are essentially the Әbelly musclesӋә At
their rostralӧmost pointsӌ the epaxials insert on the caudal surface of the chondrocraniumӌ
whereas the hypaxials insert on the pectoral girdleӋ

Why are these b*d4muscles essential to opening the mouthӒ The answer is related to power
Ԃenergy per unit timeԃӋ Fish need a lot of power to open their mouth quickly against the
resistance of water and generate a strong suction force that will capture preyӋ And the power a
muscle can generate is directly related to its volumeӍ the larger the muscle volumeӌ the
greater the powerӋ By using the largest muscles in their body to open their mouthӌ fish are
able to generate muchmore power than they would if they were to rely solely on their cranial
muscles ԂCamp et al. 2017ԃӋ
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Using your shark skull to perform simulationsӌ can you explain h*2 fish can use their body
muscles to open their mouth a)d generate suctionӒ Write your explanation on page 2 of your
Notebookӎ feel free to use bullet pointsӋ

Your explanation should include which muscles are involved and their roleӋ To help you figure
this outӌ your standmount rotates up to simulate neurocranial elevationӋ

Alsoӌ recall that the middle piece of your stand rod represents the pectoral girdleӋ In your
modelӌ the pectoral girdle is fixed to the stand but in an actual fish it can rotate rostrally and
caudallyӋ
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Even though your sharkӗs pectoral girdle is fixedӌ you can simulate motion of all the other
elements relative to the pectoral girdleӌ which is similarӋ

If you need some helpӌ check out the hint belowӋ Then check your work on the next pageӋ

HINTӍ I/ /ake. c**-di)a/i*)

The epaxials and hypaxials donӗt act aloneӋ Their actions are coordinated with those of the
jawmusclesӋ
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Sec/i*) һӋHo2 do sharks manip0late their food
2itho0t a tong0eӒ
Based on what you now know about the motions andmuscles of your sharkӗs jawsӌ can you
explain how sharks are able to manipulate their food without a tongueӒ In other wordsӌ if
someone were to sayӌ Әsharks canӗt manipulate food and water in complex ways because they
donӗt have a tongueӌә how would you counter this argumentӒ Write your explanation on page
2 of your Notebookӎ feel free to use bullet pointsӋ

In this moduleӌ youӗve learned how to use physical models to perform simulations and predict
biomechanical functionӋ While simulations are just one tool in your toolboxӌ they are
invaluable for testing our understanding of systems and generating hypothesesӋ Youӗve
learned howmuscles can drive complex motions of biomechanical systems through
concentric contractionӌ acting through linkage mechanismsӌ and coordinationӋ And youӗve
learned that just because sharks are humansӗ distant relatives or just because theyӗre fishӌ
doesnӗt mean that their feeding system is any less complicatedӋ The jaws of sharks are a mix
of specialized ԂeӋgӋӌ jaw suspensionԃ and conserved ԂeӋgӋӌ using body muscles for added
powerԃ featuresӌ like for any vertebrate feeding systemӋ
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