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ABSTRACT
New taxa of amphibian .Subclass Lepospondyli have
been discovered in the Black Prince Limestone of the northern
Swisshelm Mountains, Cochise County, Arizona.

The age of

the fauna is Late Morrowan or Early Atokan (Early-Early Middle
Pennsylvanian).

The Swisshelm Mountain Site is the earliest

North American lepospondyl amphibian site.

It contains the

first Paleozoic lepospondyl amphibians discovered in Arizona.
The following taxa have been identified.
Aistopoda:

Order

Ophideroeton swisshelmensis n. sp., ?Ophiderpeton

sp., Phlegethontia cf. longissima. ?Phlegethontia phanerhapha
n. sp.; Order Microsauria:

Elfridia bulbidens n. gen. and

n, sp., ?Cardiocephalus sp.; Order Nectridea:

Ctenerpeton

olisthmonaias n. sp., Arizonerpeton wellsi n. gen. and n. sp.
Larger tetrapods and fish are also present in the fauna.

None

of the fossil material is articulate.
Doubly articulated rib-bearers and weakly-developed
spinal nerve foramina on Onhideroeton swisshelmensis are
evidence that it is more primitive than Phlegethontia cf.
longissima vertebrae from the Swisshelm Mountain fauna.
single rib-bearer articulation of derived aistopods is a
tuberculum-transverse process, rather than a capitulumparapophysis, as evidenced by 0. swisshelmensis vertebrae
ix

The

whose double rib-bearer articulation conforms to normal
tetrapod configuration.

The presence of hypoglossal foramina

and well-developed exoccipitals in an early phlegethontiid
braincase reduces the phylogenetic distance of the Order
Aistopoda from the Order Microsauria.

INTRODUCTION
Vertebrate fossils were discovered in a Lower
Pennsylvanian oncolitic limestone in the Swisshelra Moun
tains of southeastern Arizona in 1971 by Dietmar Schumacher
of The University of Arizona.

The discovery marked the

first record of vertebrate fossils from that vicinity.
The oncolitic limestone contained skeletal elements of
fish and labyrinthodont amphibians.

More significantly,

I recognized numerous well-preserved bones of Paleozoic
lepospondyl amphibians upon dissolving the limestone in
acetic acid.

These constitute the first record of Paleozoic

lepospondyl amphibians from Arizona,

The Swisshelm Mountain

Site is the earliest North American lepospondyl amphibian
site.
The fauna occurs in the Black Prince Limestone,
named by Gilluly, Cooper, and Williams (195*0 for a sequence
of red clastic deposits and light gray limestone that forms
a low ridge between the underlying cliff-forming Escabrosa
Limestone and the more resistant ridges of the overlying
Horquilla Limestone.

The age of the Black Prince Limestone

is Early Pennsylvanian (Morrowan and Earliest Derryan),
based on the occurrence in the formation of five Morrowan
coral genera and the fusulinid Millerella. and on the
1

occurrence of Derryan fusulinids at the base of the overlying
Horquilla Limestone (Nations, 1961, and Ross, 1973t see
also Nations, 1 9 6 3 , Ross and Sabins, 1 9 6 5 , and Ross and
Tyrrell, 1 9 6 5 ).
Swisshelm Mountain amphibian remains include more
than one hundred vertebrae and fifty jaws with teeth, as
well as numerous other cranial and post-cranial elements.
Eight lepospondyl amphibian taxa are recognized from the
Swisshelm Mountain fauna, including two new genera and
five new species.

Because the amphibian fauna is so diverse,

and because it consists of isolated, disarticulated elements,
specific identification of the elements is tentative.

METHODS
Blocks of limestone and silty limestone were
digested in a 15 percent solution of acetic acid.

The

insoluble residue was washed through a 28-mesh screen to
remove fine material.

After drying, the coarse fraction

was examined for fossils under the binocular microscope.
Most of the fossil specimens were then mounted on corks
with pins using Glyptal.

Fragile specimens were impreg

nated with thinned Glyptal before mounting.
Rock samples were collected from each unit included
in the stratigraphic section (see Appendix).
slabbed and polished.

These were

Acetate peels were made of the pre

pared surfaces, using alizarin red staining solution to
differentiate calcite from dolomite.

The peels were examined

under magnification for fossil fragments, grain size,
lithology, and microstructures.

Carbonate terminology used

in the lithogic descriptions is after Folk (1959).
A Brunton compass and Jacobs staff were used to
measure the stratigraphic section.

Mapping was done with

Brunton compass and steel tape on a 50-foot grid system.
Illustrations of fossils were prepared by the author
using a binocular microscope with a camera lucida attachment.
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ABBREVIATIONS AND SYMBOLS
AMNH

American Museum of Natural History

MCZ

Museum of Comparative Zoology, Harvard

UALP

University of Arizona Laboratory of Paleontology

UCMP

University of California Museum of Paleontology

*

Broken in dimension concerned

X

Mean

N

Number

'O.R.
C^

Observed

range

Length of centrum on ventral midline

Cw

Width of centrum across posterior face

V.

Height of vertebra from ventral points of centrum
to top of neural spine

NSh

Height, of neural spine above level of zygapophyses

Trw

Width between tips of transverse processes

HSd

Distancefrom posteroventral
ventral edge of haemal arch

edge of centrum to

All measurements are given in millimeters.

Tables

of vertebral dimensions present measurements of the parameters
established by Beerbower (1 9 6 3 ).

Limb bones are measured

as in Gregory, Peabody, and Price (1956).
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LOCATION AND DESCRIPTION
The Swigshe1m Mountain Site is located at an
elevation of 5200 feet on a southwest-facing ridge of the
northern Swisshelm Mountains, SE^SW^ sec. 35» T.19S., R.27E.,
Swisshelm Mountain Quadrangle, 1958, Cochise County,
Arizona, near the southern boundary of the section.

Access

to the site is by turning east off US 666 onto the Rucker
Canyon Road (unpaved), just north of Elfrida, Arizona.
Exactly 2.2 miles from US 666, the road forks.
right-hand fork 0.8 miles to a subdivision road.

Take the
Figure 1

shows the route over the remaining 4- miles to the parking
area.

The site is approximately 0.5 miles east of the

parking area.

The best approach is via the large fault-line

arroyo that breaks the Escabrosa Limestone cliffs, heading
toward the jeep trail visible near the top of the ridge.
Limits of the site are marked with rock cairns.
The productive rock unit is a poorly exposed lens
of light-gray limestone measuring a maximum of three feet
thick and less than 200 feet wide.
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Geographic location of the Swisshelm Mountain fossil locality.

Ox

GEOLOGY AND STRATIGRAPHY
The lowest Pennsylvanian strata of the Swisshelm
Mountains were mapped as Horquilla Limestone by Gilluly at al.
(195*0.

More recently, Ross (1973) included the northern

Swisshelm Mountains between the 100- and 200-foot thickness
intervals of the isopach map of basal Pennsylvanian Black
Prince Limestone.

In the area of the Swisshelm Mountain Site

I assign the lower 31 feet of Pennsylvanian rocks to the upper
member of the Black Prince Limestone (see Figs. 2 and 3).
The upper member of the Black Prince was described
by Ross (1973) as "light-gray limestone having calcarenitic
beds, rich in echinodermal fragments and algal biscuits
(principally Osagia). micritic limestone beds with many
algal nodules and brecciated algal-mat bedding surfaces, and
a few conglomerates with intraformational and interformational
limestone pebbles".

That description applies accurately to

the beds of the Swisshelm Mountain Site.

These are medium

to light gray, silty, micritic limestones containing pellets,
algal oncolites and pisolites, and brecciated algal mat.
The basal unit is a limestone pebble to cobble conglomerate
containing bone fragments.

The "amphibian bed", located

from 1 to 4 feet below the top of the Black Prince, is a
light yellow-gray, silty intrabiomicrudite.

7

The lower contact of the Black Prince Limestone
in the study area is an erosional unconformity of low relief
on the upper surface of the Mississippian Escabrosa Lime
stone.

I place the upper contact of the Black Prince below

the basal shale (?) unit of the Horquilla Limestone, follow
ing the suggestion of Nations (1 9 6 1 ).
The local Black Prince Limestone outcrop is easily
distinguished from the underlying, massive, light-gray
cliffs of the Escabrosa Limestone.

The Black Prince exposure

also differs from the overlying Horquilla Limestone, whose
lower 125 feet consist of very resistant 2- to 6-foot thick
ledges of fine-grained, medium gray limestones interbedded
with equivalent thicknesses of weak, deeply weathered
sediments presumed to be shale.

This Horquilla outcrop

is similar to the lower 125 feet of Horquilla Limestone
as described by Ross (1973) in its type section:

2- to

8-foot thick ledges of fine-grained, silty and shaly,
medium-gray limestone interbedded with approximately equiv
alent thicknesses of medium-gray shale, red and yellow
siltstone, and thin sandstone beds.

Figure 2.

Outcrop map of Swisshelm Mountain Fossil Locality
EXPLANATION
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AGE
The earliest occurrence of the fusulinid genus
Profusulinella coincides with the initiation of the Derryan
series and of the Westphalian stage of Europe (Ross, 1973).
Profusulinella was identified by Donald L. Bryant (personal
communication, 1973) in the Swisshelm Mountain section in
the lowest beds of the Horquilla Limestone, 12 feet above
the top of the Black Prince "amphibian bed".

The absence

of Profusulinella in the "amphibian bed" and below it
constitutes negative evidence for dating that bed, so it
is of little value.

However, Profusulinella unassociated

with other Derryan fusulinids such as Fusulinella is evidence
that the beds above the "amphibian bed" are not later than
mid-Derryan.
The following conodont assemblage was collected
from the "amphibian bed" and the underlying Pennsylvanian
beds;

Adetognathus lautus. A. gigantus. Idiognathodus humerus.

I. delicatus. and Spathognathodus cf. S. coloradoensis
(D. Schumacher, personal communication, 1973).

All those

species except the latter are found in both Morrowan and
Derryan rocks (Lane, Merrill, Straka, and Webster, 1971).
This assemblage indicates an age range of mid-Morrowan to
mid-Derryan.
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Nations (1963) correlates the lower third of the
Black Prince Limestone with the Morrowan part of the Marble
Falls Limestone of Central Texas.

Lepospondyl amphibians

have not been found that low in the stratigraphic section
of Texas.

Pantylus and ?Pariotichus. the earliest Texas

lepospondyls, were found in the Late Wolfcampian (Early
Permian) Putnam Formation of North Texas (Gregory et al..
1956).
The Black Prince Limestone of southeastern Arizona
is of Morrowan and Earliest Derryan (=Atokan) age according
to Nations (1961) and Ross (1973, Fig. 1).

The strata of

the Swisshelm Mountain Site correlate with the upper member
of the Black Prince.

Since the "amphibian bed" lies near

the top of the local section, its age is close to the Morrowan
Derryan boundary.

The only other North American lepospondyl

amphibian fauna as early as Derryan (=Atokan) age is that
of Joggins, Nova Scotia (Joggins Formation), dated West
phalian A (Carroll, 1 9 6 6 ).

FAUNA
Class Amphibia
Subclass Lepospondyli
Order Aistopoda
Family Ophiderpetontidae
Ophiderpeton swisshelmensis n. sp.
?Ophiderpeton sp.
Family Phlegethontiidae
Phlegethontia of. longissima
?Phlegethontia phanerhapha n. sp.
Order Microsauria
Family Gymnarthridae
Elfridia bulbidens n. gen. and n. sp.
?Cardiocephalus sp.
Order Nectridea
Family Urocordylidae
Ctenerpeton olisthmonaias n. sp.
Family incertae sedis
Arizonerpeton wellsi n. gen. and n, sp.
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SYSTEMATIC DESCRIPTIONS
Class
Linnaeus, 1758
Subclass Leuosnondyli Zittel, 1895
Order Aistonoda Miall. 1875
Family Ophidernetontidae Schwartz, 1908
Genus Qphiderpeton Huxley, 1866
Ophiderpeton swisshelmensis n. sp.
Table 1, Figures 4- and 5.
Holotype:

UALP 51&7, a vertebra lacking the left

rib-bearers and the right posterior neural arch and centrum.
Hypodigmt

UALP 4958, 4 9 6 3 , 5149, 51*64, 5168, 5175,

5 2 0 2 , 5 2 0 8 , 5 6 9 2 , 5864, 6 0 3 6 , 6057, 6 0 5 8 , 6222-disarticulated

vertebrae.

UALP 6023-seven proximal parts of ribs.

Type locality:
Arizona.

Swisshelm Mountains, Cochise Co.,

UALP locality number 7205.
Horizon and Age>

Black Prince Limestone, 30 feet

above unconformable contact with underlying Mississippian
Escabrosa Limestone.

Late Morrowan or Early Derryan (=Atokan),

Early-Early Middle Pennsylvanian.
Diagnosis:

Aistopods having vertebrae with a low

neural spine or none at all, and with doubly articulated
rib-bearers, of which the anterior articulation (parapophysis)
arises from the centrum and the posterior (transverse process)
from the neural arch pedicel.

A thin shelf of bone connects

the two articulatory processes.
14
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Description of dorsal vertebrae:

Vertebral centra

are amphicoelous, narrow-waisted, and smooth-surfaced.
Their anterior and posterior rims are thin, flared, and
unadorned.

The ventral surface is constricted to a narrow

medial ridge.

There are no hypapophyseal processes.

The

notochordal tube is medially constricted but continuous.
The neural arch is missing from most specimens.
is delicate and smooth-surfaced.

It

The pedicels arise imme-

!

diately above the horizontal bisecting plane of the centrum.
They project radially from the centrum and curve abruptly
upward around the neural canal.

There is a notch on the

caudal margin of the arch pedicel which appears to be
foraminal.

The roof of the neural arch contains a notch

between the postzygapophyses.
The prezygapophyses are plications of the neural
arch, from which they flare outward smoothly.

They are

horizontal or tilted slightly medially.
The neural canal is smaller in diameter than the
mouth of the notochordal canal.

Its floor is arched upward

by the ends of the flared centrum.

The plicated zygapophyses

are interiorly expressed as hollow folds in the canal.

Two

ventrolateral foramina near the center of the canal open
from the base of the pedicels into the hollow rib-bearers.
The rib-bearers project from the anterior half of
the centrum at right angles to its longitudinal axis; they
are directed somewhat ventrally.

They are doubly articulated

and have concave articulatory surfaces.

The articulations

are interconnected by a thin shelf of bone.

The posterior

articulation arises from the neural arch pedicel; the
anterior arises from the centrum.
and longer than the anterior.
opens into the neural canal.

The posterior is larger

The posterior articulation
In some vertebrae, a buttress

of the posterior articulation overlies the shelf connecting
the two articulations, forming a deep hollow that does
not contain a foramen.
The neural spines do not extend the entire length
of the neural arch.
spine.

Some vertebrae have no trace of a

Others have a low medial ridge which fades into

the top of the arch anteriorly and posteriorly.
Description of ribs:

Ribs tentatively assigned to

Ophiderpeton swisshelmensis are relatively stout, hollow,
and strongly curved proximally.

Their lengths are unknown.

There are four processes on the ribs, three occurring ap
proximately in the plane defined by the curve of the shaft,
the other projecting from the shaft perpendicular to that
plane.

All the processes except a posteromedial tubercle

are hollow.

The tuberculum, averaging 0.3 mm in length, is

a smooth continuation of the curve of the shaft.

The capit<

ulum , averaging 0.5 mm long, curves anteriorly from the
tuberculum forming a tight S-curve with the anterior end
of the shaft.

Both capitulum and tuberculum are circular

17
in cross-section.

A prominent distally-directed dorsal (?)

process projects from the shaft at a point approximately
0.5 mm from the capitulum-tuberculum junction.

It is a

hollow facet projecting not over 0,2 mm from the rib surface.•
The base of this process is ovoid, measuring about 0.1 X 0.5 mm.
A low tubercle less than 0.1 mm high is located posteromedially at the point where the shaft begins to curve around
to the head.
Discussiont

Inclusion of Ophiderueton swisshelmensis

vertebrae in the Order Aistopoda is based on holospondylous,
hourglass-shaped centra; broad centrum-based rib-bearers;
low or absent neural spines; and possible intravertebral
nerve foramina.

The vertebrae are classed with the Ophider-

petontidae because of their very wide rib-bearers and
relatively undeveloped spinal nerve foramina.

In these

characters they compare closely with illustrations of
Ophiderpeton vertebrae in Moodie (1916).

The rib-bearers

resemble ophiderpetontids figured by Romer (1 9 3 0 ) and
Vaughn (1 9 6 9 ).

Unfortunately, no ophiderpetontid osteoderms

were discovered in the fauna,
0. swisshelmensis vertebrae differ from those of
the only other aistopod family, Phlegethontiidae, in having
lower neural spines that extend less than the entire length
of the neural arch; small or non-existent intravertebral
nerve foramina; wider, doubly articulated rib-bearers; the
ventral surface of the transverse process not in the same
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plane with the lower surface of the shelf connecting the
two articulations (the shelf itself is not planar)i a
neural arch not extending the entire length of the vertebra,
nor completely enclosing the neural canal; and dorsal
rib-bearers that never project strongly anteriorly.

0.

swisshe linens is is similar to Coloraderpeton

brilli Vaughn (1 9 6 9 ).

Both have doubly articulated rib-

bearers in which the posterior articulation is larger and
dorsal to the anterior.

The diagnostic difference is the

tall neural spine of C. brilli.

Another difference is that

rib articulations of C,. brilli are condylar and have a single
costal process; those of 0 . swisshelmensis are hollow, have
two costal processes, and may have had a cartilage extension
(see Gregory, 1948, for a discussion of phlegethontiid
cartilage rib extensions).

The spinal nerve foramen of

C. brilli occupies a more anterior position than that of
0 . swisshelmensis , in which the nerve opening is on the pos

terior margin of the neural arch pedicel.

These differences

clearly distinguish 0. swisshelmensis from C. brilli. and
other characters do not deviate sufficiently from Ophiderpeton
to warrant the addition of a third genus to the Family
Ophiderpetontidae.
Aistopod ribs have been described as tetraradiate
and K-shaped (Baird, 1964).

Those illustrated by McGinnis

(I9 6 7 ) are not always tetraradiate and never K-shaped.

The
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lower arm of the "K", the posteromedial process, is often
small or lacking.

On Coloradepeton it is a small tubercle.

The foregoing serves to illustrate the degree of variation
in aistopod ribs.
0. swisshelmensis ribs are tentatively referred
to the Order Aistopoda on the basis of accessory processes
in addition to the capitulum and tuberculum.

They have a

posteromedial tubercle, smaller than that of C. brilli. which
may be the posteromedial process of previously described
aistopods.

The ribs are assigned to 0. swisshelmensis on

the basis of size correlation with the vertebrae and because
they are the only double-headed ribs in the fauna.
0. swisshelmensis could be expected to show primitive
structural characters, since it is the earliest recorded
aistopod except for an undescribed Mississippian specimen
(Baird, 1964).

Primitive structural characters held by

0. swisshelmensis include an early stage in the anteriorad
migration of the spinal nerve exit, ribs whose posteromedial
processes are small tubercles, and doubly-articulated ribbearers.

The latter two features are similar to those of

Coloraderpeton. a genus considered primitive by its author,
Vaughn (1 9 6 9 ).

.
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Table 1.

Vertebral dimensions of Ophiderpeton swisshelmensis
n. sp.

Specimen

NSh

Trw

-

1.6

-

-

3.0*

0.9

-

-

0.7*

0.4

0.8

0 .1

UA 5164

1.4

0.7

-

-

UA 5167

1.2*

0.5*

1 .0

0.2

1.6*

UA 5168

-

0.9

1.4

0.4

-

-

UA 5175.

1.8

1.0

-

-

-

-

UA 5202

1.6

0.7

-

-

3.6*

-

UA 5208

-

-

-

-

-

—

-

-

2.2

0.4

3.4*

V

cw

vh

1.3

0.6

1.0*

UA 4958

1.8

1.0

UA 4963

1.6

UA 51^9

HSd

Dorsal regiont
UA 5692

CD

*
*

CD

1.2

CM

-

-

*

UA 6036

0.9*

yH

1.6*

r-4

UA 5864

’

-

-

-

UA 6057

1.5*

0.7*

-

-

-

-

UA 6058

1.8*

0.8*

-

-

-

-

UA 6222

1.4

0.9

-

-

2.0*

-

N

7

O.R.
X

1,,3-1.8
1.56

10
0.4-1.2
0.83

4

4

0.8-2.2

0.1-0.4

1.35

0.28

1

0
• • • •

• • • •

Figure 4.

Ophiderpeton swisshelmensis. dorsal vertebra
UALP 5167, X25
A. Dorsal view
B. Anterior view
C. Right lateral view

Figure 5.

Ophiderpeton swisshelmensis. ribs
UALP 6023, X25
A. Dorsal view of left rib
B. Dorsal view of right rib
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Figure 4.

Ophiderpeton swisshelmensis. dorsal vertebra
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?Ophiderpeton sp.
Figure 6.
Description»

A single K-shaped rib, UALP 6228,

is referred to this genus because of its similarity to
ribs illustrated by Romer (1930).

The rib appears uni-

cipital, so it is not assigned to 0. swisshelmensis.

There

is no similarity to ribs of Phlegethontia illustrated by
McGinnis (196?).
Family Phlegethontiidae Cope, 1875
Genus~~Phlegethontia Cope. 1871
Phlegethontia cf. longissima (Fritsch, 1875)
Table 2, Figure 7.
Dolichosoma longissima.

Fritsch, A.

1875

Phlegethontia (Dolichosoma) longissima.
Description:

Baird, D.

1964.

UA 6035 is a caudal vertebra whose

appearance matches almost exactly that of Phlegethontia cf.
longissima illustrated by McGinnis (1 9 6 7 , Fig. 11).

The

only differences noted are that the Arizona specimen has
no transverse raised area between the postzygapophyses, and
the longitudinal groove in the same area is shallower.

It

is very probable that this vertebra belongs to the same species
as the braincase fragment described below.
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Figure 6.

70-phiderpeton sp., rib —

UALP 6228, XI2

Figure 7.

Phlegethontia of. longissima. caudal vertebra
UALP 6035, right lateral view, X25

Figure 8.

?Phlegethontia phsmerhapha. braincase fragment —
UALP 5154, posterior view, X25
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Table 2.

Dimensions of caudal vertebra of Phlegethontia
cf. longissima

Specimen

C^

Cw

vh

NSh

Trw

HSd

1.4*

0.6*

1.2

0.3

0.8

0.2

Caudal region:
UA 6035

?Phlegethontia nhanerhaoha n. sp.
Figure 8.
Holotype t

UALP 5154, a posterior braincase fragment

including a single notochordal condyle, the right exoccipital,
and part of the right posterior otic capsule.
Type locality:
Arizona,

Swisshelm Mountains, Cochise Co.,

UALP locality number 7205.
Horizon and age:

Black Prince Limestone, 30 feet

above unconformable contact with underlying Mississippian
Escabrosa Limestone.

Late Morrowan or Early Derryan (=Atokan),

Early-Early Middle Pennsylvanian.
Etymology:

Greek phaner- = "visible" plus -rhapha =

"suture".
Diagnosis:

Aistopods having well-developed,

caudally-prejecting exoccipitals, separated from adjacent
bones by visible sutures.
Description:

The basioccipital bears a conical

notochordal pit 0.6 mm in diameter and 0.4 mm deep.

The

dorsal wall of the pit is raised above the braincase floor.
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A pair of foramina emerge from the posteroventral junction
of the pit wall and the otic capsule.

These may he nutrient

foramina or they may correspond to the perilymphatic foramina
noted by McGinnis (19&7) in similar locations on Phlegethontia
cf. longissima (UCMP 62580).
Dorsolaterally, the exoccipitals enter into the
formation of the rim of the notochordal pit.

The exoccipitals

are prominent arches with rims that project caudally 0.23 mm
beyond the posterior surface of the otic capsules.

Small

openings near the base of the exoccipitals below the jugular
foramen may have given passage to the hypoglossal nerve (XII).
A prominent jugular foramen pierces the posteromedial
margin of the otic capsule at a level slightly above the
junction of the exoccipital with the condyle rim.

The hole

is directed lateroventrally out of the braincase.

The upper

margin of the external opening forms a projecting lip that
abuts against the exoccipital wall.
Dorsolateral to the jugular foramen there is a ridge
with a concavity above it that is internally expressed as
a convex bulb.

The region is too incomplete to determine

the nature of this portion of the posterior semicircular
canal.
Discussion*

Placement of ?Phlegethontia phanerhapha

n. sp. in the Order Aistopoda is based upon the single
occipital condyle.

Criteria for its placement in the Family
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Phlegethontiidae are based upon its similarity to Phlegethontia cf. longissima.

The braincase of ophiderpetontids

is poorly known.
?Phlegethontia phanerhapha is similar to P. cf.
longissima (UCMP 62580) from Fort Sill, Oklahoma, figured
in McGinnis (1 9 6 7 ), but has differences substantial enough
to denote a new species.

The exoccipitals of P. cf. longissima

are reduced to a small strip of bone that does not project
caudally from the otic capsules.

They are not pierced by

foramina for the hypoglossal nerves (XII).

The position

of the jugular foramen of UCMP 62580 is lateral and dorsal
to that of ?Phlegethontia phanerhapha.

No sutural contacts

can be seen in the solidly-fused braincase of P. cf. longissima.
The Fort Sill braincase of P. cf. longissima has
a notochordal condyle 0.3 nun in diameter, half the size of
the same element on ?Phlegethontia phanerhapha.

If the pro

portions of the Arizona braincase approximate those of the
Fort Sill specimen, then the total skull length of the Arizona
specimen is close to 8.0 mm.

Since Phlegethontia skulls

25.8 mm long are known (McGinnis, 1 9 6 7 ), P. phanerhapha is
a small species, assuming that UALP 515^ is of adult size.
?Phlegethontia phanerhapha is the oldest and most
primitive phlegethontiid known.

The large exoccipitals,

hypoglossal foramina, and visible sutures are absent in
later phlegethontiids.

27
Homology of aistapod rib articulations*

The basic

tetrapod rib articulation consists of a capitulum attached
to a facet or parapophysis on the vertebral centrum, and a
tuberculum braced on the transverse process (see Romer, 1956,
p. 224),

In the following discussion, I use the term "trans

verse process" in its restricted sense:

it is the vertebral

structure that supports the tuberculum of the rib.
Aistopod rib-bearers have been the subject of con
flicting interpretations with respect to the homologies
of their articulations.

The most widely held interpretation

is that of Baird (1964), who calls the single rib-vertebra
articulation a capitulum-parapophysis.

I believe that

articulation is a tuberculum-transverse process.

To clarify

the problem, I shall outline its history.
In 1948, Gregory gave a classic configuration to
the rib articulations of Phlegethontia mazonensis*

the

tuberculum articulated with the posterior portion of the
transverse process and the capitulum appeared to articulate
with the side of the anterior edge of the centrum.

This

configuration is shown diagrammatically in Figure 9a.
Baird (1964) described the aistopod rib-bearer as a
parapophysis because it arises from the centrum and articulates
with the capitulum of the rib.
is described as K-shapedi

The proximal part of the rib

the upright of the "K" is formed

by the displaced tuberculum, or costal process, and the shaft;
the upper arm of the "K" is the capitulum; the lower arm is
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the posteromedial process.

Ribs are unicipital; only the

capitulum of the rib articulates with the vertebra (Figure 9b).
McGinnis (196?) and Vaughn (1 9 6 9 ) followed Baird's
interpretation in describing the ribs of Phlegethontia and
Coloraderpeton, respectively.

Vaughn (1 9 6 9 ) adopted a very

unusual configuration in order to explain the bicipital ribs •
of Coloraderpeton on the basis of Baird's (196 ^) interpretation.
Rib-bearers of Coloraderpeton are designated as parapophyses,
in spite of their division into two distinct facets.

The

posterior facet articulates with the capitulum;and the anterior
facet with the "costal process" of Baird (1964).

Since this

costal process is really a displaced tuberculum (Baird, 1964,
and Vaughn, 1 9 6 9 ), Vaughn proposes the unlikely (and unneces
sary) situation of a capitalum-parapophysis located directly
posterior to a tuberculum-transverse process (Figure 9c).
I see no reason for ascribing such gymnastics to
aistopod rib articulations.

Ophiderpeton swisshelmensis

clearly has a doubly articulated rib-bearer.

Since the

posterodorsal rib-bearer arises from the neural arch pedicel,
it is a transverse process.

Since the anteroventral rib-

bearer arises from the centrum, it is a parapophysis.

This

is in accordance with Gregory's (1948) interpretation and with
normal tetrapod rib-vertebra configuration (Figure 9d).
The simplest way to derive the unicipital aistopod
rib articulation is by loss of the parapophysis, resulting in
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Figure 9.

Diagrams of interpretations of aistopod rib-bearer
configuration

Cranial direction toward top of page.
Abbreviationsi C=capitulum; CP=costal process; P=posteromedial process; PA=parapophysis; S=shaft; T=tuberculum;
TP=transverse process.
9ai
9bi
9c*
9d*

Gregory's (1948) interpretation of Phlegethontia
Baird's (1964) interpretation of Aistopoda
Vaughn's (1969) interpretation of Coloraderpeton
Interpretation of Ophiderpeton swisshelmensis n. sp.
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a "free" costal process whose proper homolog is the capitulum.

That derivation would entail a slight ventral

migration of the transverse process to a position on the
centrum, instead of the reversal of the normal positions
of the tuberculum and capitulum.

In other words, the single

rib-vertebra articulation of most aistopods is a tuberculumtransverse process.
Aistopod evolution and relationships: The Phlegethontia cf. longissima vertebra from the Swisshelm Mountain
Site is practically indistinguishable from those described
by McGinnis (1 9 6 7 ) from Fort Sill, Oklahoma (Early Permian).
P. cf. longissima vertebral evolution was essentially complete
by Early-Early Middle Pennsylvanian.
Ophiderpeton swisshelmensis n. sp. vertebrae, on
the other hand, are primitive and relic.

The discussion of

homology of aistopod rib articulations concluded that the
common aistopod ancestor had a doubly articulated rib-bearer.
It is also probable that the common ancestor had at least
completed the initial stage in the migration of the intravertebral spinal nerve foramen:

diphyletic evolution of this

feature is a comparatively unlikely event.

0. swisshelmensis

shows both of those primitive features, and lacks special
ization in any structural character.
McGinnis (1 9 6 7 ) believes that a fossorial amphibian
similar to Ophiderpeton may be ancestral to Phlegethontia.
I concur in her belief, as does Gregory (cited in McGinnis,
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19&7, P. 38).

Yet 0. swisshelmensis. the most primitive

described ophiderpetontid, is found coexisting with a fully
derived Phlegethontia vertebra.

I conclude that in the

Early-Early Middle Pennsylvanian 0. swisshelmensis was living
on with the same basic structure that its ancestors possessed.
0. swisshelmensis is more primitive than Coloraderpeton brilli.

The latter species is specialized in having

a tall neural spine, an anteriorly-located spinal nerve fora
men, and rib-bearers whose articulations are comparatively
closely spaced.
The presence of hypoglossal foramina and welldeveloped exoccipitals in an early phlegethontiid braincase
reduces the phylogenetic distance of the Order Aistopoda
from the Order Microsauria.

Those two characters and three

more are cited by McGinnis (196?) as evidence that among the
lepospondyls, the microsaurs are the farthest removed from
the aistopods.
Order M^groga^^a Dawson, 1863
Familv~GymnarthrTdae Case, 1910
Elfridia n. gen.
Figure 10.
Diagnosis * Microsaurs having a lower mandible con
taining nine or ten teeth of which the fifth (occasionally
fourth?) from the mandibular symphysis is greatly enlarged
with a bulbous base.
Type species: Elfridia bulbidens, n. sp.
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Holotypet

UALP 4970, a left dentary;

Hypodigmt

UALP 4 9 6 9 , 5231, 5865, 5866, 6037, 6 0 3 8 ,

6238 -lower mandibles and fragments.

Type locality:
Arizona,

Swisshelm Mountains, Cochise Co.,

UALP locality number 7205.
Horizon and age*

Black Prince Limestone, 30 feet

above unconformable contact with underlying Mississippian
Escabrosa Limestone.

Late Morrowan or Early Derryan (=Atokan),

Early-Early Middle Pennsylvanian.
Etymology t The generic name is derived from Elfrida,
the nearest town to the Swisshelm Mountain Site. Latin bulbi- =
"bulbous" plus -dens = "tooth".
Diagnosis t

Same as for the genus.

Description: The length of the holotype mandible is
7.5 mm.

Judging from the angle of the mandibular symphysis,

the width of an articulated mandible with both jaws would be
approximately 9.5 mm.

The longitudinal depth of an articulated

mandible would be approximately 6.0 mm.

Other mandibles in

the hypodigm, if unbroken, would measure 20% longer than the
holotype.
The number of teeth appears to be nine or ten.

The

first tooth, broken off or lacking on most specimens, appears
to have been smaller than the others.

The next three teeth

are elongate and decreasingly procumbent.
pointed and incurved.

Their tips are

Their bases are cylindrical and somewhat
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compressed in the anteroposterior dimension.

Some specimens

have a gap between the fourth and fifth teeth.
The fifth tooth is greatly enlarged with respect to
the others.

While not much taller than the second and third

teeth, its laterally-compressed base is twice their diameter.
The blunt, posteromedially-incurved tip of the tooth arises
from the anterior portion of its massive base.

The fifth

tooth is invariably somewhat lingual to the others;

a pos

terior buttress of its base arises from the dentary medial to
the sixth tooth.

The base of the fifth tooth is sculptured

with short, radiating grooves.
The sixth through tenth teeth are abruptly lower and
smaller than the anterior ones, diminishing progressively in
size toward the back of the jaw.

They are usually slightly

incurved at the tips.
Longitudinal striations are occasionally found on
the larger teeth.
pits or grooves.

All teeth are acrodont, lacking alveolar
The teeth are hollow and relatively thin-

walled. .
The mandible may be relatively smooth or variously
sculptured anteriorly with shallow grooves or pits.

One or

more of these pits may be nutrient foramina, which appear to
open interiorly into the deep Meckelian groove.

The mandib

ular symphsis is horseshoe-shaped, its medial wall is
thicker than the anterior wall.

Posterolaterally, the jaw
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ramus contains a prominent groove that extends approximately
from the sixth tooth to the rear of the mandible.
Discussion:

Dentaries of Elfridia bulbidens are

classed with the gymnarthrid microsaurs because of their
similarity to mandibles of Cardiocephalus and Euryodus de
scribed by Gregory et al. (1956).

The new genus is based

on the huge fifth tooth,
Euryodus is the only other microsaur genus with a
greatly enlarged tooth.

However, the enlarged tooth of

Euryodus is the eighth or ninthj that of Elfridia bulbidens
is the fourth or fifth.

The enlargement of the Elfridia

tooth is comparatively greater than that of Euryodus. espe
cially with regard to the bulbous, laterally compressed base.
Tips of Euryodus teeth are not recurved like those of Elfridia
bulbidens (and of Cardiocephalus).

A deep Meckelian groove

is present on the symphyseal surface of both Elfridia and
Euryodus.
If tooth replacement occurs at all in Elfridia bulbi
dens. it is evidently preceded by complete dissolution of
the old tooth, leaving a depression in the mandible.
of these depressions are seen on E. bulbidens jaws.

Several
In no

case is there an incipient replacement tooth.
Elfridia appears, to be more specialized than Euryodus.
even though it occurs an entire period earlier.

The anterior

position of the enlarged tooth must require even stronger
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Table 3.

Vertebral dimensions of ?Cardioceohalus sp.

Specimen

C1

Cw

vh

NSh

Trw

HSd

Cervical regioni
UA 586?

1.4*

1.4

3.2

1.1

US 5868

1.4

1.1

-

-

-

-

Region indet.

t

UA 4961

1.2

1.0

mm

UA 5171

1.9

1.3

-

-

2.2

-

UA 5172

1.1

0.8

-

-

-

-

UA 5176

1.2

1.1

-

-

-

-

N

5

6

O.R.
X

1 .1-1.9
1.36

0.8-1.4
1.18

1

1

1

0
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Figure 10.

Figure 11.

Elfridia bulbidens. left dentary —
occlusal and lingual views, XI2

UALP. 4970,

TCardiocephalus sp., vertebra — UALP 586?,
posterior and left lateral views, XI2
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masseteric musculature than that possessed by Euryodus. 'The
enlarged tooth of Elfridia is specialized in having a broad,
bulbous base that is attached to the dentary medial to the
sixth tooth.

The similarities of the two genera may be

ascribed to adaptive parallelism.
Family ?Gymnarthridae Case, 1910
Genus ?Cardiocephalus Broili, 1904
?Cardiocephalus sp.
Table 3, Figure 11
Descriptiont

?Cardiocephalus sp. vertebra from

the Swisshelm Mountain Site include UALP 4961, 5171* 5172,
5176, 5 8 6 7 , and 5868.
complete.

Only the latter two are reasonably

Neural arches appear to have a sutural connection

with centra.

The vertebrae are longitudinally short and

robust, with a low neural spine and anteriorly placed
forward-tilting transverse processes.

There is a marked

similarity to vertebrae of gymnarthrids, especially Cardiocephalus. '
Order Microsauria? incertae sedis
Figures 12 and 13.
Palatal ? tooth-bearing bonest

Among the Paleozoic

lepospondyl amphibians, only the microsaurs are frequently
diagnosed on the basis of jaws.

Several Swisshelm Mountain

palatal? fragments have microsaur-like tooth structure: • UALP
4960, 5226, 5230, and 6234.
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UALP 4960 (Figure 12) is a fragment containing six
relatively large teeth with recurved tips and bulbous bases.
The tips are sharp and longitudinally flattened; they have a
short anteroposterior cutting edge.

Batteries of crushing

teeth are developed both lingual and labial to the larger
teeth.

The lingual teeth consist of about 30 small, blunt

cones that radiate from the bone at an increasingly oblique
angle, such that the medial row is perpendicular to the six
large teeth.

There is also a labial battery of about 40

tiny cusps developed on a shelf, separated from the large
teeth by a distinct suture.

Interpretation of these fragments

awaits comparative material presently unavailable to me.
Iliumt UALP 6232 is a small ilium almost exactly
the size of YPM 3846, an immature Cardiocephalus illustrated
by Gregory et al. (1956).
Pelvist

UALP 6233 (Figure 13) is a nearly complete

pelvis, lacking the anterior and posterior margins of the
pubis and ischium.

The ilium is stout and rather short.

consists of both a dorsal and a posterior process.

It

The

acetabulum measures 1.2 mm in diameter from one side of its
raised rim to the other.

The puboischiadic plate is thin,

and seems to be broken around the edges.

No obturator foramen

is visible, but that may be due to incompleteness of the
specimen.

The sutures are indistinct.

The pelvis is classed

with the microsaurs because the bifurcate ilium resembles
those of Tuditanus punctulatus. Ricnodon sp., Asaphestera

Figure 12.

Microsauria incertae sedis. palatal teeth
UALP 4960, XI2
A. Occlusal view
B. Anteroposterior view
C. Lingual? view

Figure 13.

Microsauria incertae sedis. pelvis
UALP 6233, XI2
A. Lateral view
B. Anteroventral view
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Figure 13.

Microsauria incertae sedis. pelvis
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intermedium, and Leiocephalikon problematicum (Carroll, 1966,
and Carroll and Baird, 1 9 6 8 ).
Order Nectridea Miall, 18?4
Family Urocordylidae Lydekker, I 8 9 O
Ctenerpeton olisthmonaias n. sp.
Table 4 , Figures ik and 15.
Holotype 1

UALP 5264, a caudal vertebra lacking the

neural spine.
Hypodigm 1

UALP 5161, 5162, 5170, 5207, 5211, 5212,

5694, 5857-5860, 6 2 1 2 , 6223-disarticulated vertebrae.
Type localityt Swisshelm Mountains, Cochise Co.,
Arizona.

UALP locality number 7205.
Horizon and age : Black Prince Limestone, 30 feet

above unconformable contact with underlying Mississippian
Escabrosa Limestone.

Late Morrowan or Early Derryan (=Atokan),

Early-Early Middle Pennsylvanian.
Etymology % Greek olisthmo- = "slippery" plus -naias =
"water nymph".
Diagnosis 1 Nectrideans having vertebrae with multiple
zygapophyses on the neural arch; smooth surfaces on centrum
and neural arch; neural spine of caudals tall and narrowbased; haemal spines of caudals with broad, arched, hollow
base that is notched anteriorly and posteriorly; haemal spine
supported by dual ventrally-diverging struts having anterior
and posterior flanges of thin bone.

Descriptioni

Vertebral centra are deeply amphi-

coelous but not notochordal.

Their rims are vertically

ovate; the constricted notochordal tube lies dorsal to
the midline of the centrum.
is smooth.

The surface of the centrum

Its ventral surface is constricted to a medial

ridge in dorsals.
Haemal arches and spines are well-developed on
caudals.

The haemal arch contains an open canal whose walls

have semi-circular anterior and posterior notches.

Ventral

to the arch, the spine is supported by two flaring struts
having anteroposterior extensions of thin bone.

Ventral

widening indicates an articulation between successive haemal
spines.
The neural arch has thick walls and heavy zygapophyses
Its exterior surfaces are smooth like the centrum.
arch is saddle-shaped:

The neural

in medial transverse cross section,

it is invariably convex between the neural spine and the
transverse process; anteroposteriorly, it flares outward and
upward toward the zygapophyses.
Zygapophyses of dorsals are sub-horizontal.

Small

accessory articulations form a complex surface of non
horizontal interlocking projections and sockets on the rims
of caudal neural arches.

An anteromedial process of the

neural arch and its corresponding socket form the topmost
articulation.
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Transverse processes of dorsals project perpendic
ularly from the conjunction of the centrum and the neural
arch pedicel.

They are either cylindrical or flattened;

when flattened, their plane is inclined anteriorly.
The fan-shaped neural spine of dorsals is compar
atively low and broad-based.

Its height is approximately

equal to one-half the total height of the vertebra.

Its

base extends nearly the entire length of the neural arch.
The thickened, rough, dorsal surface of the spine suggests
a suture with dermal spinal plates (see Moodie, 1916).
Caudal vertebrae have a tall slender spine whose base ex
tends less than one-third the length of the neural arch.
The spine appears to lack ornamentation, but its dorsal tip
is missing on all specimens.

One small, possibly immature

caudal has a tiny cylindrical spinal base that arises from
the posterior part of the neural arch.
Discussion»

No recent revision of the Nectridea

has been published; older descriptions are taxonomically
inadequate with respect to vertebrae.

Vertebrae of Ctener-

•peton olisthmonaias n. sp. compare closely with those of
genera of the family Urocordylidae, especially with Urocordylus
and Ctenerneton.

Since Ctenerpeton is North American, where

as Urocordylus is European, C. olisthmonaias has been somewhat
arbitrarily assigned to the genus Ctenerpeton.
Both Ctenerpeton and Urocorylus have species with
a double strut supporting the haemal spine, with complex
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Table 4.

Vertebral dimensions of Ctenerpeton olisthmonaias
n. sp.

Specimen

Cw

vh

NSh

Trw

HSa

Cervical regioni
UA 5170

2.0*

1 .0

1.7*

0.7*

-

-

UA 5857.

3.0*

1 .2*

3.2*

0.9*

3.2*

-

UA 5859

1.3*

0 .5 *

1.0*

0.5*

1.4*

-

Dorsal region«
UA 5161

4.0

1.5*

5.0*

2.4*

4.5*

UA 5162

3.4

1 .8 *

5.0

2.9

2 .9 *

UA 5858

2.1

1 .0

2.4*

-

-

-

—

2 .1

5.6*

. 0 .8

Caudal region 1

2.6

-

-

-

-

-

4.9*

-

-

UA 5207

4.0*

UA 5264

5.1

UA 5694

1.8*

00
*

•

0.5*

UA 6212

4.2

1.5*

6 .3 *

3.3*

-

1 .0 *

UA 6223

1.6*

0.7

2.1*

0.6*

-

-

UA 5211

-

-

-

-

—

-

UA 5212

-

-

-

-

-

-

UA 5860

-

-

-

-

-
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Figure 14.

Gtenerpeton olisthmonaias. dorsal vertebra
UALP 5162, XI2
A. Right lateral view
B. Dorsal view
C. Anterior view

Figure 15.

Gtenerpeton olisthmonaias. caudal vertebra
UALP 5264, X6
A. Anterior view
B. Right lateral view
C. Dorsal view

Figure 15•

C’fcenerpe'ton olis'fchniona.ia.s. caudal vertebra
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multiple zygapophyses, and with tall neural spines having
constricted bases.

However, none that 1 have seen has a

haemal spine that compares in detail with that of C. olisthmonaias, especially with regard to the anterior and posterior .
notches in the haemal arch and to the intervertebral flanges.
It is on this basis that a new species is proposed.
Family incertae sedis
Genus Arizonerpeton n. gen.
Table 5, Figures l6 and 17.
Diagnosis t Nectrideans having vertebrae with a
bifurcated neural spine terminating in two well-defined
sub-parallel fusiform projections.
Arizonerpeton wellsi n. sp.
Holotypei

UALP 494?, a vertebra of the sacral region.

Hypodigmi

UALP 4948-4950, 4957, 5147, 5148, 5151,

5 1 5 2 , 5156-5158, 5163, 5165, 5181, 5 2 0 3 , 5266, 5 6 9 1 , 5693,

5701, 5861-5863, 6211-disarticulated vertebrae.
Type locality:
Arizona.

Swisshelm Mountains, Cochise Co.,

UALP locality number 7205.
Horizon and Age*

Black Prince Limestone, 30 feet

above unconformable contact with underlying Mississippian
Escabrosa Limestone,

Late Morrowan or Early Derryan (=Atokan),

Early-Early Middle Pennsylvanian.
Etymology*

Arizona plus Greek -erpeton » "reptile".

The species is named after Richard Wells, who discovered the
first vertebra from the Swisshelm Mountain Site and correctly
identified it as a lepospondyl amphibian.

.•
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Diagnosisi

Same as, for the genus.

Description*

Vertebral centra are amphicoelous but

not strongly hourglass-shaped and not notochordal.

Their

rims are flared, and have strongly developed lateral processes,
some of which consist of intervertebral tongue-and-groove
articulations.
rim.

In these cases, the tongue is on the anterior

The centrum surface is sculptured with varying numbers

and sizes of indentations.

Hypapophyseal processes are absent

except on caudals, which have a double longitudinal flange
running the entire length of the centrum.
The neural arch is usually pitted like the centrum.
In medial transverse cross section, the neural arch is concave
between the neural spine and the transverse processes.

There

is an anteromedial projection of the neural arch whose ventral
surface contains the auxiliary prezygapophyses.
The zygapophyses lie in a nearly horizontal plane.
There is a pair of auxiliary zygapophyses above the usual
pair; these exhibit a configuration similar to the zygosphenezygantrum of snakes.

Prezygapophyseal articulations are

tilted slightly medially.
The neural canal has prominent posterolateral gaps
for exit of the spinal nerves.
Dorsal transverse processes project perpendicularly
and usually dorsally from the lower margin of the arch pedicel.
The proximal end broadens into a wide buttress that extends
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under the zygapophyses.

One presumably dorsal vertebra, UALP

5156, has small caudally-directed processes arising from the
centrum ventral and slightly caudal to the transverse proc
esses.

These may be accessory rib-bearers.
The neural spine is a double fusiform spine that

arises from the neural arch or from a basal keel that may
comprise one-half the total height of the neural spine.

In

the sacral region the double spines become lower and laterally
compressed, and they lose their basal keel.
slightly posteriorly.
Discussiont

Both spines tilt

They are equal in size and length.
A diagnostic feature of nectridean

vertebrae is a fan-shaped neural spine.

Arizonerpeton wells!

n. sp. has instead a double spine that is not characteristi
cally nectridean.

Nevertheless, I consider A. wellsi a

nectridean because it has auxiliary zygapophyses and fan-like
bases on some neural spines.
D.

Baird (personal communication, 1972) of Princeton

University suggested relationship with Diceratosaurus, a
keraterpetontid nectridean, on the basis of a sketch of A.
wellsi showing the bifurcated neural spine.

Examination of

latex casts of Diceratosaurus (ANINH 6998 and MCZ 2310) re
vealed that its neural spine is quite different from that of
A. wellsi.

The forms are not congeneric, but A. wellsi may

be a keraterpetontid.
Upon inspection of Ctenerpeton specimens in the Peabody
and Princeton Museums of Natural History, I noticed that the
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Table 5.

Vertebral dimensions of Arizonerpeton we11si n. gen.
and n. sp.

Specimen

cw

vh

NSh

Trw

HSd

1.5*

0.7

1.8*

0.9*

2.3

-

UA 4950

2.1

0.7

2.5

1.2

3.0*

- •

UA 5148

1.4

0.8

1.8

0.8

2.2*

-

UA 5151

2.1

0.8

2.0*

0.9*

2.6*

UA 5152

1.1

0 .5

1.4

0.9

1.4*

-

UA 5156

2.0

1 .0

4.1

2.6

3.2*

-

UA 5163

1.5

1 .0

2.5

1.2

2.0

-

UA 5203

1.5

0.6

1.8

0.9

1.8*

-

UA 5266 .

1.8

0.6*

2.5

1.3

1.3*

-

UA 5690

3.3

1.1*

3.2*

1.8*

1.5*

-

UA 5691

1.5

0.9

2.4

1.3

1.3*

-

UA 5693

1.6

0.6

2.2

1.1

1.4*

-

UA 5861

1.7*

0.7

2.0

1.0

2.4

-

UA 5862

2.1

0.7

2.2*

-

2.4

-

UA 5863

2.2

0.9

1.8*

0.8*

2.2

-

°i

Cervical region»
UA 5147
Dorsal regiont

Sacral regions

•

—

•

UA 4947

4.2

1.0

4.0

2.0

4.4

-

UA 4948

4.2

1.2*

5.5*

3.0*

5.2*

—
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Table 5.

Continued.

Trw

HSd

1.1*

-

-

2.6*

1.6*

-

-

-

3.5*

1.7*

-

-

1.5*

0.7

1.5*

-

1 . 6*

UA 5157

2.9

0.7

-

-

-

UA 5165

-

0.8

1.7*

0.7*

H
00
*

Specimen

-

UA 5181

-

-

-

-

-

-

UA 6211

-

-

-

-

C1

Cw

vh

NSh

UA 5158

2.9*

0.8

2.1*

UA 5701

3.3*

0.9

UA 1*949

2.8

UA 1*957

Caudal region:

Region indet.i

N
O.R.
X

17
1.1-4.2
2.28

19
0.5-1.0
0.78

11
1.4-4.1
2.1*7

11

-

6

0.8-2.6

2.0-l*.l*

1.30

2 .6 2

• see

• • • •

Figure 16.

Arizonerpeton wellsi. vertebra of the sacral r e g i o n
UALP W ? , XI2
A. Posterior view
B. Anterior view
C. Right lateral view
D. Dorsal view
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Figure 16

Arizonerpeton wellsi. vertebra of the sacral region

Figure 17.

Arizonerpeton wellsi. dorsal vertebra
UALP 5156, XI2
A. Anterior view
B. Right lateral view

Figure 18.

Lepospondyli incertae sedis. pterygoid
UALP 6235, occlusal view, XI2

Figure 19.

Lepospondyli incertae sedis. jaw
UALP 5242, XI2
A. Labial view
B, Occlusal view
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B

Figure 17.

Ariz oner-pet on we 11s i. dorsal vertebra

Figure 19.

Lepospondyli incertae sedis. jaw
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notched ends of neural spines usually contain a deeper notch
near the center of the spine.

This tendency toward bifurcation

is exaggerated in the vertebrae of Diceratosaurus.

Further

specialization of this character could result in a doublespined form like A. wellsi.
Subclass Legos^ond^^ incertae sedis
Numerous unidentifiable bones and fragments from the
Swisshelm Mountain Site are tentatively referred to the
Subclass Lepospondyli.

A few of these may be reptile remains.

The more complete speciments are described below.
.Pterygoid (?):
appear to be pterygoids.

UALP 5232 and 6235 (Figure 18)
The lingual surface is entirely

covered with tiny, blunt, conical cusps, which increase in
size medially (?).

Larger cusps are inclined medially.

The

largest is approximately 0.3 mm in length.
Jawsi

Many unidentifiable jaw fragments, both

acrodont and pleurodont, have been collected from the Swiss
helm Mountain locality,

UALP 5242 (Figure 19) deserves

mention because of its similarity to Hylerueton longidentatum
illustrated in Carroll (1966, Fig. 26).
Atlas fragment:

UALP 5199, a very poorly preserved

specimen, measures 3.6 mm between the outer tips of the con
dyles, which is almost exactly the size of Cardiocephalus cf.
sternbergi figured in Gregory et al. (1956),
concave, circulard condyles are present.

Two slightly

Their surfaces are
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not in a unique plane as are those of Cardiocephalus. but
inclined outward, forming an angle of approximately 40 degrees
with respect to each other.

The condyles are inclined

anterodorsally, but not as much as those of Cardiocephalus.
The odontoid process is worn away.

There are transverse

flanges projecting from the posteroventral region, similar
to those seen on Necturus.

The centrum and neural arch are

absent.
Pectoral girdle.

UALP 5187 consists of three frag

ments that may be shoulder elements.

UALP 6231 is a more

complete specimen, including the right scapula with a large
anterior flange that may be the clavicle or cleithrum.
Humeri.

UALP 6226 is a crushed left humerus measuring

3.k

mm long, 1 . 8 mm in head width, and 2 .2 mm across the distal

end.

Its sturdy construction implies a terrestrial habitat.
UALP 6225 (Figure 21) is a complete left humerus

measuring 8 .2 mm long, 2 .9 mm in head width, and 3 .7 mm across
the distal end.

The head and distal ends are broad; they are

rotated approximately 90 degrees with respect to each other.
The shaft is short and stout.

The entepicondylar region has

pit-like depressions, but appears to lack a foramen.

The

humerus is too broad, heavy, and short of shaft to be Cardio
cephalus.

It is proportioned more like the reptile Canto-

rhinus as illustrated in Gregory et al, (1956), but not as
robust.

Two microsaurs illustrated in Carroll (1 9 6 6 ) are
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closer in build to the Arizona specimen, but much larger*
Trachystegos megalodon and Asanhestera intermedium.

The

humerus was certainly possessed by a predominantly terrestrial
creature.
UALP 5256 and 622? are two humerus fragments having
entepicondylar foramina, but the character of these differs.
The latter has a more elongate foramen and more prominent
distal condyles.
Radii*

UALP 6230 is a collection of seven radii (?)

ranging in length from 2.1 mm to 5.1 mm.
has ossified condyles.

The largest specimen

It is longer than the maximum observed

by Gregory et al, (1956) for Cardiocephalus.
Ulnae %

UALP 5186 are two fragmentary ulnae (?).

They

may have measured about 3.5-4.0 mm long before breakage.
Femora*

UALP 5200 is a damaged left femur 13.0 mm

long that probably had ossified condyles, although these are
now lacking.

It is probably too large to belong to the same

specimen as the humerus UALP 6225, but the species may be the
same.

UALP 6229 consists of three small femora lacking ossified

condyles.

The largest of these (Figure 20) is 5.7 mm long.

The adductor ridge is quite prominent on all the small femora.
The delicate build and unossified condyles imply an aquatic•
habitat (Romer, 1 9 5 6 ).
Tibiae*

UALP 5251 and 5252 are two tibiae (?),

neither having ossified condyles.

UALP 5252 is the more
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complete, measuring 2.3 mm long.

The opposite ends are

rotated approximately 60 degrees with respect to each other.
Fibulaex

Tentative identifications include UALP 5189,

5253, 5254, and 5255.
ossified condyles.

UALP 5255 is 3.8 mm long and has un

Figure 20.

Lepospondyli incertae sedis. right femur
UALP 6220, XI2
A. Ventral (adductor) view
B. Dorsal view
Proximal end toward top of page

Figure 21.

Lepospondyli incertae sedis. left humerus
UALP 6225, XI2
A. Ventral view
B. Anterior view
Proximal end toward top of page
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Figure 20.

Figure 21.

Lepospondyli incertae sedis. right femur

Lepospondyli incertae sedis. left humerus

FAUNAL REMAINS FROM THE SWISSHELM MOUNTAIN SITE
OTHER THAN SUBCLASS LEPOSPONDYLI
Large skull and limb fragments:

A few large tetra-

pod bones have been recovered from the "amphibian bed",
UALP 5276 is a collection of pieces up to 15.0 mm thick
that appear to be skull fragments.

The surfaces are smooth,

but some are lined with shallow, irregularly-spaced, parallel
grooves,

UALP 4-956 is an unidentified limb fragment meas

uring 20,0 mm in width across the condyles.
Fish remains*

Fish remains from the Swisshelm

Mountain Site, although numerous and varied, have not been
described in this thesis.

A small selection of fish teeth

was sent to Dr, R, Lund of The University of Pittsburgh for
identification.

He has suggested the following taxa (personal

communication, 1973)*
lungfish;

of. Gnathoriza serrata, a fresh-water

Family ?Helodontidae incertae sedis t

Chondrichthyes incertae sedis.

and Class

In addition to those, both

fresh-water xenacanthids and marine cladoselachians are
numerous.
Invertebrates:

The only, invertebrates collected

from the Swisshelm Mountain Site are uncommon diminutive
gastropod steinkems less than two millimeters long, very
sparse crinoid columnals less than two millimeters in diameter,
and rare conodonts.

The sparse invertebrate fauna may be a

result of digesting the samples in acetic acid.
peels revealed sparse shell fragments.
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Acetate

PALEOENVIRONMENT OF THE SWISSHELM MOUNTAIN SITE
The Swisshelm Mountain Site lies at the edge of the
Pennsylvanian Pedregosa Basin on the Papago Inner Shelf,
which is characterized by shallow marine limestone and clastic
strata.

During most of Pennsylvanian and Early Permian time,

the boundary between the Papago Inner Shelf and the San Pedro
Outer Shelf was subject to structural stresses that led to
a complicated depositional history (Ross, 1973).
A moderate energy environment for the amphibian
bed at the time of its deposition is suggested by algal
oncolites, brecciated algal mat, complete disarticulation of
fossil skeletons, and wear by abrasion on a small number of •
the bones.

The excellent preservation of many of the delicate

vertebrate remains does not necessarily suggest low-energy
conditions.

Animal carcasses may have been transported intact

for moderate distances before they decomposed, then buried
before abrasion could occur.
A list of requisites for lacustrine algal oneolite
development as presented by Weiss (1 9 6 9 ) includes 1

1) per

sistent submergence in shallow water, 2) motion of the water
sufficient to turn the algal-sedimentary bodies repeatedly,
and 3) protection from destructive waves and currents.

Logan,

Rezak and Ginsburg (1964) report that algal oncolites indicate
low intertidal areas that are exposed to waves and agitated
58
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shallow water.

However, other evidence of an intertidal

environment was not found in the amphibian bed.

Bradley

(1929, cited in Logan et al., 1964) considered some oncolites
to have formed in shallow, active water, near the mouth of
a stream.

Although evidence is lacking, that interpretation

would fulfill the required energy conditions for the amphibian
bed and also supply a fresh-water source for non-marine fish
and amphibians.
The Swisshelm Mountain fauna appears to contain
elements from terrestrial, fresh-water, and marine environments.
A terrestrial habitat is indicated for whatever creature
possessed the large, sturdy limb bones assigned to Subclass
Lepospondyli incertae sedis.

Fresh-water forms include the

amphibians, which, by analogy with modern forms, have a
low tolerance to salt-water.

In addition, several of the fish

remains have been identified as fresh-water forms, notably
the xenacanthid teeth and a cf. Gnathoriza serrata tooth.
Subtidal marine fauna includes very sparse crinoid columnals,
rare conodonts, and small cladoselachian teeth.
The paleoenvironment at the site of deposition of
faunal remains was not lacustrine; inland transport of marine
faunal elements is unlikely.

The presence of subaqueous

sedimentary structures and elements of an aquatic fauna dis
count a terrestrial environment.

The presence of algal

oncolites and algal mat discounts an offshore subtidal marine

environment.

The environment appears to have been marginal

marine, perhaps a coastal swamp and marsh, close to a moving
source of fresh water.

APPENDIX
STRATIGRAPHIC SECTION FOR THE SWISSHELM
MOUNTAIN FOSSIL LOCALITY
Location!

Swisshelm Mountain Quadrangle (1958), SWj SEj

SW^ sec. 35» T. 19 S., R. 2? E.
section located in Fig. 2.

Base and top of

Average attitude of beds

N 31° W, dip 29° NE.
Pennsylvanian 1
Horquilla Limestone
Unit
no.
12

Thickness
in feet
Dolomite:

black to dark brown, weathers to

a light gray to orange casing 1.5 nun thick;
micritic, average grain size 0 .0 0 5 mm;
calcareous; unfossiliferous; very thin bedded,
poorly exposed, highly fractured ............
11

Biomicrite:

medium gray-brown, weathers light

gray; packed

(50 fi)

5

shell and crinoid fragments

averaging 0.15-2.5 mm, abundant articulated
brachiopods 10.0 mm diameter; medium bedded,
very poorly exposed
10

................. .. . . .

2

6

Covered

61

62
Unit
no.

Thickness
in feet
Biopelsparite t gray-brown, weathers light

9

gray; pellets average 0.25 mm; abundant
fusulinids and "ghost" outlines, possibly
of bioclastics, crinoid columnals, sparce
brachiopods; thick bedded, upper 11 feet
form steep ledges, lower 12 feet poorly
exposed; packed Profusulinella at 42 feet

.

8

Covered (possibly shale) ........

. 10

7

Biomicrite;

. . . .

dark gray, weathers yellow-

gray; bioclastics 1 0 -50 $, average 0.5 mm,
well sorted, mostly shell fragments and
fenestrate bryozoa (?); abundant calcitefilled joints, forms a poorly exposed
l e d g e ........ ..

.......................

Black Prince Limestone:
6 .

Silty intrabiomicrudite:

dark gray,

weathers light yellow-gray; brecciated
algal mat clasts 0.1-10.0 mm, poorly
sorted, subrounded algal oncolites and
pisolites locally exceed 50 $ of rock;
minor pellets 0.5 mm; sparse shell frag
ments 0.5 mm, sparse gastropod steinkerns
0.5-3.0 mm, sparse to very abundant

23

63
Unit
no,

Thickness
in feet
amphibian and fish bones, often with 2 cm
thick algal encrustation; silt content
highly variable, usually less than 25$.
Field designation; "amphibian bed" .............

3

5

Covered

8

4

Micrite;

.......................................
very dark gray, weathers medium

gray; thin subangular shell fragments less
than

1%,

0.5 mm long, 0 .0 5 mm thick; sparse

pellets 0.3 mm; minor dolomite less than 20$;
thick bedded, poorly exposed ..................
3

Pelmicrite;

1

very dark gray, weathers medium

gray; pellets flattened, subrounded, average
size 0.6 mm by 0.5 mm, pellets constitute
nearly 100$ of rock; abundant calcite veins
less than 3 mm thick, minor dolomite less than
10$; thin bedded, poorly exposed ............
2

Limestone pebble to cobble conglomerate;
medium grayish pink, weathers light gray;
bioclastics and pellets 0,75 mm, bioclastics
subangular, pellets subrounded, very poorly
sorted; minor dolomite, sparse macrofossils
less than 30 mm (gastropods, cup corals).

7

64
Unit
no,

Thickness
in feet
sparse algal encrusted vertebrate remains
(including bradyodont (?) tooth), allochems
constitute about 50 % of most pebbles; thick
bedded, forms a prominent ledge, thins lat

1

erally to less than 60 m m .......... ..

2

Covered

9

.....................................

Mississippian;
Escabrosa Limestone (unmeasured)
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