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JAW MECHANISMS: RHIPIDISTIANS, AMPHIBIANS, REPTILES

EVERETT C. OLSON

University of Chicago

GENERAL CONSIDERATIONS

Procurement, preparation, and swallow-
ing of foodstuffs are the functions of the jaw
mechanisms considered in this study. Other
functions also have a direct relationship to
jaw morphology—for example, the actions
of respiration in fish. These will be intro-
duced only as they pertain directly to one
or another specific point in the discussions.
In performance of their primary functions,
the jaws necessarily have effects upon other
systems; and the actions of adjacent systems
modify the movement of the jaws. It is not
possible to isolate these various actions or to
limit or precisely define limits of morpho-
logical or functional systems. Jaw mecha-
nisms must be considered from this point of
view. We will look at them as a more or
less coherent unit with specific functions,
but keep in mind that actions and changes
external to this system may have strong
bearing upon the course of its evolution.

This study is concerned with the rhipidis-
tian ancestors of the tetrapods, the shifts in
jaw mechanisms that took place in the de-
velopment of primitive tetrapods, and the
initiation of evolutionary patterns among
amphibians and reptiles. It will be empha-
sized that the principal changes in jaw
mechanisms took place after the origin of
tetrapods, changes that became possible
only after other modifications had occurred.

The actual rhipidistian ancestors of the
tetrapods are not known. Jarvik (1942)
suggested that there were two sources and
that these can be recognized, in general,
among the osteolepiform and prorolepi-
form rhipidistians. Gross (1941) held the
opinion that the stegocephalians came from
a subgroup of rhipidistians rather different
from the ones we know and that the well
known rhipidistians are rather distant in
structure from the actual ancestors of tetra-
pods. Nilsson (1944) agreed with this posi-
tion, emphasizing dental differences be-
tween stegocephalians and rhipidistians.

The present study is concerned with major
modifications; at this level the structure in
well known rhipidistians serves reasonably
well as a point of departure, even though
the relationship to tetrapods is not direct.
No decision between single or multiple ori-
gins of tetrapods is made. The ichthyoste-
gals are considered to be off the main line
of amphibian evolution but, nevertheless,
reasonably representative of extremely
primitive amphibian morphology. This po-
sition is supported by the very primitive
amphibian from the Late Carboniferous
recently described by Eaton and Stewart
(1960).

RHIPIDISTIAN JAW MECHANICS

Osteolepis, Eusthenopteron, and Megal-
ichthyes have provided the most substantial
information for analysis of rhipidistian jaw
mechanics. The studies of Adams (1919),
Gross (1941), Jarvik (1942, 1944, 1954),
Nilsson 1944), Romer (1937, 1941, 1946)
and Watson (1926) have been most used as
sources of data for the current discussions
and illustrations. The basic morphology is
shown in Figs. 1, 2, and 3. The principal
morphological features of the jaws, suspen-
sorium, and related structures are as fol-
lows: (i) The dentition consists of several
rows of small teeth, marginal and medial to
the external limit of the jaws, and a few
large tusks, above and below, with pits for
their reception in the opposite jaws, (ii)
The lower jaw is a more or less straight bar.
The glenoid articular surface tends to lie
well below the line of the tooth row. (iii)
The articular surface of the lower jaw is di-
rected postero-dorsally; it is weakly but-
tressed anteriorly but not posteriorly, (iv)
A retroarticular process is present in some
genera, as Megalichthyes, but this is a spe-
cialization, probably not present in ances-
tors of amphibians, (v) The adductor fossa
is long and narrow. All adductor muscula-
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206 EVERETT C. OLSON

F1C. 1. Diagrammatic reconstruction of the skull of
a rhipidistian with cross sections of adductor cham-
ber. Dashed lines indicate limits of palatoquadrate,
hyomandibular, and adductor chamber. Arrows
show probable extent, fiber direction, and directions
of force exerted by adductors, a, b, c, d, sections
fiom posterior to anterior as indicated on recon-
struction. ECPT, ectopterygoid; ENTP, entoptery-
goid; JU, jugal; MX, maxilla; PO, postorbital; PQ,
palatoquadrate; QJ, quadratojugal; SQ, squamosal.
Drawn from data of Jarvik (1954).

ture appears to have inserted in and on the
margins of the adductor fossa, (vi) Depres-
sion of the jaw probably was accomplished
by the genioglossus and geniohyoideus mus-
cles. A depressor mandibulae of the type
found in some amphibians and in reptiles
may have been present but there is no clear
evidence of it, except possibly in forms with
retroarticular processes. Probably a shift
toward the development of such a depressor
took place within the rhipidistians. (vii)
The quadrate portion of the palatoquad-
rate forms a transverse, rather weakly devel-
oped articular region for the lower jaw. It
is far posterior, under the opercular region,
and lies ventral to the maxillary tooth row.
The tooth row slopes dorso-anteriorly, with
its posterior end slightly dorsal to the level
of the quadrate, (viii) The subtemporal
fossa is long and narrow. The adductor
chamber in the skull, in which all adductors
took origin, is low posteriorly, highest
slightly back of the orbit, and apparently
extended far forward under the orbit.

From this structural complex the follow-

ing interpretation of jaw mechanism is de-
rived. Jaw action was limited to simple
vertical movements, with little or no lateral
or fore-aft shifting upon the jaw articula-
tion. Adduction was performed by a com-
plex of muscles whose general mass can be
determined but whose differentiation into
components is unknown. Probable fiber di-
rections are those indicated by the arrows
in Fig. 1. For the most part, insertions on
the lower jaw appear to have been fleshy.
There may have been tendinous insertion
in the slightly rugose area at the anterior
margin of the adductor fossa. Both the
outer and inner margins of the adductor
fossa are high, and there appears to have
been no differentiation in the length of

FIG. 2. Sketches of the skulls and jaws of A, Eusthe-
nopteron; B, Ichthyostega, showing separated shoul-
der girdle; C, Megalichthyes. Not to scale. AF,
adductor fossa; AS, articular surface; RAP, retro-
articular proccv>. A and B after Jarvik, 1953; C
after Watson, 1926.
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JAW MECHANISMS: RHIPIDISTIANS, AMPHIBIANS, REPTILES 207

STF

B

STF

STF
FIG. 3. Palatal views o£ two amphibians and a
rhipidistian. A, Eusthenopteron; B, Ichthyostega;
C, Loxoma. Not to scale. Q, quadrate; QP, quad-
rate process; palatoquadrate; STF, subtemporal
fossa. A after Jarvik (1954); B and C after Romer
(1947).

muscle fibers that passed to the opposite
margins of the fossa.

A main line of force appears to have been
developed from the middle of the adductor
fossa forward and dorsally to the highest
portion of the adductor chamber. In addi-
tion, there may have been a rather strong
force exerted by the anterior-most part of
the adductor complex, a division that prob-

ably was somewhat comparable to suborbi-
tal muscles in such fish as Amia (Allis,
1897). If this portion was significantly de-
veloped, as seems probable, it presumably
was effective by means of a tendon that
passed over the pulley-like anterior end of
the subtemporal fossa to insert at the ante-
rior end of the adductor fossa. The main
force definitely was antero-dorsal.

The low position of the jaw articulation
and related upward slope of the line of oc-
clusion produced a sharply acute angle be-
tween the major force vector and the ramus
of the jaw in occlusal position. If this in-
terpretation is reasonably correct, it follows
that relatively little static force could be
exerted when the jaws were at or near
closure. When, however, the jaws were at
gape so that the forces were exerted ap-
proximately normal to the line of the
ramus, a potential for strong action existed.
At this position, however, static force has
little significance. The capacity for exert-
ing strong force, however, could have been
expressed kinetically in rapid acceleration
of movement of the lower jaw. In a fish-
eating predator, such as the rhipidistian,
rapid action is undoubtedly a necessity. By
virtue of the acceleration, the force exerted
near occlusal position was increased by fast
actions that were effective until the inertial
advantages were overcome. Both piercing
by the tusk-like teeth and positioning of
prey by the lesser teeth are considered to
have been enhanced by this mechanical
arrangement.

That there was effective depressor action
is a foregone conclusion. Neither the de-
pressors or the nature of related muscles are
known. It may be supposed that develop-
ment of intermandibularis or hyoid muscles
was insufficient to provide a thick muscular
floor of the mouth or tongue. This is
highly speculative, but is to some slight de-
gree supported by the fact that there is no
such development in the neotonic stages of
modern amphibians in which gill supports
are well developed.

TRANSITIONS TO THE AMPHIBIAN GRADE

The very earliest amphibians, ichthyoste-
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208 EVERETT C. OLSON

gals, are very fish-like in many ways (Save-
Soderbergh, 1936; Jarvik, 1952, 1955).
There is, nevertheless, a large gap in the
knowledge of transition from the rhipidisti-
ans to amphibians, with respect to modifica-
tions of both the gill structures and the
posterior part of the head and shoulder
girdle. The steps can be reconstructed, but
the matters of particular concern here,
rates and sequences, cannot be understood
from presently known materials.

The evidence that early amphibians were
largely, perhaps completely, aquatic seems
very strong (Romer, 1956b, 1958; Watson,
1926). It also seems certain that these
aquatic animals in the adult stage were
lung, not gill breathers. The evidence of
lack of gill supports is, of course, negative
and thus somewhat dangerous. Gill struc-
tures, however, are preserved in Permo-
carboniferous rocks in small larval am-
phibians and in some in which neotony has
become established. It seems probable that
had they been present in ichthyostegals,
loxomids, and anthracosaurs, they would
have left some evidence. If their absence
is assumed, it follows that by the time of the
earliest amphibians there had been a re-
organization of major significance in the
areas with which the gills were associated,
not only of the hard structures but, more
importantly, of the muscles, nerves, and
blood vessels. The causes of these sweeping
changes, especially in aquatic animals, are
as yet obscure. Major modifications also
accompanied the changes from "fins" to
"limbs," important in the present study as
they affect the posterior part of the skull
and muscles indirectly related to jaw mus-
culature. If the modifications were adap-
tive, as seems probable, they must have been
adaptive to conditions of aquatic life and
their significance should be studied from
this point of view. Regardless of the causes
and evolutionary significance, the fact that
there was major reorganization is important
here. Reduction, fragmentation, and pos-
sibly loss of the gular plates and branchi-
ostegals accompanied the evident major
changes. This undoubtedly had important
bearing upon potential mobility and modi-

fications of musculature of the floor of the
mouth.

Associated changes took place in the
skulls (Figs. 2 and 3). Concurrent with re-
duction and loss of strong visceral bars and
denticulated plates, there was increased ossi-
fication of the basicranial region, with clo-
sure between the basioccipital and basi-
sphenoid. The highly kinetic structure of
the rhipidistian was thus much reduced.
Accompanying the change in the basicra-
nium, was the closure of the open dorsal
suture between the anterior and posterior
parts of the dermal skull roof, reflecting
loss of the rhipidistian cranial joint in un-
derlying structures. Proportional changes
of the skull were initiated but were realized
primarily after development of the am-
phibian grade. Notochordal aspects of the
basicranium were reduced, but far from
eliminated. The matter of modifications
of dermal elements of the skull roof has
been an area of controversy. In general, it
does not enter into our considerations. Most
of the skull changes did not have direct im-
pact upon the jaw mechanisms, but none
of them can be considered as isolated from
changes that took place in the jaw struc-
tures.

It is concluded that there were profound
changes in systems closely allied with jaw
mechanisms as the rhipidistian-amphibian
transition took place, but the changes in the
jaw mechanisms and morphology were in
themselves insignificant. It appears that
the differences encountered between the
rhipidistians and amphibians were no
greater than those encountered within the
rhipidistians themselves. There does, how-
ever, appear to be a directional shift which
was not clearly shown in the rhipidistians.
The relative position of the jaw articulation
was raised. The subtemporal fossa was
broadened. The posterior part of the skull
was reduced in depth by reduction of the
lower part of the posterior wall (Fig. 2).
Greater head mobility and greater mobility
of the floor of the mouth were developed.
These changes all seem to be related to
modifications associated with the reduction
of the gills and the development of features
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JAW MECHANISMS: RHIPIDISTIANS, AMPHIBIANS, REPTILES 209

of the tetrapod system of locomotion. They
were not related to changes in diet.

Although the changes leading to the ini-
tial amphibian structure were not per se
related to jaw function, their development
set the stage for subsequent adaptations.
The region was prepared to meet the new
challenges posed by the invasion of land,
increase in size, and exploitation of other
modes of aquatic feeding, beyond simple
predation on active animals.

TETRAPOD SYSTEMS

The jaw mechanics encountered among
tetrapods present a somewhat bewildering
array of adaptive types. Within the reptiles
and amphibians, and to some extent among
mammals, however, there appear to be two
basic patterns of mechanical action which
occur discretely in many cases and in com-
bination in others. One of these we will
call the "Kinetic Inertial System" and the
other the "Static Pressure System" in order
to express their primary characteristics in
short phrases for sake of easy reference.
These will be abbreviated respectively K-I
and S-P hereafter. Being functional, each
has an adaptive aspect and thus an evolu-
tionary significance. Where multiple adap-
tive roles of the jaws and dentitions occur,
the two types may occur together and ex-
tensive modifications may be encountered.
Phylogenetic expressions of the two systems
are relatively complex since convergence
and parallelism inevitably play important
roles. Much of the complexity occurs at
adaptive levels beyond those of the primi-
tive reptiles and amphibians and will not
be our primary concern.

The two systems may be defined and char-
acterized as follows:
1. K-I system. The effective action of the

jaw and teeth depends primarily upon
forces developed by rapid motion of the
lower jaws relative to the upper. Once
motion has been initiated, it is the veloc-
ity and mass of the jaws that are effective.
The jaws at rest tend to exert little force
and in or near occlusal position the
forces serve to do little more than hold

position. The necessary forces are a
force to impart rapid motion to the open
lower jaw, a force to hold the jaws in
position, and force to open the jaws.
The actions are carried out in simple
vertical movements.

2. S-P system. The primary action results
from pressures exerted by the jaws when
nearly closed and initially not in motion.
This force produces the stress necessary
to overcome resistance of the object to
which it is applied, resulting in yielding
and subsequent motion. The forces nec-
essary are a strong force developing pres-
sure during initiation of movement, with
jaws rather near occlusal positions, forces
to induce and resist lateral movement of
the lower jaw relative to the upper, force
to open the jaw. The actions are more
complex than in the case of the K-I sys-
tem, involving both vertical and lateral
movement and, in some instances, fore-
aft movement as well.

Given the general structural patterns of
the vertebrate jaws, there are clearly a num-
ber of ways in which each of the systems
could develop. The pattern and function
in the rhipidistians was essentially an un-
progressive K-I system (Fig. 4). It is possi-
ble to visualize a somewhat less specialized
stage in which the adductor mass was essen-
tially undifferentiated. Given such a mus-
cle mass and the known types of differentia-
tion among vertebrates, it is evident that
emphasis and specialization have been such
that three parts of the primary mass are
differentiated: an anterior mass, a posterior
mass, and one that primitively lies in the
vicinity of the anterior margin of the sub-
temporal fossa. For simplicity and to avoid
distracting problems of homologies, these
three potential divisions will be termed:
A-adductors, the anterior adductors. These

are roughly equivalent to the muscles
sometimes termed anterior pterygoids.

P-adduclorSj the posterior adductors. These
include the "temporal mass" or rough
equivalents of the mass from which the
external adductors, posterior adductors,
and the pseudo-temporals of some reptiles
are differentiated.
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210 EVERETT C. OLSON

FIG. 4. Diagrams of the patterns of types o£ me-
chanical systems of jaws. K-I, the kinetic inertial
system; S-P, the static pressure system. Subscripts:
u, unspecialized; p, progressive; m, modified. The
lines show general course of descent and genetic
relationships of types of systems.

M-adductors, the middle adductors. This
mass takes origin around the anterior
margin of the subtemporal fossa, on the
dorsal and ventral surfaces of the adja-
cent palate, and may encroach upon
other contiguous structures. It is roughly
equivalent to posterior pterygoids of
some terminologies.

THE K-I SYSTEM

Development of the system

This mechanical system was present in
rudimentary form in primitive amphibians
and presumably was ancestral to all later
tetrapod types. In early stages A-adductors
were brought into play by a tendon that
passed over the pulley-like anterior end of
the subtemporal fossa and inserted at the
anterior end of the adductor fossa (Figs. 3,
4). This was the case in rhipidistians and
primitive amphibians. P-adductors were in
large part fleshy, of some importance in ad-
duction, and critical in the holding of jaw
position. M-adductors were not developed.

This system became fully expressed
among many amphibians. The generalized
pattern that arose through this develop-
ment is shown in Fig. 4. It accompanies
evolution of many of the well known trends
of amphibian evolution: flattening of the

skull, broadening of the skull, enlargement
of interpterygoidal vacuities, reduction and
loss of kinesis, and progressive chondrifica-
tion (Romer, 1947). In its greatest simpli-
city but with a high degree of efficiency,
the K-I system may be seen in the morpho-
stages represented by Eryops and Eupelor
shown in Figs. 5 B, C and 6 B, C. These
are respectively an intermediate and an end
member illustrating the common trend of
amphibian evolution toward large, flat,
semiaquatic to aquatic animals. The
changes witnessed probably were initiated
in the loxomids. Some of the changes in
mechanics of the jaws are shown in Figs. 4,
5, and 6. The following structural modifi-
cations are especially important:

Musculature: The P-adductors became
very short, massive and with the mean vec-
tor directed increasingly medially. The M-
adductors failed to develop. The A-adduc-
tors enlarged, extended anteriorly, differen-
tiated somewhat into a superficial and deep

FIG. 5. Lateral views of skulls and jaws of skulls
and jaws of A, Ichlhyostega; B, Eryops; C, Eupelor.
Xot to scale. Solid horizontal line in skulls shows
length of subtemporal fossa. Arrows show directions
and rough relative magnitudes of adductor forces.
A alter Romcr ; 11)17).
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JAW MECHANISMS: RHIPIDISTIANS, AMPHIBIANS, REPTII.ES 211

FIG. 6. Diagrams o£ ventral view of suLtemporal
fossae, dorsal view adductor fossae, and posterior
parts of jaws of A, Ichthyostcga; B, Eryops; C,
Eupelor. For Eryops, both lateral and medial
aspects of lower jaw. AF, adductor fossa; Q, quad-
rate; STF, subtemporal fossa. A after Romer (1947).

part, and extended into a strong tendon
that passed over a pulley at the anterior
margin of the subtemporal fossa. The ori-
gin of these muscles on the skull roof is well
shown (Wilson, 1941) in "Buettneria" and
Eupelor (Colbert and Imbrie, 1956). All
adductor muscles inserted in or around the
adductor fossa, with insertion of the A-
adductors by a heavy tendon to the rugose
prominence at the anterior end of the fossa
(Fig. 6, sec also Case, 1932). Presumably
there was a depressor mandibulae present,
but the geniohyoideus and genioglossus
probably were supplemental depressors.

Osteology: The subtemporal fossa be-
came dual with a large, ovoid posterior part
for the P-adductors and a somewhat re-
stricted, slot-like anterior opening for the
tendon of the A-adductors (Fig. 6 C). The
latter is not to be confused with the super-
ficially similar opening found in S-P sys-
tems lateral to the transverse process of the
pterygoid. When the lower jaw is in occlu-
sion in forms with the K-I system, the ru-
gose area which carried the tendon rests in
the slot, with its dorsal margin about on

the level of the upper surface of the palate.
The skull becomes increasingly flat; inter-
pterygoidal vacuities become enlarged to
serve in part to accommodate the optic
structures (levators, retractors, etc.) (Wat-
son, 1951), and in part to accommodate the
large A adductors. Kinesis of the palate
and brain case is reduced and then com-
pletely lost. The suspensorium primitively
is far posterior. It tends to move somewhat
forward in various types, but does not be-
come braced by adjacent structures such as
the stapes or paroccipital. The lower jaws
often remain long, with the ramus slender
and the adductor fossa about one-fourth to
one-fifth of the total length of the jaw. In
some end forms, as Eupelor (Fig. 6 C), the
lower jaw becomes deep and heavy, empha-
sizing a trend seen in some earlier amphibi-
ans. The glenoid articulation remains near
the end of the jaw, buttressed in front, open
behind. In some genera a retroacticular
process is developed. There is generally a
small coronoid process, a pseudo-coronoid
process in some lines, with the very strong
rugosity at the anterior end for the tendon
of the A-adductor. The areas of insertion
of the adductors remain in and on the im-
mediate margins of the adductor fossa.
Emargination of the inner wall of the fossa
produced some increase in relative fiber
length of muscles to the inner side of the
jaw. Teeth accompanying the K-I system
are generally sharp and suited to piercing
and holding prey.

Expressions of the K-I system

Eryops and Eupelor as described and il-
lustrated are two concrete examples of the
K-I system. It appears to be highly devel-
oped in long snouted amphibians such as
archegosaurs and trematosaurs. It is like-
wise well developed in short, broad-headed
types in which the rami of the jaws are long,
but modified in orientation. In both ap-
sidospondylous and lepospondylous am-
phibians, K-I is the dominant system. In
both lines, of course, there are departures
from it. Among labyrinthodonts such ter-
restrial types as trematopsids and dissorph-
ids show some indications of development
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212 EVERETT C. OLSON

of M-adductors and fairly long P-adductors.
It would appear that they were trending
slightly in the S-P direction. A-adductors
seem to have been little developed in them.
In short-jawed lepospondyls, such as Diplo-
caulus, the adductor musculature appears
to have been short, heavy, and fleshy. The
main action probably was of the S-P type,
but with relatively little efficiency or
strength.

The K-I system is developed in various
reptiles but, for the most part, in a different
guise. It has come in most, perhaps all,
instances from modification of the S-P sys-
tem. The most common occurrence is in
aquatic forms. In the crocodiles and alliga-
tors, as shown diagrammatically in Fig. 4
(K-Im) the M-adductors, in the form of
pterygoids, are very strong and, holding the
jaws in something of a sling, can produce
very rapid acceleration, much like that im-
parted by the A-adductors in the more
primitive K-I system (K-Im and p). Here
the P-adductors are weak and serve mainly
for positioning and holding. In other
aquatic reptiles, the K-I mechanism is de-
veloped by elongation of the P-adductors,
formation of a coronoid process, and, often,
insertion well back toward the fulcrum of
the jaw. In such forms (for example snap-
ping turtles, ichthyosaurs, and some mosa-
saurs) the M-adductors are present and ap-
pear to give additional stability and hold-
ing power, with the P-adductors converted
to other uses.

THE S-P SYSTEM

Development of the system

This system is one in which pressure is
developed when the jaws are not in motion,
usually at or near occlusal position. It de-
veloped from the unprogressive K-I system
of the primitive amphibian through differ-
entiation of M-adductors and emphasis
upon P-adductors. It is subject to much
greater ramification in evolution, inasmuch
as not only vertical but also lateral and
antero-posterior movements of the lower
jaw are possible. These more diversified,
actions are, for the most part, developed

among mammals, but they occur in various
guises among some specialized reptilian
stocks. The following features of the sys-
tem are particularly important.

Musculature: P-adductors are emphasized
and usually differentiated into several com-
ponents. They insert on the jaw, often on
a strong coronoid process, and on both the
lateral and medial surface of the jaw. M-
adductors are well developed, taking origin
in large part at and around the anterior
margin of the subtemporal fossa and insert-
ing on the medial and ventral parts of the
posterior half of the jaw, on the external
surface in some instances. A-adductors are
usually little developed or are absent.

Osteology: Skulls tend to increase in
depth (Fig. 7) and to remain relatively nar-
row. The posterior part of the adductor
chamber tends to increase in height and
depth. Temporal fenestrae tend to develop.
The suspensorium moves anteriorly from its
primitive posterior position and tends to
become strongly supported by subsidiary
structures, paroccipital process, stapes,
pterygoid, and dermal temporal elements.
The palate remains largely intact, without
development of large interpterygoidal va-
cuities. The transverse process of the
pterygoid becomes well developed and ex-
tended ventrally in a flange. Tt serves in
part for origin of the M-adductors and also
buffers the lower jaw against lateral move-
ments in many reptiles. Kinesis, involving
the palate and brain case, is present in the
primitive stage and persists in many lines.
Lower jaws are highly varied in form and
show no consistent trends. Increased length
relative to body length generally does not
occur. A coronoid process tends to develop
on the lower jaw at the site of insertion of
the major tendon of the P-adductors. The
areas in and around the adductor fossa pro-
vide for insertion of the P-adductors, but
additional insertion occurs on the adjacent
faces of the jaws. A strong retroarticular
process (reptiles and amphibians) tends to
develop, related to the depressor mandibu-
lae and, in some forms to the M-adductors
as well.
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H

FIG. 7. Lateral views of skulls of various amphibians and reptiles with diagrams of region of
suhtemporal fossae for each. A, Paleogyrinus; R, Seymouria; C, Diadectes; D, Trilophosaums;
11, Captorhinus; F, Ophiacodon; C, Youngiodcs; H, Pterodactyl us. A and B after Romer (1947),
rest after Romer (1956a).

Expressions of the S-P system

Some of the types of skulls in which the
system occurs are shown in Fig. 7. Expres-
sion is highly varied. One type of develop-
ment in which members have a strong otic
notch is shown in Fig. 7 A-D. This is seen
in the batrachosaurs, which developed di-
rectly from anthracosaur ancestors. In
neither anthracosaurs or batrachosaurs is
the system highly developed. The suspen-
sorium has remained posterior, but has
gained some support by expanded otic
structures in batrachosaurs such as Sey-
mouria. Incipient development seems to be
much the same as in dissorophids, perhaps

accompanying initiation of terrestrial habi-
tation and feeding. The pterygoid flange
is strong in Seymouria in contrast to that of
dissorophids and trematopsids. In more
advanced phases of this type of pattern the
suspensorium is swung forward as seen in
incipient and full development in proco-
lophonids, in Diadectes, turtles, pareiasurs,
and Trilophosaums. In all of these ani-
mals the otic region tends to be modified
to provide strong support to the suspenso-
rium. Trilophosaurus appears to represent
a separate development of this pattern,
a striking example of convergence. In
all of these forms, the P-adductors were
relatively long, massive, and to some degree
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differentiated. They appear to have been
the principal adductors, with the M-adduc-
tors functioning principally to position the
jaws.

Captorhinus represents a second type of
S-P system, in which the otic notch is absent
and the suspensorium is given support by
the pterygoid and by the stapes. There is
less involvement of the otic structures in
support of the suspensorium than in the
first type; what support it does render is
largely secondary, through the dermal ele-
ments. From this pattern, but from a less
developed phase of it than Captorhinus it-
self, seems to have arisen the synapsid pat-
tern which eventually led to mammals.
This group showed strong tendencies in
its early phases to retain adaptations to
aquatic habits and, in the case of Ophi-
acodon, to evolve strongly in this direc-
tion and initiate an incipient, second-
ary K-I system. Among non-carnivorous
synapsids, edaphosaurians, and caseids, the
S-P system became highly developed among
pelycosaurs. Although the M-adductors
played an important role in primitive syn-
apsid carnivores, it was only with the de-
velopment of some of the intermediate
therapsid types that the S-P system became
fully expressed.

The S-P system is encountered among
early diapsids, among the younginids, and
is carried through into various lines. In
many highly specialized forms there are
strong modification, and also frequent
modifications to K-I systems, particularly in
aquatic forms and in some flying types.
P-adductors are generally the principal
muscles of adduction, and M-adductors
serve for positioning and to hold the jaws
when at rest. They also serve in some rep-
tiles to provide some of the forces involved
in lateral jaw movements. Strong develop-
ment of kinesis is characteristic of some
lepidosaurians, lizards and snakes in par-
ticular. When this is carried to very high
levels, as in snakes, the principal functions
of the S-P system are lost, and there are
strong departures from both the primary
systems. In snakes, for example, there is a
peculiar type of K-I system with the motion

provided by the body, not the jaws them-
selves.

The S-P system was first developed among
tetrapods as land habitation was being ex-
ploited and probably was initially an adap-
tation to feeding upon invertebrates, in-
sects, molluscs, and similar forms. It was
accompanied by the initiation of other char-
acteristic features of terrestrial tetrapods—
in particular, modifications that led to
greater mobility of animals on the land.
Related to development of jaw action was
increasing mobility of the head, modifica-
tions of the hyoid structures related to
changing feeding habits, and increasing
freedom of movement of the shoulder girdle
and forelimbs. With initiation of these
features (each more demanding upon the
muscles in specific roles played by sets, indi-
vidual muscles, and interrelated complexes)
areas of origin and insertion became more
restricted and more precisely adjusted to
particular functions. Thus the stresses on
the bones became localized and stronger
(see Case, 1924). Apparently in response to
these changes, the skull tended to become
a network of lines of stress which were nar-
rowly confined and precisely delimited.
The development of skulls which appear to
be skeletal networks of these lines are found
in various late phases of reptilian evolution.
The development of fenestrae and fossae
very probably are related to this specificity,
with the remaining bone representing the
critical lines, and the fenestrae and fossae
in a sense negative areas resulting from the
loss of bone in non-critical regions.
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