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THU HOMOLOCilUS OF THK STYLAR CUSP' )F THE
UPPER MOLARS OF THE DIDELPHYIuAE*

INTKODICTION

In the courst' of my SiJ lit's on tlio rdationsliips of the

Australian Marsupiuiia I had occasion to cxanuno the exten-

sive series of skulls of modern Didclpliyidae preserved in the

British Museum, with tlie objwt of delminR the ancestral

characters present in tlie dentition My notes on this subject

included a thorouKh survey of the stylar elements in the upper
molars; but, since the main changes in secondary evolution

are played upon the main cusps of the molar crown, tlie modifi-

cations of these elements were not referred to in tho general

results as published,! except where points of sequence see led
to demand their consideration. In fact, ti.. detailed t

'.y

which I devoted to these structures was undertaken lar y
through interest in Winge's theory of dental evolution iccord-

ing to which they are considered as normally thre • in number
and as forming the original element; ' tlio mo ., crown.

{

It lias since appeared to me probable, h' /er, that uii account

of the modifications of the stylar cusps in such a prinutive

group as the Didclpliyidae would afford a basis for their com-
parison as molar elements in marsupials with similar structures

in placcntals, and that possibly their characters might afford

a better means of discriminating the molar patterns of early

Tertiary or Pretertiary representatives of the two groups than

those of the main cusps of the molar crowns, in view of the

fact that both are of trituberculate origin. The identification

of stem forms depends on the distinction of the primitive

characters of n.arsupials and placentals from ^ne another,

and from those which may be common to both; and no
adequate conception can be formed concerning them until the

habit of denoting the characters of early placentals as "mar-

Read at the meeting of the Society of Vertebrate Pr\'acontologists, New
York, December 2."<th, 1Q05.

tEensley, B. A., On the Evolution of the Australuin Marsupialia, etc

(Trans. Linn. Soc, London; Ser. 2, vol. g, pp. S3-217.)

JWinge. H., Om Pattedyrenes Tandskijtc. tsaer med Hensyn til Taendernei
Firmer. (Vid, Medd. f. d. Naturh. Foren., Cojienhagen, 1882.)

['49]



4 Bbnslby: Homologies of the Stylar Cusps

supial" rather than as "primitive," or "marsupioplacental"
has been finally abandoned.

General Character and Distribution of Stvlar Cusps
IN the Emsting Marsupials

The stylar elements are accessory structures in the molar
crown. They are serially arranged and represent processes
of an external ridge or cingulum which passes along the outer
faces of the paracone and metacone. They are particularly

characteristic of the Didelphyidae, but are found among the
Australian marsupials in the Dasyuridae, Peramelidae, and
in the phascolarctine division of the Phalangeridae. It is

apparent from their associations that they are primitive and
more or less conservative elements belonging to the insect-

ivorous stage of evolution. Although reduced in number they
are retained in the carnivorous development of the Dasyuridae,
two of them being associated with the paracone and metacone
in the production of a double shearing edge. In the incipient

omnivorous development, as indicated in the Peramelidae,
they are retained as in more primitive forms. This is true
also, although to a less extent, of the herbivorous and seleno-

dont development as seen in the Phascolarctinae. In the
omnivorous and herbivorous developments of the Phalanger-
inae, in which there is a bunodont modification of the molars,
the stylar elements disappear and even in the primitive forms
the cingulum is barely indicated. Their function in the
insectivorous stage is apparently that of preventing the food
from slipping of! the smooth concave outer faces of the para-
cone and metacone, although they are doubtless accessory

piercing agents as well. They are associated particularly

with the paracone and with the piercing tip of the metacone.
The trenchant spur of the metacone tends to be free of these

elements on its outer side apparently in order that the shearing

action may not be hampered.

The Relationships of the Existing Didelphyidae

In considering the arrangement of the stylar elements in

the Didelphyidae it is advisable to bear in mind the probable

[150]
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OF THE DiDELPHYIDAB 5

relationships of the various representatives of the family.

These relationships as deduced from a study of the dentition

and foot-structure and of other characters are indicated in the

appended plan, the details of which are more fully explained

in the paper already mentioned

(loc. cit. pp. 182-185). The two

subgenera Marmosa and Per-

amys include the smallest and

most primitive forms of tlie

family. They show the closest

correspondence in dentition,

Peramys being if anything the

more primitive, as seen in the

grepter development of the pos-

terior premolar, a character

which belongs also to the Oligo-

cene Peralherium, judging from

the examples which have come

to my notice. The subgenera

Chironectes and Didelphys, to-

gether with their prototype Metachirus, are to be considered

apart from Caluromys and Dromiciops. The former are larger

but, in dentition, conservative forms retaining the general

conditions of Marmosa and Peramys, while the latter show

special characters indicating the beginnings of omnivorous

specialization.

The Styl.\r Elements in Peratherium

In the estimation of primitive conditions in the stylar

formula the question naturally arises—what was the condition

of these structures in Peratherium ? Although through the

kindness of Dr. Smith Woodward I was able to examine in

detail the British Museum specimens, I was unable to decide

this question to my satisfaction. The majority of the speci-

mens represent mandibular rami.* Of the few fragments of

upper jaWs only one shows the characteristics of the external

Lydekker RTBritish Museum Catalonne of Fossil Mammalia.

pp. .8,,-28S. ,S87.

[151]
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Fig. I. Stylar Cusps
in Peratherium

6 Bensley: Homologies of the Stylar Cusps

styles. In this specimen (No. 27807), however, they appearm the molars of the right side in a beautifully preserved,
unworn and unbroken condition. They are moderately

developed, and present the same condi-
tion in mi and m2. They tend to be
reduced in m3, and in m4 they are
absent, this tooth being reduced just as
in modern Didelphyidae. In mi and
m2 the external cingulum bears in all

six elevations, the arrangement of
which is shown in the appended dia-
gram of the external profile of m2 of the

right side reversed. Three elements, a, b, and c, are conspicuous,
and three others, b i , c i , and C2 , are subsidiary. Style a is situated
at the tip of the anterior spur of the paracone, b opposite its

concave face; c is situated opposite the small anterior .-ipur of
the metacone. Of the subsidiary styles bi and ci are accom-
modated in the space between styles b and c and appear to be
related respectively to these elements. Style C2 is placed on
the outer edge of the enlarged metacone spur. This element
is so small as to be scarcely recognizable, and its recognition
is still more difficult in this specimen on account of the dark
colouration assumed in fossilization.

Apparently the stylar cusps are as well developed in
American specimens. Cope* remarks of Peratherium that
"the superior molars, excepting the last, present two median
V's which would be termed external but for the fact that the
external basal cingulum is so developed as to constitute an
external crest."

The Stylar Elements in Existing Didelphyidae

Peramyst

P. dimidiata. Two specimens in the British Museum col-
lection show the stylar cusps in an unworn condition, and both

Cope, E. D., Tertiary Vertebrata. pp. 789 et seq.^8847~
tin this and the succeeding suhpenera the descriptionc referonlvto younespecimens or those in which the external styles are quite unworn '

[152]



OF THE DlDELPHYIDAE 7

present the same pattern (Fig. 2A—97.i.i.4*)- In mi the

elements representing b and c of Peratherium are conspicuous.

Style a is indicated as a slight projection, and in one of the

specimens there is a faint indication of ci. In m2 five pro-

jections are shown on the cingular ridge, and these are identical

in size and arrangement with those in Peratherium, the sole

difference being m the absence of C2. In m3 we find again the

same condition except that the whole ridge tends to be reduced.

P. scalops. In two speci-

mens mi and m2 show the

absence of the intermediate

styles bi and ci. In m2
the element C2 is present.

In m3 style bi is present in

association with c, which is

reduced (fig. 2B).

P. iheringi. Two speci-

mens show in all three

molars the predominance of

b and c, and the presence of

both intermediate styles bi

and CI. Style a tends to be

reduced, and style C2 is ab-

sent ;
otherwise the pattern

is much as in the specimen

of Peratherium (figs, i , 2C

—

61. 12. 2.9). In m3 the same

reduction of the posterior

styles is shown as in the

specimens of Peramys scal-

ops.

P. sorex. In one young specimen displaying the first two

molars the number of styles represents the minimum, only a.

b, and c being developed (fig. 2D).

P. americana. In one specimen four elements are present

in m i and m2 . Style c 1 ^s seen in association with c, style bi

• The numbers indicated are those of the British Museum Catalogue.

[^53]

^ k/^ Vv^ V/^

^ ij\f^ kA\/^ U/A/^

^ \a/^ ^a/ ^vv^

^ Uaa^ W^ ^^^

^Iva/ ^^ ^^
I ka/ ^a/^ ^^^
Fig. 2. Stylar Cusps in Peramys

II
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8 Bensley: Homologies op the Stvxar Cusps

being absent (fig. 2E). In m^ is shown a reduction of all
elements, those present being a, b and c.

P. domestica. 1 wo specimens show in all three molars
the mmimum of three styles as described for the first two
molars of P. sorex (lig. 2F~52.2.22.io). A third specimen
shows a conspicuous difference. In m2 styles b and c are
enlarged and approximated, as generally in the more special-
ized Chironectes, Didelphys, and Metachirus. Style C2 is present
also as in the latter. In ^3 styles b and c are separated
by an element probably rcpresenfing ci. but style C2 is still
present as a small element (fig. 2G).

P. brevicaudata. Two specimens show the reduced formulam mi and 1112, as in the specimens of P. sorex and P. domestica
In m3 five elements are present and the posterior one are
reduced, as in the specimens of P. iheringi (fig. 2H—o 5 16 60)A third >pecimen shows practically the same condition except
that styles bi and ci are only faintly indicated in xtiT,, and style
C2 is developed on the posterior face of c. In a fourth specimen
mi and m2 show the presence of .>,tyle bi (fig. 2I—67.4.12.540).

Marmosa

M. simonsi. In four specimens the cingular ridge is
moderately developed and bears five projections giving a
pattern much like the specimen of Peratherium, except that
the intermediate elements are relatively larger in mi and m2
and that m m3 style ci tends to be divided (fig. 3A—99.8.1.23)'

M. elegans. In two specimens five elements are again
indicated in m2 and m3. In mi styles a and ci are more
moderately developed and bi is absent (fig. 3B—98 8212)
In five other specimens the intermediate styles bi and ci are
absent, while in two others the same condition obtains except
that ci is indicated in m3 (fig. 3C).

M. sinaloe. In two specimens only four styles are develop-
ed. Of these a, b, and c show their usual relations, while stvle
ci IS in comparison enlarged (fig. 3D). This is a feature which
becomes prominent in the species M. murina and M.cincrea.

[154]
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M marica and M. dryus. In three specimens of each

species the same conditions are seen as in M. sinaloe except

that in M dryus style ci is still bettor developed and c reduced.

M. microtarsus. One Arnvn shows the c edition of

M. sinaloe except that in ni3 the intermediate styles. In and ci

are both present as in M. simonsi.

M. murina. Fourspeci-

t^/^ (v^Vv/J VV^ "^''"^ •''*"'^ ^'''^ presence in

mi and m2 of five styles, of

which a, b, and c are moder-

ately developed. Style ci is

more definitely enlarged and

compares in size with c.

Style bi is barely indicated

(fig. 3B, F—97-4- 7- 12,0.5. 1.

59). In m;, a dilTercnt

pattern is shown in each

specimen. In three of them

a, b, and c are indicated,

and in two ci is present

(fig. 3F). Tie fourth speci-

men shows a more signifi-

cant arrangement,the cingu-

V

f
. lum ridge being poorly

-H" ^yv^ ^Av^ U/^AT^ developed and occupied by

a number of low crenula-

r L -»J ''AA^'-^ U/-^ tions (eight) proplietic of

^^^^ ^ . ,, the condition in the next
Fia 1. Stylar Cuspsm Marmosa ^'i*- »- " ^x-*y. J. ^/ f ^cnm Caluromys (figs. 3I:,

aB) V fifth specimen shows the increased devel )pment of c i in

comparison with c, especially inm2. In m3 the relation is primi-

tive, bi and CI being present together and of moderate size

(fig.' 3G—97.6.7.52). In a sixth specimen a more prin :ve

and moderate development is seen in all three molars (fig. 3H-

^^
M. cinerea. The geneial condition is much as in M.

murilia. In mi and m2 of one specimen the main stylar

[155]

" Vv^ 'vM/^ ^r^

"" kA/-* kAy^ k/v^

-^ kAv^ K/hP ^^^^

^ LvA^ (vvv>^ U/-~J

p LvW-i ^-^j\^? ^\J^

^ Ka^ \j<^ ^v/^



«o Bensley: Homologies of the Stylar Cusp-

elements are b, c, and c, and these are developed to aboutan equal extent. Style br tends to be slightirdeft Thesame three elements are seen in ms, but they decrease frombefore backwards from b (fig. 3I). m four other specimen th"styles are less modified, five elements being typicallyTresentof wh.ch b and c show their normal predomifance while b,'and CI are present together, but of small size. There is a sliehlreduction of style c in m2.
^"

The relations in M. murina and A/, cinerea are of interest ashowmg among the variations tendencies on the one hid
example m M. stmonst, and on the other towards the reductionof the cmgulum as seen in Caluromys. The apparent increase

llTt" """'"".T ^" '""^^^^ •" development of the c^gtum but a general levelling off of the stylar projections ^n

TenH^P J
P^^^^^Senne division of the Australian Phalkn-gendae, the cmgulum is obliterated, being only seen as a fal^tndge m primitive forms. Caluromys among the DTdeTphyfdaehows mdications of embarking upon this modification andthe two species of M. m.Hna and M. cinerea which are

with the latter the very first stages in this reduction.

Caluromys
C. laniger. In one specimen the transitional charactersbetween this genus and M. murina and M. cinerea are weU

At \ ,
, ,

,

exemplified. In mi four
^-v/--' kA.A^ K^ 1 elements are present pro-

jecting to almost the same
B L,j^—) ( ) {^ ) extent. Particularly notice-

able is the increased size

c IvA/J U^A/0 L ) °^ ^' in coniparison with c
and the absence of bi. In

7) . \
"^2 the condition is slightly

p. c. , ^
^— changed by a peculiar reduc

rtg. 4. ^itylar Cusps mCaluromys tion of style b. In mj the

[156]



OF THE DlDBtPHYIDAE II

cingulum is simply crenulated and the inc^ividual eler. .<Pts

are not apparent (fig. 4C-44.12..8.28). In a second speci-

men showing the sime cnaracters in mi and ma the individ-

ual elements are apparent, although greatly reduced, and

the ridge would still be described as crenulated (fig. 4U—

80.5.6.88). In the variety C. laniger pallida two specimens

show distinctly the reduction of the cingulum (fig. 4A. B—

0.7. 11.82, 0.7.11.35)-
. , ^.

C. trinitatls. Two specimens show minute crenulations

only.

Metachirus

The general conditions in this genus and in Chironertes and

Didelphys appear as modifications ot those of the primitive

species of Marmosa and Peramys, and it is -en that the devel-

opment in Caluromys is a special one ending as far as the

modem Didelphyidae are concerned with that genus. The

general arrangement is seen in the approximation of styles

b and c, development of style C2, an element scarcely recog-

nizable in the smaller forms, through the shifting forwards of

style c, the variable indications of the intermediate styles

bi and ci. .

M. opossum. In one

spe'v~cn four elements

make up the series,

namely, a, b, c and c2

(fig. 5A—46.2.2.4). This

specimen is abnormal as

seen in the development

of m4 like the remaining

teeth. In m4 styles b

and c are present though

of small size. A young

specimen of M. opossum

var. melanurus shows the

characteristic form of

styles b,c, and C2, but the

^ V/v/v^ W-^ W^

\a/^ Ka/^"^ Ka^

^ UaP k^ ^
Fig 5. Stylar Cusps in Metachirus

[157]
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12 Bbnsuby: Homologies op the Stymr Cusps

original elements b. and CI are present togetner in mi definitey showing the homologies (fig. sB-^T-...:.^) styt'

men (hg. 5C-0.7.U.79). !„ a third specimen it is seeVin
all three molars. A fourth shows ex'^tly "4 coSondescnbed m the specimen of M. opossum in which the i^termediate elements are absent in all three molars

M. crasslcaudata. Two specimens show the conditionsrepresented in fig. 5E, F (85..1..6.U. 79.5.,.,3) wh" ch areeasdy referable to the general type in M. opdss^ ^cmgulum IS greatly reduced in m3 in this species.

Chironectes
C. minimus. One specimen shows the approximationand extra development of styles S and c. and style c. is evident

"1 m, and m.. so that the type corresponds with h^
"

f^t tr.
Intermediate styles are absent in this spedmen(ng 6A-849.a), but in a second young specimen thev aremdicated in m2 (fig. 6B-849.f). ^ "^

Didelphys

p. marsuplalls azarae. The predominance of styles b andc .s mdicated in two specimens in all three molars, but especi^
ally in mi and ma. In rm
and m3 is shown the pres-
ence of two styles posterior
to c, probably indicating
a division of style c2. In
m?. the intermediate bi is

^ WJ W-J wj

a i ) I )

""^ ^^^^ intermediate

VV^ VV>/^ ^A/^ indicated (fig. 6C—84.2 ..<.

^ig. 6. Stylar Cusps in Chironectes •!f^\./l'''
^'^'"^"^ "'^^

and Didelphys identified m several speci-

«pnf ;« n, J -J
nuns. It is sometimes pre-

pattern
' """ P"™"'^'"' "'^^'^^ ^^ ^ molariform

General Summary
In comparing the characters of the stylar cusps in anextended series of specimens such as indicated above threefeatures become apparent. In the first place, as cmpara-

I158J



or THE DlDELPHYlDAB 13

lively small and subsidiary structures in the molar crown

are certain to exhibit signs of variation, they are surprisingly

constant in their relations. Secondly, they show throughout

the family indications of a general type, best seei< in Peramvf

and Marmosa. Thirdly, even in such a poorly difTerentiated

radiation as that represented by the modern Didelphyidae

they show signs of adaptive change. The variations which

appear seem to be for the most part significant. The general

type indicated is one in which there are three main elements

and three more subsidiary ones which I have designated

respectively as a. b. c, and bi. c. C2. If the modern Didel-

phyidae reflect in the upper molar patterns the primary tri-

tuberculate type these main elements are the ones for which

homologies must be sought. The general type indicated seems

to conform with that described for Peratherium, but whether

this correspondence would be confirmed on examination of

other specimens of Peratherium it is not possible to say. That

the stylar elements are worthy of consideration in estimating

adaptive changes in the molars, or relative specialization, is

indicated by Sinclair's* studies on the Santa Cruz marsupials,

and my own on the Australian forms. Finally, considering

the stylar elements of the modem Didelphyidae as structures

not wholly conservative but showing signs of adaptive change

and in comparing the family with other, supposedly primitive,

forms, the characters presented by Marmosa and Peramys

should be consulted rather than those of the larger specialized

forms such as Didelphys.

SinclairrW. j7, The Marsupial Fauna of the Santa Cruz Beds.

Amer. PhU. Soc.vol. 49. PP- 73 Si. 1905)

[159]
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