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I NTRODUCTI ON 

The skull 1s f ound 1n i ts simplest form in the low

est vertebrates and at tains increasing complexity with phylo

gentic ascension( Monta gna,1959). The s ku l l of most vertebrate s 

de rives from three separate embryonic componentss (1) t he 

chondrocranium, (2) the derma t ocranium, ( )) the splanchno

c ran ium. The chondrocranium f orms as the original floor and 

sides for the br ain and is c ompos ed of ca rtilaginous mater

ia l which may oss 1fy and be t e r med neurocranium. The derma

tocranium consists of an outer layer of dermal bony plates, 

a rising from the ectoderm of the hea d, that roofs the chondro

cranium and often fuses with it. The splanchnocranium is an 

element of the visceral ske l e ton which originally supports 

the gills and becomes part of the skull of higher vertebrates. 

Although primi tively carti l agin ous, some of it become s sheath

ed or replaced by membranous bone. 

Chondrocran ium 

The embryonic development of the skull begins soon 

after the a ppearance of t he central nervous s ys tem. During 

th is time the mesenchymal cells that surround the central 

nervous system differentia te, formi ng a membranous invest

ing layer that provides the material for the development of 

the carti laginous chondrocranium(Weichert,1970). The c hondro

1s made up of several components(Figure 1). 
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A B 

Figure 1 Diag rams illustrating develo pment of 
the chondrocra niuml A, se parate chondroc ranial 
cartilag es surrounding t he sense organs a nd 
flanking the notochord and brain, B , all t he 
cartilag es except the ot ic capsules have fused 
to form the ear ly chondr oc ranium, (From We ich
ert, 1970, p. 4))). 

The parachordals , a pair of flat, curved cartilages, parallel 

t he notochord and extend on e i t her side to the anterior end 

of the otic capsules. Posteriorly , two to four occipital 

vertebrae become fused to the parachordals, and the carti

lage of this entire region enlarges to enclose the tip of 

the notochord, becoming the f loor of the midbrain and hind

brain. Next, a pair of prechordal cartilages (trabeculae 

c ranii) appear anterior to the parachordals, which enlarge 

a nteriorly until their ends fuse with each other to form an 

ethmoid plate and pos ter iorly to fuse with the parachordals 

(Weichert,1970). While the parachordal and prechordal carti

lages are developing, olfactory( nose), optle(eyes) , and otic 
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(ears) vesicle s also form. Mes e n c hyme condenses around these 

v esicles and forms c a rtilaginous capsules(Montagna,1959). 

As a result of the growth of the parachordal and prechorda l 

cartilages, a union occurs with the olfactory and otic cap

s ules(Weichert,1970). The otic capsules, however, remain in

depend~nt, permitting the unrestricted movement of the eyes. 

As embryogenesis progresses, the chondrocranium g rows dor

sally on either side of the brain and in the case of higher 

vertebrates fuses with the dermatocranium. 

Se parate ossification centers appear in the trough

like chondrocranium(Figure 2). Fr om the cartilage of the 

occipital region (parachordal) arise the occipital bones I a 

large baSioccipital on the floorl one lateral exoccipital 

on either side of the foramen ma gnum; and one supraoccipital 

above the foramen magnum, to which bone of dermatocranial 

origin is added dorsally. Anteriorly, the floor of the 

chondrocranium consis t s of a bas i sphenoid (parachordal) and 

a presphenoid (prechordal). One a l isphenoid develops on each 

s ide of the ba sispheno1d and an or bitosphenoid on each side 

of the presphenoid. A mesethmoid (prechordal) is formed be

tween the nasal vesicles. Each otic capsule gives rise to 

an anterior prootic, dorsal epio tic, and posterior opistot1c, 

all located between the alisphenoid and the exoccipital. In 

fis hes. two additional bones fro~ the otic capsule, the 

sphenotic and the pterotic appear( We ichert,1970). 
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Figure 2 A diagrammati c l ateral s ketch of the ver tebrate 
skull. Chondroc ran i al bones a re s ol i d r ed, dermatocrania l 
bones are solid green, s planchnocr a n ia l bones are red s tr i p
ed (carti lage ) and green s trlped( membrane). (Ada pted from 
Rand,19J8 , p. 68.) 

a- ngular 
ar- rticular 
bh- Bas1hyal 
bo-Ba s ioccipi ta l 
br-Branchial 
bs-Basispheno id 
c-Corono1d 
ch-Ceratohyal 
d-Denta r y 
eh-Epihya l 
eo-Exoec1p1tal 
ep-Epi ot i e 
ept-Epipt e rygoid 
eth- Et hmoi d 
t'-Frontal 
hm- Hyomand.l bular 

hop 

hp- Hy pohyal 
ih-Inter hyal 
iop-Inter operculum 
j-Jugal 
I-Lacrimal 
m-Maxilla ry 
mc-Mandi bular cart . 
n-Nasal 
o- Operculum 
op-Opi sthotic 
os-Orbitospheno i d 
p-Pari e t al 
pf.Pr efrontal 
pl. Pala tine 
pm-Pr emaxillary 
po-Pos torbital 

pop- Pre operculum 
pr- Prootic 
pr s-Presphenoid 
ps-Pa r asphenoid 
pt-Pterygoi d 
ptf-Pr efrontal 
q-Quadrat e 
q j-Quadratojugal 
sa -Sur angula r 
sm-Symplectic 
so-Supraor bital 
soc-Supraoccip1ta l 
sop-Suboperculum 
s p-Splen1al 
sq - Squamosal 
v- Vomer 
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Dermatocranium 

The dermatocranium gives rise to membrane bones, 

appearing first in the head region of the bony fish as large 

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

t he anterior region of the chondrocranium with which they 

fuse. thus completing the protectiv e envelope surrounding the 

brain( Weichert,1970 ) . The roof of the skul l anterior to the 

supraoccipi ta l is formed by the parieta1s and frontals. In 

some ca ses there is an interparietal present between the 

parieta1s and the supraoccipi t a l . The latter has a double 

origin arising also from the chondrocranium. Other membrane 

bones include the nasals, vomer(s), 1acrima1s, and para

sphenoids. The lateral sides of the skull are completed an

teriorly by the maxi11aries and posteriorly by large temporal 

bones, which are sp1anchnocrani a1 elements. 

Sp1anchnocranium 

The sp1anchnocrania1 elements of the visceral skele 

t on, primit i vely composed of ca rtilaginous material, tend to 

be replaced by bone (li ke chondroc ranium) or sheathed with 

membranous bone (similar to dermatocranium). Thus, this third 

e lement gives rise, finally, to bony skeletal structures in 

t wo ways. 

The firs t , or mandibular, arch is divided into dor

s al (pa1atopterygoquadrate bar ) and ventral (Meckel's carti

l age) elements which contribute to the formation of the up
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per and lower jaws(Weichert,1970). The cartilage replacement 

bone of the dorsal element is the quadrate (incus), and that 

of the ventral element is the articular (malleus). Membran

ous bones of the dorsal element are the premaxillary, maxil

lary, jugal, quadratojuga1 and squamosal, those of the ven

tral element are the palatine, ecto- and endopterygoids, den

tary, splenial, surangu1ar and coronoid. In bony fishes and 

in tetrapods, this type of membrane bone takes over the func

tion of the cartilage bone, which disappears or remains mere

ly as a cartilaginous core inside the membranous bones. Final

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

duced and modified as the classes of vertebrates are ascended. 

In the adult mammal only the ossic1es of the middle ear re

main as cartilage bone I the incus and malleus, previously 

mentioned. 

The second, or hyomandibu1ar, arch gives rise to 

several cartilage replacement bonesl dorsally to the hyoman

dibu1ar, symplectic, interhya1 and epihya11 ventrally to the 

The inceratohyal, hypohyal and basihyal. hyomandibu1ar 

amphibia, reptiles, and birds forms the columella of the ear 

and in mammals the stapesl the other elements contribute to 

the branchial arches or to the hyoid apparatus(Kent,1965). 

The rest of the gill arches of the fish form the 

hypobranchial skeleton of higher vertebrates, contributing 

to the hyoid apparatus and the cartilages of the 1arynx(Mon

tagna,1959). Other superficial membrane bones found in bony 
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fish are the opercular, interopercular, preopercular, sub

opercular, and branchiostegal rays, which may become asso

ciated with the quadratojugal of the higher vertebrates. 

Vertebrate Phyloseny 

The vertebra t e s existing today are only part of vast 

and continuing populations that have inhabited the earth 

t hrough millions of ye a r s. The evolution of vertebrates is 

important in approaching a comparative s t udy of their skulls. 

Figure J shows the probable relationships of forms, when they 

first occurred or disappeared, and what other forms did or 

did not exist at the same time. 

No vertebrate remains have been found in the Cam

brian rocks. Fossil evidence for the ea rliest known verte

brates, in the Ordovician period, is ve r y fragmentary, and it 

is not until the sediments deposited during the Silurian pe

riod that fossils are complete enough to give us any idea as 

to the form and relationships of early vertebra tes. Even here 

the evidence 1s vague , so it is ac t ually in Devonian rocks 

that the fossil record of the vertebrates become truly repre

sentative. when bony fishes first appeared. liowever, the 

perch, an advanced te l e ost, did not become evident until the 

Tertiary perlod(Colbert,1955). Amphibians appear to have 

arisen from fish durin~ late Devonian, with the Necturus ap

pearing during the Permian period. The reptile s originated 

from amphibians during the Pennsylvanian period. The turtle 

made i~appearance during the Triassic peri od. Alligators 
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first appeared during t he Jurassic and snakes during the 

Cretaceous period. The birds, bird-like reptiles, first ap

peared during the Jurassic period. The turtle, alligator, 

snake and bird evolved to their present forms during the 

Tertiar y period. Mam~als originated during the late Triassic 

from mammal-like reptiles. The Insectivora(mole) and Mar

supialia(opossum), first a ppeared during the Cretaceous pe

riod(Figure 4). With t he close of the Cretaceous period many 

of the reptiles disappeared, and mammals became dominant at 

the beginning of the Tertiary. The Lagomorpha (rabbit) , Roden

tia(porcupine), Carnivora(cat, fox, bear) a nd the Primates 

(monkey and man) first appeared during the Paleocene epoch 

and developed at varying rates throughout the Tertiary period. 

The Artiodac tyla (d eer) first appeared during t he Eocene. 

The Present Study 

In the evolut i on of the skull from fish to man, 

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

in the number of bones present. In certain primitive fish 

as many as one hundred and eighty bones are present, while 

in man there are only twenty·eight. The purpose of this 

comparative study is to trace this reduction, using repre

sentative specimens of each class of vertebrates. 
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Figure 4 The historical record of the orders of 
mammals. (From Slmpson.1957. pp. 782-3.) 
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MATERIALS AND METHODS 

Slxteen vertebrate skulls used 1n th i s comparqt1ve 

study were from the f oll owing olasse s and ordersl 

Osteichthyes I 

Te leoste i l Perch (Cymatogaster aggregatus) 

Amph ibia I 

Caudatal Necturus (Necturus maculosus) 

Repti11a : 

Crocodi11a. Alligator (Alliga tor mississlpp1ens1s) 

Chelonia. Turtle (Chelydra serpentina) 

Squamata I Snake (Ancistrodon p1sc ivorous) 

Fa l eoniformesl Hawk (Buteo borea11s) 

Mammal ia. 

I nsect ivora . Mole (ScalopuB aguaticus ) 
• 

Lagomorpha. Rabbit ( 8~lvilagus aguaticus) 

Rodentia. Porcupine (Er ethlzon dor satum)
• 

Mal"suiplalia. Opos sum (Di de lphis marsup1al ls) 

Car nivora. 	Cat (Fells domes ticus ) 

Fox (Urocyon cinereargenteus ) 

Bear (Ursus horribil1s) 

Artiodactylal Deer (~ virginiana ) 

Primates. 	Monkey (Saimir1 sciurea) 


Man (Homo sapiens) 
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Pre pa red skulls of the perch, Necturus, and snake 

were purchased from the Carolina Biological Supply Company. 

The bear skull, obta1ned defleshed from the Montana State 

Un1versity, was degreased in the lab. The skulls of the hawk 

and monkey were prepared from frozen specimens of the lab. 

The method used for the~r preparation was by Roberts(1964). 

however, modifications were made in r egards to the length of 

time for soaking in sodlum hydroxide and carbon tetrachlor1de 

solutions. The remaining skulls were taken from the lab's 

collection. 

Most of the skulls were s ecti oned through t he me

dial sagittal plane, with the exception of those skulls pos

sessing very del1cate bones or having bones that were clearly 

evident wi t hout sectionlng, name ly. perch, Necturus, alligator 

turtle, snake, and mole. The median sagittal cut was made by 

us 1ng a hacksaw blade (#00006), cut t1ng anteriorly from the 

occipital regi on, using medial sutures whenever poss1ble. In

dividual bones were labe lled by symbols(mainly Romer's,1955), 

us1ng a rapidograph. Photographs were made of the labelled 

specimens. 

The sixteen vertebra te skulls of this comparative 

study are 1n the Biology laboratory of Saint Meinrad College. 
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OBSERVAT I ONS AND RESULTS 

The s ixteen vertebra t e skul ls ha~e been compared ac

cor d ing to occipital, parietal, fronta l. otic , orbital. nasa l . 

mand i bular, hyoid and opercular r egions. Each s ection begins 

with a comparat ive chart of the bones associated wi th the re

gion. The first co lumn names the particular bone to be traced 

through the sixteen vertebrate skulls. The second column gives 

the symbols used in labelling the bones of the individual 

specimens. The third column describes the par t icular bone as 

medial(M), paired(P). or both(M&P). Each of the next sixteen 

co lumns repres ents one of the r epresentat ive specimens. Colors 

are used in t hese columns to illustrate the origin of the 

bone I sol id red = chondrocrania! (cartilage replacement bone). 

solid green = dermatocranial (membrane bone), red striped = 
s planchnocran1al (c a r t ilage replacement bone). green striped 

= splanchnocranial (membrane bone ). A dash (-) appears 1n a 

column if the particular bone was not labelled. Some bones 

could not be pos1t i vely identified on the ac tual specimens 

either due to a high degr e e of fusion, ins ufficient and un

clear literature and sketches. or the lack of the latter in 

s uch cases a s t he mole, bear, and fox. Others were not label

l ed due to t heir posi t i on and/or size. The number in a column 

refers to a statement in t he text which explains a particular 

characteristic of the vertebrate in reg.ards to the particular 
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bone. Each of the regional charts have been compiled into one 

concise cha rt (Appendix A). Photographs of the sixteen label

led specimens, along wi th diagrams are presented in Appendix B 

Basioccipital 

Exoccipital 

Supraoccipital 

Occip1tal Region 
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The occipital region is the most posterior portion 

of the vertebrate skull. It is composed of three cartilage 

bone s I a medial basioccipital, paired exoccipitals and a dor

sal supraoccipital, which i s peculiar because of its compound 

or1g in (carti laginous and d e rmal). A mamma lian and amphibian 

characteris ti c is t hat the occipital bones bears two occipita l 

condyles derived fr om the s 1ngle one of reptiles by the retr o

gress ion of t he basiocc i pital contribution ; b i r d and r e pt iles 

have a single condyle{ Hyman.1947). 

The occipital r e g ion of the perch, a lligator, tur

t Ie, snake and b1rd 1s composed of all the bones associat ed 



- 15

wi th this re g ion. The s upraoccipital and bas i occipi t a l bones 

(1) of t he Necturus are absent beca use t hey do not os si~y 

(W e iche r t ,1970 ) . The s i ngle cond yl e of repti l es has contribu

ti ons f rom the basiocc ipi t a l and e xocc ipitals (Weichert. 1970). 

The f oramen magnum i n the r ept i les is surrounded by t he basi

occi pital and exocc1p1tals, by jus t the exocc 1pitals in the 

Necturus and by all four 1n the fish and b1.rd. 

In t he adult mamma l , although oss i ficat i on centers 

of all four primitive elements are seen in the embryo(Romer. 

1955), all four bones of t his r eg ion are of t en fused in to a 

single occipital bone. Thi s is the case on the fox. cat; bear, 

deer and monkey(2). The same 1s true of man(), however. on 

this specimen (because of immaturity or pec uliar racial or 

individual characteris t ic ) the supraocc i pltal(4) was still 

very evident. 

Parietal Region 
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0 ......... ..c: ~ ~ rl Q) .... ~ II)
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~ Q) Q) Q) rl ~ s::: .... 0 ~ 0 p. ~ 0 

CI) :E: A. Z < E-l en ~ :E: ~ At 0 ~ f1. 

Basisphenoid 00 M 5 -
Epipterygoid ept P - 6 - 8 - 11 12

~----~~~~~

Pleurosphenoi pls P - ? - 9 - - 1) 

Parietal I p P 10 

~ ~ 
~ Q) 
Q) Q) 

~ Q 

~~ 

15 

Interparietal lp M 14 



-16.- , 

The parietal region lies directly anterior to the 

occi pital reg i on. It is composed of five cartilage bones I a 

ventral basisphenoid, lateral pleurosphenoids and lateral epi

pterygoids(alisphenoids in mammals); and two dorsal membrane 

bones roofing th is regi on J the parletals. Also, another mem

brane bone, the interparietal, may be present. 

The parietal r egion of the perch is composed of al l 

t he bones common to thi s regi on except the interparietal. The 

epipterygoids and pleurosphenoids were not positively identi

fied on t he speci men. 

In the skull of the Nec tur us the basis phenoid (S} 

(Neal&Rand.1946) and the epipterygoids(6)(Romer,1955) rema in 

cartilaginous. The l ite r a t ure is unclear concerning the pleur~ 

sphenoid( 7 ) . 

In the a l ligator and the snake all the bones common 

to the parietal region are present exce pt the i nterparietal. 

The epipterygoids(8) of the turtle have diappeared(Bomer.1955). 

The literature concerning the pleurosphenoids(9) of the turtle 

i s unclear. The parieta l s( l O) of t he adult alligator have fus

ed into a single bone . The basisphenoid, epipterygoids and 

pleurosphenold s of the alligator were not present on the in

complete skull used . The epi pterygoids and pleurosphenoids of 

t he snake were not ident ified on diagrams in the re ferences. 

In the bird no epipte r ygoids(11) develop(Romer,1955 ~ 

The pleuros phenoid was not identified on the specimen. 

The basisphenoid was 1ndistinguishable on the mole 

. 
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and deer. In mamma l s there are no pleurospheno1ds(lJ), their 

place is taken by the e pipterygoids which are known as the 

a lisphenoids(12)'Weichert.1970). In the higher vertebrates 

t he cartilage bones fuse into a single sphenoid bone. The 

parietal is a paired bone in the s e specimens except the deer 

(15). An interparietal(14) was present in three specimens. 

rabbit, cat and fox. 

Frontal Region 

The frontal region 1s located directly anterior to 

t he parietal region. It is composed of three cartilage bones a 

ventral presphenoid and lateral orbitosphenoidsl and two 

dorsal membrane bones, roofing the regions the frontals. 

The frontal region of both the perch and Necturus 

a re composed of four of the five bones associated with the 

reg ion. A sphenethmoid(16&17). instead of a presphenoid bone 
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in t he lower tetrapods, is present (Romer.1955 ). The orbito

s phenoi ds of the specimens were not identif ied on a va ilable 

d iagra ms. 

The fronta l r egion of t he a l l i gator, tur t l e and 

snake has no ossifications in the chondrocranial floor an

terior to t he basispheno id(Hyman,1947 ) . In the case of rep

t ile s , bot h the basa l a nd latera l portions of thi s region are 

absent or very imperfec t ly developed(18)(Kent,1965 }. The 

f ron tals(19 ) of the a l li.gator ha.ve f used to become a single 

lar ge bone. 

All t he bones t ha t are c ommon t o the basic frontal 

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

indis t inguishable due t o its t i ght f usion with t he r eg ion. 

The sphenethmoid (20) of l ower tetra pods persists in 

mammals, anterior to the basis phen oi d, as the pre s phenoid 

(Romer,1 955 ). The or bitos phenoi d of t he mole was not positive 

l y i dentif i ed. The presphenoid and orb i tosphenoids in some 

cases, as 1n man, comb i ne wi t h t he basis phenoid and alisphe

nolda to form a single s phenoi d b one (21 ) . The frontals(22) of 

t he primat e gr oup (monkey and man) have fused i nto a single 

frontal bone in the a dult . 
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The otic region or the ea r capsule, located later

a l ly and anterior to the exoc c ipital s , consists of three pairs 

of csrtilaginous (c hondrocranial) bones. the pro-otic, opisth 

otic and epiot ic. 

The perch differs fr om othe r vertebra tes because two 

add itional pairs of ca r t i laginous bones , t he pterotics and 

sphenoti cs( 23) have deri ved from i ts otic regl on(weicher t , 1970 

The pro-otics and opisthotics of t he Nectur us are 

ossif ied and fus ed with t he exoccipi tals(Welcher t. 1970). The 

epi otic s of t he rept i les a nd bird are fus ed with the supra-

occipital, a nd t he opis thotics are fused with the exoocipltals 

(We ichert,1970 ). In the turt l e, the opls t hotl cs could still 
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be detected. 

The otic bones of lower tetrapods fuse to form a 

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

The pe riotic, wh ieh at first 1s part of the lateral wall of 

the chondrocranium. later becomes overgrown by the expand ing 

dermatooranium so that it is relegated to a ventrolateral or 

even a ventral position(Kent,1965 ). The periot i e (25) of the 

primate speoimens 1s fused wi th the sq uamosal and tympanic 

a nd has become the petr ous region of t he temporal bone(Weich

e rt.1970). 

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

tributions of five pairs of dermatocranial bonest the post
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orbi ta l , postfrontal , supraorbi ta l , pre fronta l and lacrimal. 

The postorbital and postf ronta l a re posterolate r &l to the 

fron ta l bone . The supraor bi tal 1s dorsolatera l t o t he orb1t. 

The prefrontal 1s an te r olateral t o the fron tal bone, and the 

lacr1mal helps c ompl e te the 1nner wall of the orbit. 

The orbi t of the pe r ch cons 1sts of al l f1ve pairs of 

de rmat oc r an ial bone a ssoc iated with t he reg10n(Weichert,1970). 

In t he Nec turus a reduotion of the intramembranous 

ossifl cation in the roofing a rea has r esul ted in the loss of 

the postorbi tal (26), pos tfront al and supra orbi t a l bones( Kent, 

1965 ) . However , there are present on the dorsa l side of t he 

cran1um prefrontolaor l mal s (2 7) (Weichert,1970). 

The orbit of the a l11gator and snake contain the 

f lve pairs of bone ass oc1ated wi t h t he reg l on . The pos t fron tal 

( 28 ) of t he turtle incorporates bot h the postorbita l and post

frontal, and a single bone called t he prefrontal( 29) takes 

the pla ce of t he nasal, l acrimal and prefrontal (Kent,1965). 

All the element s of t he orbi t a l r eglon have di sap

peared 1n the bird and mammals (JO), except the lacr1mal. other 

bones , such as t he max11lary, orb1tosphen01d, pala tine and 

s omet1mes the e t hmoid, help form the orb1t( We ichert.1970). 



-22

Mesethmoid 

Ectethmoid 

Nasal 

Parasphenoid 

Vomer 

r-i 
0 

~ 
~ 

CI) 

me 

n 

ps 

v 

Nasal Region 

~ 
• f1) 0 

M ::s ~ 
Il. M a1 Q) 

.......... .c ::s t() r-i Q). () ~ ~ ~ ~ 'd Q) 

'd J...i () r-i M a1 M r-i 
Q) Q) Q) r-i ::s ~ ~ 0 
~ Il. Z -< 8 (/) III ~ 

M - - 32 

p 31 JJ 

P - 34 

MP_ 

~ 
~ 

.0 

.0 
a1 

0:: 

Q) 

~ 
~ 

Po 
::s 
() 
~ 
0 
Il.. 

13 
::s 
f1) 

O'l 
0 ~ H 
Po a1 0 
0 c..> IX.. 

M 
a1 
Q) 

III 

~ 
Q) 
Q) 

Q 

>a 
Q) 

~ 
s::: s:: 
0 a1 

:IE: ::E: 

The nasal region lies direct l y anterior to the cran

ial cavity. I t is composed of three car ti l age bones: t he ect

e thmo1ds and the mese thmo1d. The latte r is roofed over by a 

pa1r of membrane bones c the nasals. other membrane bones are 

pair of vomer s (often single) and a ventral parasphenoid. 

The nasal region of the perch and Necturus is com

posed of all the bones associated with the region except the 

nasals( 31} l ack1ng on t he Necturus . 

The nasal r eglon of the all igator, turtle and snake 

lack the ec te thmoids and mesethmoid(32) because they have re

ta ined their prim1tive cart1laginous char ac ter{Weichert,1970}. 

The nasals(33) are lacking on the turtle because they are in
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corporated with the lacrimals and prefrontals, forming the 

~refrontals(Kent,1965). The parasphenoid(34) is laoking on 

~he alligator and turtle. An unpaired vomer is evident on 

~he turtle(Weichert.1970). The nasal region of the bird is 

composed of all the bones common to the region and mammals 

have all except the parasphenold(J6), whioh has either been 

lost or 1ncorporated with the vomer(Kent,1965). The ecteth

moid was not positively identifIed on the available diagrams. 

~he mesethmo1d of the mole and monkey due to the interior 

~osition and small size, respectively, could not be identi

fied. The anterior part of the parasphenoid(J5) of the bird 

is believed to be homologous with the rostrum, and the pos

terior portion is represented by the basitemporal plate 

(Weichert,1970). The bird has a paired vomer, while the vomer 

of mammals is unpaired. 
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Mandibular Region 
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The mandibular region is composed of the upper and 

lower jaws which surround the mouth cavity and 11e ventral 

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

discussed first, is composed of three pairs of dermatocranial 
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bonest the endopterygoid, ectopterygo1d and palat1ne; and 

seven pa1rs of splanchn ocranial bone: the s quamosal, quad

r ate, metapt erygo1d, quadratojugal, jugal, max11lary and 

premaxillary . 

The endopte r ygoids and ec t opt erygoids of the perch 

were indist1nguishable. A palatopteryg01d exi s ts in the 

Necturus and i s composed of the endopterygold and palat1ne 

(39). The ectopterygoid(40) of the Necturus 1s absent(We1chert 

1970) . The metapterygoid(37) is present only in t he teleosts 

(Kent,1965). The quadrato jugal a nd jugal(38) of the perch 

seem to be absent and are def1nite ly absent on the Necturus. 

The maxillary(41) of the Necturus 1s lacking. 

The squamosal, qu1 t e evident on the rept11es and 

b ird, i s 1nd1s t 1nguishable on the mole and has beoome fused 

wi th 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 m1ddle ear(We1chert,1970). 

The endopteryg01d remains and 1s referred to as the pterygoid 

(42), wh1ch in man fus e s with the sphen01d bone(sp). The ecto

pterygoid 1s pres'ent on the snake, 1ndistinguishable on t he 

al11gator' and absent on the tur t l e (4) . bird and mammals (45). 

The jugal and quadratojuga l are absent on the snake (44) , and 

t he latter i s also absent on mammals(47). The max1llary and 

premaxl 1lar y(49) of the primates have fused to become a s1ngle 

bone called the max1llary . 

The lower jaw of the mandibular region is composed 
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of six pairs of splanchnocranial bones I the articular, den

tary, splenial, coronoid, surangular and angular. 

The splenial, coronoid and surangular(50) of the 

perch are lacking due to a reduction of the bones of the lower 

jaw(Weichert,1970). The latter two bones(51) are also lacking 

on the Necturus. The angular of the perch and the articular 

of the Necturus were indistinguishable. 

- All bones common to the lower jaw are represented 

on the reptiles and bird, however, many of them are indis

tinguishable. The artioular( 52) of mammals has become the 

malleus of the middle ear. The dentary, splenial, coronoid 

nd surangular(5J) have fused to form a single bone called 
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the mandible. The angular of mammals become s the t ympa nic( 54 ) 

hieh i n man fuses with the temporal (55). 

Hyoid Reg i on 
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The hyoid. or second visceral arch. does not become 

o h1ghly mod1fied as the mandibular aroh during its evolu

ionary development. It consists of seven pairs of splanch


ocranial bones. hyomandibular, symplectic, 1nterhyal. ep1

hyal, cer a t ohyal, hypohyal and urohyal. and a medial bas i hya l. 

The bones common to this region are present on the 
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peroh .The 1nterhyal, ep1hyal, hypohya l a nd bas 1hya l were In 

1stlngulshable. 

The hyomandlbular is called the oolume l la(5 6 ) in 

the amphib1an, rept1les and bird. In mammals it is called the 

stapes(57) of the m1ddle ear. In most species, the parts of 

the orig1nal hyoid apparatus are lost except for an occasional 

emnant(Weichert,1970). The ceratohyal, hypohyal. basihyal and 

rohyai(58) have a variable number of hyoid elements. 

Opercular Region of Fishes 
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The operculum is a flap of tissue that arises as an 

outgrowth of the hyo id arch and extends backward over the g1ll 

s l lts(Kent,1 965). It consis ts of four pa irs of dermal bone I 

large operculum, s maller pre operculum, suboperculum and 
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~nteroperculum. Associated with this region 1s a medial and 

and pa i red branchiostegal rays. No homologues of the opercular 

[bones (59) or branchiostega l rays(60) are found to be in tetra

~ods(Weichert.1970). 

I i ~ 
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DISCUSSION 

There are more indiv i dual bones in the skull of 

teleosts, such as the perch, tha n in that of any higher verte

brate. However. the exact homol ogies of these bones are un

~ lear(Montagna,1959). The perch has a well oss1fied skull, al

though in many places the bones are loosely fus ed. Each sense 

organ is surrounded by a series of small bones, for example 

ithe eye, which provide protec tion and permit some movement 

~nd freedom of growth. The skul l is closely joined to the 

~ertebrate column which r esults in the fish's inability to 

~ove 1t s head. Small teeth are present on the premaxillary, 

maxi llary, dentary, pala t ine and branchial arches. These arch

e s serve as support for the gills, which are covered by oper

e ulars not represented in adult vertebrates above the fish. 

The cranial cavity extends anteriorly . 

The number of bones i n the skull of the amphib1an 

i s reduced either by fusion or elimination. This reduction 

corresponds to the s hi ft from tota l aquatic to a partial ter

r estrial life which has left many of the fish's structures, 

such as t he gills, without a function. Also, in the case of 

t he Necturus, the supraoccipital and baSioccipital of tne 

chondrocranium are not ossified. The area around the sense 

organs have been simplifi ed by l oss of many small bony ele

~ents. A large parasphenoid make s up most of the ventral side 
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of the skull . Small teeth are pres ent and located on the den

tary , premaxillary. max illary. vomer. splen1a l and pala to

pterygoid. The entire skull is flattened dors oventra lly, shor~ 

ened and widened, and art1culates wi th the flrst ve rtebra by 

means of a pa ir of occ ipital condyles . The cranial cavity ex

tends anteriorly. 

Rept1lian skulls show a further increase in the de

gree of oss ification. Within the group t here a re many varia

tions corresponding to di f feren t habi tats and food hab1ts. The 

a lligator has a heavily roofed skull with t ightly fus ed bones, 

a l ong snout and teeth. which a re large and of various lengths 

and sizes. The skull of the t urtle 1s exceptionally large in 

comparison t o the enclos ed brain, and very heavy ~ith pronoun_ 

ced fusion of the various bones. The ja.ws lack teeth, but hav:e 

cornif1ed layers which crush the food. The skull of the snake 

1s light and very delica te . It is not t1ght ly fus ed , enabling 

bones to move on one another. All the bones of the skul l are 

moveable except for t he brain case . The bones of the jaw ap

para tus are highly modified, enabling the snake to swallow 

prey much larger in d iameter t han itself . Thus, the snake 

neither chews nor tears its food. but s wallows it whole. The 

teeth, located on t he dentary , premaxi llary. max1llary and 

pterygoids, have a backward slant tha t enables the snake to 

hold food while i t is be ing swa llowed. Also, poisinous snakes 

have a pair of specialized teeth . or fangs, tha t conduct venom 

us ed to kill their prey. The movement of the head in r eptiles 
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is freer because the skull articulates with an improved cer

~1cal vertebra by means of a single, medial occipital condyle. 

~he cranial cavity does not extend as far anteriorly. 

The bird has a domed skull that is larger and more 

s pherical than that of reptiles. Every bi t of bone that could 

be spared ha.s been eliminated from its skull, the bones are 

t hin and light in weight, however, quite strong. The bones 

~ave fused so tightly in the adult that the sutures have be

c ome obliterated. Its chief peculiarity is the large size of 

the orb1 ts which are out of proportion- to the rest of the 

skull. The enormous size of the eyes have resulted in the 

cranial cavity of t he expanded brain assum1ng a more poster1or 

position, accommodating the correspond1ngly enlarged occ1p1tal 

lobe for vision. The facial bones are elongated to form a 

horny beak for feeding, instead of teeth, resembling the tur

tle. As in the reptile, the skull artieulates on a single 

occipital condyle, however, the condyle has taken a more ven

tral pos1tion for the b1rd's semi-erect posture. 

The mammalian skull 1s proportionally larger than 

that of any other vertebrates because of its inoreased cran1al 

capacity, which accommodates the expanded cerebral hemispheres. 

Except in primates, t he re is usually a long snout 1n which the 

olfactory sense is highly developed. The number of bones again 

has been progress~vely reduced by fusion of adjacent elements 

to form-'- single-bone complexes. such as the occipital, sphenoid 

and temporal. I n all forms below mammals the lower jaw articu
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~ates w1th the skull at the quadrate , whereas 1n mammals. it 

~rtleulates wi th the squamosal. In the ear r egion t her e are 

:now three oss1.cles. the incus , malleus and stapes. homolog"ous 

Ito the quadrate. art1cular and hyoma.mi1bular, respeet lvely, 

IN'hlc lY have as sumed a new funct10n a s a r esul t of mod1fication 

pf form and a shift1ng of pos1tion'. The eyes of mammals, as 1n 

~he lower ve r t ebrates, a re located on the lateral sides of the 

~kull in orde r to pe r mi t t he an1mal to watch on both sides for 

~nem1es. However, the eyes of pr1mates are direo ted anter10rly 

t o prov1de a binocular v ision. The mar s upials. such as the 

opossum, have a fenestr ated palate, and the bra1n ca pacity 1s 

comparat1ve ly small to t hat of placental mammals . As the cran

~al process progress ively expands to acc ommodate the increased 

~ 1ze of the brain in t he placentals. there is a reduct ion in 

~he s ize of t he facial elements until in the pr1~tes the 

~ra ln case makes up most of the skull and extends over t he 

~ac 1al e l ements 1n s uch a way t ha t they a r e vent ral to t he 

pranium r ather than anter10r t o 1t. The mammal can move 1ts 

~ead to a greater degr ee than low~r vertebrates because of two 

occip1tal condyles art1culating wi th t he f 1rst vertebra, the 

~tlas, ln assooiation with the second vertebra, the axls. The 

!condyles a l s o have a SBumed a more ventra l pos i t 1on ascend1ng 

~he mammals until i n primate s , espec i a lly man, the posture 1s 

~ery erect. The teet h of mammals a re located only on the pre

maXillary , max1llary and mand 1ble. Comparat i ve ly, the teeth 

become propor t ionally lar ger and are qu1te sharp for shear1ng 
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~iercing in flesh eaters. 

SUMMARY 

The vertebrate skull originates f rom three separate 

embryonic components I chondrocranium (cartilage replacement), 

dermatocranium (membrane) and spl anchnocranium (cartilage re

placement and membrane). The vertebra te skull undergoe's a 

gr adual reduction of the number of bones with phylogenie a s

cension. Reduc t ion in number results from fusion, elimination, 

pr remaining unossified. The shape of the skull var i es accord

~ng to the habits ~ environment, degree of development of a 

~rtlcular sense and s ize of the brain of the vertebrate. As 

~he vert ebrate group is ascended, there is an increased degree 

of os s ification and also, an increase in the cranial capacity. 

Most bony elements of the vertebrate skull are homologous, de

riving f rom the basic pattern of development and arrangement 

of these elements. 
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Flgure 5 A comparatlve chart of slxteen representative vertrbrate speci
mens. First column names particular boner second gives its symbol, thlrd 
descrlbes bone as medlal. paired. or both, next sixteen names represent, 
atlves. Colors represent originl sol1d red=chondrocranium(cartilage reo 
placement bone), solld green=dermatocranlum(membrane bone), red striped~ 
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Figure 6 	 Lateral view of the skull of the Perch 
(Cymatogaster aggregatus)., 
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Figure 7 	 Diagrammatic drawing of the lateral view 
of the perch. Numbers refer t o the f ol 
lowingl 6-Symplectic, 7-Metapterygoid , 
8-Quadrate, 9-Branchiostegal rays, 10 
Ar ticular, 11-Dentary. 12-tllB.xilla, 13 
Premaxilla, 14-Nasal, 15-Lacrimal, 16
Orbitals, 17-Frontal, 18-Parietal. 19
Operculum, 20-Supraoccipital(From Caro
lina Biological Supply Company, Review 
Sheet 119). 

Figure 8 	 Diagrammat 1c drawing of the lateral view 
of the perch . Symbols refer to the fol
lowing. A'(ar)Artlcular, BS(br)Branch
10stegal rays, CH(ch)Ceratohyal. D"(d) 
Dentary , E(eth)Ethmoid, EPO{ep)Epiotic, 
FH( f ) Frontal , Hlo1.{hm) Hyomandi bular, 10 
(iop) I nteroperculum. MX(m)~~xilla. 0(0 ) 
Operculum, PA(p)Parietal, PF(pf)Pre
frontal, PMX(pm)Premaxilla, PO(pop)Pre
operculum, PTF(ptf)Postfrontal, PTO(pto ) 
Pt erotla . Q(q)Quadrate, SM (sm)Symplectlc 
SO(sop)Suboperculum, SOC(soc)Supraoccl
pital, SQ ( sq)Squamosal, UH(uh)Urohyal 
(From Romer,1955) . 
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Figure 9 	 Dorsolateral view of the skul l of the 
Necturus(Necturus mac ulosus) . 

Figure 10 	Ventral view of the skull of the Necturus. 
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F1gure 11 	 D1agrammat1c dorsal v1ew of the skull 
of the Necturus(From We1chert,1970). 

F1gure 12 	 D1agrammat1c ventral view of the skull 
of the Necturus(Weichert,.1970). 
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Figure 13 	 Dorsolateral view of the skull of the 
alligator(Alligator mississippiensis). 

Figure 14 	 Ventral view of the skull of the alligato 
along with its mandible. 
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