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Article IV.-THE POSITION OF THE "SPARASSODONTS":
WITH NOTES ON THE RELATIONSHIPS AND HISTORY

OF THE MARSUPIALIA

BY HORACE ELMER WOOD, II

Repeated controversies concerning the relationships of the extinct
South American carnivorous marsupials (e.g., Borhyaena, Prothylacinus,
Cladosictis, Amphiproviverra) have arisen during the past thirty years,
and no conclusion has yet been reached which satisfies all the students of
this problem. The question came up in a discussion between Prof.
William K. Gregory and myself and I am writing this paper at his sug-
gestion. He has given invaluable advice and assistance at each stage of
the work. I am indebted to Dr. W. D. Matthew for permission to use
the fossil "sparassodonts" in the American Museum, as well as for a
critical reading of the manuscript. I am also under obligations to Mr.
H. C. Raven of the American Museum for various helpful suggestions.
The drawings are the work of Mr. Malcolm McGregor Jamieson.

Ameghino (1892) founded a separate suborder of marsupials, the
Sparassodonta, composed of the carnivorous South American marsupials.
He regarded them as genetically intermediate between typical poly-
protodont marsupials and creodonts. He placed the four genera named
above in separate families. Sinclair first (1905, 1906) gave convincing
evidence that the "sparassodonts " were true polyprotodont marsupials,
in no sense ancestral to or allied with the creodonts. He also classified
them as members of the family Thylacinidae, united to Thylacinus by
many striking resembla,nces. This had already been suggested vaguely
by Lydekker and Bensley. At the time, Matthew (1907) accepted this
unreservedly.

Tomes (1906) came to Ameghino's aid by announcing that the enamel
of a single damaged tooth of Borhyaena had the histological structure of
the fissipedes and the inadaptive creodonts, rather than that of the mar-
supials. This was recently refuted by Carter (1920) from more adequate
material. He showed that the enamel structure of Borhymena, Cladosictis
and Pharsophorus was of typical carnivorous polyprotodont type.

Except for Tomes's paper the reference of the "sparassodonts" to
the polyprotodonts passed unchallenged. Their union with Thylacinus
in the family Thylacinidae was also accepted until Matthew in " Climate
and Evolution" (1915, delivered orally a number of years earlier) denied
that the "sparassodonts" were related to any Australian form more

77



Bulletin American Museum of Natural History

closely than by descent from a common didelphid ancestor. Scott (1913)
supported Sinclair's reference of the "sparassodonts" to the Thylacini-
dae. Gidley (1915), Loomis (1921) and O;sgood (1922) took a position
somewhat intermediate between Sinclair and Matthew, regarding all
these forms as "Thylacinidae," but apparently deriving both Australian
and South American forms from hypothetical Paleocene thylacines in
Holarctica.

Although Matthew denied the possibility of any southern land con-
nection between Australia and South America on isostatic grounds, he
admitted the probability of an early Tertiary elevation of the southern
continents to the edge of the continental shelf (1915, p. 283); and,
although doubting its probability, he considered the possibility of the
transportation of a hystricomorph rodent across the Atlantic Ocean from
Africa to South America (pp. 229-231). The transportation of a small
thylacine from the edge of the continental shelf south of Tasmania to
Antarctica, and thence of a descendant across the narrow deep-water
channel to South America, is equally conceivable. Although any assump-
tion of this type is difficult to accept and requires stTong proof, such a
discontinuous bridge would result in a partial mingling of faunas (the
particular migrants chosen being determined partly by chance, partly by
their adaptability to sea-travel). That something of the kind may have
taken place is suggested by the striking resemblance-sometimes ex-
tending to specific identity-of the Tertiary invertebrate faunas of
Patagonia, New Zealand and Australia,-a similarity not shared with
any other region.. (For a further discussion of this question see Ortman,
1902, Matthew, 1915, Barbour, 1916, Loomis, 1921.)

I have reviewed the literature on the southern land bridge, but I have
not attempted to discuss the subject further, as it involves balancing
against one another unproved and contradictory hypotheses. I am not
competent to discuss the evidence for or against isostasy, or its implica-
tions, or the potency of natural rafts as transporting agents. Any final
decision as to relationship should, however, be based chiefly on structure-
and the paleontological record, when legible-rather than on present
geographic distribution or unproved theories of crustal movement.

Matthew's morphological conclusions, as given in "Climate and
Evolution," are as follows:

The near resemblance between the modern Australian Thylacinus and the Borhy-
-enidae of Tertiary South America has been used as an argument for an Antarctic
connection between the two. Such a hypothesis will not bear close examination.
The resemblance is not closer than between parallel adaptations in distinct families
of true Carnivora whose genealogy has been more or less completely traced back
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through independent lines of descent from unspecialized common ancestors. It is
not closer, for instance, than that between the Oligocene Felidae and the modern
Cryptoprocta of Madagascar, whose common descent from an unspecialized placental
carnivore (Viverrid or Miacid), analogous to the marsupial didelphyids, is generally
admitted. The common characters distinguishing thylacinids and borhyTenids from
the didelphyicbs are, without exception, such as would naturally be assumed independ-
ently in adaptation to predaceous terrestrial life and have been so assumed in numer-
ous"independent parallel adaptations of the same sort among placental Carnivora.
On the other hand, Thylacinus has retained certain didelphyid characters which are
already lost by the most primitive of the Borhywnida (palatal vacuities, posterior
position of the orbits, an external lachrymal duct, double perforation of the basi-
sphenoid), while in other features (brain development, cursorial specialization, etc.)
it is more progressive. The BorhyEenidae are more progressive in the reduction
of the last molar, in the differentiation of enamel from dentine,I less so in the cursorial
adaptation of the limbs and feet.

Descent from a common ancestral type is undoubtedly shown, but some at least
of the above differences point back to Didelphyidae as this common type. The
characters which Sinclair uses to separate the thylacines are the reduced number of
incisors, the carnassial specialization of the molars and especially the loss of the
metaconid. Every one of these features, besides numerous other common char-
acters which he does not specify, may be paralleled in two or more distinct lines of
Carnivora whose common ancestors are not more predaceously specialized than
Didelphys. The loss of the metaconid occurs in Cyon, Ischyrocyon, Simocyon and
Enhydrocyon among the Canida, in all the post-Oligocene Felidae, in Gulo, Megalictis,
Mustela, etc., among the Mustelida, in the later Hyoenida, in Hymenodon and Ptero-
don among the Hyanodontidm, in Patriofelis among the Oxyanida, in all the later
Mesonychide. Each one of these genera is independently descended from genera in
which the metaconid is well developed. In every case, it is simply a stage in preda-
ceous adaptation of the molars, nor can it be assigned any other significance in the
marsupial carnivores. There is, in short, no evidence for assuming a closer affinity
between thylacines and borhysenids than common descent from didelphyid ancestors
and there is strong evidence against such an assumption.

Granting that any one, or that several, of the characters linking the
"sparassodonts " with Thylacinus might be due to parallelism, such an
explanation becomes more difficult to accept in geometric ratio as this
list is multiplied, unless other characters link the "sparassodonts " with
the Didelphidae while separating them from Thylacinus, which is appar-
ently not the case. That the "sparassodonts " lack part of the common
didelphid heritage which is retained in Thylacinus does not prove them to
be an independent and more immediate offshoot from the didelphids,
especially since in most of these characters they are more progressive
than Thylacinus.

In the instances of parallelism given above by Dr. Matthew, the
members of each family are still clearly distinguishable as to family, even

'But see Carter, 1920. H. E. W.
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though it may be difficult to state that difference in words. Figs. 1-47-
or, better still, the actual specimens,-show that Thylacinus fits in most
naturally among the "sparassodonts."

In this paper I have attempted to give a fair summary of the
osteological characters of didelphids, "sparassodonts," Thylacinus and
dasyurids, usually omitting general polyprotodont characters and those
of purely specific or generic value. This is based, for living marsupials
and Amphiproviverra, on material in the American Museum of Natural
History. Most of the characters for Borhyena, Prothylacinus and
Cladosictis are taken from Sinclair's monograph (1906). The numbers,
unless otherwise indicated, refer to American Museum specimens. It
is often necessary to list separately characters which are, or which may
be, complementary to each other.

The following characters indicate thylacine affinities for the " sparas-
sodonts": 2, 4, 5, 6, 7, 8, 9 10, 11, 12, 13, 17, 18, 19, 24, 25, 32, 34, 35,
36, 39, 40, 41, 43, 44, 45, 48, 49.

These give no light on this question: 3, 14, 27, 28, 29, 30, 31, 33,
37, 38, 42, 46, 47.

These characters suggest didelphid affinities for the " sparassodonts":
1, 15, 16, 20, 21, 22, 23, 26.

A valid objection may be raised to this summary as it stands. Where
two characters, listed separately, are necessarily complementary to each
other, they should be counted as only a single unit. Going over these
tables, uniting characters clearly complementary to each other, omitting
the neutral characters and italicizing the more important ones, we get
the following summary: thylacine affinities: 2, 4, 5, 6, (7 & 8), 9, 10, 11,
12, 13, 17, 18, 1.9, 24, 25, 82, 34, 35, 36, 39, 40, 41, 43, 44, 45, 48, 49;
didelphid affinities: 1, 15, 16, (20 & 21), 22, 23, 26. I omit the neutral
characters, as they are either highly variable within the limits of each
group, or else the "sparassodonts" differ from all the others (as, for
example, in regard to the number of premolars replaced). In this respect
the "sparassodonts" are separated as widely from the Didelphidae as
from Thylacinus.

Of the characters favoring thylacine affinities these are underlined
as more important: the dental formula I'-3 Cl P3 M4; the reduc-
tion of the protocone; the high shearing metastyle; the parastyle
plastered on the paracone; the loss of the mesostyle; the approximation
of the paracone and metacone; the narrow shearing M4; the absence of
the metaconid (see Figs. 1-16); the thickened, but not down-turned,
posterior edge of the palate (see Figs. 32-47); the very wide temporal
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fosse; the retracted tips of the nasals (see Figs. 17-31); the free atlanteal
intercentrum of Borhyxena, Amphiproviverra and Thylacinus; the long,
proximally constricted, transverse process of the atlas; the halberd-
shaped neural process of the axis; the long spiked neural processes of the
cervical vertebrae 3-7; the number of rib-bearing vertebrae; the flat
ilium; the position of the acetabular notch, and the great reduction of the
marsupial bones. These characters may be considered as defining the
family Thylacinidae. In all these, the Thylacinidae (of Sinclair) differ
from all the didelphids examined (whatever their habits and food) and
very 'often from Dasyurus and even from Sarcophilus, which are just as
purely carnivorous as any of the Thylacinidae and should, therefore,
possess all the "habitus" characters which are an essential part of the
equipment of a carnivorous polyprotodont marsupial. Most of these
characters are apparently not immediately dependent on one another;
and although, unquestionably, many of them are associated with the
carnivorous habits of the Thylacinidae, they are not all, at least, neces-
sary modifications for a carnivorous life in a polyprotodont marsupial,
since, of these nineteen characters, eight differ from both Dasyurus and
Sarcophilus. These are: the dental formula; the parastyle plastered on
the paracone; the absence of the mesostyle; the absence of the meta-
conid; the thickened, but not down-turned, posterior 'border of the
palate; the number of rib-bearing vertebrae; the flat ilium, and the great
reduction of the marsupial bones. Only Sarcophilus, of the dasyurids
examined, has the abnormally wide temporal fossm of the thylacinids;
and none of the dasyurids has the free atlanteal intercentrum found in
Borhyxena, Amphiproviverra and Thylacinus (but fused in Prothylacinus
and Cladosictis).

I found only seven characters tending to support Matthew's view
of the didelphid affinities of the "sparassodonts." These are: the geo-
graphical separation of Australia and South America; the closed palate of
the "sparassodonts" (approximated in Caluromys, Antechinomys and
some specimens of Dasyurus); the virtual loss of the bar enclosing the
foramen at the postero-external corner of the palate in Thylacinus; the
naso-lachrymal contact seen in the "sparassodonts" and a few didel-
phids; the position of the orbits; the arrangement of the lachrymal
foramina; and the shape of the postorbital process of the jugal. The
geographical occurrence of the forms under discussion is not a
morphological character, and its possible meanings are discussed else-
where. The closed palate is presumably secondary and independently
acquired in each family (in the "sparassodonts," Dasyurus and Caluro-
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mys). In any case, it separates the "sparassodonts" from the didel-
phids nearly as completely as from Thylacinus. The loss of the bar from
the palate is valid as far as it goes, but such losses occur rather easily.
The relative position of the orbits is largely determined by the lengthen-.
ing or shortening of the face, which are decidedly "habitus" characters.
It is, therefore, rather variable and not a very safe guide. The naso-
lachrymal contact is a valid character, although its value is somewhat
reduced by its great variability, not only within the family but inside the
genus, species, and even between the two sides of the same individual.
The same thing is true of the position of the lachrymal foramina and the
shape of the postorbital process of the jugal.

Without denying some weight to the arguments given above for the
Didelphidae as the nearest relatives of the "sparassodonts," I feel that
this summary shows a strong preponderance of characters uniting them
to Thylacinus. The reader must decide whether parallelism will explain
so striking a similarity.

Scott (1917), apropos of Nuttall's blood tests, says: "A close rela-
tionship is shown to exist between all Marsupials, with the exception of
the Thylacine " This would seem to furnish support for the view that
Thylacinus is not a dasyurid and hence is probably a "sparassodont."
Its value as evidence is greatly diminished, however, by the fact that,
except for didelphids, Thylacinus and Paraneles were the only poly-
protodonts tested, and that the serum was considered of unsatisfactory
quality by Nuttall (1904).

The Cawnolestidae of South America are also of interest in this con-
nection. They furnish a parallel case, either connecting with the Aus-
tralian Peramelidae and Phalangeridae, or being parallel derivatives from
some opossum. Osgood (1921) and Gregory (1922) both see their closest
relatives among the Australian forins. This strengthens, by just so much,
the argument for some real relation between the two faunas.

Osgood (1921) emphasizes what he regards as the isolated position
of Myrmecobius, not only from the dasyurids, but from the marsupials
in general, going back to a Jurassic ancestor with more than seven cheek
teeth. The reasons for regarding Myrmecobius as an aberrant dasyure
have been given by Bensley (1903), Gidley (1915) and Gregory (1920).
Osgood's monograph does not seem to invalidate their reasoning. He
admits that Myrmecobius is derived from generalized marsupials, yet
one of the most uniform and, presumptively, most primitive marsupial
characters is the presence of not more than seven post-canine teeth.
Consider also these statements on page 131 of his article: "Whatever the
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case may have been with respect to the history of the extra molar teeth
of Myrmecobius, the view that all the living families of Marsupials were
well differentiated early in the Tertiary seems to be well founded. There-
fore, without reference to possibly archaic characters other than the
teeth, it is still possible to believe in an early predidelphid origin for
Myrmecobius." Since opossums are knowin from the Upper Cretaceous,
this does not bar them from ancestry to all other marsupials. It may be
justifiable, in view of the possible geological antiquity of the type
(Myrmecoboides, Gidley, 1915), and the unusual "habitus" characters,
to make a separate family, the Myrmecobidae, as has already been done
for the Thylacinidae; although it would be equally logical to regard it as a
subfamily of the Dasyuridae.

In this connection, I wish to point out that more time can be allowed
for the radiation of the marsupials than has often been assumed. We
know that the opossum, at least, has come down from the Upper Creta-
ceous without material change. Wynyardia is firmly imbedded in the
literature as an Eocene or Oligocene diprotodont with polyprotodont
affinities and has often been used as a means of dating the origin of the
diprotodonts. A discussion of Spencer's paper (1900) between Dr.
William K. Gregory and myself led to an attempt to discover these
supposed polyprotodont affinities. Spencer lists the following '' dasyurid"
characters in Wynyardia (see Figs. 48-57):

"1. Proportionate length to the breadth of the skull 100:67. This
approximates most nearly to Dasyurus and shows a decidedly greater
proportionate width than in the Phalangeridae." There is a much
closer resemblance both in ratio and proportions to such a diprotodont
as Bettongia (No. 6346), or Phascolarctus cinereus (No. 42178). Even
if this were not true, however, such a ratio would mean nothing, since
Dasyurus and Wynyardia have entirely different shapes as seen from
above. An accidental equivalence of ratios of length to breadth, if it
occured, wouild mean nothing. A superficial approach to this ratio is
found in Phascogale, Thylacinus and Borhymena. It is presumably sec-
ondary in all these forms. In Phascogale it is associated with the
enormous bulla-ea "habitus" feature.

"2. Lambdoidal crest well developed, as in Dasyurus." It is
equally so in Trichosurus vulpecula, No. 249, and Pseudochirus cooki.
This, therefbre, is hardly valid as a dasyure character.

"3. Sagittal crest strongly developed, resembling that of Dasy-
uridae and species of Didelphys." On the whole, it is probably more
like Trichosurus, since the sunken area in the frontal region between
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the V-shaped forks of the sagittal crest is much alike in Trichosurus
and Wynyardia.

"5. The wide sweep and upward curvature of the zygomatic
arches, as in Dasyuridae." This is the only one of these characters
that appears to be valid. Even here, however, Wynyardia is probably
closer to Bettongia, or even Trichosurus.

"7. The transverse elongation of the glenoid cavity, the down-
ward-produced plate of bone which forms the boundary, is not con-
nected with any structure forming part of the auditory passage. In
this respect, it agrees with Dasyuridae and Perameles, and differs
markedly from the Phalangeridae, amongst which it fornms the anterior
part of a bony auditory canal." By this the author apparently means
that in Wynyardia and the Dasyuridae the tympanic ring is not co6ssified
with the postglenoid process as it is in Trichosurus. As they are not
coossified in Phascolarctus cinereus, No. 42178, and various other dip-
rotodonts, the value of this character as a link with the polyproto-
donts is nullified.

Among the more striking diprotodont characters are: the chunky
premaxilla; the masseteric process beneath the zygoma; the profile of
the skull from above; the V-shaped basin in the frontal region inside the
forking sagittal crest; the naso-lachrymal contact (probably secondary
for marsupials and primitive for diprotodonts); the descending curve of
the sagittal crest to the rear, as seen from the side, and the entirely dipro-
todont shape of the mandible. Compare the figures of Dasyurus, Wyn-
yardia and Trichosurus.

Wynyardia is also much more recent than the date-Eocene or
Oligocene-ascribed to it by Spencer. Frederick Chapman, the Auistra-
lian geologist, in an oral communication to William K. Gregory, refers it
to the Turritella warburtoni zone of the Lower Pliocene. This geological
level; entirely aside from the morphological evidence cited above,
eliminates Wynyardia as a possible link between polyprotodonts and
diprotodonts. It seems reasonable to regard it as a slightly primitive
phalanger.

There is therefore no reason why the preliminary stages in the adap-
tive radiation of the marsupials may not have taken place by the Upper
Cretaceous or Paleocene, except that the scanty marsupial remains of
that time are apparently all didelphids (except Myrmecoboides, if it is
a marsupial). This hypothesis is an expansion of the suggestion of
Gidley (191.5) and Loomis (1921) that a marsupial adaptive radiation
from didelphids into dasyures, thylacines and pre-diprotodonts nmay
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have taken place in the northern hemisphere, after which the didelphids,
thylacines and pre-diprotodonts would have entered South America,
while the dasyures, thylacines and pre-diprotodonts would have entered
Australia. This hypothesis combines the strongest elements in the views
of Sinclair and Matthew, avoiding their more difficult assumptions, but a
new difficulty, in view of the rather frequent occurrence of the Didel-
phidae, is the absence from the northern hemisphere of the remains of the
other three families postulated. To fall back on "the imperfection of the
geological record" in a way merely begs the question. Possibly these
unknown and hypothetical forms may have belonged to the long-lost
upland fauna of the later Cretaceous.

The alternative to the hypothesis tentatively expressed above is
some more direct connection between the faunas of Australia and South
America.

CONCLUSIONS
1. The closest structural relations of the "sparassodonts " are with

Thylacinus, and, in the absence of any direct evidence of "parallelism,"
they should be included with it in the family Thylacinidae, defined as
above. Thylacinus, however, was not descended from any known
"sparassodont."

2. Myrmecobius is closely related to the Dasyuridae in its " heritage"
features. It is not a "Mesozoic survival,"-certainly not in the sense
that its extra teeth are inherited directly from a Jurassic form with extra
teeth.

3. Wynyardia is now assigned to the Pliocene instead of the Eocene
or Oligocene. It is a true diprotodont in every way, and does not connect
the diprotodonts and polyprotodonts.

4. The paleogeographic concomitants of the statements above are
uncertain. There may have been a discontinuous southern connection
between South America and Australia during the late Cretaceous or early
Tertiary. Or perhaps the marsupial adaptive radiation began in Hol-
arctica by the Upper Cretaceous. By the Paleocene the Didelphidae
and, perhaps, the Dasyuridae, Myrmecobidae, Thylacinidae and the pre-
diprotodonts were already in existence. The competition of the placentals
would then have limited the marsupials (except the opossum) to South
America (with opossums, thylacines and pre-diprotodonts) and Australia
(with myrmecobids, dasyures, thylacines and pre-diprotodonts).
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FIGURES 1 TO 57



,Fig. 1. Philander sp. No. 2072. X 4.
Fig. 2. Metachirus sp. No. 244. X 2.
Fig. 3. Caluromys derbianus. No. 10058. X 2.
Fig. 4. Chironectes minimus. No. 33027. X %.
Fig. 5. Marmosa chapmani. No. 4773. X 3.
Fig. 6. Didelphys virginiana. No. 242. X %.
Fig. 7. Borhyama tuberata. Princeton Univ. No. 15701. (After Sinclair.) X 1.
Fig. 8. Prothylacinus patagonicus. P. U. No. 15700. (After Sinclair.) X 1.
Fig. 9. Cladosictis lustratus. P. U. No. 15170. (After Sinclair, lower teeth

reversed.) X 1.
Fig. 10. Amphiproviverra mazaniana. No. 9254. X 1.
Fig. 11. Thylacinus cynocephalus. No. 35504. X 1.
Fig. 12. Dasyurus viverrinus. No. 16669. X 1.
Fig. 13. Sarcophilus ursinus. No. 35106. X 1.
Fig. 14. Phascogale cristicaudata. No. 15009. X 2.
Fig. 15. Antechinomys laniger. No. 15012. X 2.
Fig. 16. Sminthopsis crassicaudata. No. 15013. X 2.
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Fig. 17. Philander sp. No. 2702. X 2.
Fig. 18. Metachirus sp. No. 244. X 1.
Fig. 19. Caluromys derbianus. No. 10058. X 1.
Fig. 20. Chironectes minimus. No. 33027. X 1.
Fig. 21. Marmosa chapmani. No. 4773. X 2.
Fig. 22. Didelphys virginiana. No. 240. X 1.
Fig. 23. Borhyxena tuberata. P. U. No. 15701. (After Sinclair.) X 1.
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Fig. 24. Cladosictis lustratus. P. U. No. 15046. (After Sinclair.) X 1.
Fig. 25. Amphiproviverra mazaniana. No. 9254. X 1.
Fig. 26. Thylacinus cynocephalus. No. 35504. X 1.
Fig. 27. Dasyurus viverrinus. No. 16669. X 1.
Fig. 28. Sarcophilus ursinus. No. 35106. X 1.
Fig. 29. Phascogale cristicaudata. No. 15009. X 2.
Fig. 30. Antechinomys laniger. No. 15012. X 2.
Fig. 31. Sminthopsis crassicaudata. No. 15013. X 2.
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Fig. 32. Philander sp. No. 2072. X 4.
Fig. 33. Metachirus sp. No. 244. X 2.
Fig. 34. Caluromys derbianus. No. 10058. X 2.
Fig. 35. Chironectes minimus. No. 33027. X %.
Fig. 36. Marmosa chapmani. No. 4773. X 3.
Fig. 37. Didelphys virginiana. No. 240. X %.
Fig. 38. Borhymena tuberata. P. U. No. 15701. (After Sinclair.) X 1
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Fig. 39. Prothylacinus patagonicus. P. U. No. 15700. (After Sinclair.) X 1.
Fig. 40. Cladosictis lustratus. P. U. No. 15046. (After Sinclair.) X 1.
Fig. 41. Amphiproviverra mazaniana. No. 9254. X 1.
Fig. 42. Thylacinus cynocephalus. No. 35504. X 1.
Fig. 43. Dasyurus viverrinus. No. 16669. X 1.
Fig. 44. Sarcophilus ursinus. No. 35106. X 1.
Fig. 45. Phascogale swainsoni. Raven Coll. 91. X 2.
Fig. 46. Antechinomys laniger. No. 15012. X 2.
Fig. 47. Sminthopsis crassicaudata. No. 15013. X 2.
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Fig. 48. Wynyardia bassiana. (After Spencer.) X 1.
Fig. 49. Dasyurus viverrinus. No. 16669. X 1.
Fig. 50. Trichosurus vulpecula. No. 249. X 1.
Fig. 51. Phascolarctus cinereus. No. 42178. X 1.
Fig. 52. Bettongia sp. No. 6364. X 1.
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Fig. 53. Dasyurus viverrinus. No. 16669. X 1.
Fig. 54. Wynyardia bassiana. (After Spencer, reversed.)
Fig. 55. Trichosurus vulpecula. No. 249. X 1.
Fig. 56. Phascolarctus cinereus. No. 42178. X 1.
Fig. 57. Bettongia sp. No. 6364. X 1.
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Camp, Classification of the Lizards

and a teiid, which have proven useful in the osteological study of these
small forms.

I am indebted to Drs. Thomiias Barbour and Joseph Grinnell for
loan of specimens from the collections under their charge.

A survey of the paleontological evidence as to the derivation of the
Sauria and the history of the sub-groups has been thought indispensable,
and this review has been extended by a study of Cretaceous, Eocene and
Oligocene material from the collections of the Department of Pale-
ontology of the American Museum and made available for my use
through the kindness of Dr. W. D. Matthew and Mr. Walter Granger.

The late Professor Williston's rnanuscripts and well-known papers
have been of the greatest help in allocating fossil genera and determining
the nature of supposedly primitive characters amoing recent lizards.

The present work has been done under the supervision of Dr. W. K.
Gregory and is due primarilv to his inspiration. The author wishes both
to properly acknowledge this and to thank him for his patience and his
faithful interest in the slow growth of these results.

It is pleasant to record that the work leading up to the present paper
and to other projects now in hand, dealing with the myology and adap-
tive radiation of the Sauria, has been made possible only through the
generous facilities placed at my disposal in The Anmerican Museum of
Natural History by its president, Professor Henry Fairfield Osborn. And
I should also wish to acknowledge with warmest thanks the courtesy of
the authorities of the University of California and Miss Annie M. Alex-
ander who have kindly furnished the funds for concluding this research.

Most of the drawings are due to the excellent skill of Mrs. E. L.
Beutenmiiller. The plates have been lettered by Mr. William Belanske.

HISTORY OF SAURIAN CLASSIFICATION
Cope's synopsis of 1864 marked a turning point iA knowledge of

saurian relationships. Before this time a score of schemes had been
proposed based chiefly upon the obvious characters of physiognomy,
feet and limbs, tongue, squamation, and habits. The pre-Copeian period
is in part reviewed in the first volume of Dumeril and Bibron's 'Erpe-
tologie Gen6ral,' 1834. Early systems which have contributed to present
views are those of Brongniart (1800), Dumeril (1807), Cuvier (1817),
Merrem (1820), Latreille (1825), Gray (1825), Fitzinger (1826), Wagler
(1830), Dum6ril and Bibron (1834-1854), Wiegmaiin (1834), Gray (1845),
and Stannius (1856).
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INTRODUCTION
The present paper is an attempt to define more fully the structural

relationships of the Sauria. The views here expressed are the result of a
correlation of previous investigation with certain efforts of my own touch-
ing upon morphology and paleontology, and the effort is made to furnish
a more perfect historical and taxonomic picture, which, it is hoped, will
aid studies and emphasize in outline certain developmental tendencies
in a group which seems to be almost unequalled in the interesting number
of convergent and parallel forms it comprises.

I have recently undertaken to determine the range of variation of
the muscular system in the lizards and hope to publish the results of this
work. Findings in myology thought to be of value in a taxonomic sense
are included in the present paper.

After examination of the muscles of almost all parts of the body
among representative adaptive and taxonomic types some features of the
superficial body and throat musculature are believed to be indicative of
relationship. The throat region exhibits complex "patterns" developed
similarly in most of the superfamilies. These patterns result from an
interdigitation of differently directed layers and bundles. In general,
the style of the pattern cannot be considered as adaptive, though the
size of various bundles comprising the pattern, their insertion on skin,
mid-ventral raphe or hyoid, may be very directly so.

In addition, a series of thirtv-odd characters has been selected, and a
check made of the distribution of each among the families of the sub-
order.

The material has been obtained mainly from the collections of the
Department of Herpetology of the American Museum and my thanks are
especially due to Miss Mary C. Dickerson, Dr. G. K. Noble, and Mr.
Karl P. Schmidt for -their generous interest, valuable counsel and the
loan of important specimens for dissection.

Furthermore, Dr. Noble has permitted the use of a series of care-
fully cleared specimens including many geckos, a xantusid, an iguanid
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