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WE SKULL CHARACTERS I N  S1 
3F THE GENUS AIIBYSTO3fA' 

BY 

WILLIAM F. HOBEISEL 

The skulls of arnphlbla In the'ordet Caudata show interesting 
modific. much from one another, but all agree in the 
followi ?bsence of the quadratojugals; (2) a parallel 
relation U L  inc I J ~ ~ ~ L I I I ~ S  or vomeropalatines with the 2--:- -' the 
cranium; and (3)  the large size of the parasphenoid. 

The separation of the frontal and parietal bones and th ~ c e  
of paired orhito-sphenoids are characteristic. 

Lower t-yp as Necturus, Siren, Proteus, and Amphiuma, 
have a long, n: pe of skull which throughout life remains in 
much the same cv~~urrlon as that of a tadpole or larval salamander. 
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maxillae are usuaIly ~vell developr te premaxillae are completely 
ankylosed together. There are l lu ratd~mes. In the otic reFZion the 
proatic nct f sorr )ccipitals, and thl %re 
ossified h the epi rl opisthotics. 

01 i r l c  ~ t r r r ~ l l y  nr~roystomid: , - ., (1887) says : "'1 ne slmoy- 
stornidae are of particular interest in the Urodela as furnisltin~ con- 
necting links between the ordinary types of the order and those Iarger 
species which we suppose to be characteristic of former periods of 
the earth's history. It also furnishes us with transitional ,ns - 
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of characters which have been regarded as indicating very diver: 
origin and nature." The species are mostly of large size, and probahl 
confined to North America with the exception of a species in Inclia. 

A rather large series of characters restricts the family, Th 
ethmoid bone is lacking. There i i  a fusion of vonler and paFatine t 
form the vomera-palatine. The palatine portion is a pointed proce? 
which projects IateraIly from the parasphenoid. The orbito-sphenoi 
i s  separated from the prootic by a tough, membraneous wall. Th 
internal wall of the vestibule is ossified. - t conspicuous pre- 
frontals and pterygoids present, and the prer arc fully developed. 
Dentigerous plates are lacking on the pan! ). 

This paper involves a comparative study ot  the skulls of six 
species in the genus Ambystoma. ive characters are analyzed 
in terms of the factors affecting kental mechanics. The sig- 
nificance of the genus and the irnporrance of a comparative skull study 
are also discussed. 

The entire genus numbers eleven species. The names of these, and 
their distribution, are listed below, after Stejneger and Barbour (1923). 

Distinct 
developrr 
. -L-- - - A 

rhere an 
naxillae : 
sphenoid: 
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Name r2an.m 
A. annuIatum Cope-Arkanaarr. 
A. cingulatum Cope-South Carolina to north; Florida and Alabama. 
A. decortlcstum C o p d o a a t d  region of ~outh; AIaska and British Columbia. 
A. jefi'eraan#anurn Green-Canada (to Hudson Bay) and New England, muth 

to Virginia, Illlnoia, and Arkansae. 
A. macrodactglurn Balrd-Northern CaIiIornia, to BrEtlah Columbia, Idaho, 

and Montana; probably t o  and in Iowa. 
A. maculatum Shaw-Nora Scotia west te Wiscondn, ~outbward to Georgia 

and Texas. 
A. microatomurn CopeSouth Carolina to Texas; north to Ohio, Illinois, and 

poseibl~ Canada. 
A. opacum Gravenhorst-Maasachumtts to Florida; west to Loud ana snd 

Texas, Misaisaippi basin north to Arkanw, %Its- 
souri, Indiana, and Illlnoia. 

A. parotlcnrn Bdrd-Northern Catifornla, to British Columbia, Vancouver 
Ieland. 

A, talpoideum Holbrook-South Atlantlc and Qnlf Ststea, LoeiElfana to 
IIIinofa. 

tigrinurn Green-Widely di~trlbuted over aImoat all United Statse, each Of 
the Cascade Range and Sierra Nevada, and extending 
ing ~~Utkward over the northern portlon of the Mexi- 
can plateau. 

Ambystoma texan~w,  formerly listed as a separate species, is now 
considered as identical with A. mic~ostomum. The names Siredon, 
Axolotl, S. pisciform's and 5. mexicamis are still used for denoting 
the persistant larval condition of A. b i q r i p t ~ n s .  
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The skull (fig. 1) presents a series of smooth, grace and 
curves which immediately suggest a symmetry of the whore. ~onsid- 
ering the varir :d elements, this symmetry is ma -ent 
than real. The iteral part of the sku11 describes a p; Pse, 
the anterior part VI wnlch is formed by the premaxillae (pml meering 
together in flre midline 2 dating with the maxillae ( ally 
and posteriorly. These xtend the arc to about ha tear 
dimension of the skull, 7 slightly longer than it is a 0% 
the mid-dorsal plane tl 'so send up large, blade-like 
frontal processes (fpm ;ely approximated anteriorly, 
but diverge slightly in 1 *ion. Laterally they overIap 
the nasals In), and posteriorly tne rrontals ( f ) .  It is a genera1 rule 
that the anterior bone overlaps the element posterior to it. ax- 
illae, near their junction with the premaxillae, send up a iag 
ramus [ar) which articulates-with the prefrontals (pf) Iatera~~y. rhe  
nasolacrirnal duct bears a reIation to it medially and postesiorIy (nld). 
The external nares (nc), oval in shape, are immediately back of the 
premaxillae and originaIly are covered by membrane and a nasaI roof 
cartilage. A small bon it, the septomaxillary Ism) is found 
in the nasal capsule nea nus of the maxilla. I t  is irregular in 
shape and bent upon itser~ rnea~ally, where it faces the naso-lacrimal 
dua .  A foramen is usually evident in the bone. Primarily it serves 
for the origin of the muscle dilator naris accessorins. In  the Urodela 
it is found to be an ossification of the cartilage in the posterior wall 
of the nasal cavity. Thc E Lepage (1928) indicates Ira1 
origin for the septum." considered the homology 3ne 
in anurans, urodelcs, ana sauropsida as settIed. 

TI (n) are ttes of bone, irregular in contour but 
apprax a wedge. one presents a straight margin toward 
the naz js of the prernax~lla; a slightly concave margin toward 
the external nares ; and a somewhat convex lateral border w CU- 

lates with the prefrontal and is extended posteriorly to art ith 
the  frontal. 
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It has aIready been indicated that the maxilla forms the lateral 
boundary of a parfiat ellipse, with the result that the posterior limit 
becomes far removed from any direct bony attachment with the skull. 
Its ramus describes an arc directed medialward and slightly posterirr 
and this is continued by the prefrontal in such a way that these bon 
diverge from one another, leaving an interspace in xvl~ich part of tl 
vomero-palatine is displayed beneath (v, pa). 

The prefrontals are large, irregular, six-sided bones. They a 
partiatly overlapped by the ascending tamus of the maxilla. The fr 
lateral margin contributes to the orbit in front, and medially as we , 
where it helps to form the brain case. Its posterior limit usualIy indi- 
cates the narrowest portion of the brain case. Medially the bone 
presents two sides, the anterior overlapped by the nasal, whereas the 
posterior overlaps the frontal. Anteriorly, a small, slightly conw 
margin borders the external nares. This wedge of bone was evident 
overlooked by Parker (1876) who speaks of an "articuIatioa of tl 
ramus of the maxilla with the nasal" at this exact point. The bone is 
extended under the rarnus of the maxilla for some little distance. 

The frontal ( f )  is an irregular, long, flat bone with five distinguish- 
able sides and pointed ar ior extremities. Anteriorly, 
the bone is overlapped e by the nasal .and frontal 
processes of the premas under these almost to the 
external nares. hledialiy, the articulation of the two frontals is ser- 
rated. Posteriorly the articular faces are found ventral on the bone 
because of the overlapping of the frontals on the panetals. Laterally, 
the bone is partially covered by the prefrontal. The frontal bones dip 
slightly toward the median suture, closely approximated except 
near the posterior end, where they narrow and irregular. One 
side extends to the mid-dorsal line, wnile the other runs forward and 
laterally to the posterior tip of the prefrontal, where it contributes 
slightly to the medial side of the skull. 

The parietal (p), although not as long as the frontal, is more 
broad and irregular, and were it not for a pointed process arising 
anteriorly and laterally, the shape tvould be roughly rectangular. The 
two bones form a gentle parietal crest along- the median line. Poster- 
iorly and laterally the bone displays more character because of its 
relation to the otic and occipital regions. Four borders can be dis- 
tinctly recognized. Medially and anteriorly respectively, the facets 
for the opposite parietal and frontal bones are found. Posteriorly, ti 
bone is modeled well over the endocranium, and correlated growth 
suggested here, as well as the presence of the anterior and posteri 
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semicircular canals. Here the hone presents an angle a: :nds 
posteriorly (ap), to end in a lobulated margin which overlaps rne fore 

ipital roof. 
jito-auditory regil :d (a). is a 
dootic (pr) which the exocc d is 

visiblt g as a protuberance near the parietal angle. Medial 
and p the articulation is with the parietal which partially over- 
laps il area. LateraIly and posteriorly it artic~tlates wit11 the 
squan he opisthotics and epiotics are ca-ossified with the ex- 
occipi all suti~ral Iandn ted. A mad 
tract r ge stin separates the occip lent. 
The orlc ~ a ~ ~ s u l e s  display c~ns idr rau~e  cnaracccr and suggesr me canals 
of the labyrinth, The capszrles are in part overlapped by the parietals 
and squamosals. The condyles are massive, with a convex posterior 
surface and sharp, lateral angle. The foramen magnum appears ctes- 
cent-s dorsal view (frn). 

7 nosat (s) is found posterig laterally ,kufl 
where ~t overlaps the otic capsule and arttculates wit11 the prootic. 
The t strong p I transversely ridged 
above ed in frf :hind. Dorsally it i s  
StnOOtri allti snpellorly a pronour~cea groove suggests mtlscle attach- 

a small, sharply pointed process imrnediatl rior 
taclrate (q) articulates with the distal ven ace. 

lone, and the pterygoid are partially visible in do'rsal 
C the bones an the dorsum of the skull of Ambystoma 

opacu aracterized by their smoothness. The contorrrs are ge~ltle 
and sweeping, and one gets the impression of a clean-cut skull. 
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The lateral, walls of the cranium immediately in front of the uLIL 

region are unossified for a distance bettv lxit of cl rves 
II and V (figs. 2, 3, 4). This portion i: E by metr An- 
terior to this, however, are found the oswnea, paired orbito-spnenoids, 
cover in^ a distance from the exit of the second nerve (which forms a 
partial foramen in the bone) to a short distance behind the internal 
nares or nostrils (in). Laterally, the bone is slightly convex, whereas 
the rn face is concave. It articulates above wit11 eta1 
and pl ; below with the parasphenoid and the vom ine. 

Tne proazic (pr) articulates above and below with the pterygoid. 

thk pari 
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In ventral view (fig. 2) the prernaxillae and maxillae display - 
concave surface which ends in a thickened margin for the close-s 
teeth (t). The teeth are conical and show a bulb-shaped enlargeme 
on the distal ends. Dorsally, the palatal portions of the bones are n 
well developed, and overlap the large vomero-palatines. This is true 
except in the median plane, where the removal of the internasal carti- 
lage (fs) from between the vomerGpalatines of the two sides exposes 
the frontal processes of the premaxiIlae. 

The large vornero-palatines (v) extend backward on tl m 
for about a third of its leneth and present a concave bodeL I I I = U I ~ S I Y .  

The teeth-bearing palatir ns (pa) extend laterally as point( 
processes. Anterior to t h  Lateral borders are notched to inclo 
the internal nostrils (in). I he deficient side of the foramen is in eac 
case filled in by a ligamt rm here the lateral borders are co 
tinued forward and o u b ;  e maxillae. Medially and posterior 
for about one fotrrth of tl of the bones, an interspace disclos 
the most anterior extension 'of the parasphenoid (e). The toot 
bearing portion discloses the suture of the bones of the two sides. P 
teeth point posteriorly and are ankylosed. The womero-palatines, 
the region of the mesial border of the suspended (free) portions I 

the bone, send oat a wedge-shaped slip which articulates with tl 
lateral border of the parasphenoid and above with the tubercle-lil 
anterior extremity of the orbito-sphenoid (seen to better advantage 
Fig. 8, PWI - 

The parasphenoid is a targe, unpaired, thick bone, forming pra 
tically the entire ventral floor of the cranium and extending from the 
level of the internal nares anteriorly to the foramen magnum (fm) 
posteriorly. Its six sides are fairly symmetrical. Xn the mid-line it 
displays a prominent ridge, on each side of which the bone is appreu- 
ably depressed. Anteriorly, the sides converge under the vomero- 
palatines to a brunt point. About one fifth of the parasphenoid is 
overlapped by the vomero-palatines, The anterior half articulates with 
the orbita-sphenoid dorsally. Posteriorly, the unossified basi-occipital 
and basi-sphenoid regions are covered and the lateral extensions of the 
bone come into relation with the buking, bony floor of the otic capsule. 
Here a slit-like indentatio ~bvious. It transmits a large 
branch of the seventh nr sally, it articulates with the 
prootic. 

As indicated, the primordial basi-cranial axis is covered by the 
parasphenoid. Laterally and posteriorly, however, the condyles of the 
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ex~cipitals  and the floor of the optic capsule (vestibule) are nt. 
The foramen for cranial nerve IX is lateral and anterior to the conayres. 
Because of the bulbus n the floor of the ear capsul m 
"bufla" is not inappropri e small stapes consists of ke 
piece of bone, the opercr th a short colurnella. Mc kly 
posterior and lateral, thi s stoppered with a partially ossified 
disc of cartilage. The  e le itself is directed backward, down- 
ward, and latcralward. 1 :s practicaIIy the entire posttro-lateral 
part of the vault from fne occlpttal condyles to the ventral pterygoid 
articulation. 

The pterygoid is roughly triangular in outline. Frt -a1 
view its surface is dominantly convex. The contours suggest smooth- 
flowing lines. The apex me is directed outward an d ;  
its base, backward and The posterior portion is he. 
The anterior, inferior pcr~ LILJI~ IS rounded and thick and tht: a~r~e~ror 
border considered entire, is rounded. The articuIations are as foIlows: 
anteriorly and rnedially with facets on the prootic; posteriorly and 
inferiorly, with the quadrate. 

The quadrate, which is dorsal to the pterygoid and intermediate 
between it and the squamosal, is for the most part ossified. The knobbed 
condyles are readily distinguishable. Posteriorly, the element shows 
a bulb-! nlargeme ns as an attachtr he 
hyoid, i ttralIy an tddle shaped artic or 
the articulare nr the low .. ,_. .L ne remainder of the bone rnlgnr be 
described as a spIint, in relation ventrally and laterally wit1 la- 
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- - -. -2 The mandible or lower jaw has three closely articulate I ~ S  

which are duplicated on each side. The dentaries meet in an a r ~ ~ c r l O t  

symphysis and form about two thirds of the arc of the jaws, and the 
angulare which is medially articulated to the dentary by a long, forward 
projecting process, incloses the partially calcified articulare. The den- 
tary be: beth, which are closely set and knobbed. Pi n- 
tions a ring splenial, but 1 have been unable to idt ch 
a bone : ~ecies. 

The Arficuiafion of the Lower Iazer wifh the Quadrat 

Two ligaments are associated with this joint, (I) a ligamenrous 
round band connecting the posterior tip of the maxilla with the anterior 
tip of the pterygoid, and (2) a ligament which hinds clown the proximal 



end of the ossified portion of the hyoid with the articular cartilage of the 
quadrate. This added articular cartilage is found posterior-superior 
to the quadrate condyle and extends somewhat laterally. Anteriorly, 
it borders the squamosal. It would seem that because of the attach- 
ment of the hyoid in this position, some support would be given the 
articulation of the lower jaw with the quadrate posterior and rnedially. 

The articular portion of the lower jaw is roughly cone-shaped 
(a broad cone with the apex above). The superior and anterior por- 
tions of this ascending rarntls of the lower jaw is in relation medially 
with the pterygoid, and anteriorly with a ligament which binds the 
anterior tip of the pterggoid and the posterior tip of the maxilla at 
this point. 

The posterior and inferior part of the tarnus is convex and is 
received into an intercondylar groove on the inferior surface of the 
quadrate condyle. 

The cartilage bones and dermal bones of the skull may be sum- 
marized as folle\vs : 

Chondral bones Dermal bones 
prootic parietal vamero-palatine 
iuaed epi-+tic, opi~thotic and ex- frontat pterygoid 

occipitals nasal premaxilla 
orbito-sphenofd pre-f rontal maxilla 
quadratepartly onsifled squamosal dentary 
articulare-partly ossified parasphenofd angulitrd 
stapes 
septo-maxillary, statua #till quea- 

The following consideration of cranial nerve exits is a summary 
of the findings of Gaupp, Coghill, Driiner, Herrick. and others. Some 
of these are specific as applied to the Ambystomidae ; others are general 
for the urodeles. One would naturally expect to find slight differences 
in the relative position of these foramina in the various species in 
the genus Ambystoma and in individuals of the same species. Many 
such instances are already recorded. The following is offered as a 
general treatment of the nerve exits in a type Ambystoma skull. 

I. The olfactory nerve perforates the cartilaginous trabeculae on 
each side. In some urodeles (according to Gaupp) the nerve is incased 
in the frontal bone. 

IT. The optic nerve . . . . has its foramen in the IateraI wall 
of the cranial vault in relation with the posterior border of the orbito- 
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3 - L '  sphenoid. In fact, in most specits srualeu, a parmi rorarnen is rot 
I the bone itself (see ventral view of the skulls). 
I. The oculo-motor nerve leaves the lateral wall I 

vra me membrane connecting the orbito-sphenoid to the proom. ~t 

lies posterior to the optic foramen aAd usually at the same level. 
IV. The trochlear nerve exit is found high up in the lateral 

wall in relation to the optic and oculomotor foramina which are ventral 
to it. There are evidendy two possibilities-one may be an exit 0x1 
do~sal-posterior part of the parietal bone itself, as in Alrrhysto 
dmw;w4, m, or it may take its exit through the suture between the ~arikcat 
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[I. The relations of the exit of the facial nerve ir iae 
t i g r i~u~n  may be considered as fairly typical. In th; ; it 

.--. ,.. the sku11 by a separate foramen which is found on the houndry 
af the ~ t e  neat the ear capsule, and just posterior us- 
pensorj 

. ,..z acoustic nerve passes through the media, ,,,, .,all. 
IX. ; X. The glossophayg I vagtls nerves hl h e  

cranium by way of the jugular f which is found a nd 
lateral to the occipital condyles. 
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I> straight and practically parallel, whereas in A. tabp&mm the dorr- 
lateral margins are irregular. Ambysfoma apmcum (figs. 1, 2) repi 
sents an intermediate type of skull, its concave lateral margins effecti 
a gradual expansion of the cranium in front and behind. The sk 
of A. maculafwtdm is simi , whereas A. mocxodactylz 
closely approximates the A .  ~crcstomwna. The sku 
of A, Qdnwrn and A. tmpotaswpm represent departures which are ev 
distinctive for the brain rase, the lateral contour in the farmer a 
the extreme width in the latter being sufficient to isolate them frr: 
other species. 

The anterior arc formed by the premaxillae and maxillae seems 
in the separate species, being circular in A. tigritsuns and ell 

tical in A. opmum. The arcs in A. talp&dewna and A. microstomum : 
more angular, and in thr ~ t e d  fore-part of the shlE 
evident. Since this arc TI mrt, the mandible below, a 
possibly other mechank ested by the suspensoriu 
measurement of any phase of this arc might prove useful. Lines CQI 

be drawn from the symphysis of the premaxillae to the posterior tip 
file maxillae and along the mid-dorsal Iine, respectively. The an! 
between the two would be a measure of the trend of the maxi! 
posteriorly. Another no feature of this anterior arc is that 
extends posteriorly for I istances in the separate species. T 
extension differs from lesg rrlan me-half to almost two-thirds the lintdl 
dimension of the skull. 

A reference to fhe ventral views of tfie skulls shows that the. 
varnero-palatines are deficient in bone near the mid-line, and display 
medial borders which are variable for the species. These outline a 
fossa (fs) (when the internasal cartilage has been removed) which 
is distinctive in each caF* 

The internal nares, partial foramina in the vomero-pala- 
tines, vary in completenc hape. 

Perhaps the last of the very obvious features of the skulls is the 
relative extent of the bones comprising- the roof of the cranid vault. 
The frontal processes of the prernaxillae, the prefrontals, and the 
fsontaIs figure most strongly here. Certainly their relation to land- 
marks such as the ptootics, anterior tips of the pterygoid 
limits of the maxillae, etc., change in the different species. 
of variation of this character in individuals of the same sge 
been determined. For another comparison, their extent could he 
referred directly to the linear dimension of the skull in each case. 
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The Ambystoma talpaidentm distinctil 
of its broad brain case but aIso Lecanse this hroaunrss i s  IenecLcu 

the wide character of the separate bone pairs which all contribute 
the general effect of massiveness. Bony markings are accentuated, 

Atthough A. opacqrm and A. ~acfdabebm resemble each other in 
ase outline (of the intermediate type) and by a general smooth- 
borders and surfaces, a more minute study yieIds severaI differ- 

-..,,,. The A. op~cfsvn skull is more flattened anteriorly from above 
downw this spec prefrontal is six- i s  
practjc; ed in A. tm. The transves rer 
of the c ~ i i ~ r l a ~  v a u u  13 appreciably KrraLcr zn the latter species (relatively 
speaking} and the pterygoid bone presents a more straight mesial 
border, in contrast to the convexity found in A. o p w i ~ m .  Especiallv 
because of the differences noted above, a space bounded anterior-iv and 

y by the 7 by the prefrontal and p 
3rly by t rterygoid, is changed in c 
s a key 1 differences which are at 
! in a comparison of very similar skulls such as the 2 

~hanges radically when species such as A. opncq+ 
w are compared, 

Mention has been made of the fact that A. microsfom A. 
~lsacrodactylttmt possess the elongate t-vpe of brain case, shcr ro- 
portionately smaller transverse diameter. Segregation de\ a 
uoAan r 

- .  
characte of whicl determined 
Ire adeq~ kuIls has udied. The 
he pariel 3 occipit( y re$on is 

uulcrens m me two species. In A. ~ Z C ~ O S T O ~ W W I ,  the wne mare closely 
approximates the squamosal and the prootic, vrl~ereas in A. mncro- 
dacfj'lum no portion of the bone is contiguous with the squamosal, and 
the pzootics are much more visible dorsally. A definite parietal angle 
is evident only in A. microsfon genera[, there sf be 
greater conformity of the pariet barasphenoid bonf -he 
occinito-auditory mass in A. mictusrumn~.  There seems to ae a more 

d inclination of tl ~sorium in A.  macrodactyl 
mbystom~aa tigra'sun irectly comparable to any ( ;er 

- ~cies. This is not uwc pl~rrtarilv to the size of the skurl, our ro a . 
variety rences which not rolve many particular bones, 
but alsl ontours as well. ' apparent differences are : 

1. .., ,,most circular arc led by the prernaxillae and 
maxillae. 
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2. The straight lateral border of the prefrond, and the sharp 
angle it effects with the parietal. (In some species the relation posteri- 
orly is with the frontal.) 

3. A distinctive, hook-shaped process on the pterygoid. 
4. A foramen dorsally on the parietal, for the exit of nerve IV. 
5. The very triangular dorsal contour of the foramen magnum. 
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This species has such a wide distribution that possibly the descrip- 
tion here covers a geographical type only. A. tigrimesna, also represents 
a dimorphic species, and this further complicates a study of its morph- 

>espite all this, it is comparatively easy to segregate t :S 

t others in the genus because of the variety of diffe te 

PKUU ursplays. It is expected that those which involve glu3~- 3n~11 
contours wiIl be fairly constant in the separate individuals. 

Name 

.......................... Ambystoma opacum 
Ambystoma tlgrinum ......................... 

.................... Ambyatoma rnicroetomum 
...................... Ambystoma talpoldeum 

Ambpatoma maculaturn ...................... 
.................. Amby~toma, macrodactylurn 

Greatest 
length 
of aka11 

MdlNmete~8 
11 
17 

8 
10% 
13 
9% 

les a car 

Smallest 
tranavera9 
diameter of 
brain case 
MilIfmet~rs 

8% 
6% 
3 
4 

4% 
3 

The adult cranium in amphibia, as in all higher vertebrates, is 
acquired by the addition of cartilage and dermal bones. The former 
(Wilder, 1423) "appear as centers of ossification within the cartilage 
of the primordiaI cranium itself, developing at those spots where either 
the strain of some other movable joint or that of some other mechanical 
force causes stress. Examples of these are the quadrate-articulare 
and skull-vertebral column articulations. In other words, their origin 
seems to be due to physiological reasons. Sometin tilage be] 
serves to protect particularly delicate parts, as the 1 vhich he1 
to form a cap about the otic capsule, and the orbito-spnenoid, whil 
protects the exit of the optic nerve from the cranium.'Yhe dermal 
 kin) bones have no close relation to the primordid cranium but are 
closely applied, especially posteriorly, where the parietals and para- 
sphenoid are seen to take the shape of the otic region, Because f 
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that it I 
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brain is contiguous with the vault here, one can conclude 
tially ordered the shape of the brain case in this region. 

Perhaps the greatest single factor tending to modify me s~u l I  in 
all phases of development, is the musculature. Its coincident develop- 
ment with hone, and the formation of joints which permit the move- 
mnntc effected by it, suggest stresses which operate in the formation 

skull. Miner (1929) poin at "we kl 1 the physio- 
I processes involved in boric on that tl rate skeleton 

IS oeposited in the interstices oZ me connective tlssue nerwork which 
also incloses the contr; s obvious that these skeletal 
deposits cannot exist n interfere with muscle action, 
and conversely they W ~ U I U  KLUZ 111 111vst highly developed condition 

they would assist and stn ,hat action. TJie areas of lost 
1 between opposing rnuscl~ would best answer that pus- 
and it is in such intemuscular, fibrous regions of connective 

tissue fundamr y or cartilaginou! 1 is 
found. Ference tr rates that the rnor dif- 
ferenc trnd in the ~ I I I C ~ I U  sterior regions, ana rnat rnese 
are most directly involved in muscle and joint mechanics. 

Another apparent feature of these skulls is the varyir e in 
which the hones approximate each other. This applies to pa!tc(i [>ones 

ns. The with each era1 
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und in tr~e ~ong~r~ ia i r ta~  plane, tvl>ereas me Transverse 

plane terized by two fu ~uditory-c and 
the vo atine. It is to be the first the 
~ k u l l  t ify are the occipit . This li wth 
would favor f t  - d i ~ = ,  ~ > ~ e c i a l l ?  anteriorly and 
posteriorly, wh relopmental mechanics is most 
felt. The dorsal-postel f the vomero-palatine favors 
its fusion. This inclinanon vanes In tne separate species ant\ might 
be a factor in explainir ternaI n: tlte 
space a~rtlined by the r 3. T h e  ( of 
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The skeleton in general must reflect the degree of physiologic 
adivity of a series of body systems and in particular the muscular. 
The impresses of these systems also suggest the sequence of their 
development. These stresses, furth attained their stattrs through 
definitely external stimuli, i. e., ail heat, moisture, cold, topog- 
raphy, local habitat, etc. The status or a particular system might be 

ed as the end result of ch instituted by genes 
in themselves be affected sl chemical react ions. 
ties between skulls such a ~.odacfylum and A. 

rnic~osfomeant, and lhat of A. opacam and A. maczalofwsn cannot be 
explained on the basis of geographical distribution. In the case of 
A. tighn~c~n, which is essentially dimorphic, and is distributed over 
almost all United States and the northern poftion of the Mexican 
plateau, it is more reasonable to to find geographical types. 
The fact that in some localities th form is retained throughout 
life (Axolotl) points toward metamorpnosis as a big causal factor in 
variations within this species. 

In  a comparative study of species in the genus, apparent differ- 
ences involving A. tigrinurn must be considered with caution. Specific 

:rs ancl e ric cham rary in this species. 
887) ex1 ~dividual basis of "variations 

In rime and degree or mctamorphosla, resuumg HI the partial retention 
of some larval characters." He rather considered metamorphosis as 
instituted and conttolled at will by external factors, such as tempera- 
ture, etc., with the resuIt that he stressed geographical types to the 
extreme. Powers, in an e :aling with variations and its 
causes in this species, e: of Cope's most important 
geographical types were cullecreu wlu ln  a radius of six miles! This 
point is raised to  emphasize the very plastic nature of A. tigrl'wtrw. 
Extensive experimental evidence produced by Powers ( 1907) shows 
that "the variations of A. tiginzcl+z are primarily acquired variations 
of the larvae, that is, the direct or environment during 
the larval lifetime. Some of the :he order of impor- 
tance are (I} nutrition, ( 2 )  ftln use and disuse in 
varying degrees effecting changes." Powers concludes that "specil 
characters, in species ~v l~ ich  vary as Ambysboma tigrilzlwz varies, a 
after all, strongly determined by environmental conditions. Congenit 
tendencies in such species are not definitely specific hut only indefinite 
specific." It was pointed oztt earlier that in this species they are n 
always definitely generic. 
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The problem in the genus ?ma seems to be and 
properly classify ontogenetic for as result from thf necm 
species and to consider the p1ry~ogeneJc significance of Lrle u~~lers .  
Most of the variations pointed out by Powers are external and involve 
skin folds, muscle masses, fatty depositions, size of glands, etc., all of 
which are readily changed by such a factor as nutrition. Too little 
stress has been laid an this gen par- 
ticularly in this species 

Anzbystt 
ms such 
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ative ostt tm, and 

;kill1 of s 
, relation: 

- .  

. The exact structure of the : :rs is beir nore 
and more to demonstrate genetic mever, I 
points out that "fusion and losse 

Q-I) 
ccurred independently 

. in many different genera and th, s indicative of genetic 
relations." This fact was pari ed by other workers 
such as Cope, Fowler and Dunn uestaon of whether a hone has 
fused with another or dropped ves the problem ( O D -  

It is stated on good authority I I in the single on lata, 
the cmnial elements cannot be b u l l I ~ ~ u g ~ z e d  with certaint?. as uurltacts 
do not always determine homology. According to Noble (1921) "we 
cannot be certain of the homology of the anterior cranial elements of 
Rhyacotriton until the shtll structure of the different short-toed species 
grouped under the genus Amb ave been investig fter 
the crania of the species in the genera of urodelc ~ e e n  
worked out, we will be in a Dos~rlvn ru compare the cranla 01 closely 
related forms." 

I t  is true that the species deterrnina4 less 
effective as a result of I C ~ C I I L  ~ U Y  I I I L C ~  111 the fields of planr drlu dlrima1 
cytology, physiology, and other correlated fieIds. This indefiniteness 
regarding the question of what constitutes a species is a good sign, as 
it i s  indicative of a more carefuI survey by scientists, of the inter- 
relatic ody systems and erdependence of ious 
brancl )logy. Skeletal st helpful because t n is 
especi :ptibIe to the imp1 e other parts of thc ulganism, 
especially the muscular, and this impress is open to direct ,ion. 
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EXBLANATION OF FIGURES 

1. Skull of Ambgstoma opamm, dorsal view, x8. 
2. Skill1 o l  dmbyatoma opacnm, ventral view, x8. 
3. Skull of Amb~stoma t#grdnt&m, dorsal view, x4. 
4. Slrnll of Ambystoma tig?%nzLm, Ventral view, x4. 
5. Lateral view of lower jaw of Amhpstoma ttgl-in?c?n, semidiagrammatlc, x8. 
6, The ~eptomaxiltarg of A. tdflfiwm, d0r881 view, ~ 8 .  

a. Pulsed and~toty-ocdpltal region 
an ~ n m l a r e  
ap;  angle of pnrletal 
nr, nsrn.nr3itng ramna of martna 
at, nrticulnre 
b, hulln of nudltorg capanle 
c, colurnelln of atape0 
cp, rnrtilndnona plug 
e. extenalnn or ~ n r ~ ~ u h e n o l d  under wmera . . 

pnlntlne 
t frontnl Imne A, fornmcn magnum 
fpln Irontnl proceaa of premaxlIla 
fx,  h n a a  Indicntlng farmer poaltlon 

tewmenl cartilage 
In. internnl nnrP6 

D, nnsnl 
nc, l~nsnl cavaity 
nld, allpaAIdal canrare of nrtao-lncrimnl 

111irt 111 ~rrfrontnl  bone 
o, operculm '[of strrp~sl 
m? ocrlpittrl P O ~ ~ Y ~ P S  
OR: orlbtto-~fhennfrl 

p, pnrictnI 
pa, palatine portion of vomero-palatlne 
nP. a r r f r o n t ~ l  
hm. -nrernnsilln 
pr,'$motic 
ps, pnrssphenold 
r,va. ~ o s l c r i o r  procms of vomcro-mlatlne 
;I, i n i ~ l r n t ~  
I!<*. (111 ' # I <  . t- r )1><1~El,s 
a squnmosnl 
sm, sq>tornadlIm 
sg, ~ n l p h y s i a  of premaxillne 
t teeth 
<, vomern-pnlatlne (fused vomer and pnla- 

tllrr lwnrnl 
IT .exit of optlc nerve 
T T ~ ,  p ~ l t  ~i urnlo-motor nerve 
TV, c ~ l t  n t  trochlf-nr nerve 
8, tlrt: dotted l ine  Inrlicrrtes nn antererlor 

nnrl mealnl position or the e d t  of the 
trlwmlnnl nervp 

VfI, pnrtinl ~ x i t  of ftldal nerve. 
IS, S, rslt of thc gloesophntgngeul and 

mgns nprvea 
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9, Ambg roetomum, dorsal view, XU. 
10. Amby mstomam, ventral view, x8. 

(Le~end IE $Iven on preceding page.) 
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