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ABSTRACT
The Albanerpetontidae are a group of salamander-like, fossil 
amphibians, known from deposits of Middle Jurassic to Miocene 
age, in Europe, North America and Central Asia. This work 
presents a detailed description of new albanerpetontid 
material, consisting of two new articulated albanerpetontid 
specimens from the Lower Cretaceous of Las Hoyas, Cuenca, 
Spain, and of dissociated skull and postcranial remains from 
the Middle Jurassic (Bathonian) of Kirtlington, Oxfordshire 
and the Early Cretaceous (Berriasian) of Purbeck, Dorset, both 
England. It also describes in detail Albanerpeton megacephalus 
from the Early Cretaceous (Albian) of Pietraroia, Italy. 
Reexamination of the atlas and trunk vertebrae of Prosiren 
elinorae and a comparison with the albanerpetontid material 
from Kirtlington indicates that albanerpetontids should not be 
included in the family Prosirenidae.
Similarly, consideration of Fox & Naylor's 13 supposedly 
diagnostic character states of their new Order Allocaudata 
casts doubts on its validity.
A theory is advanced to account for the development of the 
unique 'atlas-axis' complex of albanerpetontids based on 
current theories of tetrapod vertebral resegmentation.
An examination of Albanerpeton inexpectatim material from the 
Miocene of La Grive-Saint-Alban, France and modern 
plethodontid salamanders, to check for intraspecific 
variation, casts doubt on the validity of several 
albanerpetontid species but features of the frontal suggest 
that more than one genus may be represented.



A comparison of albanerpetontid character states with 
Palaeozoic and Recent amphibians was undertaken to help 
clarify the phylogenetic position of albanerpetontids. An 
hypothesis is put forward for the phylogenetic position of 
albanerpetontids as sister-taxon of frogs and salamanders (+ 
or - caecilians).
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ABBREVIATIONS1 USED IN FIGURES
a = atlas nu sp = neural spine
ac lat ang = acute lateral or = orbit
angulation or mar = orbital margin
ant ba = anterior ov fo = oval fossa
basapophysis p = parasphenoid
art = articular p pal = pars palatlna
bo = boss pa = parietal
cd = caudal vertebra pal = palatal element
can = centrum pf = prefrontal
CO = coracoid pf fa = prefrontal facet
con = condyle pha = phalanx
cot = cotylar cavity pm = premaxilla
cp = cultriform process po cot = posterior cotyle
or d hu = crista dorsalis po zyg = postzygapophysis
humeri pr max pro = premaxillary
or V hu = crista ventralis process
humeri pr zyg = prezygapophysis
Cl = centrale 1 pu = pubis
den = dentary qu = quadrate
del = distal carpal 1 r = radius
do fa = dorsal facet ra = radiale
dtl = distal tarsal 1 ra cu bor = raised curved
f = frontal border
fa = facet ra cu ed = raised curved edge
fe = femur rb = rib
fi = fibula r con = radial condyle
fib = fibulare s a = skull axis
fg = femoral gland s lu fa = semi-lunar facets
fo = foramen s V = sacral vertebra
gr = groove sc bl = scapula blade
gu = gutter sh = shelf
hae = haemapophysis si fa = slot facet
hu = humerus sq = squamosal
hyo = hyohranchial apparatus t = tibiale
il = ilium ti = tibia
int = intermedium tr g = trigeminal groove
int lam = intervening lamina tr pr = transverse process
is = ischium tu int = tuberculum
is pr = ischial process interglenoldeum
1 = lacrimal u = ulna
lip = lip u con = ulnar condyle
man = mandible ul = ulnare
man sym = mandibular V = vomer
symphysis V a = vertebral axis
ma pr = maxillary process V lat fa = ventrolateral
met = metatarsals facet
mx = maxilla ve = vertebra
n = nasal ven rid = ventral ridge
na pr = nasal process wi fl = winged flange
no := notch zy = zygapophysis
not ca = notochordal canal 
nu ar = neural arch pty =% p*terygoad
nu cr = neural crest
nu fo = neural foramen
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INTRODUCTION

The Albanerpetontidae is a group of enigmatic 
salamander-like, fossil amphibians, known from deposits of 
Middle Jurassic to Miocene age, in Europe, North America and 
Central Asia. With the exception of a poorly described partial 
skeleton from the Lower Cretaceous of Italy, all discussions 
of albanerpetontid relationships and morphology have been 
based on a few disarticulated elements.

The generic name Albanerpeton was first used by Estes and 
Hoffstetter in 1976 to describe a new genus and species found 
at La Grive-Saint-Alban, France (Middle Miocene). This type 
genus and species Albanerpeton Inexpectatim, was originally 
assigned to the family Prosirenidae on the basis of "the 
presence of a distinctive interlocking mandibular symphysis 
and faintly tricuspid, non-pedicellate teeth", characters 
presented as diagnostic of the family (Estes, 1969, p 88). 
However, the original description of Proslren (Goin & 
Auffenberg, 1958) based on dorsal vertebrae had been ignored.

The holotype of Prosiren elinorae, a dorsal vertebra, was 
described by Goin and Auffenberg in 1958 from the Antlers 
Formation (Albian), Texas, USA and was originally assigned to 
the Sirenidae. Estes (1969) described new dissociated 
vertebrae and skull elements from a neighbouring locality in 
Texas. Estes believed that all this material belonged to the 
same species because of the apparent lack of alternative 
species at this site. In the same year Estes relocated 
Prodesmodon copei Estes 1964 (originally described as a

12



plethodontid salamander based on its opisthocoelous vertebrae) 
to Prosirenidae on the basis of the similarity of the skull 
elements including the interlocking symphysis of the 
dentaries. However, vertebrae of Prodesmodon copal were 
subsequently shown to be similar to the batrachosauroidid 
salamander Oplsthotriton (Naylor, 1979) leaving the associated 
dentaries only as referred to the ’prosirenids'. Later (Estes, 
1981) these jaw elements were attributed to a new species of 
Albanerpeton.

In his 1981 Handbuch, Estes wrote a detailed discussion 
of the systematics of albanerpetontids [prosirenids] in which 
he included Proslren elinorae and Ramonellus longispinus - a 
salamander erroneously linked to prosirenids on the basis of 
its weakly ossified postcranial skeleton (a misinterpretation 
of the condition in the partial skeleton from the Early 
Cretaceous locality of Pietraroia, Italy, Costa, 1864).

The first albanerpetontids from outside Europe and North 
America were described by Nessov in 1981 from the Late 
Cretaceous of Uzbekhistan, Central Asia. These were assigned 
to a new genus and species, Nukusurus Insuetus. Nessov 
attributed this material to the family Albanerpetontidae
crediting this new taxon to Fox and Naylor although, in the

&982)event. Fox and Naylor's paperwas published the following 
year.

Fox & Naylor (1982) reemphasised the fact that the type 
specimen of the Prosirenidae, Proslren elinorae, was a dorsal 
vertebra. They concluded that subsequent referrals should be 
based on vertebrae and not other elements such as mandibles.

13



They showed that the vertebrae of Proslren and Albanerpeton 
were diagnostically different. They assigned Albanerpeton to 
a new family, the Albanerpetontidae, and proposed that the 
family Prosirenidae should consist of only Proslren elinorae 
and possibly Ramonellus longispinus. They proposed that the 
diagnostic features of Albanerpeton should be: the cervical 
vertebrae of which the first 'three' vertebrae form a mammal
like 'atlas-axis' complex; the peculiar dentary with its 
interlocking symphysis; the pleurodont, non-pedicellate, 
slightly tricuspate teeth; and the unicipital rib-bearing, 
amphicoelous vertebrae. These characters, plus another ten, 
making 13 in all, were put forward by Fox & Naylor as evidence 
that albanerpetontids were not caudates since none of these 
characters were apparently found in salamanders. They argued 
that this warranted placing albanerpetontids in a new order, 
Allocaudata, of 'salamander-like' amphibians.

Estes and Sanchiz (1982) disagreed with Fox and Naylor's 
explanation for the differences between Proslren and 
Albanerpeton vertebrae and with the creation of the family 
Albanerpetontidae, but they did not discuss this in any 
detail. Similarly, Duellman and Trueb (1986) continued to use 
Prosirenidae sensu stricto with no mention of the 
Albanerpetontidae. Trueb and Cloutier (1991) dismissed the 
Albanerpetontidae and argued for the 'prosirenids' as true 
caudates with Karaurus as the sister-taxon of Caudata 
[Urodela].

Milner (1988) followed Fox and Naylor's diagnosis of the 
Albanerpetontidae as being separate from the prosirenids but

14



considered them to be of "indeterminate relationship" due to 
the paucity of material and characters available for analysis 
at the time.

The recovery of new articulated material from the Early 
Cretaceous of Spain has permitted a much more detailed 
description and understanding of the group.

A description of disarticulated material from 
Kirtlington, Oxfordshire (Bathonian) and Purbeck, Dorset 
(Tithonian) is given. A comparison of this material with 
published material from La Grive-Saint-Alban, France (Miocene) 
and unpublished material from Guimarota, Portugal 
(Kimmeridgian) and Una, Spain (Berriasian) casts doubts on 
certain albanerpetontid species diagnosed on few and weak 
characters.
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ALBANERPETONTIDS FROM LAS HOYAS, SPAIN

GEOLOGY OF LAS HOYAS
The Las Hoyas fossil site is situated about 20 km east of 

the city of Cuenca, the capital of the province of Cuenca in 
central Spain. It is in the Castellana branch of the Iberian 
mountain range ( see Map 1 ). The area around the fossil site is 
composed of Mesozoic rocks lying on a Palaeozoic base. The 
Mesozoic rocks range from the Triassic to late Cretaceous (260 
- 65 mya).

The fossiliferous beds of Las Hoyas, so far studied, are 
in a succession that is primarily composed of limestones. 
These beds are believed to have been formed from alluvial 
(river) and lacustrine - palustrine (lake - marsh/swamp) 
deposits. This outcrop has been correlated with the limestone 
beds of the La Huérguina Formation from the lowest part of the 
Lower Cretaceous ("Weald") in the southwestern Iberian range. 
Although the Las Hoyas beds have not yet been precisely dated 
they are believed to be around Late Barremian (124-119 mya) 
based on its correlation with the La Huérguina Em., which has 
been dated on its rich charophyte assemblage (see below).

So far, five sedimentary units have been exposed and 
classified at Las Hoyas (see Fig. 1)

- Contreras Fm. - Red and grey clays with some sandstone
intercalations. Most probably these are 
fluvial deposits. There is an unconformity 
between this layer and the younger Albian,
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MAP 1

Las Hoyas
1--- 1I--- 1

MAP 1. a) Spain, showing Cuenca province, 
b) Cuenca province showing Las Hoyas fossil site (box)
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Figure 1.
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Fig. 1. Diagrammatic cross section of the Las Hoyas 
fossil site, Cuenca, Spain. (After Sanz et al 1990).
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Utrillas Fm. that lies above it.
- Unit IV - Limestones with marly intercalations in the upper 

strata. Regarded as shallow lacustrine (lake) 
deposits.

Unit III - Limestones with laminites. These are the
sediments of the Las Hoyas fossil site outcrop.

Unit II - Greenish shales and silts alternating with
limestones that are sometimes channelized. 
There are also some thin carbonaceous 
intercalations. These are believed to be 
deposits of palustrine (marsh/swamp) 
conditions.

Unit I - Reddish clays and silts with occasional 
limestones, which contain paedogenetic 
structures. These were probably laid down in 
predominantly palustrine conditions.

Units I, II, III, and IV correspond to the La Huérguina
Fm.

There are three facies that can be distinguished in the 
fossil bearing Unit III; their boundaries are mostly 
gradational.

1 ) Massive Limestones - Packstones with peloids and 
sandstone fragments of charophyte stems. In the base of these 
beds some gastropods are found in arenaceous rocks (Wackstones 
of Sanz et al 1988, p 612). These are detrital sedimentary
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rocks. Therefore, these were most probably deposited in well- 
oxygenated shallow lacustrine environments situated above the 
photic zone.

2 ) Flaggy Limestones - These are sometimes nodular. They 
are mudstones with occasional thick laminations containing 
ostracodes (small shrimp-like crustaceans with a bivalve 
carapace). Laterally, they grade into convoluted laminations. 
These facies were probably deposited on the gentle upper 
slopes of a lacustrine environment.

3 ) Laminated Limestones - Laminated mudstones with 
abundant fossils. The laminae are continuous laterally and the 
fossil preservation is of good quality. Deposition was most 
probably in a lake-basin plain environment. The laminations 
probably developed due to the periodic fluctuations in the 
biosedimentary system of the lake. The fact that relatively 
delicate laminations are preserved indicates that neither 
bioturbations nor disturbance by wind induced currents 
occurred during deposition. The very good preservation of 
fishes in a relatively undisturbed state is indicative of a 
deep lake with perennially anoxic bottom waters. This anoxic 
state at the bottom of a lake inhibits the development of 
benthic epi- & infaunal communities which would lead to the 
breakdown and decomposition of any organic material that found 
its way onto the bottom sediments.
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Four subfacies have so far been interpreted from the 
laminated limestone facies (Sanz et al, 1988).

( i ) thin laminites - these are the most common laminated 
facies;

( ii ) thick laminites - these probably correspond to 
periods of high water discharge;

(iii)black, slightly carbonaceous and clayed laminites
with very abundant floated terrestrial macrophyte 
remains. These may correspond to areas of deposition 
around the mouths of small feeding streams;

(iv)laminites with recumbent microfolds and microfaults.
These were probably formed from the landslides of only 
partially consolidated sediments down the lakeside 
slopes.

A typical facies sequence becomes thicker and more cc^rse 
towards the top - consisting of laminated, flaggy then massive 
limestone uppermost (see Fig. 1). These sequences become 
shallower as one moves up the sequence, a condition which may 
have been brought about by fluctuations in the water depth due 
to aggradation or progradation of a bench sequence towards the 
basin (Sanz et al., 1988 : Murphy & Wilkinson, 1980).

In summary, unit III sediments were deposited from a hard 
water lake, with little influx of land-formed sediments
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("terrigenous") and non-coincident margins (Sanz et al., 1988 
; Donovan, 1975). It is believed that a stratified water 
column existed in the ancient lake system, with an upper 
oxygenated epilimnion and a lower anoxic hypolimnion. These 
anoxic benthic waters are believed to have existed perennially 
during the deposition of the fossiliferous beds.
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INTRODUCTION TO LAS HOYAS SPECIMENS

Two articulated albanerpetontid specimens have been 
recovered from Las Hoyas, Cuenca, Spain.

The first specimen, LH 030 R (A & B), on loan from 
Universidad Autonoma de Madrid, consists of both part (see 
Fig.2 & Photo 1) and counterpart (see Fig.3) of an almost 
complete specimen seen in lateral view. The skull of this 
specimen is poorly preserved. However, several teeth are 
reasonably well preserved and are similar to the teeth of 
other previously described albanerpetontids. Limbs are 
preserved in part, as are most of the trunk vertebrae, but 
unfortunately the tail is incomplete. Body dimensions were 
taken ( see Table 1 ), which show similar proportions to the 
second specimen.

The second specimen, LH 6020, also consists of both part 
and counter-part and is on loan from Mr.Armando Diaz-Romeral 
who found the specimen. This is an almost complete specimen 
seen in ventral view ( see Photo 2 ). The skull is well 
preserved (see Fig.4). Part of the palate is missing revealing 
the underside of the skull. The paired parietals, fused 
frontals and parts of the upper jaw are clearly seen. Most of 
the dentition appears to be missing, although a couple of 
teeth are present. These appear to be non-pedicellate as in 
other described albanerpetontids. The tail in this specimen is 
also incomplete, but is marginally longer than that of 
specimen LH 030 R. Measurements were taken of the skull, limb 
lengths and overall body dimensions ( see Table 1). In addition
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to the animals 'hard parts', there has been preservation of 
some ’soft parts'. Surrounding the skeleton is the faint 
remains of the skin and lying within the skin of each thigh 
are the remains of femoral glands (see Photo 3 and Soft Part 
Preservation).
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Figure 2.

Fig. 2. Outline drawing of LH 030 R-A
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Photo 1.

A

1 cm

Photo 1. Photograph of LH 030 R-A
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Figure 3

GJ

Fig. 3. Outline drawing of LH 030 R-B
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TABLE 1 - BODY PROPORTIONS OF LAS HOYAS SPECIMENS
SPECIMEN LH 030 R LH 6020

SNOUT TO VENT LENGTH 59.5 51
TAIL LENGTH 16 27
HEAD LENGTH 13 12.5
HUMERUS (right) 6 4.5
HUMERUS (left) 5.75 4.5
RADIUS & ULNA (right) 4.25 4
RADIUS & ULNA (left) 4 3
FEMUR (right) 7.5 6+
FEMUR (left) 8.25 6.25
TIBIA & FIBULA (right) 5+ (OFF BLOCK)
TIBIA & FIBULA (left) 5.25 4.25
PRESACRAL VERTEBRAE (No.) 22 22
CAUDAL VERTEBRAE (No.) 13 24
RATIOS (in relation to snout to vent length)
HEAD 4.5:1 4.08:1
HUMERUS 9.92:1 11.33:1
RADIUS fit ULNA 14:1 12.75:1
FEMUR 7.2:1 8.16:1
TIBIA fit FIBULA (INCOMPLETE) 12:1

all sizes in mm,
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Photo 2.

1 cm

Photo 2. Photograph of LH 6020 part block
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Figure 4.
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1 mm

Fig. 4. Skull of LH 6020, seen in ventral view
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Photo 3.

S

1 cm

Photo 3. UV photograph of LH 6020
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OVERVIEW OF THE SKULL OF LH 6020

The skull is seen in ventral view. The overall length 
from the anterior edge of the premaxillae to the rear of the 
cranium is 12.5 mm. The width of the skull, at its widest 
point between the orbits is, 7.5 mm. The anterior of the skull 
is badly crushed and the margins of the skull elements are 
difficult to distinguish. The skull is olive shaped in 
longitudinal section. The shape of the skull does not appear 
to have been distorted during preservation. Both left and 
right premaxillae are present and both contain fragments of 
teeth. Both premaxillae are highly fractured and subsequently 
their articulation facets are difficult to distinguish (see 
Fig. 4 St Photo 4). Both left and right maxillae are partially 
preserved with some teeth clearly present on the right maxilla 
(see Figs. 4 St 5 St Photo 4). Lying medial to the maxillae and 
posterior to the premaxillae are lacrimals, nasals and 
prefrentals. Again due to crushing these bones are difficult 
to interpret. The left prefrontal is better preserved than the 
right. The right lacrimal, nasal and prefrontal are partially 
obscured by what appears to be a palatal element lying across 
them. Lateral to these palatal elements, on both sides, are 
the remains of the dentaries (see Figs. 4, 5 St 6 ). Medial to 
the palatal elements lies the fused frontal which is well 
preserved; only anteriorly are the details obscured by 
crushing. Posterior to the frontal are the paired parietals. 
Lying lateral to the parietals on both the left and right hand
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Photo 4.
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Photo 4. Skull of LH 6020
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Figure 5.
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Fig. 5. Detail of premaxilla, maxilla, dentary and palatal

elements on right side of skull of LH 6020.
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Figure 6.

1 mm
Fig. 6. Detail of premaxilla, maxilla, dentary, lacrimal, 

prefrontal, nasal and palatal elements on left side
of skull of LH 6020.
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side of the skull are what appears to be the remains of 
quadrate and squamosal elements. The quadrate is in 
articulation with the articular (see Figs. 1, 8 & 9b & c). 
Lying medially at the posterior margin of the parietals is a 
small fragment of bone which is probably the remnant of a 
narrow, needle-like cultriform process. Posterior to this is 
a triangular shaped parasphenoid in association with the 
basicranium.

The atlas is still preserved in articulation with the 
occipital condyle (see Fig. 4). Another element, unknown from 
any previously described albanerpetontid material, is seen 
medial to the left maxilla, dentary and squamosal. This thin 
bone may be the remains of a jugal.

DETAILED DESCRIPTION
UPPER JAW 
Premaxilla

Both premaxillae are preserved. The right bears four or 
five broken teeth, the left three to five. Only one tooth 
crown (right premaxilla) has preserved its overall shape and 
appears to be slightly tricuspate which is a diagnostic 
character of albanerpetontids*

Due to crushing, the facets are difficult to determine. 
The premaxillae appear to abut against one another medially 
with little or no overlap. Their ascending nasal processes 
articulate with a relatively small round or oval nasal bone 
(see Fig. 6).
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Figure 7.
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1 mm

Fig. 7. Detail of right side of skull of LH 6020 showing
quadrate, and squamosal and articular joint.
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Figure 8.
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1 mm

Fig. 8. Detail of left side articular/quadrate joint on
skull of LH 6020.
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Figure 9.

/

Fig. 9. Skull of LH 6020. a) premaxillae and maxillae; b) 
palatal elements, squamosals, cranium and possible jugal 
element; c) dentaries and quadrates.
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Maxillae
Both maxillae are present in this specimen but they are 

incompletely preserved (see Figs. 5 & 6). Only the right
retains any remnants of teeth lying midway along its length. 
These teeth, like those of the premaxillae, are fragmentary. 
Neither maxilla shows any details of articulation facets, but 
each clearly articulated with the premaxilla anteriorly and 
with the lacrimal anterolaterally. From these, the maxillae 
ran posteriorly roughly three-quarters the length of the 
orbit.

SKULL ROOF 
Nasal

No albanerpetontid nasal has previously been recorded, 
but their presence and shape had been deduced from the facets 
on the surrounding bones (see Fox & Naylor, 1982). LH 6020 
confirms their presence but the shape and dimensions of the 
bone are obscured by crushing and overlying bones (see Figs. 
3 & 6).

Frontal
The fused frontal lies between the orbits (see Figs. 3 & 

10a). It articulated with the prefrentals anteriorly and, 
possibly, with the lacrimal anterolaterally. Laterally, the 
raised curved edges border the orbit. Posteriorly, the frontal 
abutted against the paired parietals. There does not appear to 
have been any overlap between the frontal and the lateral 
winged flanges of the parietal, in contrast to the condition
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Figure 10.

a)

b)

Fig. 10. Skull of LH 6020; a) fused frontal and paired 
parietals; b) vomers, nasals and prefrontals. 
shaded black is bone^ hatched area is uncertain
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in the Kirtlington material (see below). Under UV 
(ultraviolet) light, faint traces of an hexagonal pattern can 
be detected through the thin central portion of the frontal. 
This hexagonal pattern is presumably the dermal ossification 
pattern found on the dorsal surface of this and other skull 
elements (see Soft Part Preservation).

Parietal
Parietals were paired and in the midline abutted with no 

apparent overlap (see Figs. 3 & 10a). Each bone can be
partitioned into two parts. The anterolateral edges of the 
parietals formed the posterior margins of the orbits. Behind 
this orbital border each parietal is slightly concave on the 
ventral surface perhaps for the partial accommodation of the 
eye itself. Behind this orbital compartment, there is a deep 
concavity - presumably for the accommodation of the cerebrum 
or optic lobes.

LATERAL SKULL 
Prefrontal

Lateral to the nasal was a long prefrontal. This 
apparently articulated with the premaxilla anteriorly, on the 
lateral edge of the ascending nasal process, and with the 
frontal posteriorly, at the level of the anterior margin of 
the orbit. The prefrontal facet on the frontal is damaged, but 
the prefrontal clearly ran onto the ventral surface of the 
frontal. Posterolaterally, the prefrontal articulated with the 
lacrimal.
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Lacrimal
The lacrimal was relatively large. Its anterior edge was 

curved and formed the posterior border of the external naris. 
The anterior border was provided by the premaxilla, the 
lateral border by the premaxilla and the maxilla and the 
medial border by the prefrontal (see Figs. 3, 5 & 6). The
posterior edge of the lacrimal formed the anterior border of 
the orbit. Laterally, it articulated with the maxilla.

Jugal ?
A thin bone articulated with the labial surface of the 

left maxilla and then ran posteriorly to end just behind the 
level of the orbit (see Figs. 3, 9b & 11). No comparable 
element has been reported previously in albanerpetontids and 
it is possible that this bone is a jugal (see also description 
of second Las Hoyas specimen).

SUSPENSORIUN 
Quadrate & Squamosal

The quadrates were large and roughly rectangular. They 
met the cranium laterodorsally and the squamosals laterally. 
The squamosals are relatively narrow anteriorly, but widen 
posteriorly where they met the cranium (see Figs. 7, 8 & 9b & 
c).

PALATE
Lying medial to the maxillae were palatal elements that 

may have articulated with it posteromedially, but the region
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Figure 11.

pal 2
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Fig. 11. Detail of the orbital area on left side of skull
of LH 6020.
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is obscured by the overlying dentaries. Lying in the floor of 
the orbits are the remains of some palatal elements (see Fig. 
11). On the right these elements ran anteriorly to overlie the 
lacrimal, nasal and prefrontal bones, tapering to a blunt 
point medially just behind the level of the nasal process of 
the premaxilla (see Fig. 3 & Photo 5). There appear to have 
been two palatal elements on each side of the skull (see Figs. 
3, 9b & 11). They lie medial to the dentaries on both sides 
but do not articulate with them - the dentaries merely overlie 
them laterally. One or both of these palatal elements may have 
articulated with the maxilla on its lingual surface. Palatal 
element 1 articulated with palatal element 2 along a facet 
that runs diagonally towards the midline. Palatal element 1, 
on both sides, appears to have had a facet at its most 
anterior edge, on a level with the anterior edge of the orbit 
(see Figs. 4, 5 & 6). No palatal elements have previously been 
described for albanerpetontids. Only Fox & Naylor (1982) have 
mentioned palatal elements and this was by inference due to 
the presence of a facet on the maxilla. Since these palatal 
elements are damaged and partially obscured by other elements 
they are difficult to identify. However, by comparison with 
living amphibians and amniotes, they are most likely to 
correspond to the pterygoid (pal 1; Fig. 11) and the palatine 
(pal 2; Fig. 5 & 6). Neither is likely to be an ectopterygoid 
since this bone is very reduced in dissorophoid temnospondyls 
(Milner, 1993) and are lost or very reduced in living 
amphibians (Duellman & Trueb, 1986) and there is a tendency to
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reduce or lose this element before the other two in higher 
tetrapods (Romer & Parsons, 1978).

BRAINCASE
Below the posterior part of the parietal there is a small 

median needle-like bone which is probably the remains of the 
cultriform process of the parasphenoid. Immediately behind it 
lay the triangular parasphenoid itself, apparently fused to 
the rest of the braincase. The individual bones of the 
braincase cannot be identified, since there are no indications 
of sutures that would highlight individual elements, but there 
is a faint outline on the left and right sides which gives the 
impression that the braincase was quite deep medially but had 
lateral margins which reached forward at least to the level of 
the quadrates (see Fig. 9b). This overall shape would be in 
accord with the crania found at La Grive-Saint-Alban, in 
France (see Fig. 4 and Estes & Hoffstetter, 1976, p 341, PI. 
IX ).

Posterior to the parasphenoid is the partial remains of 
the atlas which is still in close proximity to the left 
occipital condyle (see Fig. 4).

LOWER JAW 
Dentary

Both dentaries are incomplete. The right dentary is the 
better preserved and bears the fragmentary remains of one or 
two teeth lying at the same level as those of the maxilla ( see 
Figs. 3 & 5 and Photo 5). Anteriorly, between the maxilla
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laterally and the lacrimal medially, the dentary curves 
towards the premaxilla. Posteriorly, both dentaries met the 
articulars (see Figs. 4, 7 & 11).

Articular
Both articulars had convex joint surfaces that 

articulated with the concave ventral regions of the quadrates 
at the level of the posterior borders of the orbits. The joint 
is clearest on the right (see Fig. 7).
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SKULL OF LH 030 R

The skull of LH 030 R is very poorly preserved on both 
part (LH 030 R-A) and counterpart (LH 030 R-B) with crushing 
and fragmentation of the individual elements. Several of the 
elements are split, with one fragment preserved on the part 
block and the other in the counterpart block. As a result 
detailed examination of the skull has permitted the 
identification of only a few bones of the skull with any 
degree of confidence.

On the counterpart block the skull appears to have been 
preserved in a dorsolateral oblique view. The left mandible 
lies under the right which curves above it. Lying on top of 
the right mandible is the left maxilla. Above the mandibles 
are the badly crushed dermal roofing bones of which only the 
frontal can be clearly distinguished (see Fig. 12). 
Anteriorly, the premaxillae can be identified, articulating 
with what may be the vomers.

UPPER JAW 
Premaxilla

The premaxillae lie most anterior on both blocks, the 
tooth-bearing parts are preserved on the counterpart block 
while the fragmentary remains of the ascending nasal process 
lie on the part block. There are apparently no teeth 
preserved, but they may be represented by five holes on the 
right premaxilla.
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Figure 12.
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Fig. 12. Skull of LH 030 R-B, showing frontal, 
premaxillae, mandible and maxilla.
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The left premaxilla lies below the right (see Fig. 12), and 
bears similar foramina. The premaxillae may be fused medially. 
Just behind them are two bone fragments that may be either 
remnants of vomers or of the ascending nasal processes, 
although the latter are partly represented on the part block 
(see Figs. 12 & 13).

Maxilla
The left maxilla is preserved in labial view, but there 

are no visible signs of foramina. The anterior premaxillary 
process is fragmentary, but a single hollow tooth fragment 
projects slightly from the anterolingual edge (see Fig. 12). 
The maxilla tapers posteriorly and bears an articular facet on 
its dorsal edge (see Fig. 12). This facet was probably
for the bone (jugal ?) that lies immediately above it and, on 
the part block, is partially in articulation with it (see 
below).

SKULL ROOF 
Frontal

The frontal is partially preserved on both the part and 
counterpart blocks (see Figs. 12, 13 & 15), but is badly
damaged and reveals little structural information.

LATERAL SKULL 
Jugal ?

This bone was narrow and tapered anteriorly where it met 
the maxilla, but becomes much wider posteriorly.
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Figure 13

1mm

Fig. 13. Skull of LH 030 R-A, showing frontal, 
dentary and possible jugal.
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Figure 14.

Fig. 14. Skull of LH 030 R-B; a) premaxillae, maxilla and
possible vomers b) mandible
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Figure 15.

?V

art

mx
tien

Fig. 15. Skull of LH 030 R-B ; frontal
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Figure 16.
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Fig. 16. Detail of skull of LH 030 R-A, 
showing dentary and possible jugal element
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It is apparently split through its main axis, so that one 
fragment lies on the counter-part block (see Fig. 12) while 
the other, more complete piece lies on the part block (see 
Figs. 13 St 16). This element is best interpreted as the jugal.

LOWER JAW 
Dentary

On the part block, LH 030 R-A, the most readily 
distinguishable element is the left dentary (see Figs. 13 & 
16). No teeth are preserved and both the angular and the 
articular are missing. The dentary is broken anteriorly and 
posteriorly, with only partial preservation of the unique 
mandibular symphysis on the counter-part block ( LH 030 R-B ) 
(see Fig. 12). The right dentary is preserved on the 
counterpart block with its symphysis in partial contact with 
the left symphysis. The right mandible runs under the left 
maxilla and is almost completely preserved save surface 
erosion. However, no teeth remain and no detail of the angular 
and articular facets are preserved (see Figs. 12 & 14).

Remaining skull
The remaining identifications of skull fragments are 

based on their position in relation to the other bones of the 
skull, i.e. frontal and premaxillae, and by comparison with 
the elements of LH 6020.

Below the frontal, on the counterpart, is a remnant of 
either a sphenethmoid bone (unreported, to date in other 
albanerpetontids) or a palatal element, while between the
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frontal and the premaxillae, on the counterpart are the 
remains of what may be the prefrentals, lacrimals and nasals, 
but little detail is preserved.

Above the frontal are impressions and fragments of 
possible palatal elements similar to those found on LH 6020 
(see Fig.4). Anterior to these impressions lie deeper 
impressions that may have contained the remains of the right 
maxilla, which is unaccounted for in the remainder of the 
skull.

Posterior to the frontal the bones are very poorly 
preserved. Within these highly crushed and fragmentary remains 
must lie the paired parietals and, posterior to that, the 
braincase, but little structural information can be obtained 
from this part of the skull.

The triangular impression lying at the top of the skull 
(see Figs. 12 & 13) may have housed the remains of either the 
quadrate or squamosal of the right side, or both these 
elements, but it is impossible to be sure.

Lying above the right-side of the braincase is another 
uncertain element. After cleaning the matrix from around it no 
clearer picture as to its identity could be obtained, but 
based on its position, it is probably a fragment of the 
braincase itself, although it could also be a displaced 
element such as a squamosal.

Posterior to the left mandible, on the counterpart block, 
are the impressions of what could have possibly been the 
quadrate and squamosal elements of the left side, but only 
very small fragments remain.
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Lying below the skull are the remains of the 
hyomandibular apparatus. This runs from a level just behind 
the mandibular symphyses anteriorly to the level of the atlas 
posteriorly (see Figs. 2 & 3). No details of the elements that 
composed this apparatus are seen. A reconstruction of the 
skull of albanerpetontids is given in Figs. 17 - 20.
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Figure 17
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Fig. 17. Outline reconstruction of the skull of an
albanerpetontid in dorsal view.
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Figure 18.
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Fig. 18. Detailed reconstruction of the skull of an
albanerpetontid in dorsal view.
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Figure 19.

Some disarticulated 
maxillae from both 
Kirtlington & Purbeck 
bear a facet on the 
anterior pars palatina, 
indicating that a 
palatal element may 
articulate anteriorly.

Both palatal elements are 
seen in this position in the 
fossil. Vomers are unknown.

JL

Fig. 19. Outline reconstruction of two possible palates
of albanerpetontid in ventral view.
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Figure 20.
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Fig. 20. Reconstruction of skull of albanerpetontid
in lateral view.
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POSTCRANIAL SKELETON
VERTEBRAE
a) Vertebrae & ribs of LH 6020

The atlas of LH 6020 can be seen in outline (see Fig. 4) 
although very little detail is preserved. Its overall length, 
0.5 mm, is about one quarter of a typical trunk vertebra i.e. 
»2 mm. The occipital cotyles faced forward and lay at roughly 
90® to the main axis of the vertebral column. The left cotyle 
is still in articulation with its corresponding occipital 
condyle (see Fig. 4). The tuberculim interglenoldeim is 
partially preserved and is rounded into a single condyle. The 
axis is in situ behind the atlas, but provides no details of 
its shape. The overall length of the atlas-axis complex is 1 
mm i.e. one half of the length of a typical trunk vertebra.

There were 22 presacral vertebrae (inc. atlas-axis 
complex) in LH 6020. Excluding the atlas-axis they were 
roughly the same length («2 mm) from T1-T21 (T1 = first
vertebra after atlas-axis; T21 = last trunk vertebra). The 
centra were amphicoelous and hourglass-shaped (see Figs. 21 &
22). Each had a pair of unicapitate transverse processes. The 
ribs were roughly the same length as a trunk vertebra ( »2 mm) 
and projected backwards. They appear to have been spatulate, 
with the distal ends wider than the proximal ends (see Fig.
23).

Twenty-four caudal vertebrae are preserved in LH 6020, 
but the tail is incomplete. The centrum length of each caudal 
vertebra decreases from 2 mm to 1 mm between Cl and C23 ( C24 
is incomplete).
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Figure 21.

11

12

13

14

15

1 mm

Fig. 21. Trunk vertebrae, T11-T15, of LH 6020, 
showing amphicoelous, unicapitate transverse process, 

and hourglass shaped centra (best seen in T15).
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Figure 22.

A
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Fig. 22. Trunk vertebrae, T19-T21, sacral region 
and caudal vertebra Cl, showing unicapitate T.P., 

trunk and caudal ribs and hour glass shaped centra
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Figure 23.

I

1 mm

Fig. 23. Trunk vertebrae, T4-T6, of LH 6020, 
showing unicapitate T.P. and backwardly projecting ribs
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Figure 24.

1mm

Fig. 24. Caudal vertebrae Cl-05, of LH 6020, 
showing transverse processes.
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The first 1, or 8, caudals bear transverse processes which 
become progressively shorter posteriorly (see Fig. 24). The 
eighth caudal vertebra is badly damaged and what seems to be 
a transverse process could also be an haemapophysis since the 
vertebral column twists in this region to bring the more 
posterior vertebrae into lateral view (see Fig. 25). The 
posterior caudals were amphicoelous and show hourglass-shaped 
centra, haemapophyses and zygapophyses. (see Figs. 24, 25 &
26).

b) Vertebrae & ribs of LH 030 R
The vertebral column of LH 030 R is preserved mainly in 

impression, with fragments of the vertebrae imbedded in the 
impression. As in LH 6020, there were 22 amphicoelous 
presacral vertebrae bearing short spatulate ribs (see Figs. 2 
& 3 and Photo 1).

There are 14 caudal vertebrae preserved. The first six 
are poorly preserved and little detail is seen (see Fig. 27). 
Caudals 7 - 1 3  are well preserved on the part block with their 
impressions on the counter-part. Caudal 14 is on the counter
part block, but is only partially preserved. As in LH 6020, 
they were amphicoelous, had well developed haemapophyses fused 
to the posterior of their centra and they have pre- and 
postzygapophyses. It is not clear if these haemapophyses are 
fused ventrally. They had no neural spine. Their centra had no 
foramina penetrating them. A small fragment of bone lies 
across the neck of the femur adjacent to the second caudal.

67



Figure 25.

1 mm

Fig. 25. Caudal vertebrae, C5-C10, of LH 6020, 
showing T.P.’s on C5-C7 and haemapophyses 

and zygapophyses on C8-C10.
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Figure 26.

'v' f \

1 mm

Fig. 26. Caudal vertebrae C17-C20, of LH 6020, 
showing haemapophyses on Cl7 and zygapophyses on 

C17-C19. These caudal vertebrae are in lateral view.
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Figure 27.

CL

1mm

Fig. 27. Outline drawing of pelvis of LH 030 R-A 
showing caudal vertebrae and hind limbs.
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Figure 28.
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Fig. 28. Caudal vertebrae of LH 030 R-A.
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This may be either a rib or a phalangeal element (see Fig.
27). It is not known how many of the first six caudals had 
transverse processes or ribs. Caudals 7 - 1 4  certainly had no 
transverse processes (see Fig. 28). The caudal vertebrae 
become gradually smaller as they move posteriorly, but this 
reduction in size is brought about by reduction in the centrum 
depth but an increase in the centrum length ( see Table 2 ).

TABLE 2 - CAUDAL VERTEBRAE LH 030 R.

Vertebra No. Centrum Length 
(mm)*

Centrum Depth 
(mm)*

Ratio: Length/ 
Depth

cd 7 1.3 0.88 1.477

cd 8 1.28 0.8 1.6

cd 9 1.36 0.88 1.545

cd 10 1.36 0.84 1.62

cd 11 1.32 0.76 1.737

cd 12 1.4 0.76 1.84

cd 13 1.4 0.76 1.84
Measurements taken from Fig 21.
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APPENDICULAR SKELETON 
FORELIMBS AND PECTORAL GIRDLE
a) Pectoral Girdle of LH 6020

The coracoid was relatively small and formed the medial 
and anterior components of the glenoid fossa. The lateral 
component was provided by the scapula. This had a very long 
narrow blade (see Fig. 29), the function of which has yet to 
be determined in detail. The distal ends of both scapular 
blades appear to have been attached to the vertebral column 
between T2 and T3, possibly by means of muscular attachment 
from the cartilaginous suprascapulae. This is suggested by the 
slight impression in the matrix at the anterior end of both 
scapularblades which may have housed a cartilaginous mass; the 
cartilaginous suprascapula (see Figs. 29 & 30). On the left 
side this impression is closely associated with the rib of T2, 
suggesting they may have been attached. Such an attachment may 
have given extra support to the pectoral girdle. A similar 
condition occurs in the pectoral girdle of sirenids where the 
anteriorly projecting suprascapula attaches to the rib of the 
third presacral vertebra.

b) Forelimb of LH 6020
Both forelimbs are preserved in LH 6020, the right is the 

more complete. They are fully articulated and in association 
with their respective shoulder girdles.

The head of the right humerus lies in the glenoid fossa. 
It is approximately 4.5 mm long and although only partially 
preserved, was clearly heavily ossified.
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Figure 29.
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Fig. 29. Right forelimb of LH 6020
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Figure 30.
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Fig. 30. Left forelimb and vertebrae of LH 6020
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There is a strong ridge proximally that may represent the 
crista ventral is humeri and on the opposite edge, a possible 
crista dorsalis humeri (see Fig. 29), although this region is 
damaged. Towards the distal end of the humerus the impressions 
of scales can clearly be seen where the bone of the humerus is 
missing (see Soft Part Preservation).

Both radius and ulna are approximately 4 mm in length but 
show little detail (see Fig. 29).

c) Manus of LH 6020
Both mani of LH 6020 are poorly preserved (see Figs. 29 

& 30 and Photo 5 ). By using a combination of a binocular 
microscope and enlarged high quality colour photographs (taken 
under UV light), both 50x magnification, a tentative 
reconstruction is given. The reconstruction is based on the 
left manus, from both part and counterpart blocks, the right 
manus is too damaged. Fig. 31 is an outline drawing of the 
left hand, from the part block, as determined from a 
combination of the photographs and direct observation under 
the microscope. Four digits can be identified (see Fig. 31). 
Digits I and II appear to have their full complement of 
elements (see Fig. 32); digits III and IV have only their 
metacarpals and first phalanx preserved (see Fig. 32). 
However, two elements seen on the part block, elements A and 
B, appear to suggest the presence of a fifth digit.

A detailed examination of the counterpart block does not 
clarify the identification of elements A and B seen on the 
part block.
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Photo 5.

»

1 mm

Photo 5. Left pectoral girdle and forelimb of LH 6020
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Figure 31.

I

1 mm
Fig. 31. Left manus of LH 6020 (part block) 

showing digits.
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Figure 32.

Fig. 32. Left manus of LH 6020 highlighting digits I & II 
a) digit I, b) digit II, c) digit III, d) digit IV.
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Figure 33

1 mm

Fig. 33. Left manus of LH 6020 
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Neither element A nor B appears to exist on the counterpart. 
Their corresponding position on the counterpart is equally 
poorly preserved but shows more of the carpals (see Fig. 33). 
The counterpart confirms the presence of four digits.

From a comparison with the manus of LH 030 R, which has 
a more complete carpus, element A may be a composite of the 
ulnare and C3 and element B the composite of C2 and Cl and 
possibly parts of del and dc2. With this interpretation the 
manus of LH 6020 has four digits. However, the possibility of 
a five digit manus should not be ruled out because of the 
inconclusive identification of elements A and B.

However, the more conservative reconstruction of a four 
digit manus is the more likely of the two because no known 
amphibians have a five digit manus and the presence of five 
digits would place albanerpetontids as a sister group of 
amniotes - an arrangement which would conflict with the 
majority of character states (see Discussion) and LH 03Q.R.

d) Pectoral Girdles of LH 030 R
Both right and left shoulder girdles are partially 

preserved in part and counterpart blocks. On the part block 
the left scapula blade, which is broken, and part of the 
coracoid can be seen lying anterior to the right humerus. The 
glenoid fossa is missing but can be seen in impression 
adjacent to the head of the left humerus (see Fig. 34). The 
partial remains of the left coracoid are lying above the 
remains of the left humerus. An impression of the right 
scapula blade can be seen adjacent to the left scapula blade
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Figure 34
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Fig. 34. Left forelimb of LH 030 R-A showing head 
of right humerus, left scapula blade and part of

left coracoid.

82



Figure 35.
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Fig. 35. Left humerus of LH 030 R-B showing right scapula 
blade, coracoid and fragmentary remains of left coracoid.

83



and an impression of the right coracoid around the head of 
the right humerus. On the counterpart block the right scapula 
blade and the fragmentary remains of the right coracoid are 
lying adjacent to the fragmentary remains of the left coracoid 
(see Fig. 35).

e) Forelimbs of LH 030 R
The right forelimb is almost completely preserved on the 

part block (LH 030 R-A), the counterpart block (LH 030 R-B) 
contains only impression. Dorsally, the head of the right 
humerus is only partially preserved (see Fig. 36). The ventral 
part of the head is incomplete, but presumably extended to a 
level similar to that seen on the dorsal side. This idea is 
supported by faint impressions presumably outlining the more 
complete ventral part of the head (see Fig. 36). Between these 
two parts of the humerus head there was a deep fossa that 
presumably accommodated the supracoracoideus muscle.

Distally, the humerus is broken; the radial edge was 
uppermost but has broken off and subsequently the radial 
condyle is missing. The overall length of the right humerus is 
5.75 mm.

The right radius and ulna are both present and of similar 
length, 4.25 mm. The radius was slightly stockier than the 
ulna (see Fig. 36). Proximally, the radius is damaged at its 
joint surface with the radial condyle of the humerus. Distally 
it tapers to its widest at the epiphysis. The ulna was more 
slender and is still in contact with the ulnar condyle on the 
humerus.
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Figure 36.

u

Fig. 36. Right forelimb of LH 030 R-A

85



Distally the ulna articulated with the ulnare of the wrist. 
Both radius and ulna had well ossified epiphyses (see Fig. 
36).

On the part block, the humerus of the left limb lies with 
its dorsal edge uppermost. Most of this bone is missing and 
what remains is poorly preserved (see Fig. 34). The condyle on 
the head of this humerus can be seen in impression. The distal 
end of the bone is missing. On the counterpart block the 
majority of the left humerus is preserved. It is 6 mm long. 
The head is damaged and reveals little information. Distally 
it is better preserved and shows clearly both the radial and 
ulnar condyles (see Fig. 35). The radial condyle was shaped 
like a ball and was roughly twice the size of the ulnar 
condyle.

From the orientation of the left humerus, on the part 
block (see Fig. 34), one would expect the crista ventralis 
humeri to point into the rock and therefore to be hidden from 
view. If this is so then the crista dorsalis humeri should 
project in the opposite direction i.e. out of the block. Since 
the head of the humerus is broken one would expect to find 
this structure on the counter-part block. On the counterpart 
block, the first 1 mm of the head is present, although damaged 
(see Fig. 35). The next 1.5 mm is missing. One would therefore 
expect to see the deeper impression of the crista dorsalis 
humeri in the rock. However, the impression shows that the 
humerus shaft had no projecting process. Only the faint 
impressions of the hexagonal body scutes can be seen. It is 
therefore presumed that the humeri of albanerpetontids did not
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have a crista dorsalis humeri as is seen in modern salamanders 
e.g. Salamandra maculosa.

The lower part of the left forelimb is partially 
preserved on the part block. The counterpart block shows only 
faint impression of these bones. Most of the radius is 
missing, only a part of the proximal end remains (see Fig. 
34). The ulna is better preserved. It was roughly 4 mm long 
and well ossified, although distally the epiphysis is broken. 
The proximal end had a shallow concave fossa for articulation 
with the ulnar condyle of the humerus. Distally, some of the 
wrist elements are preserved. These are poorly preserved but 
show the three distal elements; radiale, intermedium and 
ulnare, and a central element C4. The small element below the 
radiale is probably Cl or C2 but damage and distortion prevent 
a clearer identification.

f) Manus of LH 030 R
The reconstruction of the manus of both Las Hoyas 

specimens has posed problems because neither has a complete 
manus. The mani of LH 6020 are very poorly preserved and the 
digits are lost in the LH 030 R specimen. By using both 
specimens a composite of the manus has been tentatively 
reconstructed .*

The most complete preservation of either specimen is the 
right wrist of LH 030 R-A (see Fig. 37 & 38). Almost all of 
the carpus is present on the part block and those elements 
missing can be seen in impression on the counterpart block. On 
the part block there are three proximal elements; radiale,
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Figure 37.

<>

•WV;

/  A

u.

.f

1 mm

Fig. 37. Right carpus of LH 030 R-A
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Figure 38.

1 mm

Fig. 38. Right carpus of LH 030 R-B showing impressions 
on counterpart (broken lines) overlain with outlines of 

elements on part block (LH 030 R-A).
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intermedium and ulnare. These elements are clearly separate 
and distinct. The large central element below the intermedium 
is not so clear. From the part block it appears to be a fusion 
of centrales 4 and 2, but on the counter-part block a clear 
ridge can be seen that separates centrales C4 and C2 (see Fig. 
38). Below the ulnare is another central element, C3. This 
centrale has a curved projection that 'wraps' one of the 
distal elements. From the counterpart block a fourth centrale. 
Cl, can be seen in impression. This is much smaller than the 
other central elements and is located below the radiale and 
adjacent to centrale 2 (see Fig. 38). There are clearly four 
distal carpals on the part block (see Fig. 37). These have 
been numbered dcl-dc4 inclusive. From the outline impression 
of the carpus on the part block (see Fig. 37) there appears to 
be space medially to accommodate either another element or an 
extension of dc2.

On the part block the proximal heads of metacarpals II & 
III are broken, but remain in contact with dc2 & dc3 
respectively. All other metacarpals are missing but faint 
impressions of metacarpals articulating with del & dc4 are 
present on both blocks (see Figs. 36 & 37). Below the
impression of del an impression of one or two metacarpals can 
be seen on both blocks (see Figs. 37 & 38). This is probably 
only a single metacarpal that articulates with del.

From the part and counterpart a reconstruction of the 
carpus of LH 030 R has been made. This composite (see Fig. 39) 
consists of 3 proximal elements, 4 centrale and 4 distal 
carpals with the impression of four.
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Figure 39.

1 mm

Fig. 39. Reconstruction of right carpus of LH 030 R.
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HINDLIMBS AND PELVIC GIRDLE 
a) Pelvis of LH 6020

The pelvis of LH 6020 is preserved in situ, although very 
little of its finer detail can be determined. It is made up 
from three pairs of elements; pubes anteriorly, ischia 
posteriorly and bilateral ilia (see Fig. 40 a, b & c).

The ischia were heavily ossified. The right is the better 
preserved. It ran from the level of the anterior cotyle of the 
2nd sacral vertebra to the level of the first caudal rib ( see 
Figs. 40c & 41). It is roughly rectangular in shape, widest 
anteriorly and narrowing only slightly as it ran posteriorly 
at the level of the ischial process (see Fig. 41). The 
anterior and posterior cotyles of the 2nd sacral vertebra can 
be seen through the damaged left ischium as can the joint 
between the 2nd sacral and 1st caudal vertebrae.

The pubes are more poorly preserved and show little 
detail. They were heavily ossified and articulated with the 
ischia at the level of the joint between the 1st and 2nd 
sacral vertebrae. There is a thin unossified area at the facet 
between the right pubis and right ischium which may indicate 
this area was cartilaginous. Both pubes were roughly one 
vertebral length long (»2 mm) and lay directly below the 1st 
sacral vertebra whose partial remains can be seen anteriorly 
(see Fig. 41).

The left ilium is the better preserved, the right being 
partially obscured by the head of the femur. Each ilium 
projects perpendicular to the vertebral axis and was heavily 
ossified.
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Figure 40
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Fig. 40. Sacral region of LH 6020
a) pubes, b) ilia,c) ischia.
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Figure 41.
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Fig. 41. Sacral region of LH 6020
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Laterally, these elements are preserved in impression 
suggesting that they may have consisted of cartilage at their 
distal ends (as in modern salamanders, Duellman & Trueb, 
1986). There is a thin unossified area at the facet between 
the right pubis and right ilium which suggests that this area 
may have been cartilaginous. A similar but wider strip exists 
at the corresponding left facet.

Neither the left nor right acetabulum has been well 
preserved, although the right is marginally better. On this 
side there is a slight depression at the anterior end of the 
ischium, medial to the ischial process, and a shallower 
depression in the adjacent pubis (see Fig. 41). This appears 
to be the extent of the acetabulum on the right side. If this 
is correct then the ilium does not contribute to the 
acetabulum, but would be unusual and the poor preservation 
makes interpretation difficult.

b) Hindlimbs of LH 6020
The left hind limb is complete and consists of the femur, 

tibia, fibula and the pes (see Fig. 42 and Photo 6). The right 
limb consists of the femur only (see Fig. 43). The distal end 
of the right femur and the remainder of the limb have been 
lost at the edge of the block.

Much of the head of the right femur is lost but the 
overall shape is given in impression. These impressions have 
a faintly tripartite shape, suggesting that the ventral side 
of the femoral head bore a trochlear groove, which articulated 
with the ischial process (see Figs. 41 & 43).
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Figure 42.

1 mm

Fig. 42. Left femur, tibia and fibula of LH 6020
(pes not drawn).
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Photo 6.
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Photo 6. Pelvic girdle and left hindlimb of LH 6020
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Figure 43.
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Fig. 43. Right Femur of LH 6020 

98



There is no sign of a trochanter, but from the 
orientation suggested by the impression, one would expect it 
to project into the matrix and thus be hidden from view.

The left femur shows no details but the impression is
complete and measures 6.25 mm (see Fig. 42 and Table 1).

The left tibia lies across the fibula. It was heavily
ossified and sturdier than the fibula. The overall length of
both elements is 4.25 mm, but neither show structural details 
(see Fig. 42 & Table 1).

c) Foot of LH 6020
The left foot is almost complete and preserved in dorsal 

view (see Fig. 44 and Photo 7). Since the majority of the 
ankle is in faint impression, the reconstruction (see Figs. 45 
fit 46) is tentative. The fibulare (partially ossified) lies 
closest to the fibula and is mostly obscured by the 
intermedium which overlies it. The tibiale is seen in 
impression only and lies directly below the tibia, adjacent to 
the intermedium. Centrale (C) 4 lies directly below the
intermedium. Cl lies directly below the impression of the 
tibiale and adjacent to C4. C2 lies below C4. C3, the smallest 
central element (although some of it may be hidden from view), 
lies adjacent to C4 and above both C2 and distal tarsal (dt) 
5. Dt5 lies above the fifth metatarsal and adjacent to C2. Dt4 
lies between C2 and the fourth metatarsal. Dt3 lies adjacent 
to dt4 and above the penultimate phalange and claw of 
metatarsal V. Dt2 lies on top of dtl below Cl and adjacent to 
the first metatarsal.
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Figure 44.
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Fig. 44. Left pes of LH 6020
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Photo 7

1 mm

Photo 7. Left pes of LH 6020
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Figure 45.

Fig. 45. Left pes of LH 6020, counterpart block.
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Figure 46.

1 mm

Fig. 46. Reconstruction of left pes of LH 6020
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The first digit lies medially with the remaining phalanges 
curling under it towards the body (see Figs. 44 & 45). The 
metatarsals and phalanges were all well ossified, but most of 
the tarsals are recorded only in faint impression. There were 
five digits present with a phalangeal formula of 3.3.5.3.3. 
(see Fig. 46, 47 & 48). Digit I had 3 phalangeal elements. A 
faint impression lies distal to the 2nd phalanx, seen most 
clearly on the counterpart. This was probably the end of the 
terminal claw of the 2nd phalanx (as indicated by the dotted 
line in figures 44 to 50 inclusive). The overall length of the 
foot including the ankle is roughly 8.3 mm, a reconstruction 
of the foot suggests that the third digit was the longest 
(6.6mm). Each digit terminated in a strong claw. The claws of 
phalanges I and V are incomplete and therefore the total 
length of these two digits can only be estimated.

d) Pelvis of LH 030 R
The sacral region is poorly preserved on both part and 

counterpart. The majority of the pelvis is on the part block 
(see Fig. 27). The counterpart is mainly in impression. 
Posterior to the 22nd presacral vertebra an ilium can be seen 
lying above the vertebral column. The rest of the pelvis lies 
below the vertebrae. Posterior to the 22nd presacral rib is 
the fragment of a pubis (see Fig. 27). The other pubis is 
lying below this but is very poorly preserved. Posterior to
the pubis are the paired ischia. The second ilium is probably
lying across the pubioischial joint, but the poor preservation 
prevents a clear description.
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Figure 47.

Fig. 47. Left pes of LH 6020 (digits coloured individually)
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Figure 48

1 mm

Fig. 48. Reconstruction of left pes of LH 6020
(digits coloured individually).
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Figure 49.

a)

I---- 1

Fig. 49. Left pes of LH 6020 with digits highlighted; 
a) digit I, b) digit II, c) digit III
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Figure 50

b)

Fig. 50. Left pes of LH 6020 with digits highlighted:
a) digit IV, b) digit V
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e) Hindlimbs of LH 030 R
The heads of the two femora are lying adjacent to the 

lateral margins of the ischia (see Fig. 28). Both femora are 
badly damaged and give little new information on structure. 
They are, however, 8.25 mm long and from their remains where 
heavily ossified. The tibia was the main bone of the lower 
hind limb. It was 5.25 mm long. The fibula lying adjacent to 
the tibia was more slender but of a similar length. The fibula 
of the other limb is incomplete, its distal end is missing, 
but it too was more slender than the tibia. Lying alongside 
the proximal end of the tibia is a terminal phalanx (claw) of 
a toe. Apart from a possible incomplete single phalanx lying 
close to the femur no remains of either pes is preserved ( see 
Fig. 28).

SOFT PART PRESERVATION
SKIN

Outlining the skeleton of LH 6020 are the faint remains 
of its dermal covering. This is better seen under UV light 
(see Photos 2, 3 & 4). This dermal covering consisted of
hexagonal scutes reminiscent of the ossification pattern seen 
on certain dermal skull roofing bones.

These scales covered the animal's head, body and both 
fore- and hindlimbs. On the tail only the base appears to have 
had these scales.

These hexagonal scales can be clearly seen lying within 
the orbits (see Photo 4). This suggests that albanerpetontids 
had eyelids, which would support the theory that the animals
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Photo 8.
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Photo 8. UV photograph of pelvis and hind limbs of LH 6020
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were largely or fully terrestrial (Estes & Hoffstetter, 1976; 
Fox & Naylor, 1982).

FEMORAL GLANDS ?
There are over 100 spherules lying distally above the 

right femur (see Fig. 43). These spherules lie beneath the 
skin just above the knee of the animal. They do not penetrate 
the outer dermal layer. This can be clearly seen under UV 
light (see Photo 8). There are similar remains in a 
corresponding position on the left limb (see Fig. 42 and Photo 
8). Since these structures lie in a similar position on each 
hind limb there must be a functional reason for their 
existence.

These spherules do not appear to be bone since they have 
a different texture to the femur lying adjacent to them. It is 
possible that they are the crystallized remains of glands that 
lay just below the skin. The distribution and shape of these 
remains suggest that these glands were branched alveolar or 
compound alveolar exocrine glands (Homer & Parsons, 1978, p 
95).

In modern amphibians three types of exocrine glands are 
commonly found: i) mucous or sebaceous, ii) poison, and iii) 
sex/courtship glands (Noble, 1931).

The mucous variety are commonly used to keep the skin of 
terrestrial or semi-terrestrial amphibians moist. Since adult 
albanerpetontids were apparently terrestrial one may expect 
them to have mucous glands. But there are two fundamental 
reasons why these glands are probably not mucous;
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a) one would expect mucous glands to be distributed
evenly around the body to give overall body 
coverage; in modern amphibians these are 
generally simple alveolar type glands, not 
branched or compound (Romer & Parsons, 1978)

b) albanerpetontids had a body covering of 
polygonal body scutes that probably helped 
prevent desiccation.

If these glands were of the poison variety one may expect
to find an associated spine projecting nearby to inject a
predator. No such spine can be seen. However, passive

(Noble, 1931)
secretion of poison ̂ is also known, so rejection of poison 
glands on this basis alone is unwise. However, one would 
expect to find poison glands on the more vulnerable parts of 
the body which would be first to be seized by a predator, such 
as the distal parts of the limbs, the more distal part of the 
tail, the head, or the animal's flanks. The position of these 
glands on the proximal part of the hind limb makes it less 
likely that these glands are poisonous.

The most likely type of gland is the sex or courtship 
gland. In modern amphibians there are numerous cases of 
courtship glands developing in males. In a recent review, 
Duellman & Trueb (1986), have noted that male plethodontid, 
ambystomatid and some salamandrid salamanders develop 
courtship glands during the mating season. Pseudoeurycea 
smithii (plethodontid) develops mental glands, P. bellli 
develops enlarged cirri and the premaxillary teeth elongate, 
sometimes projecting through the upper lip. Tarichia torosa
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(S m i\.h , 1 9 m )(salamandrid) develops diffuse submandibular glands^ and
Notophthalmus viridescens (salamandrid) develops genial glands

(H ilto n , 1902 )
on the sides of its headl Some plethodontids also have glands

(B a i- rd , 1 9 & Ï )
at the base of the tali'. All of these glands come into contact 
with the female during courtship or mating (Duellman & Trueb, 
1986, p53).

Male salamanders which have been kept in captivity for
long periods develop nuptial protuberances on the inner
surfaces of their limbs during the mating season. Theses
outgrowths usually consist of keratinized epidermis and are
associated with hypertrophied leg musculature (Duellman &
Trueb, 1986, p54).

Nuptial excrescences have been recorded on the hindlimbs 
( H n to t i ,  1 9 0 2 )

of Notophthalmus  ̂(salamandrid), on the forelimbs of
( S m i t h ,  1 9 h l )

Pleurodeles & Tarichia ( salamandrid ) ̂ and on the chest and 
forelimbs of Onychodactylus during the mating season. These 
keratinized protuberances function in maintaining a grip on 
the female during amplexus (Duellman & Trueb, 1986, p54).

It is unlikely that these glandular structures in 
albanerpetontids were used to grip the female during mating 
because they do not project through the skin of the animal 
(see Photo 8). It is more likely that they secreted either a 
pheromonal or viscous substance that helped to bond the male 
to the female.

A reconstruction of LH 6020 is given as a skeleton and as 
in life (see Figs. 51 & 52).
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Figure 51.

1 cm

Fig. 51. Reconstruction of an albanerpetonticJ skeleton
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Figure 52.

1 cm

Fig. 52. Reconstruction of an albanerpetontid
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A REDESCRIPTION OF RLBRNERPETON MEGACEPHALUS

INTRODUCTION TO A.MEGACEPHJiLUS
The material is a single partial skeleton from the base 

of the Albian of Pietraroia, Italy. It comes from the Costa 
collection which is held at the Museo Paleontologia,
Universita’ degli studi di Napoli.

The specimen was first described by Costa (1864) as
Triton megacephalus• D'Erasmo confirmed this description in 
1915. In 1938, Kuhn redescribed the specimen as 
Hétéroclite triton and later in 1960 as Triturus, Brame (1973) 
invalidated the later description. The fossil was finally 
assigned as Albanerpeton megacephalus by Estes (1981').

LOCALITY AND GEOLOGY OF PIETRAROIA
Pietraroia lies about 50km North-East of Naples in 

southern Italy (see Map 2 ). The fossiliferous beds known as 
the 'Calcari ad ittioliti di Pietraroia' are ittiolithic 
limestone deposits from the Lower Cretaceous. This layer has 
been variously dated as Barremian-Albian or Aptian on the 
basis of microfossil remains of Cuneolina spp.,Miliolidae, 
Textularidae, Glomospira, Orbitolinidae and ostracods 
(Catenacci & Manfredi, 1963 : Bravi, 1993). It has been most
recently dated as early Albian by Bravi. (Bravi,
1993 ) based on a study of the microfossils in the layer 
immediately below the 'Calcari ad ittioliti di Pietraroia'.

The environment during deposition is believed to have 
been a shallow water lagoonal sediment,
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MAP 2

•  Rome

Pietraroia
Benevento

âples

MAP 2. Outline drawing of Italy showing 
relative position of Pietraroia.
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which underwent periods of drying out (mud cracks, gas-pits 
and edgewise breccias) and frequent flooding by the sea (mass- 
mortalities and ichthyolithic beds) (D'Argenio, 1963 : Bravi, 
1993). Bravi (1987) has confirmed these observations and also 
the probability that the basin was intermittently fed by the 
draining rivers of the surrounding area.

DESCRIPTION OF MATERIAL
The specimen is preserved in ventral view, cat.no. M 542 

(see Photo 9 & Fig. 53). No counterpart is known. The anterior 
of the skull and palate are missing. The vertebrae are very 
poorly preserved and reveal no details; several are missing 
and therefore a complete count cannot be given.

The skull is seen in ventral view (see Fig. 54 & Photo 
10). Both premaxillae are missing as is the right maxilla. The 
left maxilla lies under the dentary of that side, only the 
palatal shelf can be seen and consequently reveals no details. 
The anterior of the skull, although damaged, shows the broken 
remains of a right nasal (see Fig. 54 & Photo 10). This is the 
first albanerpetontid nasal to be described. It is oval and 
articulates with the right of the anterior process of the 
frontal. This confirms the reconstruction of the nasal of A. 
inexpectatum by Estes & Hoffstetter (1976). The frontal is 
fused and complete. Although partially obscured by the nasal 
and the cultriform process, the anterior shape of the frontal 
can be deduced. It has a rounded median process and paired 
lateral flanges that articulate with the nasals and 
prefrentals.
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Photo 9.

Photo 9. High power colour photograph of 
Albanerpeton megacephalus (complete specimen)
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Figure 53.
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1 cm

Fig. 53. Outline drawing of Rlhanerpeton megacephalus.
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Figure 54
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Fig. 54. Detailed drawing of Albanerpeton megacephalus 
skull and shoulder girdle.
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Photo 10.

I
1mm

Photo 10. High power colour photograph of 
the skull of Albanerpeton megacephalus.
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The frontal is similar in shape anteriorly to the Las Hoyas 
specimen although the former is shorter in antero-posterior 
length. Posteriorly, the base was wider and the flanges more 
curved than the Las Hoyas specimen. The flanges overlap the 
parietals laterally. The pref rentals were narrow and elongated 
and ran from their anterolateral articulation with the frontal 
to the premaxillae. The articulation with the premaxillae is 
unknown because it is either missing (right side) or damaged 
(left side). The parietals are paired and articulate with the 
frontal anteromedially. Laterally, they form the posterior 
margin of the orbits. The remaining orbital margin is composed 
of the frontal (medially), prefrontal (anteromedially) and 
lacrimal (anteriorly). The right lacrimal is missing, only its 
impression can be seen. The left lacrimal can be reconstructed 
only from its orbital margin, anteriorly it is obscured.

The quadrates join with the articulars on both sides. The 
right quadrate is broken but shows clearly the large convex 
anterior joint (see Fig. 54). The squamosals lie lateral to 
the quadrates and articulate with the braincase 
posterolaterally.

Lying lateral to the quadrate of the left side is another 
element that is possible a jugal (see Fig. 55). A similar 
element is seen in the LH 6020 specimen from Las Hoyas. No 
corresponding element can be seen on the right side.

A single palatal element articulates with the palatal 
shelf of the left maxillary. It runs from the posterior margin 
of the orbit anteriorly to where it can only be seen in faint 
impression at the level of the anterior margin of the frontal.
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Figure 55.

1 mm

Fig. 55. Detail of left lower jaw articulation 
of Albanerpeton megacephalus.
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On the right side the fragmentary remains of two palatal 
elements can be seen. Anteriorly, these two elements are only 
preserved in impression except that palatal element 2 has a 
fragmentary remnant overlying the nasal and frontal. On the 
right side at its posterior margin a small oval articulation 
facet can be seen on the lateral edge of palatal element 2, 
possible for articulation with the lateral wing of the 
parasphenoid.

Most of the right dentary is missing. The right articular 
is visible and articulates with the quadrate. It is partially 
broken but reveals its highly concave joint. The left dentary 
is more complete but is broken and lacks its anterior part. No 
teeth can be seen on either dentary.

Overlying the rear of the braincase are the fragmentary 
remains of the hyobranchial apparatus. Anterior to this, lying 
posteromedially above the posterior edge of the parietals, is 
a small square shaped element with a long needle-like process 
running anteriorly to overlie the anterior edge of the frontal 
where it is broken. It is probable that this is the remains of 
the parasphenoid with a very long narrow cultriform process. 
Amphibamid and branchiosaurid temnospondyls had very long and 
thin parasphenoids (Boy, 1986 & 1987; Milner, 1988).

The atlas and axis cannot be seen. Five trunk vertebrae 
can be seen behind the skull. A total of 16 trunk vertebrae 
are poorly preserved and reveal little of their structure. 
There are clearly several missing vertebrae so a precise 
number cannot be calculated from the fossil.
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The shoulder girdle is poorly preserved. Fragments of the 
scapula blade remain on the right side but no details can be 
seen. Nothing more of the right forelimb is preserved. The 
scapula of the left side can be seen in impression but no 
details are observable. The left humerus is well preserved 
distally and the characteristic large ball-like radial condyle 
is present (see Fig. 56). The head of the ulna is still in 
contact with the ulnar condyle but, more distally, the bone is 
preserved only in impression. A part of the radial head is
still In situ, but like the ulna, is mainly impression
distally. Fragmentary remains of the wrist are visible but no 
details are clear.

None of the pelvis is preserved and only partial
fragments of the right femur, fibula, tibia and tarsals
remain. No terminal phalanges are preserved.

Thirteen poorly preserved caudal vertebrae are visible 
but, like the trunk vertebrae, no details can be seen.
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Figure 56.
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Fig. 56. Detailed drawing of left humerus
of hlhanerpeton megacephalus.
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ALBANERPETONTIDS FROM KIRTLINGTON

Kirtlington Quarry, Oxfordshire, (UK National Grid 
Reference SP 494199) is an old cement works quarry (Washford 
Quarry) which has yielded a rich microvertebrate assemblage 
(including albanerpetontids) of Middle Jurassic (Bathonian) 
age (see Map 3).

When the quarry was still worked commercially ( in the 
1920's and earlier) fossil remains of Cetlosaurus, a large 
sauropod, were occasionally uncovered in a clay layer (Evans 
& Milner, 1994). The site was worked from 1976-1978 by a team 
from University College London (UCL) under the direction of 
Kenneth Kermack and with the cooperation of Eric Freeman, who 
had originally discovered the thin layer of clay that yielded 
mammal and other remains.

GEOLOGY OF KIRTLINGTON, OXFORDSHIRE
The Mammal Bed, as it was to be called, yielded a myriad 

of fossil remains which included several hundred Middle 
Jurassic mammal teeth and numerous non-mammal vertebrates 
representing around 30 different species plus many kinds of 
fishes. The collection also contained marine invertebrates 
such as corals, brachiopods and echinoderms; but many of these 
may be secondarily derived from the underlying White Limestone 
layer (Evans & Milner, 1994).

Plant remains were found but the only recognisable 
structures were charophyte gyrogonites and megaspores of 
"Triletes" (Ware, 1978: Evans & Milner, 1994).
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MAP 3

London- 
Ardennes 
Island 5

IKirrlinglon
2-Tariton
B-V/afton

MAP 3. Britain in the Middle Jurassic, 
showing presumed landmasses.
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From the association of the microvertebrate remains found 
in the Mammal Beds, with the lignite, charophytes, freshwater 
ostracods and gastropods {Valvatta, Bathonella) and with the 
marly clays in which they are found, it is believed that these 
deposits occurred in shallow, swampy coastal regions with 
creeks, lagoons and freshwater lakes. A modern comparison 
would be the Everglades of Florida which now lie at a
subtropical latitude.

Using continental drift theory and evidence provided by 
palaeomagnetism and sea-floor spreading, palaeogeographic maps 
depicting the distribution of major landmasses and island 
formations have been drawn up (Howarth, 1981). These show that 
the area that is now Oxfordshire once lay at a more southerly 
latitude than it does today. Its position during the Late 
Bathonian of the Middle Jurassic would indicate that its 
climate around this time may indeed have been subtropical, as 
is found in Florida, USA today. In the Late Bathonian, 
Kirtlington probably lay on or near the shore of an island 
barrier around 30 km North-West of the London-Ardennes 
landmass (Palmer, & Jenkyns, 1975). (The London-Brabant
landmass of some authors; Howarth, 1981).

The geology of the region has been described by numerous 
authors (see Evans, & Milner, 1994 p 6, for a more 
comprehensive list). The Mammal Bed, from which the main 
microvertebrate fauna has been extracted, consists of a thin 
layer of unconsolidated marly clay ( 3p of McKerrow et 
al.,1969). This layer lies directly above the Coral Eplthyrls
Limestone layer (30, 4i, 6j of McKerrow et al.,1969). The
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remains of Cetlosaurus, the large sauropod mentioned earlier, 
were found below this Coral Eplthyrls Limestone layer in the 
flmbrlata-waltonl clay, Beds 20, 31, 4e, 6f of McKerrow et 
al. (1969). The Mammal Bed has been placed at or near the base 
of the Forest Marble (aspldoldes zone. Cope et al.,1980) which 
is Late Bathonian in age. However, there is some disagreement 
as to the position of the boundary between the Forest Marble 
and the underlying White (Coral Eplthyrls) Limestone layer. 
There is another marly layer about 2m above the Mammal Bed 
layer which yields a similar vertebrate fauna.

The following descriptions of the albanerpetontids are 
based on materials obtained from the Kirtlington site, they 
are of Late Bathonian age (173-169 Ma) and were sorted by 
S.E.E.

DESCRIPTION OF ALBANERPETONTID MATERIAL FROM KIRTLINGTON 
SKULL ELEMENTS 
Premaxillae

The labial surface is smooth, but with several 
irregularly spaced foramina (Fig. 57), occasionally with 
grooves leading to them (Fig. 58). Most of the foramina are on 
the upper two-thirds of the premaxilla. The nasal process is 
relatively long and narrow. The labial surface is very 
slightly convex. The maxillary process has some scarring that 
indicates a degree of overlap by the maxilla.

The lingual surface is also smooth. A thin shelf (pars 
palatlna) projects almost perpendicularly from the lingual 
wall above the base of the teeth (Figs. 57, 58 & 59).
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Figure 57.
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Fig. 57. (UCK 14) Left premaxilla; a) ventral, b) lingual,
c) dorsal, d) labial views.

132



Figure 58.
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Fig. 58. (UCK 15) Right premaxilla; a) ventral, b) lingual,
c) labial views.
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Figure 59.

#

1

3 ]

b)

Fig. 59. (UCK 17) Right premaxilla;
a) lingual, b) labial views.
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It is widest laterally, near the articulation point with the 
maxilla. This shelf narrows medially. The shelf slopes 
slightly, from a high medial point to a low lateral point. In 
lingual view, a facet for articulation with, presumably, the 
vomer is seen (Fig. 58). Small foramina can be seen in the 
bone under the palatal shelf. Above the shelf the nasal 
process is slightly concave. A relatively large foramen can be 
seen on the lateral edge of the nasal process (see Fig. 58b).

There are roughly 9 teeth present (see Table 3), similar 
to those of the dentaries.

Maxillae
The labial surface is smooth but with up to 8 or more 

foramina, usually with grooves leading up to them (Fig. 60). 
Most of the foramina lie anteriorly. The maxillae are long and 
narrow and they taper towards the rear. The anterior 
premaxillary process overlaps the premaxilla. Dorsal to this 
process is a curved edge that marks the boundary of the narial 
opening. The dorsal edge of the maxilla shows an articulation 
surface for, presumably, the lacrimal.

Lingually, a palatal shelf (pars palatlna) runs antero- 
posteriorly above the base of the tooth row. Above this shelf 
1-3 relatively large foramina are found, usually with grooves 
running into them. The shelf is at it widest anteriorly where 
a small groove can sometimes be found and also a raised boss 
in front of the groove. Below the palatal shelf some small 
irregularly spaced foramen can be seen penetrating the bone 
above the base of the teeth.
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Figure 60.

ï

Fig. 60. (UCK 10) Maxilla
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Up to 17 teeth or tooth spaces have been counted (see 
Table 4 ), and these teeth are similar to those on the 
premaxilla and dentary. In one or two specimens some teeth 
were fused (ankylosed) to the maxillary parapet at or near the 
crown of the tooth.

TABLE 3 - FEATURES OF PREMAXILLAE
Premaxillae Labial

foramina
Tooth 
number 
(Mean)

Palatal
process

Lingual
foramen

Pars
facialis

A.inexpectatum several 
(pers. 
obs. )

6-10
(8)

broad dorso-
ventral

ornam. 
dorsal

A .nexuosus a few 5-7
(6)

weak ? ornam. 
dorsal

A.galaktion several
ventral

5-9
(7)

broad,
thin

large,
deep

ornam. 
dorsal

A .arthrldlon several
ventral

6
(6)

7 yes 7

Purbeck
material

several
dorsal

7+ thin ? 7

Kirtlington
material

several
dorsal

9
(9)

thin large no
ornam.

TABLE 4 - FEATURES OF MAXILLAE
Maxillae Labial

foramina
Tooth 
number 
(Mean)

Tallest
teeth

Palatal
process

Labial
surface

A.Inexpectatum 5-6 15-23
(19)

none broad ornam. 
slight

A,nexuosus 17
(17)

3-5 7 ?

A.galaktlon a row 
anter.

17-21
(19)

5-7 ? 7

Purbeck
material

several ? 7 broad smooth

Kirtlington
material

anter. 
up to 8

17
(17)

7 7 7
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Frontal
The frontale are fused. The dorsal surface is covered in 

polygonal sculpturing; shallow pits with raised polygonal 
sides, which form an honeycomb-like structure on the most 
highly sculptured specimens. Many foramina are found in and 
around these pits. Anteriorly, there is a slightly curved 
notch cut out of the frontal and an associated slot-facet for 
articulation with, presumably, the nasal bone (Fig. 61). 
Anterolaterally, there is a slot-facet for articulation with, 
presumably, the prefrontal (Figs. 61, 62 & 63). The orbital 
margins run parallel to one another anteriorly, but 
posteriorly they have an acute lateral angulation (see Fig. 
64).

Ventral surfaces show a raised curved border laterally, 
probably for the orbit. Posteriorly, these raised borders 
curve laterally as they approach the posterior border of the 
frontal; here they form a pair of winged flanges that overlap 
the parietals (Fig. 63 & 64). Medially, between the two winged 
flanges, where the internal surface is flat and not raised, 
the frontal merely abuts against the parietal with no sign of 
overlap. On each lateral raised border a groove runs from near 
the posterior end towards the anterior, widening and deepening 
as it goes. This groove fades out before it reaches the 
anterior edge.
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Figure 61.
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Fig. 61. (UCK 27) Frontal, a) dorsal,
b) ventral, c) lateral views.
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Figure 62

a)
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Fig. 62. (UCK 24) Frontal, a) dorsal,
b) ventral, c) lateral views.

140



Figure 63.
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Fig. 63. (UCK 25) Frontal, a) dorsal,
b) ventral, c) lateral views.
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Figure 64.
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Fig. 64. (UCK 26) Frontal,
a) dorsal, b) ventral, c) lateral views
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Parietals
The parietals are paired. On the dorsal surface the 

anterior part is highly sculptured (Fig. 65), similar to the 
ornamentation found on the frentals. There are also many 
foramina associated with these pits, as in the frentals. This 
ornamented anterior part approximates, roughly, a flat dorsal 
triangle, behind which the posterior wings are depressed and 
curved concavely as they slope down to meet the braincase 
(Fig. 65). These wings are scarred for muscle attachment, 
presumably the mandibular depressor or adductor.

The ventral surface, of each parietal, is basically split 
into two unequal halves by a raised curved edge. The medial 
half is the larger and it has a smooth concave surface. The 
lateral half has a roughened surface for articulation with the 
lateral winged flanges of the frontal. The articulation point 
with the frentals, the anterior medial edge, merely abuts 
against the frontal with no interdigitation.

The parietals appear to abut against one another along 
the medial line with no interdigitation.

Quadrate
The joint surface was slightly curved dorsoventrally and 

convex medially (see Fig. 66). It was just over 1 mm high, 0.5 
mm wide across its top surface and 0.66 mm wide across its 
bottom half. It faced anteriorly and would have met the 
articular on a roughly horizontal plane (=170°). Lingually, 
there was a large, deep triangular facet for accommodation of 
the squamosal roughly 1 mm posterior to the articular surface.
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Figure 65.
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Fig. 65. (UCK 23) Right parietal, a)dorsal,

b) ventral views.
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Figure 66
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Fig. 66. (UCK 33 & 34) Quadrates from Kirtlington 
a) labial, b) liguai, c) labial, d) lingual views
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Labially, there was a small foramen about 2 mm posterior to 
the anterior surface.

Several quadrates have been found at Kirtlington but none 
are complete. They are attributed to albanerpetontids by the 
number found, their size, and the fact that their joint 
surface faces directly forward. The quadrates range in size 
the largest being twice the size of the smallest (see Fig. 
66).

Dentaries
The external (labial) surface is smooth, with 4-6 

nutrient foramina (Fig. 67). The foramina are on a level with 
the base of the teeth on the inside. The spacing between the 
foramina increases towards the rear of the dentary.

Lingually, the surface is smooth. There is a rounded 
shelf, the subdental shelf, below the teeth (Figs. 67 & 68); 
anteriorly, a gutter runs below the teeth (Fig. 67), becoming 
narrower as it runs posteriorly. Within the gutter are 
numerous small, irregularly spaced foramina (Fig. 69). The 
rounded shelf widens posteriorly as it approaches the opening 
of Meckel’s canal (Fig. 70). Meckel’s canal opens lingually 
about two-thirds of the way along the dentary from the 
symphysis. Meckel’s canal gradually widens its opening as it 
runs posteriorly. At the level of the last tooth a second 
canal, the inferior alveolar canal, opens above Meckel’s canal 
(Figs. 70 & 71), and widens posteriorly. These canals are 
separated from each other by a thin strip of bone.
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Figure 67
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Fig. 67. (UCK 1) Right dentary, a) ventral, 
b) lingual, c) dorsal, d) labial views.
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Figure 68.
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Fig. 68. (UCK 3) Left dentary, a) ventral, 
b) lingual, c) dorsal, d) labial, e) cranial views
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Figure 69.
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Fig. 69. (UCK 2) Right dentary, a) ventral, b) lingual,
c) dorsal, d) labial, e) cranial views.

149



Figure 70.
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Fig. 70. (UCK 6) Right dentary, posterior fragment,
a) lingual, b) labial views.
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Figure 71.
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Fig. 71. (UCK 8) Right dentary, posterior fragment,
a) lingual, b) labial views.
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Figure 72.

a)
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c)

Fig. 72. (UCK 5) Dentary fragment showing dentition, a) 
lingual, b) labial, c) lingual x50 to show dentition outline
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The teeth are pleurodont and non-pedicellate with hollow 
bases. The teeth are somewhat skittle shaped; with wide bases, 
slightly wider middles and narrow necks and heads. The crowns 
are chisel shaped and some appear to be faintly tricuspate 
(Fig. 72), although this appearance may be due to the fact 
that just below the crown there is a constricted waist band 
that highlights the 'three' cusps.Tooth number was difficult 
to determine because no complete dentaries were found. On some 
specimens up to 21 teeth were counted from the symphysis to 
the beginning of the Meckelian opening and on other specimens 
up to 17 teeth were counted after the Meckelian opening, 
giving a "guesstimate" of around 34 teeth. There are many 
examples of missing teeth which may be indicative of a 
replacement series; the pattern of which is not yet known. The 
tallest teeth are roughly from numbers 9-12 from the symphysis 
(see Table 5).
The symphysis is unique in having what appears to be an 
articulating hinge joint. The joint consists of two c-shaped 
brackets, one on either dentary, which interdigitate with each 
other. The alignment of the 'c' is in either an horizontal or 
vertical plane - together the two interdigitating c-shaped 
joints would form a kind of universal joint. There does not 
seem to be any predilection as to which side has the 
horizontal or vertical alignment. Both left and right 
dentaries appear to be equally likely to possess an horizontal 
c-shaped joint as a vertical one.

153



TABLE 5 - FEATURES OF DENTARIES

Specimens Labial
foramina

Tooth
number (Mean)

Tallest
teeth

No. of 
lobes on 
symphyses

A.inexpectatum 3 or 4 22-33 (28)
(pers. obs.)

4 - 5  
(7 - 9) 
(pers. 
obs. )

1 + 2

A . nexuosus a row of 
a few 
small

23-26 4 - 5
( 4 - 8
Estes,
1981
drawing)

2 + 3

A.galaktlon up to 8 27-28 5 - 9 2 + 3

A .arthrldion none
noted

32-33 7 - 1 0 1 + 2

Guimarota up to 6 32-40
(pers. obs.)

? 1 + 2

Kirtlington
material

4 - 6
anterior

« 34 9 - 1 2 2 + 2
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POSTCRANIAL SKELETON 
Atlas

The atlas is short and has very shallow concave cotylar 
cavities which are confluent with and perpendicular to the 
tuberculvm Interglenoldeum (Figs. 73, 74 & 75). In ventral 
view, a medial concavity separates the two cotyles. In some 
specimens from a similar ventral view, a small groove runs 
medially showing the left and right halves of the tuberculum 
Interglenoldevm (Fig. 73). There is no neural arch preserved 
on any of the specimens, although broken surfaces indicate 
that they were once present but have been lost.

The posterior cotyle is in two parts; a more dorsal part 
is concave for articulation with the dorsal facet on the 
anterior cotyle of the 'axis' centrum and a ventrolaterally 
part which has two concave, semilunar facets for articulation 
with the two corresponding semilunar facets of the anterior 
cotyle of the centrum of the 'axis' (see Fig. 73).

Axis '
The 'axis' is relatively small and consists of the 

centrum only (see Fig. 76). There is no neural arch nor 
zygapophyses. The centrum shows a notochordal canal in caudal 
view but this does not penetrate through to the anterior end.

The anterior cotyle consists of three articulation 
facets, one is dorsal and two are ventrolateral. These 
articulate with the dorsal concavity and the two semilunar 
facets on the posterior cotyle of the atlas respectively.
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Figure 73.

tub.int
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Fig. 73. (UCK 18) Atlas, a) ventral
b) dorsal, c) cranial, d) caudal views
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Figure 74.

tubJnt
cotca.

tub. int.

b)

cotca.

Hi'//
d)

Fig. 74. (UCK 20) Atlas, a) dorsal,
b) ventral, c) cranial, d) caudal views

157



Figure 75

Fig. 75. (UCK 21) Atlas, a) dorsal (x 25),
b ) dorsal enlargement (x 50).

158



Figure 76

,v .

w m

Fig. 76. (UCK 22) 2nd vertebra; axis, a) dorsal,
b) ventral, c) caudal, d) cranial views.
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Trunk Vertebrae
The trunk vertebrae are amphicoelous with a persistent 

notochordal canal (see Figs. 77 & 78). They have a large 
neural arch, with only a trace of a neural spine towards the 
caudal end of the neural arch (see Fig. 79). The neural arch 
slopes down from the caudal to the cranial end. The centrum is 
hour-glass shaped. The centra bear a pair of sturdy unicipital 
transverse processes (see Figs. 77 - 81), which have a wide 
base and a narrow cylindrical distal end. On some specimens 
there are some very small traces of weak posterior 
basapophyses (see Figs. 78 & 80). No spinal nerve foramina 
were found on the trunk vertebrae.
Caudal Vertebrae

The caudal vertebrae are amphicoelous with a persistent 
notochordal canal through the centrum. The transverse 
processes are similar to those of the trunk vertebrae (see 
Fig. 82); they have large strong basal attachments and 
narrower cylindrical distal ends. Ventrally, they possess 
large basapophyses/haemapophyses (see Fig. 82), that are fused 
to the ventroposterior part of the centrum. These are broken 
ventrally so it is not known if they are fused ventrally to 
form a haemal arch.

The neural arch is high with only a faint trace of a 
neural spine towards the cranial end. The prezygapophyses are 
situated dorsolaterally (see Fig. 82). Their articulation 
surfaces are oval and face dorsally. The postzygapophyses are 
dorsomedially situated (see Fig. 82). They are fused medially 
with their oval articulation surfaces facing ventrally.
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Figure 77.

nu.ar

Fig. 77. (UCK 29) Trunk vertebra, caudal view,
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Figure 78.

a)
no.ca.

c)

pos.ba.

d) posba.

Fig. 78. (UCK 30) Trunk vertebra, a) ventral, b) caudal 
views. (UCK 31) Trunk vertebra, c) ventral, d) caudal views
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Figure 79.

nu.cn
nu.ar.

trpr.
»■

■ m

Mli

Fig. 79. (UCK 28) Trunk vertebra, a) caudal,
b) dorsal views.
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Figure 80.

»
pos.bas.

Fig. 80. (UCK 28) Trunk vertebra, ventral view
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Figure 81.

pu.sp.

B # ;Siiïiïssa
nu.ar

Fig. 81. (UCK 28) Trunk vertebra, lateral view,
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Figure 82

bq/hae. a)
po.zygpr.zyg

nu.an
,‘-'S

ba/hae

nuaR
po.zyg.

ba/hae.
Fig. 82. (UCK 32) Caudal vertebra, a) ventral, b) lateral, 

c) dorsal, d) cranial, e) caudal views.
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ALBANERPETONTID MATERIAL FROM PURBECK, DORSET

INTRODUCTION TO ALBANERPETONTIDS FROM PURBECK
This dissociated material was collected from the Purbeck 

Limestone Formation, at Sunnydown Farm Quarry near Langston 
Matravers (NCR SY 9822 7880) in Dorset, South-West England 
(see MAP 4) (Ensom, 1988).

Many different vertebrate groups including 
albanerpetontids are represented in the deposits so far 
examined from this locality.

GEOLOGY OF PURBECK, DORSET
In the Cherty Freshwater Member ( Lower Cretaceous ), lying 

below a limestone layer bearing casts of sauropod footprints, 
a clay layer has yielded a rich array of vertebrate remains. 
The discovery of this layer has subsequently prompted a 
detailed examination of the dissociated vertebrate remains 
found there. The most up to date faunal list to date is given 
by Ensom et al.(1994) (see APPENDIX 16).

The geology of this site has been detailed by Ensom 
(1988) (see Fig. 83). Lying immediately above the Cherty 
Freshwater Layer is the Cinder Member which is currently 
accepted as the basal member of the Cretaceous. The footprint 
bearing layer was allied to DB 103 of Durlston Bay (NOR SZ 035 
780) (Ensom, 1988: Clements, 1969) and consequently the
underlying clay layer at Sunnybrook Farm to bed DB 102 at 
Durlston Bay. This hypothesis was supported by West (1988) who 
carried out a more detailed sedimentological and geochemical 
analyses from several localities.
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Map 4

Map 4. Locality of Purbeck, S. England.
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Figure 83
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Fig. 83. Geology of Purbeck, Dorset 
(After Ensom, 1988)
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This horizon has been compared at three other localities; 
Durlston Bay (DB 102), Lovels Quarry near Langston Matravers 
(NCR SY 980 790) and Buttle Quarry near Swanage (NCR SZ 020 
777), all are found along a 6 km stretch. These localities 
have yielded similar faunas.

According to West (1988) the clay layer "was a 
calcareous, sandy, peaty, laminated mud, waterlogged and in 
reducing conditions." This indicates that the sediment was 
"probably deposited on an extensive mud-flat at the margin of 
a freshwater lake." The abundance of tree pollen in this layer 
indicates that trees grew close to this freshwater lake in the 
subtropical lowermost Cretaceous (Berriasian) of southern 
England.
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DESCRIPTION OF ALBANERPETONTID MATERIAL FROM PURBECK

SKULL ELEMENTS 
Premaxillae

Unfortunately there are no complete specimens from
Purbeck. In all specimens so far found the upper part of the
nasal process is broken and missing (see Figs. 84 & 85).
Consequently, it is not known if there was an hexagonal
ornamentation on the upper part of this process as has been
found in other albanerpetontid species. The remaining nasal
process is smooth and pitted with foramina like the
Kirtlington specimens. Some nasal processes are narrow, others
wider. There is a maxillary process laterally at the level of
the pars palatina.

Lingually, the surface is smooth. There is a thin pars
palatina shelf above the row of teeth. Seven or more teeth

tricuspate
were present. There were no foramina at the base of the "'teeth. 
Above the pars palatina was a shallow pit, although one 
specimen had no pit.

It is difficult to distinguish between the Purbeck and 
Kirtlington specimens.

Maxillae
The specimens are all poorly preserved, only fragments 

have so far been identified. An anterior fragment does show 
the premaxillary process and a single tricuspate tooth. 
Lingually, the Pars palatina bears a facet anteriorly, 
presumably for the vomer (see Fig. 86).
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Figure 84.

ppa l

a)

mx
pro

tooth

Fig. 84. Albanerpetontid premaxilla from Purbeck
a) lingual view, b) labial view.
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Figure 85.

Fig. 85. Albanerpetontid premaxilla from Purbeck
a) labial view, b ) lingual view.
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Figure 86

p m x  fa

tooth

Fig. 86. Anterior fragment of Purbeck maxilla
a) lingual view, b) labial view.
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Frontale
A couple of frontale have been found at Purbeck, one 

almoet complete (see Fig. 87). Anteriorly, the nasal process 
is large, bulbous and almost circular. Recessed facets are 
located on the anterolateral margin for articulation with the 
nasals and prefrentals. The orbital margins run parallel to 
one another anteriorly, but posteriorly there is an acute 
lateral angulation as it approaches the posterior parietal 
margin. This is similar to that seen in the Kirtlington 
material.

On the ventral surface there are the raised curved 
borders like those seen in the Kirtlington specimens but the 
Purbeck material is very worn and does not show great detail 
(see Fig. 88).

The polygonal sculpturing can be seen on the dorsal face 
of a second specimen (see Fig. 89).

Exoccipital
Previously only described as part of the fused 

endocranium by Estes & Hoffstetter (1976). Several have been 
found from the Purbeck site, but none remain fused as part of 
the endocranium, all are disarticulated and most are damaged. 
They were roughly 1.25 mm long and 1 mm wide (see Fig. 90). 
They were strongly ossified bones and bore a well ossified 
occipital condyle posteriorly. This was roughly oval in shape, 
matching in outline the cotyle of the atlas (see Figs. 90). 
These have been associated with albanerpetontids
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Figure 87.

Fig. 87. Dorsal view of frontal from Purbeck
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Figure 88.

Kliï
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Fig. 88. Ventral view of frontal from Purbeck
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Figure 89
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Fig. 89. Anterior frontal fragment from Purbeck 
a) ventral view, b) dorsal view.
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Figure 90.

i l l
#4:.: 
%-’

Fig. 90. Albanerpetontid exoccipital from Purbeck 
a) ventral, b) dorsal, c) medial, d) caudal views.
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because of the size and shape of the condyles which match the
shape of the atlantal cotyles and the number found.

Dentaries
The dentaries found at Purbeck are similar to those from 

the Kirtlington site. They have the distinctive tricuspate, 
non-pedicellate teeth and the peculiar interlocking symphyses 
unique to the albanerpetontids (see Figs. 91 & 92). This
symphysis is 'c'-shaped and can be on either the left or right 
dentary. They have no obvious characters that distinguish them 
from the Kirtlington dentaries.

Articular
As yet undescribed from the Kirtlington site the

articular found at Purbeck is associated with the
albanerpetontids because of its size and frequency of 
occurrence , and also its morphology - i.e. the near vertical 
articular surface. The joint for the quadrate lies diagonally 
from its high point laterally to its low point lingually. This 
is a deep concave facet with a lip on its lingual side (see 
Fig. 93). On its lateral side there are two facets for
articulation with the dentary. The lower being twice the
length of the upper. This articular differs from the only
other described articular from the Miocene of France in two 
main ways; firstly it is shorter, although it could be broken 
anteriorly and secondly the joint for the quadrate lies 
diagonally but in the La Grive-Saint-Alban specimens
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Figure 91.

Fig. 91. Albanerpetontid dentary from Purbeck
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Figure 92.

/-.% y/j

b)

Fig. 92. Albanerpetontid dentary from Purbeck
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Figure 93.

%.

b)

Fig. 93. Albanerpetontid articular from Purbeck
a) labial, b ) lingual, c) caudal views.
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this joint is vertical (see Estes & Hoffstetter, Fig.3, p 311 
& Planche VII, p 337, 1976).

Quadrate
Its overall length was roughly 2 mm. Anteriorly, the 

curved convex condyle for articulation with the articular, is 
similar in shape to the Kirtlington specimen. Just behind this 
joint lies the facet for articulation with the squamosal (see 
Fig. 94). This is triangular in outline, similar to the 
Kirtlington material. The posterior half of the bone is a long 
narrow blade that presumably articulated with the braincase. 
The squamosal presumably articulated with the quadrate along 
the dorsal surface of the posterior blade which bears an 
articulation facet.

POSTCRANIAL SKELETON 
Atlas

The atlas of the Purbeck albanerpetontids is 
indistinguishable from those from Kirtlington (see Fig. 95). 
No neural arch has been preserved. The posterior cotyle is 
similar to the Kirtlington albanerpetontids being in two 
parts; a dorsal cotyle and two ventrolateral, semilunar 
facets. The only notable difference between the Purbeck and 
Kirtlington atlantes is the size. The Purbeck atlantes are 
marginally smaller (see Table 6 & Graph 1).
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Figure 94.

sqfa
con

'-'X:,.. î;
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Fig. 94. Albanerpetontid quadrate from Purbeck
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Figure 95.

b)

tu  int

Fig. 95. Albanerpetontid atlas from Purbeck
a) cranial, b ) dorsal, c) caudal, d) ventral views
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TABLE 6 - ATLAS & AXIS SIZE RANGE IN ALBfINERPETONTIDS
PURBECK PURBECK KIRTLINGTON
ATLAS ATLAS ATLAS

WIDTH LENGTH WIDTH LENGTH WIDTH LENGTH
1.48 0.86 1.29 0.74 1.64 1.11
1.44 0.98 1.39 0.96 1.93 1.25
1.27 0.84 1.31 0.82 1.64 1.13
1.09 0. 66 1.32 0.86 1.65 1.14
1.19 0.82 1.32 0.82 2.05 1.25
1.39 0.98 AXIS AXIS
1.33 0.92 WIDTH LENGTH WIDTH LENGTH
1.41 0.90 0.68 0.58 0.94 0.78
1.52 0.88 0.74 0.54 0.89 0.64
1.33 0.94 0.78 0.66 0.68 0.55
1.13 1.03 0.68 0.57
1.24 0.86 0.54 0.43 LAS HOYAS
1.17 0.84 0.70 0.58 LH 6020
1.44 0.78 0.54 0.64 ATLAS
1.41 0.88 0.49 0.54 WIDTH LENGTH
1.52 0.94 0.54 0.49 1.13 0.83
1.37 0.82 0.49 0.54
1.54 0.88 0.58 0.58
1.52 0.82 0.72 0.54
1.40 0.84 0.58 0.58
1.27 0.70 0.58 0.54
1.33 0.86 0.74 0.66
1.32 0.88
1.25 0.78
1.25 0.78
1.25 0.76
1.25 0.74

all sizes in mm
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Figure 96.

a)

b)

or fa

latfa

>• '•*■1

d)

Fig. 96. Albanerpetontid axis from Purbeck
a) dorsal, b) ventral, c) cranial, d) caudal views
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*Axis'
The ’axis' is again indistinguishable from those from 

Kirtlington (see Fig. 96). It has the distinctive dorsal and 
two ventrolateral facets anteriorly for articulation with the 
atlas. Only its size is smaller in the same proportion to the 
atlas from the Kirtlington specimens (see Table 6 & Graph 1).

Scapula
A scapula has been found at Purbeck which has a long 

scapula blade similar to that seen in the Las Hoyas specimens. 
The blade is broken distally and is consequently only 1 mm 
long (see Fig. 97). Proximally, the scapula widens, giving the 
base a triangular appearance. In ventrolateral view there is 
a raised concave semi-oval facet on the triangular base, 
presumably the anterior part of the glenoid. This is the first 
description of a dissociated scapula.

Humerus
No complete humerus has been found so far at Purbeck, but 

both the proximal and distal ends have been found (see Figs. 
98 & 99). Proximally, the head of the humerus is strongly 
ossified. A crista ventralls humeri runs confluently with the 
head. The shaft narrows towards its midpoint; it is oval in 
cross section. Distally, the shaft widens again where it met 
the radial and ulnar condyles (see Fig. 99). The radial 
condyle is quite distinctive being shaped like a large ball. 
This is reminiscent of anuran humeri. The ulnar condyle was 
about one half the width of the radial condyle but
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Figure 93.

#

a)

b)

Fig. 97. Albanerpetontid scapula from Purbeck
a) ventrolateral, b ) dorsolateral, c) lateral views
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Figure 98.

c r v h u

c r v h u

t
Fig. 98. Albanerpetontid humerus (right) from Purbeck

proximal end; a) lateral, b ) dorsal,
c) lateral, d) ventral views.
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Figure 99.

u con

u con

Fig. 99. Albanerpetontid humerus from Purbeck
a) ventral, b) lateral, c) dorsal, d) lateral views
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was not enlarged into a ball. In a couple of specimens the 
radial and ulnar condyles are not ossified to the shaft (see 
Fig. 100). On those specimens with the condyles ossified to 
the shaft a line marking the boundary between the diapophysis 
and the epiphysis can be clearly seen (see Fig. 99). This 
indicates that there were two ossification centres in 
albanerpetontid humeri. This is different from caudates which 
have a single ossification centre.

Ischium
Isolated ischia have also been found at Purbeck. These 

resemble in outline the ischia of the LH 6020 specimen from 
Las Hoyas (see Fig. 101). The Purbeck ischia were about 1.5 mm 
long which is about 1 mm smaller than the ischia of LH 6020 
(«2.5 mm long). Its lateral edge was curved, its medial edge 
straight. Its anterior edge sloped backwards and where it met 
the lateral edge a raised process can be seen on the ventral 
surface.
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Figure 100.

• a)

b)

Fig. 100. Albanerpetontid humerus from Purbeck
a) ventral view, b) dorsal view.
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Figure 101.

É
Ml «. »

Fig. 101. Albanerpetontid ischium from Purbeck
a) dorsal view, b ) ventral view.
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DESCRIPTION OF PROSIREN ELINORAE MATERIAL

INTRODUCTION TO THE PROSIRENIDAE
The holotype of Prosiren elinorae, a single dorsal 

vertebra (PR 391) from the Early Cretaceous (Albian) of Texas, 
USA, was described by Coin & Auffenberg in 1958. Estes 
assigned new dorsal vertebrae and jaw elements to this species 
in 1969 when he created the new family Prosirenidae. The genus 
Albanerpeton was originally placed within the Prosirenidae 
(Estes & Hoffstetter, 1976; Estes, 1981), but in 1982 Fox & 
Naylor removed Albanerpeton from the prosirenids on the basis 
of the difference in their dorsal vertebrae and renamed the 
jaw elements of P.elinorae as Albanerpeton arthridion. 
However, several authors still included albanerpetontids in 
Prosirenidae after 1982 (Estes & Sanchiz, 1982; Duellman & 
Trueb, 1986; Trueb & Cloutier, 1991; Barberra & Macuglia, 
1991). The following description is of the dorsal vertebrae 
of Prosiren elinorae. (See the discussion for a comparison 
with the vertebrae from Kirtlington and Purbeck).

VERTEBRAE
Atlas

The atlas has a well developed tuberculum interglenoideim 
whose surface runs confluent with the cotylar surfaces that 
lie on either side (see Fig. 102). The cotylar surfaces are 
roughly oblong in cranial view and very slightly concave; they 
sit in a horizontal plane at an almost 90° angle to the 
tuberculum interglenoideum.
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Figure 102.

txisp.

#

ant.ba.

Fig. 102. (PR 801) Proslren elinorae Atlas, 
a) caudal, b) left lateral, c) cranial, d) dorsal, 

e) right lateral, f) ventral views.
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Ventral and lateral surfaces of the centrum are heavily 
pitted, presumably for blood vessels and due to the structure 
of the bone - possibly for weight reduction. There is the 
presence of a reduced anterior basapophysis on the right 
anterolateral side only. The left side shows a prominent lip 
into which the left side basapophyses may have merged ( see 
Fig. 102). The right anterolateral side of the centrum does 
not show such a prominent lip as on the left side - possibly 
due to the separation of the basapophyses from the lip. This 
right anterolateral lip merges with the neural arch on the 
right side. The neural arch slopes slightly forward. There is 
a small neural spine seen as a ridge dorsally.

Trunk vertebrae
The trunk vertebrae are amphicoelous (see Figs. 103 & 

104 ). Anterior basapophyses are present on the anterior 
ventrolateral surface of the centrum (see Figs. 103 & 105). 
Just posterior to the basapophysis on the ventral surface of 
the centrum there are two large oval fossae (see Fig. 103, PR 
804 ). On one specimen a ventral ridge was present on the 
centrum - PR 392 (see Fig. 106). The neural arch is slightly 
smaller than the centrum but it has a large neural spine which 
runs three-quarters the length of the neural arch to the 
posterior edge, forking to merge with the postzygapophyses 
(see Fig. 103). There are prominent pre- and postzygapophyses 
(see Figs. 103 & 105, 107, 108, 110 & 111). On the posterior 
forks of the neural spines there are two oval fossae, possibly 
ligament attachment (see Fig. 106).
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Figure 103.
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Fig. 103. (PR 804) Prosiren Trunk vertebra a) ventral,
b) right lateral, c) dorsal views.
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Figure 104.
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Fig. 104. (PR 804) Prosiren Trunk vertebra
left lateral view.
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Figure 105.

Fig. 105. (PR 804) Prosiren Trunk vertebra
a) caudal, b) cranial views.
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Figure 106.

a)

nu. en

anf. ba. b) ant. ba.

e)

d)

antba,

ant.ba.

ven.rid.

f)

Fig. 106. (PR 392) Prosiren Trunk vertebra a) caudal,
b) left lateral, c) cranial, d) dorsal,

e) right lateral, f) ventral views.

203



Figure 107.
nusp.
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Fig. 107. (PR 391) Prosiren Trunk vertebra
a) right lateral, b) dorsal, c) left lateral views
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Figure 108.

nu.ar.
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Fig. 108. (PR 391) Prosiren Trunk vertebra
a) cranial, b) caudal views.
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Figure 109.

ant ba

Fig. 109. (PR 391) Prosiren Trunk vertebra ventral 
view with zygapophyses omitted shows centrum only.
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Figure 110.
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Fig. 110. (PR 802) Prosiren Trunk vertebra
a) left lateral, b) dorsal, c) right lateral views
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Figure 111.
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Fig. 111. (PR 802) Prosiren Trunk vertebra
a) cranial, b) caudal, c) ventral views.
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ALBANERPETONTID FUNCTION AND ECOLOGY

ECOLOGY OF THE ALBANERPETONTIDS
From their long history (Middle Jurassic to Miocene, 

circa 150 Ma), and the retention of diagnostic characters such 
as the dermal skull ornamentation; the peculiar 
interdigitating mandibular symphysis; the pleurodont, non- 
pedicellate, faintly tricuspate teeth; and the unique 'atlas- 
axis' complex, it can be assumed that albanerpetontids had a 
peculiar, specialised and highly successful mode of life. They 
have been found in a number of horizons, always as part of a 
complex vertebrate assemblage with a large fresh water 
component - including frogs, salamanders, turtles and 
crocodiles as well as terrestrial lizards, dinosaurs and 
usually mammals (see APPENDIX 17).

According to Estes & Hoffstetter (1976), the Miocene 
habitat of Albanerpeton inexpectatum can be inferred from the 
associated fauna and the locality of deposition - i.e. the 
fissures of a limestone karstic region. The salamanders found 
with A. inexpectatum include Salamandra sansaniensis, Triturus 
c.f. T.marmoratus, Chelotriton paradoxus and Chioglossa meini 
(Estes & Hoffstetter, 1976) which have modern relatives that 
seek out dank dark places and require slow running or stagnant 
pools to deposit their larvae. Estes & Hoffstetter believed 
that A. inexpectatum lived within the fissures, burrowing 
amidst the loose soil and leaf litter, feeding on snails and 
beetles. The habitat conditions are in accord with those
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described by Viret (1951) and Ennouchi (1930) for a Karst 
region.

The material from Kirtlington and Purbeck, although quite 
fragmentary, indicates that the animals were morphologically 
similar to other albanerpetontids and so probably had a 
similar lifestyle. However, the Kirtlington and Purbeck 
specimens appear to come from a sub-tropical habitat somewhat 
akin to the present day Everglades of Florida. This is in 
contrast to the material from the A.inexpectatum locality 
which suggests a temperate environment at the foothills of 
mountains and hills in areas of deciduous woodland.

The heavily ossified skull and postcranial skeleton of 
the Las Hoyas specimens also support the idea that 
albanerpetontids were strong terrestrial animals - even though 
they are associated with a lacustrine ecosystem. The 
preservation of dermal ossifications over the entire body and 
partially over its orbits (i.e. within eyelids) in the LH 6020 
specimen provides additional support. The animal appears to 
have died and become mummified on land before being 
transported into the lake.

Fox & Naylor (1982) also considered albanerpetontids to 
be terrestrial based primarily on eight characters :-

(1) complex sculpture on the anterior cranial bones;
(2) strong union of cranial bones;
(3) bones very robust for size;
(4) fused frontals and (occasionally) premaxillae;
(5) orbital processes on parietals, seemingly receiving
trunk and (or) jaw musculature;

210



(6) endocranium co-ossified into a single unit;
(7) unique "atlas-axis" complex formed of the atlas and
first two vertebrae;
(8) vertebrae delicate in comparison to skull.
Characteristic ( 8) is now known to be incorrect since the

Las Hoyas specimen is well ossified postcranially.
Fox & Naylor (1982) believed that the robust skull 

indicated a burrowing lifestyle, while the jaws and teeth 
suggested that albanerpetontids fed on a "diet of tough-bodied 
and (or) large, active prey." - an interpretation which agrees 
with that of Estes & Hoffstetter.

If albanerpetontids were solely burrowers as suggested by 
Estes & Hoffstetter (1976) and Fox & Naylor (1982) then one 
might expect larger, stronger forelimbs for use in digging but 
this is not the case in the Las Hoyas specimen. The strongly 
ossified pectoral and pelvic girdles, fore- and hindlimbs, 
manus and pes and wrists and ankles suggest that 
albanerpetontids were well able to support their weight on 
land. The large size of the hind feet, and the strong claws on 
both fore- and hindfeet, suggest a climbing ability. The long 
scapula blade attached to the anterior trunk vertebrae may 
have given the forelimbs extra strength.

SKULL FUNCTION IN FEEDING
The unique interdigitating mandibular symphysis is a 

diagnostic character of albanerpetontids. Although there seems 
to be some variation in the structure and number of the 
interdigitating lobes (see Table 5), the mechanics of action
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appear to be similar, with the dentaries able to hinge in the 
mediolateral and dorsoventral planes (see Fig. 112). This 
movement must be reflected at the quadrate-articular joint. 
From an examination of the dissociated material from 
Kirtlington and Purbeck it appears that there is movement in 
two distinct planes at this joint. The condyle of the quadrate 
is concave in the dorsoventral plane, but convex in the 
mediolateral plane. The articular is highly convex 
dorsoventrally, and concave mediolaterally, to accommodate the 
quadrate. This is a biaxial, ellipsoid joint and permits 
motion around two axes; dorsoventral and mediolateral, 
rotational motion around the third axis is prevented (see Fig.
112). It is not yet clear if there is movement at the 
quadrate-squamosal joint. Estes & Hoffstetter (1976) stated 
that A,Inexpectatum had a moveable quadrate, but because of a 
lack of good material from either Kirtlington or Purbeck it 
has not been possible to confirm this. The heavily ossified 
skull and jaws, and the shape of the teeth suggest 
albanerpetontids probably fed on a tough diet. The movement at 
the symphysis may have permitted albanerpetontids to operate 
their left and right lower jaws independently of each other. 
Albanerpetontids may have grasped prey in their mouths, 
piercing it with the strong, sharp, chisel-like teeth. Still 
firmly grasping the prey with one side of the mouth they may 
have disengaged the opposite jaw and changed the bite on the 
prey to grasp it more firmly and/or kill it. A model of 
albanerpetontid jaws will have to be built to test this 
hypothesis.

212



Figure 112.

a)

b)

c)

d)

Fig. 112. Possible movement seen in 
mandibular symphysis a) dorsal b) cranial views, and 
quadrate-articular joint c) lateral d) dorsal views.
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FUNCTION OF THE ATLAS-AXIS JOINT
The atlanto-occipital joint of albanerpetontids appears 

to have functioned in a similar way to that of salamanders. 
The median tuberculum Interglenoideum is a peg and socket 
joint, this is very effective for withstanding compression and 
shear stress. The lateral cotyles of the atlas prevent 
movement in the mediolateral plane. This restricts movement at 
this joint to the dorsoventral plane. In addition extra 
movement at this joint was gained from the semicircular notch 
cut out of the atlas centrum posterodorsally (see Figs. 73, 
74, 75 & 94). This would permit albanerpetontids to have
raised and lowered their heads more effectively (see Fig.
113).

According to Estes & Hoffstetter (1976) the "dorsal 
’odontoid’ process of the second centrum" would permit lateral 
movement, but the degree of lateral movement would have been 
restricted by the "midline notch on the ventral surface of the 
second centrum and corresponding process on the ventral 
surface of the atlas." I disagree with this interpretation of 
movement at this joint. The midline notch would, I believe, 
have served only as a fulcrum around which the joint could 
move. The atlanto-axial joint, although analogous in some ways 
to that of amniotes, would have articulated in a somewhat 
different fashion. The convex dorsal facet would have 
permitted movement in the mediolateral plane, as in mammals 
but, unlike mammals, rotational movement around the vertebral 
axis in albanerpetontids would have been prevented by the two 
ventrolateral semilunar facets.
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Figure 113
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Fig. 113. Movement seen in the neck of albanerpetontids
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This could have allowed albanerpetontids to move their heads 
mediolaterally without moving their bodies (contra 
salamanders). This would have been advantageous in feeding and 
locating prey. A more complete analysis of the mechanics 
involved in the atlas-axis articulation needs to be carried 
out to determine the actual degrees of movement. A large scale 
model would have to be built to test out the theory of 
movement in the neck.

Since the atlas-axis complex of albanerpetontids is so 
unique it would be interesting and worthwhile to examine both 
modern and extinct amphibians such as salamanders, anurans, 
caecilians, temnospondyls, microsaurs, and also amniotes for 
homologous structures and mechanisms in the atlas and its 
joints. Some ideas on the origin and development of the 
albanerpetontid atlas-axis are discussed in APPENDIX 1.
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DISCUSSION

THE FAMILY ALBANERPETONTIDAE
Albanerpetontids are small, tailed amphibians with limbs, 

known from the Middle Jurassic to Miocene of Europe, Central 
Asia and North America. They are diagnosed by their unique 
mandibular symphysis; faintly tricuspate, non-pedicellate, 
pleurodont teeth; peculiar atlas-axis joint; fused frontals; 
and a reticulate, polygonal ossification pattern on the dermal 
skull roofing bones. They have 22 presacral vertebrae, each 
roughly 2 mm in length, and a tail with more than 24 
vertebrae. The vertebrae are amphicoelous with unicipital 
transverse processes and unicapitate ribs; the neural spine is 
developed on the posterior part of the neural arch in the 
anterior trunk vertebrae only; the posterior trunk vertebrae 
bear almost no neural spine. The centrum is circular in cross- 
section, with basapophyses and a persistent notochordal canal.

i) PROSIREN ELINORAE COIN AND AUFFENBER6 1958 AND RAMONELLUS 
LONGISPINUS NEVO AND ESTES 1969

Several authors still use the family Prosirenidae (sensu 
Estes, 1969 & 1981) when discussing albanerpetontids. A
comparison of the new albanerpetontid material with both 
Prosiren and Ramonellus confirms Fox & Naylor's (1982) removal 
of both Prosiren and Ramonellus from the albanerpetontids.
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The vertebrae of Prosiren elinorae 
Atlas

The Prosiren atlas and those of the Kirtlington 
albanerpetontids have similar tubercula interglenoidia that 
are confluent with the cotylar surfaces. The cotylar surfaces 
are at right angles to the txibercula Interglenoidia in both 
genera and they are also both only slightly concave. However, 
the Kirtlington atlantes have more circular cotyles than those 
of Prosiren which are oblong in outline. There are no
basapophyses on the Kirtlington atlantes but the atlas of
Prosiren sports anterior basapophyses. Similarly, the 
Kirtlington atlantes lack foramina but the Prosiren atlas is 
heavily pitted (see Fig. 102). The posterior cotyle of 
Prosiren is a single concave articulating facet not unlike 
those of the Prosiren trunk vertebrae, but the Kirtlington 
atlantes have a specialized posterior cotyle with a single 
dorsal facet and two ventrolateral facets for articulation 
with the peculiar 'axis'.

Trunk vertebrae
Both Prosiren and the Kirtlington trunk vertebrae are 

amphicoelous, but that is where the similarities end. The 
Kirtlington vertebrae have a notochordal canal; Prosiren does 
not. Prosiren has anterior basapophyses; the Kirtlington 
vertebrae have faint signs of posterior basapophyses only, 
although, as noted earlier, A. inexpectatum has anterior
basapophyses as well as faint posterior ones (Estes &
Hoffstetter, 1976). Prosiren has two large oval fossae on the
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ventral surface of the centrum just behind the basapophyses; 
the Kirtlington vertebrae do not. The Prosiren neural arch is 
slightly smaller in diameter than the centrum, but in the 
Kirtlington vertebrae, the neural arch is larger. Prosiren has 
a large neural spine; the Kirtlington vertebrae have only a 
small trace of neural spine or none at all. Prosiren has 
bicipital transverse processes but the Kirtlington vertebrae 
bear only unicipital processes. These differences between the 
atlas and trunk vertebrae of Prosiren and albanerpetontids 
clearly indicate that they are not closely related to one 
another and the separation of Prosiren and albanerpetontids 
into two separate families by Fox & Naylor (1982) was 
justified. Furthermore, the characters of Prosiren place it 
firmly within the Caudata; those of albanerpetontids do not.

Ramonellus lonalspimis

Albanerpetontid vertebrae also differ from those of 
Ramonellus longlsplnus. Ramonellus has more than 34 presacral 
vertebrae which are on average 1.2 mm long. On all trunk 
vertebrae, the neural spine is very high and rounded dorsally. 
It lies on the posterior half of the neural arch, a condition 
which differs from both Prosiren and albanerpetontids. The 
neural spine in A. Inexpectatum occurs on the anterior trunk 
vertebrae only (Estes & Hoffstetter, 1976 PI. VI, Fig. 12) and 
is smaller in relation to the centrum length than is the 
neural spine of Ramonellus: in A. Inexpectatum the neural
spine is less than half the centrum length but in Ramonellus 
it equals the centrum length (Nevo & Estes, 1969, Table 1, p
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544). Ramonellus has bicapitate transverse processes like 
Prosiren, but unlike albanerpetontids. However, bicapitate 
transverse processes are primitive for caudates, and therefore 
the presence of this character in both Ramonellus and Prosiren 
does not necessarily indicate relationship. The centra in 
Ramonellus are oval in cross-section, a condition which 
differs from the circular form seen in albanerpetontids and 
Prosiren.

Estes (1981) believed that Ramonellus, which has a weakly 
ossified postcranial skeleton with small limbs, was related to 
albanerpetontids [prosirenids] - based on his interpretation 
of the postcranial skeleton of Albanerpeton megacephalus which 
is poorly preserved. However, with the discovery of the new 
complete albanerpetontids from Las Hoyas it is clear that 
their limbs and girdles are well ossified. In Ramonellus, the 
pectoral girdle is not well known but it appears to consist of 
cartilage in a single specimen. The forelimb is small with the 
radius and ulna being only one third the length of the humerus 
( see Table 7 ). In albanerpetontids the lower and upper limb 
bones are of similar length ( see Table 7 ). The humerus of 
Ramonellus does not have the large ball-like radial condyle 
found in albanerpetontids. No pelvis or hindlimbs are known 
for Ramonellus.

The skull of Ramonellus is well ossified but poorly 
preserved. The quadrate - articular joint, however, is 
particularly clear in two specimens, U1 & U4 (Nevo & Estes, 
1969, Figs. 2 & 4), and is similar to that of salamanders 
where a vertical quadrate articulates with a horizontal
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articular. This differs from the albanerpetontid condition 
where the quadrate is nearly horizontal and articulates with 
the horizontal articular. The differences between the 
vertebrae, postcranial skeleton and skull of albanerpetontids 
and Ramonellus (see Table 7) shows clearly that they are not 
related. In addition, these differences suggest that the two 
animals had different lifestyles: Ramonellus was probably an 
aquatic salamander, whereas albanerpetontids were probably 
fully terrestrial.

TABLE 7 - COMPARISON OF RAMONELLUS & ALBANERPETONTIDS
Ramonellus Albanerpetontid

Specimen U1 U2 U14 LH 6020 LH 030R
Specimen Length 23.0+ 39.5+ 41.5+ 51 59.5
Skull length 9.4+ 8.0+ 11.1+ 12.5 13
Humerus length 2.1 2.1 X 5.4 6
Radio-Ulnar length 0.7 0.8 X 4.1 4.25
No. of vertebrae 14 31 17 22 22
Length of vertebra 1.2 1.0 1.2 2 2

all sizes in mm

This comparison of the new albanerpetontid material with 
Prosiren and Ramonellus confirms that they are not closely 
related and supports Fox & Naylor's removal of these two
genera from the Albanerpetontidae. This leaves only the
species referred to Albanerpeton (+ or - Nukusurus ) in the
family Albanerpetontidae. However, several species are
questionable.
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il) THE SPECIES CONCEPT IN PALAEONTOLOGY
Currently, the albanerpetontids are divided between six 

species in two genera. However, many of the characters used to 
diagnose a new species or genus were based on a small number 
of minor differences in a limited number of specimens. This 
raises problems.

In modern biology species can be distinguished on 
differences in morphology, behaviour, genotype and 
evolutionary history. In palaeontology only morphological 
differences and evolutionary history can be used because 
neither behavioural nor karyotypical differences are of 
practical use. The main problem is how much variation in
morphology is needed to diagnose a new species?

Small osteological differences can be due to several
factors (SkeltoTi, 199è).

1 ) Ecophenotypy - differences in morphology due to
environmental circumstances but not to genetic 
differences e.g. size, degree of ossification, number of 
teeth - when size-related as in albanerpetontids ( see 
below).
2) Subspecies/demes/races - geographically isolated 
populations that can be distinguished on superficial 
morphology but could still reproduce successfully if the 
geographical barrier were removed.
3) Polymorphism - differences in morphology due to
natural variation within the population e.g. sexual 
dimorphism.
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4) Developmental stages - morphologically distinct 
developmental stages that are usually, but not always, 
age dependent.
5) Species differences - morphological differences in the 
phenotype due to significant genetic differences.

Intra-specific Variation
A study of both an extant species, Plethodon clnereus, 

and an albanerpetontid species, Albanerpeton inexpectatum, was 
carried out to measure quantitatively the degree of 
morphological variation seen in osteological characters within 
species.

The plethodontid salamander P.cinereus was chosen because 
a collection of well-documented skeletal material was made 
available for this study (courtesy of Prof. David Wake, 
University of California). This consisted of two separate 
collections made in the USA: the first collection consists of 
10 specimens (six male, four female) from Warren Woods, 
Berrien Co., Michigan, collected on the 29th April 1967; the 
second collection consists of 10 specimens (seven male, three 
female) from Turkey Run State Park, Indiana, collected on the 
4th June 1968 (see APPENDIX 2).

The material of A. inexpectatum, in the collection of the 
Museum National d ’Histoire Naturelle, Paris, is the most 
extensive and well-preserved collection of dissociated 
albanerpetontid remains available for study. Measurements of 
this collection were taken in October 1993 (see APPENDIX 3).

223



The two different populations of P. clnereus show size 
variation in the bones measured, most notably in the length of 
the maxillae, the length of the frontals and the length and 
number of teeth of the dentaries ( see Graphs 2 - 5 ). The
question is whether the differences are significant i.e. do 
they indicate two separate populations that can be 
distinguished on morphological differences. The differences in 
the variances (f-test) and means (t-test) of the two 
populations were tested for each measurement (Bail y/ 
f-test:

f=
s ?

where S/ and are the variances of the larger and smaller
values respectively.
t-test:

t=

Si + (Hj-I)
S=S.

Til

where and Xg are the means of the two samples and 
respectively; n̂  ̂and n̂  are the sample sizes; Sp is the pooled 
estimate of the standard deviation;
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Graph 2. Histograms of P. cinereus maxillae lengths
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Graph 5.
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TABLE 8 - STATISTICAL VARIATION IN P.CINEREUS.
ELEMENT f-value DF F for 5% t-value DF P for 5%
Dentary
length

3.8343 16
17

2.31 -3.15753 33 1.690

Dentary
teeth

2.94795 17
13

2.50 -3.31977 30 1.697

Maxilla
length

3.76658 6
14

2.85 -2.30999 20 1.725

Maxilla
teeth

1.2872 14
7

3.53 -1.46794 21 1.721

Frontal
length

9.6582 10
17

2.45 -1.79396 27 1.703

Femur
length

1.31695 17
9

2.97 -1.22541 26 1.706

Humerus
length

1.66248 15
9

3.01 -1.21624 25 1.708

DF = Degrees of Freedom.
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and Sg is the standard error for the differences of the means 
(which is the expected standard deviation, around a mean of 
zero, of values of differences in the means of pairs of 
samples randomly drawn from the same population).

The Null Hypotheses in each ̂ se is that the samples came / 
from the same population. If any anÿ of the f-values or t- / 
values are greater than the value obtained at the respective 
Degrees of Freedom (DF) for 5% confidence limits then the Null 
Hypotheses would be rejected (see Table 8). The f-values and 
t-values for the dentary lengths, dentary tooth number, 
maxillae lengths and frontal lengths all fall outside the 5% 
confidence limits. This confirms statistically that the 
samples came from two separate populations. However, the f- 
values and t-values for the maxilllae tooth number, femur 
length and humerus length (see Graphs 6-8) all fall within the 
5% confidence limits implying that the samples came from the 
same population. These somewhat contradictory results suggest 
that using variation in the size of skeletal elements or in 
tooth number is not a very reliable basis for separating 
populations, let alone species or genera.

Tooth number and dentary length were used to create a new 
genus, Nukusurus (Nessov, 1981). However, the analyses of the 
P. cinereus material have shown these features to be 
unreliable as indicators of specific or generic distinction. 
Clearly, there is a wide range of tooth number in the 
dentaries of the two populations of P. cinereus. The sample 
from Warren Woods ranged from 22 to 28 dentary teeth while the 
sample from Turkey Run State Park had a range of 17 to 29.
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Graph 7.
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Graph 8.
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These differences prove to be statistically significant but 
they represent variation within the same species.

In albanerpetontids, A. Inexpectatum varies in size and 
has a range of 22 to 33 teeth in the dentaries; in Nvkusurus 
the range was stated as being 17 to 23 dentary teeth (Nessov, 
1981), but a photograph published by Nessov (1988) clearly 
shows a Nukusurus dentary with 29 teeth. This increases the 
range from 17 to 29 teeth. The Nukusurus values were estimated 
from the published material, therefore only four dentary tooth 
counts could be used; one for each end of the range of 17 to 
23, and two from published photographs - one with 20 teeth, 
the other with 29 (Nessov, 1988). This is a very small sample 
size and therefore unlikely to be accurate. However, a 
statistical comparison of the means and variances of these two 
samples shows that they are significantly different (see Table 
9).

TABLE 9 - STATISTICS OF TOOTH NUMBER OF DENTARIES.
Nukusurus insuetus Albanerpeton Inexpectatum

MEAN 22.5 27.8
ST.DEV. 5.123 3.067
n 4 17

f = 2.79, degrees of freedom =
the probability that the observed value (differences in 
the variances) is greater than 2.85 is 0.05 or 5%.
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t = -6.734, degrees of freedom = 19, the probability that the 
observed value (differences in the means) is greater than 
2.093 is 0.05 or 5%.

The t-value falls outside the 5% confidence limits and 
supports the view that the two samples come from separate 
populations. However, the f-value falls within the 5% 
confidence limits suggesting that the two samples come from 
the same population. The differences in these results show 
that the samples used are not truly representative of the 
populations and the differences are a result of random 
sampling error.

There are reportedly many more dentaries of Nukusurus, 
and a more thorough analysis is needed. However, the 
considerable variation in both size and tooth number in other 
groups suggests these are invalid criteria for diagnosing new 
genera. Other more reliable differences need to be identified.

iii) ALBANERPETONTID GENERA AND SPECIES
The type genus and species of the family

Albanerpetontidae is Albanerpeton inexpectatum Estes G 
Hoffstetter 1976 from the Miocene of France. Three other 
species have been named within this genus: A. nexuosus Estes 
1981, A. arthridion Fox G Naylor 1982 and A. galaktion Fox G 
Naylor 1982. Estes described A. nexuosus in 1981 and included 
referred University of Alberta material from the Campanian 
Oldman and Upper Milk River Formations that had not yet been 
described. However, at the same time Fox G Naylor were
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describing the same University of Alberta material as A. 
galaJction. A. nexuosus was diagnosed on the heterodonty of the 
dentary and maxilla; the narrowness of the posterior part of 
the dentary; and the reduced size of the palatal shelf on the 
premaxilla and maxilla. In the analyses of the variation of A. 
Inexpectatum ( see APPENDIX 3 ) the palatal shelves of the 
premaxillae and maxillae in this species were found to be 
quite wide (from 0.87mm to 2.07mm for the premaxillae and 
1.00mm to 1.69mm for the maxillae). From the figures given by 
Estes (1981) the palatal shelf of the premaxilla of A.nexuosus 
falls within this range (1.93mm from the anterior face to 
posterior margin of palatal shelf) (see Estes, 1981, Fig. 3J). 
The palatal shelf of the maxilla could not be measured from 
the drawings given by Estes (1981). The degree of heterodonty 
in the dentaries of A. nexuosus also appears to be variable 
judging from the figures given by Estes (1981, Figs. H & I) - 
a condition seen in other albanerpetontid dentaries ( see Table 
5 ). Finally, the degree of expansion of the posterior part of 
the dentary varies in A. inexpectatum between 1.25mm to 
2.44mm (see APPENDIX 3), since the holotype A. nexuosus, is 
measured at 1.29mm (from the figure given by Estes 1981, Fig. 
3H), this does not appear to be a useful diagnostic character.

The diagnosis of A. galaktion given by Fox & Naylor (1982) 
was based on four differences between its premaxilla and that 
of other albanerpetontids, and on the heterodonty of the 
dentary and maxilla

i ) smooth anterior (labial) surface of premaxilla with 
scattered shallow pits (contra A,inexpectatum). The degree of
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sculpture patterning is variable in A. inexpectatum (pers. 
obs. ). This can be due to several factors : post mortem
wear/erosion; size of bone - larger specimens appear more 
heavily pitted than smaller specimens; and natural variation 
within a species.

ii) shorter medial ridge on pars facialis (contra 
A.arthridion), The medial ridge on the pars facialis is 
variable in length within A,inexpectatum; some have no ridge 
but do have a deep furrow, others have two deep furrows and a 
strong medial ridge - probably for interdigitation with a 
premaxilla with only the furrow, and there are also several 
that are intermediaries and have one and an half furrows and 
therefore only half a ridge. The A.galaktion pattern could be 
accommodated within the A.inexpectatum range.

iii) distinct indentation for the prefrontal (contra A. 
arthridion). The depth of the prefrontal indentation on the 
premaxilla is variable in A. inexpectatum (see APPENDIX 3, 
column INDENT); ranging from 0.06mm to 0.81mm. This range 
suggest that some premaxillae within a species may have very 
wide indentations and others virtually none. The A.galaktion 
premaxilla could easily be accommodated within the 
A.inexpectatum range i.e. A.galaktion could not be 
distinguished from A. inexpectatum on this character. Likewise, 
the A. arthridion premaxilla, which apparently has no 
indentation, may also be accommodated in this range.

iv) deep large pit behind pars facialis and above pars 
palatina of the premaxilla (contra both A. inexpectatum and 
A. arthridion), The oval pit varies in size within A. galaktion,
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as illustrated by Fox & Naylor where they showed small pits on 
the fused premaxillae - UA 16209 (Fox & Naylor, 1982, Fig. 2d) 
and a large pit on the holotype premaxilla - UA 16203 (Fox & 
Naylor, 1982, Fig. 2a).

v) heterodonty of dentary and maxilla i.e. larger 
anterior teeth of dentary and maxilla. Differences in the size 
of teeth along the dentaries and maxillae have been noted in 
other albanerpetontid specimens ( see Table 5). This character 
may help to distinguish between species when used in 
combination with other characters but on its own may lead to 
difficulties because there is a degree of overlap in both the 
tooth number and the position of the largest teeth in 
different albanerpetontids.

Thus, characters used by Estes (1981) and Fox & Naylor 
(1982) to diagnose A. nexuosus and A. galaktion as new species 
are labile and weak. However, the frontal of A. galaktion is 
distinct from that of A. inexpectatum (see diagnosis in 
Systematics section below) and can form the basis of a species 
diagnosis. The differences between A. nexuosus and A. 
galaktion appear insufficient to warrant their separation 
into distinct species but I have not examined the material 
personally. Furthermore, new material from these localities is 
currently being studied by James Gardiner in Alberta, Canada. 
For this reason I am leaving the two species unchanged pending 
new work.

The diagnosis of A.arthridion (Fox & Naylor, 1982) is 
based on differences in a single premaxilla and can be 
challenged. The main difference between it and other
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Albanerpeton was its "elongate medial ridge...with long, deep 
paralleling grooves" on the pars dentalls and pars facialis 
and a raised boss on the pars facialis dorsally. The medial 
ridge is also found in the Kirtlington and Purbeck specimens 
and in A. inexpectatum. where the number and depths of grooves 
and ridges is variable (see APPENDIX 3 and above). The raised 
boss on the pars facialis is not known in other 
albanerpetontid material and may be a valid difference. 
However, most of the premaxillae from Kirtlington and Purbeck 
are broken dorsally and the condition of this character is 
unknown. The raised boss appears, on its own, to be a rather 
minor character on which to base the diagnosis of a new 
species. Thus I consider A. arthridion to be a Nomen vanum - 
pending the recovery of new material.

The above review suggests that, apart from some
insignificant variation, albanerpetontids are structurally
virtually indistinguishable. Thus, as currently defined, the
genus Albanerpeton (Estes & Hoffstetter, 1976) extends from
Middle Jurassic to Miocene and is remarkably conservative, but
a close comparison of material from different European
localities suggests it may be possible to differentiate
populations on the basis of frontal shape.isolated

Six localities have yielded^albanerpetontid frontals; La 
Grive-Saint-Alban (Miocene), Upper Milk River, Alberta 
(Campanian), Purbeck (Berriasian), Guimarota (Kimmeridgian), 
Tashkumyr, Kirghizia, Central Asia (Callovian) and
Kirtlington (Bathonian).
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Albanerpeton inexpectatum from the Miocene of France has 
a triangular frontal, widest at its posterior parietal margin, 
and narrowest and pointed anteriorly. It has almost straight 
orbital margins, that lie at an acute angle to the midline 
(see Fig. 114). The orbital margin is roughly half the 
anterior-posterior length. Anterior to the orbital margin the 
articulation facets for the prefrontal are indented on both 
sides. The anterior internasal process is relatively long and 
narrow and is 'pinched' into a sharp point. In the smallest 
specimen the base width equals the anterior-posterior length, 
but in the larger specimens the base is wider ( see APPENDIX 
3 ). This suggests a skull that is proportionally wider in 
larger specimens.

A second frontal type assigned to Albanerpeton galaJction 
is closely similar (see Fig. 114). It has the characteristic 
triangular shape and straight orbital margins. However, the 
orbital margins lie at a less acute angle to the midline by 
comparison with A. inexpectatum, and are proportionally longer. 
The prefrontal articulation facets are less indented than in 
A,inexpectatum and the internasal process appears shorter and 
broader but still 'pinched*.

In older albanerpetontid specimens, from Pietraroia, Ufla, 
Las Hoyas, Purbeck, Guimarota and Kirtlington, the frontal has 
a very different shape with a wide bulbous, almost circular 
nasal process and highly curved orbital margins. The frontals 
have a waisted triangular shape, narrowest half way along 
their length (see Fig. 115).

240



Figure 114.

A lb a n e r p e to n  inexpecta tum
a)

A lb a n e r p e to n  g a l a k t i o n
b)

Fig. 114. Frontal shape of genus Albanerpeton,
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Figure 115

P i e t r a r o i a

UÜa

Las Hoyas

Fig. 115. Frontal shape of Genus A. 
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This difference is significant and supports the erection 
of a new genus. Genus A, for the older material. The 
characteristic frontal shape is seen most clearly in the 
Pietraroia (early Cretaceous, Albian) specimen tKe Kolotype 
Albanerpeton megacephalus. This species becomes the type 
species of the new genus. Unpublished frontals from Ufia (early 
Barremian) closely resemble the Pietraroia frontal.

The Las Hoyas albanerpetontid, LH 6020, from the late 
Barremian of Spain has a frontal that shares the same basic 
structure, but can be distinguished by a greater inter- 
prefrental width relative to posterior parietal margin width. 
This gives the frontals a more waisted appearance. From 
measurements taken from the frontals of A. Inexpectatum the 
inter-prefrontal width relative to the posterior parietal 
margin width remains constant throughout its growth range ( see 
APPENDIX 3 & Graph 9). Therefore, the difference in shape 
between the frontals of Pietraroia and Las Hoyas does not 
appear to be due to developmental or environmental factors. It 
could be argued that the differences were due to polymorphism, 
but there are several frontals from Ufia (early Barremian) and 
none show the shape of the Las Hoyas specimen. On this basis. 
Las Hoyas albanerpetontids may be specifically distinct from 
those of Pietraroia and Ufia.

The frontals from the four remaining localities: Purbeck 
(Berriasian), Guimarota (Kimmeridgian), Tashkumyr, Kirghizia, 
(Callovian), and Kirtlington (Bathonian), are also basically 
similar to those from Pietraroia and Las Hoyas (see Fig. 116). 
However, the curved orbital margins, while running parallel to
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one another anteriorly, become sharply angled posteriorly. The 
Las Hoyas, Pietraroia and Ufla frontals lack this acute lateral 
angulation. The poor quality of preservation of the 
Kirtlington and Purbeck frontals make it unwise to use them as 
the basis of a new species. However, there are seven frontals 
from Guimarota (pers. obs.) that may help to clarify whether 
this character difference is consistent, and whether a new 
species or even genus is warranted. The Guimarota material is 
at present under description at the Freie Universitët Berlin 
by Beate Treude, a student of Prof. Bernard Krebs.

The genus and species Nukusurus insuetus was named by 
Nessov (1981) on the basis of a left dentary from Tçelpyk 
Hill, Kara-Kalpakia, Central Asia (Cenomanian-?Lower Turonian) 
and was diagnosed as having a gracile dentary and reduced 
tooth number of 17 - 23. By comparison with other 
albanerpetontids ( see above), these features can be argued to 
be a consequence of the small size of the specimens rather 
than indicating generic difference. In confirmation of this, 
a second dentary of Nukusurus shows 29 teeth (Nessov, 1988, 
plate XIV, Fig. 32) indicating that tooth number is variable 
and ranges from 17 - 29 teeth in Nukusurus. A similar range is 
found in A. Inexpectatum (22 - 33). Patterns of growth and 
tooth replacement are still not understood in albanerpetontids 
but, as discussed above, tooth number appears to change with 
growth and using tooth number alone as a diagnostic generic 
character is unwise.
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a)
Purbeck

Guimarota

b)
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Fig. 116. Frontal shape of Genus A species c.
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Without an adequate diagnosis, Nukusurus insuetus Nessov 1981 
must be regarded as a Nomen vanum pending the description of 
more material. Nessov (1988) also noted the discovery of an 
albanerpetontid frontal from the Upper Jurassic (Callovian) of 
Tashkumyr, Northern Ferghana, Kirghizia. However, this frontal 
has not been described or figured and so must remain Incertae 
sedis pending further information ( I have tried unsuccessfully 
to obtain this information from Dr. Lev Nessov in St. 
Petersburg).

From the above discussion it is clear that many of the 
characters used by previous authors are very questionable and 
care should be taken when using features that vary with size 
and age. Ideally, we should try to identify characters which 
remain consistent throughout growth.

In summary, there are at least two albanerpetontid 
genera, Albanerpeton and Genus A and five or six species in 
the two genera, A. inexpectatum, A. nexuosus and A. galaktion 
and Genus A megacephalus. Genus A Las Hoyas and, perhaps. 
Genus A species c.
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iv) ALBANERPETONTID SYSTEMATICS

CLASS Amphibia Linnaeus 1758

Family Albanerpetontidae Fox & Naylor 1982

Contents : Family Albanerpetontidae
Family Prosirenidae Estes 1969 (Part)

Type Genus: Albanerpeton Estes & Hoffstetter 1976
Type species: Albanerpeton Inexpectatum Estes & Hoffstetter
(1976)
Included genera: Albanerpeton, Genus A .
Distribution: Middle Jurassic to Miocene of Europe, Early
Cretaceous to Palaeocene of North America, Middle Jurassic to 
Late Cretaceous of Central Asia.
Diagnosis of family: Small terrestrial amphibians with limbs 
and a tail; unique polygonal ossification pattern on dermal 
skull roofing bones which is associated with the polygonal 
scales that cover the head, body, limbs and at least the base 
of the tail; unique interdigitating mandibular symphysis; 
pleurodont, faintly tricuspate, non-pedicellate teeth; fused 
frontal; large lacrimal bordering naris and orbit and bearing 
broad external groove on dorsal surface; parietals with post
orbital process; long needle-like cultriform process on 
parasphenoid; quadrate-articular joint strongly convexo- 
concave and lying in horizontal plane; ossified hyobranchus; 
unique atlas-axis joint in neck, where the atlanto-occipital 
joint permits movement in the dorsoventral plane (as in
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salamanders) and the atlanto-axial joint allows movement in 
the mesiolateral plane (unknown in amphibians but similar to 
mammals); unicipital rib-bearers on amphicoelous 
monospondylous vertebrae; 22 presacral vertebrae; scapula with 
long narrow anteriorly projecting scapula blade; humerus with 
large ball-shaped radial condyle and small ulnar condyle; 
ossified pubes; tail with more than 24 vertebrae.

Albanerpeton Estes & Hoffstetter 1976.
Type species: Albanerpeton inexpectatum Estes & Hoffstetter 
1976.
Included species: Albanerpeton Inexpectatum Estes &
Hoffstetter 1976; Albanerpeton galaktion Fox & Naylor 1982; 
Albanerpeton ?nexuosus Estes 1981
Distribution: Late Cretaceous (Early Campanian to
Maastrichtian) of North America, and Miocene of France. 
Revised generic diagnosis: As for the family plus; frontal is 
triangular in shape widest at its posterior parietal margin 
and narrowest and pointed anteriorly; it has almost straight 
orbital margins; anterior to the orbital margins the 
articulation facets for the prefrontals are indented on both 
sides; the anterior inter-nasal process is narrow and pinched 
into a sharp point.

Albanerpeton inexpectatum Estes & Hoffstetter 1976 
Holotype: LGA-176, a third vertebra co-ossified with the
centrum of the second. Middle Miocene, fissure in Milliet 
Quarry (Paris collection). La Grive-Saint-Alban, France.
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Referred material: Many skull elements, vertebrae and limb 
bones in collections at both Museum National d'Histoire 
Naturelle, Paris and Université Claude Bernard, Lyon; 
mandibles in collection at Museum of Comparative Zoology, 
Harvard University, Cambridge (Mass.), USA.
Distribution: Middle Miocene, La Grive-Saint-Alban, France. 
Revised diagnoses: As for the family and genus plus anterior 
nasal process of the frontal is narrow and spike-like and 
separates the nasals; orbital margin is roughly half the 
length of the anterior-posterior length of the frontal; 
sculpture pits deeper and less regular in shape anteriorly and 
laterally but becoming shallow and more regularly polygonal 
centrally and posteriorly; in the smallest specimens the base 
(i.e. posterior parietal margin) is as wide as the anterior- 
posterior length but in the larger specimens the base is wider 
(see APPENDIX 3);

Albanerpeton galaktlon Fox and Naylor 1982.
Holotype: UA 16203, a left premaxilla in the collection at 
University of Alberta, Canada.
Referred material: Specimens from the Upper Milk River
Formation, Alberta. Premaxillae UA 16204-16213; maxillae UA 
16239-16242; dentaries UA 16217-16223, 16237 and 16238;
parietals UA 16214 and 16215; frontal UA 16216; atlantes UA 
16224-16235; and numerous uncatalogued premaxillae, maxillae, 
dentaries, parietals and frontals.
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Distribution: Site MR-6, Late Cretaceous (Early Campanian)
Upper Milk River Formation, Alberta, Canada. Coordinates on 
file at the Dept, of Geology, University of Alberta, Canada. 
Revised diagnoses: As for family and genus; frontal similar to 
A.Inexpectatum but differs in the shape of its anterior nasal 
process, prefrental articulations and lengths of its orbital 
margins; the nasal process appears shorter and broader and 
consequently does not separate the nasals; the prefrontal 
facets are less indented (see Fig. 114). The orbital margins 
are still straight edged but lie at a more acute angle than 
A.inexpectatum, and they are longer in proportion to the 
anterior-posterior length, being more than half the overall 
length of the frontal (i.e. >55.6%).

Albanerpeton nexuosus Estes 1981
Holotype: No. 49,547, almost complete left dentary in the 
collection at University of California, Museum of 
Paleontology, Berkeley, USA.
Referred material: All known material is from the Late
Cretaceous (Maastrichtian): Many other UCMP Lance Formations 
specimens. Nos. 49533-49536, 49538-49540 dentaries; 49539,
55775 maxillae; 55779, 55780 premaxillae, Estes (1964); rare 
specimens from Bug Creek Anthills, Hell Creek Formation, 
Montana (Estes, Berberian & Meszoely, 1969) in collection at 
Museum of Comparative Zoology, Harvard University, Cambridge 
(Mass.), USA. Campanian: rare material from the Judith River 
Formation, Chouteau County, Montana (Sahni, 1972), University 
of Minnesota, Minneapolis, USA.
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Distribution: Late Cretaceous (Late Campanian-Maastrichtian) 
of Wyoming and Montana, USA.
Revised diagnoses: All diagnostic characters given by Estes, 
1981, have been challenged (see iii Albanerpetontid genera and 
species above), but frontals are unknown.
Description: See Estes, 1981 for A.Inexpectatum and
A.nexuosus; see Fox & Naylor, 1982 for A.galaJctlon,

Genus A

Type species: Genus A megacephalus (Costa 1864)
(Triton megacephalus Costa, 1864; Heteroclitotriton 
megacephalus Kuhn, 1938; Triturus megacephalus Kuhn, 1960; 
Albanerpeton megacephalus Estes, 1981).
Diagnosis of genus: As for family plus frontal differs from 
that of Albanerpeton in having a wide bulbous, almost circular 
anterior nasal process; prefrontal facets not indented; 
orbital margins curved and longer than half the anterior- 
posterior frontal length (> 60%).
Distribution: Middle Jurassic (Bathonian) to Early Cretaceous 
(Albian) of Europe.
Included species: Genus A megacephalus (Costa 1864), Genus A 
Las Hoyas. Genus A species c.

Genus A megacephalus (Costa 1864)
Holotype: Almost complete specimen (cat. no. M 542) from the 
Lower Cretaceous (Albian) of Pietraroia, Italy.
Referred material: Undescribed frontals from the Early
Cretaceous (Barremian) of Ufia, Spain.
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Distribution: Early Cretaceous: Barremian of Ufia and perhaps 
Galve II, Spain, and Albian of Pietraroia, Italy.
Diagnosis: As for the family and genus plus frontal has highly 
curved orbital margins; narrower anterior inter-prefrontal 
width to posterior parietal margin width than Genus A Las 
Hoyas and Genus A species c.
Description: See A.megacephalus description above.

Genus A Las Hoyas 
Designated holotype: Complete specimen in part and counterpart 
(Cat. No. LH 6020 A & B) from the Early Cretaceous (Late 
Barremian) of Las Hoyas, Cuenca, Spain.
Referred material: A second complete specimen in part and 
counterpart (cat. no. LH 030 R A & B) also from Las Hoyas, 
Cuenca, Spain.
Distribution: Early Cretaceous, Barremian of Spain. 
Diagnosis: As for family and genus plus frontal orbital margin 
differs from Genus A megacephalus in being more curved 
anteriorly and less curved posteriorly. The inter-prefrontal 
width is wider in proportion to the base width than that of 
Genus A megacephalus.

Description: See LH 6020 & LH 030 description above.

Genus A species c 
Designated holotype: Almost complete frontal from the
lowermost Cretaceous (Berriasian) of Purbeck, Dorset, England.
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Referred material: Disarticulated frontals, humeri and
numerous dissociated skull and postcranial elements from the 
Early Cretaceous (Berriasian) of Purbeck, Dorset, England. 
Incomplete disarticulated skull and postcranial material from 
the Middle Jurassic (Bathonian) of Kirtlington, England. 
Several frontals, vertebrae and humeri, and numerous dentaries 
(pers. obs.) from the Late Jurassic (Kimmeridgian) of 
Guimarota, Portugal (in Estes, 1981 as being listed by Kiihne, 
1968, but no mention in that reference).
Distribution: Middle Jurassic (Bathonian) to Early Cretaceous 
(Berriasian) of Europe.
Diagnosis: As for family and genus plus frontal orbital
margins are slightly curved but running almost parallel to the 
midline with an angled flange posteriorly.
Description: See descriptions of Kirtlington and Purbeck
specimens above.

INCERT7Œ SEDIS 
Nomen vanum 

Nukusurus insuetus Nessov 1981.
Holotype: ZIN, PHA NO.K77-4 a single left dentary from the 
Late Cretaceous (Cenomanian-?Early Turonian) of Tçelpyk Hill, 
Kara-Kalpakia, Uzbekhistan, (Nessov, 1981).
Referred specimens: Undescribed material from Late Cretaceous 
(Coniacian) of Dzharakhuduk, Uzbekhistan (Nessov, 1988), and 
many dentaries from the Late Cretaceous (Early Cenomanian) of 
Sheichdzheili, Kara-Kalpakia, Uzbekhistan (Nessov, 1988).
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Distribution: Late Cretaceous, Early Cenomanian to Coniacian 
of Uzbekhistan, Central Asia.

Nomen vanum 
Albanerpeton arthrldlon Fox & Naylor 1982 

Holotype: Almost complete right premaxilla (FMNH PR 805) from 
the Early Cretaceous (Albian) Antlers Fm., Texas, USA, (Fox & 
Naylor, 1982).
Referred specimens: Three dentaries (FMNH PR 806 & 807 &
uncatalogued) also from the Antlers Fm. Texas, USA, (Fox & 
Naylor, 1982).

Other material:-
1) Unnamed atlas from Middle Jurassic (Bajocian) of Gardies, 
France (Seiffert, 1969); previously referred to A.megacephalus 
by Estes (1981), but no basis for attribution.
2) Unnamed frontal from the Middle Jurassic (Callovian) of the 
Balabansay Fm., Kirghizia, (Nessov, 1988).
3 ) Undescribed vertebrae and humeri from the Early Cretaceous 
(Barremian) of Galve II, Teruel, Spain (in Estes, 1981 as 
being listed by Kiihne, 1968, however, there is no mention in 
that reference).
4) A few specimens from the Upper Cretaceous (Maastrichtian) 
Laramie Fm., Weld County, Colorado, USA (Carpenter, 1979).
5) Undescribed material mentioned by Fox & Naylor (1982) from 
the late Palaeocene of the Paskapoo Fm., Alberta, Canada.
6) Undescribed material from the early Palaeocene Purgatory 
Hill fauna of the Tullock Fm., Montana, USA, listed by Fox &
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Naylor (1982). This material was identified as Prodesmodon 
copel by R.Estes (Van Valen & Sloan, 1965). However, when 
P.copei was later renamed Albanerpeton nexuosus by Estes 
(1981) the Purgatory Hill material was not included.

PHYLOGENY OF THE ALBANERPETONTIDAE

AN HISTORICAL PERSPECTIVE
In 1969, Estes created the new family Prosirenidae based 

on the diagnostic characters of the "interlocking mandibular 
symphysis and the faintly tricuspate, non-pedicellate teeth". 
The family Prosirenidae was placed in Caudata on the basis of 
the vertebrae of Prosiren elinorae in combination with the 
well ossified radial condyle of Albanerpeton. The latter 
character was used by Estes to place the prosirenids somewhere 
between the ambystomatids and salamandrids, which are 
apparently the only caudates to have any representatives with 
an ossified radial condyle. The vertebrae of P.elinorae were 
later shown to have been wrongly associated with the 
diagnostic mandibles and humeri of albanerpetontids ( Fox & 
Naylor, 1982).

In 1976, Estes & Hoffstetter suggested albanerpetontids 
were caudates of an ambystomatoid level or beyond based on the 
presence of anterior basapophyses = ambystomatid (both 
plethodontids and salamandrids possess posterior 
basapophyses).
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The same authors classified the albanerpetontids into the 
sub-order Prosirenoidea based on : -

1.1) unique interlocking dentary symphyses,
1.2) fused frontals, triangular shape,
1.3) large lacrimal + 2 lacrimal foramina,
1.4) nasals separating frontals and premaxillae and not 
participating in naris,
1.5) modification of first three cervical vertebrae into 
an atlas-axis complex,
1.6) humerus with deltopectoral crest and large 
entepicondyle,

These six characters raised doubts as to "whether the 
group is properly referred to the Caudata" (Estes, 1981, p. 
18).

However, according to Estes & Hoffstetter (1976), the 
group shares a number of diagnostic character states of the 
Caudata :-

2.1) basapophyses present,
2.2) evidence of spinal nerve foramina in atlas at least,
2.3) impression of these nerves on some post atlantal 
vertebrae in the form of notches,
2.4) moveable quadrate,
2.5) extension of adductor mandibulae Internus 
superficialis onto the posterior surface of the skull.

To these five diagnostic characters a sixth was added in 
1982 by Estes & Sanchiz :-
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2.6) the "presence of bicipital rib-bearers on the
anterior vertebrae at least".

Characters 2.2, 2.3 and 2.6 refer to the vertebrae and 
atlas of Proslren elinorae which is not included in the 
albanerpetontids after Fox & Naylor (1982).

Character 2.4 is of questionable significance because 
there are several other groups with a moveable quadrate i.e. 
squamates, birds, mammals and some archosaurs.

Character 2.5 is not unique to salamanders because this 
muscle also originates from a similar position on the skull 
roof of anurans - although it appears to have developed 
independently in each group.

The presence of basapophyses, character 2.1, is an 
uncertain lower level diagnostic feature since these 
structures are reportedly labile (Estes 1969 : Wake 1966).
However, to date basapophyses are known only in caudates; 
their presence provides the only real support for the 
inclusion of albanerpetontids within the Caudata. I will come 
back to this character later.

Estes (1981 ) dismissed the similarity of the vertebrae 
and humeri to those of some microsaurs (see Carroll & Gaskill, 
1978) by arguing that these are based on primitive characters 
and "do not have any special meaning" (Estes, 1981 p 18).

In their 1982 paper. Fox & Naylor removed Albanerpeton 
from the Prosirenidae and reclassified it in its own family 
the Albanerpetontidae. They subsequently removed
Albanerpetontidae from the Caudata on the basis of 13
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supposedly diagnostic characters that are found in 
albanerpetontids but not in salamanders; and because they knew 
" of no feature exhibited by Rlbanerpeton that is otherwise 
known only in salamanders" (Fox & Naylor, 1982, p 119). The 
diagnostic features of Caudata put forward by Estes & 
Hoffstetter to place the albanerpetontids within the 
salamanders were challenged by Fox & Naylor as being primitive 
or convergent, the convergence due to similarity of life style 
(Fox & Naylor, 1982 p 119). Fox & Naylor were uncertain as to 
the systematic position of the albanerpetontids and 
subsequently placed them in a new Order, Allocaudata in 1982. 
They allied this order with the Lissamphibia, with 
reservations, and mentioned that it seemed equally valid to 
group them in Class Amphibia subclass Incertae sedls (Fox & 
Naylor,1982 p 120).

The 13 diagnostic character states, as listed by Fox and 
Naylor (1982, p 119), are as follows:-

3.1) Intertonguing symphysial joint between dentaries.
3.2) Inferred well-developed, dorsolaterally extensive 
intermandibularis musculature.
3.3) Pleurodont, chisel-like, faintly tricuspid, 
regularly arranged, non-pedicellate teeth usually lacking 
a foramen opening at the base.
3.4) Lizard-like line of external foramina on dentary and 
maxillary.
3.5) Large lacrimal extending between orbit and external 
narial opening.
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3.6) Possible ectopterygoid or jugal articulation with 
maxilla.
3.7) "Parasphenoid a narrow midline spike" ( Estes pers. 
comm, to Fox & Naylor).
3.8) Highly convex quadrate condyle fitting into deeply 
concave articular.
3.9) Labyrinthodont-like sculpture on parts of 
premaxillae, lacrimals and parietals; and on all frontals 
and prefrontals.
3.10) Frontals fused.
3.11) Postorbital processes provided by parietals.
3.12) Unique development of first three vertebrae, such 
that the atlantal centrum resembles the shape of the 
mammalian axis and articulates with the 2nd centrum 
(which lacks a neural arch), which is itself fused to the 
third cervical centrum.
3.13) Trunk vertebrae with unicipital rib-bearers.

Three of these character states 3.5, 3.7 and 3.9 are
primitive. Character 3.5, the large lacrimal, is found in

(Carroll & Gas%ill,]9?̂  several other extinct groups, such as microsaurs*
(Bolt, 1911) (Olson, 19 4-7)

temnospondyls*and diadect omorphs''(e.g. Dladectes), Character
state 3.7, the narrow spike-like parasphenoid, has been used
by Milner (1988) as a diagnostic character of the
Temnospondyli. It can also be apparently seen in Recent
anurans, e.g. Caudlverhera caudlverhera (Leptodactylidae) and
Hemiphractus probiscldeus (Hylidae) (Duellman & Trueb, 1986).
However, it is not found in the basal members of either
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salamanders (Karauridae, Sirenidae, Cryptobranchidae and 
Hynobidae), or frogs {Triadobatrachus, Ascaphidae, 
Bombinatoridae, Discoglossidae and Leiopelmatidae), all of 
which have wide parasphenoids - as do gymnophionans. Character 
state 3.9, the labyrinthodont-like sculpture on certain skull 
elements is primitive, as it is found in ancient. 
amphibians and also in some modern anurans. However, the 
sculpturing on certain roofing bones of albanerpetontids is 
highly regular and unique to this group and can consequently 
be used as a diagnostic feature of this group; it is related 
to the unusual polygonal osteoderm pattern on the skin.

Character state 3.8, the highly convex quadrate, may also
be found in some microsaurs, a more ancient "group" from the
Permian. The trait could be independently derived in the two 
groups or could support a relationship between
albanerpetontids and microsaurs, as some authors have 
suggested (R.Carroll pers. comm. to S.E.E.). A closer 
examination of microsaur material and further studies of other 
early amphibians may indicate more clearly if this character 
state is unique to albanerpetontids or not. What is apparently 
unique to albanerpetontids is the angle of the
quadrate/articular joint; in microsaurs and all known 
amphibians this joint is at roughly 90® i.e. the quadrate lies 
at 90" to the horizontal articular, but in albanerpetontids it 
is at roughly 170® i.e. both quadrate and articular lie on a 
roughly horizontal plane - the closest analogy is found in the 
amphisbaenians, a group of burrowing squamates.
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Character state 3.4, the external foramina on dentary and 
maxilla, is found in several families of extant salamanders 
and caecilians (see Tables 10 & 11) (Kerr, T.P., 1992), as
well as reptiles and mammals. Caecilians have far greater 
numbers of foramina in their dentaries and maxillae than 
salamanders, possibly because with their reduced vision and 
burrowing habits, caecilians rely on their tactile senses to 
appraise their surroundings (Kerr, 1992). This character state 
may support a relationship between the albanerpetontids and 
modern salamanders and, or, caecilians, or it may be 
independently derived. A closer examination of other fossil 
amphibians may permit a clearer assessment of the value of 
this character state.

A further three character states, 3.2, 3.6 and 3.13 are 
of questionable significance. Character state 3.2, the 
developed, dorsolaterally extensive intermandUbuIaris 
musculature, and character state 3.6, the ectopterygoid or 
jugal articulation with the maxillary, are inferred character 
states. Although based on observed osteological features, 
these two character states can be found developed to some 
extent in lissamphibians. Both salamanders and anurans have 
intermandibularis musculature although how "well-developed" 
and "extensive" this is relative to the albanerpetontids is 
difficult to determine. In modern salamanders it is invariably 
attached only between the lingual surfaces of the dentaries 
(Duellman & Trueb, 1986), but in A. galaktlon it apparently 
attached to the labial side of the dentaries.
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TABLE 10 - FORAMINA FOUND IN THE JAWS OF SALAMANDERS.
(Data from Kerr, 1992)

SPECIES RIGHT
MAXILLA

LEFT
MAXILLA

RIGHT
DENTARY

LEFT
DENTARY

AMBYSTOMATIDAE
Rmbystoma maculata 1 1 2 3
Rmbystoma tlgrinim 1 1 8 7
HYNOBIDAE
Hynobius vlttata 8 9 3 2
PLETHODONTIDAE
Pseudotriton ruber 1 1 1 1
PROTEIDAE
Necturus maculosus 0 0 0 0
SALAMANDRIDAE
Salamandra

salamandra
5 4 2 -

Triturus cristatus 8 6 7 5
Tylotriton 

verrucosus
4 5 6 5

CRYPTOBRANCHIDAE
Andrias japonicus 5 4 - 6
Cryptobranchus sp. 7 6 8 6
Cryptobranchus sp. 4 4 6 6
Cryptobranchus 

alley aniensis
2 2 8 4
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TABLE 11 - NUMBER OF JAW FORAMINA IN SOME APODANS.
(Data from Kerr, 1992)

SPECIES MAXILLA MAXILLA DENTARY DENTARY
CAECILIDAE
Hypogeophis

alternans
8 7 21 20

Ichthyophls
glutinosus ( I)

5 6 22 20

Ichthyophls
glutinosus (II)

10 8 24 23

Scolecomorphlus 
klrkll

3 4 - -

Uraeotyphlus
oxynurus

12 15 16 14

Uraeotyphlus
seraphlnus

6 4 19 17

as indicated by a scar on the dentary of specimen UA 16217 
(Fox & Naylor, 1982 p.125, Fig. 4a). However, an examination 
of dentaries of A. Inexpectatum (Museum National d ’Histoire 
Naturelle, Paris) suggests a degree of variation - the muscle 
scar, when present, may be either mediolateral i.e. on the 
labial side, or on the ventral surface, as is found in modern 
salamanders (see Table 12). An articular facet on the maxilla 
(3.6) is not unique to the albanerpetontids since both anurans 
and salamanders show this in several species; in some 
salamanders the pterygoid process articulates with the 
posterior end of the maxilla (Duellman & Trueb, 1986, p. 297, 
Fig. 13.4 B) and in some anurans either the pterygoid or the 
quadratojugal, or both, articulate with the maxilla (Duellman 
& Trueb, 1986, p. 311, Fig. 13.15 & pp 314-315, Figs. 13.17 & 
13.18).
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TABLE 12 - INTERMANDIBULARIS MUSCLE SCARS ON A. INEXPECTJmJM
Alhanerpeton inexpectatum Muscle scars on dentaries
1 right none
2 right none
3 left labial
4 right labial
5 left ventrolateral
6 right ventral
7 left ventral
8 right none
9 left none
10 right ventral
11 right ventral
12 right ventral
13 left none
14 right none
15 left ventral
16 left none
17 left none
18 right none
19 left none
20 right none
21 left none
22 left none
23 right ventral
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However, the Spanish and Italian specimens both show a small 
element in articulation with the maxilla; this could be a 
jugal. If this is indeed a correct interpretation, it would be 
significant since no modern caudates retain a jugal. A jugal 
has also been described recently in the Jurassic caecilian 
Eocaecllla (Jenkins & Walsh, 1993). Fox & Naylor (1982) stated 
that all caudates had bicipital rib-bearers while those of 
albanerpetontids are unicipital (3.13) and therefore non- 
caudate. Since the bicipital condition is primitive for 
urodeles, however, (Duellman & Trueb, 1986, p 464; Shiskin, 
1988a Gt b) albanerpetontids could be described as having a 
derived condition. Duellman & Trueb (1986, p 496) described 
both hynobiids and cryptobranchids (Suborder 
Cryptobranchoidea, Dunn 1922), as having unicipital rib- 
bearers. One could not exclude albanerpetontids from Caudata 
if this held true. However, examination of the hynobiid and 
cryptobranchid material housed at the Natural History Museum, 
London, shows that in the hynobiid Onychodactylus japonicus 
(the only complete hynobiid skeleton held at the museum) the 
presserais are bicipital and the caudals unicipital A 
similar condition occurs in Cryptobranchus spp.

Character state 3.11, the postorbital process of the 
parietals, stands because in salamanders there is no parietal 
postorbital process, although a postorbital process is found 
on the frontals in some genera (Francis, 1934, p 29). This 
character state may well distinguish albanerpetontids from 
salamanders but it may not be enough to diagnose a separate 
monophyletic group. The primitive condition would be a
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complete orbital series and any process on the parietal would 
be excluded from the orbit.

Four remaining character states, 3.1, 3.3, 3.10 and 3.12 
appear to be unique to albanerpetontids and as such can be 
used to diagnose the group, but whether or not these four 
unique character states in combination with the others are 
sufficient to diagnose a new order, the Allocaudata, as Fox & 
Naylor (1982) have suggested is debatable.

The systematic position of the albanerpetontids as a 
whole was still unclear at this point; Estes & Hoffstetter 
(1976) placed them within the Lissamphibia as did Duellman & 
Trueb (1986, p 499), who classified them as Salamandroidea 
(still Prosirenidae); Fox & Naylor (1982) created a new order 
the Allocaudata, as a sister taxon of Caudata; Milner (1988) 
considered them to be of "indeterminate relationship" at that 
time.

To help clarify the systematic position of the 
albanerpetontids an examination of the characters of both 
Palaeozoic and Recent amphibians was undertaken.

COMPARISON WITH PALAEOZOIC AMPHIBIANS
Milner (1988) recently reviewed the relationships of 

Palaeozoic amphibians. Analyses of the characters used by 
Milner (1993 ) to show inter-relationships of Palaeozoic and 
lissamphibians has helped to clarify the phylogenetic position 
of albanerpetontids (see APPENDICES 4-9 for lists of Milner's 
characters).
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Albanerpetontids share characters A2-5 of Milner (1993) 
that diagnose them as being Amphibia {sensu stricto) (see 
APPENDIX 4).

Comparison with Nectridea and Colosteidae
Albanerpetontids possess character A7 of Milner (1993)

(prefrontal borders external naris and excludes nasal from the
Inarial margin), which is found in both Colosteidae/jand 

Nectride^ Character A12, (single coronoid in the lower jaw), 
is unique to Nectridea amongst Palaeozoic amphibians (Milner, 
1993), but is also used as a synapomorphy of Lissamphibia and 
is argued to be independently derived in Nectridea by Milner 
(1993). Albanerpetontids show 12 characters that are nested 
within Nectridea (see APPENDIX 5) : -

B3 ) loss of entepicondylar foramen (homoplasy with B27), 
B4) single frontal (homoplasy with B41),
B13) single large ossification replacing supratemporal 
and tabular,
B15) jaw hinge ahead of occiput,
B16) tooth row extending no further back than level of 
mid-orbit,
B22) loss of sclerotic ossifications,
B23) double occipital condyles,
B28) maxillary borders orbit margin separating lacrimal 
from jugal,
B35) reduction or loss of coronoid teeth,
B42) no prefrontal-postfrontal contact.
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The majority of these characters (B13, 22, 28, 35 ard 42)
involve loss or reduction of skull elements which is a general 
trend in tetrapods (Hildebrand, 1988) and occurs in other 
Palaeozoic amphibians. Character B3, develops twice vithin 
nectrideans and also occurs in microsaurs ( C8 ) and 
temnospondyls (D6). It can be regarded as an homoplastic 
character. Character B4, the single frontal, evolved twice in 
nectrideans, probably as a result of strengthening of the 
skull. A single frontal also occurs within several lizard 
groups e.g. iguanians, gekkotans. The double occipital 
condyles ( B23 ) might be seen as a strong point of resemblance 
between scincosaurid nectrideans and higher temnospondyls plus 
lissamphibians but since the character appears vithin 
Nectridea it must indicate an independent development. Its 
presence is argued to be due to paedomorphic dwarfism by 
Milner (1993). The characters B13, 22, 28, 35 and 42 are
useful in determining the intra-relationships of Nectridea but 
cannot be used to show a relationship with albanerpetontids. 
There appear to be no unique characters shared between 
Nectridea and albanerpetontids. Furthermore, the 
specialisations of nectridean vertebrae do not support a 
relationship with the albanerpetontids.

Colosteids and nectrideans retain a primitive humerus
which is compact and L-shaped with a large entepicondylar

(Halwer, 1993)
blade''. Albanerpetontids share a straight, waisted humarus, 
showing simple torsion (character A17 of Milner 1993, Fig.2) 
with temnospondyls and microsaurs.
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Comparison with microsaurs
Two characters (Milner, 1993); A18 (exoccipitals and

basioccipitals forming a strap-shaped surface with a nedial 
pit, articulating with an odontoid peg on the atlas) and A19 
(a single element occupying the intertemporal, supratenporal 
and tabular of the temporal series) appear similar in 
albanerpetontids. The difference between the atlanto-occipital 
joints of microsaurs and albanerpetontids is thet in 
albanerpetontids this joint is more similar to the salanander 
condition where the basioccipital is lost in the formation of 
the occipital condyles and medial pit. The main question is 
whether the odontoid of microsaurs and the tubeiculvm 
Interglenoideim of caudates are synapomorphies or homopiasies 
(see below).

The reduction of the temporal series to a single element, 
the tabular (character A19) could be argued to resemble the 
albanerpetontid and Recent amphibian condition.

Some microsaurs, but not all, share two further 
characters with albanerpetontids (see APPENDIX 6) : -

04) jaw articulation anterior to occipital condyle,
(Hapsidopareiontidae and above, Milner 1993, Fig.4),

08) entepicondylar foramen absent,
(Gymnarthridae and Rhynchonkidae, Milner 1993, 
Fig.4).

Character 04 is similar to B15 of nectrideans; and character 
08 is similar to B3 and B27 of nectrideans and D6 of 
temnospondyls. These character states have originated
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separately in the different groups and are useful only for 
determining relationships within groups. There are apparently 
no unique derived characters shared by microsaurs and 
albanerpetontids, and therefore no support for a close 
relationship.

There are however several characters shared by 
microsaurs, albanerpetontids and lissamphibians. These include 
: -

i ) neurocranium and dermatocranium form a single
structure wrapped around the brain,
ii) radial ball on the humerus,
iii) tuherculum Interglenoideim,
iv) reduction of elements in temporal series.

Using these four characters plus five of the six characters 
that the microsaur Rhynchonko.s shares with gymnophionans : -

4.1) posterior margin of skull table convex,
4.2) anterior coronoid bearing a tooth row parallel with
the dentary tooth row,
4.3) reduction of orbit size,
4.4) 37 or more presserai vertebrae,
4.6) posterior braincase fused as Os basale (also in
burrowing miniaturized brachystelechids), 

the microsaur Rhynchohkos could be placed as the sister group 
of gymnophionans (see Cladogram 1). However, to put microsaurs 
in this position also requires seven character reversals, two 
of which are shared with the gymnophionans and one with 
salientians:-
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i) reacquisition of interclavicle,
ii) loss of pedicellate teeth,
iii) loss of bicuspid teeth,
iv) elongation of short ribs,
v) loss of basapophyses - shared with salientians,
vi ) loss of alary process on premaxillae - shared with 
gymnophionans,
vii ) increase in presserai vertebrae number - shared with 
gymnophionans.
If microsaurs and gymnophionans were removed from this 

position in the cladogram and placed on an separate lineage it 
would not affect the placement of albanerpetontids (see 
Cladogram 2).
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Cladogram 1.

Cladogram 1. Rhynchonkos and gymnophionans as sister taxon 
(see APPENDIX 10 for characters)
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Cladogram 2.

Cladogram 2. RhynchonJcos and gymnophionans removed, 
(see APPENDIX 11 for characters)
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Comparison with temnospondvls
Milner (1993) uses four synapomorphies (character states 

A20-23) to unite temnospondyls (see APPENDIX 4).
Characters A20 (distinct interpterygoid vacuities bordered by 
triradiate pterygoids), and A22 (broad flat vomers) are not 
known for albanerpetontids at present, because the palete is 
incompletely known. Character A21 (the strut-like parasphenoid 
with long cultriform process of uniform width) is present in 
Rlhanerpeton megacephalus (see description). Character A23 
(short straight ribs) is similar in albanerpetontids, caudates 
and gymnophionans.

Of the characters listed by Milner (1993) for 
temnospondyls, eight are significant to the discussion of 
albanerpetontid relationships ( see APPENDIX 4) : - 

D6) humerus without entepicondylar foramen,
D7) premaxillary with narrow marginal ramus and dorsal 
alary process,
D9) intertemporals absent,
DIO) enlarged exoccipitals giving bilobed occipital 
condyles, reduced basioccipital still participating in 
condyles,
D14) lateral line sulci usually absent,
D18) anteriorly reduced jugal extending only to midlevel 
of orbit. Maxillary and sometimes palatine entering 
orbital margin,
D22) humerus relatively elongate and slender,
D23) extreme abbreviation of skull table.
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Character D6 is similar to B3 & B27 of nectrideans and to 
C6 of microsaurs (see above). Character DIO, is similar to A18 
of microsaurs and B23 of nectrideans (see above). Characters 
D9 and 023 are skull reductions (see above). Character 018, is 
also found to some extent in salientians, caudates and 
nectrideans (B28) and may be referred to the general reduction 
of skull elements in tetrapods. Character 07, is found in 
salientians and caudates and may indicate relationship.

Some of the Branchiosauridae, but not all, share three 
unique character states that support a relationship with 
albanerpetontids (see APPENDIX 8) :-

E2) well ossified basihyals and ceratohyals,
E3) 19 - 22 presacral vertebrae (Milner, 1993),
E4) prefrontal and postfrontal reduced and separated by 
the frontal (Milner, 1993),

Character E2, the well ossified basihyals and ceratohyals 
may be similar in A. megacephalus which has the broken remains 
of an ossified hyoid element, although at this point it is not 
clear which element. In the LH 030 R specimen from Las Hoyas 
there is an impression of the ossified hyobranchus, but 
details are unclear. In albanerpetontids there are 22 
presacral vertebrae ( E3 ) but reduction in the number of 
presacral vertebrae occurs independently in many groups and 
may not be a strong character. Character E4, could be argued 
to be approaching the albanerpetontid condition where the 
postfrontal is absent. However, this character also occurs in
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amphibamids ( F4) and nectrideans (B42) and is therefore Likely 
to be a result of reduction of skull elements.

Only one unique character state supports a relationship 
with the Amphibamidae (see APPENDIX 9) : -

F8 ) prefrontal not contacting postfrontal, permitting 
frontal to enter orbital margin (Milner, 1993).

This character is similar to E4 of the Branchiosauridae and 
B42 of Nectridea (see above) and also many reptilian groups 
and can therefore be regarded as homoplastic.

RELATIONSHIPS AND ORIGINS OF LIVING AMPHIBIANS
The debate over the relationships of living amphibians

and their origins has been ongoing for a hundred years or
(Gadow, 189<b ; Pardons & 1985; MUcier, 1988)
more^ The present debate questions whether the group
Lissamphibia encompassing the three living orders salientians,
caudates and gymnophionans, is monophyletic, diphyletic or
polyphyletic. Many branches of biology, palaeontology,
developmental biology and molecular biology, have been brought
to bear but the question still remains controversial. However,
most recent authors accept either a single origin for all
three lissamphibian Orders or a common ancestor for caudates

(Carroll 6, C-uT-rie, 1975J
and salientians but a separate origin for gymnophionans.

I follow Milner's (1988) terminology in classifying the 
three modern orders. For frogs the crown-group should be 
referred to as Anura with the crown-group plus stem plesion 
Triadobatrachus termed Salientia. The term Urodela applies to 
the crown-group salamanders, including the sirenids, the term
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Caudata is used for the crown-group plus stem plesion 
Karauridae. In addition for caecilians the term Apoda refers 
to the crown-group and the term Gymnophiona refers to the 
crown-group plus stem plesion Eocaecllia,

Comparison of living and Palaeozoic amphibians
Current theories proposing relationship between Recent 

and Palaeozoic amphibians have suggested several different 
groups as the most likely lissamphibian ancestors. The three 
groups most often mentioned are :-

1) Nectridea,
2) Microsauria,
3) Temnospondyli.

1) Nectridea - Lissamphibia relationships,
i) as sister group of Lissamphibia (Gardiner, 1983),
ii) as ancestors of Caudata (Gregory et al., 1956),
iii) possible ancestors of Lissamphibia (Parsons &
Williams, 1963).

The characters used to link nectrideans with Recent 
amphibians were:-

5.1) holospondylous vertebrae,
5.2) single coronoid in lower jaw.

Milner (1988, 1993) argues that character 5.1 is an
homoplasy since membrane bone vertebrae have reportedly 
evolved between five and seven times in Actinopterygii
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(Gardiner, 1983) and therefore it is not unreasonable to 
suggest that it has evolved convergently in tetrapods too. 
Some families of microsaurs also have holospondylous centra, 
namely Tuditanidae, Hapsidopareiontidae, Pantylidae, 
Microbrachidae, Hyloplesiontidae, Brachystelechidae and 
Odonterpetontidae (Carroll & Gaskill, 1978).

Although Milner (1988) admits that the single coronoid in 
the lower jaw, character 5.2, is a synapomorphy linking the 
nectrideans and lissamphibians, he argues stronger for a link 
between temnospondyls and recent amphibians.

Further similarities between nectrideans and 
lissamphibians are rejected by Milner (1988) because of their 
distribution within the three nectridean families. These 
characters are ;-

5.3) absence of entepicondylar foramen in humerus - 
Urocordy1idae,
5.4) loss of supratemporals, tabulars and post-parietals 
- Scincosauridae
5.5) loss of supratemporals, presence of double occipital 
condyles and absence of an entepicondylar foramen in the 
humerus - Keraterpetontidae.

These characters are nested within the Nectridea and 
would require the Nectridea to be "the paraphyletic stem-group 
of the Lissamphibia" and not their sister group (Milner, 
1988).
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Milner (1988) further notes that no nectrideans show any 
of the following characters : -

1 ) abbreviated skull table,
ii) tympanic notch,
iii) pedicellate, bicuspid teeth,
iv) reduction of circumorbital series,
v) reduction of dermal pectoral girdle,
vi) reduction of ribs,

which are all characters found throughout the recent 
amphibians. However, the validity of character iv) as a 
character linking lissamphibians has been challenged by the 
recent description of the Jurassic caecilian Eocaecilla from 
the Kayenta formation of Arizona, which retains a complete 
circumorbital series (Jenkins & Walsh, 1993).

2) Microsaur - Lissamphibia relationships,
i ) Tuditanomorphs - ancestors of gymnophionans 
(Gregory et al. 1956; Carroll & Currie, 1975),
ii) Tuditanomorphs - ancestors of caudates (Carroll 
& Holmes, 1980),
iii) Tuditanomorphs - ancestors of Lissamphibia 
(Cox, 1967),
iv) Lysorophids - Palaeozoic relatives of 
gymnophionans (Nussbaum, 1983).

Character states shared by some microsaurs and 
gymnophionans (Milner, 1988) :-

280



6.1) posterior margin of skull table convex (shared with 
Rhynchonkcs ),
6.2) anterior coronoid bearing a tooth row running 
parallel with the dentary tooth row (shared with 
Rhynchoiikos ),
6.3) reduction of orbit size (shared with Rhynchohkx^s; 
Carroll, 1990),
6.4) 37 or more presacral vertebrae (shared with 
ostodolepids, gymnarthid & rhynchonkid tuditanomorphs),
6.5) jaw articulation anterior to occipital condyle 
(shared with hapsidopaeiiontids and more derived 
tuditanomorphs),
6.6) posterior braincase fused as os basale shared with 
Rhynchohkos and the microbrachomorph Quasicaecilia ; 
Carroll, 1990).

All these characters are consistent with a gymnophionan 
origin within tuditanomorph microsaurs, but character 6.6 is 
also found in the burrowing brachystelechids. Characters 6.3 
& 6.4 are possibly due to a fossorial lifestyle since they are 
also found in amniote burrowers such as amphisbaenians. 
Characters 6.5 & 6.6 may be due to paedomorphic dwarfing 
(Carroll, 1990), although character 6.6 has recently been 
found in a relatively very large Late Cretaceous Sirenid 
(S.E.E. pers. comm.).

3) Temnospondyl - Lissamphibian relationships.
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There are two families proposed as lissamphibian 
ancestors : -

i) Branchiosauridae - anurans only (Reig, 1964; Trueb & 
Cloutier, 1991; Watson, 1940),
ii) Amphibamidae as lissamphibian ancestors (Clac'k & 
Milzie:; 1993; Bolt, 1969, 1977, 1979; Estes, 1965; Romer, 
1947; Watson, 1940).

Character states used by Milner (1993) to support a link 
between Branchiosauridae and lissamphibians ( see APPENDIX 8 ) : -

7.1) anteriorly elongated subtemporal fenestra separating 
ectopterygoid, pterygoid and posterior palatine from the 
maxilla jaw margin (as in salientians and caudates) (El 
of Milner),
7.2) abbreviated vertebral column ( as in Triadobatrachus 
and Karaurus; presacrals of 14 & 15 respectively) (E3 of 
Milner),
7.3) reduction in size of the pre- & postf rentals 
permitting the frentals to enter the orbital margin (E4 
of Milner),
7.4) ectopterygoid very reduced (tendency towards the 
lissamphibian condition where it is lost) (E5 of Milner),
7.5) interclavicle without anterior crenellation 
(tendency towards simplification then loss as in 
lissamphibians) (E7 of Milner),
7.6) abbreviated maxilla, not contacting jugal or 
quadratojugal (as in Schoenfelderpeton; Boy, 1986) (E13 
of Milner),
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7.7) replacement of palatal fangs by patches of teeth (as 
in Schoenf elder peton; Boy, 1986), and in graded and 
variable form throughout branchiosaurids and also in some 
amphibamids) (4.1 of Milner, 1993),
7.8) long slender and columnar teeth ( some 
branchiosaurids may have pleurodont teeth - full 
distribution not known) (4.2 of Milner, 1993).

The reduction in number of the presacral vertebrae (7.2), 
can also be claimed for Amphlbamus which has 18 presacral 
vertebrae, but this character recurs independently throughout 
the tetrapods and is not a strong uniting character ( see 
above ). Characters 7.4 & 7.8 are also found in some
amphibamids. Character 7.1, the enlarged subtemporal fenestra 
separating the ectopterygoid, pterygoid and posterior palatine 
from the maxilla, is questionable for anurans where both the 
pterygoid and palatine articulate with the maxilla. However, 
the palatine only articulates with the maxilla at the anterior 
level of the orbit and the ectopterygoid is absent. In 
salamanders there is no articulation with the maxilla except 
in plethodontids where a cartilaginous projection of the 
pterygoid articulates with the posterior margin of the 
maxilla. Character 7.6, the abbreviated maxilla not contacting 
the jugal or quadratojugal, is not valid for anurans where the 
quadratojugal can contact the maxilla at its posterior end 
e.g. Barbourula busuquanensis - Discoglossidae, (Duellman & 
Trueb, 1986 p 314 Fig. 13.17A). The jugal described in the 
Jurassic caecilian Eocaecllia (Jenkins & Walsh, 1993)
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articulates with the maxilla and thus removes the caecilians 
from this argument. In salamanders there is neither a Jugal 
nor a quadratojugal.

Character E2 of Milner ( see APPENDIX 8 ), the well 
ossified basihyals and ceratohyals, although discounted from 
supporting "any relationship with the Lissamphibia" by Milner 
(1993), may be a shared character with caudates at least, 
since ossified basihyals and ceratohyals are known in some 
salamanders e.g. Cryptobranchus (pers. obs. ) and Proteus 
( Romer ^ Par,50Tiŝ  1978).

Character states used by Milner (1993) to link 
Amphibamidae with lissamphibians (see APPENDIX 9) : -

8.1) bicuspid teeth (all amphibamids) (FI of Milner),
8.2) gastralia poorly ossified (as in Platyrhlnops) (F3 
of Milner),
8.3) pedicellate teeth (as in Rmphlbamus, Tersomlus & 
Doleserpeton) (F4 of Milner),
8.4) tendency towards large pleuracentra - tendency 
towards holospondyly (as in Amphlbamus, Tersomlus & 
Doleserpeton) (F5 of Milner),
8.5) short vertebral column {Amphlbamus only) (F7 of 
Milner),
8.6) frontal entering orbital margin (as in Tersomlus & 
Doleserpeton) (F8 of Milner),
8.7) reduction in parasphenoid denticles ( as in Tersomlus 
& Doleserpeton) (F9 of Milner),
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8.8) palatine and vomerine teeth instead of fangs (as in 
Tersomlus) (F12 of Milner),
8.9) absence of ectopterygoid (as in Doleserpeton) (F13 
of Milner).

It cannot be argued that the vertebrae are tending 
towards the lissamphibian condition (character 8.4) because 
according to Wake (1970) there is no typical lissamphibian 
condition - a point which Milner himself makes to discredit 
the resemblance between nectridean and lissamphibian vertebrae 
(see above).

Five of these characters are shared with branchiosaurids 
(see above), namely characters 8.5, 8.6, 8.7, 8.8 (Milner,
1993) and 8.9, although the ectopterygoid (8.9) is not lost in 
branchiosaurids, but is very reduced.

This leaves two character states that support a link 
between amphibamids and lissamphibians rather than 
branchiosaurids; characters 8.1 & 8.3, both of which relate to 
the bicuspid and pedicellate teeth. There are, however, two 
character states that appear to link branchiosaurids with 
lissamphibians - namely character 7.1 (enlarged subtemporal 
fenestra) and character 7.9 (long slender columnar teeth, 
possibly pleurodont).

None of these character states shared by higher
temnospondyls and lissamphibians helps to place
albanerpetontids, because albanerpetontids lack all of them, 
except possibly the long slender columnar teeth (7.9) of 
branchiosaurids.
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Characters used to examine the relationships of the three 
lissamphibian orders can be separated into four distinct 
groups; osteological characters, developmental characters, 
soft bodied characters and karyological characters.

The following 29 osteological characters have been taken 
from the recent literature on lissamphibian origins and 
relationships.

Osteological characters used to unite Lissamphibia 
(Data from Milner, 1988)

9.1) loss of supratemporal,
9.2) loss of tabular,
9.3) loss of postparietal,
9.4) loss of jugal,
9.5) loss of sclerotic ring,
9.6) neurocranium and dermatocranium form a single 
structure wrapped around the brain,
9.7) reduction to one coronoid,
9.8) ribs with two distinct heads,
9.9) loss of interclavicle.
9.10) vertebrae monospondylous,

Osteological characters used to unite Salientia & Caudata 
(General source Milner, 1988)

9.11) opercular ossification present in fenestra ovale, 
usually connected to pectoral girdle by M.opercular Is,
9.12) ectopterygoid absent,
9.13) postfrontal absent,

286



9.14) vomers of metamorphosed adults are flat plates of 
bone with a dentigerous process attached to the posterior 
edge,
9.15) true dermal scales absent,
9.16) premaxillae with alary process (only in some 
primitive caudates),
9.17) large interpterygoid vacuities posteriorly bordered 
by triradiate pterygoids (in metamorphosed forms),
9.18) manus with no more than four digits,
9.19) pubis unossified,
9.20) pedicellate teeth,
9.21) bicuspid teeth,
9.22) paired occipital condyles,
9.23) ribs abbreviated and straight,
9.24) interpterygoid vacuities partly bordered by
palatines (when not absent or fused with pterygoids).

A further five characters were used by Trueb & Cloutier
(1991):-

9.25) columella and operculum present (secondarily absent 
in some taxa),
9.26) no discrete palatine as an adult,
9.27) lack of parietal foramen; parietal organ is either 
covered by bone or lies within a fenestra between the 
dermal bones (frentals, parietals, frontoparietals) 
roofing the frontoparietal fontanelle of the endocranium,
9.28) discrete articular bone absent in mandible of all 
adults except urodeles.
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9.29) squamosal embayment absent in all except 
salientians.

Character 9.18 is plesiomorphic with regard to true 
amphibians (Batrachomorpha); Milner (1993) uses a four digit 
manus (A2) as a synapomorphy of Amphibia.

Characters 9.1, 9.2, 9.3 and 9.22 are similar in
microsaurs and to some degree in nectrideans. Character 9.1, 
the loss of the supratemporal is shared with the tuditanomorph 
microsaurs and both scincosaurid and keraterpetontid 
nectrideans, and characters 9.2 and 9.3 the loss of the 
tabular and postparietal are shared with brachystelechid 
microsaurs and scincosaurid nectrideans. The loss of these 
elements in microsaurs and lissamphibians may be convergent 
because there is a general trend in higher tetrapods to reduce 
the number of elements in the skull table (Hildebrand, 1988; 
Milner, 1988). Character 9.22, the paired occipital condyles, 
is shared with microsaurs (A18), keraterpetontid nectrideans 
(B23) and dissorophid temnospondyls (7.21 of Milner, 1988). 
Character 9.7, the reduction to one coronoid is shared with 
nectrideans and Colosteidae (A12), but as noted by Milner 
(1988), this is probably a convergence because there are more 
characters that indicate a relationship with temnospondyls.

Character 9.5, the loss of the sclerotic ring, also 
occurs in some nectrideans (B22), and may be another example 
of the general tendency to reduce elements in the skull.

Character 9.10, the monospondylous vertebrae, is of 
uncertain value because several Palaeozoic amphibian groups
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also share this character, (e.g. nectrideans, some microsaurs, 
lysorophids, and aïstopods) and Wake (1970) pointed out that 
the vertebrae of the three extant orders differ 
developmentally.

Characters 9.12, 9.16, 9.17, 9.23 and 9.24 are shared
with both amphibamid and branchiosaurid temnospondyls and may 
indicate a relationship with the Salientia plus Caudata contra 
gymnophionans. Character 9.19, the unossified pubis, is also 
shared with branchiosaurids but not amphibamids. Characters 
9.20 and 9.21, the pedicellate, bicuspid teeth, are shared 
with amphibamids but not branchiosaurids. The loss of the 
ectopterygoid, character 9.12, is shared with the amphibamid 
Doleserpeton, and in branchiosaurids (E6) the bone is very 
reduced. Character 9.16, the alary processes on the 
premaxillae, are also found in amphibamid temnospondyls. 
Character 9.17, the large interpterygoid vacuities bordered by 
triradiate pterygoids, is the same as character A20) which 
Milner (1988) uses as a synapomorphy of temnospondyls. This 
may then indicate a relationship between temnospondyls, 
salientians and caudates. Small ribs, character 9.23, are 
shared with small amphibamids. Character 9.24, the 
interpterygoid vacuities partly bordered by the palatines, is 
shared with most dissorophid temnospondyls. However, palatines 
are not always present in recent orders (see below) so this is 
not a strong character.

Character 9.26, no discrete palatine in the adult, is not 
a true synapomorphy since palatines are found in some recent
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anurans and urodeles and also in the Jurassic caecilian 
Eocaecllia (Jenkins & Walsh, 1993).

Characters 9.8, 9.28 and 9.29 are not found in all
lissamphibian orders and therefore cannot be used as 
synapomorphies. Character 9.8 (ribs with two distinct heads) 
is valid for caudates only, because in anurans free ribs are 
single headed from Triadobatrachus onwards (note however, that 
from examination of Rage & Rocek, 1989, I believe the so 
called double headed rib of the atlas to be part of the 
hyobranchial apparatus) and found in only two primitive 
families - leiopelmatids, discoglossids; pipids have ribs 
ankylosed to the transverse process (Duellman & Trueb, 1986). 
A discrete articular (9.28) is present in the mandible of 
urodeles and salientians do not lose the squamosal embayment, 
character 9.29.

This leaves seven derived character states that may be 
used to discuss relationships between the recent amphibians:
9.4, 9.6, 9.9, 9.11, 9.13, 9.15 and 9.27. To these seven
characters I would add another two characters :-

9.30) presence of a wide parasphenoid (unique relative to
temnospondyls),
9.31) reduction in size of lacrimal.

Characters 9.4, 9.13 and 9.15 are not shared by gymnophionans, 
but are unique to Salientia plus Caudata. The Jurassic 
caecilian Eocaecllia has a complete orbital series including 
the jugal (Jenkins & Walsh, 1993) (contra 9.4). A postfrontal 
is present in the extant caecilian Ichthyophls (Duellman & 
Trueb, 1986) {contra 9.13). Dermal scales are found on the
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ventral surface of Recent caecilians (Taylor, 1972; Wake, M. 
H., 1975; Zyberberg et al, 1980) {contra 9.15). Character 9.9, 
the loss of the interclavicle, character 9.11, the opercular 
ossification, character 9.27, the lack of a parietal foramen 
and character 9.31, reduction in the size of the lacrimal 
appear to be unique character states shared by salientians, 
caudates and gymnophionans.

Two characters, character 9.6 ( the neurocranium and
dermatocranium form a single structure around the brain) and 
character 9.30 (presence of a wide parasphenoid) appear to 
unite the lissamphibians plus some microsaurs. A further four 
characters 9.1 (loss of supratemporal), 9.2 (loss of tabular), 
9.3 (loss of postparietal) and 9.22 (paired occipital 
condyles) support this. However, it is argued (see above) that 
these four characters states are convergencies.

COMPARISON OF ALBANERPETONTIDS AND CAUDATES
Of the three Recent Orders the caudates have been argued 

to be closest to the albanerpetontids (Estes, 1981; Fox & 
Naylor, 1982; Duellman & Trueb, 1986; Trueb & Cloutier, 1991). 
An analysis of the osteological characters of both 
albanerpetontids and caudates reveals that apart from the 
bicapitate transverse processes, there are no true 
osteological synapomorphies of caudates that can help clarify 
the relationship of albanerpetontids.

Estes (1981) listed 19 characters unique to caudates:-
10.1) otic notch absent (derived if caudates arose from 
labyrinthodonts that possessed an otic notch),
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10.2) absence of middle ear (associated with loss of otic 
notch),
10.3) stapes possesses a large footplate,
10.4) short small stylus,
10.5) the m. adductor mandibulae Internus superficialls 
extends far posterior originating on the exoccipital (or 
in some cases the cervical vertebrae),
10.6) the m. adductor mandibulae posterior is small and 
poorly differentiated,
10.7) postorbital absent,
10.8) jugal absent,
10.9) postfrontal absent,
10.10) postparietal absent,
10.11) tabular absent,
10.12) supratemporal absent,
10.13) supraoccipital absent,
10.14) basioccipital absent,
10.15) ectopterygoid absent,
10.16) quadratojugal absent,
10.17) m. Interhyoldeus posterior present and probably 
functioning in adduction of the suspensorium,
10.18) vertebrae have bicipital rib-bearers,
10.19) basapophyses present on the vertebrae of most 
groups,
10.20) atlas with tuberculum Interglenoldlum and separate 
cotyles.
Milner (1988) argued that many of these character states 

were shared with the Anura.
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Characters 10.1 is plesiomorphic. Characters 10.2, 10.3,
10.4, and 10.15 are shared with other, but not all, 
lissamphibians. Characters 10.7, 10.8 and 10.9 (the absence of 
the postorbital, jugal and postfrontal) are also found in 
salientians but not stem caecilians since the recent 
description of a complete orbital series in Eocaecllia 

(Jenkins & Walsh, 1993). Consequently, the loss of the orbital 
series (or parts thereof; a postfrontal is present in 
Ichthyophls) in the three lissamphibian orders can be argued 
to be convergence. If characters 10.10, 10.11, 10.12, 10.13 
and 10.14 (the absence of postparietal, tabular, 
supratemporal, supraoccipital and basioccipital respectively) 
evolved in a common ancestor of the three lissamphibian 
orders, they are plesiomorphic with regard to the caudates 
(Trueb & Cloutier, 1991). Character 10.16 (the absence of the 
quadratojugal) is questionable since it is present in Karaurus 
and, as noted by Estes (1981), also in some salamandrids 
{Pleurodeles and Tylotrlton plus the fossil genera 
Brachycornls, Chelotrlton and Palaeopleurodeles). More 
recently a quadratojugal has been noted in some hynobiids 
(Trueb & Cloutier, 1991).

Milner (1988) listed five characters as diagnosing the 
Crown-group plus stem-plesion (Caudata) :-

11.1) presence of bicipital rib-bearers and basapophyses 
on the vertebrae (secondarily unicipital in
cryptobranchoids),
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11.2) atlas with tuberculum interglenoideum with distinct 
articulation facets (secondarily lost in neotenous 
Batrachosauroididae),
11.3) stapes with large footplate and short slender 
stylus (secondarily lost in some forms),
11.4) basibranchial I bearing radial horns in 
metamorphosed individuals (not in neotenous forms),
11.5) co-ossified scapulocoracoid (secondarily separate 
in neotenous sirenids).

He added another three characters that helped diagnose the 
Crown-group only (including the sirenids) : -

11.6) adductor mandibulae internus superficialls extends 
posteriorly over the squamosal onto the exoccipital or 
cervical vertebrae (Carroll & Holmes, 1980) (contra 
Karaurus, see Estes, 1981),
11.7) unique cranial ossification sequence with 
remodelling of palate at metamorphosis and delayed 
appearance of maxillae (Duellman & Trueb, 1986),
11.8) adductor mandibulae posterior small and poorly 
differentiated (Carroll & Holmes, 1980).

Character 11.3, the stapes with a large footplate and short 
slender stylus can also be found in some microsaurs (Carroll 
& Gaskill, 1978). Character 11.4 was challenged by Trueb & 
Cloutier (1991). They argued that the 'radial horns' of the 
basibranchial were the hypohyals and subsequently "not unique 
to the Caudata". Characters 11.6 and 11.8 are unavailable for 
fossil albanerpetontids but, as noted by Milner, help secure

294



the sirenids within the caudates. Character 11.6 is the same 
as character 10.5 and was used by Milner (1988) to exclude 
Karaurus from the crown-group. As such, this character is a 
synapomorphy of the crown-group Urodela. Character 11.1 of 
Milner (1988) is the combined characters of 10.18 & 10.19 of 
Estes (1981). Character 10.18, vertebrae with bicipital rib- 
bearers, appears to be the only osteological synapomorphy of 
caudates. Character 10.19, basapophyses on the vertebrae, may 
have an homology in caecilians who have hypapophyses on their 
vertebrae. It is not known if basapophyses and hypapophyses 
are equivalent. This character is very labile (Wake, 1970), 
but is as yet unknown outside the Caudata (although its 
presence in Karaurus is not verified). Character 10.20 (an 
atlas with a tuberculum interglenoideum and separate cotyles, 
has been described in Eocaecilia, although no recent 
caecilians have a tuberculum interglenoideum (interglenoid 
tubercle of Jenkins & Walsh, 1993). The atlas of microsaurs 
appears to be different from caudates because the odontoid and 
cotyles form a complete 'strap-like' articulation surface 
whereas in caudates the four articulating surfaces are 
distinct. The co-ossified scapulacoracoid, character 11.5, 
also appears to be found in Eocaecilia (Jenkins & Walsh, 1993) 
and microsaurs (Carroll & Gaskill, 1978).

From character lists 10 and 11, with the exception of 
bicapitate rib-bearers (10.18) and possibly basapophyses on 
the centra (10.19), there are no osteological characters 
uniting caudates. Albanerpetontids share only one of these 
characters 10.19 with caudates.
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However, there are eleven character states that 
albanerpetontids possess that distinguish them from caudates 
: -

12.1) fused frontal,
12.2) large lacrimals,
12.3) heavy polygonal pitted pattern on some skull bones 
(frentals, prefrentals, nasals - probably, upper part of 
ascending nasal process of premaxillae, anterior surface 
of parietals, part of the lacrimal - associated with the 
dermal scales),
12.4) presence of jugal,
12.5) unicapitate ribs,
12.6) unique 'axis',
12.7) pleurodont, faintly tricuspate, non-pedicellate 
teeth,
12.8) very large fully ossified radial condyle on 
humerus,
12.9) intertonguing symphysis on the dentaries,
12.10) postorbital process on the parietals,
12.11) highly convex quadrate, concave articular joint at 
170°.
Seven of these character states 12.3, 12.5, 12.6, 12.7, 

12.9, 12.10 and 12.11 are autapomorphies that diagnose
albanerpetontids.
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SUMMARY OF PHYLOGENY
Amongst Palaeozoic amphibians, the nectrideans and 

colosteids share a single character A12, the single coronoid 
in the lower jaw, with both albanerpetontids and 
lissamphibians. However, this character, on its own, does not 
strongly support a relationship with either lissamphibians or 
albanerpetontids because nectrideans appear to be too 
specialised to have given rise to either. Other characters 
shared by albanerpetontids and nectrideans are also shared by 
other amphibians.

The straight humerus of albanerpetontids is the first 
derived character that can be used for comparison with the 
Palaeozoic amphibians. Both microsaurs and temnospondyls share 
this character; neither colosteids nor nectrideans do.

Although there are superficial similarities between 
albanerpetontids and microsaurs (characters A18, C4 and C8 of 
Milner, 1993) there are many differences that distinguish 
them. Double occipital condyles have been derived 
independently on at least three occasions in Palaeozoic 
amphibians; in Nectridea, Microsauria and dissorophoid 
temnospondyls. However only microsaurs, caudates, 
albanerpetontids and Eocaecllia possess a median odontoid. It 
is unclear, at present, whether this is an unique synapomorphy 
or an homoplasy.

A similar situation occurs between albanerpetontids and 
temnospondyls which share five characters: a long narrow
cultriform process; premaxillae with dorsal alary process; 
bicondylar occiput; slender elongate humerus; and short
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straight ribs. Amongst higher dissorophids, the 
branchiosaurids share a further three characters with 
albanerpetontids: well-ossified basihyal and ceratohyals; 19- 
22 presacral vertebrae; and reduced prefrontal and postfrontal 
separated by frontal. Albanerpetontids and amphibamids share 
only one further synapomorphy (only Amphlbamus itself) the 
frontal entering the orbital margin and separating the pre- 
and postfrentals (also found in branchiosaurids). From this 
character distribution it could be argued that 
albanerpetontids are more closely related to branchiosaurids 
than amphibamids (see Cladogram 3).

In conclusion, the relationship of the albanerpetontids
to the Palaeozoic amphibians is still far from clear. The
current evidence at present is equivocal but favours a
relationship with the dissorophoids, and most likely with the 
branchiosaurids. The arguments become even more complicated 
when we consider lissamphibians.

As discussed above, numerous characters have been cited 
as showing that the three lissamphibian orders form a
monophyletic group. Of the 29 osteological characters used in 
recent literature, plus two I have added here, only two 
characters 9.6 and 9.30, appear unique to Lissamphibia plus 
microsaurs (another four characters 9.1, 9.2, 9.3 and 9.22
support this relationship but these are shared with some 
nectrideans) and seven characters (9.4, 9.9, 9.11, 9.13, 9.15, 
9.27 and 9.31) appear unique to Salientia plus Caudata. These 
provide a core character set.
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Cladogram 3

Cladogram 3. Albanerpetontid relationships; 
branchiosaurids as sister taxon.
(see APPENDIX 12 for characters)
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Of the remainder, eight are shared with the temnospondyls 
(9.12, 9.16, 9.17, 9.19, 9.20, 9.21, 9.23 & 9.24), one with 
the 'lepospondyls' generally (9.10), one with nectrideans 
(9.5) and one with nectrideans and colosteids (9.7). The 
remainder are either plesiomorphic (9.8, 9.18, 9.27) or not 
found in all lissamphibian orders (9.26, 9.28, 9.29) and
therefore do not unite the groups. Of the nine core 
lissamphibian characters, three are shared with the 
albanerpetontids (9.6, 9.9, 9.13) and four are not (9.4, 9.15, 
9.30, 9.31). Thus the evidence supporting inclusion of
albanerpetontids within the Lissamphibia is equivocal. It 
would support at least a sister group relationship ( see 
Cladogram 3). However, one of these nine character states 
(9.11) cannot be coded for albanerpetontids, and two are of 
uncertain value at present (9.14 - broad flat vomers with a 
line of teeth on the posterior margin and 9.25 - the columella 
and operculum present).

Importantly, there are eleven characters, seven of them 
unique to albanerpetontids, that distinguish them from 
lissamphibians. These characters would suggest 
albanerpetontids are not caudates but a sister group of 
Lissamphibia and should be classified in a separate plesion.

HENNIG 86
Using the 47 characters listed in APPENDIX 13 (and 

discussed in the Phylogeny section above) an analysis of the 
relationships of the albanerpetontids was carried out with the 
Hennig 86 computer programme. The main groups being compared
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with albanerpetontids were dissorophoid temnospondyls, 
lissamphibians, and the microsaur Rhynchonkos - although, in 
each case the data set was run both with and without the 
microsaur.

Several different tests were carried out (hennig; 
mhennig; mhennig*; bb - branch & bound) using the same data 
matrix (see APPENDIX 13). With Rhynchonkos included six trees 
were produced in each test (minimum length-78, consistency 
index-64). However, when the microsaur was removed only three 
trees were produced, the length decreased and the consistency 
index increased (length-74, ci-67), although this might be 
expected if a taxon was removed.

Salientians were always placed as the sister-group of 
caudates (confirming the monophyly of Batrachia sensu Milner 
1988), with Rhynchonkos the sister-taxon of gymnophionans. 
Albanerpetontids were consistently placed as sister-taxon to 
Batrachia, and Gymnophiona (+ or - Rhynchonkos) as sister- 
group to albanerpetontids and Batrachia ( see Cladogram 4 ). 
Branchiosaurids were always a monophyletic group and the 
sister-group of gymnophionans (with and without Rhynchonkos), 
albanerpetontids and Batrachia. Amphibamids were paraphyletic 
with Doleserpeton the sister-taxon of branchiosaurids, 
gymnophionans (with and without Rhynchonkos), albanerpetontids 
and Batrachia. The genera Apateon and Branchlosaurus, were 
alternately placed as the basal taxon of branchiosaurids in 
two of the trees produced. In the third tree they could not be 
separated. This did not affect the positions of any other 
taxa.
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When Rhynchonkos was included in the analysis it affected 
the relationships of the temnospondyls but not those of the 
Crown-group. Branchiosaurids remained a monophyletic group but 
amphibamids emerged as either a monophyletic (including 
excluding PTatyrhinops) or paraphyletic assemblage.

An analysis was carried out with the removal of the more 
derived branchiosaurids and amphibamids (see Cladogram 5, 
length-59, ci-74) to check the reliability of the 
relationships of the basal members of the dissorophoids. There 
was no change in any of the relationships; branchiosaurids 
remained monophyletic and amphibamids remained paraphyletic 
and the more primitive.

In the computer-generated cladograms the branchiosaurids 
were the sister-group of gymnophionans, albanerpetontids and 
Batrachia, and the amphibamids were the more primitive group. 
However, the characters supporting branchiosaurids, rather 
than amphibamids, as sister-taxon to the Crown-group in both 
analyses are few. With the recovery of more material in the 
future the positions of the branchiosaurids and amphibamids 
may change.

This phylogenetic analysis using both hand worked and 
computer programme, consistently places albanerpetontids 
outside the Caudata, either as the sister-taxon of 
Lissamphibia (hand-worked cladogram), or as the sister-taxon 
of Batrachia, with Gymnophiona placed as the sister-group of 
these taxa (computer programme). However, the position of the 
Gymnophiona is not very secure. If we take into consideration 
the characters of Anura i.e. the loss of the orbital series
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then the position of Gymnophiona can change, with 
albanerpetontids placed as sister-taxon to Gymnophiona plus 
Batrachia, as in the hand worked analysis. What is consistent 
is that albanerpetontids are always placed outside Caudata 
plus Salientia. If Gymnophiona are placed as sister-group to 
albanerpetontids plus Batrachia it brings into question the 
definition and diagnosis of Lissamphibia i.e. Batrachia plus 
Gymnophiona. If this definition of Lissamphibia is to remain 
then the diagnosis will have to be amended to accommodate the 
albanerpetontids (most particularly with respect to the narrow 
parasphenoid). Alternatively, the term must be abandonded, 
with Batrachia used solely for the Salientia plus Caudata.

Since the earliest lissamphibian (Triadobatrachus) (Rage 
& Rocek, 1989) is of early Triassic age, albanerpetontids must 
have split from the stem by Permian times and remained an 
independent lineage throughout the Mesozoic and well into the 
Tertiary. This explains their assemblage of unique character 
states. Why there is no record of them after the Miocene is 
unclear.
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Cladogram 4

Cladogram 4. Albanerpetontid relationships 
(Hennig 86). (see APPENDIX 13 for characters)
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Cladogram 5.

-o3

O4->ua.

Cladogram 5. Albanerpetontid relationships 
(Hennig 86).(see APPENDIX 13 for characters)
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SUMMARY

The fossil record of albanerpetontids has been improved 
significantly by the discovery of two new complete, 
articulated specimens from the Early Cretaceous locality of 
Las Hoyas, Cuenca, Spain. One specimen has a well preserved 
skull exposed in ventral view, with the majority of the palate 
missing, but revealing the fused frentals and the parietals 
from underneath. In this specimen there has also been a 
remarkable preservation of the dermis which shows indications 
of reticulate body scales (matching the dermal sculpture 
pattern of the skull). Within the dermis of both thighs are 
the remains of what may have been branched or compound 
alveolar glands possibly involved in courtship.

New disarticulated material is also described from the 
Purbeck Limestone Formation (Berriasian) and Kirtlington 
Quarry Oxfordshire (Bathonian). A comparison of this new 
material with the genus Prosiren confirms that prosirenids and 
albanerpetontids are not closely related and should not be 
classified together in the same family (Prosirenidae). Seven 
diagnostic characters; 1) the interdigitating mandibular 
symphysis; 2) the tricuspate teeth; 3) the fused frontals; 4) 
the 'atlas-axis' complex; 5) polygonal patterning on skull 
roofing bones associated with dermal scales; 6) post-orbital 
process on the parietal; 7) highly convex quadrate, concave 
articular joint at 170°, are unique and support the 
classification of albanerpetontids in a separate family, the 
Albanerpetontidae (Fox & Naylor, 1982).
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On the basis of the dermal scales and well ossified 
skeleton, albanerpetontids are hypothesised to have been 
terrestrial amphibians that fed on tough bodied prey.

The function of the unique mandibular symphysis, atlas- 
axis complex and quadrate/articular joint are discussed in 
relation to this lifestyle.

A review of vertebral development in modern amphibians 
supports the theory that the salamander tuberculxm 
Interglenoideim is partially if not completely formed from an 
half sclerotomite segment. The unique 'atlas-axis' complex of 
albanerpetontids may have evolved as a result of the 
incomplete fusion of two half central elements (sclerotomites) 
during the process of vertebral resegmentation in 
embryogenesis. In the cervical region the remaining half 
segment left over after resegmentation, the cranial (anterior) 
half of the first trunk metamere, probably contributed to the 
formation of the tuberculum interglenoideim.

Characters used by previous authors to diagnose new 
albanerpetontid species or genera are shown to be weak when 
compared with the intra-specific variation seen in an extant 
salamander {Plethodon cinereus) and an albanerpetontid 
(Albanerpeton inexpectatxm). However, close comparison of 
albanerpetontid material from several European localities 
suggests it may be possible to differentiate between them on 
the basis of frontal shape. A review of albanerpetontid 
systematics is given.

A comparison of albanerpetontids with both Palaeozoic 
amphibians and lissamphibians was undertaken and a
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phylogenetic analysis carried out by hand and computer (Hennig 
86 programme). Albanerpetontids were consistently placed 
outside the Caudata, as the sister-taxon of Batrachia, with 
the Gymnophiona ( + or - Rhynchonkos ) as sister-group to 
albanerpetontids and Batrachia. They thus represent a distinct 
amphibian lineage as proposed by Fox and Naylor (1982), 
although separate ordinal status (Allocaudata Fox & Naylor 
1982) seems unwarranted.
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APPENDIX 1
ATLAS-AXIS FORMATION IN ALBANERPETONTIDS

The atlas-axis joint of albanerpetontids is unique 
amongst amphibians. The closest analogy is the mammalian 
atlas-axis. However, if albanerpetontids are derived from 
temnospondyls and are related to the stem lissamphibians the 
homologies of this unusual construction need to be explained.

There have been many theories proposed for the 
development of tetrapod vertebrae. Gadow (1896), proposed that 
the basic pattern of four pairs of symmetrically arranged 
cartilaginous elements (arcualia), as found in fishes - 
specifically elasmobranchs and ganoids - was true of all 
tetrapods. Any changes in land vertebrates were due to either 
reduction or loss of elements. "The first of these four pairs 
[of arcualia] is always present and forms the neural arch. Of 
the other three pairs any one may be suppressed, sometimes 
even two in the same skleromere" (Gadow, 1896: Williams,
1959).

In his 1959 paper, a critique of Gadows' arcualia theory, 
Williams proposed that tetrapod vertebral development differed 
from that of fishes. Williams' main premise was that the 
vertebral centra of tetrapods form from perichordal tissue and 
go through a process of resegmentation (see Fig. 117) and that 
they do not form from four pairs of arcualia as Gadow had 
argued. Put simply, after primary segmentation, a perichordal 
tube surrounds the notochord and each sclerotome, defined by 
association with the myotomal blocks, has a caudal and a 
cranial half, distinguished by their different cell densities.
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Explanation of Figure 117.

Fig. 117. Schematic diagram of resegmentation of tetrapod 
vertebrae, anterior to the left, all views are lateral (after 
Romer, 1966).
a) Two sclerotomes are shown with their more dense caudal 
halves and less dense cranial halves. Behind them lie the 
nerve cord (dorsal) and notochord, and below lie two myotome 
muscle blocks.
b) The two sclerotome blocks have split into caudal and 
cranial sclerotomite halves and moved apart.
c) Two adjacent sclerotomite halves come together to form a 
single unit. This now lies intersegmentally relative to the 
myotome blocks.
d) The vertebrae form intersegmentally.
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Figure 117.

a)

a
b)

d)

Fig, 117. Resegmentation of tetrapod vertebrae 
(After Romer & Parsons, 1978)
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During resegmentation the caudal half of one sclerotome 
combines with the cranial half of the next. Thus, the new 
centrum consists of two half segments from adjacent primary 
sclerotomes resulting in the centrum being intersegmental with 
relation to the muscle blocks. During this process the cranial 
and caudal halves of a sclerotome are separated by a space or 
cavity, the sclerocoel. This theory of vertebral formation was 
generally accepted as being true for both amniotes and 
anamniotes.

However, Wake (1970) while generally accepting Williams’ 
ideas of resegmentation for the development of amniote centra, 
stated that there was no known evidence to support the theory 
of resegmentation in modern amphibian centra, but that the 
evidence indicated "a vertebral segmentation that is out of 
phase with the myotomie segmentation" (Wake, 1970, p 48). Wake 
argued that the presence of a sclerocoel was the only clear 
indication of resegmentation taking place but claimed that of 
the numerous studies of amphibian vertebral development no 
clear evidence of a sclerocoel had been found in any of the 
three modern orders.

Within Lissamphibia, the apodans appear to be most 
amniote like in their vertebral development. The perichordal 
tube is relatively cell rich and shows distinct halves; a cell 
dense caudal half and a less dense cranial half. A separation 
of the sclerotome halves as noted by Marcus & Blume (1926), by 
an "Urwirbelhôle" was interpreted by Wake as a separation due 
to "the formation of the spinal ganglia in a midsegmental 
position", and not a clear indication of a sclerocoel (Wake,
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1970, p 42). (He now, however, accepts that resegmentation 
almost certainly occurs in gymnophionans at least- pers. comm, 
to S.E.E. Jan. 1994).

In anurans, the early workers Smit (1953) and Mookerjee 
(1931) reported segmentation followed by resegmentation of the 
vertebral centra, but neither mentioned a sclerocoel. Wake 
discounted the presence of a sclerocoel on the basis of a 
reexamination of this earlier work, and also on his own work 
on early stages of pipids, hylids and bufonids. Similarly, of 
the numerous studies on salamanders. Wake believed none showed 
clear evidence of a sclerocoel. In salamanders a thin 
perichordal tube surrounds the notochord. Perichordal rings 
form midsegmentally and later form the intervertébral 
cartilage, but no apparent resegmentation takes place.

As a result. Wake concluded that the centrum of all 
modern amphibians is "formed directly from nonsegmental 
perichordal tube" (Wake, 1970 p 46) and that "resegmentation 
may occur in amphibians, but whether it does seems [to him] to 
be neither very interesting or important..." (Wake, 1970 p 
46). However, it may be important in understanding the 
formation of the atlas-axis complex in albanerpetontids.

It is generally accepted that in all tetrapods vertebral 
development has consistent features: an unsegmented
perichordal tube, of varying thickness, forms around the 
notochord, and this contains perichordal rings which later 
lead to the formation of the intervertébral joints (see Fig. 
117). In amniotes resegmentation clearly occurs, but in modern 
amphibians the evidence, as outlined above, is not clear cut.
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The apparent direct development of amphibian centra may be 
caused by heterochronic changes during ontogeny brought about 
by paedomorphism. Shiskin (1988b), argued that resegmentation 
in modern frogs and salamanders may have been masked for two 
possible reasons

1 ) definitive segmentation became established before the 
final differentiation of the sclerotomes took place;
2) the skeletogeneous mesenchyme is formed too slowly for 
the primary segmentation to be seen.

He further argued that the presence of bicapitate ribs on 
monospondylic vertebrae in some individuals in the modern 
orders was indicative of at least indirect resegmentation in 
their diplospondylic ancestors (Shiskin, 1988 b, p 75). He 
argued that protetrapods developed bicapitate ribs with the 
capitulum articulating on the hypocentrum of one metamere and 
the tuberculum articulating with the neural arch and therefore 
the pleurocentrum of the next posterior metamere. Later 
development brought these two half centra together (the 
hypocentrum and the adj acent pleurocentrum). Further 
development lead to the domination of the pleurocentrum with 
the eventual loss of the hypocentrum due to "ontogenetic 
acceleration" brought about by changes in heterochrony 
(Shiskin, 1988 b, p 75).

It is therefore possible to explain the unique atlas-axis 
complex of albanerpetontids from a developmental perspective 
if we incorporate the process of resegmentation into its 
vertebral development.
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If the first and second metamere still went through a 
form of resegmentation but the sclerotomites remained separate 
then two half segments would be formed (see Fig. 118). These 
two half segments would be the posterior half sclerotomite of 
the first metamere which would form the atlas, and the 
anterior half sclerotomite of the second metamere which would 
form the 'axis'. The atlas and 'axis' would then not be true 
vertebrae since they would only consist of one half segment 
each and as such would be only half vertebrae. This would 
explain the relative shortness of the albanerpetontid atlas 
when compared to that of many modern salamanders, and also the 
relatively small size of the 'axis *, which was originally 
termed the second vertebra by both Estes & Hoffstetter (1976), 
and later by Fox & Naylor (1982). The fusion of the 'axis' to 
the third vertebrae of some specimens - i.e. some specimens of 
Alhanerpeton inexpectatxm from the Miocene of France (Estes & 
Hoffstetter, 1976) may be explained as a completion of the 
ossification process throughout the individuals lifespan. 
Therefore, we might only expect to find a few examples of this 
fusion at any one fossil locality, representing the older 
members of the population. To recap, the sclerotomites of the 
first vertebra of albanerpetontids did not fuse after 
resegmentation to form a complete vertebra, but the two half 
sclerotomites remain separate to form two half vertebrae, the 
atlas and the ' axis ' . The so called third vertebra is in fact 
the second true vertebra formed from the posterior half of the 
second metamere and the cranial half of the third.
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Explanation to Figure 118.

Fig. 118. Schematic diagram showing hypothesised development 
of the atlas-axis complex in albanerpetontids compared with 
the atlas of modern salamanders.
a) Primary differentiation of the perichordal tube into dense 
caudal and less dense cranial halves.
b) Formation of intersegmental discs in salamanders.
c) Secondary sclerotomes lie intersegmentally in salamanders.
d) Atlas and 1st trunk vertebra completely ossified in 
salamanders.
e) First sclerotome of albanerpetontids splits into caudal and 
cranial halves.
f) First three half sclerotomites do not fuse to resegment.
g) Atlas, axis and 1st trunk vertebra of albanerpetontids 
completely ossify.
h) Older albanerpetontid individuals show fusion of axis to 
1st trunk vertebra.
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Figure 118.

a)

b)
ü

:0 : I -,

e)

c)
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f)
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d) g)

h)

Fig. 118. Formation of both caudate atlas (a-d) 
and albanerpetontid atlas-axis (a-h).
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This leaves one half sclerotomite unaccounted for, the 
anterior half of the first metamere. It is most probable that 
this half segment contributes to the formation of the 
tuberculum interglenoideum (odontoid process of some authors) 
and also in part to the formation of the occipital condyles 
and cotyles of the atlas (see Fig. 119). There is evidence 
from studies on modern amphibians to support this hypothesis.

De Gaay Fortmann (1918) believed that the amphibian atlas 
is formed from the caudal (posterior) half of the first and 
the cranial (anterior) half of the second trunk metameres. The 
cranial half of the first metamere is therefore the half 
segment that originally formed the proatlas in, for example, 
labyrinthodont amphibians.

In modern tetrapods this half segment seldom takes part 
in the formation of a proatlas and may fuse to the rear of the 
skull to contribute to the single condyle (Mookerjee, 1931). 
However, Smit (1953) proposed that, in amphibians, part of 
this 'proatlas' material fused to the rear of the skull and 
part fused to the atlas.

The tuberculum Interglenoideum supposedly developed from 
this original 'proatlas'. According to Mookerjee (1931 b) most 
of this ' proatlas ' material fused with the atlas to form the 
tuberculum interglenoideum in salamanders, but in Anura this 
material divided such that one part fused with the occipital 
region of the skull and only a small part fused with the atlas 
preventing the development of a pronounced tuberculum 
interglenoideum.
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Explanation to Figure 119.
Fig. 119. Schematic diagram of cervical region of 

albanerpetontids to show formation of tuberculum 
Interglenoideum. All views are ventral.
a) After initial ossification of the atlas the notochord 
chondrifies between the base of the skull (top) and the centre 
of the atlas. Anterior to the atlas lies the anterior half 
sclerotomite of the first metamere on either side of the 
notochord.
b) The anterior half sclerotomite splits, some tissue going to 
help form the two condyles on the skull, the remainder helping 
to form the tuberculum interglenoideum and the cotyles of the 
atlas.
c) Reabsorption of chondrified notochord between atlas and 
skull. Bone starts to ossify around chondrified notochord 
resulting in bifurcation.
d) Bifurcation reduced as more bone is laid down. Notochord in 
the atlas begins to ossify.
e) Complete ossification of the atlas notochord and the 
tuberculum interglenoideum results in the loss of the 
bifurcation.
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Figure 119.

a)

IIII
d)

b) e)

c)

Fig. 119. Formation of tuberculum Interglenoidium in
albanerpetontids.
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Gaupp (1906) believed that the hind part of the cephalic 
notochord chondrified to form the "Grundlage" of the 
tuberculum Interglenoideum. Later this reduced in size and the 
notochordal sheaths were enveloped in skeletogeneous material 
to form the tuberculum interglenoideum. Studies by Wake (1970) 
appear to support this theory (Wake, 1970, p 39).

Further evidence comes from fossil salamanders found at 
Kirtlington, Purbeck and Las Hoyas, Spain (pers. com. S.E.E.). 
In one primitive Kirtlington amphibian there is no tuberculum 
interglenoideum on the atlas but a notochordal canal is 
present. This would support the "Grundlage" theory of Gaupp 
(1906) and Wake (1970), that the cephalic notochord
chondrifies prior to ossification. In one Las Hoyas salamander 
and many salamander atlantes from Purbeck, different degrees 
of bifurcation of the tuberculum interglenoideum can be seen. 
This bifurcation of the tuberculum interglenoideum is most 
probably a result of the ossification process. As ossification 
proceeds from the lateral margins of the notochord
skeletogeneous material gradually enveloping the notochord 
forming at first a highly bifurcate tuberculum interglenoideum 
(see Fig. 119c). This bifurcation is gradually reduced as more 
bone is added (see Fig. 118d) until the tuberculum 
interglenoideum is completely ossified and no trace of
bifurcation remains (see Fig. 119e).

There are three albanerpetontid atlantes, one from
Purbeck, one from Kirtlington and one from Gardies, Southern 
France (Seiffert, 1969), that show a slight bifurcation of the 
tuberculum interglenoideum ("notochordalem Foramen" of
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Seiffert, p3, 1969). It is therefore presumed that the
tuberculum. Interglenoideum at least develops in a similar 
manner to that of salamanders.

Problems of terminology arise when describing the atlas- 
axis complex of albanerpetontids. Estes & Hoffstetter (1976) 
call the 2nd vertebra the odontoid process, but according to 
Francis (1934 pl7) the odontoid process is the median process 
of the only cervical vertebra ,the atlas, and this same 
structure was called the intercalary vertebra by Parker (1882 
p 194 : Peters, J.A., 1964). The odontoid process of the
amniote atlas-axis is the centrum of the atlas which separates 
from the neural arch of the atlas during development and 
subsequently fuses with the centrum of the 2nd cervical to 
form the axis proper. The true atlas is therefore only the 
neural arch (+ intercentrum) of the 1st cervical. If the 
'atlas-axis’ structure in albanerpetontids was developed 
embryologically by non-resegmentation of the cervical 
vertebra, as outlined above, then it would not be homologous 
to the amniote atlas-axis and would therefore be a truly 
unique structure in tetrapods.
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APPENDIX 2

TABLES OF PLETHODON CINEREÜS MEASUREMENTS

MEASUFtEMENTS OF PLETHODON CINEEŒUS
SPECIMEN DENTARIES MAXILLAE
WARREN WOODS L B W T L H T
MVZ189644 L 4.39 2.93 0.30 26 X X X
MVZ189644 R 4.39 3.13 0.26 22 2.89 0.74 17
MVZ189643 L 5.04 2.91 0.30 25 3.00 0.74 21
MVZ189643 R 4.91 2.85 0.24 23 2.96 0.70 22
MVZ189647 L 4.35 2.83 0.28 26 X X 19
MVZ189647 R 4.35 2.83 0.22 26 2.57 0.70 19
MVZ189648 L 4.57 2.87 0.30 27 X X X
MVZ189648 R 4.70 2.74 0.26 25 X X X
MVZ189659 L 2.82 X X X X X X
MVZ189659 R 2.87 X X X X X X
MVZ189652 L 3.70 2.00 0.22 28 2.26 0.67 16
MVZ189652 R 3.78 1.96 0.26 27 2.33 0.59 17
MVZ189654 L 3.83 2.00 0.22 26 X X X
MVZ189654 R 3.63 1.96 0.20 27 X X X
MVZ189642 L 4.74 3.04 0.30 22 X X X
MVZ189642 R X X X X 2.87 0.70 18
MVZ189658 L X X X X X X X
MVZ189658 R X X X X X X X
MVZ189650 L 4.44 X X X X X X
MVZ189650 R 4.70 X X X X X X
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MEASUREMENTS OF PLETHODON CINEREUS
SPECIMEN HUMERUS FEMUR
WARREN WOODS L B H w L B H w
MVZ189644 L 2.83 0.76 0.17 0.59 3.00 0.85 0.24 0.72
MVZ189644 R 2.83 0.76 0.20 0.52 3.00 0.83 0.22 0.72
MVZ189643 L 2.78 0.74 0.20 0.57 3.00 0.78 0.22 0.74
MVZ189643 R 2.83 0.78 0.22 0.57 2.91 0.78 0.22 0.78
MVZ189647 L 2.56 0.65 0.15 0.61 2.70 0.67 0.20 0.74
MVZ189647 R 2.56 0.67 0.13 0.57 2.74 0.74 0.22 0.67
MVZ189648 L 2.52 0.65 0.20 0.59 2.65 0.76 0.20 0.70
MVZ189648 R 2.48 0.65 0.17 0.59 2.65 0.74 0.22 0.67
MVZ189659 L X X X X X X X X
MVZ189659 R X X X X X X X X
MVZ189652 L X X X X X X X X
MVZ189652 R X X X X X X X X
MVZ189654 L X X X X X X X X
MVZ189654 R X X X X X X X X
MVZ189642 L X X X X 2.87 0.72 0.20 0.76
MVZ189642 R 2.80 0.72 0.17 0.61 2.91 0.78 0.24 0.78
MVZ189658 L X X X X X X X X
MVZ189658 R X X X X X X X X
MVZ189650 L X X X X X X X X
MVZ189650 R X X X X X X X X
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MEASUREMENTS OF PLETHODON CINEREUS
SPECIMEN FRONTALS PARIETALS
WARREN WOODS L B H W L B H w
MVZ189644 L 2.91 0.98 0.57 0.83 2.48 1.09 0.96 0.78
MVZ189644 R X X X X 2.65 1.02 1.17 0.67
MVZ189643 L 2.91 1.04 0.63 0.87 2.61 1.07 0.97 0.74
MVZ189643 R 3.13 0.98 0.57 0.85 2.63 0.97 1.04 0.54
MVZ189647 L 2.67 0.96 0.59 0.87 2.43 1.02 1.09 0.74
MVZ189647 R 2.61 0.87 0.54 0.87 X X X X
MVZ189648 L X X X X 2.61 1.04 1.22 0.83
MVZ189648 R 2.91 0.96 0.61 0.87 X X X X
MVZ189659 L 1.70 0.61 0.44 0.70 X X X X
MVZ189659 R 1.74 0.52 0.39 0.63 X X X X
MVZ189652 L X X X X X X X X
MVZ189652 R 2.13 X 0.57 0.78 X X X X
MVZ189654 L X X X X X X X X
MVZ189654 R X X X X X X X X
MVZ189642 L 2.82 1.17 0.57 0.87 X X X X
MVZ189642 R 2.87 1.00 0.65 0.65 X X X X
MVZ189658 L X X X X X X X X
MVZ189658 R X X X X X X X X
MVZ189650 L X X X X X X X X
MVZ189650 R X X X X X X X X
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MEASUREMENTS OF PUETHODON CINEREUS
SPECIMEN ORBITOSPHENOID PARASPHENOID
WARREN WOODS L B H w L B W
MVZ189644 L X X X X 3.96 1.52 0.52
MVZ189644 R 2.17 0.91 1.48 0.59
MVZ189643 L 2.33 0.96 1.57 0.65 X X X
MVZ189643 R 2.33 0.96 1.52 0.65
MVZ189647 L X X X X 3.61 1.48 0.52
MVZ189647 R 1.96 0.83 1.39 0.59
MVZ189648 L 2.00 0.87 1.50 X 3.78 1.61 0.43
MVZ189648 R X X X X
MVZ189659 L X X X X 2.20 1.02 0.17
MVZ189659 R X X X X
MVZ189652 L X X X X 3.00 1.20 0.43
MVZ189652 R X X X X
MVZ189654 L X X X X X X X
MVZ189654 R X X X X
MVZ189642 L X X X X 3.83 1.52 0.57
MVZ189642 R 2.00 0.87 1.39 0.61
MVZ189658 L 1.04 X X 0.87 2.54 1.02 0.30
MVZ189658 R 1.11 X X 0.93
MVZ189650 L 1.70 X X X 3.04 1.41 0.52
MVZ189650 R 1.56 X X X
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MEASUREMENTS OF PLETHODON CINEREUS
SPECIMEN DENTARIES MAXILLAE
TURKEY PARK L B W T L H T
MVZ185146 L 4.26 3.04 0.24 29 X X X
MVZ185146 R 4.20 2.61 0.22 24 2.70 0.61 22
MVZ185151 L 4.96 2.83 0.24 19 3.07 0.78 18
MVZ185151 R 4.87 2.98 0.22 20 3.02 0.83 18
MVZ185138 L 4.48 2.65 0.26 24 2.91 0.61 15
MVZ185138 R 4.70 2.52 0.26 22 2.78 0.74 16
MVZ185131 L 4.63 2.65 0.30 24 X X X
MVZ185131 R 4.70 3.07 0.24 25 X X X
MVZ185136 L 4.96 3.13 0.35 24 X X X
MVZ185136 R 5.00 3.09 0.28 26 2.85 0.74 17
MVZ185129 L 4.91 3.11 0.30 19 3.04 0.70 18
MVZ185129 R 5.04 2.83 0.26 22 3.00 0.65 17
MVZ185143 L 4.24 2.57 0.22 25 2.52 0.70 18
MVZ185143 R 4.21 2.43 0.17 23 X X X
MVZ185149 L 4.83 2.33 0.35 18 3.09 0.85 13
MVZ185149 R 4.93 2.70 0.22 19 3.04 0.87 14
MVZ185134 L 5.26 3.26 0.26 17 3.04 0.70 17
MVZ185134 R 5.13 3.30 0.24 20 3.00 0.65 16
MVZ185130 L X X X X 2.87 0.61 20
MVZ185130 R X X X X 2.93 0.65 20
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MEASUREMENTS OF PLETHODON CINEREUS
SPECIMEN HUMERI FEMORA
TURKEY PARK L B H w L B H W
MVZ185146 L 2.52 0.61 0.17 0.48 2.65 0. 65 0.20 0.70
MVZ185146 R 2.57 0.63 0.13 0.52 2.61 0. 65 0.20 0. 65
MVZ185151 L 3.04 0.80 0.17 0.61 3.07 0.85 0.22 0.78
MVZ185151 R 3.02 0.82 0.20 0.61 3.13 0.80 0.22 0.80
MVZ185138 L 2.83 0.74 0.15 0.52 2.87 0.87 0.22 0.74
MVZ185138 R 2.80 0.76 0.17 0.54 2.87 0.83 0.22 0.78
MVZ185131 L X X X X 2.85 0.74 0.22 0.76
MVZ185131 R X X X X 2.87 0.74 0.20 0.72
MVZ185136 L 2.78 0.70 0.20 0.59 2.93 0.78 0.20 0.74
MVZ185136 R 2.83 0.74 0.17 0.57 2.93 0.74 0.22 0.74
MVZ185129 L 2.96 0.75 0.20 0.52 2.96 0.78 0.22 0.83
MVZ185129 R 2.91 0.75 0.17 0.57 2.98 0.80 0.20 0.74
MVZ185143 L 2.52 0.63 0.17 0.48 2.74 0.72 0.20 0.70
MVZ185143 R 2.57 0.65 0.17 0.54 2.72 0.74 0.17 0.65
MVZ185149 L 3.00 0.82 0.17 0.59 X X X X
MVZ185149 R 3.00 0.82 0.17 0.61 X X X X
MVZ185134 L 3.04 0.78 0.20 0.61 3.17 0.78 0.26 0.87
MVZ185134 R 3.04 0.78 0.17 0.63 3.17 0.83 0.26 0.83
MVZ185130 L X X X X 3.02 0.83 0.24 0.80
MVZ185130 R X X X X 3.02 0.76 0.22 0.78
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MEASUREMENTS OF PLETHODOW  CINEREOS
SPECIMEN FRONTALS PARIETALS
TURKEY PARK L B H W L B H W
MVZ185146 L 2.74 0.96 0.52 0.74 2.39 0.87 1.00
MVZ185146 R 2.72 0.93 0.52 0.74 2.43 0.87 1.04 0. 65
MVZ185151 L 3.00 1.07 0.61 0.87 2.83 1.22 1.20 0.61
MVZ185151 R 3.02 1.04 0.63 0.87 2.78 1.22 1.11 0.74
MVZ185138 L 2.70 1.02 0.57 0.74 2.54 1.09 1.17 0.65
MVZ185138 R 2.70 1.00 0.61 0.65 X X X X
MVZ185131 L X X X X X X X X
MVZ185131 R 2.74 0.96 0.52 0.78 2.52 1.00 1.22 0.74
MVZ185136 L 3.00 0.96 0.52 0.74 2.65 0.93 1.00 0.78
MVZ185136 R 2.91 1.02 0.61 0.65 2.70 0.91 1.04 0.70
MVZ185129 L 2.93 0.91 0.57 0.74 2.70 1.09 1.09 0.78
MVZ185129 R X X X X X X X X
MVZ185143 L 2.57 0.87 0.50 0.57 2.35 1.09 1.09 0.63
MVZ185143 R 2.61 0.85 0.52 0.61 X X X X
MVZ185149 L 2.91 1.09 0.65 0.57 2.52 1.09 1.09 0.74
MVZ185149 R 3.00 1.00 0.59 0.87 2.41 1.17 1.30 0.74
MVZ185134 L 3.07 1.00 0.57 0.74 X 1.13 X 0.74
MVZ185134 R 3.04 1.02 0.61 0.70 2.70 1.15 1.09 0.78
MVZ185130 L 2.78 0.91 0.57 X 2.65 0.89 0.91 0.74
MVZ185130 R 2.74 1.00 0.59 X 2.61 0.80 0.87 0.80
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MEASUREMENTS OF PLETBODON CINEREUS
SPECIMEN ORBITOSPHENOID PARASPHENOID
TURKEY PARK L B H W L B W
MVZ185146 L X X X X 3.65 1.48 0.43
MVZ185146 R X X X X
MVZ185151 L 2.35 0.96 1.37 0.65 4.04 1.65 0.50
MVZ185151 R 2.30 0.96 1.35 0.61
MVZ185138 L 2.22 0.91 1.30 0.65 3.83 1.48 0.48
MVZ185138 R X X X X
MVZ185131 L 2.04 0.76 1.39 0.54 X X X
MVZ185131 R X X X X
MVZ185136 L 2.22 0.91 1.35 0.59 3.96 1.59 0.54
MVZ185136 R 2.22 0.91 1.39 0.61
MVZ185129 L 2.35 0.93 1.57 0.59 4.04 1.52 0.43
MVZ185129 R 2.30 0.87 1.52 0.59
MVZ185143 L X X X X X X X
MVZ185143 R 1.83 0.83 1.28 0.61
MVZ185149 L 2.30 0.87 1.35 0.61 3.96 1.52 0.48
MVZ185149 R 2.48 0.87 1.35 0.65
MVZ185134 L 2.39 0.83 1.63 0.59 4.00 1.65 0.43
MVZ185134 R 2.43 0.83 1.63 0. 65
MVZ185130 L X X X X 4.00 1.52 0.46
MVZ185130 R X X X X

332



APPENDIX 3
VARIATION IN ALBJiNERPETON MEGACEPHALUS MATERIAL

RLBAHERPETOE INEXPECTJMTUM DENTARIES.
Number Teeth

No.
Teeth 
to art.

Foramina Length Height

1 R b 27+ 17+? 5 5.00+ X
2 R b 22+ 19or22? 6 5.94+ X
3 L b 25+ 15+ 3 7.52+ 2.19
4 R 22 17 6 5.63 1.25
5 L 29 20 7 8.64 2.50
6 R b 27 19 5 8.14+ 1.88
7 L b 21+ 14+ 4 6.26+ 2.19
8 R b 23+1? 17 6 8.00+ 1.56+
9 L 29 20 8 8.14 2.19
10 R 27+ 21 5 7.83 2.19+
11 R b 23 19 5 4.70+ 1.19+
12 L b 24 19 6 5.01+ 1.19+
13 L 29 20 7 7.96 2.19
14 R b 30 X 8 8.57 X
15 L 31 21 5 8.44+ X
16 L 28 21 5 8.00 1.75
17 L b 21+ 20 8 7.52+ X
18 R 29 19 7 8.00 X
19 L 32 24 7 8.14 2.19
20 R 32 22+1? 6 7.96+ 2.19
21 L 26 18 4 8.14 X
22 L 28 19 6 7.89+ 2.00
23 R 30 23 8 10.01 2.44

all sizes in mm X = Broken
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ALBJUŒRPETON INEXPECTJmJM PREMAXILLAE.
No. HEIGHT WIDTH B C P TEETH INDENT
1 R 2.48 1.68 0.93 1.38 1.50 8 0.45
2 R 2.88 1.68+ 0.57 1.38 1.16 8 0.81
3 R 2.84 2.37 0.87 1.10 1.50 8 0.23
4 R 3.00 2.31 0.87 1.44 1.44 9 0.57
5 L 2.66 1.85 0.69 1.22 1.73 9 0.53
6 L 2.60 2.31 0.69 1.32 1.50 9 0.63
7 R 2.25 1.44 0.41 0.98 0.87 9 0.57
8 R 1.56 1.68 0.57 0.87 1.10 X 0.30
9 R 2.88 2.31 0.75 1.32 1.50 9 0.57
10 L 2.88 2.25 0.75 1.44 1.5-6 9 0.69
11 R 2.60 2.03 0.57 1.16 1.44 9 0.59
12 L 2.60 2.03 0.57 1.16 1.32 9 0.59
13 R 2.54 1.62 0.87 1.44 1.38 7 0.57
14 R 2.84 2.03 0.57 1.16 1.56 9 0.59
15 R 2.60 1.85 0.57 1.22 1.44 8 0.65
16 R 2.78 2.25 0.69 1.44 1.73 9 0.75
17 L 2.84 2.19 0.75 1.38 1.62 8 0.63
18 R 2.78 2.07 0.81 1.44 1.32 8 0.63
19 L 2.60 2.03 0.81 1.22 1.91 9 0.41
20 R 2.60 1.91 0.87 1.16 1.97 9 0.29
21 L 2.60 2.03 0.75 1.22 2.07 8 0.47
22 R 2.60 2.03 0.87 1.28 2.07 8 0.41
23 L 2.84 X 0.57 1.38 X 8 0.81
24 R 2.84 1.97 0.57 1.16+ 1.44 8 0.59
25 L 2.43 1.97 0.81 1.22 2.07 10 0.41
26 R 2.43 2.07 0.87 0.93 2.03 10 0.06
27 L 2.54 2.19+ 0.81 1.38 1.44 10 0.57
28 R 2.54 2.19 0.81 1.32 X 10 0.51
29 L 2.60 1.73 0.57 1.04 1.22 8 0.47
30 R 2.60 1.79 0.57 1.04 1.32 8 0.47

all sizes in mm X = Broken
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ALBANERPETON INEXPECTJiTUM MAXILLAE.
No. LENGTH WIDTH T TEETH HEIGHT FORAMINA

DORSAL ANT/LAT
1 R 5.38 1.56 4.69 22 2.06 2 7
2 R 5.94 1.56 4.75 21+1? 2.00 3 6
3 L 5.31 1.44 4.38 20 2.06 4 5
4 R 5.75 1.63 5.00 20 1.88+ 4 8
5 R+ X 1.19 3.94 17+1? 1.56 2 6
6 L 5.00 1.31 4.38 21 1.63 2 3
7 R 4.06 1.00 3.44 20 1.44 2 6
8 L 5.44 1.56 4.69 24 1.63 2 5
9 R 4.50 1.31 3.88 17+1? 1.56 2 5
10 R X 1.56 5.00 19 1.69 2 5
11 R 5.13 1.56 4.19 21+1? 1.63 2 7
12 R 5.19 1.44 4.31 20 1.75 3 5
13 L 4.56 1.31 3.81 16 1.56 4 4
14 L 5.00 X 4.00 19 1.81 3 6
15 R 5.31 1.50 4.56 18+1? 1.81 4 4
16 L 5.63 1.56 4.81 21 1.81 2 3
17 L 5.25 1.69 4.44 20 1.88 3 3
18 L 6.00 1.31 5.38 21 1.63 2 4

all sizes in mm X = Broken
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2LLB211ŒRPETON INEXPECTATUM FRONTALS.
No LENGTH WIDTH PRE-

FRONTAL
WIDTH

FLANGE
WIDTH

ORBITAL 
MARGIN 
(LEFT)

ORBITAL 
MARGIN 
(RIGHT)

RATIO
L/W

1 5.21 6.64 2.50 3.71 2.29 2.21 1:1.27
2 5.57 7.00 2.64 4.07 44 3.21 1:1.26
3 5.64 6.50 2.50 3.93 48 3.43 1:1.15
4 5.07 6.43 2.50 X 29 2.14 1:1.27
5 4.93 5.86 2.21 3.71 30 2.14 1:1.19
6 4.07 4.07 1.64 X 24 1.57 1:1.00
7 3.43+ 4.64 X 3.36 27 1.86 1:1.35
8 4.79 5.00+ 2.29 X 28 X 1:1.04
9 4.64 6.00 2.36 3.79 32 2.14 1:1.29

sizes in mm X = Broken
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APPENDIX 4
AMPHIBIAN CHARACTERS

(Data from Milner, 1993)
Character states used to determine relationships of main 
amphibian groups :-
A1) Exoccipital-postparietal common suture (Smithson, 1982), 
A2) Manus with four digits (or fewer),
A3) Shallow platybasic skull (Smithson, 1985),
A4) Absence of archaic otic embayment,
A5) At least incipient interpterygoid vacuities and 

parasphenoid with elongate cultriform process extending 
to reach anterior end of these vacuities,

A6) Elongate skull table,
A7) Prefrontal bordering external naris and excluding nasal 

margin,
A8) Broad postorbital-parietal contact,
A9 ) Extra articulations above the zygapophyses in at least 

some dorsal and caudal vertebrae (A.C. Milner, 1980), 
AlO) Membrane bone vertebrae with haemal spine vertical and 

fused to centrum opposite neural spine (A.C. Milner, 
1980),

All) Neural and haemal spines always expanded in part of the 
vertebral column (A.C. Milner, 1980),

A12) Single coronoid in mandible (A.C. Milner, 1980),
A13 ) Single pair of premaxillary tusks and corresponding notch 

on dentary (Smithson, 1982),
A14) Prefrontal excluding lacrimal from external naris margin 

(Smithson, 1982),
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A15) Single elongate Meckelian fenestra (Smithson, 1982), 
A16) Gastralia with crenellated posterior margin (Hook, 1983), 
A17) Humerus straight, waisted and showing simple torsion, 
A18) Exoccipitals and basioccipitals forming a strap-shaped 

surface with a medial pit, articulating with an odontoid 
peg on the atlas (Carroll & Gaskill, 1978),

A19 ) A single element occupying the intertemporal, 
supratemporal and tabular of the temporal series,

A20) Distinct interpterygoid vacuities bordered by triradiate 
pterygoids (Milner, 1988),

A21) Strut-like parasphenoid with long cultriform process of 
uniform width, overlapping or suturing with vomers and 
with a broad flat basal plate (Milner, 1988),

A22) Broad flat vomers (Milner, 1988),
A23) Ribs short and straight, slightly curved in large forms 

(Milner, 1988).
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APPENDIX 5
NECTRIDEAN CHARACTERS

(Data from Milner, 1993)
Character states used to determine relationships of 
Nectridea:-
B1 ) Elongate neural and haemal spines with crenellated edges, 
B2) Long posterodorsally oriented iliac blade,
B3) Loss of entepicondylar foramen (homoplasy with B 27),
B4) Single frontal (homoplasy with B 41),
B5) Elongate premaxillae and nasals, nasals wedged between 

premaxillae,
B6) Jaw articulation posterior to level of occiput,
B7) Enlarged premaxillary teeth,
B8) Haemal spines articulate at distal tips,
B9) Increase in number of articulations between neural arches, 
BIO) Haemal spine articulations close to centrum,
Bll) Increase in length of neural and haemal spines,
B12) Tail height constant for proximal two-thirds of length, 

then diminishing rapidly,
B13) Single large ossification replacing supratemporal and 

tabular,
B14) Internal shelf of squamosal bracing quadrate,
B15) Jaw hinge ahead of level of occiput,
B16) Tooth row extending no further back than level of mid

orbit,
B17) Loss of postparietals, parietals with fluted posterior 

edge,
B18) Spatulate teeth,
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B19) Neural and haemal spines abut throughout their depth 
along entire vertebral column.

B20
B21
B22
B23
B24
B25
B26
B27
B28

B29
B30
B31
B32
B33
B34

B35
B36
B37
B38
B39
B40
B41
B42
B43

Ventral scales reduced to slender rods.
Enlarged tubular horns.
Loss of sclerotic ossifications.
Double occipital condyles.
Presserai vertebrae reduced to 17 or fewer vertebrae, 
Cleithrum with T-shaped dorsal expansion.
No extra articulations on caudal vertebrae.
Loss of entepicondylar foramen (homoplasy with B 3 ), 
Maxillary borders orbit margin separating lacrimal from 
jugal.
Medial posterior edge of postparietals emarginated, 
Postparietal horns,
Parasphenoid with abbreviated cultriform process. 
Rounded interpterygoid vacuities.
Enlarged squamosal.
Loss of palatal denticles and teeth on posterior edge of 
vomers,
Reduction or loss of coronoid teeth.
Vertebral centra bearing striate ornament.
Neural arches of caudal vertebrae never waisted.
Haemal arches show extreme waisting.
Enlarged interpterygoid vacuities.
Nasals absent.
Single frontal ossification (homoplasy with B 4),
No prefrontal-postfrontal contact.
Relatively enlarged parietals,
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B44 ) Long posterolateral horns produced by expansion of the 
tabulars, squamosals, parietals and postparietals,

B45) Quadratojugal developed ventrally to give a lateral 
palatal exposure,

B46) Long double transverse processes on the dorsal centra, 
and rib heads perpendicular to vertebrae.
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APPENDIX 6
MICROSAUR CHARACTERS

(Data from Milner, 1993)
Character states used to determine relationships of 
microsaurs : -
Cl) Postfrontal larger than postorbital,
C2) Postfrontal and postorbital in contact with tabular,
C3) Straight posterior margin to skull table,
C4) Jaw articulation anterior to occipital condyle,
C5) Reduced quadratojugal,
C6) 37 or more presacral vertebrae,
C7) Elongate quadratojugal,
C8) Entepicondylar foramen absent,
C9) Posterior margin of upper jaw straight,
CIO) Supraoccipital absent or unossified,
Cll) Posterior margin of skull table convex,
C12) Anterior coronoid bearing a tooth row parallel with the 

dentary row,
C13) Reduction in size of orbit relative to skull.
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APPENDIX 7
TEMNOSPONDYL CHARACTERS
(Data from Milner, 1993)

Character states used to determine relationships of Palaeozoic 
temnospondyls : -
D1 ) Semicircular tympanic notch, not reaching quadrate region, 
D2 ) Dorsolaterally oriented stapes with anteroposteriorly 

compressed slender shaft,
03) Weakly developed posterolateral flange on pterygoid,
04) Finely striated triangular septomaxillae wedged between

nasal and lacrimal/maxillary behind external naris,
05) Presacral column reduced to 24-26 vertebrae,
06) Humerus without entepicondylar foramen,
07) Premaxillary with narrow marginal ramus and dorsal alary

process,
08) Vomers entering margin of interpterygoid vacuities,
09) Intertemporals absent,
010) Exoccipitals enlarged to give bilobed occipital condyle, 

reduced basioccipital still participating in condyles,
011) Short broad skull table with abbreviated postorbital not 

wedged between supratemporal and squamosal,
012) Pterygoid flange enlarged and down turned,
013) Semicircular interpterygoid vacuities, together wider 

than long,
014) Lateral line sulci usually absent,
015) Small interclavicle and narrow bladed clavicles,
016) Septomaxilla becoming a detached unsculptured 

ossification inside the external naris,

343



D17) Relatively larger interpterygoid vacuities bordered by 
slender palatal series,

D18) Anteriorly reduced jugal extending only to midlevel of 
orbit. Maxillary and sometimes palatine entering orbital 
margin,

D19) Tympanum present, suspended from dermal skull elements
forming an otic notch. Associated dorsal process on the
quadrate,

D20) Palatine broadly entering the margin of interpterygoid 
vacuity,

D21) Humerus without supinator process,
D22) Humerus relatively elongate and slender,
D23) Extreme abbreviation of the skull table,
D24) Ectopterygoid reduced to a strip of bone, or absent, 
D25) Interclavicle reduced to a poorly ossified disc of bone, 

only slightly overlapped by clavicles.
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APPENDIX 8
BRANCHIOSAUR CHARACTERS
(Data from Milner, 1993)

Character states used to determine relationships of 
branchiosaurid temnospondyls ;-
El) Anteriorly elongate subtemporal fenestra separating 

ectopterygoid from maxillary,
E2) Well ossified basihyals and ceratohyals,
E3) 19-22 presacral vertebrae,
E4) Reduced prefrontal and postfrontal separated by frontal, 
E5) Jugal and quadratojugal in broad contact,
E6) Ectopterygoid very reduced,
E7) Interclavicle without anterior crenellation,
E8) Ilium shaft vertically orientated, not backward sloping, 
E9) Ventral scales relatively rounded,
ElO) Larger size, larger specimens with skull lengths of 20-35 

mm.
Ell) Supratemporal longer than broad,
E12) Elongate frentals giving relatively narrow interorbital 

width,
E13) Abbreviated maxillary, not contacting jugal or 

quadratej ugal,
E14) Supratemporal participating broadly in tympanic notch 

margin,
E15) Base of parasphenoid bearing sculpture on ventral 

surface.
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APPENDIX 9
AMPHIBAMID CHARACTERS

(Data from Milner, 1993)
Character states used to determine relationships of amphibamid 
temnospondyls :-
FI) Bicuspid teeth usually present, teeth short and blunt,
F2 ) Wide rhomboidal sphenethmoid and greatly enlarged 

interorbital width,
F3) Gastralia poorly ossified,
F4) Marginal teeth pedicellate, at least in some material from 

each assemblage,
F5 ) Vertebrae with enlarged pleurocentra, at least tending to 

be gastrocentrous,
F6) 60 or fewer teeth per jaw ramus,
F7) Presacral vertebrae reduced to 18-20,
F8) Prefrontal not contacting postfrontal, permitting frontal 

to enter orbit margin,
F9 ) Denticle absent from cultriform process with only a

triangular patch present at base,
FIO) Intervomerine pit present,
Fll) Palatine not contacting pterygoid, resulting in

ectopterygoid entering vacuity margin,
F12 ) Vomerine and palatine fangs replaced by clumps or rows of 

teeth,
F13) Ectopterygoid absent,
F14) Pleurocentra larger than intercentra, giving

gastrocentrous condition.
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APPENDIX 10
DISTRIBUTION OF CHARACTERS IN CLADOGRAM 1.

a) short straight ribs, 
slender elongate humerus, 
alary process on 
premaxillae, 
bicondylar occiput, 
bicuspid teeth,
broad flat vomers, 
needle-like cultriform 
process,
b) wide rhomboidal 
sphenethmoid,
gastralia poorly ossified,
c) pedicellate teeth,
60 or fewer teeth in jaw 
ramus,
d) reduction in presacral 
vertebrae number to 18-20,
e) prefrontal not contacting 
postfrontal,
denticles absent from 
cultriform process,
f) loss of palatal fangs,
g) loss or great reduction 
of ectopterygoid,
h) large pleurocentrum small 
intercentrum,

i) neurocranium and 
dermatocranium form a single 
structure around the brain, 
basapophyses on vertebrae, 
radial ball on humerus, 
loss of temporal elements, 
tuberculvm Interglenoldeum, 
loss of interclavicle, 
j) mandibular symphysis, 
atlas-axis, 
fused frontal, 
unicapitate transverse 
processes,
loss of bicuspid teeth R, 
loss of pedicellate teeth R, 
loss of orbital series C, 
reduction in presacral 
vertebrae numbers C, 
k) lacrimal reduced, 
scapulocoracoid coossified, 
wide parasphenoid, 
pedicellate teeth C,
1) loss of alary process on 
premaxilla R, 
increase in presacral 
vertebrae number to >37 R,
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1) characters 3.1 - 3.6 (see 
APPENDIX 7),
m) loss of orbital series C, 
loss of dermal scales C* 
unossified pubes, 
opercular ossification, 
n) tabular present R, 
interclavicle present R, 
no pedicelly R, 
no bicuspidy R, 
no basapophyses R C, 
long ribs R.
o) denticles on cultriform 
process R, 
p) bicapitate ribs, 
increase in presacral vert 
no. > 30,
q) loss of basapophyses R, 
loss of tuberculvm 
Interglenoideum R, 
scapulocoracoid not 
coossified R.

R = Reversal 
C = Convergence
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APPENDIX 11
DISTRIBUTION OF CHARACTERS IN CLADOGRAM 2.

a) short straight ribs, 
slender elongate humerus, 
alary process on 
premaxillae, 
bicondylar occiput, 
bicuspid teeth,
broad flat vomers, 
needle-like cultriform 
process,
b) wide rhomboidal 
sphenethmoid,
gastralia poorly ossified,
c) pedicellate teeth,
60 or fewer teeth in jaw 
ramus,
d) reduction in presacral 
vertebrae number to 18-20,
e) prefrontal not contacting 
postfrontal,
denticles absent from 
cultriform process,
f) loss of palatal fangs,
g) loss or great reduction 
of ectopterygoid,
h) large pleurocentrum small 
intercentrum,

i) neurocranium and 
dermatocranium form a single 
structure around the brain, 
basapophyses on vertebrae, 
radial ball on humerus, 
loss of temporal elements, 
tuberculvm interglenoideum, 

loss of interclavicle, 
j) mandibular symphysis, 
atlas-axis, 
fused frontal, 
unicapitate transverse 
processes,
loss of bicuspid teeth R, 
loss of pedicellate teeth R, 
loss of orbital series C, 
reduction in presacral 
vertebrae numbers C, 
k) lacrimal reduced, 
scapulocoracoid coossified, 
wide parasphenoid, 
pedicellate teeth C,
1) loss of orbital series C, 
loss of dermal scales C ’ 
unossified pubes, 
opercular ossification.
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m) loss of alary process on 
premaxilla R, 
increase in presserai 
vertebrae number to >37 R, 
denticles on cultriform 
process R, 
n) bicapitate ribs, 
increase in presserai vert 
no. > 30,
o) loss of basapophyses R, 
loss of tuberculim 
Interglenoldeum R, 
scapulocoracoid not 
coossified R.

R = Reversal 
C = Convergence
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APPENDIX 12
DISTRIBUTION OF CHARACTERS IN CLADOGRAM 3.

a) short straight ribs, 
long slender humerus, 
alary process on 
premaxillae, 
bicondylar occiput, 
unossified pubes,
19-22 presserai vertebrae,
pleurodont teeth,
well ossified basihyal and
ceratohyals.
broad flat vomers,
needle-like cultriform
process,
b) reduction of prefrontal 
and postfrontal, 
reduction of ectopterygoid,
c) larger skull size 20- 
35mm,
d) supratemporal longer than 
broad,
e) elongate frentals giving 
narrow interorbital width,
f) abbreviated maxilla not 
contacting jugal or 
quadratej ugal,

supratemporal participating 
in tympanic notch margin, 
base of parasphenoid with 
sculpture on ventral 
surface,
g) loss of interclavicle, 
neurocranium and 
dermatocranium form a single 
structure wrapped around the 
brain,
radial ball on humerus, 
loss of temporal series, 
basapophyses on vertebrae, 
tvLberculum interglenoldeum,

h) mandibular symphysis, 
atlas-axis,
fused frontal,
unicapitate transverse
processes,
ossified pubes R,
loss of orbital series C,
i) pedicellate teeth, 
bicuspid teeth,
wide parasphenoid, 
reduced lacrimal, 
scapulocoracoid co-ossified.
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j) loss of alary process on 
premaxillae R, 
increase in presserai 
vertebrae number R, 
characters 3.1 - 3.6 (see 
APPENDIX 7),
k) loss of orbital series C, 
loss of dermal scales, 
opercular ossification,
1) reversal of loss of 
interclavicle R, 
loss of pedicelly R, 
loss of bicuspidy R, 
loss of basapophyses R C, 
reversal of short ribs R, 
presence of tabular R, 
m) denticles on cultriform 
process,
n) bicapitate ribs,
o) loss of basapophyses R, 
unossified basihyal and 
ceratohyals R, 
scapulocoracoid not 
coossified R, 
loss of tuberculim 
interglenoldeum R.
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APPENDIX 13
47 CHARACTERS USED IN CLADOGRAMS 4 & 5.

1) long curved ribs-0 short straight ribs-1,
2) compact, L-shaped humerus with a large entepicondylar 
blade-0, long slender humerus-1,
3) no alary process on premaxillae-0, alary process on 
premaxillae-1,
4) single condylar occiput-0, bicondylar occiput-1,
5) monocuspid teeth-0, bicuspid teeth-1,
6) presence of dermal scales-0, loss of dermal scales-1,
7) non-pedicellate teeth-0, pedicellate teeth-1,
8) more than 23 presacral vertebrae-0 reduction in presacral 
vertebrae 18 to 22 -1, 16 or fewer-2,
9) presence of palatal fangs-0, loss of palatal fangs-1,
10) large ectopterygoid-0, loss or great reduction of 
ectopterygoid-1,
11) pleurocentra and intercentra of equal size-0, large 
pleurocentrum small intercentrum-1, holospondyly-2,
12) neurocranium and dermatocranium separate-0, neurocranium 
and dermatocranium form a single structure wrapped around the 
brain-1,
13) no basapophyses on vertebrae-0, basapophyses present-1,
14) no ossified radial ball on humerus-0, radial ball on 
humerus-1,
15) presence of tabular-0, loss of tabular-1,
16) tuberculim interglenoldeum absent-0, present-1,
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17) large interclavicle-0, loss or extreme reduction of 
interclavicle-1,
18) supratemporal present-0, absent-1,
19) intertemporal present-0, absent-1,
20) large lacrimal-0, lacrimal reduced-1,
21) scapula and coracoid separate-0, scapulocoracoid co- 
ossified-1,
22) narrow spike-like parasphenoid-0, wide parasphenoid-1,
23) ossified pubes-0, unossified pubes-1,
24) opercular unossified-0, ossified-1,
25) postorbital present-0, absent-1,
26) prefrontal present-0, absent-1,
27) postfrontal present-0, absent-1,
28) lacrimal present-0, absent-1,
29) jugal present-0, absent-1,
30) cartilagenous or missing basihyal and ceratohyal-0, 
well ossified basihyal and ceratohyal-1,
31) subpleurodont teeth-0, pleurodont teeth-1,
32) ectopterygoid and maxilla in broad contact-0, subtemporal 
fenestra separates ectopterygoid from maxilla-1,
33) prefrontal and postfrontal in contact-0, reduced 
prefrontal and postfrontal separated by frontal-1,
34) intervomerine pit absent-0, pit present-1,
35) more than 60 teeth in jaw ramus-0, 60 or fewer teeth in 
jaw ramus-1,
36) broad frontals-0, elongate frontals giving narrow 
interfrontal width-1,
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37) maxilla in contact with jugal or quadratojugal-0, 
abbreviated maxilla not contacting jugal or quadratojugal-1,
38) palatine broadly contacting pterygoid/ectopterygoid-0, not 
contacting thus entering vacuity margin-1,
39) vomerine and palatine fangs present-0, replaced by rows or 
clumps of teeth-1,
40) denticles present on cultriform process-0, absent from 
cultriform process only triangular patch on parasphenoid-1).
41) supratemporal width and length roughly equal-0, longer 
than broad-1,
42) narrow tapering vomers-0, broad flat vomers-1,
43) braincase elements separate-0, posterior braincase fused 
as os basale-1,
44 ) posterior margin of skull table straight or slightly 
concave-0, convex-1,
45) small irregular teeth on anterior coronoid-0, anterior 
coronoid bearing a tooth row parallel with dentary tooth row- 
1, loss of anterior coronoid-2, (parallel teeth on anterior 
coronoid only known in a single microsaur Rhynchonkus, and in 
some but not all Gymnophionans - it is not established that 
this 2nd tooth row is homologous with Rhynchohkus. )
46) large orbit-0, reduction in size of orbit-1,
47) jaw articulation posterior to occipital condyle-0, 
anterior to condyle-1, level with occipital condyle-2.
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DATA MATRIX FOR CLADOGRAMS 4, 5

ANCESTOR
00000 00000 00000 00000 00000 00000 00000 00000 00000 00

Branchlosaurus 
11110 001-0 00000 00--0 00100 00001 1100-  00001 01000 01
Apateon
11110 001-1 00000 00010 00100 00001 1110-  00001 01000 01 
Melanerpeton
11110 001-1 00000 00--0 00100 00001 1110-  10001 11000 00
Schoefelderpeton 
11110 00111 00000 00000 00100 00001 1110-  01011 11000 01
Albanerpetontidae
11110 001-1 21111 11110 000-1 0100- l-lOl 10001 0-000 01 
Rhynchohkus
01010 0001-  11010 1-111 11000 00000 -0001 00001 01111 11 
Gymnophiona
11011 01011 11-11 11111 11-00 00000 10001 00000 01111 11 
Caudata
11111 11211 21111 11111 11111 01010 10101 01111 01000 01 
Salientia
11111 11211 21011 01111 01111 11110 10101 00111 01000 02 
Platyrhinops
11111 10000 00000 01000 00000 00000 00000 00000 0 1 0 0 0 00  

Amphlbamus
11111 01100 00000 01000 00000 00000 00001 00000 01000 00 

Tersomius
11111 01010 00000 0-000 00000 00000 00111 00111 01000 00 
Doleserpeton
11111 01001 10000 0-010 00000 00000 00101 10011 01000 00
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APPENDIX 14
DISTRIBUTION, HORIZON AND RANGE OF ALBANERPETONTIDS.

DISTRIBUTION OF KNOWN ALBANERPETONTIDS.
EPOCH AGE M.Y.A. SPECIES LOCATION
MIOCENE 24-5 A.lnexpectatum La Grive 

St-Alban
PALAEOGENE 65-57 undescribed Montana
PALAEOGENE 65-57 undescribed Alberta

Maastrichtian 73-65 A .nexuosus Montana
Maastrichtian 73-65 A.nexuosus Wyoming

UPPER Campanian 
(late)

78-73 A .nexuosus Montana

CRETACEOUS Campanian
(early)

83-78 A.galaktlon Alberta

Coniacian 88-87 undescribed U.S.S.R.
Cenomanian 98-91 Nomen vanum 

N,Insuetus
Tcel^yk

Albian 113-98 Nomen vanum 
A.arthridlon

Texas

LOWER Albian 113-98 Genus A 
megacephalus

Pietraro
ia

CRETACEOUS
Late
Barremian

124-119 Genus A Las
Hoyas

Barremian 124-119 Genus A Galve II
Early
Barremian

124-119 Genus A Ufia

Berriasian 138-144 Genus A 
species c

Purbeck

Kimmeridgian 156-150 Genus A 
species c Guimarot

a
Callovian 169-163 undescribed U.S.S.R.

MIDDLE Bathonian 175-169 Genus A 
species c

Kirtling
ton

JURASSIC Bajocian 181-175 undescribed Gardies
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APPENDIX 15 
SPECIMEN DEPOSITORIES

Prosiren elinorae Coin & Auffenberg, 1958
Field Museum of Natural History (P.M.N.H.), 
Chicago, U.S.A.
Shuler Museum, Southern Methodist University, 
Dallas, Texas, U.S.A.

Albanerpeton inexpectatum Estes & Hoffstetter, 1976.
Museum National d ’Histoire Naturelle, Paris, 
France.
University Claude Bernard, Lyon, France.
Museum of Comparative Zoology, Harvard University, 
Cambridge (Mass.) U.S.A.

Albanerpeton megacephalus (Costa, 1864).
Instituto Geologico dell'Universita de Napoli, 
Italy.

Albanerpeton nexuosus Estes, 1981.
University of California, Museum of Paleontology, 
Berkeley, California, U.S.A.
Museum of Comparative Zoology, Harvard University, 
Cambridge (Mass.), U.S.A.
University of Minnesota, Minneapolis, U.S.A. 
University of Alberta, Dept, of Geology, Edmonton, 
Canada.
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Albanerpeton galaktlon Fox & Naylor, 1981.
University of Alberta, Dept, of Geology, Edmonton, 
Canada.

Albanerpeton arthridion Fox & Naylor, 1981.
Field Museum of Natural History, Chicago, U.S.A.

Nomen vetnum

Nukusurus Insuetus Nessov, 1988.
Leningrad University, St. Petersburg, Russia.

Unnamed atlas(?) Lehrstuhl fur Palaeontologie, Freie 
Universitët Berlin, Germany.

Ramonellus longisplnus Nevo & Estes, 1969.
Hebrew University, Jerusalem, Israel.
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APPENDIX 16

KEY TO TABLE.

G
J

(£ v a n s  S r  r i i l n e r ,  1.^94) (s^tyTj e t  al.^ 1 9 6 8 ) (^nsoT n, e t  a l ,  199a) 
K = KirtlingtorT; LH = Las Hoyas''; P = Purbeck';

(kühTie, 1968) (sahne, 1972) ( Estes et al, 19^9)Guimarotc^; L = Lance Formatiorf; B = Bug Hill Creek'';
(Salone, 1992) (Virel, 195l)Judith River Formation; A = La Grive-Saint-Albant

VERTEBRATE FAUNA ASSOCIATED WITH ALBANERPETONTIDS
K LH P G L B J A

AMPHIBIA
Albanerpetontidae / / / / / / / /
Albanerpeton sp. / / / /
Genus A / / / /

ANURA / / / / / /
Ascaphidae /
Discoglossidae / / / / /
Cf.Barbourula sp. / /
Eodiscoglossus sp. /
Pelobatidae / /
Eopelobates sp. / /

Hylidae ?
Leptodacty1idae ?

CAUDATA / / / / / / / /
Scapherpetontidae / / /
Scapherpeton sp. / / /
Llsserpeton sp. / / /

Amphiumidae /
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VERTEBRATE FAUNA ASSOCIATED WITH ALBANERPETONTIDS
K LH P G L B J A

Proamphiuma sp. /
Slrenldae / / /
Habrosaurus sp. / / /
Batrachosauroididae / / / /
Oplsthotriton sp. / / /
Prodesmodon sp. / / ?
Incertae sedis
IMarmorerpeton sp. /
Salamander A /
Salamander B /

CHELONIA / / / / / / /
Baenidae / / /
Cf.Baena sp. /
Neurahkylus sp. /
Boremys sp. /
Naomlchelys sp. /
Plesiobaena sp. /

Eubaenidae / /
Eubaena sp. / /

Macrobaenldae /
Clemmys sp. /

Cryptodira / /
Incertae sedis
IPleurosternldae sp. / /

Dermatemydidae / / /
Compsemys sp. / /
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VERTEBRATE FAUNA ASSOCIATED WITH ALBANERPETONTIDS
K LH P G L B J A

Emydidae / /
?Emydinae / /

Trionychidae / / /
Trlonyx sp. / / /

Adocidae / / /
Basllemys sp. / / /
Rdocus sp. / /
Asplderetes sp. / /

Sauropterygia /
Polycotylidae /

LEPIDOSAUROMORPHA / /
Marmoretta sp. / /

SPHENODONTIDA / /
SQUAMATA / / / / / / / /
LACERTILIA(=SAURIA) / / / / / / / /
SCINCOMORPHA / / /
Incertae sedis
Contogenys sp. /
Scincldae /
Sauriscus sp. /

Teiidae / / /
Chamops sp. / / /
Leptochamops sp. / / /
Meniscognathus sp. /
Penetelus sp. /
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VERTEBRATE FAUNA ASSOCIATED WITH ALBANERPETONTIDS
K LH P G L B J A

Haptosphenus sp. / /
ANGUIMORPHA / / / / /
Xenosauridae / / /
Exostlnus sp. / / /

Anguidae / /
Odaxosaurus sp. / /
Cf,Gerrhonotus sp. /
?Necrosauridae / / /
Parasaniwa sp. / / /
Paraderma sp. / / /
Coloptodontosaurus sp. / /

Varanidae / /
Palaeosanlwa sp. / /
Incertae sedis
ILltakls sp. /

GEKKOTA ?
SERPENTES(=OPHIDIA) / /
Boidae /
Aniliidae / /
Conlophls sp. / /

ARCHOSAURAMORPHA / / / / / / / /
CROCODILIA / / / / / / /
Goniopholidldae / /
?Pholidosauridae /
Atoposauridae / /
Crocody1idae / / /
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VERTEBRATE FAUNA ASSOCIATED WITH ALBANERPETONTIDS
K LH P 6 L B J A

Leldyosuchus sp. / / /
Rlbertochampsa sp. /
7Cf.Bernlssartla sp. /

Alligatoridae / / /
Brachychampsa sp. / / /

CHORISTODIRA / / / / /
Ctenlogenys sp. / /

PTEROSAURIA / / / /
Rhamphorhynchidae / / /
Pterodactylidae / / /
Quetzalcoattlus sp. /

SAURISCHIA / / / / / / /
THERAPODA / / / / / /
CARNOSAURIA / / / /
Segnosaurldae /
cf.Erllkosaurus sp. /
Ornithomimidae / / /
Ornithomlmus sp. / /
Dromicelmimus sp. /
Struthlomlmus sp. /

Tyrannosauridae / /
Cf,Tyrannosaurus sp. /
Albertosaurus sp. /
Daspletosaurus sp. /
Aublysodon sp. /
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VERTEBRATE FAUNA ASSOCIATED WITH ALBANERPETONTIDS
K LH P G L B J A

Dryptosauridae /
Cf.Dryptosaurus sp. /

Coelurldae / ?
Megalosauridae / ?

MANIRAPTORA / / /
Dromaeosauridae / /
Delnodon sp. /
Dromaeosaurus sp. /
Troodontidae / / /
Troodon sp. /
Cf.Saurornltholdes sp. / /
IParonychodon sp. / /

Caenagnathidae /
Caenagnathus sp. /

Cf. Caenidae /
Chlrostenotes sp. /
Macrophalangia sp. /
Emlsaurus sp. /

SAUROPODA / / /
ORNITHISCHIA / / / /
?Fabrosaurldae /
ORNITHOPODA / / /
Hypsilophodontidae / /
Thescelosaurus sp. / /

Hadrosaurldae / /
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VERTEBRATE FAUNA ASSOCIATED WITH ALBANERPETONTIDS
K LH P 6 L B J A

Brachycephalosaurus sp. /
Gryposaurus sp. /
Prosaurolophus sp. /
Corythosaurus sp. /
Lambeosaurus sp. /
Parasaurolophus sp. /
Krltosaurus sp. /
Procheneosaurus sp. /
Cf.Anatosaurus sp. - /

CERATOPSIA / /
Ceratopsidae / /
Anchiceratops sp. /
Centrosaurus sp. /
Chasmosaurus sp. /
Eoceratops sp. /
Monoclonius sp. /
Styracosaurus sp. /

Pachycephalosauridae / /
Gravltholus sp. /
Ornatotholus sp. /
Pachycephalosaurus sp. /
Stegoceras sp. /

STEGOSAURIA /
Nodosauridae /
Panaplosaurus sp. /
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VERTEBRATE FAUNA ASSOCIATED WITH ALBANERPETONTIDS
K LH P G L B J A

Edmontonia sp. /
Ankylosauridae /
Euoplocephalus sp. /

THERAPSIDA /
Tritylodontidae /
Stereognathus sp. /

AVES / /
cf. Neognathae /

MAMMALIA / / / / / / / /
TRICODONTA /
Morganucodontidae /
Wareolestes sp. /

DOCODONTA / / /
Slmpsonodon sp. /

MULTITUBERCULATA / / / /
METATHERIA /
THERIA / /
SYMETRODONTA / /
Kuehneotheri idae /
Cyrtlatherlum sp. /

EUPANTOTHERIA / /
Peramuridae / /
Palaeoxonodon sp. /

Dryolestidae ? /

367



REFERENCES

Barbera, C. & Macuglia, L. 1991. Cretaceous herpetofauna of 
Pietraroia. In Selected Symposia & Monographs U.Z.I., 4,
G.Ghiara et al (eds). Mucchi, Modena, pp. 421-429.

Bolt, J.R. 1969. Lissamphibian origins: Possible
protolissamphibian from the Lower Permian of Oklahoma. 
Science 166:888-891.

Bolt, J.R. 1977. Dissorophoid relationships, ontogeny and the 
origin of the Lissamphibia. Journal of Paleontology 
51:235-249.

Bolt, J.R. 1979. Jimphlbamus grandlceps as a juvenile 
dissorophid; evidence and implications. Pp. 529-563. In 
M.H. Nitecki (Ed), Mazon Creek Fossils. Academic Press, 
New York.

Brame, A. 1973. A new name for the fossil salamandrid Polysema 
Meyer 1860, Herpeton, 7 (1), 4-5.

Bravi, S. 1987. Contribute alio stidio del giacimento ad 
ittioliti di Pietraroja (Benevento), Tesi di Laurea in 
Scientifica Geologica, Universita di Napoli.

368



Bravi, S. 1993. New observations on Notogogus pentlaiidlz 
Agassiz (Pisces, Actinopterygii, Halecostomi, 
Macrosemiidae) Boll.Soc.Pal.Italia.(In pres^).

Boy, J.A. 1986. Studien über die Branchiosauridae (Amphibia: 
Temnospondyli). 1. Neue und wenig bekannte Arten aus dem 
mitteleuropaishen Rotliegenden (oberstes Karbon bis 
unteres Perm). Palëontologische Zeitschrift: 60:131-166.

Boy, J.A. 1987. Studien über die Branchiosauridae (Amphibia: 
Temnospondyli; Ober-Karbon-Unter-Perm). 2. Systematische 
Übersicht. Neues Jahrbuch Geologische Palëontolgie. Abh. 
174:75-104.

Carpenter, K. 1979. Vertebrate fauna of thhe Laramie Formation 
(Maastrichtian), Weld County, Colorado. University of 
Wyoming, Contributions to Geology, No. 17, pp. 37-49.

Carroll, R.L. & Gaskill, P. 1978. The Order Microsauria. 
Memoirs of the American Philosophical Society. 126 : 1- 
211.

Carroll, R.L. & Holmes, R. 1980. The skull and jaw musculature 
as guides to the ancestry of salamanders. Zoological 
Journal of the Linnean Society. 68(l):l-40.

369



Catennacci, E. & Manfredini, M. 1963. Osservazioni 
stratigrafiche sulla Civita di Pietraroja (Benevento), 
Boll. Soc.Geol.Italia., 82(3), 65-92, 19ff.

Clements, R.G. 1969. Annotated cumulative section of the 
Purbeck Beds Between Peveril Point and the Zig-Zag path, 
Durlston Bay. In; Torrens, H.S.(ed): International Field 
Symposium on the British Jurassic: Excursion No.l, Guide 
for Dorset and South Somerset, Al-71.

Cope, J.C.W., Duff, K.L., Parsons, C.F., Torrens, H.S., 
Wimbeldon, W.A., Wright, J. 1980. A correlation of 
Jurassic rocks on the British Isles. Pt. 2 : Middle & 
Upper Jurassic. Geological Society Special Report 15, 
109pp.

Costa, O. 1864. Paleontologia del Regno di Napoli contenente 
la descrizione e figure di tutti gli avanzi organici 
fossili racciusi nel suolo di questo regno. Atti 
Accademia Pontaniana, Naples 8 : 1-198.

D'Argenio, B. 1963. I calcari ad ittioliti del Cretacio 
inferiore del Matese, Atti, Acc.Sc.fis.e mat. Soc. Naz.di 
Soi.Lett, ed Arti in Napoli, $(3),nr,4,-63,17,7 taw.

D ’Erasmo, G. 1915. La fauna e i'età dei calcari ad ittioloiti 
di Pietraroja, in provincia di Benevento, Palaeontologica 
di Italia. 21, 29-11, 13 t a w . , 36ff.

370



De Gaay Fortman, J.P. 1918. Die Entwicklung der Wirbelsâule 
von Megalobatrachus und einiger anderer Amphibien. 
Tijdschr. Nederl. dierk. Vereen 16: 121-167.

Duellman, W.E & Trueb, L. 1986. Biology of Amphibians. McGraw- 
Hill, New York, St. Louis and San Francisco. 670 pp.

Donovan, R.N. 1975. Devonian lacustrine limestone at the 
margin of the Orcadian Basin, Scotland. Journal of the 
Geological Society, London, 131 : 489 - 510.

Ennouchi. E., 1930. Contribution a 1'etude de la fauna du
Tortonien de La Grive-Saint-Alban (Isere) : Revision
generale. Etude ornithologigue. These, Univ. Paris.

Ensom, P.O. 1988. Excavations at Sunnydown Farm, Langton 
Matravers, Dorset: amphibians discovered in the Purbeck 
Limestone Formation. Proceedings of the Dorset Natural 
History and Archaeological Society 108, 205-206.

Ensom, P.O., Evans, S.E. & Milner, A.R. 1991. Amphibians and 
reptiles from the Purbeck Limestone Formation (Upper 
Jurassic) of Dorset. Contributions to the 
Palaeontological Museum, University of Oslo. 364 : 19-20. 
Fifth Symposium on Mesozoic Terrestrial Ecosystems and 
Biota, eds. Kielan-Jaworowska, Z ., Heintz, N. & Nakrem,
H.A.

371



Ensom, P.C., Evans, S.E., Francis, J.E., Kielan-Jawworowska, 
Z and Milner, A.R. 1994 The Fauna and Flora of the 
Sunnydown Farm Footprint Site and Associated Sites: 
Purbeck Limestone Formation, Dorset. Proceedings of the 
Dorset Natural History and Archaeological Society, pp 
181-182.

Estes, R. 1964. Fossil vertebrates of the Late Cretaceous 
Lance Formation, eastern Wyoming. University of 
California, Publications of the Department of Geological 
Sciences 49 : 1-180.

Estes, R. 1965. Fossil Salamanders and Salamander Origins. 
American Zoologist. 5 : 319-334.

Estes, R. 1969. Prosirenidae, a new family of fossil 
salamanders. Nature 224 : 87-87.

Estes, R. 1981. Gymnophiona, Caudata. In Handbuch der 
Palâoherpetologie (ed. P. Wellnhofer), Vol 2, pp 1-115 
Fischer Verlag. Stuttgart.

Estes, R. & Hoffstetter, R. 1976. Les Urodeles du Miocene de 
la Grive Saint-Alban (Isere, France). Bulletin du Museum 
National D'Histoire Naturelle, 3®serie, 398. pp. 297-343.

372



Estes, R. & Sanchiz, B. 1982. Early Cretaceous lower 
vertebrates from Galve (Teruel), Spain. Journal of 
Vertebrate Paleontology. 2, 21-39.

Evans, F.G. 1939. The morphology and functional evolution of 
the atlas-axis complex from fish to man. Annals of the 
New York Academy of Sciences, 39 : 29-104.

Evans, S.E. & Milner, A.R. (1994) Small vertebrate assemblages 
from the early Jurassic of Britain. In: In the Shadow of 
the Dinosaurs : Early Mesozoic Tetrapods. eds. Fraser, 
N.C. & Sues, H.D. Cambridge University Press, pp. 303- 
321.

Evans, S.E., Milner, A.R. & Mussett, F. 1988. The earliest 
known salamanders (Amphibia: Caudata): A record from the 
Middle Jurassic of England. Geobios 21:539-552.

Fox, R.C. & Naylor, B.G. 1982. A reconsideration of the 
relationships of the fossil amphibian Albanerpeton, 
Canadian Journal of Earth Sciences. 19 : 118-128.

Francis, E. 1934. The anatomy of the salamander. Clarendon 
Press, Oxford, XXXI + 381 pp.

Gadow, H. 1896. On the Evolution of the Vertebral Column of 
Amphibia and Amniota. Philosophical Transactions of the 
Royal Society, London, B, 187: 1-57.

373



Gardiner, B.G. 1983. Gnathostome Vertebrae and the 
Classification of the Amphibia. Zoolological Journal of 
the Linnean Society. 79: 1-59.

Gaupp, E. 1906. Die Entwicklund des Kopfskelettes. Hertwigs 
Handbuh der vergl. und exp. Entwicklung der Wirbeltier, 
Jena, 3 : 573.

Goin, C. & Auffenberg, W. 1958. New salamanders of the family 
Sirenidae from the Cretaceous of North America. Chicago 
Natural History Museum, Fieldiana : Geology. 10 : 449- 
459.

Gregory, J.T., Peabody, F.E. & Price, L.I. 1956. Revision of 
the Gymnarthridae Amerian Permian Microsaurs. Peabody 
Museum of Natural History, Yale University. Bulletin 
10:1-77.

Howarth, M.K. 1981. Palaeogeography of the Mesozoic. In The 
Evolving Earth, ed. Cocks, L.R.M. British Museum (Nat. 
Hist.) Cambridge University Press. Chpt. 13 : 197-220.

Jenkins, F.A. & Walsh, D.M. 1993. An Early Jurassic caecilian 
with limbs. Nature. Vol 365. pp. 246-250.

Kerr, T.P. 1992. An Examination of the Trigeminal Nerve 
Foramina of Vertebrates. B.Sc.(Hons) Project. U.C.L. 
(Unpublished).

374



Kuhn, O. 1938. Fossilium catalogus. Animalia, par 84 
Stegocephalia, Urodela, Anura. Stuttgart.

Kuhn, O. 1960. Die Familien der fossilen Amphibien und 
Reptilien. Ber. Naturforschung Ces. Bamberg 37, 20-52.

Marcus, H. & W. Blume. 1926. Über Wirbel und Rippen bei
Hypogeophis nebst Bemerkungen über Torpedo, Zoologische 
Anatomie Entwicklung. 80: 1-78.

McKerrow, W.S., Johnson, R.T. & Jacobson, M.E. 1969.
Palaeoecological studies studies in the Great Oolite at 
Kirtlington, Oxfordshire. Palaeontology. 12 : 56-83.

Milner, A.C. 1980. A review of the Nectridea (Amphibia). Pp. 
377-405. In: A.L. Panchen (ed.). The Terrestrial
Environment and the Origin of Land Vertebrates.
Acad.Press, London.

Milner, A.R. 1988. The relationships and origins of living 
amphibians. Pp. 59-102. In: M.J.Benton (ed.). The
Phylogeny and Classification of the Tetrapods. Vol.l. 
Clarenden Press, Oxford.

Milner, A.R. 1993. The Palaeozoic relatives of lissamphibians. 
Herpetological Monographs. 7, 8-27.

375



Mookerjee, H.K. 1930. On the Development of the Vertebral 
Column of Urodela. Philosophical Transactions of the 
Royal Society, London, B,218; 415-446.

Mookerjee, H.K. 1936. On the Development of the Vertebral 
Column and its Bearing on the Study of Organic Evolution. 
Proceedings of the Indian Scientific Con.,23: 307-343.

Murphy, D.H. & Wilkinson, B.H. 1980. Carbonate deposition and 
facies distribution in a central Michigan marl lake. 
Sedimentology, Oxford, 27 : 123 -135.

Naylor, B. 1979. The Cretaceous salamander Prodesmodon, 
(Amphibia : Caudata). Herpetologica. 35 : 11-20.

Nessov, L.A. 1981. the Cretaceous salamanders and frogs of the 
Kizylkum Desert. In: The Fauna and Ecology of Amphibians 
and Reptiles of the Palaeartic Asia. Ananjeva, N.B. & 
Borkin, L.J. Academy of Sciences of the U.S.S.R. Proc. 
Zool.Soc. Vol. 101.

Nessov, L.A. 1988. Late Mesozoic amphibians and lizards of 
Soviet Middle Asia. Acta. Zool. Cracov. 31(14) : 475-486.

Nevo, E. and Estes, R. 1969. Ramonellus longlsplnus, an early 
Cretaceous salamander from Israel. Copeia 1969(3) : 540- 
547.

376



Palmer, T.J. & Jenkyns, H.C. 1975. A carbonate island barrier 
from the Great Oolite (Middle Jurassic) of Central 
England. Sedimentology 22 : 125 - 135.

Parker, W.K. 1882. On the morphology of the skull of the 
Amphibia Urudela. Transactions of the Linnaen Society, 
London 2nd Series Zoology. 2.

Parsons, T.S. & Williams, E.E. 1963. The relationships of the 
modern Amphibia: A reexamination. Quartely Review of
Biology. 38:26-53.

Peters, J.A. 1964. Dictionary of Herpetology, Hafner Pub. 
Comp. New York and London 1964.

Rage, J.-C. & Rocek, Z. 1989. Redescription of Trladobatrachus 
masslnotl (Piveteau 1936) an anuran amphibian from the 
early Triassic. Palaeontographica Abt. A 206:1-16.

Reig, O.A. 1964. El problema del origen monofilético or 
politfilético de los anfibios, con consideraciones sobre 
les relaciones enter Anuros, Urodelos y Apodos. 
Ameghiniana 3:191-211.

Romer, A.S. 1947. Review of the Labyrinthodontia. Bulletin of 
the Museum of Comparative Zoology. Harvard. 99 : 1-368.

377



Romer, A.S. & Parsons, T.S. 1978. The Vertebrate Body. Fifth 
edition. W.B. Saunders & Co. Philidelphia, London. 
Toronto. 476 pp.

Sahni, A. 1972. The vertebrate fauna of the Judith River 
Formation, Montana. Bulletin of the American Museum of 
Natural History. 147, pp. 323-412.

Sanz, J-L.,Wenz, S.,Yebenes, A.,Estes, R.,Martinez-Delclos, 
X.,Jimenez-Fuentes, E.,Dieguez, C.,Buscalioni, 
A.D.,Barbadillo, L-J., & Via, L. 1988. An Early
Cretaceous Faunal and Floral Continental Assemblage : Las 
Hoyas Fossil Site (Cuenca, Spain). Geobios, No.21, 
fasc.5, pp. 611-635.

Sanz, J-L., Dieguez, C., Fregenal-MartInez, M.A., Martinez- 
Delclos, X., Melendez, N., Poyato-Ariza, F.J. 1990. El 
Yacimiento de Fosiles Del Cretacio Inferior de Las Hoyas, 
Provincia de Cuenca (Espafia). Com. Reuniôn de Tafonomia 
y Fosilizaciôn. pp. 337-355.

Seiffert, J. 1969. Urodelen atlas aus dem obersten Bajocien 
von S.E.Aveyon (Siidfrankreich). Palëontologische 
Zeitschrift. 43 ; 32-36.

Shiskin, M.A. 1988a.On the Resegmentation of the Vertebrae in 
the Early Amphibians. Paleontological Journal. No.l, pp. 
61-73.

378



Shiskin, M.A. 1988b, The Origin of Resegmentation of Tetrapod 
Vertebrae. Paleontological Journal. No.3, pp. 69-76.

Smit, A.L. 1953. The Ontogenesis of the Vertebral Column of 
Xenopus laevis (Daudin) with Special Reference to the 
Segmentation of the Metotic Region of the Skull. Annalls 
of the University of Stellenbosch 29: 79-136.

Smithson, T.R. 1982. The cranial morphologyof Greererpeton 
burkemorani Romer (Amphibia: Temnospondyli). Zoological 
Journal of the Linnanean Society. 76:29-90.

Taylor, E.H. 1972. Squamation in caecilians, with an atlas of 
scales. University of Kansas Scientific Bulletins, 
48:986-1164.

Troeb, L. & Cloutier, R. 1991. A phylogenetic investigation of 
the inter- and intra-relationships of the Lissamphibia 
(Amphibia: Temnospondyli). Pp. 223-313. In: H-.P.
Schultze & Treub, L. (eds.) Origins of the Higher Groups 
of Tetrapods: Controversy and Consensus. Cornell. Ithaca 
& London.

Van Valen, L. & Sloan, R.E. 1965. The earliest primates. 
Science, 150, pp.. 743-745.

Viret, J. 1951. Catalogue critque de la fauna des mammifères 
miocenes de La Grive-Saint-Alban (Isere). Imprimerie A.

379



Rey, S.A., Nouv. Archs Mus. Hist.Nat. Lyon. Fasc.III, 
104pp.

Wake, D. 1966. Comparative osteology and evolution of the
lungless salamanders. Family Plethodontidae. Memoirs of 
the Society of the California Acadamy of Science. 4: 1- 
111.

Wake, D.B. 1970. Aspects of Vertebral Evolution in the Modern 
Amphibia, formo et functio, vol.3, pp.33-60.

Ware, M. 1978. Palaeoecology and Ostracoda of a Bathonian 
mammal bed in Oxfordshire. Unpublished M.Sc. Thesis, 
Aberysthwyth.

Watson, D.M.S. 1940. The origin of frogs. Transactions of the 
Royal Society, Edinburgh. 60:195-231.

Williams, E.E. 1959. Gadow’s arcualia and the development of 
tetrapod vertebrae. Quartely Review of Biology. 34 : 1- 
32.

Zyberberg, L., Castanet, J. & de Ricqles, A. 1980 Struture of 
the dermal scales in Gymnophiona (Amphibia). Journal of 
Morphology. 165:41-54.

380



REFERENCES ADDENDUM
Daily, N.T.J, 3 981. Statistical methods in biology. Hodder and 

Stoughton, London.
Baird, I.L. 1951. An anatomical study of certain salamanders of 

the genus Pseudoeurycea, Univ. Kansas Sci. Bull. 34:221- 
265.

Carroll, R.L. 1990. A tiny microsaur from the Lower Permian of 
Texas: size constraints in Palaeozoic tetrapods.
Palaeontology, 33:893-909.

Carroll, R.L., & Currie, P.J. 1975. Microsaurs as possible
apodan ancestors. Zool. J. Linn. Soc., 57:229-247.

Clack, J.A., & Milner, A.R. 1993. Platyrhinops from the Upper
Carboniferous of Linton and Nyrany and the family 
Amphibamidae (Amphibia: Temnospondyli), In Heidtke, U.
(Compiler): New Research on Permo-Carboniferous Faunas.
Pollichia - Buch 29: 185-191, Bad Durkheim.

Cox, C.B. 1967. Cutaneous respiration and the origin of the 
modern Amphibia. Proc. Linnean Soc. London 178: 37-48.

Estes, R., Berberian, P. & Meszoely, C. 1969. Lower vertebrates 
from the Late Cretaceous Hell Creek Formation, McConè 
County, Montana. Mus. Compar. Zool. Harv. Univ. Brev»o ra, 337.* \-3i

Harland, W.B., Cox, A.V., Llewellyn, P.O., Picton, C.A.G.,
Smith, A.G. & Walters, R. 1982. A Geological Time Scale: 
Cambridge, Cambridge University Press. 128pp.

Hildebrand, M. 1988. Analyses of vertebrate structure p.659. J.
Wiley and Sons Inc. New York.

Hilton, W.A. 1902. A structural feature connected with mating in 
Diemyctylus viridescens. Amer. Nat. 36:643-647.

Hook, R.W. 1983. Colosteus scutellatus (Newberry) a primitive 
temnospondyl amphibian from the Middle Pennsylvanian of 
Linton, Ohio. Am. Mus. Novt. 2770:1-41.

Kiihne, W. 1968. Kimmeridge Mammals and their bearing on the 
phylogeny of the Mammalia. In Drake, E.T. (ed). Evolution 
and Environment y Yale Univ. Press, New Haven.

Mookerjee, H.K. 1931. On the development of the vertebral column 
of Anura. Phil. Trans. Roy. Soc. Lon. B219: 165.

Noble, G.K. 1931. The Biology of the Amphibia. New York, McGraw- 
Hill Book Co.

Nussbaum, R.A. 1983. The evolution of a unique dual jaw closing 
mechanism in caecilians (Amphibia: Gymnophiona) and its
bearing on caecilian ancestry. J. Zool. (London) 199: 545- 
554.

381



Olson, E.G. 1947. The family Diadectidae and its bearing on the 
classtification of reptiles. Fieldiana, Geol. 11, 1-53.

Skelton, P.W. 1993. (Ed) Evolution: biolog^hl and
Palaeontological Approach. Addison-Wes^y Pub. Company.

Smith, R.E. 1941, Mating behavior in Triturus torosus and 
related newts. Copeia. 1941:255-262.

Smithson, T.R. 1985. The morphology and relationships of the 
Carboniferous amphibian Eoherpeton watsoni Panchen. Zool. 
J. Linn. Soc. 85:317-410.

Trufell, G.T. 1954. A macroscopic and microscopic study of the 
mental hedonic gland clusters of some plethodontid 
salamanders. Univ. Kansas Sci. Bull. 36:3-39.

Wake. M.H. 1975. Another scaled caecilian (Gymnophiona: 
Typhlonectidae), Herpetologia, 31:134-136.

West. l.M. 1988. Notes on some Purbeck sediments associated with 
the dinosaur footprints at Sunnydown Farm, near Langton 
Matravers, Dorset. Proceedings of the Dorset Natural 
History and Archaeological Society 109:153-154.

382


