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1. PREFACE

Of the three mammalian groups found during paleontological excavations in the
Upper Jurassic coal of the Guimarota mine (Leivia/Middle Portugal) so far only the
multituberculates have been described comprehensively and in detail (Haun 1969,
1971). Kreps (1969, 1971) had commented on a few of the problems pertaining to the
Pantotheres. The docodonts were given to me for study in the spring of 1971. The results
of my studies have alveady been printed as a doctoral thesis at the end of 1973 and are
here published in English translation with additional plates. The fext was translated
mainly by Mr. J. Fairbank. Theremains of the skull skeleton and the dentition of the species
Haldanodon expectatus KUHNE & Krusar 1972 (Order Docodonta) are described
and figured. Haldanodon is compared to velated forms and integrated into the mamma-
lian phylogeny. From the morphology an attempt is made to aquire data about the
ontogeny and living habits of the animal.

I am deeply indebted to Prof. Dr. W. G. Kiihne for entrustment of the material
and much encouragement during the work. I am greatly obliged to Prof. Dr. B. Krebs
and Dr. J. Seiffert, with whom I have had many stimulating discussions. I further
thank Prof. Dr. Z. Kielan- Jaworowska and Prof. Dr. P. M. Butler, Prof. Dr. G. Hahn
and Prof. Dr. S. Henkel for their advise and council.

Miss E. Drescher completed part of the preparatory work. The stereoscopic photos
were prepared by Mrs. P. Grosskopf. The photographs of the isolated teeth taken with the
scanning electron microscope were completed with the help of Miss B. Dunger at the Bundes-
anstalt fiir Materialpriifung (Berlin). My. P. Berndt, artist and scientific illustrator,
did the ink drawings in Iis accustomed guality. Mr. Hartmann from the department of
medicine and technology of the firm Siemens AG helped in taking of X-ray photos. My
special thanks are due to all these collaborators.

Also to be thanked at this point is the Deuische Forschungsgemeinschaft, which
fi ed the e tion work.




2. INTRODUCTION

The fossil-deposit in the Guimarota coalmine
was discovered by W. G. Kihne and W. Frey
in 1959, Systematic excavations followed between
1960 and 1962 under the directions of W. G. Kithne
and later S. Henkel. The recovery of larger fossil
remains was accomplished by manually splitting
coal lumps, while isolated teeth and small frag-
ments of bone were obtained by washing and
screening slack. HENKEL (1966) and KinNE (1968)
have given full accounts of the history of these
excavations and the methods used, so that further
remarks are not necessary here.

The geological age of fossil-bearing strata in
the Guimarota mine has been determinated by
HELMDACH (1968), by use of ostracods and charo-
phyta gyrogonites as Lower Kimmeridgian. The
strata belong to the so-called Lusitanien, a succes-
sion of mainly nonmarine sediments of the Mid-
dle and Upper Jurassic common in Portugal.
Publications of Hermpacm (1966, 1968) and
SEIFFERT (1970) contain geological-stratigraphical
descriptions of the Lusitanien in the vicinity of
the Guimarota coalmine together with maps and
profiles.

The material described in this paper consists
of the fossil remains of a mammalian species belon-
ging to the order Docodonta. The docodonts had
first obtained their systematic position as an
order in 1946 by Krerzor Before that they had
generally been considered as an aberrand family
of the order Pantotheria (Smupson 1925; 1929).
Nevertheless Krirzor's arguments for the sepa-
rate position of the docodonts have proven wrong
(Stvpson 1961). Thus priority belongs to him
after the rules of nomenclature, however, the
present generally accepted diagnosis and defini-
tion of the new order came from Parrrrson (1956).

There are still disagreements between autho-
rities about the systematic subdivision of the

order. Consensus is found in the acknowledgement
of the family Docodontidae Stapson 1929, which
includes the four presently known genera of the
Middle and Upper Jurassic. Abundant fossil
remains of the first genus were found at the end
of the last century during the well-known excava-
tions for dinosaurs in the late-jurassic Morrison-
formation of Wyoming and Colorado (USA).
MarsH (1880; 1881; 1887) described them as three
genera (Diplocynodon, Docodon and Enneodon).

Because the first and the third of these names
were preoccupied, Marsm (1888; 1890) changed
them to Dicrocynodon and Ennacodon. SIMPSON
(1929) in his monograph about the mesozoic
mammals of North America established the three
genera as being synonymous. He united them
under the eldest valid genus Docodon basing the
four species Docodon striatus MARSH 1881, Docodon
victor (MarsH 1880), Docodon affinis (Marsn 1887)
and Docodon crassus (MARsH 1887) on lower jaws
and Docodon superns Stmpson 1929 on upper jaw
dentitions (Fig. 1 B). Smeson (1929) himself
expressed the opinion that there was a certain
possibility of these sspeciess being morphological
variations of the same species. JENKINS (1969)
later confirmed this assumption. Although a
revision of the genus Docodon has not occurred
yet, I have generally disregarded the separate
species names.

Srmpson (1928 a) in his extensive catalogue
of British Mesozoic mammals described a lower
jaw fragment of a docadont, which he named
Peraiocynodon inexpectatus (Fig. 1 C). Peraiocy-
nodon comes from the Purbeckian of Southern
England and is about the same age as Doco-
don.

The third genus to be noted here is Borea-
lestes serendipitus Warpman & Savace 1972
taken from the Middle Bathonien on the Isle of
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Skye (Scotland) (Fig. 1 A). The hypodigma con-
sists of two uncompletely conserved mandibulae.

Finally the fourth genus, Haldanodon exspec-
tatus Kinve & Krusar 1972 is the theme of
this thesis, KUaxNEg (1968) named and illustrated

Haldanodon for the first time in a short report
about the discoveries of Mesozoic mammals in Por-
tugal. As Kitang had neglected to appoint a species
to the genus-name Haldanodon, legalisation after
the rules of nomenclature was necessary. At this

\l\“ J

FIG. 1— A: Borealestes sevendipitus, left mandibula (from WALDMANN & SAVAGE
1972). a: Lateral view. b: Dorsal view. c¢: Medial view,
B: Docodon sp., right mandibula (from SIMPSON 1929). Medial view, without

scale.

C: Peraiocynodon inexpectatus, left mandibula (from SIMPSON 1928 a). Lateral

view, without scale.



time the material was not yet completely prepared
and examined. Thus in formulating the diagnosis
and additional remarks, some mistakes and inac-
curacies resulted which shall be resolved here.

The report, that at least two more taxa other
than Haldanodon can be deduced from the doco-
dont-material of Guimarota-coal, is erroneous.
Contrarily it will be shown that Haldanodon
exspectatus is dimorphous and to be divided in
two morphologically differing forms. The buccal
cingulum of the lower premolars is not present
in all individuals. A further (fifth) incisive tooth
has been identified in the upper dentitions.

For the present this work accepts the opinion
expressed by Hopsow (1970) that the docodonts
are to be united in a subclass Prototheria GiLr
1872 together with the triconodonts, multituber-
culates and monotremes, whereas all other known
fossil and recent mammals have to be included
in the subclass Theria. Of the Prototheria the
orders Triconodonta and Docodonta are put in
an infraclass Eotheria (Kermack & Mussrr 1958,
Hopsow 1970). Here the classification of the
family Morganucodontidae Kifmve: 1958 is deba-
table. It has been assigned by some authors
(especially ParrixGToN 1967 and 1971, Cromeron
& JEnkins 1968, Horson & Cromprox 1969) to
the Triconodonta being based particularily on
dental anatomy, while among others PATTERSON
(1956), Kermack & Mussert (1958) and KERMACK
(1967) emphazise the close relationship to the
Docodonta.

The derivation of the family Docodontidae
from members of the family Morganucodontidae
can now be considered as a certainty (CroMprON
& JEewkins 1968). The latter constitute, after the
multituberculates, probably the best known group
of Mesozoic mammals and have been found up to
now in the Upper Triassic of Europe, East Asia
and Southern Africa. The relationships of the
Morganucodontidae are discussed in detail by
Crompron & JEnkIns (1968), Horson & Crome-
108 (1969) and Mmrs (1971).

The present paper also investigates the rela-
tionships between the Docodontidae and the
Morganucodontidae. Thus, a comment is appro-
priate to the priority dispute of Moerganucodon
versus Eozostrodon.

9

In 1941 ParrivcroN gave the names FEozos-
trodon parvus and Eozostrodon problematicus to
two isolated teeth from rhaetic fissure-fillings in
Somerset (England), which he had bought from
W. G. Kiithne, who was interned at this time in
England. The importance of the two teeth at this
time was that they were the first remains of
Triassic mammals, which could be proven as
such. A short time later similar teeth were found,
in greater numbers, by B. Peyer in the rhaetic
of Schaffhausen (Switzerland). After the war,
Kiihne was able to continue his diggings in
England. He discovered in Glamorgan (Wales)
another site containing isolated parts of verte-
brate fossils, among them a nearly completely
preserved molar tooth of a mammal, which he
published in 1949 under the name of Morganu-
codon watsoni. In the following twenty years,
many other finds of Morganucodon and related
forms were reported (Kirane 1958, PeEvER 1956,
Crompron 1964, Parrerson & Orson 1961,
Cromprox & Jevkins 1968, KerMack & Musserr
1958 and others). In 1967 PARRINGTON went back
to the half forgotten genus Eozostrodon, trying
to prove it a synonym to Morganucodon and thus
holding priotity over the younger genus. He held
this peint of view also in the following years
(ParrINGron 1971). PARRINGTON was supported,
in this respect, especially by Cromprox & JENKINS
(1968), while Krrmack & Kermack & Musserr
(1968) and Mmrs (1971) emphasized that the
two types of the genus Eozestrodon don’t allow
a definite systematic assignment because of their
position in the tooth row and their poor degree
of preservation. The holotype of Eozostrodon
parvus is probably an upper premolar and as
such not very informative, whereas Eozostrodon
problematicus is a broken melariform tooth with
a large portion missing.

The arguments PARRINGTON (1971) uses to
defend his claim of priority are, from my stand-
point, unsatisfactory. Nevertheless, this super-
fluous nomenclatory quarrel will probably go on
undecided. For my part, I prefer the better esta-
blished genus Morganucodon. Under this desi-
gnation are understood teeth, jaws, and skull
parts as described by Kimwe (1958), KERMACK
& MussgrT (1958), PARRINGTON (1971) and MruLs
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(1971), but not necessarily the two types of the
genus Eozostrodon sensu PARRINGTON (1941).

Progress in Mesozoic mammal study is also
documented by the fact that the quality of recent
finds reflect better collecting methods. Today it
it is no longer necessary to fall back on isolated
and damaged teeth to provide a genus or species
diagnosis. This in turn reduces the number of
errors and inexactitudes.

One will also have to get used to the idea of
giving Mesozoic mammal teeth a lesser importance
in determining phylogenetic connections than in
the past. Rather, greater importance will be given
to comparative anatomy, especially of the cranial
skeleton. As tools for processing food, teeth seem
to adapt quickly to ecological changes. So for
example, parallel developments can appear
between animal groups favouring the same food.



3. BIOSTRATONOMY

The sedimentology and facies of the Guimarota
deposit have already been studied in detail by
Hermpac (1966). According to him, deposition
occured in a coastal brackish lagoon which was
occasionally exposed to small marine transgres-
sions. Low relief energy between the lagoon and
the surrounding mainland resulted in the complete
absence of coarse clastic rock components. The
sediment consists of two s«eams» of very impure
coal divided by an approximately 10m thick
intermedium of limestone and marl. The findings
discussed here were taken from the lower seam,
the so-called «Fundflézs. The coal is heavily mixed
with marl and bitumenous clay, and can be consi-
dered, in its degree of coalification, as gas coal.
Root horizons do not occur in the coal. On the
other hand, there is a great deal of probable
driftwood on hand, whereby also pieces of larger
logs can be found. Also in large numbers fruit
cuticulae and charophyte gyrogonites have been
found. The plants have not yet been identified,
however, it can be assumed that among them are
the typical Upper Jurassic ferns, cycadeas, ben-
nettideas, nilssonias, conifers and gingko types.

An extensive fauna-list was published by
KimNe (1968 a). Other than mammals it contained
in each case several gemera of selachians, holos-
teans, urodeles, anurans, pterosaurs, turtles,
ornithischians, saurischians, crocodiles and lizards.
Other than these many ostracodes, mussels,
snails and foraminifers along with the more
rare remains of echinoids and cirripeds were
registred.

It can be assumed, because of the very hetero-
geneous makeup of this hypodigma, that the area
of sedimentation of the Guimarota coal was for
part of the fauna, to which the mammals belong,
not their actual environment. The large number
of discarded crocodile teeth and coproliths show,

on the other hand, that it was not a pure tapho-
coenosis. Other indicators of this sort are double-
valved pelycopod shells that have not been
drifted, ostracodes in successive ontogenetic deve-
lopment stages (Hezamacu 1968) and juvenile
snails next to the adult animals.

Thus the water body of the deposition area was
inhabited by aquatic and semiaquatic animals
such as the mentioned invertebrates, fish,
amphibians and crocodiles. A portion of these
organisms can be considered strays (for instance
the crocodilian Machimosaurus after Kreps 1967)
or were able to live there only for a relatively
short period of marine flooding. Together with
the remains of this biocoenosis were also found
fossils of life forms that had entered the lagoon
post-mortem. These were animals that had lived
either in the thickly grown, probably swampy,
terrestrial area surrounding the lagoon or had
inhabited the air above it. The first group were
the various dinossaurs, mammals and lizards,
whereas the second group consists of pterosaurs
and possibly also prehistoric birds.

Interesting is the condition of the vertebrate
fossils. Practically no complete fossil aggregates
were found but for the most part only isolated
bones, teeth, scales and the like. Even the turtle
shells are dismembered. Also, the remains of
large animals are almost completely absent. The
only such findings were the fragments of a
skeleton of Machimosaurus, that can be estimated
of having a body length of about 9 m (Kreps
1967) and the scales and teeth of two types of
fish, which could have reached from 1to 2m
(Kituwg 1968 a). Almost all the remains of large
reptiles came from small and young animals.
In general, the bones are incomplete and show
signs of having been damaged before burial. The
joint ends of limb bones are often missing.
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With the exception of four skull remains, the
mammalian material consists of dentition frag-
ments as well as undescribed parts of the post-
cranial skeleton. These were also often broken
before burial. For the most part, in the docodont
mandibules these fractures are behind the canines
between the Pars alveolaris and the Ramus
mandibulae as well as in the region of the Pro-
cessus coronoidens. Often deformations are also
present, particularly in the mammalian skulls.
The cause of this phenomenon was due to the
loss of water from the coal-mud during diagenesis
resulting in a substantial shrinking of the sedi-
ments. This put a mechanical stress particularly
on those fossils being partially or entirely hol-
low.

The question how the damages occured on the
vertebrate remains is related to how the terrestrial
animals came into the lagoon. Apart from post-
mortem drifting in the slightly flowing water,
both occurences are to a great extent probably
due to the numerous crocodiles. Excepting the
marine Mackimosaurus, these preyed on their
own species as well as on other vertebrates or
their corpses. As is seen by the size spectrum of

the crocodile remains in the Guimarota coal
(above all from isolated teeth and skin ossifi-
cations) these animals were capable of catching
prey of very small to middle size. Fully grown
dinosaurs or adult crocodiles were probably seldom
victims and are thus relatively rare. The presence
of invertebrate scavengers is also assumed, can
however not be proven. The snails, that probably
made up a portion of these, have not yet been
identified. It is very probable that most of the
vertebrate fossils contained in Guimarota coal
are the food rests of crocodiles; these were dis-
charged in the water as spelletss, thus becoming
so scattered throughout the sediment.

A further influence on the condition of the
fossils happened after burial and was of a chemical
nature. In the deposition of coal sediments,
humic acids are set free, which react with calcium
carbonate and caleium phosphate, so that only
plant fossils remain. The large percentage of
lime in Guimarota coal caused, however, that
the acids were buffered and thus made ineffective.
Occasionally bones and teeth showing signs of
corrosion turn up that were deposited in places
of lime deficiency.



4. HALDANODON EXSPECTATUS KUHNE & KRUSAT 1972

Class Mammalia.

Order Docodonta (Krerzor 1946) ParrErsoN
1956.

Family Docodontidae Simesox 1929,

Haldanodon Kinne & Krusar 1972.

Derivatio nominis: Derived from Haldane —
in honor of the British geneticist J. B. 5. Haldane
(1892-1964), and odon — Greek for tooth.

Diagnosis: A genus of the family Docodon-
tidae with the dental formula

51:C:3P:5M
T21:C:8P:0M

The 1% is rooted in the maxilla. The interior
side of the dentary has a wide trough-like sulcus,
which contained ossicles of the reptilian mandi-
bula. Below, reaching as far as the symphysis,
is an «internal grooves, which combined both
the functions of a Sulcus primordialis and a Suleus
mylohyoideus. The depression for the rudimen-
tary coronoid-bone is situated medially behind
the tooth row.

Lower premolars can also have a buccal cin-
gulum. The lower molars, looking in the occlusal
view like rounded rectangles, have the same cusps
as the corresponding teeth of the other Upper
Jurassic docodonts but in differing proportions.
The upper molars in the occlusal view resemble
a distorted figure eight. The lingual half of an
upper molar occludes directly with two adjacent
lower molars, whereas the buccal half comes to
rest next to their buccal side, Haldanodon's tooth-
change iz diphyodont or nearly so.

Relations: 1t is difficult to establish the con-
formities and diversities in morphology with

those of the three other gemera now known to
be in the family Docodontidae. To an extent,
the material is inadequately described (Docodon ),
also due to the nature and state of preservation,
many specimens don't allow extensive comparison
( Borealestes and Peraiocynodon). The most dis-
tinct difference to Haldanodon is revealed in the
dental formulae. The genus Docodon has the dental
formula:

iC:34P; 7T8M

?1:C: 3P: 462 M
i

=+

(Smvpsox 1929). The dental formula of the
lower jaw in Borealestes is 4-3? P : 6 M (WALDMAN
& Savack 1972). The type of Peraiocynodon is
represented only by one known specimen (the
mandibula of a young animal with a probable
dental formula of +3? P (1 P and 2 Pd): 4- 2 M
and thus is not very descriptive. Comparative
teeth of the three genera are constructed in the
same manner.

In all probability, ossicles of the primary
mandibular joint were present also in the lower
jaws of the other Docodontidae.

Occurence: Lower Kimmeridgian of Portugal.

Type species: Haldanodon exspectatus KUHNE
& Krusar 1972,

Derivatio nominis: exspectatus — latin for
expected. A docodont mammal, less advanced
than Dacodon but with similar anatomical featu-
res, was to be expected in the Kimmeridgian.

Holotype: The mandibula, illustrated in Kifuneg
(1968), Page 115, Fig. 3 (here specimen V J 1001-155,
Fig. 2 and 14).

Locus typicus: eFundflozs (= the lower coal-
seam, which yielded the mammalian remains)
in the Guimarota mine near Leiria, Portugal.
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Stratum typicum: Lower Kimmeridgian, based
on the occuwrrence of the ostracod Oertliana
kimmeridgensis Kmexy 1965 and the Charophyta
gyrogonites Porochara raskyae MADpLER 1952 and
Porochara westerbeckensis MApLer 1952.

Diagnosis: Presently the only known species
with the characteristics of the genus. The lower
jaws of adult individuals show morphologic
variations, which can be partially ascribed to
sexual (?) dimorphism.

4.1 Material

The fossil material used in this paper consists
of fragments of seven mandibulae, a maxilla, an
anterior skull and 43 isolated teeth and teeth
fragments. Other teeth fragments were disregarded
because of their poor condition. The specimens
being used have been provided with continuous
catalogue numbers corresponding to an agreement
with the Servigos Geoldgicos de Portugal. They

[ B B B e s— I;‘ -------
10mm H

F1G. 2 — Leit lower jaw V] 1001 - 155 (holotype).

Az Lateral view.
B: Caudal view.

C: Medial view,
D: Dorsal view,



will be cataloged and filed in the museum of this
institution in Lisbon under the numbers refered
to in the text. A short description of the individual
cataloged specimens is given, in preparation for
the following analysis and interpretation of the
anatomy and functional morphology of Haldanodon.

4) MANDIBULAE

1) VJ 1001 - 155 (= Haldanodon sp. in KiinNg
1968, = holotype of Haldanodon exspectatus
Kimve & Krusar 1972) (2 fragments). Fig. 2
and 14, Plate IT A, B, C.

Left mandibula in very good preservation.
Only the most anterior part of the Pars alveolaris
and the upper half of the Processus coronoideuns
are lacking. In the tooth row the most anterior
incisors and the last molar are lacking. There is
a fracture between the canine and the first pre-
molar. As both fracture surfaces are covered with
artificial matrix (*), the original condition of the
mandibula can not be really reconstructed. Thus
the drawing of the VJ 1001-155 fracture assembly
must be regarded as an interpretation.

Fragment 1:

Fragment of the anterior of Pars alv. with
two incisors (presumably I, and I,) and the canine.
Of the jaw bone only part of the labial alveolar
margin is visible. On the lingual side the roots
of the incisors are exposed. On both canine roots
only the vestiges are visible. The posterior root
is broken off.

Fragment 2:

The mandibula and teeth have been fully
exposed and are visible from all sides. The post-
canine tooth row is complete except for the
discarded M. Between the P, and the M, there
is rather intense imbrication. In contrast to the
premolars, which show here a buccal and lingual
cingulum, the molars are relatively worn. There
is no recognizable tooth replacement.

(*) During preparation of fragile bones an artificial
matrix has often be used for stabilisation. This matrix is a
yellow resin powder called Palavit M, which polymerizes
after being mixed with a special fluid. It is normally used by
dentists for making casts of teeth, (KUNNE 1968 b).

15

Dental formula: +21:C:3P:5M(M; =
= alveola).

Measurements:
a) Jaw bone.
Fragment 1: not measurable

Fragment 2: distance between fracture and con-
dyle = 19,5 mm; distance between Foramen
mandibulae and condyle = 8,7 mm; height under
M; = 2,9 mm; height of condyle=2,0 mm,;
width of condyle = 2,00 mm.

b) Dentition

Fragment 1: length in mm width in mm
I;? 0,7 0,6
I;? 0,6 0,5
C 1,2 0,8
Fragment 2:  length in mm width in mm
B, 1,0 0,5
P, 1,2 0,7
Es 1,2 0,8
M, 1,6 1,0
M, 1,8 1,2
M, 1,6 1,1
M, I 0.8

length of the postecanine dentition = 9,1 mm

2) VJ 1002-155 (2 fragments). Fig. 3 and 17,
Plate II1 D, E, F.

Left mandibula in incomplete preservation.
Both the anterior part of Pars. alv. as well as
most of Ramuns mandibulae were broken off
before burial and are thus not present. That
which remains has an almost complete postcanine
tooth row and is broken between the second and
third premolar. The fractured area is covered
with artificial matrix. Nevertheless, the original
condition can be easily reconstructed from tooth
impressions.
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Fragment 1:

Fragment of the anterior of Pars alv. with
the posterior end of the canine alveola and
complete P, and P, whereby the main cusp is
broken off. The jaw bone is visible only from the
buceal side showing that the canine did not
follow the postcanine tooth row but was buccally
out of place. This is illustrated in the reconstruction
scetch of the mandibula (Fig. 5).

Fragment 2:

The complete exposed main part of Pars alv.
with the beginning of Ramus mand. The posterior
fracture lies caudal to the Foramen mandibulae.
As the anterior fracture follows the lingual margin
of P, and P,, the lingual part of the mandibula
of fragment 1 is present here. The bone surface
is in excellent condition with weakly pronounced
eyouth striaes and a relatively open internal
groove extending to the prominent symphysis.
Only the last (fifth) molar is missing in the tooth
row. There is a rather large margin between its
alveola and the M. The reason for this is probably
to be understood in that the alveola of the discar-
ded M; had already begun to be plugged with
bony material, thereby reducing the periphery
and enlarging the space to the neighbouring
tooth. Imbrication is evident between the teeth,
whereby it is particularly developed between the
P; and M;. The degree of wear on the teeth
increases successively from front to back. Whereas
the P, shows no apparent wear, the cusps of the
M, are already completely worn away. The premo-
lars have no buccal cingulum. Evidence of tooth
replacement is not present.

Dental formula: C: 3P : 5 M (C und M; =
= alveolae)

Measurements:

a) Jaw bone

Fragment 1: length = ca. 2,9 — 3,6 mm,
Fragment 2: length = 14,3 mm;
height below M, = 3,4 mm,;
width below M, = 2,0 mm.

by Dentition

Fragment 1:  length in mm  width in mm

P, 0,8 0,7
P, 1,1 0,8

Fragment 2:

P, 1,2 0,8
M, 1,7 0,9
M, L8 1,0
M, 1,8 1,1
M, 1,5 0,9

total length of the dentition of Fragment 1=
= 1,9 mm
total length of the dentition of Fragment 2 =
= 7.5 mm

3) VJ 1003-155 (2 fragments) Fig. 4 and 19,
Plates I and III A, B.

The posterior part of a left mandibula. Of
Ramus mand. only the upper half or the Proc.
coronoideus is missing, which was already broken
off before burial. On the other hand, excepting
a jaw fragment with a badly damaged double-
-rooted tooth, the part of Pars alv. before the
third last molar (Mj,) was lost during excavation.
Because of the poor condition this fragment was
not further examined. Particularly striking in
the size of the jaw bone, the major fragment has
been fully exposed and is in very good condition.
The bone surface allows particularly good study
of the masticatory muscle insertions and of the
rudimentary bones of the primary jaw joint.
Pathological changes on the foremost section of
the jaw fragment seem to have caused a profound
upward curve of the ventral side of Pars alv.

The two remaining molars show relatively
light but obvious wear. The last molar has been
discarded. Its alveola is linked directly to the
preceding molar (M,,). Imbrication between the
two molars is weakly apparent. In front of the
foremost molar (M,,) the impressions of the roots
of a further M, are evident.

Dental formula: 4 M (M, and M, = alveclae).



Measurements:
a) Jaw bones

Length condyle — anterior fracture = 19,7 mm;
height below M,, = 4,2 mm; width below M,, =
= 2,6 mm; distance Foramen mandibulae — con-
dyle = 11,2 mm; height of condyle = 2,1 mm;
width of condyle = 3,2 mm,

b) Dentition

length in mm width in mm
M, 2,1 1,4
M., 1,6 1,2

total length of dentition = 3,6 mm

4) VJ 1004-155 (2 fragments). Fig. 6 and 24,
Plate III C, D, E, F.

Part of a right mandibula whereby the foremost
section was already broken before burial and
also damaged in excavation. Missing is the anterior
of the Pars alv. in front of P, and the upper half
of Proc. coronoideus. The jaw is broken about
halfway between the transition of Pars alv. and
Ramus mand. diagonally through the alveola
of M,. Impressions in the artificial matrix allowed
both fragments to be reassembled without a
seam in the reconstruction drawing. The mandibula
is of a young animal and thus rather small.

Fragment 1:

A fragment of Pars alv. in artificial matrix
with the posterior end of the canine (?) alveola,
the anterior root in situ and the alveola of the
posterior root of P, the erupting P, the Pd,,
the M, and M, and the alveola base of M.

The jaw bone is missing below the internal
groove and in the area of P; and P, also broken
off at the alveolas. The bone is further limited
on the buccal side by a covering of artificial
matrix. Of the three molars the Pd, shows the
most wear. M, and M, show only light wear on
the main cusps. The main cusp of the erupting
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P, lies still under the alveolar margin and is
therefore not used in the chewing process,

The lingual side of fragment 2 is preserved as
an impression in artificial matrix. Included as
bone rests in the impression are parts of Proc.
coronoidens and Crista pterygoidea.

Fragment 2:

The posterior of Pars alv. and the practically
complete Ramus mand. have been exposed on
all sides and are visible. Here the jaw bone is
present under the wide open internal groove. The
bone surface is covered with numerous youth-
striae. Above the Foramen mand. is an open
cavity containing the bud of M, The bud of M;
had not yet left a trace on the bone. The M,
together with the lingual wall of its alvecla was
already broken off before embedding.

Only light imbrication had developed between
the two molars.

Dental formula: C (alvecla); 2 P (P, = rest of
root, Py = erupting);

Pd, (in situ); 4 M (M, and M, in situ, M, = al-
veola, M, = tooth bud)

Measurements:
a) Jaw bone

Fragment 1: distance between fracture surfa-
ces = 10,2 mm.

Fragment 2: distance fracture area — condyle
= 11,2 mm; distance foramen mandibulae
— condyle = 7,1 mm; height below M,
= 2,4 mm; width below M; = 1,3 mm; height
of condyle = 1,7 mm; width of condyle = 1,6 mm

) Dentition

Fragment 1:  length in mm width in mm
P not measurable
P, not measurable
Pd, 4 By | 0,7
M, 1,6 1,0
M, 2,0 1,3

length of dentition (anterior root of P, — distal
end of M;) = 4,6 mm
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5) V] 1005 - 155 (2 fragments). Fig. 19 and 28,
Plate IV A, B, C.

A fragment of Pars alv. from a right mandible,
During excavation the jaw was broken along the
alveolae in a buccal and a lingual half. The
anterior and posterior parts of the mandible were
broken off before embedding, leaving only the
piece between the canine and the M, The jaw
fragment belonged to a young animal. This is
apparent from the youth-striae on the bone
surface, the wide open internal groove and the
development stage of the dentition.

Fragment 1:

The buccal half of Pars alv. Visible are the
buccal alveolar walls and a small part of the outer
side of the jaw below the alveolar margin. Fur-
thermore, underneath the fractured alveolae is
a piece of the jaw’s inner side showing the internal
groove, The buccal surface is almost entirely
covered with artificial matrix. The damage on
the jaw-bone has uncovered two erupting teeth;
these being the P,, whereby only the main cusp
is visible, and the M, which has been partly
broken off on the lingual side. In the case of both
teeth the main cusps have barely cut above the
alveolar margin and are thus completely unworn.

Fragment 2:

The lingual half of Pars alv. whereby the
fractured alveolae are covered with artificial
matrix and the lingual bone surface above the
internal groove is exposed. Preserved are parts
of the alveola of the already discarded Pd,, the
completely worn Pd,, the Pd,, particularly worn
on the distal part, and the already fully erupted
M;, showing only slight wear on the cusps. The
teeth have been exposed on all sides.

Dental formula: 1 P (erupting): 2 Pd (in situ):
2M (in situ and erupting)

Measurements:
@) Jaw bone

Fragment 1: length = 5,6 mm; height = 1,9 mm.

b) Dentition

Fragment 1: length in mm width in mm

P, not measurable not measurable

Fragment 2:
Pd, 0,8 03
Pd, 1,2 0,6
M, 1,5 08

6) VJ 1006-155 (1 fragment). Fig. 7

A small fragment of Pars alv. from a right
mandible with a somewhat corroded, yet practi-
cally unworn premolar (probably Pg) and the
posterior half of the completely worn down
following tooth (probably M,) in situ. The unstria-
ted bone surface is visible only on the buccal
side beneath the teeth. At least the posterior
part of the jaw and the anterior of the questionable
M, were broken away before excavation, The
premolar has also an outer cingulum.
width in mm

Dentition: length in mm

) 1,2 0,7

7) VJ 1007 -155 (2 fragments). Fig. 8 and 31,
Plates IVD, E, F and V A.

A fragment of a right mandible, Missing are
the anterior of Pars alv. in front of P,, the greater
portion of the Pars alv. ventral to the internal
groove as well as practically the entire Ramus
mand., excepting a portion of the Proc. coronoi-
deus. This damage seems to have taken place
before burial. During excavation the jaw was
broken into two pieces. The oblique break runs
from the anterior outside to the posterior inside
vertically through M, Both fracture surfaces
are covered with artificial matrix.

Fragment 1:

A fragment of Pars alv. with the posterior half
of Py, the M, and M, and the mesio-lingnal portion



of M, The anterior break runs diagonally through
the alveola of the front root of P, The premolar
sits lower than the molars and is entirely unworn.
The molars, on the other hand, are completely
worn down. The degree of wear increases succes-
sively from front to back. Because of the damaged
alveolar margin, the roots of the teeth are partially
exposed.

On the anterior part of the fragment the Canalis
mandibulae can be seen in cross-section.

‘ Fragment 2:

A fragment of the posterior portion of Pars
alv. with a part of the anterior of Proc. corocoi-
deus. The bone under the internal groove js
broken away, longitudinally exposing the Canalis
mand. The muscle impressions on the Proc.
coronoideus are well marked. The fragment
contains the disto-buccal portion of M, and the
mesial half of M,. The distal half of the crown of
this tooth in broken off, so that the root in the
alveola is exposed. A M; is missing and can not
be proved by an empty alvecla.

Dental formula: 1 P, 5 M (M; is discarded, its
alveola is secondarily plugged).

Measurements:

a) Jaw bone

Fragment 1: not measurable.
Fragment 2: not measurable.

b) Dentition

Fragment 1: length in mm width in mm
j e not measurable 0,8
M, 1,6 0,8
M, 1,8 1,0
M, 1,9 1,0
Fragment 2:
M, not measurable 0,9
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B) MAXILLA

V] 1008-155 (2 fragments). Fig. 20.

Left upper jaw, flattened and badly corroded.
The posterior tooth row is complete from the
last It to the last M*. Of the bones only the
Proc. alveolaris of the left maxilla including a
part of the inner nasal wall remains. The fracture
runs in an acute angle to the tooth row and breaks
the jaw in such a manner that of the P* and M!
the buccal halves remain on the first fragment
and the lingual halves on the second. In Fig. 20 A
the two fragments are reassembled.

Fragment 1:

a) Maxilla: A portion of the corpus and the
Pars alv. is visible. The inner side of the jaw is
covered with artificial matrix. The corpus of the
maxilla is so badly flattened that the tip of the
posterior root of C* has broken through to the
other side. The alveola margins are broken away
so that the root necks of the teeth are exposed.
Conspicuous is a pronounced scarring of the bone
surface. This is probably due to the corrosive
effects of humic acids (see the chapter on biostrati-
nomy). The Sutura praemaxillaris can be detected
only above the 1%,

b) Teeth. Present are: I* (root), C* (cusps are
broken off), P2, P# M (buccal halves) and M2
{impression of the buccal side). The alveola margin
of the postcanine teeth lies higher in the dorsal
direction than that of the incisives and canine.
The teeth have lost almost all their enamel and
appear badly corroded.

Fragment 2:

a) Maxilla. A part of the Proc. alv. and the
nasal passage is visible, The corpus is laterally
masked with artificial matrix. A part of the
palate has been bent under and pressed against
the teeth. The nasal passage iz so well exposed
that the interior of a part of the Canalis infraor-
bitale can be seen.

b) Teeth. Present are P? and M! (the lingual
halves), M2, M? M?* and M®. Through pressure



20

from the caudal direction the M® has been turned
and pushed against the M4, thus breaking it in
two. The condition of the teeth is equivalent to
those of the other fragment.

Dental formula: 1 I (I* = in the maxilla):
C: 3 P (P! = alveola): 5 M.

Measurements:

a) Jaw bone

Fragment 1: not measurable
Fragment 2: not measurable

b) Dentition
Fragment 1;  length in mm width in mm
15?2 not measurable not measurable
L 1,4 1 |
P 1,0 not measurable
P3 1,1 not measurable
M? 1,6 not measurable
M2 1,8 1.0
Fragment 2:
M3 1,6 1
M¢ not measurable  not measurable
M2 1,1 1,4

The averall length of the dentition of fragment 1
(including I?" and M2) = 8.3 mm

Because of the tilted teeth, the overall length
of the dentition of fragment 2 is not measurable.

C) SKULL

1] 1009-155 (5 fragments, bisolated teeth and
teeth fragments (identifiable); in addition to
this various unidentifiable bone and teeth frag-
ments), Fig. 11, 12, 13, 15, 16 and 20, Plate V D,
E, F.

Anterior skull severely deformed diagenetically
and broken in excavation. The rear cranium was
not saved. The left tooth row is complete to
the M3, the right has been proved to the M4,
partially through impressions and roots. The
premaxilla and both maxillae and nasals are

relatively complete. The anteriors of both jugales
are identifiable. Parts of the left palatine and
lacrimal are probably present, however, because
of poor condition they cannot be identified.

Fragment 1. The left and part of the right anterior
skull with the nasal cavity.

a) Premaxilla. Of the left premaxilla, present
are the anterior portion, isolated and shoved
forward and upward (visible from the outside,
the inside and from below) and the posterior”
portion, in situ resting on the Sutura praemax.
(visible from the outside and the inside). In the
space between the two portions, the root of the
broken off I! and the root ends of the I* and
the I* are wvisible. The anterior portion of the
right premaxilla lies flattened in front of the
left (visible is a portion of the Proc. alv. with
the alveola of the right I' broken open and the
root end of the right 1# in its alveola).

b) Maxilla: The anterior portion of the left
maxilla is preserved as bone as far as the tilted
P2 The corpus is complete in this region. The
Proc. alv. is missing behind the C*; due to the
flattened condition, Proc. pal. is quite incomplete.

¢) Nasal: The left nasal is raised and pushed
into the nasal cavity. The anterior is complete
and visible from the outside. The left nasal is
tilted about 909 and shoved foreward. The anterior
portion is broken away. A portion of the interior
is wvisible.

d) Teeth: The left tooth row: I' (root), I3, I3,
I4, 15, CT, P? are completely in situ. P? is broken
and tilted to the outside, P?, M' and M? are pre-
served as an impression of the buceal side.

Fragment 2: The right wall of the front part of
the skull.

a) Premaxilla: Visible is the posterior portion
of the corpus with the right margin of the nasal
opening as far as the Sut. praemax. The anterior
portion is broken away.



&) Maxilla: The corpus near the teeth is in
bone, otherwise, it is preserved primarily as an
impresmiun‘ It is bz\dly bent above the P2,

¢) Jugal: The anterior portion (?) dorsal to
the maxilla is in situ. The Sut. zygomaticomaxil-
laris to the maxilla is in situ. The bones in the
caudal direction are present only as an impression.

d) Teeth: The right P? and M! are complete.
The M2 is partly preserved as an impression.
I3, 14, I5, C+, PY, P? and M* are visible only as
impressions from the outside.

Fragment 3: Left upper jaw, directly connecting
to fragment 1.

a) Maxilla: Only a portion of the Proc. alv.
adjoining directly to the teeth is preserved.

4) Teeth: The dislocated right P2, the left P?
in situ and the lingual halves of P? and M! are
present.

Fragment 4: The posterior portion of the left
anterior skull continuing from fragments 1
and 3. No direct connection preserved. Because
of intense flattening and a partial masking
with artificial matrix, the identification of
some portions is very difficult.

a) Maxilla: The posterior part of the left
maxilla at the beginning of the zygomatic arch
{visible from the outside and from underneath).

b) Jugal: The anterior portion in contact
with the maxilla is partially visible.

¢) An unidentified bone lies in the posterior
portion of the orbit or in the anterior of the
temporal depression. Pressure from the side has
pushed the zygomatic arch against the skull and
a portion of the palate has been folded down.

d) Teeth: Only the left M? is present comple-
tely in situ.
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Fragment 5: The beginning of the right zygomatic
arch continuing from fragment 2, The connection
ist not direct.

Present are parts of the maxilla and jugal
including a few tooth roots. The bone suture
is difficult to recognize.

Isolated teeth: Present are, on the left, the 12
and C*, and on the right, molar fragments (two
buceal halves and a non-corresponding lingual
half).

Dental formula of the left half of the jaw:
51 (I*=root, I°=in the maxilla) : C:3P:
:3M (M, = lingual half, M? = impression).

Dental formula of the right half of the jaw:
5 I (I' and I* = alveolas, I* = broken off and
isolated, 1¥ = impression) : C (= broken off and
isolated) : 3 P (P! = impression) : 3 M (M? = buc-
cal half, M?* = impression).

Measurements of the left jaw half:

a) Jaw bone = not measurable

b) Dentition
Fragment 1:

length in mm width in mm

It not measurable not measurable
Iz 0,6 0,5
I# 0,8 0,6
I4 0,8 0,6
11 0,6 0,5
ct+ 1,3 0,8
P 0.5 0,4

Fragment 3:

P? 1.2 not measurable

i 5 1,4 10

M! not measurable not measurable

M2 not measurable not measurable
Fragment 4:

M? 1,6 1,6

Total length of the dentition on fragment 1,
including I' and P? = 6,3 mm,
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Fragment 2:

Measurements of the right jaw half:

a) Jaw bone = not measurable
b) Dentition

length in mm width in mm

i fod not measurable not measurable

I* 0,7 0,6

Is not measurable not measurable

c* 1,3 0.8
Fragment 3:

P 0,9 not measurable
Fragment 2:

ps 1,3 0,9

Mt 1,7 1,7

M2 1,8 not measurable

M2 not measurable not measurable

Total length of the dentition on fragment 2:

anterior dentition (including 1% and P?) = 4,7 mm;
posterior dentition (P3, M! and M? = 4,8 mm.

D} ISOLATED PREMOLARS

1) VJ 1011-155
Right P2, crown complete, roots broken
off, no wear.
length = 1,3 mm width = 0,8 mm

2) VJ 1012-155, Plate VII A, B, C, D, E.

Right P3, crown complete, roots broken
off, no wear.
length = 1,5 mm width = 1,1 mm

3) VJ 1013-154, Plate VI I, K.

Left P2, crown complete, root broken offr
no wear.
length = 1,2 mm width = 0,8 mm
1) VJ 1029-155
Right P?, crown complete, without roots,
pulp cavity wide open, no wear. Young,
not yet fully erupted tooth.
length = 1,2 mm width = 1,0 mm

5) VJ 1032-155, Plate VII F, G.

Left P3, crown complete, anterior root
complete, about half the length of the
posterior root is broken off (here both
posterior roots are connected together
and possess the same canal, which lies
in the mesial and distally tapered area
of contact, having a drawn out oval cross-
section), slight wear. The root necks are
constricted bordering the crown.

length = 1,3 mm width = 1,0 mm

6) VJ 1035-155, Plate VI C, D, E.

Left P, or Py, crown complete, roots broken
off, no wear, no external cingulum.
length = 1,3 mm width = 0,8 mm

7

V] 1036-155

Left Py or Py, crown complete, roots broken
off, very slight wear on the cusps, external
cingulum.

length = 1,2 mm width = 0,8 mm

e

VJ 1037-155

Right P, or P;, crown complete, roots
broken off, no wear, external cingulum.
length = 1,2 mm width = 0,7 mm

L

V] 1038-155, Plate VI F, G, H.

Left P, or Py, crown complete, roots broken
off, no wear, external cingulum.
length = 1,3 mm width = 0,7 mm

10) VJ 1039-155, Plate VI A, B.
Left P,, crown complete, anterior root
complete, half of the posterior root broken
off, no wear, no external cingulum.
length = 0,8 mm width = 0,6 mm

11) VJ 1040- 155

Left P,, crown sightly damaged, roots
broken off, no wear, no external cingulum.
length = 1,0 mm width = 0,6 mm



E) ISOLATED MILK MOLARS

1) VJ 1030-155, Plate VIIL F, G, H.

2

3

4

b

7

)
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Right Pd*, crown complete, roots resorbed,
pulp chamber wide open with resorbtion
pits, tooth slightly worn.

length = 1,4 mm width = 1,3 mm

VJ 1031-155

Right Pd*, crown complete, root resorbed,
pulp chamber wide open with resorbtion
pits, tooth slightly worn.

length = 1,1 mm width = 0,9 mm

V] 1033- 145

Right Pd,, anterior of the crown broken
away, roots resorbed, pulp chamber wide
open with resorbtion pits, tooth slightly
worn.

length not measurable width = 0,8 mm

VJ 1041-155, Plate VIII I, K.

Right Pd ,, crown complete, roots resorbed,
pulp chamber wide open with resorbtion
pits, tooth slightly worn.

length = 1,5 mm width = 0,8 mm

V] 1042-155

Left Pd,, crown complete, roots resorbed,
pulp chamber wide open, tooth heavily
worn

length = 1,2 mm width = 0,7 mm

VJ 1043-155, Plate VIL H, 1.

Right Pd ,, crown complete, roots resorbed,
pulp chamber wide open with resorbtion
pits, tooth slightly worn. 2
length = 1,6 mm width = 0,7 mm

VJ 1044-155

Right Pd,, crown complete, roots not
yet completely resorbed, resorbtion pits,
tooth strongly worn.

length = 1,4 mm width = 0,7 mm
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8) V] 1028-155, Plate VIII A, B,C, D, E.

Left Pd,, crown complete, roots broken
off, slight wear on the cusps. Root canals
wide open. Tooth is not discarded but
broken off.

length = 1,2 mm width = 0,6 mm

I7) ISOLATED MOLARS

1) VJ 1010-155, Plate IX A, B.

2

Right M, , crown complete with a damaged
accessory cusp ¢hn, roots not yet developed,
pulp chamber wide open, no wear. Newly
formed, not yet erupted tooth.

length == 1,6 mm width = 1,2 mm

V] 1025-125

Right M, crown complete, anterior root
completely, posterior root partially broken
off, extensive wear.

length = 1,5 mm width = 1,0 mm

3) VJ 1019-155

Right M, crown complete, roots broken
off, wear beginning on the tooth flanks.
length = 1,9 mm width = 1,3 mm

VJ 1018-155, Plate X F, G.

Left M, crown complete, roots broken
off, extensive wear on the anterior acces-
sory cusp ebs. Aberrant molar with a
comperatively small main cusp e and
sturdily formed accessory cusps. Thelargest
cusp is here the accessory cusp «bo.
length = 1,6 mm width = 1,1 mm

VJ 1020-155

Right M, crown complete, roots broken
off, cusps worn, wear beginning on the
tooth flanks.
length = 1,8 mm width = 1,2 mm

V] 1016-155 Plate X A.

Left M, crown slightly damaged distally,
anterior toot complete, posterior root
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broken off, wear particulary in the mesio-

lingual portion.
length = 1,8 mm width = 1,1 mm
height of the root = 2,1 mm

V] 1023-155

Right M, anterior third of the crown
broken off, roots broken off, very slight
wear on the cusps, pulp chamber still open.
length = not measurable width = 1,1mm

V] 1026-155, Plate X C, D.

Right M., main cusp eas broken off,
buccal margin damaged, roots broken off,
slight wear, pulp chamber still open.
Several cingulum buds developed lingually
and mesially. No accessory cusp shs.

length = 1,7 mm width = not measurable

V] 1017 -155, Plate X C, D.

Right M;,, crown slightly damaged, roots
broken off, very slight wear on the cusps,
pulp chamber open. The tooth is relatively
small and roundened. Its appearance shows
that it came from the posterior end of
the tooth row and is probably a newly
erupted M;. Such molars have not been
found in situ in the mandibles of Halda-
nodon.

length = 1,3 mm width = 0,9 mm

10) VJ 1022-155

i1

Fheas

Right M, posterior fourth of the crown
is broken off, the anterior root is to a
third, the posterior root completely broken
off, wear is particulary mesio-lingual.

length = not measurable width = 1,2 mm

V] 1027-155

Right M,, crown complete, no roots,
very slight wear on the cusps, pulp cham-
ber wide open with smooth edges. A
young molar yet without developed roots,
in the state of eruption.

length = 1,8 mm width = 1,0 mm

12)

13)

14)

15)

16)

17)

L

V] 1021-155, Plate IX C, D.

Right M, crown complete, roots broken
off; broad root canals, slight wear.
length = 2,0 mm width = 1,2 mm

V] 1024-155

Left M, crown slightly damaged mesio-
buccally, anterior root completely and
two thirds of the posterior root broken
off, slight wear, root canals wide open.
length = 1,6 mm width = 1,0 mm

V] 1035-155
Right M., posterior end of the crown

broken off, roots broken off, slight wear.
length = not measurable width = 1,0 mm

VJ 1045-155, Plate XI A, B.

Right M,, posterior end of the crown
slightly damaged, anterior root completely,
posterior root half broken off, intensive
wear especially on the posterior portion
of the tooth.

length = 1,8 mm width = 1,3 mm

V] 1046-155, Plate X B.

Left M;;, crown complete, roots complete,
intensive wear. The tooth likens V] 1017-
-155.

length = 1,4 mm width = 1,0 mm

V] 1015-155, Plate IX E,F, G, H, [, K.

Right M, crown complete, anterior root
two thirds broken off. Posterior roots
completely broken off, very slight wear
on the tooth cusps, pulp chamber and root
canal wide open.

length = 2,0 mm width = 1,3 mm

VJ 1047 -155, Plate X H, I, K.

Left M, crown complete, anterior root
completely broken off; posterior root three
quarters broken off, tooth almost com-
pletely worn dewn. M, or M; shortly before
being discarded.

length = 1,2 mm width = 0,8 mm



19) ¥J 1048- 155, Plate XI C, D, E.

Right M*, crown complete, roots broken
off, wear on the cusps, pulp chamber
still somewhat open. M* or M

length = 1,0 mm width = 1,2 mm
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VJ 1014- 155, Plates XI F,G,H and

XIII A.

Right M+, crown slightly damaged mesially,
roots broken off, cusps and flanks worn.
length = 1,6 mm width = 1,7 mm

91) VJ 1034-155

Right M ¥, lingual half of the crown broken
off, roots broken off, very slight wear on
the cusps.

length = 1,6 mm  width = not measurable

22) VJ 1049-155
Left M*, buccal half of the crown broken
off, slight wear. No measurements.

23) VJ 1039- 155, Plate XII B, C, D.

Right M *, buccal half broken off, no wear.
No measurements.

24y V] 1051-155, Plate XII E, F.

Left M*, buccal half broken off, very
slightly worn. No measurements.

—_—

4.2 Comparative Anatomy of the Lower Jaw
4.2.1 Dentary

The mandible of the genus Haldanodon is
made up of several bones, of which the dentary
is by far the most important. It has the docodont’s
typical form and consists of the teethcarrying
Pars alveolaris and the Ramus mandibulae,
which terminates in its three processes, Processus
coronoideus, Processus condylaris and Processus
pseudangularis (see below). On the inner side of
the ramus are places of attachment for other
bones of the primary mandible; that will be discus-
sed later.
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The Pars alveolaris of the dentary consists of
a long, thin, straight bone shaft, whereby the
ventral part is convexly formed. The bulge
reaches its maximum under the central molars,
In the alveolar region of the teeth, the bone thins
down to a width more narrow than that of the
teeths' crowns. Thus, on the inside of the jaw
bone, a shelf is formed tapering off to the front.
The alveolar margin has about the same height
on the inside as well as the outside.

Both mandibles of Haldanodon are connected
by a long symphysis, reaching to the first and
perhaps even as far as the third molar. The
surface of the symphysal region is grooved and
wrinkled. It can be assumed that when the animal
was alive both dentaries were connected by an
elastic layer of cartilage, the anterior part of the
Meckelian cartilage, allowing a certain amount
of movement between the two halves of the lower
jaw. Correspondingly, an unusually long symphysis
of a similar form is also found in Docodon (SIMPSON
1929).

An X-ray of Haldanodon shows a Canalis
mandibulae, beginning on the inside of the ramus
with the Foramen mandibulae, running under
the teeth roots and ending in a Foramen mentale,
which lies on the outside of Pars alveolaris under-
neath the anterior root of the first premolar.

According to Stvpson (1929), Docodon victor
(Marsu 1880), Docodon striatus (Marsn 1881) and
Docodon crassus (MARsH 1887) have a correspon-
ding Foramen mentale underneath the P, and
Docodon affinis (Marsn 1887) has two of them
under the P, and P,. As in most Jurassic mammals
(excepting the multituberculates) the docodonts
have running along the inside of the Pars alveolaris
a deep groove, called in english written literature
the sinternal grooves (Smapson 1928 b). In Halda-
nodon, the groove begins on the ramus, runs
along the lower part of Pars alveolaris about
parallel to its undermost border and ends by
merging into the symphysis region. In the adult,
the groove, etched deep in the jaw bone, is closed,
whereby in younger subjects it lies open. In the
more completely preserved specimens branches of
the groove can be observed running diagonally
towards the lower front, V] 1002-15b possesses
such a branch under the My VJ 1001-155 has
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two lying under the M, and the M,. After such
a branching the lumen of the groove narrows. In
the area directly around the groove blood vessel
impressions are more plentiful than anywhere else
on the mandible.

Iberian peninsula. In contrast to their more
later evolved kin, the Jurassic dryolestids, also
found in the Guimarota diggings, possess a well
developed internal groove. KrEBS's interpretation
of the features of his material points to a probable

5mm

FI1G. 3 — Left lower jaw V] 1002 - 155,
A: Medial view,
B: Lateral view.

The function of the internal groove had been
argued for a long time. BENSLEY (1902) thought
he was able to prove it to be a Suleus primordialis
which held only a persistent Meckelian cartilage.
Smarson (1928 b), who also studied the groove
development on the lower jaw of recent and
fossil mammals, tried to disprove this theory.
He came to the conclusion that the internal
groove had principally the function of a Sulcus
mylohyoideus, as do similar structures in recent
mammals; that is to say, it held the artery and
nerve supplying the mouth floor. Recently Krens
(1971) published a paper specifically covering
this subject based on dryolestids out of the
Upper Jurassic and Lower Cretaceous of the

synthesis of both above mentioned hypotheses.
The following considerations seem important.

1) In recent mammals the Arteria and Nervus
mylohyoideus, serving the Musculus mylohyoideus
and the anterior belly of M. digastricus, branch
off from the Arteria and Nervus alveolaris inf.
just before entering in the Foramen mandibulae.
Both muscles form a portion of the mouth floor.
The Foramen mandibulae and the internal groove
lie close on one another. It can thus be assumed
from Smvpson (1928 b) that in Mesozoic mammals
the Arteria and Nervus mylohyoideus ran along
the lower jaw, in or on the internal groove.



92) The internal groove follows through as far
as the symphysis. This is not necessary for simply
supplying the mouth floor. It corresponds, howe-
ver, to the extention of the Meckelian cartilage
in the embryos of recent mammals.

3) Persistence of the Meckelian cartilage can
be drawn from the fact that, also in the jaws of
unmistakably adult animals, the internal groove
has not fully been filled in as, for example, is
the case with the alveolas of discarded teeth.

4) Insome cases, the internal groove is divided
into two parallel running grooves. Probably the
one serves as Sulcus mylohyoideus and the other
as Sulcus primordialis. This correlates also with
embryological evidence.

The opinion held by Kress (1971) for dryoles-
tids — that the internal groove held the persistent
Meckelian cartilage as well as the Arteria and
Nervus mylohyoideus — can be applied also
to Haldanodon and the other docodonts. The
posterior part of the mammalian mandible, the
go-called Ramus mandibulae, serves the insertion
of the jaw-closing muscles as well as to connect
the lower jaw to the skull. In Haldanodon and
other Mesozoic mammals, it further contained
rudimentary bones of the primary mandible.
This took place, similar to Merganucodon and
Docodon, for the most part, in a wide, deep,
triangular sulcus which, extending the internal
groove, continually widens in the posterior direc-
tion, until it finally openes underneath the pro-
jection of the condyles. Incorporated in the sulcus
and broken by a weak ridge running diagonally
in the upper posterior direction, a groove forms
the projection of the Foramen mandibulae. Its
form and position indicates that the Arteria and
Nervus alv. were led in it from the upper posterior
to the foramen. The direct extention of the internal
groove runs, in a similar yet smaller groove,
parallel to the lower edge of the suleus, finally
running into it. One can assume that the Meckelian
cartilage, before entering the internal groove,
was situated on the lower edge of the sulcus.

There it went into a synchondrotic connection
with the dermal bones of the reptilian lower jaw
and ossified in its posterior part as an articulary.
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Above, the sulcus is bordered against the
Proc. coronoideus by an edge that, towards the
posterior, developes to a distinct ledge, the Crista
pterygoidea. Also in the lower direction, the sulcus
ends with a sharp border. This is particularly
distinet as the lower portion is curved inward
like a gutter, thus forming an obtuse angle to the
ramus. Above the Foramen mandibulae, the sulcus
borders on a well developed Lingula mandibulae,
that posteriorly merges into the mentioned Crista
pter. In front of the sulcus is a triangular area,
bordered above by an indentation on the Lingula
mand. and below by the, in this region particularly
wide, internal groove. The anterior tip runs into
the internal groove; posteriorly there is no noti-
ceable border.

Above the Lingula mand., in about the height
of an imaginary continuation of the teeth roots, lies
a distinctly defined concavity with an irregular,
usually lozenge shaped outline, which probably
contained the rudimentary coronoid. The sulcus
itself has an irregular, striated surface, of which
can be inferred the location of earlier attached
bones. Particularly noticeable is a bow shaped
depression, bordering the posterior of the sulcus.
The presence of bones of the primary mandible
on the dentary of Haldanodon can be postulated
from recent knowledge of mammal-like reptiles
and mammals of the Upper Triassic and Jurassic.

Regretfully, the Proc. coronoideus is not com-
pletely preserved in the present mandibles of
Haldanodon. Thus the reconstruction of its outer
contour is hypothetical and follows here more or
less the form that Marsm (1881) and Simeson
(1929) asserted to Docodon. The outward curve
of Proc. coronoideus begins very abrupt and
steep on the outside of the posterior alveolar
margin, so that the buccal side of the last molar
is already partially covered. The angle between
the alveolar margin and the front edge of the
Proc. coronoideus is about 110-120°. Thus, the
Proc. coronoideus rises somewhat steeper than
it does in Morganucodon, where the angle is
about 130-140° and in Docodon, where it is about
120-130° (measurements are taken from illustra-
tions in Smmpson 1929, Kermack & Mussrrr
1958 and ParmiNcrox 1971).
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On the lateral side, the anterior edge of the
Proc. coronoideus is bulged and thickened. A
further, even broader bulge runs along the outside
of the ramus, from the Pars alveolaris to the Proc,
condylaris and divides the Proc. coronoideus from
the ventro-caudal process (Proc. pseudoangularis,
see below). The two bulges meet at an angle of
about 50° forming a distinct depression, which
served the attachment of masticatory muscles.
A further, less pronounced insertion area is present
on the medial surface of the Proc. coronoideus.
Above all, however, the swelled anterior edge was
the point of attachment for a strong jaw-closing
muscle.

To the posterior, the Proc. coronoideus passes
over to the long-stemmed Proc. condylaris. Both
processes share a mutual component: the Crista
pter. and an overlaying deep groove. The Crista
pter. developes out of the edge that divides the
sulcus from the Proe. coronoideus. In the posterior
of the sulcus it emerges as a sturdy ledge, that
is almost at right angles to the surface of the ramus.

Because of damage, the angle cannot be exactly
determined. In Docodon the Crista pter. points
diagonally in a dorsomedial direction (Stmpson
1929). The Crista pter. joins the underside of the
condyle stem and prevents the sulcus from
continuing to the Caput mand. Other than in
Morganucodon and the reptiles Oligokyphus and
Diarthrognathus, the sulcus ends here already
at the beginning of the condyle. As can be seen in
stereo photos from Smvpson (1929) and KERMACK
& Musseerr (1958), Docodon striatus Marsu (1881)
seems to be similar in this respect. Next, the
Crista pter. runs along with the condyle stem
posteriorly and curves finally — again reduced
to an edge-like thickening — upwards to the
inside of the Caput mand.

Above the Crista pter. lies a deep, elongated
depression, which takes in practically the entire
inner side of the Proc, condylaris, with its longitudi-
nalaxis running parallel toit, The undermost portion
of the depression is set in deepest where it veers
in a sharp angle into the Crista pter. The purpose
of the depression was to enlarge the dorsal surface
of the Crista pter. and so obtain a more effective
attachment surface for a pterygoid muscle. An
equivalent structure is not developed in Morga-

ntecodon, however, it seems to be present in
Docodon striatus Marsn 1881 (stereo photo in
Kermack & Musserr 1958).

The Proc. condylaris consists of a curved
stem and a strong condyle ball. The stem curves
out in a dorso-lateral direction so that the condyle
ball lies above the level of the teeth cusps. Thus,
the Caput mandibulae sits higher than it does
in Morganucodon and Docodon, where it is located
at about the level of the alveolar margin. In a
cross-section, the stem of the condyle has a
triangular shape. The base of the triangle is
formed by the convex underside, projecting on
both sides into a reinforcing ridge. On the inside,
this is the already mentioned Crista pter. and its
extension. On the outside, the ridge developes
out of the bulge deviding the Proc. coronoideus
and the ventrocaudal continuation of the Ramus
mand. This outer ridge continues posteriorly in
a hook-shaped body, lying laterally next to
the condyle ball, which served as insertion-place
of a Ligamentum laterale to reinforce the articular
capsule.

The concave side surfaces of the stem join
above to form a ridge, running in an arch between
the condyle ball and the ascending Proc. coro-
noideus. Posteriorly, towards the articular facet
the stem becomes wider. The articular facet of
the Caput mand. has the form of a lightly faceted
and flattened segment of a parabola. Its width
is about the same as its height (V] 1001-155, Fig. 2)
or a fraction larger (V] 1003-155, Fig. 4). The two
facets lie one above the other and are divided
by a feeble horizontal line. The articular facet
is not at a right angle to the axis of the stem but
is bend more or less upward.

According to Starck (1967), the jaw joint of
Haldanodon has a form that is typical for the
articulation in omnivorous animals (such as
bunodont ungulates, ursids, primates); namely
a umversal type that because of its flattened and
oval form allows a great deal of freedom of
movement.

Located underneath the Proc. coronoideus is
a process that occurs homologous in Morganucodon
and Docodon. Its nmaming and its anatomical
value are uncertain and have been debated by
several authors. Here at first is given a descrip-



FIG. 4

- Left lower jaw
A: Lateral view,
B: Caudal view.

tion, while a functional analysis will be delt with
in the chapter about jaw musculature.

The very sturdy developed process can be
compared with the Proc. angularis of the theria.
Similarly, it served the attachment of muscles,
however it differs in position and direction. In
Haldanodon, the process curves away from the
Corpus mand., and forms a more or less trapa-
zoidal body, aligned diagonally and ventro-caudal
to the mandibular axis. The process ends in a
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VI 1003 - 155,

C: Medial view.
D: Dorsal view,

concave arch, terminating the suleus in the
posterior and finally merging into the underside
of the condyle.

The surface of the process is curved to the
ontside, and has a bulge-like swelling on its lateral
edge. Thus on the outside a shallow depression
iz formed, in which a muscle was attached. At
the posterior part of the bulge are striking wart-
like projections, on which probably a jaw-opening
musecle inserted. On the convex medial surface
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of the process another weakly developed muscle
attachment can be seen. The medial side of the
process forms, along with the deep-set under-edge
of the suleus, on its ventro-candal end a sharp
projection, where possibly a ligamentum was
attached, connecting the jaw and the back of
the skull.

The here given general description of the lower
jaw morphology is based on the holotype of
Haldanodon exspectatus (V] 1001-155). The devia-
tions found in the paratypes are to be supple-
mented here.

The seven mandible fragments are of differing
ontogenetic stages of development. V] 1004-1556
(Fig. 6) was the mandible of a young animal,
and did not yet possess a complete tooth-row
(the M, is present as a bud in an open crypt on
the inner side of the ramus). Other indications
point to the relatively young age of the individual,
Noticeable is the small size of the jaw bone in
relation to the size of the teeth and to the other,
regarded here as adult, specimens. Further, it
can be seen that the surface of the bone has
ayouth-striaes, that the lumen of the internal
groove is very wide and that the muscle insertions
appear faint and are little pronounced.

FIC. 6 — Reconstruction of the lower jaw of Haldawodon
(Dorsal view).

The bony substance is not as well preserved
as in the other mandibles, which can be attri-
buted to the fact that the ossification was not
so far advanced. This condition is also responsible
for the development of the condyle ball, that
does not have the well-rounded, even form and
surface as do specimens V] 1001-155 and V] 1003-
155. It can be assumed that in young animals

the Caput mand. was of cartilage substance and
ossified with inereasing age. On a whole, mandible
V] 1004-155 gives an wunfinisheds, and in the
frontal-caudal direction compressed impression.
The bud of the last molar lies underneath the
impression for the coronoid. On the other hand,
in adult animals the last molar lies at the same
height as the coronoid impression and in front
of it. The Proc. coronoideus is small and low,
merging directly into the condyle which had not
yet developed a stem. Thus, here the sulcus
reaches relatively further caudally than in the
adult subjects of Haldanodon indicating an area
of persisting bones nearer to the secondary jaw
joint as in this case. The angle between the alveolar
margin and the anterior edge of the Proc. coro-
noideus is in adult animals about 15° steeper
than in the young subject. Specimen V] 1005-155,
because of its heavily striated bone surface, its
very broad internal groove and the fact that it
was just undergoing tooth replacement is also
regarded as the remains of a young animal.

Otherwise, the specimens V] 1001-155,
V] 1002-1556 and V] 1003-155 are all mandible-
remains of adult individuals. Deviations occur
in these that cannot be ontogenetically explained.
Asin V] 1002-155 only the Pars alveolaris remai-
ned, attention is centered on a comparison of
the other two specimens. Particularly noticeable
is, above all, the enormous wariation in size.
The jaw bones and teeth of V] 1003-155 are of
a size about 1/3 larger than those of V] 1001-155
(see measurements).

The other differences are found particularly
in the form and proportion of Proc. coronoideus
and the ventro-caudal mandible process. In the
first specimen, the condylus is provided with
a sturdy, straight stem. In the other specimen
(the holotype of Haldanodon exspectatus), the
stem is bow-shaped and bent upward, so that
the articular facet appears to be directed more
dorsally than caudally. In the first specimen, the
ventro-caudal mandible process is substantially
longer and closer to the ramus.

Thus, from lower jaws of adult subjects of
Haldanodon we can prove a (sexual ?) — dimor-
phism with a form A, based on V] 1003-155, and
a form B, based on V] 1001-155.



FIG. 6 — Right lower jaw V] 1004 - 155.
A: Medial view. C: Dorsal view.

B: Caudal view. I Lateral wiew.

Because of its similar size, V] 1002-155 can
be considered the Pars alveolaris of form A. In
this case, the dimorphism would also effect the
form of the premolars, which in this fragment
do not have an external cingulum. From its
proportions it is likely that V] 1004-155 is a
young subject of form B, Also because of their
proportions, the upper jaws V] 1008-155 and
V] 1009-155 could be assigned to form B. On

the other hand, V] 1006-155 (Fig. 7) is represen-
tative of form B, because its permalar is provided
with an external cingulum.

Because of the limited number of jaw fragments
available of Haldanodon, these assertions must
be viewed with some caution. It must be expected
that Mesozoic mammals, trying for new living
space and under strong selective pressure, had
a high rate of mutation, which possibly contri-
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buted to the morphological variations of the
jaw parts. Interesting in conjunction with this
are PARRINGTON's (1971) observations, who with
a very abundant collection of jaw fragments
of Morganucodon was able to prove dimorphism
and perhaps even polymorphism.

—1mm

F1G. T — Right lower jaw V] 1006 - 155.
Lateral view.

At this point, another specimen that must
be noted is V] 1007-155 (Fig. 8). In this fragment
the posterior portion of the last premolar and
the four molars are preserved. The molars are
worn practically to the roots. On the other hand,
the premolar, lying somewhat lower than the
molars, is completely untouched. Between the
posterior molars and the anterior edge of the
Proc. coronoidens, there is a broad gap. The
dorsal surface of the Pars alveolaris is indented
in this gap. Impressions of the rudimentary
coronoid and muscle insertions are deep and
distinct. Without a doubt, the specimen can he
classified as the mandible fragment of an indi-
vidual still fit for life, however at the end of its
ontogenetical development and showing signs of
old age. The absence of an external cingulum on
the .premolars and the size of the jaw groups it
also with form A of Haldanodon. From its features,
the following can also be assumed: At least the
last premolar can be replaced also at an advanced
age. The molars are still functional when worn
down. The last molar was discarded and its alveola
filled with bony substance. (In the three mandibles
of adult individuals present, although the last
molar is missing, the alveolas are open). The
loss of the postcanine molars without replacement

and the filling-in of the alveolas is, to a very
large degree, characteristic in Morganucodon
(Mmrs 1971, Parrincron 1971).

4.2.2 Accessory bones

It is well known that in advanced therapsids
together with the transformation of the jaw mus-
culature and the development of the heterodont
denture the dentary was considerably enlarged.
The remaining bones of the lower jaw (splenial,
coronoid, prearticular, articular, angular and
supraangular bone) lose, in differing degrees,
their function and are slowly degenerated. This
process results in their final, more of less, rudi-
mentary deposition on the inner side of the
posterior part of the dentary (Warsox 1912,
Barcuvsen & Hopsox 1970, Crompron 1963 a).
Eventually, with the development of the condyle
the dentary also took over the function of hinging
the lower jaw to the skull. The other bones had,
according to the Reichert-Gauppian theory, at
least by the end of the Middle Jurassic a new
function in the middle ear or were lost (splenial,
coronoid, supraangular). The exception to this
development is seen in the docodonts, where,
the secondary jaw joint being fully functional,
the mammalian middle ear was not established.
In the forerunners of the theria, this phenomenon
is present as a development stage in the Upper
Triassic (KErMacK & MussETT 1967, PARRINGTON
1971) which was resolved, however, in the course
of evolution. Specially examined for reptilian
characteristics, the dryolestids of the Kimme-
ridgian show only a rudimentary coronoid and
splenial. In similar forms of the Lower Creta-
ceous, these bones also have disappeared (Krrss
1971).

Identifying the contact surface of bones of
the reptilian lower jaw on the dentary of Halda-
nodon 15 rather difficult, as none of these rudiments
are preserved and impressions are not distinet.
Help in solving this problem is found in works
on mammals and mammal-like reptiles of the
Triassic, as well as in a monograph by Kunx
(1971) concerning the early ontogenetic develo-
pment of the skull in the monotreme genus
Tachyglossus.
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Fi1c. 8 — Right lower jaw V] 1007 - 165,
A: Medial view. -
B: Lateral view.

Kitang (19568) described isolated teeth of
Morganucodon watsoni, and, on a mandible fra-
gment, studied its correlation to Docodon and to
the tritylodont Qligokyphus. He noticed that the
therapsid as well as the mammal had as a common
structural element a deep groove on the inner
side of the dentary. Kiiune named this groove
ssuleus cartilaginis meckelis, because he assumed
that, in both cases, it served to accomodate the
Meckelian cartilage, which was ossified as articular
at its proximal end. This proved to KifnNg that
Docodon still possessed a primary jaw joint located
medially from the secondary one, having an
identical axis of rotation. Kiiuxg was further able
to prove that a lower jaw fragment of Morga-
nucodon also possessed the same sulcus. This led
him to postulate that, for these mammals (which
he believed to be triconodonts) also both a primary
and a secondary jaw joint were present.

At practically the same time, Kimmack &
Musserr (1958) published a work on Morganu-

codon-material from a neighbouring excavation
of approximately the same age, also containing
well preserved mandibular and cranial fragments.
Both authors judged the function of the sulcus
as had Ktu~g, and with their extensive material
were able to make further remarks. They succeeded
in reconstructing the posterior portion of the
mandible, and compared it with Docodon and
Peraiocynodon as well as Oligokyphus. They
concluded that, for the three mammals as well
as the therapsid, along with the other bones of
the primary joint also the articular was located
in the sulcus. While in OQligokyphus the articular
alone functioned as a joint, in the mammals
also a condyle, developed at the dentary, served
this purpose. According to Kermack & MusseTt,
in the living animal the articular would have
been located in the posterior end of the sulcus
on the condylus, where it still partially retained
its original function as a part of the jaw joint.
In one specimen of Morganucodon an accessory
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bone is preserved, covering medially the anterior
part of the sulcus. Encouraged by I). M. Watson,
Kermack & Musserr indicated this bone as
prearticular or angular.

Parrivcron published in 1971 a comprehen-
sive account on Upper Triassic mammals. Along
with considerations as to the phylogeny, which
will be discussed later, he introduced the most
up-to-date recomstruction of the lower jaw of
Morganucodon (Fig. 9) based on new material.
Included were interesting remarks about persistent
bones of the primary lower jaw, as both the
splenial as well as the coronoid could be detected
in situ. Also small isolated bones were found,
which ParrmworoN supposed to be the articular
and quadrate. As a long thin splinter the splenial
covered a good portion of the ¢internal grooves.
In the front, it reached as far as under the first
or second molar, whereas in the back it ended
just inside the sulcus. Probably PARRINGTON'S
splenial is identical to the bone fragment that
Kermack & Musserr (1958) interpreted, in their
mandible, as prearticular or angular. The coronoid

lies above the sulcus on a flat bulge (scoronoid
bosss) which was recessed to accommodate it.
Its base is thin with an irregular outline, and forms
a kidney-shaped swelling in the middle. Par-
RINGTON remarks about the small, isolated bones:

«T'wo specimen of what are probably the
articulars and their associated bones have
been found. These tiny fragments comprise
the articulars, which form articulating con-
dyles, together with the prearticulars and,
possibly, the angulars and surangulars, but
they are imperfectly preserved. No retroar-
ticular process has been seen. I am indebted
to Dr. J. A. Hopson, who is familiar with the
postdentary of the tritylodonts, for his opinion
of these difficult fragments. He informs me
that ‘the similarity is amazing considering the
phylogenetic distance between the two’. A
very small bone which lacks marked features
may be the quadrate. It is a slightly tapered
bone with the larger end forming a somewhat
screw-shaped but cylindrical articulating con-

D132

FIG. 9 — Reconstruction of the right lower jaw (medial view) and the left upper jaw
(lateral view) of Morganucodon (from PARRINGTON 1071). Abbreviations:
COR == coronoid, Cr.gr. = Crompton's groove, ] = jugal, L = lacrimal,
SPL = splenial. In addition are shown the apex of a Proc. coronoideus (medial
view), a Proc. condylaris (dorsal view), an articular (dorsal view) and sus-
pected quadrata (outer and frontal view).



dyle, separated from the thinner dorsal com-
ponent by a slight neck. This bone has some
resemblance to the quadrate of such a cynodont
as Thrinaxodon liorhinus PARRINGTON 1946

Thus, Parrincron acknowledged the assump-
tion of Kitane (1958) and Kermack & Mus-
serr (1958) that Morganucodon possessed two
jaw joints functioning of the same time.

The sulcus of Morganucodon is, except for the
different proportions, very similar to that of
Haldanodon. 1t differs however, in one important
aspect. As in Haldanodon, here also the upper
border is formed by the heavy ridge-like Crista
pter. (emedial ridges), running posteriorly as far
as the condyle. However, other than in Halda-
nodon and also Docodon, the ridge lies noticably
higher on the Proc. coronoideus, and ends about
half way up of the Caput mand. (illustration in
ParmringroN 1971). In this manner, the sulcus
in Morganucodon is extended posteriorly as far
as the candal end of the condyle. Only so, is it
possible that persistent bones of the primary
lower jaw could fasten on the Crista pter. and the
Proc. condylaris and that the articular could
find a place next to the condyle of the dentary.
Through the medial attachment on the Caput
mand., as will be shortly seen is similarly the case
in Diarthrognathus, the articular could fullfill a
part of the function of the jaw articulation.

Whereas Morganucodon is known to be a
mammal equipped with both jaw joints, Diarthro-
gnathus (CroMpron 1958, 1963) is a reptile, of
about the same period, also possessing this charac-
teristic. (The problem in definition, reptile —
mammal, will be discussed later). Diarthrognathus
is particularly important as many of the bones
of the primary lower jaw are found in situ.

Here also a deep trough-like sulcus is present,
stretching to the anterior, beyond the Foramen
mand., and merging into an «internal grooves.
Above, similar to Morganucodon, the sulcus is
bordered by a strong horizontal ridge, running
as far as the condyle formed at the posterior end
of the dentary. Thus the sulcus is here also ex-
tended far to the posterior. In the posterior part
of the sulcus, connected only dorso-laterally with
the dentary, lie the prearticular, the supraangular
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and the angular as well as the articular. Whereas
in Oligokyphis and the advanced cynodonts,
these four bones are fused into one unity, in
Diarthrognathies the articular is formed as an
individual component, connected loosely caudal
to the others. The posterior position of the articular
nestles against the condyle of the dentary, buil-
ding with it a funcional unit. Thereby, the dentary
already possesses by far the larger portion of the
articulary plane. Unique in comparison to all
the therapsids and also Morganucodon is the
fact that in Diarthrognathus the articular is con-
nected with a convex surface to the concave
surface of the quadrate. (Normally the articular
has the convace surface and the quadrate the
convex one). KErMACK (1967), on noticing this,
did not exclude the possibility that Cromprox
(1963) had made a false interpretation. It is
possible that Cromeron’s articular is in reality
the quadrate, and that the real articular is fused
in the prearticular - angular - supraangular - com-
plex.

Crompron & Jewkins (1968) remarked in a
footnote:

«It is, however, pertinent to state that
recently discovered material has confirmed
Kermack’s (1967) observation that CromproN
(1958, 1963) incorrectly identified the quadrate
and the articular in Diarthrognathusy.

There is, however, no further explanation on
how the jaw joint of Diarthrognathus is actually
constructed. Another criticism of CromerON's
(19568) interpretation comes from FRICK & STRARCK
(1963):

«Bordering the angular, which is connected
in the rostral direction to the articular covering
its posterior end to a slight degree ventrally,
lies on the medio-dorsal periphery a small
bone splinter, which Cromeron termed a
probable supraangular. As far as the somewhat
rough scetch and short text allow a judgement
at all, we consider this bone splinter a prear-
ticular (gonial). In our opinion a supraangular
would be expected laterally not medially to
the angular. The bone piece bordering the
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angular rostrally is certainly not a prearticular
as CroMproN termed it. In the text he discusses
it also as a splenial; it could, however, also
very well be considered as ossified Meckelian
cartilages.

The possibility is not to be discarded, that the
posterior end of the lower jaw of Diarthrognathus
is more similar to corresponding conditions in
other advanced therapsids and Upper Triassic
mammals than Cromproxn had originally thought.

Diarthrognathus originated from the Upper
Triassic — a time in which «eals mammals are
known to have existed — and can be considered
as member of a specialized side line of mammal-
like reptiles. On the other hand, recently with
Probainognathus, out of the Middle Triassic of
South America, a cynodont therapsid was intro-
duced also having a joint connection between the
dentary and the squamosum (Romer 1969). Whe-
reas closely related forms possess only a reduced
primary jaw joint between a rod-like connection
from the angular, surangular, prearticular and cau-
dal articular and a movable quadrate, in Pro-
bainognathus on the squamosum a depression is
formed, that accommodated the enlarged posterior
end of the dentary. In this manner, here for the
first time a secondary jaw joint is formed and
namely in a group of therapsids that, according
to present knowledge, is the most probable
forerunner of the mammals.

From the described characteristics of Halda-
nodon and the discussed literature the following
can be concluded:

1) Bones of the primary lower jaw are present
in the structure of Haldanodon’s mandible. In the
living animal, these were attached only syndes-
moticly in the suleus of the dentary and its
surrounding area, which eased post-mortem de-
tachment.

2) The coronoid was located as a thin bone
scale on the rostro-ventral area of the Proc.
coronoideus. The form and extent of the faceted
area of attachment differ in the various individuals
of Haldanodon. Besides by Parrincroxn (1971) for
Morganucodon, the coronoid could be proved for

the Upper Triassic symmetrodont Kueneotherinm
by Kermack & KeErmAcK & Musserr (1967) and
in paurodonts and dryolestids from the Kim-
meridgian by Kreps (1969). The area of attach-
ment is found there in practically the same place.

3) The splenial lay as a thin triangular bone
chip on the anterior part of the sulcus and covered
the area medially in front and above the opening
of the Foramen mand.. Outside the sulcus, the
splenial ran with its small anterior portion on
the «internal grooves, thus building a short
Canalis primordialis. From the insertion facet
the rostral limit of the splenial is hard to perceive.
The splenial can also be proved in dryolestids
of the Kimmeridgian (Krgss 1671). The possession
of a coronoid and a splenial as well as a persisting
Meckelian cartilage was probably the normal
case in Jurassic mammals (with exception of the
multituberculates). At about the turn of the
Jurasgic-Triassic, these reptilian relics were then
lost in triconodonts, symmetrodonts and panto-
therians.

4) The angular, supraangular and prearticular
were grown together, and lay as a functionless
unit inside the sulcus, dorso-medially to the
persistent Meckelian cartilage.

5) The caudal end of the Meckelian cartilage
was ossified as an articular. The articular lay in
the posterior part of the sulcus, far removed
from the condyle of the dentary, and no longer
had a function in articulation. Attachment to
the condyle as in Morganucodon or Diarthrognathus
was not possible, as in Haldanodon the sulcus
ends because of the low lying Crista pter. already
under the rostral end of the stem of the condyle.

6) The primary jaw articulation no longer
functioned in Haldanodon. The corresponding
bones were present, however, because of the
enlargement and strengthening of the dentary-
condyle, they had become unnecessary and thus
degenerated.

7) The development of the middle ear in
Haldanodon probably remained at the level of



Triassic mammals and advanced therapsids, as
the bones of the primary lower jaw were not
moved over in the sound-conveying apparatus.

A modification of the results 4) through 7)
leaves the possibility open that Haldanodon did
indeed possess a mammalian middle ear, In this
case the articular, prearticular and angular would
have to have been disconnected from the lower
jaw in order to take over their new function. Only
the supraangular would have remained as a
functionless radiment in the suleus of the dentary.
It is, however, improbable that the size of this
bone alone was capable of filling the extensive
lumen of the sulcus. Also, the sulcus would cer-
tainly — as in other Jurassic mammal groups —
have disappeared as soon as its function, namely
accommodating the accessory bones, had become
superfluous.

4.2.3 Jaw musculature

A reconstruction of the jaw musculature of
Haldanodon must remain hypothetical as the
cranial skeleton is not yet known. However, an
attempt will be made to form a picture of the
muscle apparatus from the insertion marks on
the mandible, as in this manner the pylogenetic
relationships between Mesozoic mammals can be
discerned. The following scetch (Fig. 10) was made
from mandible V] 1003-155, and supplemented
with the other mandibles. Regrettably, the borders
of the insertion areas are to a degree indistinctly
preserved and can be more suggested than reco-
gnized through movement and reflection of the
mandible under the binocular microscope. For
this reason, the depicted form of the individual
marks cannot be considered as fully conclusive.
The assignment of the individual muscles to the
insertion marks was accomplished with the help
of literature on the anatomy of mammalian jaw
musculature, and that of mammal-like reptiles,
especially Lusosch (1938), Sapax (1968 and 1971),
TurssuLL (1970) and BARGHUSEN (1968).

Before the jaw musculature of Haldanodon
can be discussed, one must enter on the problem
of the ventro-caudal mandible process in the
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docodonts. Noticeable is the fixed position of
the process far to the anterior. Compared with
this, the Proc. angularis of the theria lies much
further caudal, often even on the end of the man-
dible, ventral or ventro-caudal to the Caput
mand., and is not pointed so strongly downward.
Its function lies therein, that it serves exclusively
the attachment of jaw-closing muscles. On its
lateral side insert muscles of the masseter group,
and on its medial side, above all, the M. pterygoi-
deus internus. Processes, whose position corres-
ponds to that of the docodonts, are found in some
insectivores and carnivores. They serve only the
attachment of the jaw-opening M. digastricus,
and are relatively smaller and weaker. Torpr
(1905) gave them the name Processus marginis
mandibulae,

A third type of ventro-caudal mandible process,
that ParreErson (1956) called the sechidna-angles,
is developed in the Tachyglossidae (Monotremata).
Here, fastened on the lateral side is the M. masse-
tericus and on the medial side a part of the
M. temporalis. The M. pter, int. is missing in the
Monotremata. It is only present in the embryo
stage and disappears later along with its innerva-
tion (Sasax 1971). The most interesting charac-
teristic of the sechidna-angles is, however, that
its apex serves additionally the fastening of the
jaw-opening M. detrahens mandibulae. This muscle
is a speciality of Monotremata. which were not
provided with the depressor muscle of the theria,
the Venter caudalis of the M. digastricus. The
ontogenetical development of the M. detrahens
mandibulae was described thus by Samaw (1971):
The muscle is a bundle of fibers separating from
the outside of the embryonal M. levator mand,
ext.. After the young animal acquired the secon-
dary jaw joint, the muscle transfered its insertion
surface from the posterior end of the Meckelian
cartilage to the ventro-caudal edge of the dentary.
In this way, it is changed from an adductor of
the Meckelian cartilage to a depressor of the
mandible. In the adult animal it begins on the
squamosum  (Oruithorhynchus) or the petroso-
sqamosal suture (Tachyglossus), runs around the
condyle and inserts finally on the (in Ormithor-
hynchus only suggested) echidna-angles.
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It is remarkable that the Tachyglossidae as
well as the, in life form and feeding habits, com-
pletely different specialised Ornithorhynchidae
have these almost identical masticatory muscles,
even though the rest of the anatomy is in many
important aspects very different. The deviations,
which are not only confined to the various adaptive
characteristics but also include, for example, the
brain structure, point to an early separation of
the two monotreme groups (THENIUS 1969). The
special jaw musculature and corresponding lower
jaw must have been already present at this time,
in other words before the withdrawal to vacant
ecological niches. Thus, they are an early cha-
racteristic in the biogenesis of Monotremata.

The Proc. angularis and the Proc. marginis
mandibulae in the theria and the sechidna-angles
in the monotremes are unequivalent structures,
that cannot be homologized and show only slight
functional analogies (Kunx 1971).

The discussion of the function of the ventro-
caudal mandible process in the docodonts was
opened by Parrersox (1956). In the same work,
he was the first to give conclusive evidence as
to the special position of this mammal group.
Before this Stmpsoxn (1929), who at this time still
placed Docodon with the Pantotheria, homolo-
gized the ventro-caudal mandible process with
the Proc. angularis and had an M. pterygoideus
int. inserted on its medial surface. PATTERSON,
in comparing the lower jaw of Docodon with
those of the other mammals, came to a different
opinion. He concluded that, by means of the
anatomical characteristics of the Monotremata
and the Theria, it was proven that in the masti-
gatory apparatus of mammals at least two diffe-
rent bone-muscle systems were developed during
the change-over from reptile status and that
the sechidna-angles and the Proc. angularis had
developed independently from one another. Ne-
vertheless, the sechidna-angles and the ventro-
caudal process of Docodon show many morpho-
logical and functional similarities. The relatively
large difference in size can be easily explained by
the fact that Docodon possesses a functional hetero-
dont set of teeth with correspondingly strong mas-
tigatory muscles, whereas the Tachyglossidae take
in their food with the tongue and by means of

horny ledges and points crush it between the
tongue and palate.

As Hopson & Cromrrow (1969) and above
all recently KERMACK & KIELAN-JAWOROWSKA
{1971) have proved, the docodonts are substantially
more similar to the recent monotremes than the
theria. The anatomical similarities, detectable in
the structure of the skull, the brain and the teeth,
point to the probability that also the mastigatory
apparates of the two related groups were basi-
cally homologous in structure.

PrveTeau (1961, p. b25) and, possibly based
on this assumption, Kuvnx (1971, p. 167) write,
that ParreErson correlates the ventral-candal
mandible process of Docodon with the Proc.
marg. mand. for the M. digastricus. This is a
false interpretation of ParrTErson’s text.

Smapson (1961) and Parrerson & Ovsow
{1961) introduced at the same time the term
epseudangular processs for the ventro-caudal man-
dible process of Docodon, Peraiocynodon, Mor-
ganucodon and Sinocodon. According to Parrer-
soN & Orson (1961), Sinoconodon, a primitive
triconodont, possesses a spseudangular processs
on about the same place, although relatively
smaller than does Morganucodon of approximately
the same period.

According to PariErson & Orsow, insertion
attachment markings of a strong depressor muscle
can be seen on the process. They do not, however,
give any evidence that on its lateral side adductor
muscles inserted.

The most detailed criticism of PATTERSON'S
interpretation of the bone — musele relationships
on the lower jaw of the docodonts was published
by Parrineron (1971). ParmiNcron's criticism
is failing however, as he didn't use PATTERSON'S
(1956) complete text on page 756 and 76 in foun-
ding his argument. At this point the paragraph
pertaining to the ipseudangular processs of the
docodonts from ParriNgTon (1971, p. 233) shall
be quoted and corrected sentence for sentence:

«He (ParTERSON) accepted Eozosltrodon as
a triconodont and Morganucodon as a doco-
dont, but he put forward a new interpre-
tation of the angular process in this form.»
(ParrErsoN advanced his theory based on



the lower jaw of the genus Docodon. The
genus Morganucodon KUHNE 1949, which
he considered, however, as a pre-doco-
dont or perhaps even a docodont, was
known to him only from isclated molars.
Only later (KErMack 1958) were the lower
jaws of both forms shown to be basically
the same). «Because it is situated further
forward than the similar processes in
such forms as pantotheres, he suggestes
that it was not a true angular process
but a epseudangulars process for the
attachment of depressor muscles, possibly
the monotreme detrahens muscles. (Pat-
TERSON did not view the epseudangular
processe of Docodon as merely the inser-
tion attachment of a depressor muscle,
but also considered a homology with the
sechidna-angles of the tachyglossidae as
most probable, on whose side surface also
adductor muscles insert). «But there are
reasons for rejecting this interpretation.
First, no mammals are known which have
processes of at all comparable size for
the attachment of jaw-opening muscles,
the forms mentioned by Parrerson (Ta-
chyglossus, Solemodon) having structures
which are trivial by comparisation.» (Par-
TERSON himself rejected a homology with
the Proc. marg. mand. of Selenodon and
Melursus as the insertion attachment for
M. digastricus and mentioned also the
relatively large difference in size. For the
rather small size of the sechidna-angles he
gives a plausible explanation which has
already been mentioned here). «Secondly,
there is no satisfactory functional expla-
nation available for this interpretation,
since there would be no obvious mechanical
advantage obtained by the provision of
such a processy. (Contrary to PARRING-
T0N’s view there is a mechanical advantage,
as in this manner the lever for the depressor
muscles is lengthened, allowing them to
be less strongly built). ¢«On the contrary it is
a common happening for adductor muscles
(masseter, pterygoideus) to be provided
with such an angular process for which a
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sound mechanical explanation is available,
a suitable process allowing the maximum
biting force to be achieved when the teeth
are about to be clenched rather than when
the jaws were agape (PArrINGTON 1960).
(PARRINGTON'S view can be followed here,
as adductor muscles are fastened to the
spseudangular processs and the homologous
eechidna-angles, thus attaining the de-
scribed effect). eMoreover, a convincing
mechanical explanation is available to
account for the forward position of the
process in very primitive mammals in
that it tranfers the biting force on to the
teeth and off the (weakened) articulation
(Crompron 1963)s. (The lower jaw of the
docodonts is from a functional view diffi-
cult to compare with that of the advanced
therapsids, to which Crompron (1963) re-
ferred. Even the two side by side func-
tioning jaw joints of Morganucodon cannot
be termed as weakened. In no way does
this apply to Haldanodom and Docodon,
both which have a very sturdy Proc. con-
dylaris). «Furthermore, this interpretation
is consistent with the other data, the reten-
tion of the double articulation in the Upper
Jurassic docodonts (inferred by the pre-
sence of the large mandibular trough)
requiring the retention of the forward posi-
tion of the process, while evidence for the
backward movement of the process else-
were is given by Peramus, a pantothere
now sometimes held to be ancestral to
the theria in general. Here the process is
about intermediate between the anterior
position and the normal posterior position
and in this Upper Jurassic form the full
mammalian jaw articulation appears to
have been achieveds. (Haldanodon and
Docodon have no longer the double jaw
articulation; they retain, however, their
epseudangular processs on the same site
as Morganucodon. Also following Par-
RINGTON'S logic, the tachyglossidae, whose
lower jaw consists of only the dentary,

_should not have retained their sechidna-

angles lying in the far anterior position.
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The relation of Peramus in respect to
the later Theria is at least doubtful (Cre-
smENS & Mins 1971). It is more likely that
Peramus, which likens therian main line
of development in its teeth structure, is
part of an isolated and specialized colla-
teral line. At any rate, its lower jaw is at
about the same stage of development as
that of the similarly aged paurodontids
and dryolestids. That is to say, that the
secondary jaw joint is fully developed,
thoughhowever, a rudimentary coronoid and
splenial were probably present. Peramus ist
not at all comparable with the Docodonta,
to which it has no near relationship)s.

To repeat once again: Parrersox is of the
opinion that on the epsendangular processs late-
rally an M. massetericus and medially an M. tem-
poralis is inserted. In addition to this, fastened to
the apex of the process is a jaw-opening muscle;
probably the M. detrahens mandibulae of the
Monotremata. Thus the process served, as dis-
tinguished from the Proc, angularis of the Theria,
the fastening of jaw-opening as well as jaw-clo-
sing muscles.

This theory is not discredited through Par-
RINGTON's criticism. As the evidence found for
Haldanodon also coinsides with Parrerson’s con-
siderations, the term Proc. pseudangularis is
also adopted for the ventro-candal mandible
process of this genus, In its functional effect on
the adductor muscles fastened to it, the Proc.
psendangularis of the docodonts compares some-
what to the Proc. angularis of the Theria. For
the operation of the angular process, ParrinGgTON
(1960) has given a plausible explanation. He starts
out from the fact that the muscles fastened at
the lower part of the mandible, as for example
the M. massetericus, reach their point of maximum
efficiency in that moment when the fibres are
at a right angle to the length of the jaw. In forms
that do not possess a wventro-caudal mandible
process — in Mesozoic mammals theses are the
triconodonts, multituberculates and the symmetro-
donts—this is the case when the jaw is wide open.
This favors a fast, snap-closing of the jaw or the
grasping of large food pieces. Thus, for example,

the triconodonts, as their dentition shows, were
definitely carnivorous and perhaps even pisci-
vorous (SLAUGHTER 1969) and could seize their
prey and kill with one fast bite. It was then not
processed with the help of a carnassial dentition,
as is with recent animals of prey, but cut in crude
chunks and swallowed. The multituberculates,
which fed on conifer seeds, fruit, etc. (SmpsonN
1927 b), had to free their food from stalks, seed-
husks and cones, thus opening their mouths wide.

If a Proc. angularis or Proc. psendangularis
is present, then the thereon attached jaw-closing
muscles are in the most effective position when
the jaw is almost closed. The most strength is
therefore given to the chewing processing of the
food. This applies also to the pantotherians and
the docodonts.

It is also important in a taxonomical sense
if a mammalian lower jaw possesses a ventro-
candal process. Just as important is the type
of museles fastened to the process, if it be present,
as thus familiar relationship between the indi-
vidual groups can be ascertained. The muscles
themselves can be identified from the position
and size of the mandible processes, the anatomy
of the skull and the thereon located insertion
marks. However, so long as all of these mentioned
characteristics are not completely known, postu-
lations must be made with a more or lesser degree
of uncertainty.

An interpretation of the insertion marks on
the mandible of Haldanodon gives the following
picture: The insertion surfaces for the adductor
and detraction muscles lie on the three processes
of the Ramus mand. On the Pars alveolaris are
insertion marks for the musculature of the mouth
floor and the cheeks.

On the outer and inner surfaces of the Proc.
coronideus and the Proc. pseudangularis lie the
insertions of the muscles of the masseter-temporal-
complex (defined after Sapax 1968). These
occupy each on both sides of the ramus three
separate fields. By far the largest part of the
area is taken by the insertion surface of the M. tem-
poralis, which alone accounted for approximately
half to two thirds of the bulk of the entire adduc-
tion musculature. Thus it was the most effective
mastigatory muscle of Haldanodon. Because of



damages of the Proc. coronoideus, the entire extent
of its insertion surface cannot be identified; it
can, however, with relative certainty be recon-
structed. The M. temporalis pars superfic. took
in the upper portion of the lateral side of the
Proc. coronoideus. The swollen anterior edge of
the process served to fasten the muscle tendons.
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The medial side the Proc. coronoideus was com-
pletely occupied by M. temporalis pars prof..
Noticeable here, located on the under the portion
of the process is a somewhat triangular field in
which a particular portion of the muscle engaged.
The Proc. psendangularis is on its lateral side
concavely bent. Here was the point of attachment
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_ M. temporalis pars prof.

M. pterygoideus ext:

M. temporalis ?

M. detrahens
mandibulae ?

M. intermandibularis

. e e -
B Planum tendineum S 1'
. —
M. temporalis il H
. 'f i
i/
. ’
M. temporalis f
pars superfic. ’;

M. zygomatico—
mandibularis
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M. detrahens
mandibulae ?

FIG. 10 — Reconstruction of the muscle insertions on the posterior part of the dentary of
Haldanodon

A: Medial view. B: Lateral view.
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of an M. massetericus. A division into individual
muscle layers cannot be detected on the bone.
The swollen underedge of the process probably
served the fastening of a tendon. The space
between the insertion marks of the M. temporalis
pars superfic. and the M. massetericus, namely
the bulge-like swelling on the outer surface of the
ramus and, connected to it, a slight upward in-
dented depression, was occupied by a intermediary
muscle. This was probably the M. zygomatico-
mandibularis, also present in the Monotremata.

The inner side of the Proc. coronoideus is also
furnished whith an insertion area, where proba-
bly a portion of the M. temporalis was fastened,
thus acting as an antagonist of M. massetericus.

Above the Crista pterygoidea lies the men-
tioned groove, wherein, in the lower portion,
the M. pterygoideus ext. inserts. As a Proc.
angularis is missing in Haldanodon, the M. ptery-
goideus int. which would have inserted on it is
also missing. Probably to compensate for this,
the insertion surface of the existing pterygoid
muscle is enlarged, so that the muscle could be
more strongly built.

On the inner, outer and under sides of the
Pars alveolaris lies a large insertion mark, be-
ginning underneath the last molars and running
as far as the symphysis. Here were fastened mus-
cles and ligaments of the mouth floor and above
all probably the M. intermandibularis, which
was supplied and innerved from the «nternal
gr()(]'\"e?,

An analysis of the chewing process and
feeding habits of Haldanodon is covered in a spe-
cial chapter in connection with the tooth occlu-
sion.

4.3 Comparative anatomy of the visceral skeleton

With the present material (V] 1008-155 and
V] 1009-155), the anterior portion of the skull
of Haldanodon exspectatus can be reconstructed
from the front of the muzzle to as far as approxi-
mately the end of the tooth row. At first the indi-
vidual elements will be discussed, in order to
prepare from this a synthesis.

4.3.1 Maxilla

The flat, narrow form of the viscerocranium
in Haldanodon is primarily determined by the
maxillae. The corpus of these two bones is pictu-
red as a massive flat plate, that builds the greater
part of the side wall of the anterior part of the
skull. The lateral surface (Facies facialis) stands
at its lower part at first fairly vertical and curves
then in the dorsal direction slightly to a contact
with the nasal bone. The height of the bone is
rather small; it protrudes only slightly over the
root apex of C% In the frontal-caudal direction
the maxilla is more curved, running namely around
the canine strongly to the outside in order to
finally pull in concavely above the anterior pre-
molars. As with the lower jaw, the two tooth
rows are not parallel, but increase the distance
from one another in the caudal direction. The
alveolar margin of the maxilla lies in its anterior
portion lower than over the P* and M*,

The Proc. palatinus is not preserved. As far
as is discernible from the incomplete material,
it can be assumed from some bone rests folded
down on the teeth that the palate was of a very
thin substance. From the strongly squeezed state
of the two jaw halves it can be assumed that they
were perforated by many large palatal openings,
as is the case, for example, in the recent long
snouted insectivore Elephantulus.

Between the last precanine and the canine
a deep pit is formed which served to take in the
lower canine. Above this pit, about half the height
of the maxilla is located a large foramen. Two
further substantially smaller foramens lie under
this, one behind the other. Above the P!, however
not at the same height, are two foramens of
equivalent diameter. The outlet of the Canalis
infraorbitale, the large Foramen infraorbitale, lies
just above the P3. The foramen opens diagonally
to the anterior, as the canal continues in a dorso-
caundal direction to the orbita. A further foramen,
continuing in a canal running in the same di-
rection, is located on a suture dividing the maxilla
and a narrow dorsal bone (jugal or lacrimal, see
below).

Between the alveolar margin and the last
mentioned suture runs horizontally a slightly
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F16. 11 — Anterior skull V] 1008 - 165.

The drawing is a combination of fragments 1, 3 and 4.

A: Lateral view.

B: Location plan of the visceral bones and teeth, (Abbreviations: F. inf, = foramen infraorbi-
tale, Ju = jugal, Mx = maxilla, Na d = right nasal bone, Na 5 = left nasal bone, Os =
orbitosphenoid, Pal = palatinium, Pmx d = right premaxilla, Pmx s = left premaxilla,
dex « right tooth row, sin = left tooth row). Bone sutures are represented by a solid line and
fractures by a broken line.

C: Ventral view.




curved longish depression that extends in the
caudal direction to a dead-end hole (Fig. 12).
Here must have been the location of a gland with
its principal mass lying in the gum and secreting
into the mouth.
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then empty into these. Bolk and Woer-
demann termed these glands as Glandu-
lae dentales. Besides these stooth glandss
occur regularly in the same animal other
lip glands, emerging from individual epi-

5mm

FIc. 12 — Anterior skull V] 1009 - 155. Fragment 2.
Lateral view of the rigth premaxilla and maxilla.

The necessary data in understanding this
gland are contained in an article on the glands
of the mouth cavity by Faurkxmorz (1937).
FanrENHOLZ summarizes from works of various
authors (p. 116-117):

éMany reptiles develop certain lip
glands ontogenetically out of a continuous
epithelial ledge emerging from the labial
side of the tooth ledge or yet from the
same area of the surface epithel as this
and then connectes to it with a thickened
epithelian strip. These glands open in their
finished state always right next to the teeth
and show, according to their number and
position, fixed relationships to them. Besi-
des the glands themselves, also out of the
sgland ledges can develop mucous mem-
brane pockets for the individual teeth
(tooth sheath) or, instead of these, a con-
tinuous mucous membrane groove next
to the teeth (stooth furrows). The glands

thelial buds, independent of the tooth
ledge and lying labially from it, which,
later showing no distinguishable relation-
ship to the teeth, open to the region of the
lip. Accordingly we divide the Glandulae
labiales of the reptiles into those associated
with the teeth (Glandulae dentales) and
those which are independent of the teeth
(Glandulae labiales propiae). In the mam-
mals the gums are free from glands; i. e
the Glandulae dentales are not present.
Bolk has shown, however, that in the mam-
mals, man included, in connection with
the tooth ridge, a sgland ridges exists, also
supporting small aborted gland buds. Only
in a few lower mammals (Trichosurus,
Talpa), do actually functional Glandulae
dentales develop. Thereby, the absence of
the tooth glands in the mammals is due to
their secondary involution. What we find
in mammals as glands in the vestibulum
oris are «Glandulae labiales propriaes.
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The quoted statement shows the probability
that the glands on the upper jaw of Haldanodon
are a relict of the Glandulae dentales, belonging
to the reptilian saliva apparatus. As the actual
mammalian saliva glands were probably not yet
sufficiently developed, they supported mastication
through their secretions.

An alternative to this theory is the possibility
that the groove on the maxilla stood in conjunction
with the secretory passage of the paroteid gland.
Developed from the Glandulae labialis propriae,
the parotis, located next to the ear, sends out a
long secretory passage, crossing over the masti-
catory muscles and opening near the molars or
further forward. Accessory glandular lobes, the
Glandulae parotis accessoria, connect on the
secretory passage (FAHrENHOLZ 1937). The secre-
tory passage and accessory glands, however, do
not lie in the gum, rather in the cheek tissue and
are hardly suited to leave impressions in the upper
jaw bone.

The canal opening above the groove on the
lateral side of the maxillary probably served to
innervate the saliva gland with a branch of the
N. alveolaris sup. (N. V,).

Seen from the side, the line of connection
between the maxilla and the premaxilla, the Sut.
premaxillaris, runs in the form of a lying parabola,
with its vertex pointing in the frontal direction.
Dorsally the suture begins above the fourth inci-
sor. Its turning point lies above the border be-
tween the second and third incisive. The alveolar
margin reaches the suture next to the last pre-
canine tooth. It turns around in a hairpin-curve
and runs forward again on the labial side of the
tooth and then veers off in the medial direction
onto the palate. Through the opening between
the next to the last and the last precanine and on
the retained portion of the palate, the suture is
visible as a curving zigzag line. Consequentially,
as the last precanine tooth sits fully intact in the
maxilla, this results in conclusions of a nomen-
clatural, systematical and phylogenetic nature,
that will be handled at the beginning of the follo-
wing chapter on the teeth.

The Proc. zygomaticus of the maxilla begins
between the M2 and M2 The portion of the nasal
cavity belonging to the maxilla is provided with

many grooves, projections and pocket-like depres-
gions running in a rostro-candal direction, enlar-
ging the surface of the overlying nasal mucous
membrane and serving as an insertion attachment
for the maxilloturbinal and its lamina.

4.3.2 Premaxilla

Seen from the side the premaxilla has an
almost acute triangle-like form. The two long
sides of the triangle are formed on one side by
the alveolar margin and on the other side by
the edge of the nasal opening and adjoining sutures
with the septomaxilla and the nasal bone., The
short side is formed by the deeply indented Sut.
premaxillaria.

On the end of the muzzle the two teeth-
carrying halves of the premaxilla are bound by
a small, curved bone strut whose dorsal part is
rounded, whereas the basal part, belonging to
the palate, forms a broad plate. This plate, filling
the wide space between both I's, served as the
antagonist for the front lower incisives. At the
beginning of the joint between the two premaxilla
halves, located on the outer surface of the bone,
on both sides, is a large foramen. Because of the
extreme deformation of the material, the palate
is not preserved, however, it must have consisted
primarily of large Foramina incisiva.

The posterior margin of the large undivided
nasal opening was probably formed from two
septomaxillae, which are not preserved. Their
original presence can be derived from the hour-
glass form of the nasal opening, whose lateral
margin at the half-way point bends in medially
and dorsally. At the same time, above this nar-
rowing of the lumen of the nares, the pattern of
the up to now rounded margin changes to a sharp
edge, showing that here a bone or cartilage adjoi-
ned. According to our knowledge of higher the-
rapsides and Triassic mammals, this could only
be the septomaxilla. This bone is generally wide-
spread among the reptiles, however, in recent
mammal groups, it is found only in the Monotre-
mata. Both septomaxillae of Haldanodon must
have had a somewhat half-moon form and also
have adjoined caudally to the nasal bones.



In the caudal direction the premaxilla is over-
lapped by the corpus of the maxilla. The over-
lapping is so large that also the entire region of
I%'s root lies in the premaxilla. The side of the
viscerocranium is thus at this point double walled
and formed from both the maxilla and the pre-
maxilla. The overlapped area must have been of
about the same extent as was proved by Par-
RINGTON (1971) for Morganucodon.

4.3.3 Nasal

The two nasal bones connect at about a right
angle to the maxillae and the premaxillae, thus
building the roof of the anterior skull. The nasal
bones are two strong slightly curved bone plates,
which are bordered to one another medially
with a common suture. The lateral suture runs,
in its anterior part, about parallel to the medial
suture, swings out above the premolars in a ventro-
lateral direction and adjoins finally above the
molars alongside the anterior part of the jugal.
As this is narrow and tongue-shaped, the nasal
experiences, in its posterior portion, a substancial
widening, which is about the width of the skull
at this point. The caudal border of the nasals to
the frontal bone is not known.

Above the nasal opening the nasal forms a
straight edge, possessing medially an angular
projection. At the beginning of this projection
ends a groove, running along the ventral side of
the bone. Close behind the anterior edge of the
nasal is located a foramen merging into a cau-
dally directed canal. As KIELAN-JAWOROWSKEA
(1971) reported, nasal foramina are very unusual
in mammals and are known only in multituber-
culates. However, they occur often in theriodonts.
In recent lizards similar foramina carry branches
of the lateral N. ethmoidalis ant., serving skin
thickenings which are amply provided with nerves
and wessels, that surround the cartilaginous nasal
capsule (ORLRICH 1956).

Kirran- Jaworowska supposed also that the
foramina in the nasal of the multituberculates
held parts of the N. ethnoidalis and not, as
Srupsox (1987) believed, bloodvessels. The opinion
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of KIELAN-]JaworOWSKA can also be applied to
Haldanodon, where the foramina probably served
the inervation of a short trunk-like muzzle.

4.3.4 Jugal

The jugal is certainly located on the anterior
part of the left zygomatic arch (Fig. 11), where
it was still covered ventro-laterally by the Proc.
zygomaticus of the maxilla. A cross-fracture
through the left zygomatic arch at the heighth of
the posterior root of M® shows that the Proc.
zygomaticus of the maxilla lies shell-like in a half
circle around the jugal (Fig. 13). In this region
the jugal had already taken over most of the
mechanical function of the zygomatic arch.

4.3.5 Unidentified bones

In specimen V J 1009-155 several damaged
bone-rests of the posterior left side of the skull
are present that could not be further identified
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F1c. 13 — Anterior part of skull V] 1009 - 155,
Fragment 4. Caundal view of the left jugal and the
left maxilla with M2
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as they do not have any recognizable sutures
(Fig. 11). The most important of these bones is
a plate that must have originally lain in the orbit
or caudally from it in the Fossa temporalis.
Naoticeable are numerous impressions on the sur-
face and two foramina on the upper part of the
bone. The fragment in question was probably a
part of the palatine (and) or the orbitosphenoid,

In the posterior portion of V] 1009-155, frag-
ment 2, located in situ is the anterior part of a
thin bone cutting in tongue-like hetween the
maxilla, which is situated in a ventral and frontal
direction from it and a dorsally located bone rest
(probably a piece of the posterior right nasal)
(Fig. 12). On its suture to the maxilla lies the
above mentioned foramen, out of wich the under-
lying saliva gland was innerved. PARRINGTON
(1971) figured from his material of Morganucodon
a skull fragment (p. 252; Fig. 6h), showing almost
complete morphological conformity to the coin-
ciding part of Haldanodon. A dorsally adjoining
bone, because of the fragmentary character of the
remains, cannot be wverified here. PARRINGTON
identified the bone in question as lacrimal on
grounds of the following indications: He believed

1) to recognize the lower margin of the orbit
in the dorso-candal direction and

2) in the caudal direction, adjoining the fora-
men, the anterior end of the jugal, and finally

3) to be able to identify the foramen itself as
#lacrimal foramens; in other words as the
opening of the Canalis naso-lactimalis.

The first two claims cannot be argued, since
from the schematic drawing it is not determined
whether we are actnally dealing with the orbital
margin and the Sut. zygomatico-maxillaris or
only fracture lines. The designation of the fora-
men, however, gives reason for doubt. As can
be seen in the illustration, like in Haldanodon,
the adjoining canal runs in a dorso-caudal direc-
tion, thus diagonally to the upper posterior. How-
ever, in order to serve its function, i. e. to divert
fluids from the region of the orbit into the nasal
cavity, a tear duct must run in a ventro-frontal
direction, or diagonally to the lower anterior.

The problem remains, if 1) ParriNcTons's
identification of the bone of Morganucodon as
lacrimal is correct and if it 2)can be applied
to Haldanodon?

The answer to these questions can be given
only after the presentation of more complete mate-
rial of Morganucodon, Haldanodon or other doco-
donts, so that, for the present, it must remain
open. Still the possibility cannot be discarded,
that the bone in question, at least in Haldanodon,
is the anterior end of the jugal, and that the
lacrimal and the orbit are located further in the
dorso-caudal direction. The complete lack of evi-
dence of the orbital opening, which should be seen
in the area of the preserved bone in the arti-
ficial matrix backs up this view. A part of the
palate (belonging either to the maxilla or to the
palatine) is folded down behind the M3,

In summarizing it must be noted that, as it
was the case with the lower jaw, also here the
described part of the skull of Haldanodon is ama-
zingly similar to the results that Parrmcron
(1971) published about Morganucodon. The form
and location of the sutures are practically identical.
The slight difference in proportions can be attri-
buted to the differences in the dental formulas.
Differing from Haldanodon, Morganucodon posses-
ses two infraorbital foramina. The number of such
foramina seems, however, to be variable and thus
does not carry much weight. For example, a skull
of Didelphis, in the Institute for Paleontology of
the Berlin Free University, has on one side one
and on the other side two infraorbital foramina.
Because of the somewhat more complete Halda-
nodon material, the reconstruction by PARmIN-
croN should be slightly changed (Fig. 9). It is
unlikely that the maxilla and nasal of Morganu-
codon have the steep dome that ParrmNcrON
suggests in his drawing. Also the position of the
I! should be corrected, as it would be difficult in
this position for the tooth to find a hold in the jaw.

From the described elements a mammalian
skull joins together whose proportions still give
a definite reptilian impression. Above all, this
is due to the low maxillae and the broad nasal
bones. The slight curve of these bones give also
an angular, box-shaped cross-section to the ante-
rior skull.



The form of the premaxilla and the anterior
part of the nasales makes it seem probable that
Haldanodon possessed a short trunk-like muz-
zle, similar to that of many recent insectivores. An
indication of this is that the end of the snout was
well supplied with nerves through the many fora-
mina. Also the broad diastema between the two
I's supports this assumption. Consequentially the
primary sense organs of Haldanodon would have
been the sense of smell and the tactile hairs at
the end of the muzzle. A good sense of smell is
also verified by the wide lumen of the nasal passage
and the large surface of its inner walls. Unfortu-
nately, because of a missing cranial skeleton, the
expected large Bulbi olfactorii cannot be proven.

Reptile-like are also the probable occurence
of septomaxillaria and of incisiviform teeth and
Glandulae dentales in the maxillae. Up to now
the only Mesozoic mammal in which the delicate
and difficult to fossilize septomaxillaria could be
proven is Sinoconodon (PartErson & Onson 1961).
Parmrincron (1971) thought that for Morganu-
codon the presence of septomaxillaria was possible,
however, could not prove it from his material.

4.4 Comparative anatomy of the dentition

In contrast to most of the reptiles, the majo-
rity of mammals have a heterodont dentition,
whereby the teeth perform different functions
to which they are adopted in form. The nomen-
clatural categorization of the teeth in incisors,
canines, premolars and molars has been adopted
from recent zoology and conforms to the tooth
replacement and additionally the position in the
upper jaw. Otherwise than the molars the inci-
sors, canines, and premolars are replaced. The
incisors of the upper jaw lie in the premaxilla,
the other teeth in the maxilla. The development
of these characteristics had already started in
the forerunners of the mammals, the therap-
sides.

As is often the case with fossil and hence incom-
plete material, recent zoological nomenclature is
also here only applicable to a degree. It is not
possible to prove or with certainty to exclude the
tooth replacement for all the existing teeth, In
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addition there is a tooth present in the upper jaw
showing the form and function of an incisive
which, however, is situated completely in the
maxilla. Theoretically this tooth should be termed
the canine and the following actual canine a pre-
molar. Also because of lacking evidence for the
tooth replacement, it would be correct after the
accepted nomenclature to propose a categoriza-
tion in incisivi- to molariform teeth. For prac-
tical reasons this alternative is dispensed with,
and the teeth are termed solely as to their form
and function as incisors, canines, premolars and
molars. This method of nomenclature has already
been intentionally used by wvarious students of
fossil mammals (e. g Mmrs 1971).

In identifying the orientation here, as has
already been for a while generally accepted, are
used the terms labial or respectively buccal for
the outer side and lingual for the inner side of the
tooth, as well as the terms mesial and distal. This
terminology, derived from dental medicine, deno-
tes the front and rear of the tooth in relation to
its neighbour, i. e. the whole tooth row, as this
does not run straight but instead describes a
curve. The terms mesial and distal are, for this
reason, not to be compared with the earlier used
terms anterior and posterior, which orient with
the longitudinal axis of the body. In contrast to
ParriNeTON's (1971) wiew, the enews terminology
is not to be regarded as egobbledegooks but allows
an exact and correct orientation.

4.4.1 Incisors

Of the lower incisors only the two posterior
ones in specimen V] 1001-155 are preserved
(Fig. 14). The form of the mandible shows, howe-
ver, that originally at least two further incisors
were present in each jaw half. Both teeth are
single-rooted and possess a cusp surrounded by
a half-circle-shaped cingnlum in the mesial, lin-
gual and distal directions. The cusp and the
lingual adjoining low ridge show wear. The, in
cross-section, oval roots taper slightly to their
ends and show no vertical groove. The two I, lie
rather low and point to the outside. The missing
anterior I, must have lain lower and pointed more



FIG. 14 — Dentition of the left lower jaw V] 1001 - 155 (holotype).
A: Lingual view. B: Occlusal view. C: Buccal view of C, Py, Py, Py, and M.



to the rostral direction. The next to the last I,
is larger than the following one. Between the
incisors and the canine are gaps, so that the teeth
do not touch one another.

A complete row of upper incisors is present
in the anterior skull V] 1009-155 (Fig. 15). Here
each jaw half has five precanines, of which the
posterior four have the same basic form. (The I*
is broken off below the root and thus does not
allow a comparison). Their form differs somewhat
from that of the lower incisors. The single-rooted
teeth possess a main cusp, from which, both in
the mesial and distal directions, goes out a slight
crest. The posterior crest merges into a small
accessory cusp. A further crest runs from the
main cusp in the lingual direction. Between this
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crest and the accessory cusp, an internal cingulum
seems hinted. The sturdy roots have a swollen
blunt apex. In the three middle incisors present,
on both the labial and lingnal sides, is a vertical
groove on the root.

The teeth sit perpendicular in the jaw and
do not touch one another. Particularly pronoun-
ced is the gap between the fourth and the fifth
incisor. Between the first two incisors of each jaw
half seems to be located a broad diastema. In
order to anchor the tooth in the jaw, the short
root of the I' is a its apex particularly thick.

The incisors of Haldanodon differ in their
form from the spatula-shaped incisors of the same
aged pantotheria, and are very similar to those
that Mmrs (1971) described for Morganucodon.

FIG. 15— Front teeth of the anterior skull V] 1008-155,
Fragment 1
A: Labial view of the left tooth row and lingnal view of the right tooth row.

B: Occlusal view of the left tooth row,
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In this form MiLrs recognized also the alveola
of a precanine tooth located on the maxilla, that
he believed was functionally an incisor. Par-
RINGTON (1971) was able to show on the same
spot a small tooth, however, because of the poor
condition of his specimen, he could not identify
the premaxillar suture. The form of the tooth
was, unfortunately, not described. The two mam-
malian genera, although separated by a full stra-
tigraphical system, have retained characteristics
known in therapsids, such as Phiinosuchus, Dolio-
saurus, Thrinaxedon and Cynognathus (RoMER
1961). The retention of this reptilian characte-
ristic for such a long period of time is a further
indication of Haldanodon's slight evolutionary
development above its Upper Triassic ancestors.

4.4.2 Canines

Canines preserved in situ are also known in the
two incisivecarrying specimens. In VJ 1008-155,
besides a last incisor, also a canine is present. Both
teeth are, because of their bad condition, not
mentioned in the description. The lower canine
in Haldanodon is an enlarged replica of the pos-
terior incisors. The cusp reaches approximately the
height of the main cusp of the molars and changes
linguo-distally into a blunt ridge. The cusp and
ridge are especially worn down by the masticatory
process. Linguo-distally the cingulum is only
weakly present; it is, however, in the linguo-mesial
direction strongly developed. The canine has two
roots lying close together.

Also the upper canine follows the form of the
incisors (Fig. 16). On a whole, it is more slender
and taller than its antagonist. Two ridges go out
from the cusp distally and lingually, between
which runs a cingulum. Distally is formed a small
shelf-like accessory cusp. The twolong sturdy roots
diverge at an angle of 300. -

In the form of the crown, the canines of Halda-
nodon are similar to those of Morganucodon and
Docodon. However, the canines of Morganucodon
are each equipped with only one very long root
(Mirrs 1971), in this way differing from the doub-
le-rooted dog teeth of the two Upper Jurassic
forms.

4.4.3 Premolars

Haldanodon possesses three premolars on each
jaw half. The size of the teeth, in the upper as
well as the lower jaw, increases successively from
front to back. In the same manner, the premolars
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FIG. 18 — The right canine of the anterjor skoll V] 1009- 155.
A: Lingunal view.
B: Labial view.

are increasingly molar-shaped. A complete row
of premolars’ in situ is found in specimens V]
1001-155 and V] 1002-155. The premolars in both
examples differ mainly in that the second form
does not have an external cingulum. However,
in spite of the differing sizes and proportions, in
the rest of their form the lower premolars have
the same basic construction.

Seen from the occusal view, the basic form of
the tooth crown is that of a more of less extended
oval, whose lingual and labial sides run parallel
or are even concavely pulled in. The teeth possess
a main cusp which is flattened to the sides and
curves in the distal direction. In the mesial and
distal directions, the main cusp developes into
a sharp ridge. The distal ridge ends in a secondary
cusp. Lingually another very weak ridge runs out
from the main cusp on whose base in V] 1001-155
a very small bud is developed. The tooth erown
is surrounded by a cingulum which is particularly
broad on the mesial and distal sides, forming
there two small rises that are in line with both



cusps. The mesial part of these rises can in
the premolars of the first form be so strongly
developed that it exceeds the distal accessory
cusp in size. In the second form (= A-form?,
V] 1002-155) the cingulum is, on a whole,
more weakly developed and is missing comple-
tely on the outside of the main cusp. This
form corresponds with the lower premolars of
Morganucodon, Borealestes and Docodon, which
are also lacking an external cingulum. On a whole,
the premolars of the second form seem to be in
proportion to their length higher and steeper.

The two roots of the lower premolars in Hal-
danodon sit quite close to one another and have
a practically round cross-section. The teeth imbri-
cate strongly, so that on the mesial and distal
surfaces are signs of wear caused by pressure.

The tendency to increasing molarisation is
even more extreme in the upper premolars. The
first premolar, sitting close to the canine, has
two roots of the same size and only one cusp, from
which in the mesial and distal directions run two
distinct crests and in the lingual direction a weak
one. On the mesial, distal and lingual sides, the
tooth crown is enveloped by a cingulum, which
forms distally a shelf-like rise. The second pre-
molar has on its distal crest an accessory cusp. It
is surrounded by a cingulum having a rise on
both the mesial and distal sides. In the distal
portion of the lingual side the cingulum becomes
broader. The anterior root is round in its cross-
section, whereas the posterior root has an oval
cross-section which diverges with the longitudinal
axis. In this manner also the broader part of the
lingual cingulum is supported. Finally, the third
premolar likewise possesses a main and an accessory
cusp and is enveloped by a cingulum with mesial
and distal rises. In addition, the distal part of
the lingual side of the tooth is strongly pro-
truding. The protrusion has developed out of the
cingulum and has a accessory cusp in anticipation
of the cusp «X» of the upper molars. The posterior
root is often divided so that three roots can be
present, of which the anterior one is the largest.
The third of the roots, which have a round cross-
section, supports the lingual protrusion.

In comparison with related forms, a great
similarity of the lower premolars with the three
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preserved in Borealestes is noticeable (WALDmAN
& Savace 1972). The four lower premolars in
Docodon are all double-rooted. In addition, Py and
P, possess here an anterior accessory cusp. Noti-
ceable is the condition of the Py, which is much
smaller and more primitive than in its prede-
cessor (Srmpson 1929). The upper premolars of
Docodon became also increasingly molariform.
Smmpson (1929) writes:

«This genus is the only one known from
the Jurassic in which there is really any
close comparison between the last upper
premolar and the first molar. P? has all
the elements of M! and they are arranged
in the same way. Nevertheless there is a
definite break between the two series.
P? is much smaller than M!, its external
cusps are whithout furrows, its internal
cusps relatively smaller, the anterior basin
less developed, etc. It is, however, unique
among Jurassic mammals in that it is
patently becoming molariform and that
its parts are severally homologous with
those of the molarss.

The P, of Haldanodon differs with that of
Docodon in that it is single-rooted, however, it
already possesses a lingual protrusion with a
small cusp. By the double-rooted P* and P* a
posterior accessory cusp is developed, by P? also
two cusps on the lingual protrusion. None of the
upper premolars of Docodon possess an external
cingulum,

The premolars of Morganucodon differ above
all in their form, and accordingly in their function,
from these of the Jurassic docodonts. With
exception of the last, the four to five lower pre-
molars have approximately the same form and
increase in size only from front to back. They
possess a strongly backward curved main cusp
with a distal crest as well as a lingual cingulum
that builds distally a shelf. In the mesial direction
the round swollen anterior part reaches far over
the front one of the usually two roots. The last
premolar is relatively larger that its predecessor.
TIts main cusp reaches or perhaps even exceeds the
height of the canine. Mesial and distal crests,
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F16. 17— Dentition of the left lower jaw V] 1002 - 155.
Buecal view. B: Ocelusal view. C: Lingual view of Py, P,, Py and M,.



running out from the main cusp, end in small
cusps. The lingual cingulum is well developed and
carries several buds which correspond with those
of the lower molars. The double-rooted upper
premolars possess a blunt main cusp merging
mesially and distally into crests on whose ends
small cusps are formed. The mesial cusp may be
absent in the most anterior of the up to five
upper premolars, A very weak lingual cingulum
is more marked in the posterior teeth. The pos-
terior premolar is very large; it is a long as the
largest molar and higher.

The anterior premolars of Morganucodon show
no wear and do not seem to have come into occlu-
sion. Both of the last large premolars of each jaw
half form according to PaRmINGTON (1971) a
scarnassials. It is interesting that the premolars
and molars were in the course of the ontogenesis
partially discarded without replacement, whe-
reby their alveoles were filled with bony substance.
(The data on the premolars of Morganucodon were
taken from the works of MirLLs 1971 and Par-
RINGTON 1971).

4.4.4 Lower molars

Simpson (1929) wrote about the molars of
Daocodon:

«Their molars are much the most com-
plicated dental structures known from the
Jurassic or, indeed, with the possible
exception of some of the Cretaceous mul-
tituberculates, from the entire Mesocoics.

Masial

F1c. 18
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Somewhat softened, this statement is true
also for Haldanodon and the rest of the Jurassic
docodonts. The construction of the molars in all
these specimens is about the same, whereby the
genus Docodon, being the youngest known form,
shows a somewhat more complicated arrangement
through additional enamel crenelations and buds.
Other differences are found only in the differing
proportions and dissimilar arrangement of the
crests joining the cusps. The derivation of the
Upper Jurassic decodont molars from ones such as
are found in the Upper Triassic morganuco-
donts, which following the encouragement of
P. M. Butler, KUBNE (1950) and PATTERSON
(1956) already had postulated, can be considered
through the work of CroMpron & JENKINS (1968),
JENEINS (1969) and Hopson & Cromeron (1969),
as being definitively proven. Thus the termi-
nology introduced by CromeroN & JENKINS
(1968) in refering to the cusps and wear surfaces is
used here (s. Fig. 18).

From the occlusal view the five lower molars
of Haldanodon have the form of a rounded rectan-
gle that, particularly by the anterior M_, can be
broader distally than mesially. The teeth are
equipped whith two rows of cusps running in a
mesio-distal direction, between which lies a lon-
gitudinal valley crossed by several crests, The
buccal row is dominated by the main cusp ean,
taking in the middle third of the tooth’s outer side.
The cusp is rounded buccally and is provided on
the inner side with up to five crests. In the mesial
direction from this is a strong accessory cusp «bs
having a similar form as the main cusp, being howe-

— Nomenclature of the cusps of the lower and upper molars of Haldanodon.
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ver, only a third of its size. The two cusps are
joined by an indented crest. Two further small
accessory cusps of the inner row can be infered
from the internal cingulum of the morganucodonts.
The largest of these cusps, #gs, lies about lingual
to the main cusp sas, and is connected with it by
a grooved crest. The size of cusp «gs is about the
same as the anterior accessory cusp «bw. It is often
situated further in to the tooth middle as the
neighbouring cingulum cusps. Anglo-American
authors sometimes refer to the cusp as the skueh-
necones as it can be traced to a prominent hump
on the cingulum of Morganucodon, which was
first described by Kiinxi(1950). Two further small
cusps are connected with the cusp «g» by grooved
crests. These are the cusp «fs, lying linguo-distally
from the cusp egw, and the cusp eds, at the distal
end of the molar. Cusps «fs» and eds are connected
together by a crest continuing beyond cusp ads,
thus forming a broad cingulum running around
the distal part of the tooth. Often a crest
runs down out of the distal flank of the main cusp
«as, joining the crest between the cusps g and
wds at the start of its lower third. At the junction
emerges a sharp bud. Another bud is often found
where the mesial cingulum joins the buceal
flank of the main cusp eas». In the mesial part
of the lower molars are also found two small
cusps, joined to one another and to the acces-
sory cusp «b» by a grooved crest. Thus they
form a small cingulum, similar to the one between
the cusps ¢fs and eds. The mesial cusp «es is often
only very slightly developed. The cusp shs, lying
further lingually, can in fact be quite larger,
however, is often only present in the form of
several small buds lying together. Additional buds
can also be built on the lingual base of cusp «g»
(i. e. in V] 1001-155) and on the edge of the distal
cingulum. Between the cusps ¢hs and «g» a joining
crest is not present. Here a broad depression opens
in which the valleys between the cusps ¢as, «bs,
ahw and 4gv join facing outward on the lingual side.
Other than the mentioned crests connecting the
cusps, there are also several accessory crests run-
ning down the lingual flanks of the cusps «as and
¢bs forming additional cutting edges.

Seen as a whole, the front two thirds of the
lower molars of Haldanodon, with the cusps wan,

abs and «gs, are faintly similar to the trigonid of
the pantotheria, whereas the posterior third takes
the role somewhat of the talonid.

All of the lower molars are double-rooted.
The roots, sitting one behind the other, have an
angular oval cross-section (with the long axis of
the oval perpendicular to the long axis of the
molar) and tapering slightly in the direction of
their apex. On the sides of the roots facing one
another, runs vertically a groove. Close underneath
the crown the roots are completely encircled by
a furrow. The thus caused weakening probably
is also the reason why isolated molars generally
do not have roots.

Within the tooth row of a single individual of
Haldanodon variations are present effecting the
size and form of the individual molars. The largest
of the lower molars is generally the M,, followed
closely by M, and M,. M, and M; are considerably
smaller, whereby the latter can only be estimated
from the size of its alveola. Of the isolated teeth
two M, are present, which, assuming their size
and form, are probably ultimi, i. e. M. The crowns
of these molars are short and squat and very
rounded. The curved roots are joined together, yet
have separate root channels.

The anterior molars are in relation to their
length relatively narrow and give a more elon-
gated appearance than the posterior ones which
are more compact. The form of the anterior M,
is antecipated by the milk molars, which are,
however, in relation to their length somewhat
more narrow. The degree of imbrication between
the individual molars is very high, so that at the
mesial and distal points of contact there is wear
caused by pressure.

The six lower molars of Borealestes are very
similar to those of Haldanodon. Thus the very
broad genus diagnosis of WALDMAN & Savace
(1972) is also true for Haldanodon, even though
we are definitely dealing with two different genera.
Other than the fact that Borealestes has an addi-
tional molar, the most obvious difference is that
the cusp 4ge is in this form much larger than the
cusp ¢bs. On a whole the lower molars of Borealestes
are smaller than those of Haldanodon.

The molars of Docodon could be compared with
the help of excellent models which W. G. Kithne
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F1G. 19 —M, of the right lower jaw V] 1005 - 155.
A: Lingual view.
B: Occlusal view.
— Mgz of the left lower jaw 1003 - 155.
C: Buccal view.
I Occlusal view
E: Lingual view.

recieved from F. A. Jenkins and kindly made
available. Docodon possesses as many as eight
lower molars, which occlusally seen have the
basic form a rectangle with rounded edges and
almost parallel sides. It is noticeable at first that the
posterior part of the tooth distally from the main
cusp «as takes in about half of the entire length,
whereas in Haldanodon it takes in only a third of
the length. Along with this enlargement of the

posterior section of the tooth, a basin is developed
within it, opening in the distal direction.

This is formed mesially by the main cusp sas,
lingually by cusp eds and «f» as well as buccally
by cusp 4ds and the crests joining them. A connec-
tion of crests from cusp «g» and cusp «f» to cusp
wds is no longer present, or is only very weakly
suggested. Contrastingly, ridges between the
cups #gé and «fs and the cusps sa» and «ds, which
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are only very weakly present in Haldanodon, are
well defined in Docodon. The linguo-distal cin-
gulum is practically no longer present in Docodon.

Small differences exist in the mesial part of
the lower molars. The accessory cusp abs has here
increased in size relative to the main cusp ea» and
reaches about half of its height. Due to the fact that
the cusps «bs and egs have also increased in size
relative to cusp ehe, here also a basin is formed
opening in the linguo-mesial direction. The distal
basin of a lower molar, opening distally, joins with
the anterior basin of the following tooth, which
opens linguo-mesially, forming a large trough for
receiving the lingual half of an upper molar. The
linguo-mesial cingulum iz likewige reduced in size
and consists only of a small shelf without cusp ses.
Instead of this, another small cusp has been formed
from the crest between the cusps «bw and she. In
addition numerous sharp accessory ridges have
developed, particularly on the inner flanks of the
main cusp sas, which substantially increase the
number of effective cutting edges (JenkiNs 1969).

Today, Burier's (1939) opinion is generally
accepted that at least the anterior of the five
molars of Peraiocynodon described by Smrpson
(1929) were the milk molars of the juvenile form
of a Docodon-like mammal. Thus the teeth will be
discussed in the chapter on the tooth replacement
of Haldanodon.

4.4.5 Upper Molars

The evolution of the upper molars in Jurassic
docodonts is principally the same as that of their
antagonists, yet their morphology is quite diffe-
rent from them. Here also a buccal and a lingual
row of cusps are present. The buccal row is made
up of a main cusp «As, a distal accessory cusp «Co
and one mesial and one distal cingulum cusp «E»
and «Ds. The main cusp «As, occupying about half
of the buccal cusp row, has the form of a blunt
cone, that is stretched in the mesial and distal
direction and provided with cutting crests. In
relation to the diameter of their base, the main
cusps of the upper molars are not as high as those
of the lower molars. In the buccal direction the
main cusp «As is rounded; in the lingual direction

a ridge runs out from it to the lingual cusp row,
at about right angles to the long axis of the tooth.
The accessory cusp «Cs, which is connected with
the main cusp «A» by the grooved, distal crest,
has a similar form as this, but however, only half
the size. Starting from it, the lingual ridge runs
along its flank. Running around both cusps «A»
and «C» is a broad external cingulum, which con-
tinues also on the mesial and distal side. On both
ends of the teeth on the cingulum are formed
cusp-like mounds. The mesial cusp «Es is quite
sturdy and is connected to the main cusp «A» by
the grooved, mesial crest. Often, especially in the
posterior molars, the cusp «E» is located further
in the distal direction so that mesially a broad
shelf is formed. The cingulum cusp «I» is substan-
tially weaker, usually only a small bud. Tt is also
connected by a grooved crest to a cusp, the acces-
sory cusp «Cs. Other bud-like formations can also
appear on the buccal part of the cingulum (for
example see Fig. 20 E). On a whole, the elongated
buccal cusp row has the appearance of a tricono-
dont tooth.

In comparison, the lingual cusp row of the
upper molars is, in its size and number of cusps,
substantially reduced. It is a drawn out, often dis-
tally curved protrusion of the middle lingual side
of the buccal cusp row, giving the molars some-
what the form of a figure eight lying perpendicular
to the longitudinal axis of the jaw. The lingual
row is equipped with two cusps. The by far lar-
gest cusp «X», which is connected with the main
cusp «A» by a crest, is located at the mesial begin-
ning of the second third of the lingual cusp row.
The second cusp «Y» joins distally. Both cusps are
connected by a crest which, running out beyond
them in a half circle, builds up the mesial, lingual
and distal margin of the lingual part the tooth. On
both sides of the buccolingual crest which connects
the cusps ¢A» and «X» are located elongated depres-
sions, bordered mesially and distally by the
surrounding marginal crest.

Among the isolated lingual halves of upper
molars were also found examples where the two
cusps 4X» and «Ys are about equally developed
and where the connecting crest is missing. On
the other hand, the two crests running from the
cusps to the buccal tooth half are very sharp and



F1G. 20— Dentition of the left upper jaw V] 1008 - 155.
A. Occlusal view.

— Dentition of the anterior skull V] 1009 - 155. Fragment 2 (P3, M! and M#),
1: Buccal view,
C: Lingual view.
I; Occlusal view,

— Dentition of the anterior skull V] 1008 - 155, Fragment 4 (M?),
E: Oeclusal view,



high. These upper molars have then, as a special
feature, on their lingual halves two parallel run-
ning cutting edges perpendicular to the longitu-
dinal axis of the tooth. The roots, which support
the lingual halves, have a flat oval cross-section.
The unusual size that these lingual halves can
reach, suggests that they belong to the upper
molars of the A-form of Haldanodon. Complete
teeth of this type as well as the corresponding
buecal halves could not be found.

The lingual part of the upper molars with the
cusp «X» corresponds mophologically somewhat
to the paracone of the pantotherians. The fact
that the connection between it and the buccal
main part is drawn in strongly concave in the
mesial and distal as well as occlusal and radical
directions caused here a weak zone that encourages
breakage. Thus among the isolated teeth practi-
cally no complete M, were found, the majority
being only separated buccal or lingual parts.

The upper molars of Haldanodon are all pro-
vided with three roots which in general have a
round cross-section. Two of the roots sit, one
behind the other, above the buccal part of the
molar, while the third supports the lingual part.
The roots seem to be of about the same length
and taper slightly towards their apex.

Also the molars of the upper tooth row vary
among themselves. Their size relationship follows
the norm of their antagonists, i. e. the largest
tooth is the M2, followed by M3, M#% and M?, as
well as with some disparity M3 At M?, which sits
on the beginning of the zygomatic arch, it is appa-
rent that the lingual part joins far distally and
is slightly curved in the mesial direction (Fig. 20 E).
The M5 is not only substantially smaller than the
other molars but also more primitive, as it pos-
sesses only cusps «A» and «X». The buccal part
of the tooth otherwise dominating in size appears
here, in relation to the lingual part, small and
com pact.

In comparing the upper molars of Docodon
with those of Haldanodon it is readily noticeable
that the lingual part of the teeth has vastly enlar-
ged, almost reaching the extent of the buccal
part. The area of transition between the lingual
and buccal parts of the teeth have not been effec-
ted by the enlargement, so that at this point a
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constriction appears, giving the molars in occlusal
view an hour-glass shape. Another noticeable
enlargement is that of the cusps «A» and «Y». On
the other hand, the cusps «E» and «D» are vastly
reduced. Running down the lingual surface of the
main cusp, are several sharp-edged «accessory
crestse,

4.4.6 Molar development Morganucodon — Docodon

The molars of Morganucedon were described
in particular detail by Kinne (1949, 1959), Ker-
MACK (1965), CromproN & JENKINS (1968), PAR-
rIvcron (1967, 1971) and Mmrs (1971). Their
form is quite similar to the molars of Jurassic
Triconodontinae. Like these they possess a main
cusp, as well as a mesial and a distal accessory
cusp. Besides the three cusps «As, «Bs and «Cs,
the upper molars also have a buccal and a lingual
cingulum, on which two small cusps «E» and «Ds»
as well as many buds are developed mesially and
distally. The lower molars are equipped with the
three cusps sas, 4bs and ece and a lingual cingulum
which is also studded with many buds and the
small cusps ses, eds and ege (ekuehnecones). Also
the development of the swear facetss is comparable
to that on the teeth of Triconodontinae. On the
other hand, the position of the teeth in the lower
jaw is different from these. In the Triconodon-
tinae the tooth row ends in front of the Proc. coro-
noideus, whereas in Morganucodon it runs medially
somewhat further (Mirs 1971), The question if
the comparable tooth construction of Morganu-
codon and the related forms in the Triconodonta
allow a classification, will be discussed later.

The molar development from Morganucodon
to Docodon took place in such a manner, accor-
ding to the convincing theory of Crompron &
Jenkins (1968), that the teeth gradually enlarged
their lingual cingulum, and each lost a cusp
(M*=cusp «Bs, M,=cusp «cs). In the lower molars,
the margin between the cusps «as and «bs and the
cingulum enlarged, and their small cusps increased
in circumference and height. The upper molars
developed a protrusion out of the relatively weak
lingual cingulum, that gradually enlarged, creating
the two new cusps «X» and ¢Y». The development
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process is schematically represented in Fig. 21
(redrawn after JENKINS 1969).

At this point a curious parallel development to
the docodont molars should be mentioned, which
W.G. Kiihne called my attention to. In a paper,
SzALAY (1969) describes the teeth and jaw frag-
ments of different species of the condylarthtra-
genus Hapalodectes from the Eocene of North
America and Asia. These animals possessed, like
the docodonts, a narrow jaw with an sinternal
grooves and had a similar molar form. The exten-
ded molars of the lower jaw have a tricodont

FIG. 21 — Schematic representation of the molar development

and cesp homology of the docodonts, no scale

(changed after JENKINS 1060).

A: Morganucodon, Rhaet,

B: Hypothetical intermediate form of the Lower
Jurassic.

C: Kimmeridgian form, similar to Haldanodon.

1% Docodon, Morrison Formation of the Upper
Jurassic,

arrangement of a central main cusp, two accessory
cusps in line with it and a small lingual cusp. On
the other hand, the upper molars imitate the form
and cusp arrangement of the corresponding teeth
in Haldanodon and Docodon (Fig. 22). Only the
buceal cingulum and the crest running buccal-
lingually between the two large cusps seem to be
more weakly developed. In a orientation after the
dental characteristics alone, neither this small
difference in the dental anatomy of M*, nor the
similarity of M, to those of Morganucodon and
the triconodonts, nor their relatively imposing
size would contradict a categorization as a some-
what aberrant docodont.

FIG., 22 — Hapaledectes serns MATTHEW & GRANGER 1925
(from SZATAY 1969).
Fragment of left maxilla with M! and a broken P4,
A Oeelusal view.
B: Bueceal view.
C: Lingual view.

4.5 Tooth replacement and milk molars

The nature of the transition from a polyphyo-
dont tooth replacement, also that of highly deve-
loped reptiles (Crompron 1963 a, Hopsox 1971),
to the diphydont tooth replacement of the mam-
mals is an interesting problem, that can be solved
only through the study of Mesozoic mammals.
Unfortunately, the jaw rests that are known to
us came almost only from individuals that at the
time of their death did not undergo tooth repla-
cement. Thus reference to this subject appears
only rarely in publications. Recently, however,



Mmrs (1971) and ParriNcrox (1971) have given
a detailed description of the tooth replacement
and milk teeth of Morganucodon.

Between several hundred jaw rests of this
genus, Mimrs found two mandibles with tooth
replacement. In both cases signs of a replacement
of the last premolar were present. From negative
evidence pointing against the discarding of the
teeth lying further forward and from the parti-
cular functional position of the last premolars,
MirLs assumed that only these teeth were repla-
ceable. (Replacement of only the last premolars
is characteristic of several non-related mammalian
groups, particularly the marsupials).

ParrmneroN, in studying similar yet more
abundant material, came to different conclusions
than MiLLs. He was able to prove that Morganu-
codon replaced in the lower and upper jaw all the
premolars and canines as well as probably the
incisors. The tooth replacement took place at a
relatively early age and was complete before the
last molar had erupted. The proof of a diphyodont
tooth replacement in Morganucodon by PARRING-
ToN coincides with observations of Erythro-
therium and Triconodon. The holotype of Ery-
throtherium is the small undeveloped dentary
of a youth form with an incisor in replacement,
an incompletely erupted premolariform tooth
and a molar with a not yet developed crown
(Cromprox 1964). A dentary from T'riconodon
mordax shows the replacement of the canine
and the replacement of a molariform tooth by a
premolariform one (SiMpsoN 1928 a).

The observations on Haldanodon are also in
agreement with Parrincron’s findings. Here,
through a stroke of luck, from seven mandible
fragments two are found which were in the process
of tooth replacement and two where the already
completed replacement remains provable. Further,
about a fifth of the isolated teeth are discarded milk
molars. In specimen 1005-155, already identifiable
as being part of a young animal from the jaw bone
constitution, are found five postcanine teeth in a
row. The most anterior as well as the most pos-
terior tooth are in eruption and sit almost com-
pletely within the jaw bone. The second, relati-
vely small tooth, is completely worn down. Of
the two following teeth, the first is smaller and
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by far more chewed down than the second one.
These two teeth have the same basic form, however,
differ from one another in that the third, smaller
tooth in relation to its length seems to be very
narrow, is mesially much less broad than distally
and is lacking the mesio-lingual accessory cusp
¢hs. The fourth, larger tooth, shows the typical
form and size of the M, of the other mandible
fragments of Haldanodon. Thus there is reason
to believe that this is the M, and that the follow-
ing erupting tooth is the M,. The foremost tooth
can be interpreted as the erupting P;. The second
tooth would thus be a used up Pd, shortly before
being discarded and the third tooth a still usable
Pd, (Fig. 23).

Specimen V] 1004-155 belonged to an indi-
vidual that was already somewhat more advanced
in its ontogenetical development. Here, following
three molariform teeth, are a large empty
alveola and an open crypt containing a tooth
bud. In front of the first of the molariform
teeth the cusp of an erupting tooth is visible
and in front of this the rest of a root of a further
postcanine. The second and the third molari-
form tooth is similar to the Pd; of specimen
V] 1005-155. The following can be concluded:
Present are already the M,, M, and M, M, is
still in development and M; is still so small that
it has left no marks on the jaw bone. In the area
of the premolars the Py is just erupting. The P,
has already been replaced, whereas the Pd, is
still fully in function (Fig. 24).

It can thus be proved that all three lower
premolars had a predecessor probably in all
cases molar-formed. Replacement of the inci-
sors and canines can thus also be assumed. The
replacement between Pd, and P, and the erup-
tion of the permanent molars occured in the
order from frant to back. The M, erupted before
the appearance of the P;. The P, replaced the
Pd, only after the M, was already functional.

As to the time of replacement from Pd; to Py
no data are directly available, because the jaw
fragments of adult animals, V] 1001-155 and
V] 1002-155, show a complete postcanine tooth
row of permanent premolars and molars. The
premolars are, in contrast to the molars, almost
not at all worn down.
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FIG. 23 — Dentition of the rigth lower jaw V] 1005 - 155.
Lingual view of Py, Pd,, Pd,, M, and M,.

B: Occlusal view of Pd,, Pd

p, and M.

C: Buccal view of Pd,y, Pdy, M, and M,

On the mandible remains of an old individual
(VJ 1007-155), in front of molars almost worn
to the roots is preserved a fully unworn Py,
which had obviously not yet completed its erup-
tion phase. A further mandible fragment, V]
1006-155, shows likewise a new premolar in
front of a totally worn-out molar. From this
evidence two possibilities can be drawn. Either
the last premolar (or also all the premolars)
were once again replaced at an advanced age
by a premolariform tooth, or the replacement
between the Pd, and the P, could take place in
different individuals at different times in their
ontogenetical development. The second possibi-

lity is the much more likely one and is additio-
nally supported by observations of isolated
milk molars, that are equivalent in size and form
to the Pdy of specimen V] 1004-155 and V]
1005-155. The resorbed roots of these teeth
show that they were shed. The fact, however,
that the milk molars are worn to very differing
degrees leads to the postulation that the time
of their disposal and thus their replacement
by permanent P, was individually different.

The isolated teeth, that could be indentified
as shed milk molars, have as a common charac-
teristic completely resorbed roots. The pulp
chamber is wide open having sharp irregular
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F1c. 24 — Dentition of the right lower jaw V] 1004 - 155.
A: Lingual view of Py (root), Py, Pdg, M; and M,
B: Occlusal view of Pdy, M; and M,.
C: Lingual view of P, (root), Pdy, M; and M,.

edges. Its inner surface is dissolved by osteo-
clasts in numerous small shallow grooves (see Plate
VIII, I and K). The newly formed permanent
premolars and molars that were found isolated
also do not possess roots, as these developed only
after the tooth crown during the eruption process,
The wide open pulp chamber, however, possesses
here a smooth surface and even, rounded edges
(see Plate IX, A and B). Besides their resorbed
roots, the discarded milk molars differ also from
the molars found isolated in their smaller size,
which is about that of the permanent premolars.
The remaining characteristics of the Pd, have
already been described. The buccal half of the Pd*
seems, in contrast to the M*, slimmer and more

elongated. The tooth which Kiiune (1968) illustra-
ted on p. 116 and considered a lower milk molar of
Haldanodon, is a permanent anterior molar.
Nearly the complete material of premolars
from Haldanodon found isclated consists of new
and unused teeth. This is probably due to the
fact that the roots of the newly erupting premo-
lars were not yet completely developed. Thus
the teeth were not solidly anchored in the alveolas,
which facilitated post mortem dislodgement from
the jaw. In isolated molars, this stage in growth
is also often encountered. Along with these,
however, many teeth are found which are very
worn, originating from old individuals. Here
dislodgement of the molars occured probably
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because of senile changes in the jaw bone and a
beginning resorption of the roots.

A particularity in Haldanodon is that in the
adult stage of the lower jaw the last molar is
shed including the root, and the empty alveola
then fills in with bony material. The only com-
plete maxilla dentition present here (V] 1008-155)
has the M? in situ. This means that the last molar
of the upper jaw was either shed later than its
antagonist in the lower jaw or not at all.

In closing this chapter the docodont genus
Peraiocynodon from the Purbeckian of England
will be discussed. The holotype and only pre-
served remainder of this mammal is the posterior
portion of a small, not yet developed mandibula,
with four postcanine teeth in a row (Fig. 1C).
Located between the most posterior tooth and
the Ramus mand. is a tooth bud. Smipsox (1929)
interpreted the teeth as the M, to M,. On the
other hand, BurrLer (1939) came to the conclusion
that the jaw remains of Peraiocynodon had a
dentition consisting only of milk molars (Fig. 25).
Observations of the milk molars of the somewhat
older but closely related genus Haldanodon allow
a partial revision of this wiew. The form and
size of the first postcanine tooth corresponds to
that of the P, in Haldanodon, whereas the follo-
wing two teeth are molariform and, to a great
degree, resemble the milk molars of the older
form. On the other hand, the fourth tooth, also
molariform, compares closest to the M, of
Haldanodon. This justifies the assumption that
the holotype of Perafocynodon possessed an

already replaced premolar and two milk molars
(probably P;, Pd, and Pd,). Also the M, was
already present, whereas the M, had not yet
completely erupted. The posterior molars were
not yet established. Thus Perafocynodon corres-
ponds in its development stage somewhat to the
Haldanodon paratype V] 1005-155. The simi-
larity between the teeth of both genera is so
great that the discovery of further and better
material of Peraiocynodon could possibly prove
a synonym with Haldanodon.

4.6 Tooth Occlusion and the Chewing Process

Mammals meet the large energy demand
needed to sustain their homoiothermal organism
by a particularly intensive utilization of their
food. This process is started before actual diges-
tion through preparation in the mouth; the
chewing phase. The feeding process of the reptiles,
who, with their usually simple conical shaped
teeth, only grab their food or at the best dis-
member it in crude chunks, is repeated only by
a few mammals (for example the recent odon-
tocetes). The analysis of the chewing process
of fossil mammals gives important clues to their
stage of development and to the nature of their
food, which would otherwise not be obtainable.
The chewing motion of fossil mammals is recon-
structable by studying the manner in which the
teeth (especially the molars) were worn. Such
special studies on tooth wear had been first

FIc. 25

Dentition of Peraiocynodon (from BUTLER 1939),
(e): Occlusal view of Py, Pd,, Pdy and M,.
(f): Lingual view of the same teeth,



published in relatively recent times. Here, espe-
cially to be noted, are BurrLer (1961, 1972) and
Mirs (1964, 1966, 1971). Other important con-
tributions came from CromeroN (1971), JENKINS
(1969) and Crompron & JENKINS (1968). EVERY
(1970), (Every & Kimxe 1969, 1871) introduced
the term thegosis. By this term he understands
a means of sharpening the cutting edge of the
teeth by grinding it on its antagonist. Until now
this process, working against the natural dulling
effect of chewing, has been tried to be proven
for the Pantotheria (Kreps 1971) and many of
their descendants. EveErv's studies of recent
mammals show that thegosis is an unconscious
act and occurs especially when an animal readies
for attack or defence (sgnashings the teeth).

Wear on the teeth is, according to BuTiLEr
(1972) cansed by two different forms of utilization,
called sabrasions and eattritions. These terms,
taken from dental medicine, are applied here.
Under abrasion is understood tooth wear resul-
ting from contact with the food, especially cau-
sing the cusps to be dulled. In contrast attrition
results from the movement of the occluding
teeth against one another. Thereby wear facets
are formed at those points where the teeth are
in closest contact with one another. The wear
facets are ground flat and smooth, having fine
parallel running striae. From the direction of
the striae, the movement of the teeth which
caused them can be determined. However, only
that movement can be recognized which forms
the second half of the chewing process; namely,
when the jaw is closed to the extent that the
teeth come into contact with one another. Croyp-
ron & Humie (1970) have studied the chewing
movement of the living Didelphis. Here it was
shown that abrasion oceurs in the first stage
of mastication, first when the cusps penetrate
the food mass, and next when this is crushed
between the tooth crowns. Only in the second
stage, when the teeth in a cutting movement
slide past one another, are the attrition marks
produced. Thus they are comparable to the
striations occuring on tectonic sliding planes
and can be interpreted in a similar manner.

BuriEr (1972) understands as thegosis me-
rely a special form of attrition, whereby the
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chewing movement is carried out without food
being between the teeth. This explains also the
problem in deciding from fossil material whether
the animal in question was capable of practising
thegosis. Proof for thegosis can be found only
there where, through the working of one tooth
on another, a sharp cutting edge is kept on a
surface which undergoes constant dulling by
abrasion. This is not the case in Haldanodon.

Abrasion marks in Haldanodon are found
already on not yet fully erupted molars that
didn’t come in contact with an antagonist. Wear
surfaces arising from attrition are first formed
slowly on the flanks, especially of the main cusps.
They are more difficult to evaluate, as one move-
ment can produce several planes facing in diffe-
rent directions. However, an interpretation is
possible because all the striae that were formed
at the same time lie parallel (BurLer 1972).
Besides the direction of the chewing motion,
from the form and position of the attrition facets
also the occlusion of the teeth by closed jaws
can be identified. In this manner, the relation-
ships between separately found upper and lower
dentitions can be analyzed. From the wear on a
molar it is even possible to identify, with a good
degree of certainty, the form of the yet unknown
antagonist belonging to it (Kermack & Lees &
MusseTT 1965).

Here the wear facets of several tooth types
of Haldanodon will be described. In concluding,
the compiled data will be used in an attempt
to determine the relationships between the lower
and upper jaw and the feeding habits of Hal-
danodon.

Incisors and Canines

From their form and position the incisors
of Haldanodon were designated to grab food
particles in a pincer-like manner, For this purpose
they are assisted by the long dagger-formed
canines, which by their form are particularly
suited to hold a smooth surfaced food chunk
or to kill a struggling prey.

The cusps and the mesio-distal crest of inci-
sors and canines, after long use, develop an abra-
sion wear, whose surface is slightly rounded and
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lies parallel to the plane of occlusion. Contras-
tingly, on the labial flanks of the lower incisors
and canines and on the lingual flanks of the
upper incisors and canines striated facets emerge,
which can be attributed to attrition. Whereas
the postcanine teeth take an active part in the
chewing process, the front teeth move past one
another. With closed jaws the lower of these
teeth sit finally mesiobucecally from their anta-
gonists. Because of their rounded flanks the
front teeth are not capable of cutting in a shea-
ring fashion. Thus, they obtain their side wear
facets in the same manner as reptile teeth, which
with the opening and closing of the jaws grind
on one another (Fig. 26).

On the lower front teeth the striae of the
attrition facets point from distally above to
mesially below. Correspondingly, on the upper
teeth the striae run from mesially below to dis-
tally above.

20 mm

F1G. 26 — Upper right tooth of a (?) crocodilian out of the
Infra-Cenomanian of Taouz (Southern Morocco)
with abrasion wear (cusp) and striated attrition
plane (linguo-distal tooth flank).

A: Distal view.
B: Lingual view.

Premolars

The three lower and the three upper premolars
of Haldanodon are from front to back increasingly
more molariform. They take over, thereby, in
the same degree the occlusion form of the molars.

While the anterior premolars slide past one
another by jaw closure, the posterior ones come
into direct opposition. It is worth noting that
the premolars are not particularly worn by either
abrasion or attrition but retain their original
form even with very badly worn molars present.

Molariform Teeth

BurLer (1972) separates three consecutive
degrees of function in the evolution of the mam-
malian molars: the shearings, the scrushings
and the «grindings stage. The molars of the Upper
Jurassic docodonts differ functionally from those
of the same aged pantotheria in that they do not
only glide by one another in a shearing process
but, in terminating the chewing movement,
stand in direct opposition to one another and
also crush and squash their food. This chewing
modus, which also opens the way to plantal and
harder food stuffs, was attained by the Panto-
theria first in the Lower Cretaceous with the
development of the tribosphenic molar. On the
other hand, the multituberculates and their
probable forerunners, the haramyids had already
developed molars corresponding functionally to
the third degree and capable of a grinding mas-
tication.

CromproNn & JENKINS (1968) and JENKINS
(1969) stress the importance of the shearing
mastication in the docodonts and see in the line
of evelution Morganucodon— Docodon a transition
from a simple longitudinal shearing movement
to a complex longitudinal and transversal motion.
The latter was made possible by the acquisition
of further cutting edges and shearing surfaces.

Here it shall be shown that both shearing as
well as crushing components took part in the
chewing modus of Haldanodon.

CroMpron & JENKINS (1968) gave a represen-
tation of the occlusion-conditions by the molars
of a hypothetical form similar to Haldanodon
(Fig. 27). This representation was later adapted
by Hopson & Crompron (1969) and directly
applied to Haldanodon (Fig. 28).

There is little to add to the information given
by the two author teams. However, they disre-



FIc. 27 — Schematic illustration of the wear facets caused
by attrition on the molars of a hypothetical stage
between Morganucodon and Docodon; partially
based on Haldanodon (from CROMPTON & JENKINS
1968).

garded to make a difference between wear resul-
ting from attrition and that resulting from abra-
sion. The abrasion wear influences very strongly
the wearing down of the molars and, by its cons-
tant increase in size overlaps, to a degree, also
the attrition surfaces.

Smaller discrepancies between the above men-
tioned illustrations and my own observations
will be discussed later.

65

The abrasion on the lower molars encompasses,
first of all, the buccal cusps and the crest between
the main cusp sas and the lingual cusp ege. Later,
the other lingual cusps, and the mesial crests, to
a lesser degree, are also worn by abrasion. In the
upper molars also the buccal cusps and their
connecting crest are favored by abrasive wear.
Thus, in the mesial portion or the tooth, a sloping
oceurs, which runs from the partially worn down
main cusp ¢A» over the completely worn away
accessory cusp «Co to the mesial margin. The
abrasion surfaces follow the inclination of the
crests but lie otherwise perpendicular to the plain
of occlusion. With increased enlargement of the
worn surfaces the dentin here wears more rapidly
than the bordering enamel, so that slightly
concave depressions can occur.

The origin of the attrition facets can be ex-
plained by the nature of occlusion of the molars
in Haeldanodon (Fig. 29).

With closed jaws, an upper molar comes to
rest here just about interpositional between two
lower molars. Thereby, the buccal half of the
upper molar lies buccally besides the antagonist.

Contrastingly the lingual half sits in direct
opposition on the lower teeth. Between these lies
the crest connecting cusp ¢As» with cusp «Xn.
Thereby, the mesial portion of the respectively
posterior M, iz more overlapped than the distal
portion of its predecessor. The facets can be

FIG. 28 — Schematic illustration of the wear facets caused
by attrition on the molars of Haldanodon (from
HoprsoN & CROMPTON 1968).

Fi1G, 20 — Occlusion model of the lower and upper molars
of Haldanodon, reconstructed from V] 1001 - 155

and V] 1009 - 155,
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divided into those, respective of their place of
origin, resulting from action on the buccal half
of the M* and those resulting from action on the
lingual half of the M® The facets of the first
group are found in the lower molars on the buceal
flanks of the main cusp ¢as and on the mesial
accessory cusp «bs. On the upper molars, they lie
lingually from the longitudinal crest that leads
from the mesial accessory cusp «Es across the
main cusp «A# and the accessory cusp «Cs. They
arise in that the bucco-distal flank of the main
cusp sas of M, slides up along the linguo-mesial
flank of the main cusp «A» of the M*. At the same
time, the bucco-mesial flanks of the main cusp
eas and the buccal flanks of the mesial accessory
cusp eby of M, move against the linguo-distal
flanks of the main cusp «A» and the distal
accessory cusp «Ce of M*. The facets are at first
long and narrow, and on the M, they appear

first on the lower swollen margin of the crown.
Later they take over the major portion of the
above mentioned tooth flanks.

The result of the movement produced by the
first group of facets is a shearing cut, running in
a zigzag fashion. The zigzag cut resulting from
the angular position of the individual cutting
planes produces an extension of the cutting edges
and guides the lower molars exactly past the
upper ones.

The position and form of the facets point fur-
ther to the fact that — while closing the mouth —
the mandible was moved substantially also in
the lingual direction. (The studies of Crompron
& Himmiy 1969 and 1970 have confirmed that
the mammals use alternatively only one tooth row
for mastication). The striae on the facets allow
identification of an additional, slighter, anterior-
posterior movement component.

Fi. 30 — Schematic representation of slightly worn right molars of Haldanodon. An exact
fitting of the wear surfaces, illustrated here on the lower and upper molars from
different individuals, was purposely dispenced with in the drawing. Abrasion
wear is represented by the dark shade. The attrition surfaces with identical grid
patterns came in direct contact during chewing.



The wear facets of the second group are not
to be defined as being merely the results of a
cutting movement. Here the food particles, shea-
red off by the buccal tooth half and pushed
inward by the jaw movement, are further pro-
cessed between the linguo-distal and the lingual-
mesial areas of the M, and the lingual halves
of the M* In this manner, the crests and acces-
sory crests work like the edges of a grater. At the
end of the jaw closing mastication process, the
accessory cusps b and ses of M, and the acces-
sory cusp «Y» of M* pound in depressions of the
respective antagonists and perform the same
task as the pestle in a mortar. The wear facets
attributed to such an attrition process are located
at the lower molars especially in the lingno-
mesial portion of the respective posterior tooth.
To a lesser degree also the linguo-distal portion
of the respective anterior M, is affected. The
facets on the lingual half of the upper molars are
correspondingly developed.

A schematic illustration of wear surfaces due
to abrasion and attrition on only slightly worn
molars of Haldanodon is given in Fig. 30. In a
similar form it is also applicable to the milk
molars. In comparing this with the statements
that CroMpron & JENKINS (1968) or respectively
Horsow & Crompron (1969) had made about
the wear facets of the molars of Haldanodon,
several differences are apparent. Next to diffe-
rences as to the spatial position of individual
facets, which could be due to individual varia-
tions in the observed teeth, the opinions about
the wear of cusp ¢b» of M, are especially conflic-
ting. According to Cromprox & JENKINS (1968),
this wear was due to action on the linguo-distal
flank of cusp «C» of M* (Fig. 27). Contrarily
Hopsox & Cromeron (1969) believe that the
wear facets were caused by contact with the
linguo-mesial flank of the main cusp «As of M*
(Fig. 28). Observations of various M, have shown
that the facet of cusp «bs did not occur through
contact with the occluding M* but is in fact a
typical lingually tilted, abrasion facet.

Through the action particularly of abrasion,
first of all the tooth cusps and crests are dulled.
On the linguo-mesial portion of the M, a depres-
sion is formed, whereas the part of the lingual
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half of the M* fitting into this is rounded off.
Finally, however, the wear leads to the leveling
off of the entire occlusion surface of the molars.
It is to be observed that the lower molars of
older individuals form a rounded off surface
that is slightly tilted in the linguo-mesial direction
and shows no cusps, cutting edges or the like
(Fig. 81). Although a shearing bite is certainly no
longer possible with such teeth, animals thus
equipped are obviously still viable. Tt is probable
that, in this situation, the until now little used
premolars prepare the food for the molars by
shearing it. It is also worth noting that the degree
of wear on the molars increases from front to
back; so that the last erupting molar shows the
strongest degree of wear. From this it can
be concluded that the strength of the bite
in Haldanodon is concentrated on the posterior
malars.

Parmixcron (1967) describes also cases of
very hard wear on the molars of Morganucodon.
However, here the teeth are first reformed into
a triangular wedge and finally into a stump with
a kind of a spike in the middle. It can be assumed
that a, certainly not very effective, shearing
bite was still just possible in this condition. As an
explanation Parrmerow (1971) stated that the
life cycle of a small mammal, like Morganucodon,
was probably so short that two generations of
molariform teeth were sufficient. Also the hard
prismatic enamel of the later mammals was not
yet present in these early forms.

Recognizing these arguments allows us to
postulate that Haldamodon processed a hard,
tough and abrasive food. Nevertheless, a self
induced sharpening of the teeth through the-
gosis could not be proven. The food was either
of such a nature that even with fully worn down
molars it could still be handled, or the animal
changed over to another regimen in advanced
age. The chewing process of the not yet heavily
worn molars can be so classified:

1) Firmly holding and tearing the food particles
with the penetrating cusps.

2) Cutting with the shearing crests and edges,
and further transport to the inside through
the lateral movement of the lower jaw.
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FIG. 31 — Dentition of the right lower jaw V] 1007 - 155.
A: Lingual view of Py and M, - M,
B: Occlusal view of Py, M; and M,.
C: Buccal view of Py, M, and M,.

3) Further mincing by crushing and grinding
between the lingual tooth portions, and dis-
solving it into a mash by mixing with saliva.

From the given data on the anatomy of the
jaw, the masticatory musculature and the den-
tition, an attempt will be made to reconstruct
the feeding habits of Haldanodon. It could be
shown that Haldanodon dit not possess a simple
orthal jaw movement, but rather its lower jaw
underwent a complicated process of movement,
that was also directed lateral-medial and rostral-
caudal. Contrary to that of Morganucodon, the
condylus lies by Haldanodon far above the level
of the cusps. The mastication musculature is
controlled by the muscles of the temporalis and
masseter groups. There is only one, however for
this reason very sturdily developed, pterygoid

muscle present. A Proc. psendangularis provided
for a strong bite by almost closed jaws. The
molars were not only suited for a shearing masti-
cation but were also capable of grinding and
could process an abrasive food.

All this evidence leads to the conclusion that
Haldanodon was omnivorous, feeding to a great
extent on vegetable material (Cromeron & Him-
MAE 1969). The same applies to the other simi-
larly characterized Upper Jurassic docodonts.
Thus, next to the carnivorous or pisciverous
triconodonts, the herbivorous multituberculates
and the more of less insectivorous pantotherians
and symmetrodonts, they occupy a special ecolo-
gical position. This is best described by com-
parison with recent small mammals that also
prefer such food habits, A rodent may serve as
such an example. The insect feeding forest mouse



(Deomys ferruginens) has a body length of 12-
16 cm, weighs between 50-T0 g, has a pointed
head and possesses molars with pointed cusps.
It lives in the african rain forest coming out at
night on the forest floor or wading in shallow
water. Its food consists of the small animals that
it can capture (termites, ants, water insects,

beetle larva, worms, snails, frogs, etc.) and tree *

fruits and seeds (DmTERLEN 1969; SANDERSON
1956). Such a food supply and such an environ-
ment were also available for Haldanodon.

4.7 Ecology

Haldanodon's environment can be characte-
rized, by means of the hypodigma of animal
and plant fossils, as being a tropical forest
near the coast and on the edge of a brackish
lagoon. From an ecological standpoint, the fauna
composition fits very well that of a recent biotope
of this type. The role of the large mammals is
represented here by various dinosaurs. The three
mammal groups found in the Guimarota coal
must have likened recent insectivores and rodents
in their living and feeding habits. Haldanodon
was equipped with a good sence of smell and
touch. This suggests that it preferred night

69

activity. By day the Mesozoic mammals were
potential prey for potent enemies in form of the
smaller carnosaurs and crocodiles, whereby noc-
turnal beasts of prey which specialize on warm
blooded animals, such as snakes and owls, had
not yet developed. For this reason it can be
assumed that they prefered concealed living
habits. The predatory triconodonts, which pos-
sibly preyed on other mammals, are not yet
evident in the Guimarota sediments. In food
competetion were above all the, at that time
flourishing, lacertilian reptile group and to a degree
other mammalian groups, who's development, like
that of the docodonts, was dependent on the evolu-
tion of higher plants and insects (CLEMENS 1970).

On a whole, the paleocological conditions of
the Kimmeridgian coal from the Guimarota mine
are very similar to those of the English Purbeckian,
described so vividly by Smpson (1933). The
equivalent of the following clastic fluvial deposits
of the Wealdian can be found in the other Portu-
guese finding place of Mesozoic mammals of
Porto Pinheiro (Upper Kimmeridgian). Here the
very fragmentary faune consists of, next to many
multituberculate and pantotherian teeth, also a
few molars of triconodonts and symmetrodonts
(Krusat 1969), however, no remains of docodonts
have been found.



5. PHYLOGENY AND TAXONOMY OF THE DOCODONTS

The distinctions used for mammals in recent
zoology (for example possession of hair, milk
glands and a four chambered heart with the
aortic arch on the left side) are, as is well known,
of no use to paleontology, because the morpho-
logical-physiological characteristics are practically
never preserved as fossil evidence. For this reason
in paleontology certain characteristics of the
skeleton and tooth construction are used, whereby
the most important one is the possession of a
secondary jaw joint. For many Mesozoic mam-
mals this possibility of differentiation from rep-
tilian forerunners is also inadequate, because
the complicated mosaic development of mamma-
lian characteristics does not allow a clear separa-
tion between primitive mammals and highly deve-
loped therapsids. Particularly responsible for the
emergence of this dilemma is the progress in
modern vertebrate paleontology, which has con-
siderably broadened our knowledge about the
evolutionary process, especially in the lower
Mesozoic. Accordingly, it is no longer possible
to give a valid definition of the Class Mammalia
in simple morphological terms, the so-called
Mesozoic mammals included (Smvpsox 1971),
and also for the interpretation of the phylo-
geny not necessary. According to a silent agree-
ment among researchers in this field, those tetra-
pods have reached the status of mammals, which
can be categorized in one of the well defined
groups, that is:

— Monotremata
— Multituberculata
Triconodonta — Docodonta
— Theria sensu lato
(Smpson 1971).

In this sense also Haldanodon, characterised
as a member of the order Docodonta, is to be
considered a mammal even though, from the
state of its development, it is not so different
from the ereptiless of the Middle and Upper
Triassic.

Wereas it is relatively insignificant whether
a group of transitional forms is assigned to the
reptiles or to the mammals, the taxonomic clas-
sification within the orders and the lower syste-
matic units is thus important, because thereby
the successive historical line of development and
the degree of affinity between the individual forms
should be documented. The relationships between
the families Morganucodontidae and Docodontidae
were repeatedly refered to in the present work. The
here established correspondence in the construction
of the visceral skeleton and of the lower jaw of
Morganucodon and Haldanodon supplements the
already established inference of the molars and
allows the, up to now only supposed, derivation
of the Docodontidae from members of the family
Morganucodontidae to be regarded as proven.

The, to a degree, baffling homologies between
Morganucodon and Haldarnodon make it necessary
to discuss once again the systematic position of
the Morganucodontidae family. Crompron &
JeNkmns (1968) had indeed determined that the
molars of Docodon evolved from those of Morga-
nucodon, however, following PARRINGTON'S (1967)
view, they placed the Morganucodontidae in the
Tricodonta. This view is based solely on the form
of the molars of Morganucodon, which comes
close to that of certain Upper Jurassic Tricono-
dontidae, and the resulting similarity in tooth
wear, Certain correlations are also present in the
structure of the cranial skeleton (KErMACK 1963).
Decisive proof, however, cannot be accepted for
either of these characteristics. Parallel develop-
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ment of the tooth construction is known for many
not closely related mammal groups that feed on
a similar food. The posterior skull of a member of
the docodontidae is not yet known. It can, howe-
ver, be assumed that it has principally the same
construction as the cranial skeleton of Morga-
nucodon. The morphological conformities and
deviations between Morganucodon and the trico-
nodonts, on the one hand, and between Morga-
nucodon and the docodonts on the other are com-
pared in the following table,

Triconodontidas Docodomtidas
Incisors | no evidence the last upper precanine
situated in the maxilla
Molars similar, derivable | not similar, derivable
from one another | from one another
Cranial partial conformity | no evidence
skeleton
Visceral | no apparent con- | strong conformity in the
shkeleton formity morphology of the bones
and the bone satures
Lower strong deviations | strong conformity in the
jaw in theconstruction | construction of the lower
of the lower jaw | jaw (sulcuz with acces-
and masticatory | sory bones, Proc. pseu-
muscles doangularis) and the mas-
ticatory muscles

This shows clearly that the origin of the
Docodontidae must be traced back to the Morga-
nucontidae group. Compared to Morganucodon,
the Upper Jurassic forms merely further degene-
rated the primary jaw joint and adapted the

molars to another food supply. Thus Parrerson’s
(1956) and KErmack & musser’s (19568) classifi-
cation of the family Morganucodontidae in the
order Docodonta must be accredited, as those
nearest related to the Morganucodontidae are
the Docodontidae. This does not deny, however,
that the two orders Docodonta and Triconodonta
have closer relationships to one another than to
other groups, and are thus correctly combined
by Hopson (1970) in the infraclass Eotheria.
A simplified phylogenetic tree of Mesozoic mam-
mals is attempted at in Fig. 32.

It seems that the docodonts had, already
on the boundary between the Jurassic-Cre-
aceous, become the first mammal order to be
extinet.

The reason for this circumstance is not yet
known. Compared with mammals of the same age,
the Upper Jurassic docodonts cannot at all be
regarded as being phylogenetically retarded, let
alone 4living fossilss. Also the pantotheres, sym-
metrodonts, triconodonts and multituberculates,
that survived into later times, still possessed in
the Upper Jurassic many reptilian characte-
ristics. Only in one respect did the Docodontidae
not follow the general mammalian development;
namely that by them the bones of the primary
jaw joint were not or were only incompletely
incorporated into the middle ear. The retention
of the reptilian hearing apparatus could not,
however, have been sufficient to make the Doco-
dontidae less competitive than other mammal
groups, in as much as their dental development
was very advanced.
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6. SUMMARY

Haldanodon exspectatus Kimne & Krusar
1972 from the Kimmeridgian of Portugal belongs
to the family Docodontidae (0. Docodonta,
C. Mammalia), whereby three further genera are
known. The Docodontidae evelved out of the
family Morganucodontidae. The inclusion of the
Morganucodontidae in the Docodonta is based
on the morphological homologies between Morga-
nucodon and Haldanodon.

In respect to its Upper Triassic ancestors,
Haldanodon had merely further reduced the
primary jaw joint and developed a new molar
type. The accessory bones of the reptilian lower
jaw are rudimentarily located on the medial side
of the dentary and no longer serve articulation.
The mammalian middle ear is not present in
Haldanodon. The Meckelian eartilage persists
also in adult individuals of Haldanodon and is
led together with Arteria and Nervus mylohyo-
ideus in a Sulcus primordialis et mylohoideus,
which reaches as far as the symphysis of the
lower jaw. Haldanodon has retained many further
reptilian characteristics; among others the carry-
ing of the last upper precanine in the maxilla,
probable possession of septomaxillae and a redu-
ced reptilian saliva apparatus. On the other hand,
Haldanodon had a sturdily developed secondary
jaw joint and a heterodont dentition. Diphyodont
tooth replacement could be proved in much
detail for Haldanodon.

It is very likely that the dentary of Halda-
nodon was equipped with a Processus pseudan-
gularis, on which caudally, homologous to the
monotremates, a Muscuslus detrahens mandi-
bulae inserted, as well as laterally a Musculus
massetericus and medially a portion of the Mus-
culus temporalis. The Musculus pterygoideus
ext. inserted on the Crista pterygoidea, which
was enlarged by a depression in the jaw bone.
The Musculus pterygoideus int. was not present.

The dental formula of
Haldanodon is

51:C:3P:5M
EATIC: AP

Differences in the construction of the lower
jaw and the dentition of adult individuals reveal
a, probably sexually based, dimorphism. Halda-
nodon possessed, comsidering its low stage of
development, a very advanced degree of occlusion
of the molars, making a shearing and grinding
mastication possible.

Considering the jaw musculature, the form
of the Condylus madibularis and the occlusion
relationship in the dentition, omnivorous feeding
habits would be most expected. The living habits
of Haldanodon can, with some discretion, be
identified as that of a nocturnal omnivore, in a
tropic-humid, heavily grown biotope, in which
reptiles (dinosaurs, crocodiles, turtles, lacertilians)
were dominant.
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8. PLATES AND EXPLANATIONS



Plate 1

Location of accessory bones on the medial side of the dentary of Haldanodon
(specimen V] 1003-135).
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Plates I1-V: Stereo phalo pnirs of jaw fragments of Haldanodon.
The line of scale is in each case 5 mm.

Plate II

=

: Lateral view of the left lower jaw V] 1001 - 155, fragment 2, (holotype of Haldanodon
exspectaius KUHNE & KRUSAT 1972).

Medial view of the same specimen.

Dorsal view of the same specimen.

: Lateral view of the left lower jaw V] 1002 - 155, fragment 2.

Medial view of the same specimen.

: Dorsal view of the same 9pcci|r|en,
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Plate III

A: Lateral view of the left lower jaw V] 1003 - 155.

B: Medial view of the same specimen.

C: Lateral view of the right lower jaw V] 1004 - 155, fragment 1.
D: Medial view of the same specimen.

E: Lateral view of the right lower jaw V] 1004 - 155, fragment 2.
F: Medial view of the same specimen.
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Plate IV

A
B:
G

mmg

: Lateral view of the right lower jaw V] 1005 - 155, fragment 2.

Medial view of the same specimen.

: Medial view of the right lower jaw V] 1005 - 155, fragment 1.

: Lateral view of the right lower jaw V] 1007 - 155, fragment |.
Medial view of the same specimen.
Lateral view of the right lower jaw V] 1007 - 155, fragment 2.
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Plate V

: Medial view of the right lower jaw V] 1007 - 155, fragment 2.
Lateral view of the left anterior skull V] 1009 - 155, fra.gmenl I.
: Ventral view of the same specimen.

: Lateral view of the right anterior skull 1009 - 155, fragment 2.

: Lingual view of P, M' and M? on the same specimen.

: Declusal view of P9, M! and M? on the same specimen.
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Plates VI - XII: Depiction of isolated teeth of Haldanodon made with the help of the scanning
electron mierescope.

The photos were taken with the Stereoscan Mk. II produced by Cambridge Scientific Instru-
ments. By means of an elastic glue (+Pattext) and a conductive silver paste, the objects were fastened
to a flat headed brass rivet, who's shaft fits into the specimen holder of the apparatus (3 mm in diameter).
They were finally rendered electrically conducting by metal evaporation of gold palladium. The expo-
sure data are as follows:

— secondary electron image.

— record time (line speed) = 0,1 sec.

— scanning speed = 200 sec.

— negative size = 33 * 55 mm.

— Steinheil oscillograph camera with a Cinerollex cassette,

On the teeth can be observed fractures that were probably partially due to the high evacuation
of the specimen chamber. For optical reasons the teeth had to be arranged in the same position in the
plates that was prearranged because of the limited ¢lightings possibilities at the time of exposure.
Therefore, for example, most of the upper jaw teeth were mounted with the cusps pointing upward.
On the occlusal views the lingual side is pointed downward.

Plate VI

Left P, V] 1039 - 155. Occlusal view. 89 % enlarged.

As above. Lingual view. 89 x enlarged.

: Left Py or Py V] 1035 - 155. Buccal view. 60 x enlarged.
As above, Occlusal view. 60 > enlarged.

As above. Lingual view. 63  enlarged.

: Left Py or Py V] 1038 - 155. Buccal view. 75 % enlarged.
: As above. Occlusal view (the lingual side faces here upward). 75  enlarged.
: As above. Lingual view. 75 x enlarged.

: As above. Lingual view. 75 X enlarged.

Left P2 V] 1013 - 155. Oecclusal view. 75 % enlarged.

: As above. Lingual view. 75 % enlarged.

ArnIromnmoowEe



G. Krusar Haldanodon exspectatus Kinse & Krusar 1972 PL. VI




Plate VII

. Right P® V] 1012 - 155. Buccal view. 55 % enlarged.

As above. Occlusal view. 53 * enlarged.

As above. Lingual view. 55 ¥ enlarged.

As above. Mesial view. 55 X enlarged.

As above. Distal view. 55 X enlarged.

Left P® V] 1032 - 155. Linguo-occlusal oblique view. 64 < enlarged.
: As above. Distal view. 64 X enlarged.

: Right Pd. V] 1043 - 155. Occlusal view. 53 % enlarged.

As above. Lingual view. 80 x enlarged.
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Plate VIII

: Left Pd, V] 1028 - 155. Buccal view. 55 < enlarged.

As above. Occlusal view. 69 % enlarged.

: As above. Lingual view. 55 X enlarged.

. As above. Mesial view. 53 X enlarged.

: As above. Distal view. 55 X enlarged.

. Right Pd" V] 1030 - 155. Occlusal view. 68 x enlarged.
: As above. Lingual view. 68 x enlarged.

: As above. Distal view. 85 * enlarged.

Right Pd, V] 1041 - 155. Lingual view. 82 * enlarged.
: As above. Radical view. 65 ¢ enlarged.
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Plate IX

: Right M, 1010 - 155, Bucco-radical oblique view. 60 x enlarged.
As above. Radical view. 60 X enlarged.
: Right M V] 1021 - 155, Occlusal view. 50 * enlarged.
: As above. Lingual view. 50 X enlarged.
: Right M, V] 1015 - 155, Buccal view. 45 x enlarged.
As above. Occlusal view. 47 X enlarged.
: As above. Lingual view. 36 % enlarged.
: As above. Mesial view. 45 % enlarged.
As above. Linguo-occlusal oblique view. 36 % enlarged.
: As above. Distal view. 45 % enlarged.
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Plate X

: Left M. V] 1016 - 155. Lingual view. 42 X enlarged.

: Left My, V] 1046 - 155. Lingual view. 45 < enlarged.

: Right M;; V] 1017 - 155. Occlusal view. 50 < enlarged.

: As above. Lingual view. 50 » enlarged.

: Right M, V] 1026 - 155. Occlusal view. 52 x enlarged.

: Aberrant left M W] 1018 - 155. Occlusal view. 52 x enlarged.
: As above. Linguo-occlusal oblique view. 52 x enlarged.
Worn down left M. V] 1047 - 155. 64 ¢ enlarged.

As above. Linguo-occlusal oblique view. 64 x enlarged.

: As above. Lingual view. 64 % enlarged.
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Plate XI

: Worn down right M, V] 1045 - 155. Occlusal view. 54 < enlarged.
As above. Linguo-occlusal oblique view. 34 » enlarged.
: Right M™ V] 1048 - 155, Occlusal view. 79 % enlarged.
. As above. Lingual view. 79 x enlarged.
As above. Distal view. 79 * enlarged.
. Right M** V] 1014 - 155. Occlusal view. 53 x enlarged.
: As above. Linguo-occlusal oblique view. 48 ¢ enlarged.
: As above. Lingual view. 48 * enlarged.
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Plate XII

A: Right M?* 1014 - 155. Occlusal view. 44 * enlarged.

: Right M* V] 1050 - 155, lingual half. Occlusal view. 37 % enlarged.
. As above. Disto-occlusal oblique view. 37 % enlarged.

. As above. Distal view. 37 % enlarged.

: Left M* VJ 1051 - 155, lingual half. Occlusal view. 58 * enlarged.
: As above. Lingual view. 32 % enlarged.

mmRgOw



G. Krusar Haldanodon exspectatus Kitnng & Krusar 1972 PL. XII







MEMORIAS DA COMMISSAO GEOLOGICA DE PORTUGAL (1857-1869)

1865 — GoMEs, B. A, — Vegetaes fosseis; — Flora fossil do terreno carbonifero das visinhangas do Porlo, Serva do Bussaco
& Moinho d'Ovdem, prézimo de Aleacev do Sal. 46 p., 6 est. (Com tradugdo em franeds). Esgotada.

180-5 PEREIRA Da Costa, F. A, — Da existencia do homem em epochas rvemotas no valle do Tejo; — Noticia sobre os

let descoberios no Cabepo da Avvuda. 40 p., 7 est. (Com tradugdo em francés). Esgotada,

1866 — RIBEIRD C. — Estudos geologicos; — Descrippdo do terreno quaterndrio das bacias hydrographicas dos vios Tejo
& Sado. 164 p., 1 carta (com versiio francesa por Dalhunty). Esgotada.

1866-67 — PErEIRA DA Costa, F. A, — Molluscos fosseis; — Gasteropodes dos depositos ferciarios de Portugal. 2 fasc.
263 p., est. (Com versio francesa por Dalhunty). Esgotada.

1867 — NERY DELGADO, J. F. — Estudos geologicos; — Da existencia do homem no nosso solo em tempos mui vemolos
provada pelo estudo das cavernas; — Noticia deevea das grutas de Cesareda. 133 p., 3 est. (Com versio francesa
por Dalhunty). Esgotada.

1867 — RIBERO. C. — Estudos geolégicos; — Memdria sobve o abastecimento de Lisboa com dguas da nascente e dguas
de rio. 119 p., Esgotada.

18G8 — PEREIRA DA CoSTA, F. A, — Monumentos prehistovicos; — Descrippdo de alguns dohmens ou antas de Portugal.
97 p.. 3 est. (Com traduciio em francés). Esgotada.

MEMORIAS DA SECCAO DOS TRABALHOS GEOLOGICOS DE PORTUGAL (1869-1886)

1871 — RIBEIRO, C.— Descripgdo de alguns silex e quarizites lascados encontrados nas camadas dos lervenos tevcidrio
& quaterndrio das bacias do Tefo e Sado. 57 p., 10 est. (Com tradugio em francés). Esgotada.

1876 — NERY DELGADO, J. F. — Terrenos paleozoicos de Poviugal: — Sobre a exisiencia do tervemo siluriano no Baixo
Alentejo, 35 p., 2 est.,, 1 carta (Com tradugio em francés). Esgotada.

1878 — RIBEIRO, C.-— Estudos prehistoricos em Portugal; — Noticia de algumas estagies e monumenios prehistoricos,
1.2 vol. 72 p., 21 est. (Com tradugio em francés). Espotada.

1880 — Tdem — ITdewn, 2.0 vol., 86 p., 7 est. (Com tradugio em francés). Fsgotada.

1880 — CHOFPAT, P. — Efude stratigraphique et paléontologique des lerrains jurassigues du Portugal; — Le Lias ef le
Dogger aw Nord du Tage. (XII + 72) p.

1881 — VASCONCELOS PEREIRA CABRAL, F. A, DE — Esiudo de depdsitos superficiais da bacia do Dowro. 88 p.. 3 est.

1881 — HEER, O. — Contribution d la flove fossile du Portugal. 51 p.. 29 est. Esgotada.

1885 — CHOFFAT, P. — Recueil de graphies sivatigraphig sur le systéme créfacique du Portugal. Premidre diude;
— Contrées de Cintra, Bellas et de Lisbonne, 76 p., 3 est. Esgotada.

1885 — NERY DELGADO, J. F. Tervenos paleozoicos de Portugal, Estudo sobre os Bilobiles ¢ owives fosseis das quarizifes
da base do systema silwrico de Portugal. 111 p., 43 est. (Com tradugio em franeés). Esgotada.

18868 — CHOFFAT, P.— Recueil d'éiudes paléontologigues sur la faune crélacique du Portugal. Vol. I; — Espéces nou-
velles ou pew connues. 1o série, 40 p. 18 est. Esgotada.

MEMORIAS DA COMMISSAO DOS TRABALHOS GEOLOGICOS DE PORTUGAL (1886-1892)

1885-88 — CHOPFAT, P, — Deseriplion de la faune jurassigue du Portugal; — Mollusques lamellib hes. Dewxiéme ordre,
Asiphonidae. lire et Zéme livraison, 76 p., 19 est. Hsgotada.

1887-88 — Loriow, P, DE — Recueil d'dtudes paléontologiques sur la fawne crétacique du Portugal, Vol, I1; — Description
des Echinodermes. 2 fasc., 124 p., 22 est. Esgotada.

1887-88 — NERY DELGADO, J. F. — Terrenos paleosvicos de Portugal; — Estwde sobve os Bilobites ¢ oulros fosseis das
quarizites da base do systema silurico de Portugal. Suplemento — 76 p., 12 est. (Com tradugiio em francés).
Hsgotada.




1888 — Lima, W. DE — Flora fossil de Poringal; — Monographia do género Dicranophyllum (Sistema Carbonico). 14 p.,
3 est. (Com tradugdo em francés). Esgotada.

1880 — Crorrar, P.— Etude géologique du tunnel du Roccio, Contribution d la connaissance dw sous-sol de Lisbonne.
Avec un article paléontologique par J. C. BERKELEY COTTER et un article zoologique par ALBERT GIRARD, 106 p.,
7 est. Hsgotada.

1890-81 — Lorior, P. DE — Description de la faune jurassique du Porviugal; — Embranchement deés Echinodermes. 179 p.,
20 est. Esgotada.

1892 — NERY DELGADO, J. F.— Fauna silurica de Portugal; — Descvippdo de wma forma nova de Trilobite, Lichas
{Uralichas) ribeiroi. 31 p., 6 est. (Com tradugio em francés). Esgotada.

MEMORIAS DA DIRECCAO DOS TRABALHOS GEOLOGICOS DE PORTUGAL (1892-1899)

1893 — CuHorFeat, P. — Description de la faune jurassique du Portugal; — Classe des Cephalopodes. Tive sévie. Ammoniles
du Lusitanien de la contrée de Torres Vedras. 82 p., 20 est. Esgotada.

1893 — CHOFPAT, P.— Description de la faune jurassique du Portugal; — Mollusques lamellibranches. Premier ordre,
Siphonida. lée livraison. 30 est. Esgotada.

1894 — Sarorta, M — Flove fossile du Portugal; — Nowvelles contvibutions d la flove mésosoigue. Accompagnés d'une
notice stratigraphique par PAUL CHOFFAT. 288 p.. 40 est. Esgotada.

1896 — LORIOL, P DE — Description des Echinodermes tertigives du Portugal. Accompagnée d'un tableau stratigraphique
par J. C. BERKELEY COTTER. 50 p.. 13 est. Hsgotada.

1807 — NERY Dsm.u)c J. F.— Fauna siliivica de Portugal; — Novas observagdes acerca de Lichas (Uralichas) ribeiroi.
35 p., 4 est. (Com tradugiio em francés). FEsgotada.

1897-98 — SAvvAacE, H. E. — Verldbréds fassiles du Poriugal; — Contvibutions & I'ftude des poissons et des repliles du
¥ ique of dw Crétacigue. 48 p., 10 est. Esgotada.

1808 — CHOFFAT, P.— Recueil d'dtudes paléontologigues sur la faune crétacigue du Poriugal; — Vol. I. Espéces nou-
velles ou pew comnues. Jvme série: — Les Ammonnées du Bellasien des couches i Neolobites Vibrayeanus, du Tuvo-
wien ef du Sémonien. 46 p., 20 est. Esgotada.

MEMORIAS DA DIRECCAO DOS SERVI(OS GEOLOGICOS DE PORTUGAL (1889-1901)

1900 — Crorrat, P. — Recueil de phies siraligraphig sur le systdme crétacique dw Poviugel; — Deuxidme
élude : — Crélacique supériewr au Nm'd du Tage, 287 p.. 11 est. Esgotada.

MEMORIAS DA COMISSAO DO SERVICO GEOLOGICO DE PORTUGAL (1901-1918)

1901-1902 — Cuorra¥, P. — Recueil d'dludes paldoniologiques sur la faune cvélacigue du Poriugal. Vol. 1. Espéces nou-
velles ou pew conmues. 3twe série: — Mollusques du Sénonien & jacies fluvio-marin. 18 p., 2 est,; 4dme série —
Espices diverses eé table des quaire séries. 87 p., 16 est. Esgotada.

1903 — CHOVFAT, P. — Contributions d la connaissance géologique des colowies poriugaises d' Afrigue. I: — Le Crétacigue
de Conducia. 81 p., 9 est. Esgotada.

1903-1804 — DoriFus, G, F.,, BERKELEY COTTER, J. C. & GoMES, J. P. — Mollusques tertiaives du Portugal; — Planches
de Céphalopodes, Gastéropodes ei Pélécypodes, laissées par F. A, PEREIRA DA COSTA, accompagnds d'une expli-
cation sommaire ef d'une esquisse géologique. 120 p., 1 quadro estratigrifico, 1 retrato e 27 est.

1904-1905 — Koey, F. — Description de la faune jurvassigue du Portugal; — Polypiers du [Jurassique supéviewr. Avec
une notice stratigraphique par P. Ciorpat. 168 p., 30 est. Esgotada.

1905 — CHOFFAT, P, — Contribution & la connai. géologique des colonies portugaises ' Afrigue. 1T:— Nowvelles
donides sur la sone littorale d' Angola. 48 p., 4 est. Esgotada.

1907 — Romax, F. & ToRRES, A. — Le Néogéne continental dans la basse vallée du Tage (rive droite). Avec une note sur
les empreintes végétales de Pernes par M. Fricug. 109 p., 6 est. Esgotada.

19008 — CHOFFAT, P. — Essai sur la tectowique de la chaine de I' Arrabida. 89 p., 10 est. Esgotada.

1908 — NERY DELGADO, J. F. — Systéme siluriqus du Portugal: — Etude de stratigraphique paléontologique, 247 p., 8 est.
1 gquadro estratigrdfico. Fsgotada.

1909 — Dorryus, G. & BERKELEV CorTiR, J. C. — Mollusques levliaires duw Portugal: — Le Pliocdne aw Novd du Tage
(Plaisancien). rée partie, Pelecipoda. Précédé d'une notice géologigue. 103 p., 9 est. Hsgotada.

1010 — NERY DELGADO, J. F. — Terrains Paléosvigues du Portugal; — Etude swr les fossiles des schistes @ Nérdites de
Sam Domingos et des Schistes & Néréites et d Grapiolites de Bavrancos. (Obra péstuma). 68 p., 51 est. Esgotada.

1010 — Cuorrat, P. & BENSAUDE, A. — Eiude sur les séisme du Ribatejo du 23 avril 1909. 146 p., 4 est. 2 cartas. Esgotada.

1912 — CHOFFAT, P. & BENSAUDE, A. — Esfudos sobre o sismo do Ribalejo de 23 de Abril de 1909, (Versdo do original
francés). Esgotada.




MEMORIAS DOS SERVIC0S GEOLOGICOS DE PORTUGAL (1918-1952)

16198 — PEREIRA DE SoUsa, F. L. — O terramoto do 1.0 de Novembro de 15755 em Portugal e wm estudo demogrdfico. Vol. 1
Distritos de Faro, Beja ¢ Evora. p. 1 a 278, 7 est. Esgotada,

1919 — PEREBIRA DE Sousa, P. L. — Idem, Vol. I1. Distrilos de Saniarém e Forlalegre, p. 279 a 474, 5 est. Esgotada,

1928 — PEREIRA DE SousA, ¥, L. — Idem. Vol. IIT. Disivito de Lisboa, p. 475 a 950, 5 grav. e 6 est.

1932 — PEREIRA DE Sousa, F. L. — Idem. Vol. I V. Distrilos de Leiria, Caslelo Branco, Coimbra, Guarda, Aveiro e Viseu.
p. #51a 1014, (Com uma noticia necroldgica sobre o autor).

1037-88 — FREIRE DE ANDRADE, C. — Os vales submarinos portugueses e o diasivofismo das Berlengas ¢ da Estrema-
dura. 240 p., 7 esb. geol., 1 carta tecténica na escala de 1:1 000 000. (Com um sumério em inglés 4 parte).

1945 — TEIEEIRA, C. — Nymphdacdes fossiles du Portugal. 13 p., 4 est.

1947 — CHOFFAY, P.— Description de la faune jurassique dw Portugal: — Brachiopodes. 46 p., 19 est. Publicagio pos-
tuma. (Coordenagiio e prefmbulo por C. TEIXEIRA).

1948 — TrxEmA, C. — Flora mesozdica portuguesa. 18 parte. 119 p., 45 est.

1949 — RIBEIRO, C. — Vues de la cite portugaise entre Vestuaire de la vividve de Maceiva et Pedva do Frade d I'Owest de
Cezimbra. 3 p., 13 est. Publicagiio péstuma. (Coordenagio e texto de G, ZBvszrwskr). Esgotada.

1940 — ZBYSZEWSKI, G, — Les vértdbrés du Burdigalien supdvieur de Lisbonne. 77 p., 22 est.

1949 — MENDES ComrELs, A, & TEIXERA, C. — 4 jasida pré-histévica de Eira Pedrinha (Condeixa). 65 p., 10 est.

1950 — TRIXEIRA, C.— Flora mesozdica poriuguesa. IL* parte. 33 p., 13 est.

1951 — CHOFEAT, P. — Planches et coupes géologiques de la région édruptive du Nom' du Tage. 3 p., 23 est. 1 carte. Publi-
cagdo péstuma. (Coordenada e apresentada por A, DE CASTELO BRAN

19562 — PERBIRA DE Sousa, F. L. — Esbogos geoldgicos da parte ocidental de Arxgo . Publicagio postuma. (Texto expli-
cativo por M. MONTENECGRO DE ANDRADE). 12 p., 8 est., 2 cartas.

MEMORIAS DOS SERVICOS GEOLOGICOS DE PORTUGAL (Nova Série)

1953 — BERcoUNIOUX, F. M., ZBvszEWSKETL, G. & Crovzer, F. — Les Mastodontes miocines du Portugal. 139 p., 60 est.
(Mem. n.e 1).

1957 — LAPPARENT, A. F. DE & ZBYSZEWSKI, (3. — Les Dinossauriens du Portugal. 64 p., 36 est, (Mem. n.® 2).

1959 — ZBYSZEWSKL, (. — Efude structurals de I'aive {yphonique de Caldas da Rainha. 184 p., 11 est., 1 carta geolog.
(Mem. n.o 3).

1959 — CASTELO anr:o, A, pE, ZBVsZEWSKEL, G. MorriHo DE AIMEIDA, P, VEra PEREIRA, O. DA, TORRE DE
Assungho, C. F,, MacHADO, F., Nascimexto, J. M., DEsiz, A, F. & Taziee¥, H. — Le Volcanisme de I'lIle de
Faial et I' dmpmm dw Volcan de Capelinhos. 104 p., 5 quadros, 2 cartas geolog, (Mem. n.° 4), Contém, em carteira,
Noticia explicativa da folha Faial (Agores) da Carta Geoldgica de Portugal na escala de 1:25 000 por G. ZBYS-
zewskl, F. Mortwao DE ArMEma, 0. pa VEma FPermema & C. TORRE DE ASSUNGAO.

1050 — REAL, F. — Intrusdes Kimberliticas da Lunda. Contribuwigdo para o conhecimento do Karroo de Amgola. 118 p.,
II fig., 86 est. Contém, em carteira, 3 esbogos geolégicos. (Mem. n.o 5).

1060 — SUNACAWA, I. — Growth and etch features of hematife crystals from the Aszores Islands, Poriugal, 47 p., 17fig.,
21 est. (Mem. n.° §).

1961 — RUGET-PERROT, CH. — Etudes stratigraphiques swr le Dogger et le Malm inférieur du Porlugal au novd du Tage.
197 p., 11 est., 3§ cartas. (Mem. n.° 7).

1961 — LEISNER, V., ZBVSZEWSKI, G. & VEIGA FERREIRA, O. DA — Les grofies artificielles de Casal Pardo (Palmela)
et Ia culbwre du vase campaniforme, 62 p., 22 est. (Mem. 1.0 8).

1962 — Cuxms, J. C., MacHADO, F., RicHarDs, A. F., Hersgy, J. B, Mc Guiness, W. T., ZBVSZEWSKL G., VEIGA
FERREIRA, O. DA, Camros, V. 5. & Garcia, J. A. 8. — Le Volcanisme de I'Ile de Faial et Véruption du Volcan
de Capelinkos (Deuxidme partie). 54 p., 11 fig., 13 est, (Mem. n.> 9).

1962 — Assungio, C. F. TORRE DE — Rochas graniticas do Minho ¢ Douro. Novos elementos para o sew conhecimenio.
73 p., 12 est. (Mem. n.° 10).

1965 — CARVALHOSA, A. BARRDS — Contribuigdo pava o conhecimenio geoldgico da regido entre Porfel e Ficalho (Alenlejo).
132 p., 9 fig., 1 carta, 9 est. (Mem. n.* 11).

1966 — FERREMRA, 0. DA VEIGA — La culture du vase campaniforme au Portugal. 123 p., 16 fig., 24 est. (Mem. n.» 12).

1067 — AntuNes, M. TErLES — Um Mesosuguiano do Liasico de Tomar (Portugal), Consideragies sobre a ovigem dos
Crocodilos. 66 p., 10 fig., 6 est. (Mem. n.® 13).

1968 — KUHNE, W. G. KREBS, B. — Contribuigdo para a jouna do Kimeridgiano da mina de lignito Guimarota (Leiria,
Portugal). T Pa.rt.e History of discovery, report on the work performed, procedure, technigue and generalities. Le
Crocodilien M us. 53 p.. 25 fig. (Mem. n.o 14).

1068 — CARVALHO, A. M. GALOPIM DE — Confribuigdo para o conhecimenio geoldgico da bacia levcidvia do Tefo. 217 p.,
26 fig.,, 20 est. (Mem. n.” 15).

1960 — LEISNER, V., ZBYSZEWSKI, G., FERREIRA, O. V.— Les Monumenis préhistorigues de Praia das Magds ef de
Casainkos. 100 p., 36 est. (Mem. n.° 18).




1870 — HAHN, GERHARD & HELMDACH, FRIEDRICH-FRANZ — Condribuigdo para o conhecimento da Fawna do Kimevidgiano
da Mina de Lignito Guimarota (Leiria, Portugal). 11 Parte. IIL — The dentition of the Paulchoffatidae {multi-
tuberculata, Upper [Jurassic). IV — Stratigraphy and osiracoda-fauna from the coalmine Guimarota (Upper
Jurassic). 88 p., 43 fig., 4 est., 4 tab. (Mem, n.o 17).

1971 — GONGALVES, F. — Subsidios pava o conhecimento geoldgico do novdeste alenisjano, 02 p., 4 fig., 2 estend. 1 mapa
em carteira. 7 est. (Mem. n.® 18).

1971 — Ramarno, MIGUEL M. — Confribution & Pétude micropaléontologique et stratigraphique du Jurassique supériewr
et du Crétacé inférieur des envivons de Lisbonne (Portugal). 218 p., 11 fig., 7 estend., 39 est. (Mem. n.o 19).

1972 — AxrHoNIOZ, P. M. — Les complexes polimétamorphiques precambriens de Morais et Braganga (N-E du Portugal).
Etude pétrographique ef structurale. 192 p., 57 fig., 8 estend., 12 est. (Mem. n.0 20).

1972 — REY, J. — Recherches géologiques sur le Crétacé inféviewr de U Estremadura (Portugal). 477 p., 162 fig. sendo 3
estend., 22 (Mem. n.° 21).

1973 — SEIFERT, J., THULBORN, A. R. & BRAM, H. — Conlribuigio para o conhecimento da Fauna do Kimeridgiano da
Mina de Lignito Guimarota (Leiria, Portugal). 111 Parte. V— Upper Jurassic Lisards from middle Portugal.
VI— Teeth of Ornithschian Dinosswrs from the Upper [urassic of Guimarota mine | Portugal). VII— Chelonia
from the Upper [urassic of Guimarota mine ( Portugal). 141 p., 86 fig., 4 est. (Mem. n.© 22).

1873 — BERTHOU, P. ¥. — Le¢ Cénomanien de I' Estrémadure portugaise. 169 p., 13 fig., 2 ext., 67 est. (Mem. n.v 23).

1974 — RIBEIRO, A, — Condribution a I'éiude tectonique de Tris-os-Montes oviental. 177 p., 63 fig., 5 tabl. 73 est. 8 mapas
em carteira (Mem. n.o 24),

1976 — PALAIN, C. — Une série détritique tervigéne. LesaGris de Silvesy: Trias et Lias inférieur du Portugal. 377 p., 103 fig.,
39 est. (Mem, n.e 25),

1978 — Sousa, M. J. LEMOS DE — Contribution d I'étude du Bassin Houiller du Dowro (NW du Portugal). Atlas de Micro-
pétrographie des Pevanthracites. 92 p., 7 fig., 36 est.. 2 mapas em carteira (Mem. n.o 26).

MEMORIAS DOS SERVICOS GEOLOGICOS DE PORTUGAL

1981 — KRUSAT, G. — Contribuigdo pora o heci to da Fauna do Kimeridgiano da Mina de Lignito Guimarofa (Leivia,
Portugal). IV Parte — Haldanodon expectatiis KUHNE & KRUSAT 1972 (Mammalia, Doconta), 79p., 32fig. 12est.
(Mem. n.° 27).
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