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SUBFAMILIES AND GENERA OF THE SORICIDAE

By Cuaries A. REPENNING

ABSTRACT

The shrews constitute a distinct and uniform but phylo-
genetically diverse family in which five subfamilies, one sub-
divided into three tribes, can be recognized by consistent mor-
phologic differences. These differences are traceable back
through the late and middle Tertiary shrews and point to a
hypothetical common ancestor. The trends of the morphologic
change within the subfamilies rather clearly indicate what this
ancestor should look like. Because the great majority of fos-
sil shrews are represented only by teeth and mandibles, the
morphologic characters here used to classify most shrews per-
tain to these parts of the animals.

The extinct subfamily Heterosoricinae is known from the
Oligocene to the Pliocene and in both the Old and the New
Worlds. Four genera are recognized in North America; one
of them is known also from the Old World. At least 12 spe-
cies are included in these genera. The subfamily is not closely
related to other shrews, and all shrews in the subfamily lack
an internal temporal fossa on the mandible, have extreme lin-
gual offset of the lower mandibular articulation, and retain
at least some pigmentation in the teeth.

The living subfamily Crocidurinae is known from the middle
Miocene to the Recent in the Old World. In the subfamily are
11 to 13 fossil species and 10 living genera. The subfamily
appears most likely to be of Austro-Tethyan origin (mainly
Ethiopian Africa and peninsular India) and is not well rep-
resented in the known fossil record. It is characterized by an
internal temporal fossa on the mandible, by little or no sepa-
ration of the articular facets on the mandibular condyle with
a labial emargination of the interarticular area, by the reten-
tion of a primitive triangular P,, and by no pigmentation of the
teeth.

The extinet subfamily Limnoecinae is known from the early
Miocene to the middle Pliocene in North America and closely
parallels the Old World crocidurines in morphology. Two
genera and three species are recognized. The subfamily is
characterized by crocidurine feéatures except that P, is modi-
fied from a triangular tooth to one in which a central crest
runs from the apex of the single cusp to the posterior cingu-
lum; at least some pigmentation is present in the teeth.

The living subfamily Soricinae is known from the late Oli-
gocene to the Recent in the Old World and from the early
Miocene to the Recent in North America. It is characterized
by an internal temporal fossa on the mandible, by little to great
separation of the articular facets on the condyle of the mandi-
ble with a lingual emargination of the interarticular area, by
the modification of the primitive triangular cusp of P, into a
labial shearing blade with a posterolingual basin, and by re-
tention of tooth pigmentation in most, but not all, genera.
This subfamily is very large and is divisible into three tribes

largely on the basis of masticatory modifications; this basis of
separation is supplemented by characters in the teeth. The
tribe Soricini contains at least 8 extinct genera, about 30 ex-
tinet species, and 4 living genera. It is characterized by lit-
tle modification of its mandibular articulation or teeth and by
a prominent entoconid crest on M,. The tribe Blarinini con-
tains at least 4 extinct genera, 10 extinct species, and 2 living
genera. It is characterized by slight to great modification of
its mandibular articulation with a broad interarticular area,
no entoconid crest on M,, and by a trapezoidal M2. The tribe
Neomyini contains 4 fossil genera, 13 fossil species, and 9 liv-
ing genera. It is characterized by great modification of its
mandibular articulation with a narrow interarticular area, an
entoconid crest on M, in most forms, and a prominent bifid
upper incisor in most Old World forms.

The extinct subfamily Allosoricinae is known from the late
Miocene to the late Pliocene in Europe. It is characterized by
unusual carmivorelike cheek teeth that are unequaled in spe-
cialization by any other shrew. Two genera (one unnamed)
are included in this subfamily.

INTRODUCTION

The living shrews are generally placed in two sub-
families with the exception of the African armored
shrew Scutisorex, which some workers (for example,
Allen, 1917) have placed in a separate subfamily. The
Soricinae are holarctic in distribution, and the Crocid-
urinae are entirely of Old World distribution and
largely tropical. As stated by Ellerman and Morri-
son-Scott (1951, p. 41), this division into two sub-
families “seems to be based chiefly on the Soricinae
having teeth pigmented at the tips, and the Crocid-
urinae having teeth entirely white.” These authors,
Friant (1947), and several others have pointed out
that, although the Soricinae normally have pigmented
teeth, pigmentation in the subfamily is variable—
very light in several genera and entirely missing in
a few genera. Because of this variability, several
zoologists, including Ellerman and Morrison-Scott
(1951) and Heim de Balsac and LaMotte (1956, p.
141-142), have not recognized subfamilies of the
Soricidae; however, others, including Friant, have
recognized them.

In considering fossil shrews, there has been a
similar tendency to abandon the subfamilies of living

1



2 SUBFAMILIES AND GENERA OF THE SORICIDAE

shrews (Hibbard, 1950, p. 129; and Viret and Zapfe,
1951, p. 414). With the study of fossil shrews, how-
ever, greater attention has been directed toward ad-
ditional criteria to recognize suprageneric taxa with-
in the Soricidae. Although he preferred to consider
his groups as of less than subfamily rank, Stirton
(1930, p. 223-225) reviewed and grouped many of
the living shrews to evaluate a Miocene fossil. He
selected five divisions of the family, which he called
groups, on the basis of eight features (10 features
for the Anourosorex group). Those features that
Stirton used to distinguish his groups include tooth
pigmentation, shape of the internal temporal fossa
of the mandible (fossa pterygoidea, intertemporal
fossa, or posterointernal ramal fossa of authors),
degree of separation of the condyles of the mandible
(or articular facets on the condyle), height of tooth
cusps, separation of the tips of the protoconid and
the metaconid, position of the foramen ovale, form
of the talonid of #/,, and nature of the entoconid and
basin of the talonid of 4/, and Jf..

Earlier Schlosser (1924, p. 5) suggested that the
absence of secondary cuspules on the cutting edge of
the lower incisor and the shape of the ascending
ramus of his species Crocidura kormosi were distine-
tive of the genus.. Still earlier Miller (1912, p. 30,
86) pointed out that the Crocidurinae could be sepa-
rated from the Soricinae on the basis of the structure
of P,. Lavocat (1951, p. 23-24), following Miller’s
criterion, seems to have been one of the first to place
much significance on the morphology of P, in fossil
shrews. He regarded his Crocidosorex piveteoui as
intermediate between Crocidura and Sorex largely on
the basis of the form of 2,. Wilson (1960, p. 35, 36,
38) also placed emphasis on the form of the P, in
Sorex. The slightly more anterior average position
of the mental foramen in the Crocidurinae has also
been mentioned by several authors as of possible value
in distinguishing this subfamily from the Soricinae.

Therefore, it seems that there are a large number
of dental and mandibular features that may be use-
ful in separating the Crocidurinae from the Soricinae
besides tooth pigmentation, which has been considered
to be a fallible criterion. Cranial and postcranial
skeletal features, as well as criteria based upon the
soft parts, may also be useful, but with very few ex-
ceptions these are not known in the fossil record. A
review of the above features, of the dental formulae,
and of the morphology of P* and M* in most fossil
species and in most living genera leads to the con-
clusion that subfamilies are recognizable in both living
and fossil shrews. Five subfamilies are clearly recog-
nizable in the fossil record: the Crocidurinae and the

Soricinae, representing the surviving subfamilies; and
the Heterosoricinae, the Allosoricinae, and the Lim-
noecinae (new name), representing extinct groups of
subfamily rank. The living subfamilies are of ap-
proximately equal size; there are 21 soricine species
and 21 crocidurine species in the Palearctic and Indian
regions (Ellerman and Morrison-Scott, 1951), no
soricines occur in Africa, and there are no crocid-
urines in North America.

Specimens of nearly all North American fossil
shrews older than Pleistocene were examined during
this review as were specimens representing all but
two! living genera of the world; however, specimens
of only six Old World fossil species were examined.
In this review the description of Old World fossil
forms is largely from published accounts. Such a
review has obvious disadvantages as the criteria here
utilized are not always discussed or clearly figured
in published descriptions. For this reason little at-
tempt to revise the nomenclature of the Old World
fossil shrews is made, although they are placed in the
subfamilies which seem most appropriate as based
upon published descriptions. The specimens examined
are listed in the discussion of the taxa they represent.

Subfamily, tribe (where applied), genus, and many
extinct species diagnoses are given in terms of the
criteria here used. For many shrews, particularly
for the living genera, other criteria are available in
the literature to enlarge the diagnoses but these crite-
ria are not mentioned here because they cannot be
applied uniformly to both living and fossil shrews.
This does not imply that other criteria are not valid
or useful.

The illustrations are somewhat stylized but were
done carefully with a camera lucida attached to a
microscope. There is an advantage in having all
forms illustrated by the same technique and by one
person. The illustrations are not drawn to a uniform
scale because size has appeared to be of no more than
specific significance. When possible, P,, M ;, and M ;
are shown in both occlusal and buccal view; P* and
M?' in occlusal view. M, almost always parallels
the development of M ; and hence is not shown in the
illustrations, even of types. In the few shrews where
M , shows noticeable difference from M ,, the difference
is noted in the text. The mandible is drawn in lingual
view, and the condyles of the mandible are shown in
posterior view.

Embryological studies to determine the dental
formulae of the soricids in terms of incisor, canine,
premolar, and molar teeth (Arnbich-Christie-Linde,

1 Feroculus and Solisorex from Ceylon. Photographs of British
Museum (Natural History) specimens of these genera were examined.
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1912; Kindahl, 1960) are not in entire agreement and
the formulae seem to vary with the genus under study.
Although this work is certainly important in evaluation
of the phylogeny of the Soricidae, it has not been con-
sidered in this review. Dental formulae given in this
report are arbitrarily based upon the frequent use of
the term ‘‘antemolar’” in published descriptions of
shrews. The term applies to those teeth between the
soricid incisor and the molars. The formula used is:
Total=soricid incisor-antemolars including P *~molars/
soricid incisor—antemolars including Psmolars
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EVALUATION OF CHARACTERS

Of the features observed in the dental and mandib-
ular morphology during this review, the structure of
the P, is most useful in the recognition of subfamilies.
(See fig. 1.) The structure of the mandibular condyle
is nearly as useful, and pigmentation of the teeth
seems significant but is subject to exceptions. The
absence of the internal temporal fossa is a subfamily
character of the Heterosoricinae. The other morpho-
logic characters, when considered singly, appear to be
of taxonomic value only after the identity of the
subfamily has been established. In combination, most

characters may be mutually supporting of subfamily
assignment, and some are of subfamily importance
when developed to an extreme degree. Most appear
to represent evolutionary trends in several shrew
lineages that are parallel in direction but not equal in
rate of change.

During this review it has been found that in the
characters here examined the shrews are remarkably
stable in comparison with other mammals. Unless
otherwise noted, the reliability of these characters
does not seem to be reduced by individual variability.
Atavism is rather rare although it does occur in living
and presumably in fossil forms.

Structure of P,

Domnina gradata Cope (Patterson and McGrew,
1937) is, in several respects, including the structure
of the P,, ideal as the prototype of all soricids. In
other respects it is clearly a heterosoricine shrew. In
occlusal view the P, of D. gradata has a simple equi-
laterally triangular outline and a single large tri-
angular cusp (figs. 1, 3). There is a posterior basal
cingulum that extends nearly to the anterior corner
of the tooth on both the lingual and the labial sides.
Although the cingulum is prominent at the postero-
labial corner, it does not overhang the root and cover
the alveolus as in most modern shrews. The posterior
surface of the crown slopes uniformly to the cingulum
and is slightly concave between the posterolateral
corners of the crown. The posterolateral corners of
the triangular cusp are sharp so that slight ridges
run from the apex of the cusp to the cingulum at the
posterolabial and posterolingual corners of the tooth.
The P; is the largest tooth of the antemolar series with
the exception of the procumbent incisor and possibly
the first antemolar, which is unknown. The antemolar
alveoli of some species of 7rimylus are similar to those
of Domnina gradata, but P, is not the largest post-
incisor antemolar in 7'rimylus.

Dommina is here placed in the subfamily Heteroso-
ricinae on the basis of features other than the crown
of P,. The P, in the genera Trimylus and Ingentiso-
rex appear to be similar to that of Dommnina except
that details of the cingulum and cusp morphology
have been lost in the development of a rounded, bul-
bous tooth. The P, of Paradommina is like that of
Dommina.

The basic triangular pattern that is retained in the
Crocidurinae differs only slightly from that in Dom-
néna. In the Soricinae, however, the crown is con-
verted into an oblique blade by emphasis of a crest
connecting the anterior cusp with the cingulum at the
posterolabial corner of the tooth and by suppression
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Fiaure 1.—Taxonomically significant differences in structure of P,
and mandibular condyles.

of the anteroposterior lingual crest and development
of a basin in its place. In most soricines the labial
blade combines with the posterior cingulum to form a
continuous L-shaped crest which encloses the postero-
lingual basin on both labial and posterior sides. The
labial crest of the triangular P, is also accentuated in
the Limnoecinae, but it has shifted lingually nearly to
a median position. The lingual crest of the triangle
is almost completely suppressed but no posterolingual
basin has formed because of the medial position of the
labial crest.

These basic patterns of the P, are diagrammatically
shown in figure 1. With few exceptions these patterns

are clearly recognizable in all shrews considered in
this review. The exceptions are all within-the group
of heavy-toothed and stout-jawed soricines where
other characters, such as widely separated mandibular
condyles, leave no doubt of subfamily affinity.

No soricid has ever developed a molariform 24, and
for this reason the late Eocene Saturninia gracilis
Stehlin (1940), which has a well-developed trigonid
and talonid in its P, cannot be considered ancestral
to any shrew; as recognized by Stehlin (1940, p. 306),
Saturninia appears to be an erinaceoid similar to
Leptacodon.
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Pigmentation

Pigmentation in soricid teeth seems to be remark-
ably stable insofar as fossilization is concerned and
is usually preserved even in Oligocene specimens. It
may be obscured, however, by coloration of the entire
tooth during fossilization or altered to such a degree
that it is not visible in normal light. In some genera,
when its presence is not detectable in ordinary light,
it can be seen under ultraviolet light as described by
Patterson and McGrew (1937, p. 247). Hibbard
(1950, p. 128) noted that reaction of pigmentation to
ultraviolet light is not consistent in either Recent or
fossil specimens that he examined.

In many shrews, pigmentation is present only at
the tips of the cusps and along the crests of the lophs
so that heavy wear removes all pigmented parts of
the tooth. Although pigmentation is usually of a
very conspicuous color, the teeth of some shrews, like
Nectogale, are pigmented over much of their surface,
but the pigmentation is of such a light value and
slight saturation that it may be overlooked. Apparent
lack of pigmentation in a fossil shrew, therefore, must
be evaluated cautiously, particularly if the teeth have
been darkened by fossilization.

Nevertheless, pigmentation is an important char-
acter in the recognition of the subfamilies of the
Soricidae. The teeth of Dommnina gradata are ex-
tensively pigmented (the pigment is a pale yellowish
orange), indicating that pigmentation was acquired
early in the history of the Soricidae (Patterson and
McGrew, 1937, p. 247) or was inherited from the
soricoid ancestor of the family. In Trimylus, pig-
mentation is present but restricted; it is certainly
present on the lower incisor, on P;, and on the upper
incisor. In the Crocidurinae and in the Allosoricinae,
tooth pigmentation is lost. In the Limnoecinae it
seems to be present in most specimens, but Macdonald
(1947, p. 125) and also Hibbard (1957, p. 329) stated
that Limmnoecus niobrarensis Macdonald shows no pig-
mentation. James (1963, p. 36) pointed out, however,
that in Macdonald’s type the teeth are worn to a level
beneath the base of the pigmented area on other speci-
mens of the genus. In the Soricinae, pigmentation is
characteristic but is very light in some genera and
absent in a few; some soricines have been classified as
crocidurines because of the lack of tooth pigmentation.

Internal temporal fossa of the mandible

This fossa (also called fossa pterygoidea, intertem-
poral fossa, and posterointernal ramal fossa by other
authors) is not pocketed in the Heterosoricinae (fig.
2). It is deeply pocketed in all other subfamilies
(figs. 841), and in these groups its form seems to be
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of no more than generic importance as far as diagnosis
of most shrews is concerned.

The soricid internal temporal fossa is a consequence
of the loss of the zygomatic arch and much of the
masseter muscle. The internal part of the temporal
muscle assumes the function of the masseter in this
situation, and its insertion on the medial side of the
coronoid process is enlarged and is shifted ventrally,
to a level approximating that of the masseter in other
mammals, for a more masseterlike force and leverage.
Loss of the zygomatic arch and development of the
internal temporal fossa also are associated with loss
of the masseteric fossa on the lateral side of the
mandible, for the same reason. With the exception
of heterosoricines, no shrew has a masseteric fossa;
also, the heterosoricines do not have a soricine internal
temporal fossa and have retained a reduced zygomatic
arch.

Patterson and McGrew (1937, p. 256-257), appar-
ently in a lapse of memory while thinking of the
internal temporal fossa, stated that a deep masseteric
fossa “extending downward much nearer the ventral
margin of the jaw” (than in the bat Miniopterus)
is a soricid character. This and several other features
led them to place the genus Mystipterus Hall in the
Soricidae rather than in the Chiroptera. The deep
masseteric fossa of Mystipterus clearly indicates, how-
ever, that the animal has a normal mammalian mas-
seter system because the fossa cannot form without
the masseteric muscle.

Hall’s illustration (1930, pl. 38b) shows that the
masseteric fossa of Mystipterus is well developed, and
his opinion that the genus is a bat seems much more
reasonable than other opinions which label it a shrew.
The lack of reduction in the size of the talonid of Mz
(the only tooth known) and the full development of
the V-shaped pattern on the talonid and on the
trigonid of M3 suggest, however, that Mystipterus may
be a talpid. It resembles Mydecodon martini Wilson
(1960, fig. 32) and is somewhat less like the living
Neurotrichus.

Mandibular condyle

Dommnina (D. thompsoni Simpson, see McDowell,
1958, p. 181-182, fig. 30E) has virtually one broad
mandibular condyle which is constricted and offset
in its center foreshadowing the doubled articular
facets of later soricids. Separation, to form two
articulations, has chiefly taken place in the early
Miocene shrews although in some the articular facets
may still be joined. This situation is little changed
in the later limnoecines and in the modern crocid-
urines. Some of the living soricines and the extinct
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allosoricines have greatly accentuated the separation
of the facets.

On many mandibular condyles it is difficult to
clearly distinguish the extent of the articular facets.
Compare, for example, the variations in interpretation
of the facets on Limnoecus niobrarensis made by Hib-
bard (1957, fig. 3A), by James (1963, fig. 9¢c), again
by James (1963, fig. 11), and in this report (fig. 18).
All were made by careful examination of the same
specimen.

There are three basic patterns to be seen in the
mandibular condyles of the shrews (fig. 1). In nearly
all shrews these are recognizable regardless of the
degree of separation of the articular facets, regardless
of the vagueness of the limits of the articular sur-
faces, and regardless of the antiquity of the shrew
considered insofar as the present record is known.

In the subfamily Heterosoricinae the lower articular
facet of the mandibular condyle is not much offset
ventrally from the upper facet (more so in 7'rémylus
than in Dommnina) but is placed lingually to an ex-
treme degree so that virtually no part of the lower
facet lies below the upper facet. This situation is
not found in any other subfamily.

In the subfamilies Crocidurinae and Limnoecinae,
the lower facet of the mandibular condyle is beneath
the upper, and the two facets are continuous along
the lingual side of the posterior face of the condyle.
If separated, an elevated and usually rounder bridge
on the lingual side of the posterior face of the condyle,
the interarticular list of Sulimski (1959, p. 128-129),
connects the two facets, and there is an excavation
of the interarticular area on the labial side of the
posterior face of the condyle. This condylar structure
is invariable in these two subfamilies but in a few
shrews, as in the giant species of Suncus, the articulat-
ing surface connecting the upper and lower facets
is so broad that it is impossible to decide whether
the interarticular excavation is on the lingual or labial
side of the posterior face of the condyle.

In the subfamily Soricinae the lower facet is below
the upper in posterior view, and the two facets are
continuous along the labial side of the condyle. If
separated, as they are in all known forms younger
than middle Miocene, the two articular facets are
connected by an interarticular list that is on the labial
side of the posterior face of the condyle, and the
lingual side of the interarticular area is excavated.
This pattern is also invariable, but the position of the
articular surfaces is otherwise greatly variable in the
subfamily, largely in degree of anterior placement of
the lower facet. This variation in articulation is not
known in other subfamilies, the most extreme excep-

tions being in the extinct crocidurine Diplomesodon
fossorius Repenning (1965) and on the extinct al-
losoricine Allosorex stenodus Fejfar (1966).

Height of cusps

There is a general trend throughout the soricids
to increase the crown height in the evolution of the
separate lineages, except in the Heterosoricinae; how-
ever, relative cusp height is difficult to judge. In this
review it has been found easier, in most shrews, to
estimate the stage of evolution by observing the rela-
tive height above the labial cingulum at which the
bottom of the reentrant valley between the protoconid
and the hypoconid opens on the labial side of M,.
In Dommnina and the many earlier Miocene shrews,
this reentrant opens at or very close to the level of
the cingulum. In many of the more advanced forms,
there is an appreciable distance between the reentrant
and the cingulum. In many living shrews, however,
this is not so and the value of this character is quite
variable with different lineages. Although partly
related to cusp height, this feature may also be related
to a tendency of the metalophid-protolophid junction
to shift slightly labially in geologically later genera.

Heel of M,

Reduction of the talonid of the #; in Crocidura to
a single trenchant cusp has frequently been cited as
a character distinctive of the crocidurines. It is pre-
valent in this subfamily but is also found in some
soricines, like Oryptotis. It also occurs in the Lim-
noecinae but not in the Heterosoricinae. The heel of
M; is virtually lost in a few shrews, and the entire
M is missing in five genera.

Position of the mental foramen

The mental foramen lies beneath the middle of #/; or
the anterior root of M, in the Heterosoricinae ; beneath
P, to beneath the anterior root of M, in the Crociduri-
nae; beneath or slightly ahead or behind the anterior
root of M, in the Limnoecinae; and in the Soricinae
beneath the middle of M, in most Miocene to Recent
species examined but beneath the P, in Crocidosores and
in Antesorex, new genus, of the late Oligocene to early
Miocene. In all lineages it tends to have shifted
posteriorly in geologically younger forms. The position
of the foramen seems fairly constant within the sub-
families but the overlap in position between subfamilies
is great. In addition there have been a very few
individuals of living shrews noted during this review
that have either doubled mental foramina or have the
mental foramen significantly anterior to its position in
other individuals from the same local population.
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In the figures, the mental foramen is usually shown
with the labial view of the lower teeth. These teeth are
generally separated for clearer illustration, and a line is
shown between the foramen and the tooth (either P, or
M) with which it is properly oriented.

Closeness of the protoconid to the metaconid on M,

Stirton (1930, p. 244) cited the closeness of these two
cusps in his “Crocidura group” as being distinctive.
Although it seems that it might reflect the height of cusp
to some degree, it does appear to be characteristic of the
living crocidurines and particularly of the extinct
limnoecines. I have had considerable difficulty in mak-
ing the comparison with even moderately worn teeth
and consider it virtually impossible to judge the close-
ness of these cusps in figures of worn teeth. As a conse-
quence, the character has not been considered to be of
much value in this review except where the two cusps are
obviously close. In many shrews where it seems of
importance, an anterior view of 3, is figured.

Structure of P4+ and M:

There appears to be no subfamily distinctiveness in
these teeth other than for the Heterosoricinae. This
subfamily is alone in the absence of an emargination of
the posterior basal outline of the tooth in all forms and
in the consequent failure to develop a posterior projec-
tion of the hypoconal flange. This structure is other-
wise characteristic of most, but certainly not all, genera
of the Soricidae.

Miscellaneous features

Secondary cuspules on the cutting edge of the lower
incisor seem to have no significance in subfamily charac-
terizations or in evolutionary patterns. The dental
formulae show a broad trend toward reduction in num-
ber of antemolars, but the trend cannot be correlated
with subfamily distinctions. Overlap of the alveolus
and part of the ramus by the labial cingulum of P, is
most extreme in some soricine genera but is present to
some degree in both limnoecine and crocidurine shrews.
A prominent entoconid on A, is characteristic of most
shrews, but its variation in prominence and in position
seems to be a tribal or generic character. A depression
on the labial surface of the horizontal ramus in the
region of the mental foramen is also a generic character
in the Heterosoricinae and in some Soricinae. A bifid
or fissident upper incisor is conspicuous in the Heter-
osoricinae and in the tribe Neomyini; and is slightly
developed in many incisors in the tribe Soricini. Tt is
known in only one genus of the Crocidurinae. This
feature is formed by a smaller cusp branching from the
medial side of the principal (anterior) hooklike cusp of
the falciform first upper soricid incisor. The occlusal
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outline of M2, and the position of the zygomatic process
of the maxillary relative to M2, the nature of develop-
ment of the superior pterygoid fossa of the mandible,
the extent of the external temporal fossa of the mandi-
ble, and a few other features are characters of tribal
significance in the Soricinae.

DIAGNOSES AND CONTENTS OF SUBFAMILIES
Subfamily HETEROSORICINAE Viret and Zapfe, 1951

P4 has triangular cusp, little or no posterior sulcus on
cusp, and root transversely broadened or even doubled
in most species; M; low cusped—reentrant between
protonid and hypoconid opens at level of cingulum; 273
has double-cusped or crescentic talonid (this tooth is
absent in /ngentisorexz from the late Miocene of Ore-
gon); P* and M! have no emargination of posterior
basal outline and no posterior projection of hypoconal
flange ; in 7'rimylus, M? is trapezoidal and the zygomatic
process of maxillary originates opposite it, but in the
less specialized Domnina, M? is rectangular and the
zygomatic process originates behind this tooth; tooth
pigment present at least to some degree ; masseteric fossa
well developed ; internal temporal fossa lacking or very
shallow and never pocketed; ventral condyle of mandi-
ble offset lingually much farther from plane of mandible
at lower sigmoid notch than in any other subfamily of
shrews and at approximately right angles to vertical
axis of horizontal ramus; mental foramen below middle
of M, to below anterior root of M, and usually associated
with depressed area on labial face of mandible or with
groove running anterodorsad from foramen to region
of P4, or both; a small foramen of unknown function
(Mawby, 1960, p. 955) on lingual face of mandible near
inferior margin below M, or M,; medium to very large
size; early Oligocene to late Miocene, North America;
middle Oligocene to early Pliocene, Europe. “Sorex”
kinkelini Zinndorf (1901) appears to be from middle
Oligocene (Rupelian) deposits. The specimen is a
lower incisor that clearly represents 7rimylus, but the
species is not definable. As noted by Zinndorf (p. 134),
it is closest to Trimylus neumayrionus.

Genus DOMNINA Cope, 1873
Genotype: Domnina gradata Cope, 1873

P, triangular in occlusal view with sharp-cornered
triangular cusp; M, has very prominent entoconid dis-
tinctly separated from hypolophid and united to meta-
conid by high ridge (entoconid crest); teeth not bul-
bous; cingulum strong but not inflated ; mental foramen
below middle of M; and associated only with minor
depression on labial face of mandible. Dental formula
1-5-8/1-5-3 or 1-5-3/1-4-3.
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Domnina is the oldest and most primitive shrew here
recognized. In form of P height of crown of M.,
relatively slight reduction of the heel of 23, little sepa-
ration of the mandibular condyles, lack of a deep and
pocketed internal temporal fossa, lack of a posterior
emargination on 7* and the upper molars, pigmentation
of the teeth, and other features related to the structure
of the skull (see McDowell, 1958, p. 182-184, and Pat-
terson and McGrew, 1937, p. 255) , Domnina could easily
be considered ancestral to most other shrews. Domnina
is precocious, however, in the posterior position of the
mental foramen and in the extreme lingual placement of
that part of the mandibular condyle homologous to the
lower condyle of other shrews. It is atypical, in com-
parison with genera of the other subfamilies, in its trans-
versely broadened or double-rooted premolars. These
last features clearly indicate that Dommnina is a spe-
cialized shrew belonging in the Heterosoricinae and not
a generalized ancestor to all shrews.

Domnina thompsoni Simpson, 1941
Figure 2

A species of Domnina with lower antemolars not
crowded anteroposteriorly; five(?) antemolars in addi-
tion to soricid incisor; roots of antemolars not trans-
versely broadened; somewhat smaller size than D.
gradata. Early Oligocene (Chadronian) of Montana.

This is the only known specimen of Domnina on which
the mandibular condyles are well preserved. They are
drawn apart but not separated (see McDowell, 1958,
fig. 30D, E). It is interesting to note, even in this
early stage of evolution of the soricid doubled condyle,
that the lower anticular facet is well displaced lingually
in the heterosoricine fashion and to a far greater extent

Internal
temporal
fossa

1 mm

e Posterior UAWS)

Fi1curE 2.—Domnina thompsoni Simpson, type, AMNH 32647.
Medial view from Simpson (1941); posterior view from McDowell

dible.
(1958).

Antemolar
alveoli

1 mm

(TEETH)

Lateral

than in any other subfamily. The presumed reduction
in number of antemolars in D. gradatae, their conspicu-
ous crowding between the molars and the insicor, and
the transversely broadened or doubled roots of these
antemolars are marked differences between these two
species.

Specimen examined.—The type, American Museum of
Natural History 32647.

Domnina gradata Cope, 1873
Figure 3

A species of Domnina with dental formula 1-5-3/
1-4-3; lower antemolars crowded together, four in num-
ber, with transversely broadened or incipiently doubled
roots; somewhat larger size than D. thompsoni,; heavily
pigmented teeth—mnearly all of M, above cingulum is
pigmented. Middle Oligocene (Orellan) of Colorado
and Nebraska and Oligocene of Wyoming.

This is a very well-known shrew (see Patterson and
McGrew, 1937). The first postincisor antemolar of the
lower dentition is not known. The similarity in alveolar
pattern between this species and Trimylus from the late
Miocene of Oregon suggests that the Py of D. gradata
may not be larger than the first postincisor antemolar.
The second and third lower antemolars are of a form
similar to, but much smaller than, P;.

The P* is typically soricid but differs in certain
characters. The protocone, typically small in most
shrews, is either not present or is represented by a small
bladelike elevation on the hypoconal cingulum. The
paracone is more prominent and of a more conical form
than in most shrews. The parastyle is minute and
hardly more than a cingular irregularity. Finally,
there is no emargination of the posterior basal outline

Left man-
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although the basin between the parametaconal blade
and the hypoconal cingulum is very deep. The P* is
known only on USNM 12841.

The M is typically soricid except that it lacks the
posterior emargination and the protruding hypoconal
flange which results from this emargination.

Consistent with its slightly younger geologic age, the
mental foramen is slightly posterior of the position in
D. thompsoni and is a little behind the midpoint of A/,
rather than a little behind the anterior root of 4/;.

On the basis of USNM 12841 from Wyoming,
McDowell (1958, fig. 30B, C) concluded that Domnina
gradata lacked the zygomatic arch as do most shrews.
Further preparation of the damaged skull of this speci-
men leads me to feel not only that the lack of an arch
is not demonstrable on this specimen but that the size
and shape of the broken end of the maxillary root of the
zygoma suggests that a relatively large and horizontally
broad arch or zygomatic process was present. This
conclusion is almost mandatory when one considers the
very large, deep, and extensive masseteric fossa on the
mandible. It should be noted, also, that McDowell’s
illustration (fig. 30C) shows a slight posterior emargi-
nation on P* and M!. This emargination is not present
on the specimen, but its absence could not be established
until some matrix and a thick coating of glue were
removed from the teeth.

Specimens examined.—Chicago Natural History Mu-
seum P25750, P15320, P25754, and P25749; U.S. Na-
tional Museum 12841.

Domnina greeni Macdonald, 1963

According to Macdonald (1963, p. 168), the ridge
(the entoconid crest) connecting the entoconid to the

@

<8

s |

F1GURE 3.—Domnina gradata Cope, USNM 12841.
M; is from CNHM P15320, and lower antemolar alveoli are from

M
CNHM UC 1552,

Mental foramen
below M,

‘metaconid is lower than in D. gradate, and the labial
cingulum is not present below the protoconid (although
his fig. 5A seems to show that it is). His measurements
indicate a shrew the size of D. gradata. Early Miocene
(Arikareean) of South Dakota.

This specimen was not seen.

Domnina n. sp.
Figure 4

Material.—U.S. National Museum 23095, isolated left
P, and M, with posterior half of the talonid missing.
These two teeth were found in situ within 3 inches of
each other and have the same degree of wear; it is
assumed that they belong to the same individual. Col-
lected by C. A. Repenning in 1959.

Locality and age—U.S. Geological Survey vertebrate
loc. M1033, eastern Caliente Range, San Luis Obispo
County, Calif. Early Miocene. Found in association
with Archaeolagus and Parahippus in beds which con-
tain, in the same area, mammals believed to belong in
the Arikareean North American Provincial Age
(Repenning and Vedder, 1961).

Diagnosis—A small species of Domnina with P, that
has transversely broadened root ; size one-fourth smaller
than D. gradata,; pigment reduced to only tips of cusps.

Description—USNM 23095 is a shrew differing from
Domnina gradata, in the parts represented, only by its
size and the amount of pigmentation of its teeth. P, is
a triangular tooth with a single triangular cusp and a
posterior cingulum which extends forward on both sides
nearly to the anterior apex of the tooth. The cingulum
does not overhang the root and would not have hidden
either the root or the alveolus. The root of this speci-

1 mm
(TEETH)

Antemolar
alveoli

Occlusal-lateral view to show
antemolar alveoli

Left mandibles; P4 and
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men was lost, but on the basis of the area of attachment
P, was either double rooted or at least transversely
widened and anteroposteriorly compressed to about half
of the width. Only a faint trace of yellowish pigment
can be seen near the cusp apex. Maximum width of P,
is 0.8 mm, and the anteroposterior length is about
1.0 mm. There is a cavity formed by caries on the
cingulum near the posterolingual corner of the tooth.

The posterior half of the talonid is missing from the
M, and the tooth is well worn. The cingulum is strong
from the paraconid to its termination at the fracture
across the talonid. The entoconid is prominent and is
connected to the metaconid by a crest that appears to
be relatively as high as that in D. gradata. The meta-
lophid joins the protolophid slightly labial of the midline
of the tooth. The reentrant between the protoconid
and the hypoconid opens on the labial side of the tooth
at the cingulum and actually blends with the cingulum
as in D. gradata. A faint trace of yellowish pigment is
detectable on the labial face of the paralophid. The
M, is about 1.5 mm in length (including an estimation of
the missing part of the talonid) and about 1.0 mm wide
across the protolophid. D. n. sp. (USNM 23095) is
about as much smaller than D. thompsoni as D. thomp -
sonz is smaller than D. gradata:

D. gradata*

M D. n. sp. D. thompsoni* (mean)
Length___________________ 1.5+ 1.8 2.3
Width____________________ 1.0 1.2 1.5

*Data from Simpson (1941, p. 2).

The closer approach in size of D. n. sp. to D. thomp-
sons would suggest a closer relationship. The antero-
posteriorly compressed root of the P, of D. n. sp., how-
ever, and the relative age of the three species indicates
a closer relationship between 2. n. sp. and D. gredata.
Except for its alveolus, Py is not known in D. thompsoni.

Genus PARADOMNINA Hutchison, 1966
Genotype: Paradomnina relictus Hutchison, 1966

A heterosoricine shrew resembling Domnina but lack-
ing a prominent entoconid crest joining the entoconid
to the metaconid on M, and M,; postentoconid valley
lacking on M, and M5 so that hypolophid unites with
entoconid; five postincisor antemolars including P, in

Ficure 4.—Domnina n. sp., USNM 23095.

the mandible; antemolar roots compressed antero-
posteriorly as in most heterosoricines; cheek teeth
elongate and not bulbous, mandible elongate in contrast
to Trimylus. Late Miocene (Barstovian) of Oregon.
Only one species, the genotype, is known.

Specimens examined.—The type and referred speci-
mens listed by Hutchison (1966, p. 5).

Genus TRIMYLUS Roger, 1885*

Genotype: 7'rimylus schlosseri Roger, 1885 =
Sorex sansaniensis Lartet, 1851

P, triangular in occlusal view (lacking other details
because of bulbous form), smaller than first antemolar
behind incisor (but first antemolar known only in late
Miocene and early Pliocene forms); M, very low
crowned, swollen, with inflated cingulum, these char-
acters increasing in prominence in geologically younger
forms; entoconid present on M, in earlier forms but
more detached from metaconid than in Domnine and
closely attached to hypolophid, decreasing in impor-
tance and becoming a distal part of hypolophid in
geologically youngest forms; talonid of A/; with cres-
centic loph and not distinctly bicuspid as in Domnina,
mental foramen below middle of #/; to middie of M.
(more posterior than in any other shrew) and placed
in a depression on labial face of mandible which leads
anterodorsally to premolar region; horizontal ramus
massive and increasingly so in geologically younger
forms; mandibular condyles widely separated in heter-
osoricine pattern (lower condyle displaced more lin-
gually than ventrally) pigmentation reduced and in
most forms only on incisors and anterior antemolars.
Dental formula 1-5-3/1-4-3 or 1-4-3/1-3-3.

There are at least three species of 77¢mylus in Europe
and at least four in North America. The relationship
between these is obscure but suggests two lineages. One
is confined to North America, and the other to Europe.
If two lineages are represented, they are not readily
recognizable because of parallel, but not identical, evo-
lutionary trends on each continent. The presence of two

2In a recent publication, Doben- Florin (1964, p. 15-16) traced the
history of the names Heterosorex Gaillard (1915) and Trimylus Roger

(1885) and unquestionably established the priority of Trimylus. See
synonomy under Trimylus sansaniensis.

Anterior Lingual

Right P; and M,.
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lineages is suggested by the position of the conspicuous
mental foramen which is below the trigonid of M, in all
European forms for which illustrations have been seen.
In North American forms the foramen is below the
talonid of M, except in 7rimylus roperi in which it is
below the trigonid of M, as in the European forms.
Progressive changes throughout the genus include in-
crease in massiveness of the mandible, increase in
bulbousness of the molars, increase in fusion of the
entoconid to the posterior loph of the talonid of M, and
M, with ultimate loss of this cusp as a distinct feature
in geologically youngest forms, and decrease in the space
for the lower antemolars between the incisor and My,
which results in reduction in size of the posterior ante-
molars and (in European forms) loss of an antemolar
in both upper and lower jaws. The suggested relation-
ships cannot be further evaluated without study of
the European specimens.

Trimylus compressus (Galbreath), 1953

Figure 5

Domnina compressa Galbreath, 1953, Kansas Univ. Paleont.
Contr., no. 13, Vertebrata, art. 4, p. 46-49, fig. 14.
Heterosorer compressus (Galbreath). Mawby, 1960, Jour.

Paleontology, v. 34, no. 5, p. 954-956, fig. 2.

A little specialized species of 7'rémylus with molars
distinctly more bulbous and cingula more inflated than

in Domnina but less so than in other North American °

species of 7T'rimylus; entoconid prominent on M, con-
nected to posterior lophid (or hypolophid) of talonid
and separated from metaconid; lower antemolars not
greatly crowded between incisor and M, although more
so than in D. gradata; mental foramen below talonid
of M. Middle Oligocene (Orellan) of Colorado and
middle or late Oligocene of Nebraska.

Only two specimens are known, both right mandibles.
The type, University of Kansas 8154, has been described
by Galbreath (1953, p. 46-49) and by Mawby (1960, p.
954-955, text fig. 2). The referred specimen is Chicago

Lateral

Natural History Museum UM400 and was collected
north of Pine Ridge, Sioux County, Nebr. Neither
specimen has the antemolars, but the type shows the
alveoli of the posterior two and part of a third (Mawby,
p. 955) from which an estimate of the crowding between
the incisor and M; can be made. The Nebraska speci-
men shows a very light orange pigmentation on the
upper half of the paraconid blade of M, and, thus,
indicates greater tooth pigmentation than is present in
younger species. 7. compressus has been compared to
7. aff. newmayrianus (described by Viret and Zapfe,
1951, p. 425-426) by Mawby (1960, p. 955). Perhaps
the most significant comparison that can be made
between the two is the slight crowding between the
incisor and M; relative to later species on both
continents.

Specimen examined.—Chicago Natural History Mu-
seum UM400.

Trimylus aff. neumayrianus (Schlosser), 1887
Heterosorex aff, neumayrianus (Schlosser). Viret and Zapfe,
1951, Eclogae geol. Helvetiae, v. 44, no. 2, p. 425426,
fig. 12.

Viret and Zapfe described a mandible of 77rimylus
from upper Oligocene (upper Stampian) rocks of
Rickenbach, Switzerland. Their illustration shows
three antemolar alveoli that are not at all crowded
between the incisor and M;. The posteriormost alveolus
is long anteroposteriorly and, as suggested by Wilson
(1960, p. 31), may have held the roots of two antemolars,
which would bring the antemolar count to four.
Dommnina gradata and all North American species of
Trimylus in which the premolar count is reasonably
well established have four antemolars behind the incisor.
Insofar as I am aware, however, this is the only
Trimylus of Europe that may have had four antemolars.
Wilson’s suggestion that there were roots of two ante-
molars in the last alveolus of 7. aff. neumayrianus is
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