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THE DENTITION OF ORNITHORHYNCHUS AS EVIDENCE OF
ITS AFFINITIES

BY GEORGE GAYLORD SIMPSON

INTRODUCTION

In 1888, E. B. Poulton announced the discovery of true teeth in
Ornithorhynchus, long supposed to be completely edentulous. Later
morphological, histological, and embryological data were published by
the same authority (1889), by Oldfield Thomas (1890), by C. Stewart
(1892), and by Wilson and Hill (1907).

In his paper (1890, p. 131), Thomas said, "In any case, since the
form and structure of teeth are of necessity the chief means of determin-
ing the evolutionary history of the Mammalia, the discovery now made,
in giving us genuine Monotrematous teeth to work from, provides one
of the most important aids to the elucidation of the systematic position
of these anomalous mammals that has yet been obtained." Thomas
himself, after a fruitless search for any similar teeth, abandoned this task,
however, and no serious or detailed effort in this direction seems yet to
have been made.

In the very extensive discussion of the affinities of the monotremes
during the last forty years, the teeth have usually been ignored. The
principal exceptions are Cope's view (1888), often discussed or repeated,
that the teeth suggest affinities with the Miultituberculata, Ameghino's
belief (1908) that they agree with other supposedly edentate-like char-
acters, and Abel's comparison (1922, 1926) with the Miocene mammal
Desmostylus.

An attempt is here made to gain a somewhat firmer basis for the
study of the external morphology of the dentition of Ornithorhynchus
and to examine the various theories which have been or can be advanced
regarding their origin and relationships.

MATERIALS
Thanks to the good offices of Dr. C. Anderson of the Australian Mu-

seum and to the generosity of Mr. H. Burrell, three specimens have been
available. With the several specimens illustrated in the papers cited
below, these make possible a truer understanding of the range of varia-
tion and of the essential characters of these degenerate teeth.
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The specimens were collected by Mr. Burrell in November, 1927,
on the Nampi River and were kept by him in his "platypus weanery."
They died at the ages of 8%, 10, and 11 weeks, and are here designated
specimens A, B, and C, respectively. None had taken any harsh food,
and the teeth are unworn. In A, calcification is far advanced, but not
complete. In B and C, calcification was complete and the teeth func-
tional. In these two the minute anterior upper teeth were absent and
had probably been shed. This material was also studied independently
by Dr. Robert Broom on the occasion of a recent visit to the Museum.

The specimens were unfortunately lost, and publication was long
delayed in the hope of recovering them, but this was unsuccessful and
the paper has been completed from notes and drawings which are be-
lieved to be accurate.

REPLACEMENT AND DENTAL FORMULA

Most of our knowledge of the development of the teeth in Ornitho-
rhynchus is due to Poulton (1889) and to Wilson and Hill (1907). The
latter have shown that four quasi-permanent teeth and probable vestiges
of one more are present in each jaw. In the upper jaw a vestigial
dental papilla is followed by the three functional teeth. Posterior to
these they found the dental lamina bulky, and Poulton apparently found
it papillated. In the lower jaw there is no equivalent of the first upper
papilla. Corresponding to the first functional upper tooth is a calcified
but functionless vestigial tooth, followed by the three functional lower
teeth.

The status of replacement in this genus is questionable. Aside from
still more doubtful evidence, the only trace of a deciduous dentition is
seen in a series of epithelial nodules five in number and placed near the
main cusps of the two larger functional teeth in each jaw. It seems prob-
able that these are vestiges of dental papille, but this is open to some
doubt. If this view is correct, they may represent the vestiges of five
deciduous teeth, or of five teeth once discrete but serially equivalent to
the two large functional teeth, or (most probable if they are really re-
mains of a deciduous dentition) they may represent the apices of the
degenerate but once unified enamel organs of two teeth only.

The determination of a complete dental formula for Ornithorhynchus
is impossible. Wilson and Hill believe the first functional upper tooth
and the calcified anterior vestige in the lower jaw to be the last premolars,
although, since there is no sign of replacement here, this has little basis
beyond the small size of these teeth. Leche and others have claimed
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that the functional teeth of Ornithorhynchus are lacteal and that the epi-
thelial nodules represent a prelacteal series, but this also is obviously
uncertain. Homologization with the teeth of other mammals is hardly
possible in this degenerate dentition, but at least the two largest teeth in
each jaw are analogous to molars in form, position, and function.

MORPHOLOGY
The first upper tooth is present in specimen A as a single high,

slender, sharp cusp, the apex of which was just protruding from the gum.
The figure and model of Stewart's specimen, on the contrary, show it as
a minute elongate tooth with a flattened crown bearing about seven in-
definite, low, rounded cuspules. Poulton's sections (1889, P1. ii, figs.
1-3) agree more with our specimen A, showing a very high, slender tooth
with a single main cusp with a smaller external accessory cusp doubtfully
present.

The second and third upper teeth are relatively large, of about the
same size, and similar in pattern. The three new specimens show un-
usual variability in size and form, still more striking on comparison
with Stewart's and with Thomas' figures. Each tooth is definitely
divided into two subequal parts by a median constriction and broad
coronal basin. Each half bears a high internal cusp, slightly compressed
anteroposteriorly and generally inclined forward. A single crest may
run externally from the apex of a cusp, but in most cases there are two,.
making the cusp crescentic. The external margin bears numerous small
cuspules so variable in number and in prominence as to show no constant
plan. There is perhaps a tendency for the development of a prominence
opposite each of the two internal cusps which may be significant but
which is vague and uncertain. Fully calcified teeth have anterior and
posterior crenulated cingula.

The first lower tooth is more or less definitely triangular in all cases,
but with only two constant cusps. The more prominent of these is
anteromedian, its anterior face convex and simple, its posterior face
concave, generally with a suggestion of a median vertical crest or swelling,
and bounded by the more or less sharp wings of the suberescentic cusp.
The median part of the crown posterior to this cusp forms a rather irregu-
lar basin. The second main cusp is at the postexternal angle of the
crown. It is slightly more conical than the first, but tends to be
produced into a rather inconspicuous transverse crest. The internal and
posterointernal margins of the crown bear a number of smaller cuspules
of varying size. Some are fairly prominent, but none are at all constant.
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Fig. 1.-Ornithorhynchus anatinus. Crown views of the true teeth of three in-
dividuals. A, 8Y2 weeks old. B, 10 weeks old. C, 11 weeks old. A', left upper
teeth. A, left lower teeth. B', left upper teeth. B, left lower teeth. C', right
upper teeth. C, right lower teeth. All six times natural size.
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There is no apparent tendency to form a third main cusp to complete a
trigon. There is a crenulated posterior cingulum, but no anterior cingu-
lum on the present specimens or those previously figured.

The second lower molar is subquadrate and broadly similar to the
two large upper teeth. It has a median basin and constriction and two
main external cusps. These are rnot definitely crescentic, as in some of
the upper teeth, but tend to be elongated into transverse crests. The
internal margin bears a number of variable cuspules. The antero-internal
cuspule is fairly prominent and more or less constant and there is gen-
erally a small basin between it and the more anterior of the main cusps.
There is a crenulated posterior cingulum.

The third lower molar is small and very inconstant in form. In
specimen A, calcification has proceeded only to the point of forming a
single indefinite cusp. In B, the tooth is roughly triangular, with a
rather vague and irregular low central cusp and internal and posterior
expansions. In C, it is quadrate with four fairly distinct cusps and a
median basin. In Stewart's specimen it is oval with a blunt central
cusp and a surrounding cingulum, higher and broader anterointernally
and posteriorly-somewhat similar to specimen R;

In the present specimens, as well as in those of Poulton, Thomas,
and Stewart, the calcified teeth are not only discrete but well spaced, no
two being in contact in either upper or lower jaws. Wood Jones (1923,
p. 50), on the contrary, states that the three teeth (of the lower jaw at
least) eventually fuse into a common calcified mass, extremely brittle in
composition. Confirmation of this remarkable condition by publication
of more detailed data and figures is not, so far as I know, available, and
is very desirable. Wood Jones' rather schematic figure (Fig. 32, p. 53)
is also remarkable in its basic disagreement with all other published data,
showing a quadrate first tooth with four main cusps, a subtriangular
second tooth with three or four main cusps, and a minute unicuspid third
tooth.

OCCLUSION
The true teeth of Ornithorhynchus, like the horny plates which follow

them, are adapted only to crushing, without shearing or grinding. Occlu-
sion is sufficiently close to prevent any considerable movement of the
lower jaw in a horizontal plane, but is by no means exact in the unworn
teeth.

The first upper tooth is anterior and internal to the first lower and
is apparently functionless. The anterior cusps of -he second and third
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upper teeth occlude in the median basins of the first and second lowers,
respectively, more or less tightly clasped between the main cusps of the
lower teeth. The posterior cusps of the second and third uppers fall be-
tween the first and second and the second and third lowers respectively
where they come in contact with adjacent cingula but are not, in the
present specimens, received in definite basins or heels. The external
margins of these two upper teeth overhang the elevated outer side of the
lowers.

Fig. 2-Ornithorhynchus anatinus. Diagram of occlusion of true teeth, based on
specimen C. The darker lines represent the lower teeth. The top of the drawing
is external and the right is anterior. Six times natural size.

The anterior cusp of the first lower tooth occludes anterior to the
first upper and has no apical contact, while the anterior cusp of the second
lower tooth falls between the second and third upper teeth and against
the anterior cingulum of the third. The posterior cusps of the first and
second lower teeth are received in the median basins of the second and
third upper teeth respectively. The third lower tooth comes in contact,
in varying degrees and ways in the three specimens, with the rather
broad and somewhat basined posterior heel of the third upper tooth.

From these relationships it follows, as pointed out by Wilson and
Hill, that the first and second lower teeth correspond to the second and
third upper teeth and that the third lower and first upper correspond to
teeth lost or no longer calcified in the opposing jaws.

ESSENTIAL CHARACTERS OF THE DENTITION

The dental characters of Ornithorhynchus fall, in a general way,
into three categories: (1) those which are largely degenerate, (2) those
which are progressive specializations correlated with function and ac-
quired before the teeth lost their vital importance, and (3) those which
are retained as basic characters of a more primitive and still more remote
ancestral dentition. The evaluation of these dental characters as indica-
tions of affinity largely depends on the difficult task of distinguishing
between these various categories.

[No. 3906
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It is safe to assume that numerical reduction, lack of true replace-
ment, short period of use, and extreme variability are among the most
recently acquired characters of this dentition, correlated with its de-
creased importance in the life of the animal, and of little or no value in
determining its relationships. Together with some progressive adapta-
tions, they indicate that this dental type is not, as sometimes stated, a
primitive one, but very old, specialized, and degenerate.

The numerous minor cuspules and crenulations are probably not
relics of ancestral structures. They are always present, apparently in
analogy to the numerous other multicuspid mammalian dentitions
adapted chiefly to crushing or to an omnivorous diet, but they seem in
no case to be at all constant individually, and it seems unlikely that
many or indeed any of them represent vestiges of definite ancestral cusps.

The following characters, variously emphasized by different authors,
do not appear to me to be of definite value as indications of a remote
ancestral condition:

1 The accessory cuspules are too inconstant to be of certain phylo-
genetic value as to either number or position. They do not prove or
definitely indicate the original presence ofother than the two main cusps
of each tooth, and such ancestral cusps, if ever present, have lost their
individuality.

2. A central basin with a surrounding cuspidate rim is neither
present as such nor indicated. Both in the structure of each tooth and
in occlusal relationships, the basins are related to the two main cusps.

3. The individual teeth are not constructed on a longitudinal plan
aside from the two main cusps. The tooth row as a whole is, of course,
longitudinal and the larger cusps follow more or less in a straight series,
but there are no longitudinal valleys or crests, and the accessory cuspules
are either simply marginal, whether longitudinal or transverse in their
sequence, or, if not marginal, mere crenulations on transverse crests or
quite irregular in arrangement.

The following, then, appear to be the more fixed characters of the
monotreme dentition and those for which a theory of its origin and rela-
tionships must account:

1. The primary functional plan is of a single longitudinal row of a
small number of cusps interlocking in a simple fashion.

2. Two of these cusps occur on each of the larger and more constant
cheek teeth.

3. In all cases they tend to develop or to retain one or two trans-
verse crests which may or may not terminate in variable small cuspules
on the opposite side of the tooth.
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4. The crown is further and essentially complicated by the presence
of a broad and crenulated shelf flanking the main cusps on the outer
side in the upper teeth and on the inner side in the lower teeth.

This pattern probably originated in one of the following three ways:
1. By the fusion of two, or possibly more, simple reptilian teeth.

This would in itself leave open the question of relationship to the denti-
tions of higher mammals.

2. By differentiation, either independently or through one of the
non-tuberculosectorial Mesozoic mammalian types (microcleptid, multi-
tuberculate, triconodont, symmetrodont).

3. By specialization and degeneration from a tuberculosectorial
ancestry.

ORIGIN BY CONCRiSCENCE
The theory of tooth complication by concrescence has been much

discussed by Rose, Kukenthal, Pohle, Bolk, Schwalbe, Osborn, Gregory,
and many others. It is a question open to conclusive proof by paleon-
tological methods only, and so far as I know it has not been definitely
supported by anyone thoroughly and bro dly familiar with the evidence
of fossil mammals and mammal-like reptiles. On the contrary, this
evidence very strongly opposes the reality of concrescence, except in
occasional abnormal cases of little or no phylogenetic significance.
Unless the teeth of Ornithorhynchus can be shown in themselves to bear
very strong evidence of concrescence, it is logically untenable that they
originated by a process unimportant or absent in the development of the
teeth of any other mammals or of the immediate ancestry of the Mam-
malia.

The only specific evidence for concrescence in Ornithorhynchus is
the fact that the peculiar epithelial nodules mentioned on an earlier
page, as demonstrated by Poulton and py Wilson and Hill, are more
numerous than the definitive teeth.

This evidence seems to me insufficient basis for even a tentative
theory for the following reasons:

1. The true nature of these nodules is still open to some doubt.
2. Although related to the definitive cusps in position, they do not

exactly correspond to these in number.
3. Even if they should prove to represent extremely degenerate

vestiges of a deciduous dentition, they would not be good evidence of
concrescence, because (a) it would remain unproven that each decidu-
ous tooth was actually represented by mcre than one nodule or that the
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definitive teeth represented more than one deciduous tooth, and (b) if
two or more nodules should actually represent one deciduous tooth, it
would be much more probable that the nodules of each tooth are
separated vestiges of a more complex but unified dental organ than that
the dental organ was formed by a fusion of the elements represented by
the nodules.1

The origin of the cheek teeth of Ornithorhynchus by concrescence is
highly improbable.

ORIGIN FROM A TUBERCULOSECTORIAL TYPE
In the following points the dentition of Ornithorhynchus resembles

the tuberculosectorial type :2
1. There is evidence of a regular crown pattern with a small

number of cusps.
2. The upper and lower teeth are of similar pattern but reversed.
3. The outer side of the lower teeth and the inner side of the

upper teeth are more prominent.
4. The teeth interlock and overlap in occlusion.
These are very general resemblances, quite insufficient to establish

a probable theory without the further evidence of positive resemblance
in pattern. Bearing in mind the occlusal relationships, the following
are the only homologies which seem reasonably possible:

1. The anterior cusp of the upper teeth to be the protocone. It
cannot be the paracone of a tooth of tuberculosectorial relationships
which has lost or never developed its protocone, for it occludes with the
median or posterior basin of the lower teeth.

2. The posterior upper cusp to be the hypocone.
3. The paracone and metacone to be lost or represented only by

highly variable cuspules.
4. The anterior cusp of the first lower tooth to be the protoconid

or in any event the sole surviving cusp of the trigonid as a whole.
5. The anterior cusp of the second lower tooth to be the protoconid,

the paraconid and hypoconid either lost or represented by variable
marginal cuspules.

6. The posterior cusp of each lower tooth to be the hypoconid,
and here the sole constant talonid cusp.

'wood Jones' statement that the three definitive teeth eventually fuse might be construed as
further evidence of origin by concrescence, but as such it would be equivocal as probably more
analogous to occasional abnormal fusion in other mammals. Furthermore, it awaits confirmation
and detailed study.

2Osborn (1907, p. 108) considered origin from tritubercular (or tuberculosectorial) teeth as a
tenable but weakly supported hypothesis, citing the points here numbered 2 and 3.
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These homologies are perhaps possible, but can hardly be seriously
advanced as real in view of the following considerations:

1. The hypocone is generally absent in the most primitive tuber-
culosectorial teeth, and those that do have it are obviously too highly
organized to be close to the monotreme stock.

2. These homologies are the only ones that make a mechanical
approach to normal tuberculosectorial occlusion, but in fact the occlu-
sion of Ornithorhynchus is unlike that of any tuberculosectorial deriva-
tive in detail.

3. Emphasis of the internal cusps of the upper, and external cusps
of the lower, teeth with total reduction or loss of identity and stability
of the opposite cusps nowhere occurs in known tuberculosectorial deriva-
tives and is mechanically improbable.

4. In known tuberculosectorial derivatives the upper teeth are
always wider than the lower teeth, while in Ornithorhynchus the reverse
is the case.

5. Reversal of upper and lower tooth patterns is more or less of a
theoretical abstraction in the Theria. It is not true of the true tuberculo-
sectorial molars, and such cases as do approach Ornithorhynchus in
degree of similarity are rare and very different mechanically and
morphologically.

6. It is clear on general anatomical grounds that the mono-
tremes separated from the Theria at a very early stage, and there is
yet no evidence of the association of a true tuberculosectorial denti-
tion with a bodily structure which could have given rise to the
monotremes.

7. The earliest known relatives of the tuberculosectorial stock do
not, so far as known, suggest the monotremes in any definite way, and
their teeth are even less like those of Ornithorhynchus than are those of
some later forms.

It is highly improbable that the teeth of Ornithorhynchus have
passed through a tuberculosectorial stage.

POSSIBLE RELATIONSHIPS TO THE THERIA

Given this improbability of the derivation of the dentition of
Ornithorhynchus from the tuberculosectorial type, two questions re-
main with respect to therian relationships:

1. Could the tuberculosectorial type be derived from one essen-
tially like that of Ornithorhynchus?

2. Does the latter give any evidence of closer relationship to any
other therian dental pattern?
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These questions are involved in the consideration of this as a truly
primitive dentition and in the whole question of the possible derivation
of the Theria from the Prototheria.

As regards the first query, there is a total lack of evidence that
such was the case, and a great deal of evidence that it was not. The
difficulty of constructing a mechanically sound hypothesis on this basis
is sufficiently clear from an examination of the essential characters of the
Ornithorhynchus dentition as already set forth. Furthermore the per-
tinent paleontological evidence is in opposition. As already suggested,
the earliest therians are just those which are least like Ornithorhynchus
in any dental character. Most striking is the total dissimilarity of the
known pantotherian dentitions, which are unlike those of Ornithorhyn-
chus, with cusps which cannot be homologized with those of the latter
on any reasonable basis.

Some students do not agree that the tuberculosectorial dentition is
primitive for the Theria, although it does not seem that they have
successfully explained the overwhelming evidence for this view. For
them, it might be natural to consider the dentition of this very primitive
living mammal as an alternative ancestral type for some or all of the
Theria. No such theory appears to have been seriously advanced,
however, and after careful study it does not seem possible to base one
on the facts available. No therian molar pattern is close to that of
Ornithorhynchus, and there is no evidence for the reality, in any case,
of the profound changes required to convert one into the other.

DERIVATION FROM THE MICROCLEPTID TYPE

There are four non-tuberculosectorial mammalian molar tooth
types known from the Mesozoic: the symmetrodont, the microcleptid,
the multituberculate, and the triconodont. Except for the multitubercu-
late, these are confined to the Triassic and Jurassic, and the absence of
later forms clearly related either to these or to the monotremes before the
Pleistocene makes only rather general speculation possible.

The symmetrodonts may be quickly dismissed. Their alternating
trigons do not at all suggest the cheek teeth of Ornithorhynchus.1

The microcleptids are late Triassic forms known only from isolated
teeth, and commonly, but with insufficient evidence, referred to the
Multituberculata. Their teeth are very unlike those typical of the latter
order, and they are to be considered separately. Comparison between

'For figures of the teeth of these Mesozoic groups and discussion of their affinities, see Simpson,
1928 and 1929.
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the teeth of this group and those of Ornithorhynchus was instituted by
Thomas (1889, pp. 130-131), who considered the resemblance the closest
shown by the latter, and suggestive of relationship althouglh not con-
clusive. The microcleptid molar consists of a longitudinal valley with a
raised cuspidate rim, higher and with fewer cusps on one side than on
the other. Compared at first hand, there is scarcely even a superficial
resemblance to the Ornithorhynchus molar with its transverse valley
and two widely separate large cusps. The evidence is too flimsy for
serious consideration, at least until a great deal more is known about the
microcleptids. Microcleptid teeth are much more like those of some
recent bats than of Ornithorhynchus.

DERIVATION FROM THE MULTITUBERCULATE TYPE

The first suggestion of affinities based on the discovery of the teeth
of Ornithorhynchus was that of relationship to the Multituberculata
(Cope, 1888), and this view has been repeated and expanded by numer-
ous later workers. Here the evidence of the dentition is not equivocal.
Far from supporting the derivation of the monotremes from the multi-
tuberculates, it interposes almost insuperable difficulties (see also
Osborn, 1907, p. 107). The teeth are quite dissimilar, the cusps differing
fundamentally in number, arrangement, form, and function. Multi-
tuberculate molars have five or more subequal cusps arranged in two or
three straight longitudinal rows separated by straight grooves. These
are subconical or, more commonly, more or less crescentic about a longi-
tudinal axis and are wholly adapted for propalinal grinding. Orni-
thorhynchus molars are not really multicuspid but have only two main
cusps separated by an irregular transverse groove or basin. The cusps
are of irregular form and where subcrescentic it is on a transverse axis.
They are adapted solely to crushing, interlocking in a way fundamentally
unlike the Multituberculata. On the basis of the teeth alone it would
be as reasonable to relate Ornithorhynchus to Homo as to the multituber-
culates. There is other and much stronger evidence of multituberculate-
monotreme relationships which has been discussed and in a measure
refuted elsewhere, but the teeth are certainly opposed to this view.

Abel's recent suggestion (1922, 1926) of the derivation of the mono-
tremes from the multituberculates as evidenced by the relationships of
Desmostylus to both groups is a special case demanding some notice.
Without regard to the relationship of Desmostylus to the multitubercu-
lates (which also seems to be non-existent), it seems impossible to accept
the proposed relationship to Ornithorhynchus as real. Confining atten-
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tion solely to the chief characters of.the teeth, the following facts are
pertinent:

1. The teeth of Desmostylus are extremely high-crowned; those of
Ornithorhynchus are very low-crowned.

2. Those of Desmostylus have many subequal cusps; Ornithorhyn-
chus has but two on each tooth.

3. The cusps of Desmostylus are closely appressed cylinders,
arranged rather irregularly, with two or three in any transverse section;
those of Ornithorhynchus are transversely elongate or subcrescentic and
are in a single longitudinal series.

4. There are no cingula, basins, or open valleys in the Desmo-
stylus molar, and the cusps do not interlock in occlusion; the Orni-
thorhynchus cheek teeth have unusually large cingula, open basins, and
the cusps interlock.

5. The enamel of Desmostylus is very thick and of chiracteristic
structure; that of Ornithorhynchus is thin and quite different in structure.

So far as the evidence of the dentition is concerneJ, it is strongly
opposed to Abel's theory.

DERIVATION FROM THE TRICONODONT TYPE

Except in a previous study by the present writer (1928), the tricono-
dont molar does not appear to have been considered in this connection.
The following are points of resemblance between the triconodonts and
Ornithorhynchus:.

1. Both have an unusually small number of main cusps.
2. In both, these are arranged in one longitudinal series.
3. In both, the cusps of opposing teeth alternate and to some

degree interlock in occlusion.
4. In both there is a crenulated cingulum, internal on the lower

molars and external on the uppers.
5. In both, the jaw movement is mainly or wholly orthal.
On the other hand, they have the following chief distinctions:
1. Triconodonts have three main cusps on each molar. Ornitho-

rhynchus has but two.
2. Triconodont teeth are strongly adapted to shearing, not at all

to crushing. In Ornithorhynchus the reverse is true.
3. The triconodont cingula are narrow and there is an internal

upper cingulum. Those of Ornithorhynchus are very wide and there is no
internal upper cingulum.
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4. In triconodonts the lower cusps shear up steep valleys between
the upper cusps and come to rest with their apices more lingual than
those of the latter. In Ornithorhynchus the lower cusps pound directly
into broader and more horizontal valleys and their apices are more buccal
than those of the upper cusps.

The resemblance is certainly not very striking, but is at least as
close as that between Ornithorhynchus and any mammals other than
triconodonts. The relationship would have to be proven by the dis-
covery of other and closer points of comparison or of intermediate forms.
The gap is so great that there can now be no presumption of a real rela-
tionship, but there seems no reason to consider it impossible.

INDEPENDENT DERIVATION FROM A REPTILIAN TYPE
It has been emphasized that the teeth of Ornithorhynchus are not

like those of any other known animal in form. While the vast palae-
ontological blank makes it inadvisable to brand any particular theory as
quite impossible, it has been shown that derivation from any known
mammalian type is improbable. It has been found impossible to propose
definite homologies with the teeth of any marsupial or placental, and
still more difficult to make any close comparison with the multitubercu-
lates, although these have so often been compared. A vague resemblance
to the triconodonts may eventually prove to be significant but at present
is not trustworthy. The evidence, not wholly negative, thus tends to
emphasize the sharp separation from all other mammals seen throughout
the whole organization of Ornithorhynchus. For what it is worth, it
tends to remove the group from any central position in therian phylo-
geny, to emphasize the rather widespread opinion that Ornithorhynchus
is not merely a more primitive therian or even one specialized on the
general primitive therian basis, but something quite distinct.

There is nothing like this dentition among mammal-like reptiles.
They do exhibit in their variety of tooth forms a potentiality for develop-
ing such a pattern, even though the true ancestor is doubtless unknown,
and a simple (but absolutely hypothetical) origin might be assigned to
such teeth by the action of processes which did occur in the theromorphs.
This would involve primary longitudinal differentiation into two main
cusps, and transverse differentiation through the upgrowth of cingula,
as suggested in Diademodon or Pachygeneleus, on opposite sides of upper
and lower teeth.
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