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INTRODUCTION

|
The skull is found in its simplest form in the low- ||

|
est vertebrates and attains increasing complexity with phylo- h
|

gentic ascension(Montagna,1959). The skull of most vertebrates”

‘derives from three separate embryonic components: (1) the
chondrocranium, (2) the dermatocranium, (3) the splanchno-
cranium, The chondrocranium forms as the original floor and
sides for the brain and 1s composed of cartilaginous mater-
1al which may ossify and be termed neurocranium, The derma- ’
tocranium consists of an outer layer of dermal bony plates, ‘
arising from the ectoderm of the head, that roofs the chondro-”

{cranlum and often fuses with it. The splanchnocranium is an W

element of the visceral skeleton which originally supports |
[

| the gllls and becomes part of the skull of higher vertebrates.£
|

WAlthough primitively cartlilaginous, some of it becomes sheath-
\

ﬂed or replaced by membranous bone.

Chondrocranium

i The embryonic development of the skull begins soon
:after the appearance of the central nervous system, During
fthis time the mesenchymal cells that surround the central
|nervous system differentiate, forming a membranous invest-
;1ng layer that provides the material for the development of

Wthe cartilaginous chondrocranium(Weichert,1970). The chondro-

'1s made up of several components(Figure 1), !
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Figure 1 Dilagrams illustrating development of
the chondrocranium: A, separate chondrocranial
cartilages surrounding the sense organs and
flanking the notochord and brain; B, all the
cartilages except the otic capsules have fused
to form the early chondrocranium, (From Weich-
ert, 1970, p. 433).

The parachordals, a pair of flat, curved cartilages, parallel
the notochord and extend on elther side to the anterlor end
of the otic capsules, Posteriorly, two to four oceipital
;vertebrae become fused to the parachordals, and the carti-
i1age of this entire reglon enlarges to enclose the tip of
{the notochord, becoming the floor of the midbrain and hind-

|

brain. Next, a palr of prechordal cartilages (trabeculae

cranil) appear anterior to the parachordals, which enlarge
anteriorly untll thelr ends fuse with each other to form an
ethmoid plate and posteriorly to fuse with the parachordals
' (Welichert,1970). While the parachordal and prechordal carti=-

lages are developing, olfactory(nose), optic(eyes), and otic




(ears) vesicles also form. Mesenchyme condenses around these
-veslcles and forms cartilaginous capsules(Montagna,1959).
MAs a result of the growth of the parachordal and prechordal
cartilages, a union occurs with the olfactory and otic cap-
Vsules(Welchert.1970). The otic capsules, however, remsin in-
|dependent, permitting the unrestricted movement of the eyes.
As embryogenesis progresses, the chondrocranium grows dor-
sally on elther side of the brain and in the case of higher
\vertebrates fuses with the dermatocranium,

Separate ossification centers appear in the trough-
|1like chondrocranium(Figure 2), From the cartilage of the
hocclpltal region (parachordal) arise the occipital bones: a
Llarge basioccipital on the floors one lateral exocclpital
:on elther side of the foramen magnum; and one supraoccipital
Habove the foramen magnum, to which bone of dermatocranial
lorigin is added dorsally. Anteriorly, the floor of the
|lchondrocranium consists of a basisphenoild (parachordal) and
Ha presphenoid (prechordal). One allsphenoid develops on each
|slde of the baslsphenocid and an orbltosphenocid on each side
Jof the presphenold. A mesethmoid (prechordal) is formed be-
}tween the nasal veslcles. Each otic capsule gives rise to
an anterior prootic, dorsal eplotic, and posterior opistotic,
ﬁall located between the alisphenoid and the exoccipital. In
ffishes. two additional bones from the otic capsule, the

'sphenotic and the pterotic appear(Weichert,1970).




|
|
\
|
|
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| a=Angular hp~Hypohyal pop-Preoperculum “
| ar-Articular ih-Interhyal pr=Prootic
| bh=Basihyal iop=Interoperculum prs-Presphenold
ibo-Basioccipital j=Jdugal ps-Parasphenold
| br-Branchial l-Lacrimal pt-Pterygold
| bs-Basisphenold m-Maxillary ptf-Prefrontal
| e=Coronoid mc-Mandibular cart. g-Quadrate
|| ch=-Ceratohyal n-Nasal q j=Quadratojugal
d=Dentary o=-0Operculum sa=-Surangular
eh=Eplhyal op=-Opisthotic sm-Symplectiec
| eo=Exocecipital os-0Orbitosphenoid so-Supraorbital ||
‘ ep-Eplotic p-Parietal soc~Supraoccipital)
| ept-Eplpterygoid pf-~Prefrontal sop=-Suboperculum
| eth=-Ethmold pl=-Palatine sp=Splenial
| f«Frontal pm-Premaxillary sq-Squamosal
"hm-Hyomandibular po=Postorbital v-Vomer
|

‘lFigure 2 A dlagrammatic lateral sketch of the vertebrate

| s8kull. Chondrocranial bones are solid red; dermatocranial

| bones are solid green; splanchnocranial bones are red strip-
|‘ed(cart11age) and green striped(membrane). (Adapted from
'!Rand,1938. p. 68.)
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[ Dermatocranium
H The dermatocranium gives rise to membrane bones,

|

|lappearing first in the head region of the bony fish as large

scales, These gradually sink down into the head and roof over

‘the anterior region of the chondrocranium with which they

‘\

fuse, thus completing the protective envelope surrounding the
[brain(Weichert,1970). The roof of the skull anterior to the
1

|supraoccipital is formed by the parietals and frontals, In
‘ |
|'some cases there 1s an interparietal present between the

ﬂparietals and the supraoccipital. The latter has a double
origin arising also from the chondrocranium. Other membrane

'bones include the nasals, vomer(s), lacrimals, and para-
|

RSphenoids. The lateral sides of the skull are completed an-

ﬂteriorly by the maxillaries and posteriorly by large temporal |
| ‘
‘'bones, which are splanchnocranial elements,

Splanchnocranium

The splanchnocranial elements of the visceral skele=- |
ton, primitively composed of cartilaginous material, tend to
wbe replaced by bone (like chondrocranium) or sheathed with
‘membranous bone (similar to dermatocranium), Thus, this third f
element gives rise, finally, to bony skeletal structures in
two ways.

The first, or mandibular, arch is divided into dor-
|

sal (palatopterygoquadrate bar) and ventral (Meckel's carti-

lage) elements which contribute to the formation of the up-



|
| -6-
| .

!per and lower jaws(Welchert,1970). The cartilage replacement

lbone of the dorsal element is the quadrate (incus); and that
|

lof the ventral element is the articular (malleus)., Membran-

|
lous bones of the dorsal element are the premaxillary, maxil-

Qlary. jugal, quadratojugal and squamosal; those of the ven=
%tral element are the palatine, ecto- and endopterygolds, den- ||
Etary. splenial, surangular and coronold. In bony fishes and |
win tetrapods, this type of membrane bone takes over the func-
ﬂtion of the cartilage bone, which disappears or remains mere- |
;1y as a cartilaginous core inside the membranous bones, Final-‘

i
ly, one must realize that the first visceral arch becomes re-

wduced and modified as the classes of vertebrates are ascended.,

wln the adult mammal only the ossicles of the middle ear re-

ﬂmain as cartlilage bone: the lncus and malleus, previously
[

i

mentioned,

I The second, or hyomandibular, arch gives rise to
Jseveral cartilage replacement bones: dorsally to the hyoman- |
Ndibular. symplectic, interhyal and eplihyal; ventrally to the
:ceratohyal, hypohyal and basihyal., The hyomandibular in
Hamphibia, reptiles, and birds forms the columella of the ear
yand in mammals the stapes; the other elements contribute to
ﬂthe branchial arches or to the hyoid apparatus(Kent,1965),

H The rest of the gill arches of the fish form the |
thpobranchial skeleton of higher vertebrates, contributing |
to the hyold apparatus and the cartilages of the larynx(Mon-

1
‘tagna.1959). Other superficial membrane bones found in bony

[ |
» £ A |




Mfish are the opercular, interopercular, preopercular, sub-
lopercular, and branchiostegal rays, which may become asso=-

|
clated with the quadratojugal of the higher vertebrates.

Vertebrate Phylogeny

The vertebrates existing today are only part of vast|
land continuing populations that have inhabited the earth
'through millions of years. The evolution of vertebrates is
jlmportant in approaching a comparative study of their skulls.,
MFlgure 3 shows the probable relationships of forms, when they
iflrst occurred or disappeared, and what other forms did or
idid not exist at the same time,
| No vertebrate remains have been found in the Cam-
Abrian rocks, Fossil evidence for the earliest known verte-
wbrates, in the Ordovician period, is very fragmentary, and it
gis not until the sediments deposited during the Silurian pe-
friod that fossils are complete enough to give us any 1idea as
1to the form and relationships of early vertebrates, Even here
‘the evidence 1is vague, so it 1s actually in Devonlan rocks
that the fossil record of the vertebrates become truly repre-

[
wsentative. when bony fishes first apveared. However, the

!perch, an advanced teleost, did not become evident until the

' Tertiary period(Colbert,1955)., Amphiblans appear to have
‘arisen from fish during late Devonian, with the Necturus ap-
|

‘pearing during the Permian period. The reptiles originated

lfrom amphiblians during the Pennsylvanian period. The turtle

'made its appearance during the Trlassic period. Alligators

|
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Hfirst appeared during the Jurassic and snakes during the '
\

ﬁCretaceous period. The birds, bird-like reptiles, first ap-
Wpeared during the Jurassic period. The turtle, alligator,

I

Isnake and bird evolved to their present forms during the

”supialia(opossum). first appeared during the Cretaceous pe-
'riod(Figure 4), With the close of the Cretaceous period many |
iof the reptiles disappeared, and mammals became dominant at
lthe beginning of the Tertiary. The Lagomorpha(rabbit), Roden-

Htia(porcupine), Carnivora(cat, fox, bear) and the Primates

»(monkey and man) first appeared during the Paleocene epoch

\

|1
'and developed at varying rates throughout the Tertiary period,
|

|
!The Artiodactyla(deer) first appeared during the Eocene. |
1
I |
l[ The Present Study

|
|
|

| In the evolution of the skull from fish to man,

there has been a gradual reduction, by deletion or fusion,

ﬁin the number of bones present., In certain primitive fish
’as many as one hundred and elghty bones are present, while
win man there are only twenty-eight. The purpose of this

|

|comparative study is to trace this reduction, using repre-

'sentative speclmens of each class of vertebrates, I




MARSUPIALIA DERMOPTERA PHOLIDOTA
RECENT =
PLEISTOCENE '
PLIOCENE : RODENTIA
MIOCENE :
MONOTREMATA |CHIRQPTERA
OLIGOCENE :

MULTITUBERCULATA
EOCENE

= T YO

CRETACEOUS\{ 0 V TILLODONTIA \

LAGON}ORPHA

TAENIODONTIA
JURASSIC
TRIASSIC

SYMMETRODONTA
PANTOTHERIA
TRICONODONTA

TUBULIDENTATA HYRACOIDEA

CARN‘IVORA PROBOSCIDEA SIRENIA
RECENT o oA sy NOTUNGULATA
PLEISTOCENE Pinnipedia
PLIOCENE A ARTIODACTYLA

| Fissipedia §
MIOCENE ‘ i .
OLIGOCENE LITOPTERNA i ﬁ ¥
! PERISSODACTYLA
EOCENE Creodonta [} ‘ ( _)
PALEOCENE EMBRITHOPODA
. J [ Y
CRETACEOUS ~ CONDYLARTHRA ASTRAPOTHERIA { \P‘YROTHERIA
PANTODONTA

“JURASSIC X AL | MESOZOIC
TRIASSIC

Pigure 4 The historical record of the orders of
mammals, (From Simpson,1957, pp. 782-3.)




MATERIALS AND METHODS

Sixteen vertebrate skulls used in this comparative

study were from the following classes and orders:

Ostelchthyes: ‘
|

[ Teleosteis Perch (Cymatogaster aggregatus)

Amghibias

Caudata: Necturus (Necturus maculosus)

Crocodilias Alligator (Alligator mississippiensis)

|
' Reptilia:
|

Chelonia: Turtle (Chelydra serpentina) |

Squamata:s Snake (Ancistrodon piscivorous)

Aves:

Falconiformes: Hawk (Buteo borealis)

Mammalia: \

Lagomorpha: Rabbit (Sylvilagus aguaticus) ,

Rodentia: Porcupine (Erethizon dorsatum) |

Marsupialia: Opossum (Didelphis marsupialis)

Carnivora: Cat (Fells domesticus) |

|

l

] Insectivora: Mole (Scalopus aguaticus) ’
[

f

i

i

|

| Fox (Urocyon cinereargenteus)

Bear (Ursus horribilis) ‘

| Artiodactyla: Deer (Dama virginiana)

“ Primates: Monkey (Saimiril sciuresa)

Man (Homo saplens) »
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Prepared skulls of the perch, Necturus, and snake

e ————

were purchased from the Carolina Biological Supply Compahy.,

|[The bear skull, obtained defleshed from the Montana State
;Unlversity, was degreased in the lab. The skulls of the hawk
”and monkey were prepared from frozen specimens of the lab,
'The method used for thelr preparation was by Roberts(1964);

jhowever. modifications were made in regards to the length of
time for soaking in sodium hydroxide and carbon tetrachloride
4solutions. The remaining skulls were taken from the lab's
Tcollectlon.

| Most of the skulls were sectioned through the me-
|dial sagittal plane, with the exception of those skulls pos-
ﬁsesslng very delicate bones or having bones that were clearly
»
turtle, snake, and mole. The medlan saglttal cut was made by
Husing a hacksaw blade (#00006), cutting anteriorly from the
woccipital region, using medial sutures whenever possible, In-
levidual bones were labelled by symbols(mainly Romer®s,1955),
'using a rapidograph. Photographs were made of the labelled
Mspeclmens.

The sixteen vertebrate skulls of this comparative

study are in the Biology laboratory of Saint Meinrad College,

|evident without sectloning, namely: perch, Necturus, alligator,




OBSERVATIONS AND RESULTS \

The sixteen vertebrate skulls have been compared ac-|

cording to occlipital, parietal, frontal, otic, orbital, nasal.‘

wmandibular. hyoid and opercular regions. Each section begins |

'with a comparative chart of the bones associated with the re-

|
Hgion. The first column names the particular bone to be traced

through the sixteen vertebrate skulls., The second column glves‘

\
’.’
dthe symbols used in labelling the bones of the indlividual |
|

‘specimens. The third column describes the particular bone as w
'medial(M), pailred(P), or both(M&P). Each of the next sixteen
‘columns represents one of the representative specimens, Colors:
“are used in these columns to illustrate the origin of the
Vbone: solld red = chondrocranial (cartilage replacement bone), |
'8011d green = dermatocranial (membrane bone), red striped = |

L
' splanchnocranial (cartilage replacement bone), green striped

= splanchnocranial (membrane bone), A dash (-) appears in a

1

Hcolumn if the particular bone was not labelled., Some bones
lcould not be positively identified on the actual specimens
\elther due to a hlgh degree of fusion, insufficlient and un- i
fclear literature and sketches, or the lack of the latter in
wsuch cases as the mole, bear, and fox. Others were not label- W
hled due to theilr position and/or size. The number in a column \

refers to a statement in the text which explains a particular

|
|characteristic of the vertebrate in regards to the particular




”bone. Each of the regional charts have been compiled into one

lconcise chart (Appendix A). Photographs of the sixteen label-
|

Uled specimens, along with diagrams are presented in Appendix B.
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The occiplital region is the most posterior portion
lof the vertebrate skull., It is composed of three cartilage
Hbones: a medial basioccipital, paired exoccipitals and a dor-

ysal supraoccipital, which is peculiar because of its compound |

Lorigin (cartilaginous and dermal). A mammalian and amphibian

|
characteristic is that the occipital bones bears two occipital

condyles derived from the single one of reptiles by the retro-

”gression of the basiocecipital contribution; bird and reptiles |

'have a single condyle(Hyman,1947).
} The oeccipital region of the perch, alligator, tur-

the, snake and bird is composed of all the bones assoclated
|




|
Hwith this region. The supraoccipital and basiocecipital bones w

‘(1) of the Necturus are absent because they do not ossify

L(Weichert 1970). The single condyle of reptiles has contribu-

I
|tions from the basiocclplital and exoccipitals(Welchert,1970). |

|The foramen magnum in the reptiles 1s surrounded by the basi- ;
Joccipital and exoccipitals, by just the exoccipitals in the ’
\Necturus and by all four in the fish and bird.

: In the adult mammal, although ossification centers

lof all four primitive elements are seen in the embryo(Romer,
ﬂ1955). all four bones of this region are often fused into a
Jsingle occipital bone, This is the case on the fox, cat, bear.i
'deer and monkey(2). The same is true of man(3): however, on
ﬂthis specimen (because of immaturity or peculiar racial or {

individual characteristic) the supraoccipital(4) was still |

}very evident,

|
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I

[ The parietal region lies directly anterior to the ‘
|

l

occlipital region, It is composed of five cartilage bones: a

|
gpterygolds(alisphenoids in mammals); and two dorsal membrane |

lventral basisphenoid, lateral pleurosphenoids and lateral epi-w
'bones roofing this region: the parietals. Also, another mem- |
ibrane bone, the interparietal, may be present,

? The parietal region of the perch is composed of all |
?the bones common to thils region except the interparietal. The
Eepipterygolds and pleurosphenoids were not positively identi- ﬂ
ified on the specimen,

ﬁ In the skull of the Necturus the basisphenoid(5)
i!(Neal&l:iamd.19’+6) and the epipterygoids(6)(Romer,1955) remain

|
cartilaginous. The literature 1is unclear concerning the pleuro-

|sphenold(7).

In the alligator and the snake all the bones common m
|to the parietal reglon are present except the interparietal,
ﬂThe epipteryzoids(8) of the turtle have dlappeared(Bomer.1955)J
tThe literature concerning the pleurosphenoids(9) of the turtle“
 1s unclear, The parlietals(10) of the adult alligator have fus-u
jed into a single bone. The basisphenoid, eplipterygolds and
leeurOSphenolds of the alligator were not present on the in-
ﬂcomplete skull used. The epipterygoids and pleurosphenoids of
Jthe snake were not identified on diagrams in the references,
J In the bird no epipterygoids(11l) develop(Romer,1955)

|
'The pleurosphenoid was not identified on the specimen,

The basisphenoid was indistinguishable on the mole |
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Mand deer. In mammals there are no pleurosphencids(13); their
‘place is taken by the eplipterygolds which are known as the
ﬂalisphenoids(lz)(Weichert.1970). In the higher vertebrates '
the cartilage bones fuse into a single sphenoid bone. The
‘parietal is a palred bone in these specimens except the deer
1(15). An interparietal(1i4) was present in three specimens:

‘rabbit. cat and fox,.
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| The frontal region is located directly anterior to

fthe parietal region, It 1s composed of three cartilage bones:

ia ventral presphenold and lateral orbitosphenoids; and two
dorsal membrane bones, roofing the region: the frontals,

| The frontal region of both the perch and Necturus [
fare composed of four of the five bones assocliated with the

|lregion, A sphenethmoid(16&17), instead of a presphenoid bone
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in the lower tetrapods, is present(Romer,1955). The orbito-
sphenolds of the specimens were not identified on avallable

diagrams,

The frontal region of the alligator, turtle and
snake has no ossiflcations in the chondrocranial floor an=
terior to the basisphenoid (Hyman,1947). In the case of rep- :
tiles, both the basal and lateral portions of this region are |
absent or very imperfectly developed(18)(Kent,1965), The ;
frontals(19) of the alligator have fused to become a single
large bone,

All the bones that are common to the basic frontal

region are present in the bird. However, the presphenoid was w

indistinguishable due to its tight fusion with the region. ;

The sphenethmoid(20) of lower tetrapods persists in

mammals, anterior to the basisphenold, as the presphenoid \

|
(Romer,1955). The orbitosphenoid of the mole was not positive-J
\

ly identified. The presphenoid and orbitosphenoids in some :

cases, as in man, combine with the basisphenoid and alisphe= i
noids to form a single sphenoid bone(21), The frontals(22) of 1

|
\
the primate group (monkey and man) have fused into a single i
4
frontal bone in the adult, ‘
| |
|
|
|
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H The otlic region or the ear capsule, located later- |
|

-i
|

L
n
ally and anterior to the exocciplitals, consists of three palrsd

of cartilaginous (chondrocranial) bones: the pro-otic, opisth-|

[
otic and eplotic,

i
M The perch differs from other vertebrates because two'

|
;addltional pairs of cartilaginous bones, the pteroties and L

\ :
isphenotics(ZB) have derived from its otic region(Weichert,1970)

| The pro-otics and opisthotics of the Necturus are \

v
lossified and fused with the exoccipitals(Weichert,1970), The ’
[

Hepiotlcs of the reptiles and bird are fused with the supra- |

?occipital. and the opisthotics are fused with the exoccipltalsV

||

(| ‘
”(Welchert.1970). In the turtle, the opisthotics could still |
| ] j




be detected,

The otlc bones of lower tetrapods fuse to form a

lsingle bone in mammals called the periotic(24) or petrosal. ;

|The perilotic, which at first 1s part of the lateral wall of
gthe chondrocranium, later becomes overgrown by the expanding
%dermatocranlum so that 1t 1is relegated to a ventrolateral or
ieven a ventral position(Kent,1965). The periotiec(25) of the

primate specimens 1s fused with the squamosal and tympanic

(|

and has become the petrous region of the temporal bone(Welch-

| |
I

lert,1970). |

1 Orbital Region
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The walls of the orbital region are formed by con- ;

I
%tributions of five palrs of dermatocranial bones: the post-~




orbital, postfrontal, supraorbital, prefrontal and lacrimal.
The postorbital and postfrontal are posterolateral to the
frontal bone. The supraorbital is dorsolateral to the orbit,

The prefrontal 1s anterolateral to the frontal bone, and the

lacrimal helps complete the inner wall of the orbit,

r
The orblt of the perch consists of all five pairs of |

dermatocranial bone assoclated with the region(Weichert,1970).

In the Necturus a reduction of the intramembranous W
ossification in the roofing area has resulted in the loss of W
the postorbital(26), postfrontal and supraorbital bones(Kent,
1965). However, there are present on the dorsal side of the
cranium prefrontolacrimals(27)(Weichert,1970). |

The orbit of the alligator and snake contain the

five palrs of bone assoclated with the region, The postfrontal;
(28) of the turtle incorporates both the postorbital and post-;
frontal, and a single bone called the prefrontal(29) takes i
the place of the nasal, lacrimal and prefrontal(Kent,1965), L

v
All the elements of the orbital region have disap-

peared in the bird and mammals(30), except the lacrimal, Other!
4
bones, such as the maxillary, orbitosphencid, palatine and

sometimes the ethmoid, help form the orbit(Weichert,1970),

I




Nasal Region
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The nasal reglon lles directly anterior to the cran-

1al cavity. It i1s composed of three cartilage bones: the ect-

| |

;ethmoids and the mesethmoid. The latter is roofed over by a |
| l
palr of membrane bones: the nasals, Other membrane bones are J

a palr of vomers (often single) and a ventral parasphenold;
” The nasal region of the perch and Necturus 1is com- |
yposed of all the bones assoclated with the reglon except the
Vnasals(jl) lacking on the Necturus.

4
“ The nasal region of the alligator, turtle and snake
‘1ack the ectethmolds and mesethmold(32) because they have re-

tained their primitive cartilaginous character(Welchert,1970), |

| |

The nasals(33) are lacking on the turtle because they are in-




corporated with the lacrimals and prefrontals, forming the

prefrontals(Kent,1965). The parasphenoid(34) 1s lacking on

the alligator and turtle, An unpalred vomer 1is evident on
‘the turtle(Welchert,1970). The nasal region of the bird is
‘bomposed of all the bones common to the region and mammals

|
‘have all except the parasphenoid(36), which has either been
jlost or incorporated with the vomer(Kent,1965). The ecteth-

?ﬁold was not positively identified on the avallable diagrams,
| ‘

‘Ehe mesethmoid of the mole and monkey due to the interior

‘position and small size, respectively, could not be identi-

i

fied., The anterior part of the parasphenoid(35) of the bird
Eis believed to be homologous with the rostrum, and the pos-
|

|terlor portion is represented by the basitemporal plate
!
|(Welchert,1970). The bird has a paired vomer, while the vomer

lof mammals is unpaired,

|
I
\

|
|
|
l




Mandibular Region
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lower Jaws whleh surround the mouth cavity and lie ventral

The mandibular region is composed of the upper and

1
|
|

*to the previously mentioned regions. The upper jaw, to be
\

discussed first, 1s composed of three pairs of dermatocranial

[
|




|

|
! ‘\

bones: the endopterygold, ectopterygoild and palatine; and |

seven palrs of splanchnocranial bone: the squamosal, gquad-

|
!
|
x
\
|
t
i
|

\

!rate, metapterygold, quadratojugal, jugal, maxlllary and
'premaxillary.

| The endopterygolds and ectopterygoids of the perch ,
were indistinguishable. A palatopterygzoid exists in the

'Necturus and is composed of the endopterygold and palatine
I

|

(39). The ectopterygzold(40) of the Necturus 1is absent(Weichert,

W1970). The metapterygold(37) 1s present only in the teleosts

ﬂ(Kent.1965). The quadratojugal and jugal(38) of the perch

\
|seem to be absent and are definltely absent on the Necturus.

wThe maxillary(41) of the Necturus is lacking,

| The squamosal, quite evident on the reptiles and
\
bird, is indistinguishable on the mole and has become fused

‘with the temporal(48) on the cat, fox, bear, deer, monkey

'and man., The quadrate(46) of mammals, due to developmental |

'history, has become the incus of the middle ear(Weichert,1970Lx
The endopterygoid remains and is referred to as the pterygoid {
(42), whieh in man fuses with the sphenoid bone(sp). The ecto-\
pterygold 1is present on the snake, indistinguishable on the ;
ralligator‘and absent on the turtle(43), bird and mammals(45), |
”The jugal and quadratojugal are absent on the snake(44), and

wthe latter is also absent on mammals(47)., The maxillary and

Upremaxlllary(49) of the primates have fused to become a slngle:
Jbone called the maxillary,

The lower Jjaw of the mandibular region is composed |
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lof six pailrs of splanchnocranial bones: the articular, den-

(|
gtary. splenial, coronoid, surangular and angular,

| The splenial, coronoid and surangular(50) of the

kperch are lacking due to a reduction of the bones of the lower |

WJaw(Weichert,lg?O). The latter two bones(51) are also lacking
“on the Necturus. The angular of the perch and the articular
lof the Necturus were indistinguishable,

| - All bones common to the lower Jjaw are represented
Hon the reptiles and bird; however, many of them are indis-
tinguishable. The artiocular(52) of mammals has become the

%malleus of the middle ear, The dentary, splenial, coronoid
|

Jand surangular(53) have fused to form a single bone called
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|
‘which in man fuses with the temporal(55).

,1-'- -
W
«the mandible, The angular of mammals becomes the tympanic(54) |

l Hyoid Region
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The hyold, or second visceral arch, does not become
80 highly modified as the mandibular areh during its evolu-

tionary development. It consists of seven pairs of splanch-

nocranial boness hyomandibular, symplectic, interhyal, epi-

fhyal. ceratohyal, hypohyal and urohyal; and a medial basihyal.l

The bones common to this region are present on the




iperch. The interhyal, epihyal, hypohyal and baslhyal were in- |
*histlngulshable.

| The hyomandibular is called the columella(56) in

the amphibian, reptiles and bird. In mammals it is called the
stapes(57) of the middle ear. In most species, the parts of

|
Ethe original hyoid apparatus are lost except for an occasional

|
‘remnant(Welichert,1970). The ceratohyal, hypohyal, basihyal and

jhrohya1(58) have a variable number of hyold elements.

Opercular Region of Fishes
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The operculum is a flap of tissue that arises as an |
loutgrowth of the hyold arch and extends backward over the gill@
hslits(Kent.1965). It consists of four pairs of dermal bone:

a large opereulum, smaller preoperculum, suboperculum and
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interoperculum, Assoclated with this region is a medial and
end palred branchiostegal rays., No homologues of the opercular
bones(59) or branchiostegal rays(60) are found to be in tetra-

pods (Weichert,1970).




DISCUSSION

There are more individual bones in the skull of
\ (|
teleosts, such as the perch, than in that of any higher verte-

|
,brate. However, the exact homologlies of these bones are un- ;

I
|

fﬁlear(Montagna.1959)- The perch has a well ossifled skull, al-
}thoﬁgh in many places the bones are loosely fused. Each sense
organ is surrounded by a series of small bones, for example |
éthe eye, which provide protection and permit some movement
and freedom of growth, The skull is closely joined to the
‘%ertebrate column which results in the fish's inability to

‘move its head. Small teeth are present on the premaxlllary, |

‘maxillary, dentary, palatine and branchlial arches., These arch-
J I

es serve as support for the gills, which are covered by oper-

|
jeulars not represented in adult vertebrates above the fish,

The cranial cavity extends anteriorly.

‘
h The number of bones in the skull of the amphiblan
kis reduced either by fusion or elimination, This reduction
hcorresponds to the shift from total aquatic tc a partial ter-
Hrestrlal 1ife which has left many of the fish's structures,

isuch as the gills, without a function., Also, in the case of

'the Necturus, the supraoccipital and basloccipital of the |

1
lchondrocranium are not ossified, The area around the sense
\

‘ments., A large parasphenoid makes up most of the ventral side

;organs have been simplified by loss of many small bony ele-




|
|
|
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'of the skull. Small teeth are present and located on the den- |

|
| |

tary, premaxillary, maxillary, vomer, splenial and palato-

; ; |
'ened and widened, and articulates with the first vertebra by |

'means of a palr of occipital condyles, The cranial cavity ex-

|tends anteriorly.

¢
|

Reptilian skulls show a further increase in the de=-

fgree of ossification, Within the group there are many varia- |

wtions corresponding to different habitats and food habits, The

alligator has a heavily roofed skull with tightly fused bones,

|
|

|a long snout and teeth, which are large and of various 1ength53

and sizes. The skull of the turtle 1s exceptionally large in |
|

ﬁcomparison to the enclosed brain, and very heavy with pronouan

ced fusion of the various bones, The Jaws lack teeth, but have
gcornified layers which crush the food. The skull of the snake

‘ 1
%is light and very delicate. It 1s not tightly fused, enabling ||
”bones to move on one another. A1l the bornes of the skull are

Imoveable except for the brain case, The bones of the Jjaw ap-
Wparatus are highly modified, enabling the snake to swallow

b |
“prey much larger in diameter than itself. Thus, the snake

\neither chews nor tears its food, but swallows it whole, The

wteeth. located on the dentary, premaxillary, maxillary and

pterygolds, have a backward slant that enables the snake to

| |
'hold food while it is being swallowed. Also, poisinous snakes w
whave a palr of specilalized teeth, or fangs, that conduct venom

hused to ki1l thelr prey. The movement of the head in reptiles |
|




i
V1s freer because the skull articulates with an lmproved cer-

}rlcal vertebra by means of a single, medlal occipital condyle. |
[l
The cranial cavity does not extend as far anteriorly.

|

[ The bird has a domed skull that is larger and more

|lspherical than that of reptiles, Every bit of bone that could
ﬁbe spared has been eliminated from its skull; the bones are
ithin and light in weight, however, quite strong. The bones

| ‘
'have fused so tightly in the adult that the sutures have be-

w°ome obliterated., Its chief pecullarity is the large size of
“the orbits which are out of proportion to the rest of the
Jskull. The enormous size of the eyes have resulted in the |
cranial cavity of the expanded brain assuming a more posterior

\ ‘
ﬂpositionb accommodating the correspondingly enlarged occipital|

wlobe for vision, The faclal bones are elongated to form a
Ahorny beak for feeding, instead of teeth, resembling the tur-
ftle. As in the reptile, the skull articulates on a single
oecipital condyle; however, the condyle has taken a more ven-
Jtral position for the bird's semi-erect posture,

| The mammalian skull 1s proportionally larger than

ithat of any other vertebrates because of its inocreased cranialj
ﬁcapaclty. which accommodates the expandeq cerébral hemlispheres,
WExcept in primates, there is usually a long snout in which the |
;olfactory sense 1s highly developed. The number of bones again
ihas been progressively reduced by fusion of adjacent elements
tto form single-bone complexes, such as the occipital, sphenoid

and temporal, In all forms below mammals the lower jJaw articu~|
I [




o

lates with the skull at the quadrate, whereas in mammals, it
prticulates with the squamosal. In the ear region there are
now three ossicles, the incus, malleus and stapes, homologous
to the quadrate, articular and hyomandibular, respectively,
ijich'have assumed a new function as a result of modification

of form and a shifting of position, The eyes of mammals, as in

,khe lower vertebrates, are located on the lateral sides of the |
|

ibkull in order to permit the animal to watch on both sides for:

nemies., However, the eyes of primates are directed anterlorly

ho provide a binocular vision. The marsupials, such as the |

opossum, have a fenestrated palate, and the brain capaclty is

komparatlvely small to that of placental mammals. As the cran-

1al process progressively expands to accommodate the increased |

|
|
|
|
\
|

!#1ze of the brain in the placentals, there is a reduction in |
;ﬁhe size of the facial elements until in the primates the
brain case makes up most of the skull and extends over the
‘ﬁaclal elements in such a way that they are ventral to the

|
leranium rather than anterior to it. The mammal can move 1its {
I x
lhead to a greater degree than lower vertebrates because of two |
‘occlpltal condyles articulating with the first vertebra, the
|

Etlas. in association with the second vertebra, the axis, The

Pondyles also have assumed a more ventral position ascending |

the mammals until in primates, especially man, the posture is |

j!

L'very erect, The teeth of mammals are located only on the pre-

[
;paxlllary. maxillary and mandible. Comparatively, the teeth

become proportionally larger and are guite sharp for shearing |




1

:Fhe vertebrate group is ascended, there is an increased degree

(|
§
|

!Fost bony elements of the vertebrate skull are homologous, de- |
|

f

|
[

|
|

SUMMARY

The vertebrate skull originates from three separate

embryonic components: chondrocranium (cartilage replacement),

dermatocranium (membrane) and splanchnoecranium (cartilage re-
placement and membrane), The vertebrate skull undergoes a
gradual reduction of the number of bones wlth phylogenic as-

cension., Reduction in number results from fusion, elimlnation.I

ing to the hablts, environment, degree of development of a

Fartlcular sense and size of the brain of the vertebrate, As
of ossification and also, an increase in the cranial capacity. |

riving from the basic pattern of development and arrangement

Ff these elements,

l
l
4
J
|

I
or remaining unossified. The shape of the skull varies accord-*

t
|

l
\

|
|
|
|
|
I
|
|
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APPENDIX A




Med./Pr.

Symbol
Perch

Basloccipital bo
Exoccipital eo
Supraoccipital s
Baslisphenoid bs
Epipterygoid ert
Pleurosphenoid pls
Parietal P
Interparietal 1ip
Presphenoid s
Orbitosphenoid os
Frontal f
Prootic pr
Opisthotic op
Eplotic ep
Sphenotic Spo
Pterotie pto
Postorbital po
Postfrontal ptf
Supraorbital S0
Prefrontal pf
Lacrimal 1
Mesethmoid me
Ectethmoid ett
Nasal n
Parasphenoid ps
Vomer v MP
Squamosal sq P
Quadrate Q| P
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Figure 5 A comparative chart of sixteen representative vertrbrate speci-
mens. First column names particular bone; second glves its symbol; third
describes bone as medial, paired, or both; next sixteen names represent-
atives, Colors represent origin: solid red=chondrocranium(cartilage re.
placement bone); solid green=dermatocranium(membrane bone); red striped=
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splanchnocranium(cartilage replacement bone); and green striped=splanch-
nocranium(membrane bone). A dash (-) appears in a column if the bone was

Snake
Bird

~40=~

Mole
Rabbit

/

Vy
7’

52
)

Porcupine
Opossum
Cat

Fox

Bear

Deer

Monkey
Man

)

UQ-+———}

55

Maxillary

not labelled on the particular specimen., The number in a column refers
to a statement in the text which explains a particular characteristic
of the vertebrate in regards to the particular bone.
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Figure 6 Lateral view of the skull of the Perch
(Cymatogaster aggregatus),




|
|
I
Figure 7 Dlagrammatic drawing of the lateral viewﬂ
of the perch. Numbers refer to the fol- |
lowing: 6-Symplectic, 7-Metapterygoid, |
8-Quadrate, 9-Branchiostegal rays, 10- |
Articular, 1l-Dentary, 12-Maxilla, 13- |
Premaxilla, 14-Nasal, 15-Lacrimal, 16- |
Orbitals, 17-Frontal, 18-Parietal, 19- |
Operculum, 20-Supraoccipital(From Caro- ||
lina Blologilcal Supply Company, Review
Sheet 119).

|

I Figure 8 Diagrammatic drawing of the lateral view)
| of the perch, Symbols refer to the fol- |
‘ lowing: A'(ar)Articular, BS(br)Branch- “
| iostegal rays, CH(ch)Ceratohyal, D"(4d) L
' Dentary, E(eth)Ethmoid, EPO(ep)Epilotic, |
‘ FR(f )Frontal, HM(hm)Hyomandibular, 10 “
‘ (1op)Interoperculum, MX(m)Maxilla, 0(o) |
Operculum, PA(p)Parietal, PF(pf)Pre-
frontal, PMX(pm)Premaxilla, PO(pop)Pre=-
| operculum, PTF(ptf)Postfrontal, PTO(pto)|
Pterotic, Q(q)Quadrate, SM(sm)Symplectic)
| S0(sop)Suboperculum, SOC(soc)Supraocci=
{ pital, SQ(sq)Squamosal, UH(uh)Urohyal
| (From Romer,1955).,
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Pigure 9 Dorsolateral view of the skull of the
Necturus(Necturus maculosus).

Figure 10 Ventral view of the skull of the Necturus.
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Figure 11 Diagrammatic dorsal view of the skull
of the Necturus(From Welchert,1970).

Figure 12 Diagrammatic ventral view of the skull
of the Necturus(Weilchert,1970).
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Figure 13 Dorsolateral view of the skull of the
alligator(Alligator mississippiensis).

Filgure 14 Ventral view of the skull of the alligator
along with its mandible.
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