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STUDENT GUIDE
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De.c-$+/$*)
In this moduleӌ youӗll identify and Әpaintә Ԃusing markersԃ the bones of a model cat skull. In

the processӌ youӗll gain a better understanding of the bonesӗ functional and developmental

groupingsӌ 3D shapesӌ and physical relationships.
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I)/-*d0c/$*)
When it comes to learning the bones of the bodyӌ the head is the most challenging region.
Vertebrates can have dozens of individually named bones in their head Ԃcats have over two
dozenӐԃ with complex 3D shapes and borders that can be irregular and difficult to discern.
Additionallyӌ some structures we refer to as a Әboneә are actually made of upmultiple parts
Ԃcalled *..$f$ca/$*) ce)/e-.ԃӌ each of which may be referred to as a separate bone in another
species. For exampleӌ the occipital bone in mammals is actually made up of three separate
ossification centers Ԃthe supraoccipitalӌ the basioccipitalӌ and the exoccipitalԃӌ which are
referred to as separate bones in other vertebrate groups.

Oʯenӌ the reason why bones are named as a group or individually is the presence or absence
of .0/0-e.. During development of the skull bones form as individual ossification centers that
are initially separated from one another like little islands. As these Әislandsә expandӌ their
borders start to come into contact with one another and .0/0-e '$)e. form between them. In
some vertebrate groups Ԃe.g.ӌ somemammalsԃ most of these sutures are preserved into
adulthood. In other groups Ԃe.g.ӌ many birdsԃ most sutures are obliterated by subsequent
growth. When these suture lines are not preservedӌ what appears to be one Әboneә may
actually be several bones.

In this moduleӌ you will identify and Әpaintә Ԃusing permanent markersԃ each bone of your
catӗs skull ӧ like a 3D coloring book. Fortunatelyӌ in catsӌ most of the sutures among different
bones are preserved into adulthood and visible on your model to help you identify each bone.
Pay attention to these sutures as you color to keep from coloring Әoutside the lines.ә The
module is broken into three sectionsӌ following three traditional divisions of the vertebrate
skullӍ the chondrocraniumӌ the dermatocraniumӌ and the splanchnocranium. Aʯer
completing this moduleӌ you should be able to better identify the bones of the mammal skullӌ
classify them into one of these three main divisionsӌ and understand their 3D formӌ positionӌ
and physical relation to each other.

C-a)$0( and .&0'' are oʯen used interchangeably in common language but in anatomy they
have different meanings. ӘCraniumә usually refers to the bones of the head excluding the
(a)d$b'e or '*2e- %a2ӌ whereas Әskullә refers to all of the bones of the headӌ including the
lower jaw.
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Ma/e-$a'. )eeded
For this moduleӌ youӗll needӍ

● The cat skull Ԃcranium andmandibleԃ from your kit
● Ҹҹ +e-(a)e)/ (a-&e-.ӌ each of a different color Ԃyoumay be sharing a setԃ. These

may have come with your kit. The markers are not labeled so youmay find the image
below helpful to sort out which color is which.

● OPTIONAL Gloves

● OPTIONAL Paper towels

● OPTIONAL Ethyl or isopropyl alcohol

COLOR NOTEӍ Colo- .cheme de.ign

Given that there are only 12 colors available in the providedmarker set and that there are
more than 12 bones in the cat skullӌ youӗll use the same color for more than one bone. The
color coding has been designed so that no two neighboring bones have the same color.
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CAUTIONӍ Pe-manen/ma-ke-.

1˰In this activity youӗll be coloring in your cat skull using pe-manen/markers. The markers can
leave +e-(a)e)/ stains on clothing or other materials so be careful when handling them.
Alsoӌ you wonӔt be able to erase and redo any markings so double check the reference
images in this guide before using the marker to color in the bone.

ҸӋ Sec/$*) ҸӋ W#a/ a-e /#e b*)e. *f /#e ca/
c#*)d-*c-a)$0(Ӓ
The first major division of the vertebrate skull is the c#*)d-*c-a)$0( Ԃor )e0-*c-a)$0(ԃ. The
bones of the chondrocranium help to encase the brain and other structures of the central
nervous system. The chondrocranium is so named because all of these elements first develop
as ca-/$'age Ԃkhond-o. is Greek for Ӗcartilageӗԃӎ in some vertebratesӌ these elements never
actually ossify and remain as cartilage into adulthood. The process by which cartilage turns
into bone is called e)d*c#*)d-a' *..$f$ca/$*).

The chondrocranium bones are also the first to form in development and are generally deeper
inside the skull. For this reasonӌ you can think of these bones like the skullӗs foundationӌ onto
which everything else is built. In catsӌ the chondrocranium includes six bones Ԃor parts of
bonesԃӍ the occipital boneӌ the basisphenoid boneӌ the presphenoid boneӌ the orbitosphenoid
boneӌ the petrous part of the temporal boneӌ and the nonӧturbinate part of the ethmoid bone.
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BUILD NOTEӍ Pain/ing /ip.

Follow these tips to paint your skull faster and end up with a better resultӐ

1. F*''*2 /#e c*'*-$)g *-de- $) /#$. g0$deӋ Youӗll notice that your markers sometimes
bleed across the borders of a bone into neighboring bones. Donӗt worryӌ you wonӗt see
much of this bleeding once your skull is fully colored in. The coloring order in this
guide has been designed to proceed from lighter to darker colors so thatӍ

a. The darker colors will cover up any prior bleeding of the lighter colors
b. The lighter colors will lessen bleeding by the darker colors Ԃif a bone is already

colored in with markerӌ the marker ink on the surface tends to block bleeding
into the boneԃ

c. If you makemistakes at the startӌ the darker colors will cover these mistakes

2. L**& f*- /#e .0/0-e '$)e. to help you trace the border of the bone.

3. C*'*- /#e edge *f /#e b*)e f$-./ Ԃca-ef0''4ԃ so you can then quickly fill in the interior
of the bone without going outside the edge of the bone.

4. ԂO+/$*)a'ԃ Kee+ /#e(a-&e- /$+ c'ea) by occasionally wiping the marker tip on a
paper towel. Aʯer using the marker for a whileӌ the tip can start to release small
threads making it difficult to color precisely. Wiping the tip will help remove these
loose threads and preserve a clean tip.

5. ԂO+/$*)a'ԃ U.e g'*1e. to keep from getting permanent marker on your hands. The
permanent marker dries almost instantly but some can come off onto your hands.

6. ԂO+/$*)a'ԃ U.e e/#4' *- $I.*+-*+4' a'c*#*' /* c'ea)marker off your handsӌ glovesӌ or
your skull. Cut a piece of paper towel into small piecesӌ soak each piece of towel in
alcoholӌ and use to wipe. You can even use this to correct i.ola/ed coloring mistakes.
Howeverӌ if you use alcohol to removemarker from your skullӌ be carefulӍ the alcohol
easily spreads and dissolves any ink nearbyӌ potentially causing a larger mess than a
small coloring mistake. Alsoӌ the alcohol doesnӗt en/i-el4 remove the marker from the
skullӎ it removes enough that you can color back over the cleaned area and the
previous color will not be easily visible.
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Occ$+$/a' b*)e

The *cc$+$/a' b*)emakes up the back of the skullӌ or *cc$+0/ Ԃfrom Latin for obӤ Ӗagainstӗ ם
cap0/ Ӗheadԃ. The most salient feature of the occipital bone is the large opening for the spinal
cordӍ the f*-a(e)(ag)0( ԂLatin for Ӗbig holeӗԃ. The spinal cord is an extension of the
ce)/-a' )e-1*0. .4./e( ԂCNSԃ so you could say the CNS actually passes through the occipital
bone.

The occipital bone is actually made up of three chondrocranial bones Ԃthe .0+-a*cc$+$/a'ӌ the
ba.$*cc$+$/a'ӌ and the e3*cc$+$/a'ԃ plus one or more bones from the dermatocranium
Ԃdiscussed later in this moduleԃ. Whereas in other vertebratesӌ the supraoccipitalӌ
basioccipitalӌ and exoccipital can be visible as separate bonesӌ in cats the suture lines fuse
during development giving the impression of a single bone.

Use the image above to paint your catӗs occipital bone *-a)ge.
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Ba.$.+#e)*$d b*)e

Moving rostrally from the occipital boneӌ the next bone of the chondrocranium that youӗll
color in is the ba.$.+#e)*$d b*)e. The basisphenoid is one of several bones that makes up
the .+#e)*$d b*)e Ԃsphenoid comes from the Greek word for Ӗwedgeӗ because of its
wedgeӧlike shapeԃ. Like the occipital boneӌ the sphenoid bone is a composite bonemade up
of multiple constituent bones. Howeverӌ these constituent bones are from all three divisions
of the skullӌ not just two. So youӗll see the sphenoid mentioned in each section of this module.

Paint your catӗs basisphenoid '$(e g-ee). Unlike the occipital boneӌ the suture lines among
the bones of the sphenoid are still visible in the adult. Use these to help you find the borders
of the basisphenoid.

Once youӗve painted the basisphenoid completelyӌ paint over it a .ec*)d /$(e ӧ this will help
to reduce bleeding into this bone later.
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P-e.+#e)*$d b*)e

Continuing rostrally from the basisphenoidӌ youӗll find another bone of the sphenoidӍ the
+-e.+#e)*$d b*)e. Itӗs longӌ narrowӌ andӌ like the basisphenoidӌ lies in the midline of the
skull as shown in the image below.

Paint your catӗs presphenoid 4e''*2. Remember to use the suture lines to help youӐ

Once youӗve painted the presphenoid completelyӌ paint over it a .ec*)d /$(e ӧ this will help
to reduce bleeding into this bone later.
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O-b$/*.+#e)*$d b*)e

The last c#*)d-*c-a)$a' portion of the sphenoid bone in mammals is the *-b$/*.+#e)*$d.
Unlike the basisphenoid and presphenoidӌ this bone is not at the midline but is separated into
leʯ and right partsӌ which help to make up part of the orbit Ԃthus its nameԃ.
The right orbitosphenoid is shown in the image below.

It might not seem like the orbitosphenoid is continuous with the previous two sphenoid
bonesӌ but it is. The sphenoid is one continuous bone but some parts are covered externally
by other bonesӌ which canmake it seem like separate elements.

Note the hole passing through the orbitosphenoid ӧ that is the *+/$c f*-a(e). The *+/$c
)e-1e Ԃc-a)$a' )e-1e II *- CN IIԃ passes through the optic foramen to carry visual signals from
the eye to the brain. This relationship between the optic foramen and the orbitosphenoid is
highly conserved across vertebrates. Recall that the chondrocranium helps to encase the
brain. The optic nerve is actually an extension of the brain Ԃi.e.ӌ it is part of the central nervous
systemԃ rather than a separate nerve. This conserved and close relationship between the
orbitosphenoid and optic nerve reflects that close chondrocraniumӧbrain relationship.

Paint your catӗs leʯ and right orbitosphenoids a,0a.
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Te(+*-a' b*)e Ԃ+e/-*0. +a-/ԃ

Like the sphenoid boneӌ the /e(+*-a' b*)e is made up of multiple composite bones from
various divisions of the skullӌ including the chondrocranium. The chondrocranial component
of the temporal bone in mammals is called the +e/-*0. Ԃ*- +e/-*.a'ԃ +a-/ *f /#e /e(+*-a'
b*)e. This part is formed from two bonesӌ called the prootic and opisthotic in other
vertebrate groups.

The name Ӗpetrousӌӗ from the Latin pe/-a or Ӗrockӌӗ derives from the fact that it is one of the
densest bones in mammals. This high density is functionalӍ the petrosal part of the temporal
bone encases the $))e- ea- Ԃthe .e($c$-c0'a- ca)a'. and c*c#'eaԃ and its density helps to
insulate the sensitive nerves of the inner ear from external vibrations. Just as for the optic
nerveӌ note the close relationship between the chondrocranium and special sense organs of
the brain.

The petrous part of the temporal bone is not visible externally so you wonӗt be able to paint
this bone on your catӗs skull.

E/#(*$d b*)e

The last andmost rostral bone of the chondrocranium in your cat skull is the e/#(*$d b*)e.
Just as the orbitosphenoid is closely related to optic nerve ԂCN IIԃ and visionӌ the ethmoid is
closely related to the *'fac/*-4 )e-1e ԂCN Iԃ and *'fac/$*)ӌ or the sense of smell. The
olfactory nerve ԂCN Iԃ is also an extension of the brain or CNSӌ like CN IIӌ again reinforcing the
close relationship between the chondrocranium and brain.

The ethmoid forms the c-$b-$f*-( +'a/eӌ a plate with several small f*-a($)a Ԃplural form of
foramenӌ meaning Ӗholesӗԃ through which the olfactory nerves pass to send sensory
information from the nose to the brain. This is where the ethmoid gets its nameӍ ethmoid
comes from the Greek e/hmo.ӌ meaning Ӗa sieve.ӗ The ethmoid also forms other structures
related to the nose and orbit. It forms part of the vertical plate that helps make up the midline
wall separating the leʯ and right nasal cavity as shown in the following image. The following
images are for conceptualization onlyӎ you wonӗt be able to paint these structures since they
are too far inside the skull.
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And the ethmoid forms part of the /0-b$)a/e.ӌ which are paperӧthin and tightly packed
scrollӧlike bones in the nasal cavity Ԃthe nasal andmaxillary bones can also contribute to the
turbinatesԃ. The image below shows what these structures look like in a real cat Ԃthe
turbinates in your cat skull model are thickened and simplified so that they can be 3D
printedԃ.
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The turbinates are covered in a(0c*.a' surface that is an important site for respiratory
temperature regulation Ԃcooling hot air in warmweather and heating cold air in cool weatherԃ
and for olfaction. The highly convoluted structure of the turbinates increases the mucosal
surface area available for these functions.

Lastlyӌ the ethmoid also helps to form part of the orbit. In your cat skullӌ the ethmoid forms
just a small part of the orbitӌ peeking out between other bones.

Paint the small bit of ethmoid in your catӗs leʯ and right orbit '$(e g-ee).

Once youӗve painted the ethmoid completelyӌ paint over it a .ec*)d /$(e ӧ this will help to
reduce bleeding into this bone later.
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2ӈ Sec/$*) ҹӋ W#a/ a-e /#e b*)e. *f /#e ca/
de-(a/*c-a)$0(Ӓ
The next major division of the vertebrate skull is the de-(a/*c-a)$0(. The Ӗdermatoӧӗ in the
nameӌ rather than Ӗchondroӧӗ is a clue that these bones have a different type of ossification
and some relation to skin Ԃde-ma is Greek for Ӗskinӗԃ. All of the bones of the dermatocranium
develop directly from connective tissue rather than first forming as cartilageӌ a process called
$)/-a(e(b-a)*0. *..$f$ca/$*). And because the connective tissue in which these bones
form tends to be close to the surfaceӌ itӗs as if these bones were forming directly in the skin.
For this reasonӌ bones that develop via intramembranous ossification are oʯen called de-(a'
b*)e..

As opposed to the deepӌ internal bones of the chondrocraniumӌ the bones of the
dermatocranium tend to bemore superficial. If the chondrocranium is the internal foundation
of the skullӌ the dermatocranium generally functions more like the outer covering.

Importantlyӌ some bones Ԃor parts of bonesԃ of the skull develop as dermal bones but are part
of the third division Ԃthe splanchnocraniumӌ or gill archӧderived bonesӧ explored in the third
section of this moduleԃ. Soӌ while all of the bones of the dermatocranium are dermal bonesӌ
the converse is not trueӍ not all dermal bones are part of the dermatocranium. Thusӌ a more
precise definition of the dermatocraniumwould beӍ all of the dermal bones of the skull that
are not derived from the gill arches.

The bones of the dermatocranium can be subdivided into six Әseriesә Ԃlisted in the same order
as presented in this guideԃӍ facialӌ vaultӌ temporalӌ orbitalӌ palatalӌ andmandibular. These
groupings are based on their approximate location in the skull ӧ they have no relation to the
bonesӗ development or origins.
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Ma3$''a

The first series of the dermatocranium is the fac$a' .e-$e.. These bones form the rostral most
part of the cranium. The first of these is the(a3$''a or(a3$''a-4 b*)e. The maxilla is notable
for being one of the two bones in mammals that hold the upper teeth ԂӖmaxillaӗ comes from
the Latin word for Ӗjawӗԃ. Specificallyӌ the maxilla holds the upper caninesӌ premolarsӌ and
molars. The maxilla also forms parts of the turbinatesӌ along with the ethmoid and nasal
bones.

Paint your catӗs leʯ and right maxillae Ԃplural of maxillaԃ 4e''*2.
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P-e(a3$''a

The second bone of the dermatocranium facial series and the other tooth bearing bone of the
upper jaw in mammals is the +-e(a3$''a or +-e(a3$''a-4 b*)e. The premaxilla is
immediately rostral to the maxilla and holds the incisors.

Paint your catӗs leʯ and right premaxillae Ԃplural of premaxillaԃ *-a)ge.
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Na.a' b*)e

The last of the dermatocranium facial series bones is the )a.a' b*)e. This flatӌ narrow bone
immediately superior to the premaxilla forms Ԃas the name suggestsԃ most of the bony
portion of the nose Ԃthe other portion being formed by cartilageԃ. In somemammalsӌ the
nasal also contributes a small part to the turbinates. If you look inside the nasal openingӌ you
can see part of the ethmoid bone and turbinates.

Paint your catӗs leʯ and right nasal bones a,0a.
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F-*)/a' b*)e

The next series of the dermatocranium is the 1a0'/ .e-$e.. The bones of the vault series form
most of the roof of the cranium Ԃthink of Ӗvaultӗ as in a vaulted ceilingӌ with these bones
forming the Әceilingә of the craniumԃ. The first of these is the f-*)/a' b*)eӌ so named because
it is generally the bone of the forehead Ԃfrontal comes from the Latin f-on.ӌ meaning
Ӗforeheadӗԃ.

Paint your catӗs leʯ and right frontal bones *-a)ge.
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Pa-$e/a' b*)e

The second bone of the dermatocranium vault series is the +a-$e/a' b*)e. Immediately
caudal to the frontalsӌ the parietals form the caudal roof and walls of the cranium Ԃparietal
comes from the Latin pa-ie.ӌ meaning Ӗwallӗԃ.

Paint your catӗs leʯ and right parietal bones /ea'.
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I)/e-+a-$e/a' b*)e

The last of the dermatocranium vault series is the $)/e-+a-$e/a' b*)e. This boneӌ located
between the parietal and previously covered occipital bonesӌ makes up part of the occipital
bone Ԃalong with its other chondrocranial constituentsԃ. The interparietal is #*(*'*g*0.with
Ԃi.e.ӌ it evolved from the same precursory structure asԃ the postparietal of other vertebrates
Ԃandmaybe also the tabular boneԃ and is not present in all mammals Ԃhumansӌ for exampleӌ
lack an interparietal boneԃ.

Paint your catӗs interparietal bone b-*2).
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Te(+*-a' b*)e Ԃ.,0a(*.a' a)d 54g*(a/$c +a-/.ԃ

The next dermatocranium Әseriesә is really all about one boneӍ the /e(+*-a' b*)e. Like the
sphenoid boneӌ the temporal bone is a composite bonemade of bones from each of the three
divisions of the skull. Youӗre already familiar with the petrous part of the temporal bone Ԃthe
chondrocranium componentԃӌ which is not visible externally. Howeverӌ the dermatocranium
components are visible externally and these are the .,0a(*0. +a-/ and 54g*(a/$c +a-/.

Located near the temple of the head Ԃas suggested by the boneӗs nameԃӌ the squamous part
forms a large portion of the lateral wall of the cranium and the zygomatic part forms the
caudal portion of the zygomatic arch. These parts of the temporal bone also make up the
e3/e-)a' ac*0./$c (ea/0.ӌ the hole of the Әouter ear.ә

Paint the squamosal and zygomatic parts of your catӗs leʯ and right temporal bones -ed.
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T4(+a)$c b0''a

Closely associated with the temporal bone and external acoustic meatus is a round and
smooth bone called the tympanic bulla ԂӖtympanicӗ denotes its association with the
/4(+a)0( or eardrum and Ӗbullaӗ comes from the Latin word for Ӗbubbleӗԃ. This bone is
sometimes included as the other bone of the dermatocranium temporal series.

This bone has rather complex originsӍ one portion is thought to derive from a dermal bone
called the a)g0'a- b*)e in other vertebrates Ԃa bone that in other vertebrates forms part of
the mandibleԃ while another portion is thought to develop by endochondral ossification with
no known homologue outside of mammals.1 Tympanic bullae Ԃthe plural form of Ӗbullaӗԃ are
only found in somemammalsӎ humansӌ for exampleӌ do not have a tympanic bulla.

Paint your catӗs leʯ and right tympanic bullae g-ee).

1 SY_\ce aXd cYXŊ\ma^iYX Xeeded˰
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Lac-$(a' b*)e

The next dermatocranium series is the orbital series. These are not the only dermatocranium
elements that form the orbit Ԃe.g.ӌ the frontal andmaxillary bones also form part of the orbitԃӌ
they are just the only two bones that are primarily associated with the orbit. The first is the
'ac-$(a' b*)e. This bone forms part of the medial wall of the orbit but it also has a foramen
Ԃlocated between the maxilla and lacrimal boneԃ that opens into the )a.*'ac-$(a' d0c/ӌ a
duct that connects the orbit to the nasal cavity. This duct allows tears from the eye to drain
into the nasal cavity and gives the lacrimal bone its name Ԃlac-imameans Ӗtearӗ in Latinԃ.

Paint your catӗs leʯ and right lacrimal bones +'0(.
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Z4g*(a/$cԈJ0ga'

The other dermatocranium bone in the orbital series is the 54g*(a/$c or %0ga' b*)e. This
bone formsmost of the zygomatic archӌ connecting with the maxillary bone rostrally and the
temporal bone caudally. It was named based on its resemblance to a yokeӌ a wooden
crosspiece fastened over the necks of two animals to pull a cart. Both names have the same
original meaningӌ theyӗre just derived from different languagesӍ j0g0m Ԃthe source for Ӗjugalӗԃ
means Ӗyokeӗ in Latin and 50gon Ԃthe source for Ӗzygomaticӗԃ means Ӗyokeӗ in Greek.

Paint your catӗs leʯ and right zygomatic bones +0-+'e.
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Pa'a/$)e b*)e

The next dermatocranium series is the palatal seriesӌ so named because of their association
with the palate. The first of these is the +a'a/$)e b*)e. In mammalsӌ the premaxillaӌ maxillaӌ
and palatine bones evolved to form a .ec*)da-4 +a'a/eӌ which separates the nasal and oral
cavities forming the c#*a)a or $)/e-)a' )a-e.. The palatine bone is the most caudal of these.

Paint your catӗs palatine bone b'0e.
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P/e-4g*$d b*)eԈ+-*ce..

Remember the sphenoid bone and how it had contributions from all three divisions of the
skullӒ The second bone of the palatal seriesӌ the +/e-4g*$dӌ is the dermatocranium
component of the sphenoid bone. This bonemay be called a bone or a processӌ depending on
the vertebrate groupӎ in mammalsӌ itӗs called the +/e-4g*$d +-*ce... The difference is not
really importantӌ it just has to do with its relative size and position. The name of the bone
comes from its flatӌ wingӧlike shape Ԃp/e-on is Greek for ӗwingӗӌ the same derivation as for
pterosaur or pterodactylԃ.

Paint your catӗs pterygoid processes bone +'0(.
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V*(e- b*)e

The last bone of the dermatocranium palatal series is the 1*(e-. It was named based on its
resemblance to a plowshareӌ the main cutting blade of a plow ԂӖvomerӗ means plowshare in
Latinԃ. The vomer is a longӌ narrow bone that is associated with the +-$(a-4 +a'a/e Ԃthe
palate dorsal to the secondary palateԃ and it is largely obscured from view externally by the
palatine andmaxilla. You can see a bit of the bone peeking out from the choana.

Paint your catӗs vomer g-ee). Youӗll only be able to paint the caudalmost portion of the
vomer.
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De)/a-4 b*)e

Now that youӗve colored in 18 different bones of your cat craniumӌ youmight be wondering if
the mandible is also composed of several different bones. In many vertebrate groupsӌ this is
the case and the mandible is made of several dermatocranium elements referred to as the
mandibular series. But in mammalsӌ itӗs surprisingly simpleӍ the mandible is composed of a
single dermatocranium boneӌ the de)/a-4. It derives its name from the fact that in vertebrates
with multiple mandibular bonesӌ it is the dentary that bears the teeth Ԃden.means Ӗtoothӗ in
Latinԃ. Note that Әmandibleә is just a name for the entire structure Ԃlike craniumԃӌ not the
name of a bone.

Paint your catӗs dentary bone '$(e g-ee).
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3ӈ Sec/$*) ҺӋ W#a/ a-e /#e b*)e. *f /#e ca/
.+'a)c#)*c-a)$0(Ӓ
The last major division of the vertebrate skull is the .+'a)c#)*c-a)$0(ӌ also known as the
1$.ce-*c-a)$0(. This division includes all of the bones of the skull that are derived from the
g$'' a-c#e.. The name for this division derives from the association between the gill arches
and the gut ԂӖvisceroӧӗ comes from the Latin 1i.ce-aӌ meaning Ӗentrailsӗ or Ӗintestinesӗ and
Ӗsplanchoӧӗ comes from the Greek .plankhnaӌ also meaning Ӗentrailsӗԃ. The gill arches give rise
to the structures of the jawӌ oral cavityӌ pharynxӌ and branchial apparatus Ԃgillsԃ Ө all
structures constituting the rostralmost portion of the gut. Although the gill arches have
evolved in some vertebrate lineages to form structures not related directly to the gut Ԃe.g.ӌ the
middle ear bonesԃӌ the names splanchnocranium and viscerocranium simply reflect this
earliest association.

Vertebrates develop with a total of seven gill arches Ԃtypically referred to by Roman numeralsӌ
Iӌ IIӌ IIIӌ etc.ԃ and in vertebrates with a full set of gillsӌ the anatomical structures resulting from
each arch into adulthood is fairly clear. Howeverӌ even in vertebrates without gillsӌ such as
mammalsӌ the gill arches are still a fundamental organizing principle of head and neck
development. Associations between the musclesӌ nervesӌ and bones of each gill arch persist
across the deep evolutionary history of vertebrates. By learning these associationsӌ the
complex structures of the head will makemore sense and it will also be easier for you to
remember the names and relationships among these structures.

In this moduleӌ weӗll only cover structures derived from the first three gill arches. In the
following stepsӌ youӗll color in each of these splanchnocranium elements sequentially Ԃi.e.ӌ gill
arches Iӌ IIӌ and then IIIԃ.
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A'$.+#e)*$d b*)e ԂG$'' a-c# Iԃ

As mentioned in the introduction to this sectionӌ the gill arches have associations with
particular nervesӌ musclesӌ and bones that persist through vertebrate evolution. The f$-./ g$''
a-c# is also referred to as the(a)d$b0'a- a-c# because of its persistent association with the
rostralmost oral jaws and associated muscles and nerves. In particularӌ the first gill arch is
associated with the /-$ge($)a' c-a)$a' )e-1e ԂCN Vԃӌ which innervates the musclesӌ skinӌ and
mucosa associated with the oral jaws Ԃamong other innervation targetsԃ.

The last remaining part of the sphenoid boneӌ the a'$.+#e)*$dӌ is another splanchnocranium
element derived from the first gill arch. The Ӗaliӧӗ prefix is derived from the wingӧlike shape of
this bone Ԃala is Latin for Ӗwingӗԃ. Consistent with the first gill archӗs association with CN Vӌ the
alisphenoid sits at the base of the cranium near the articulation with the oral jaws and has
foramina for branches of the trigeminal nerve ԂCN Vԃӌ among other nerves.

Paint your catӗs leʯ and right alisphenoids b-*2). Note that now all of the elements of the
sphenoid are connectedӍ the basisphenoidӌ presphenoidӌ orbitosphenoidӌ pterygoid processӌ
and alisphenoid.
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Mec&e'ӗ. ca-/$'age ԂG$'' a-c# Iԃ

Meckelӗs cartilage is another splanchnocranium element derived from the first gill arch that
persists throughout development in some vertebrates to form the mandible or lower jaw Ԃe.g.ӌ
sharksԃ. Howeverӌ in most vertebrate lineagesӌ including mammalsӌ itӗs resorbed during
development and replaced by one or more bones that form the mandible instead Ԃe.g.ӌ the
dentaryԃ. Since Meckelӗs cartilage does not form any structures that persist into adulthood in
catsӌ thereӗs nothing to color in for this element.

Ma''e0. b*)e ԂG$'' a-c# Iԃ

A key event in mammalian evolution was the transformation of gill archӧderived jaw bones
into the bones of the middle ear. The most external of these middle ear bonesӌ derived from
the first gill archӌ is the(a''e0. ԂLatin for Ӗhammerӗӌ as in Ӗmalletӗԃ. The malleus is
homologous with the a-/$c0'a- of nonӧmammalian vertebratesӌ whichӌ when presentӌ forms
part of the lower jaw at its articulation Ԃthus its nameԃ with the cranium.

Color the malleus 4e''*2. The bones of the middle ear are also too thin to be included in your
kit as a 3D print so they are included in your kit as a printӧout on paper.
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I)c0. b*)e ԂG$'' a-c# Iԃ

The secondmiddle ear boneӌ also derived from the first gill archӌ is the $)c0.ӌ named for its
anvilӧlike shape Ԃinc0. is Latin for Ӗanvilӗԃ. The incus is homologous with the ,0ad-a/e b*)e of
nonӧmammalian vertebratesӌ whichӌ when presentӌ is the part of the cranium that articulates
with the articular bone.

Color the printed incus in *-a)ge.
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S/a+e. b*)e ԂG$'' a-c# IIԃ

The last middle ear boneӌ derived from the second gill archӌ is the ./a+e. Ԃits name derived
from the Latin for Ӗstirrupӗԃ. The stapes is homologous with the #4*(a)d$b0'a b*)e or the
stapes and e3/-ac*'0(e''a bones of other vertebrates. Ancestrallyӌ the hyomandibula
articulated with the quadrateӌ forming something like a second jaw joint between the
quadrate and chondrocraniumӎ this function persists in many living vertebrates. In other
vertebrate lineages Ԃe.g.ӌ birdsӌ amphibiansԃӌ the hyomandibula has undergone its own radical
transformation into a middle ear boneӌ entirely different and independent of the
transformation that occurred in mammals.

Color the printed stapes in /ea'.

Consider how despite the radical transformation of sizeӌ shapeӌ locationӌ and function of the
malleusӌ incusӌ and stapesӌ these bones retain the same sequence and pattern of articulation
as their homologues in other vertebrates Ԃarticularӌ quadrateӌ and hyomandibulaԃ Ө an
example of how knowing the gill arch derivatives and their homologies helps to make sense of
otherwise complex and seemingly arbitrary anatomy.
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H4*$d a++a-a/0. ԂG$'' a-c# II ʧ IIIԃ

In early vertebratesӌ the second gill archӌ also known as the #4*$d a-c#ӌ was a robust
Uӧshaped set of bones caudal to the mandibular arch that supported the throat and
connected the oral jaws to the +ec/*-a' g$-d'e ԂӖhyoidӗ comes from the Greek for
Ӗupsilonӧshapedӗԃ. This basic form and function of the hyoid arch persists in most vertebrates
todayӌ with reductions of the bony elements in some lineagesӌ such as mammals.
Additionallyӌ in vertebrates that evolved a highly mobile tongueӌ the hyoid evolved a new
association with the musculature of the tongue.

In mammalsӌ the #4*$d a++a-a/0. Ԃthe set of all hyoid bonesԃ functions as a skeletal
attachment site for muscles that depress the lower jawӌ muscles connecting to the pectoral
girdle Ԃsometimes more vestigial than functionalԃӌ and the external muscles of the tongue.
Your catӗs hyoid bones are too small and thin to be included as 3D prints so they are printed
on paper insteadӎ find the folded card with the hyoid printed on it.

The hyoid apparatus in mammals is composed of bones from the second and third gill arches.
Despite the evolutionary changesӌ you can still see the Uӧshaped form in bones derived from
the second Ԃhyoidԃ archӌ shown in red in the image below.

Color the second arch elements of the hyoid in -ed.
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The remaining bones of the cat hyoid apparatus are derived from the /#$-d g$'' a-c#. In
vertebrates with gillsӌ the third gill arch forms the first arch of the actual gills or branchial
apparatus.

Color the third arch elements of the hyoid in b'0e using the image above.
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P0''$)g $/ a'' /*ge/#e-
Learning the bones of the vertebrate skull is complicated. Howeverӌ there are patterns that
will help youӐ By pulling together information about those bones from different sourcesӌ you
can build a robust set of cues that can help you recognize those patterns and better
remember the bones.

Firstlyӌ knowing the close associations between divisions of bones and the types of structures
that pass through them can help you remember bones based on their position and foramina.
Like how the relationship between the chondrocranium and CNS explains the associations ofӍ
the olfactory nerveӌ cribriform plateӌ and ethmoidӎ the optic nerveӌ optic foramenӌ and
orbitosphenoidӎ and the spinal cordӌ foramenmagnumӌ and occipital. Or the association of
the nasolacrimal duct and lacrimal bone.

Secondlyӌ use the names of their bones and their derivations to maximal advantage. You donӗt
have to know Greek or Latin for these derivations to be useful Ө use what you know. For
exampleӌ think of the frontal bone as Әthe forehead boneӌә the pterygoid as Әthe palatal
wingsӌә the temporal bone as the Әtemple boneӌә the malleus as Әthe hammer boneӌә the
dentary as Әthe toothed boneӌә etc.

Lastlyӌ take the time to learn the gill arches and their derivatives. If youӗre learning the
anatomy of other vertebratesӌ knowing the gill arches and their associated bonesӌ musclesӌ
and nerves can be enormously helpful. For exampleӌ it can help in recognizing that the
articularӌ quadrateӌ and hyomandibula and the malleusӌ incusӌ and stapes are the same
bonesӌ with the same gill arch derivationӌ connectivityӌ and sequence Ө just modified by
evolution to different sizesӌ shapesӌ and functions.

The more cues like these that you can pull togetherӌ the more likely you are to remember the
bones of the skull. And the better you remember the bones of the skullӌ the stronger
foundation youӗll have for learning the musclesӌ nervesӌ and other soʯ tissues supported by
and integrated with that skeletal foundation.
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