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INTRODUCTION

Tar Museum of Zoology has long had especial interest in
zoogeographic problems in Mexico. In 1908, Ruthven dem-
onstrated the great importance of Mexico as a differentiation
and dispersal center for terrestrial vertebrates (Ruthven,
1908). Since then, many studies have been conducted in that
country by members of the staff and their students. Each
study is part of a long-term project designed to yield de-
tailed knowledge of the Mexican fauna. That information
is essential to an understanding of the evolutionary develop-
ment and systematic relationships of the North American
fauna. Current emphasis is placed on the south-central part
of the Mexican highlands, and several expeditions recently
have been sent to that section. Also, large collections, prin-
cipally of mammals, have been obtained from the area by Dr.
Helmuth O. Wagner. As a result there is now at hand suffi- -
cient data on a few mammal kinds to permit critical analysis
of some zoogeographic problems.

In the present study we have been interested primarily in
the distribution of the external and cranial characteristics of
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Liomys irroratus in the region about the Balsas basin. There
the interior highlands and adjoining lofty mountains that ex-
tend from northern Mexico to the Isthmus of Tehuantepec are
interrupted by a series of low-lying valleys and ridges, which
are drained by the Rio Balsas to the west and the Rio Santo
Domingo to the east. These areas are hot and dry and con-
trast strongly with the cooler, more humid mountains and
plains, several thousand feet higher, of the tierra templada
and tierra frie to the north and south. Altitudinal gradients
vary greatly in the region, but in general, -with respect to
horizontal distance, they are steep on the west and more
gradual on the east.

Our best samples are from the northern and eastern seg-
ment of the region and represent localities in a transect across
the southern part of the Mexican Plateau, from the oak-pine
zone, 7000-8500 feet, near Patzcuaro (Michoacan) and Mex-
ico City, down the southeastern slope of the Plateau to the
xeric shrub of the dry valley at Teotitlan and Cuicatlan, ele-
vation 2000-3000 feet, thence upslope into the tierra templada
in the vicinity of Oaxaca City. Insofar as known the spe-
cies does not oceur below-2000 feet in the Balsas Valley. (It
is replaced there by Liomys pictus.) It ranges approximately
from sea level in northern Veracruz, Tamaulipas, and south-
ern Texas to 8500 feet near Mexico City. '

To appraise fully the systematic value of some of the charac-
ter gradients observed in the specimens from the Balsas
basin region, we found it necessary to study specimens of the
other subspecies. In so doing we accumulated facts which per-
mit a eursory review of geographic variation in the species.
Some of those data are presented in the accounts which follow.

Most of the specimens used in the study are deposited in the
Museum of Zoology, University of Michigan. Those identi-
fied with the symbol (U.S.) or (M.V.Z.) are contained, re-
spectively, in the collections of the U. S. Fish and Wildlife
Service and of the Museum of Vertebrate Zoology of the
University of California. For the use of specimens from those
collections we thank Stanley P. Young and Seth B. Benson.
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pecies are as follows: 1, irroratus; 2, torridus;

3, minor; 4, pullus; 5, acutus; 6, jaliscensis; 7, alleni; 8, pretiosus; 9, texensis;

10, canus.

.

Map 1.—A part of Mexico showing the distribution of the ten subspecies of
The subs

Liomys irroratus here recognized, as determined from specimens examined and

from published records.
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‘William B. McIntosh assisted with the statistical calculations.
Capitalized color terms are from Ridgway (1912). All
measurements are in millimeters. Those of the skin were
taken by the collector. The authors measured the skulls, us-
ing dial calipers reading to tenths of millimeters and aided
by a low-power microscope. Some of the measurements are
standard in mammalogy. Others require description:

Cranial breadth.—The greatest transverse breadth of the
brain case on a plane dorsal to the zygomatic process of the
squamosal. The error in determining this dimension is greater
than that for the other cranial measurements except length
of interparietal. -

Cranial depth.—The dorsoventral diameter of the skull,
from the dorsal limit of the brain case to a plane that passes
through the tips of the incisors and the ventral border of the
auditory bullae. ‘

Nasal length.—The total distance between the anterior and
posterior limits of the nasal bone, including attenuate pro-
cesses. In most skulls, because the posterior limit of the nasal
bone is situated laterally, whereas the anterior limit is medial,
this dimension is determined on the oblique, not parallel to

. the internasal suture.

Breadth of rostrum.—The greatest breadth of the dorsal
facesof the rostrum, anterior to the zygomatic arch. Measured
on the dorsal surface of the skull, from the anterodorsal junec-
tion of the premaxilla (ascending branch) and maxilla (an-
terior base of zygomatic arch) to the corresponding point on
the opposite side of the rostrum.

Breadth of interparietals.—The greatest transverse diameter
of both interparietals, including attenuate processes. Mea-
sured at a right angle to the long axis of the skull.

Length of interparietals.—The anteroposterior diameter of
the interparietals, as measured on the mid-dorsal, longitudinal
axis. Narrow processes of the interparietals or of the supra-
occipital or parietals are not included. The amount of error
in determining this dimension is greater than that for the
others.
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The rectangles in Figure 1 require explanation. Each
represents the upper and lower limits of two standard errors
(of the mean) added to and subtracted from the mean. A
difference between two means greater than two standard
errors of each of those means is considered to be statistically
significant ; in that instance the two rectangles do mot overlap.

GENERAL ACCOUNTS
Liomys irroratus wroratus Gray

Heteromys irroratus Gray (1868: 205). Oaxaca, near Oaxaca City
(fide Goldman, 1911: 53).

Heteromys albolimbatus Gray (1868: 205). Oaxaca, 15 miles northeast
of Oaxaca City, La Parada (fide Goldman, ibid.). ’

Liomys irroratus Gray, Goldman (ibid.).

Liomys irroratus irroratus Gray, Miller (1912: 257).

Ranee—High plains and mountain slopes of central Oaxaca
and Guerrero. Known range from Cerro Zempoaltepec and
the Sierra Juarez, Oaxaca, west to the vicinity of Chilpan-
cingo, Guerrero. Altitudinal range, approximately 4500-
8000 feet. '

CHARACTERS AND COMPARISONS.—A * moderate-sized spiny
pocket mouse, with pale grizzled upper parts, a narrow but
distinet lateral line, white underparts, relatively small zygo-
matic spread, long, posteriorly attenuate nasals, narrow ros-
trum and narrow frontals (interorbitally).

Skull: Dorsal profile convex, sloping gradually anteriorly
and posteriorly from dorsal limit of the skull near the junc-
tion of the frontals and parietals. Supraorbital and parietal
ridges lyre-shaped and continuous with the lambdoidal ridge.
Nasals broad and slightly, notched terminally, narrowing grad-
ually to acuminate bases anterior to the posterior limits of the
premaxillae. Zygomata moderately spread, their lateral limits
about those of the auditory bullae. Premaxillae extending
almost to a level of the orbits, their dorsal faces usually broader
than the nasals posteriorly, and gradually narrowed and de-
pressed toward the base of the incisors. The combined inter-

* parietals vary from rectangular to obovoid, and are about
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TABLE II

Average and extreme measurements of males of ten subspecies of Liomys irroratus. All specimens are of medium age;
Measurements. in- millimeters; superseripts indicate number of specimens, if fewer than given

premolar and molar teeth worn.

in column at left.

L. . . ’ Greatest . .
Subspecies and . Total Tail Hind Ear from Zygomatie Cranial
Specimens Locality Length Vertebrae Foot Noteh- Legﬁzlﬁ of Breadth Breadth

irroratus, 4 Oaxaca 2713 1493 338 33.8 15.9 13.03
City - 259-295 139-163 32-35 32.8-35.4 15.2-17.2 12.8-13.4

torridus, 16 Teotitldn 24614 13614 2815 15 314 14.614 12.1
230-275 121-150 26-29 13-16 29.9-32.6 14.1-15.4 11.7-12.5

minor, 3 Morelos 240 129 27 | e 30.71 14.72 12.42
215-263 112-142 26-27 14.3-15.1 12.2-12.6

pullus, 7 Distrito 261 137 306 16 34.53 16.55 . 13.05
- Federal ' 251-275 130-147 28-32 14-17 34.1-34.9 16.3-17.0 12.6-13.3

acutus, 4 Patzcuaro 252 124 31 16 34.3 17.08 13.5
235-267 114-130 29-32 15-16 32.6-35.1 15.8-17.7 13.1-13.9

Jaliscensis, 2 Chapala 238 122 30 16 32.2 15.7 12.8
226—-250 112-132 29-30 15-17 31.7-32.6 15.4-15.9 12.5-13.0

allent, 1 Rio Verde 260 133 32 34.2 16.1 12.9

pretiosus, 3 Puebla, 249 135 30 . 142 32.52 12.9
Veracruz 240263 125-145 28-34 14-14 32.4-32.5 12.7-13.1

texensis, 2 Antiguo 231 118 28 14 32.4 15.6 12.2
Morelos 230232 115-121 27-28 14-14 31.9-32.9 15.4-15.7 12.0-12.3

canus, 1 Parral 276 138 34 | 37.0 18.0 13.5




(Cont;)

TABLE II
- Subspecies and Locality Cranial Interorbital Legfgth Br?fdth Br":’;dth . Leonfgth '
Specimens Depth Breadth Nasals Rostrum Interparietals | Interparietals

irroratus, 4 Oaxaca 11.4 8.2 14.2 6.1 8.78 4.0
City 11.0-11.9 7.8-8.4 13.5-14.8 5.2-6.8 8.5-9.0 3.8-4.2

torridus, 16 Teotitlan 10.5 7.6 12.9 5.7 8.3 3.6
. 10.0-11.1 7.2-7.9 11.8-13.6 5.1-6.4 7.2-9.0 3.2-4.0

minor, 3 Morelos 10.8 7.2 11.81 5.4 8.1 3.6
10.6-11.0 7.0-7.3 5.1-5.7 7.6-8.7 3.5-3.8

pullus, 7 | Distrito 11.56 8.6 . 14.1 6.3 8.65 3.93
Federal 11.2-11.6 8.3-8.9 13.8-14.5 5.9-6.6 8.0-9.1 3.64.1

acutus, 4 Patzeuaro 11.9 8.1 14.6 6.4 7.4 3.5
11.7-12.0 7.8-8.5 13.9-15.2 5.8-7.1 7.1-7.8 3.0-4.0

Jjaliscensis, 2 Chapala 11.0 8.1 12.6 5.9 8.7 3.7
10.8-11.2 8.0-8.2 12.2-13.0 5.6-6.2 8.6-8.7 3.7-8.7

alleni, 1 Rio Verde i1.6 8.5 14.2 6.2 8.5 4.2

pretiosus, 3 Puebla, 11.12 7.6 13.0 6.4 . 9.02 4.12
Veracruz 11.0-11.2 7.3-8.2 ° 12.6-13.5 6.0-6.8 9.0-9.0 4.04.1

texensis, 2 Antiguo 11.0 8.0 13.0 6.4 7.7 3.5
Morelos 10.9-11.0 7.9-8.0 12.5-13.4 6.1-6.7 7.5-7.8 3.4-3.6

canus, 1 Parral 12.2 9.3 14.7 7.3 9.5 4.2
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twice as wide as long. Audital and mastoidal bullae small,
the former discoidal in shape.

‘Color: (May pelage from Oaxaca and Ejutla) Mass effect
of upper parts grizzled orange buff and black, the buff purest
on the sides, the black concentrated dorsally in a faint, broad,
longitudinal band. Spines translucent and apparently with-
out pigment except terminally ; the tips are black. Soft body
hairs four-banded: a basal band (comprising about one-half
of the hair) colorless or pale gray, a medial band of black, a
subterminal band of Orange-Cinnamon, and a terminal color-
less or white band. Lower sides paler than back, the spines
and soft body hairs gray, and sharply demarked from the
entirely white underparts by a lateral line of Light Pinkish
Cinnamon which extends from the nose almost to the ankles.
Ears fuscous, rimmed with white. Nose grizzled, without
cinnamon hues. Forelegs white ventrally, and white, pale
gray, or Light Pinkish Cinnamon dorsally; upper surface of
forefeet white. Hind legs white ventrally, pale gray dorsally,
and Light Pinkish Cinnamon or white laterally; upper sur-
face of hind feet white; ankles dusky, edged with Light
Pinkish Cinnamon. Tail sharply bicolor, fuscous above and
white below, except at the tip where it is dark all around.

REMARKS.—Liomys trroratus irroratus is the largest of the
three known pale races that inhabit the mountains and valleys
south of the Rio Balsas. Its coloration is similar to that of
minor; both are darker than forridus. Its relatively narrow
rostrum and long nasals are essentially matched in both torri-
dus and minor.

The specimens from Chilpancingo are morphologically be-.
tween wrroratus, minor, and torridus, as we see the characters
in topotypes of those races. In average size they are between
srroratus and minor and torridus. In characters of the ros-
" trum they resemble minor. They are darker and more pinkish
than in either of those races, as judged from the specimens at
hand. Specimens from Tehuacan and Tepanco, here referred
to torridus, resemble them in color. All features considered,
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the Chilpancingo specimens perhaps can best be included with
irroratus. .

We have followed Goldman in treating albolimbatus as a
synonym of L. 4. trroratus.

A specimen from Ixtlan, in the Sierra Juarez, and another
from Miahuatlan, Oaxaca, have blackish, rather than gray,
upper parts, including back, sides, head, ears, legs, and upper
surface of the tail. They resemble some examples of acutus
from Michoacin and pullus from Mexico City. No other
specimens of Liomys irroratus from the plains and mountains
of Qaxaca are so deeply pigmented. They are so much darker
than any other example from Oaxaca that one suspects a
second species. Except in coloration we find no other char-
acters to distinguish them from topotypes of irroratus. We
do not now understand the reasons for the occurrence of a
few black examples among many much paler specimens.

SPECIMENS EXAMINED.—A total of sixty-nine from localities
as follows : Guerrero, Chilpancingo, 4500 feet, forty-six. Oax-
aca, Cerro San Felipe, two (U.S.); Cerro Zempoaltepee, five
(U.8.); Ejutla, 4700 feet, two; Sierra Juarez, Ixtlan, 8000
feet, one; Miahuatlan, 5000 feet, one; Oaxaca City, 5000 feet,
ten (9 U.8.); Sola de la Vega, one; Yalalag, one (U.S.).

Liomys irroratus torridus Merriam

Liomys torridus Merriam (1902: 45). Oaxaca, Cuicatlan.
Liomys irroratus torridus Merriam, Goldman (1911: 55).

RaneE.—Arid interior slopes and valleys east of the Rio
Balsas drainage in northern Oaxaca and southeastern Puebla.
Known geographic and altitudinal range from Cuicatlan, 2500
feet, Oaxaca, north to Tepanco, 5700 feet, Puebla.

CoMPARISONS.—One of the smallest and palest of the races
of Liomys irroratus. Similar to minor (see measurements),
but slightly paler and possibly slightly larger; and on the
average with longer nasals, longer and less tapered rostrum,
shallower, longer brain case, and parallel-sided zygomata
(markedly narrowed posteriorly in minor). Smaller than
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wrroratus; colors of upper p'arts more dilute, the cinnamon
hues (prominent in irroratus) essentially lacking, the mass
effect thus buffy gray rather than pinkish gray; lateral line
paler ; skull less massive ; and interparietals relatively broader.
Compared with pullus, torridus is much smaller, has a rela-
tively longer tail (averages 120-30 per cent of head and body
length in torridus and 110-16 per cent in pullus), and is
everywhere less intensely pigmented ; the upper parts are pale
buffy gray, rather than deeply grizzled, on the back, ears,
legs, and tail ; the underparts are white, without a buffy wash;
the mid-dorsal stripe is indistinet or absent, and the lateral
* line is much more prominent. Relative to the length of the
skull the nasals average shorter and the interparietals nar-
rower.

ReEMARKS.—The combination of paleness, smallness, rela-
tively long tail and long.nasals, and broad interparietals is
best developed in the samples from Teotitlan and Cuicatlan.
Specimens from other localities—all of higher elevation and
outside the valley in which those towns are situated—grade
toward other races. As is usual when one is dealing with
character gradients, the assignment of specimens that are
geographieally and morphologically between two or more
namable extremes is to a certain extent arbitrary. Total re-
semblance usually decides the placement. The specimens
from Tehuacan and Tepanco present a combination of char-
acters that is different from the set observed in other areas of
southern Puebla and in Oaxaca. However, each of those
characters attains its maximum or minimum development in
populations to the north, south, east, or west of Tehuacan and
Tepanco. In every sense, then, those specimens are interme-
diate. To recognize them by name as representing a geogra-
phic race would acknowledge unduly intermediate popu-
lations. The Tehuacan and Tepanco specimens are about as
pale as those from Teotitlan, but they are pinkish cinnamon
rather than creamy buff in hue, and they are larger. In size
and hue, but not tone, they resemble the specimens from
Chilpancingo—here referred to the race irroratus—and fur-
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ther like those, are intergrades between pale and dark, and
large and small forms that occupy adjoining areas.

. Two immature specimens from Acultzingo are tentatively
referred to forridus, although the only skull present has a
relatively much larger brain case than have other examples
of that race. ' ,

. SPECIMENS EXAMINED.—A total of ninety-eight from the
following localities: Oaxaca, Cuicatlan, 2500 feet, twelve
(U.S.); Teotitlan, 3100 feet, thirty-six. Puebla, Tehuacan,
5400 feet, thirty; Tepanco, 5700 feet, eighteen. Veracruz,
Acultzingo, 7000 feet, two.

Liomys trroratus minor Merriam

Liomys torridus minor Merriam (1902: 45). Oaxaca, Huajuapam.
Liomys irroratus minor Merriam, Goldman (1911: 56).

Range.—Upper slopes and plains of the Rio Balsas drainage
basin in northwestern Oaxaca, eastern Guerrero, southwestern
Puebla, and Morelos. Known range from Huajuapam and
Tlapacingo, Oaxaca, north to Cuernavaca and Yautepec,
Morelos. Altitudinal range from 3000 feet at Puente de
Ixtle, to 5000 feet at Huajuapam.

ComPARISONS.—Size as in torridus; color much as in irrora-
tus; distinguishable from both, and from other races to the
north, by its relatively short and strongly tapered rostrum,
deep brain case, and posteriorly narrowed zygomata—the
anterior diameter  of which is greater than is the posterior
diameter, a character which is also shared by pullus.

For comparisons with pretiosus, acutus, and pullus, see
the accounts of those forms.

- ReEMARKs.—More complete material than is now available
may show that minor is unrecognizable as a geographic race.
Of the thirty specimens to which the name is here applied,
only nine are old enough for close comparison with our exam-
ples of other races; they differ considerably from each other.
The skull of the type specimen is unlike the other examples of
minor, and, for that matter, it is dissimilar to most examples
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of L. irroratus from southern Mexico. In shape of brain
case and rostrum it resembles some specimens of Liomys pictus.
The specimens from Ixtle approach the type in some char- .
acters; those from Cuernavaca and, especially, those from
Yautepec are less like the type. In coloration, all are indis-
tinguishable from specimens of irroratus from Chilpancingo;
the Chilpancingo specimens, however, are larger and slightly
different cranially. In size, our specimens of minor are
matched by examples of forridus from Teotitlan. However,
the short, strongly tapered rostrum, deep brain case, and pos-
teriorly narrowed zygomata that are seen in the scanty sam-
ples from the area here ascribed to minor are not well shown
elsewhere. These features tentatively are interpreted as pop-
ulation characteristics.

SPECIMENS EXAMINED.—A total of thirty from the following
localities (all specimens U.S.): Morelos, Cuernavaca, 5000
feet, two; Puente de Ixtle, 3000 feet, four; Yautepee, 5000
feet, twenty-two. Oaxaca, Huajuapam, 5000 feet, one; Tlapa-
cingo, one.

Liomys irroratus pullus Hooper

Liomys irroratus pullus Hooper (1947: 47). Mexico, Distrito Federal,
Tlalpam, elevation 7500 feet.

Range—Known only from localities near Mexico City,
7500-8500 feet.

ComPARISONS.—L. ©. pullus is one of the larger and darker
races of the species. Its size apparently is exceeded only by
the pale form, canus, of northern Mexico. It is closely
matched in size and color by acutus, but the two forms are
distinet in cranial characters (see the account of acutus).
Compared with alleni, pullus averages larger and more black-
ish dorsally ; its lateral line is less distinet; its skull is larger,
with anteriorly broad zygomata (broadest posteriorly or paral-
lel in alleni), smaller auditory bullae, and smaller interparie-
tals (seen in both length and breadth). It is much larger and
darker than minor is. For comparisons with pretiosus and
torridus, see the accounts of those races.
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REMARKS.—To the north of the Valley of Mexico the char-
acters of pullus grade into those of the paler and slightly
simaller alleni. Examples at hand from Zimapan, Hidalgo,
are referrable to alleni. We have not examined the specimens
listed by Davis (1944 : 389) from a locality 23 kilometers east
of Mexico City and can make no original statement regarding
their racial identity.

SPECIMENS EXAMINED.—A total of forty-two from the follow-
ing localities: Distrito Federal, Contreras, 8500 feet, three;
San Gerénimo, 7800 feet, twenty-seven; Tlalpam, 7500 feet,
eleven. Mexico, Hacienda Cordoba, 8500 feet, one.

Liomys wrroratus acutus Hall and Villa

Liomys irroratus acutus Hall and Villa (1948: 253-55). Michoacén,
two miles west of Patzcuaro, 7700 feet elevation.

Range.—Mountainous southern part of the Mexican Plateau
in northeastern Michoacan and western Mexico.” Known geo-
graphie and altitudinal range from the vicinity of Patzcuaro,
7800 feet, and Cuitzeo, Michoacén, east to Temescaltepec,
Mexico, 5000 feet. .

CompaRISONS.—All characters considered, acutus resembles
pullus more than it does any other race of Liomys irroratus.
In size and coloration of the upper parts the two subspecies
differ very little. As judged by our series of specimens,
acutus is less blackish and has a more distinet and continuous
lateral line and pinkish cinnamon rather than buffy under-
parts. Because the pelages of the two series are not strictly
comparable, these color differences may be seasonal variations.
The tail of acutus is shorter (about equal to head and body;
110-16 per cent of head and body length in pullus). Crani-
ally, acutus differs from pullus in the following characters:
brain case broader and deeper; frontals narrower (see mea-
surements of interorbital diameter) ; interparietals narrower;
and nasals longer and posteriorly acuminate (short and trun-
cate in pullus).

Compared with alleni and irroratus, acutus is slightly larger,
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more intensely*pigmented dorsally and ventrally, and shorter-
tailed. = It differs further from 4rroratus as follows: cranium
larger (well seen in zygomatic breadth and depth of cra-
nium) ; rostrum broader and heavier and interparietals nar-
rower. Its cranium is also broader and deeper than is that
of allent; the frontals are narrower interorbitally; the nasals
are usually longer and posteriorly acuminate in shape; and
the interparietals are much smaller in length and breadth.

Compared with minor and jaliscensis, acutus is consider-
ably larger (see measurements), is more blackish dorsally,
and has a greater suffusion of pinkish cinnamon ventrally.
On the average, its cranium is actually and relatively deeper
than is that of jaliscensis, the interorbital diameter is dispro-
portionally smaller, the nasals are longer and more pointed
posteriorly, and the interparietals narrower and oval, rather
than rectangular. In general proportions, the skulls of acuius
and minor are similar, except that in acwius the zygomata
are less constricted posteriorly, the brain case is broader, the
rostrum stouter and broader anteriorly, and the interparietals
are shorter and narrower.

ReEMaRKs.—That acutus intergrades with jaliscensis is in-
dicated by specimens from Cuitzeo. These are like jaliscensis
in size, and between the two races in color, but nearer acutus.
They further resemble acutus in their short tail, relatively
large brain case, narrow frontals, long, acuminate nasals,
and narrow interparietals. A specimen from fifteen miles
" east of Morelia has shorter nasals and larger interparietals
than those from Patzcuaro or Cuitzeo. - Although tentatively
referable to acutus on the basis of their coloration, length of
tail, and size of brain case and interparietals, four subadult
specimens from Temescaltepec grade toward the smaller,
southern races, minor for example, in size and narrowness of
the rostrum. . :

SPECIMENS EXAMINED.—A total of forty from the following
localities : Mexico, Temescaltepee, 5000 feet, four. Michoacén,
four miles south of Cuitzeo, 5900 feet, nineteen ; fifteen miles




No. 514  Character Gradients in Liomys irroratus 17

east of Morelia, 7000 feet, one; vicinity of Patzcuaro, 6700-
7800 feet, sixteen (fourteen M.V.Z.).

Liomys irroratus jaliscensis Allen

Heteromys jaliscensis Allen (1906: 251-52). Jalisco, twenty miles west
of Zapotlan, Las Canoas, 7000 feet elevation.
Liomys irroratus jaliscensis Allen, Goldman (1911: 60-61).

Ranee.—Southwestern part of the Mexican Plateau, in
Jalisco and the adjoining states to the east and north. Known
range from Ameca and Etzatlan, Jalisco, east and south to
Zamora, Michoacidn. Altitudinal range approximately 4500—
6000 feet. '

ComPARISONS.—L. 1. jaliscensis is a moderately small, pale
race that closely resembles L. ¢. allent in most features except
size (see measurements), as judged from specimens respec-
tively from Chapala and Rio Verdi. Only in the size of the
interparietals and bullae do we find additional characters
other than size that will distinguish the two forms. On the
average, the interparietals of jaliscensis are relatively shorter
and the auditory bullae are relatively smaller. To judge
from Goldman’s (1911: 60-61) data and from the small num-
ber of specimens that we have examined, L. i. joliscensis
averages smaller and slightly darker than L. 1. canus.

Compared with srroratus, jaliscemsis averages slightly
smaller and darker; the tail is relatively much shorter, the
underparts are faintly washed with pinkish cinnamon (not
pure white) ; the dark dorsal stripe, faint or absent in irrora-
tus, is prominent; the frontals are broader interorbitally ; the
posterior border of the nasals is usually truncate, rather than
acuminate ; and the rostrum is slightly heavier.

For evidence of intergradation of jaliscensis, see the ac-
counts of acutus.

SPECIMENS EXAMINED.—A total of fifteen from the following
localities in Jalisco: Ameca, 4500 feet, one (U.S.); Atemajac,
three (U.S.); three miles northwest of Chapala, 5100 feet,
eight; Etzatlan, 4500 feet, one (U.S.); eight miles south of
Guadalajara, two.
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Liowys trroratus alleni Coues

Heteromys alleni Coues (1881: 187-189). San Luis Potosi, Rio Verde.
Liomys trroratus alleni Coues, Goldman (1911: 56-57).

Range.—Central and eastern parts of the Mexican Plateau.
Known range from the vicinity of Monterrey, Nuevo Leon,
south to Chicalote, Aguascalientes, at west (fide Goldman,
1911: 56-57) and at least to Zimapan, Hidalgo, at east. Alti-
tudinal range from 2700 feet, near Jaumave, Tamaulipas, to
about 6000 feet at Zimapan.

CompArIsons.—The race alleni differs from #rroratus in
average paler coloration, larger size, broader rostrum, posteri-
orly truncate (rather than acuminate) nasals, and consis-
tently broader and longer interparietals. For other compari-
soﬁs, see the accounts of other races.

REMARKS.—To judge from Goldman’s data (1911: 56-57)
and our more scanty material, the populations of spiny pocket
mice of the north-central part of the Mexican Plateau are
. morphologically between those from adjoining areas. To
these populations Goldman applied- the name allent. None
of the characters ascribed to allent is unique; each attains
maximum or minimum development, or remains essentially
unchanged, in adjoining areas. They provide the basis for
recognition of the races canus and jaliscensis on the north and
west, texensis and pretiosus on the east, and pullus and acutus
on the south. All characters of allens, so far as we have ob-
served, are between two extremes or are equally shared by
the races around the periphery of the plateau. Thus, in size,
canus, pullus, and acutus are larger than alleni; texensis and
jaliscensis are smaller. The race texemsis is slightly paler;
pullus and acutus are more intensely pigmented. The fron-
tals are relatively broad in fexensts, narrow in acutus, and
intermediate in alleni. The large interparietals, characteris-
“tic of allend, but not of texensis, pullus, and acutus, are shared
with pretiosus and perhaps with canus. The moderately large
bullae of allens are also seen in all forms of the plateau except
jaliscensis. Other traits of alleni are variously shared by
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other races. The only justification for recognizing these
intermediate populations by formal name is that over a large
area they exhibit characters, none unique to the area, that as
an aggregate are not seen elsewhere.

SPECIMENS EXAMINED.—A total of twenty-nine from locali-
ties as follows: Hidalgo, Zimapan, 6200 feet, three. San Luis
Potosi, Rio Verde, 4500 feet, four (U.S.). Tamaulipas, Jau-
mave, 2600-3300 feet, twenty-one; Tula, 3900 feet, one.

Liomys wrroratus pretiosus Goldman
Liomys irroratus pretiosus Goldman (1911: 58). Puebla, Metlaltoyuca.

Ranage.—Coastal plain and basal slopes of the Sierra Madre
Oriental in northern Veracruz and Puebla and eastern Quere-
taro and San Luis Potosi. Known range from Valles, San
Luis Potosi, and Jalpan, Queretaro, east and south to Nautla,
Veracruz. Altitudinal range from near sea level at Nautla to
about 2500 feet at Jalpan.

ComparisoNs.—Relative to the length of the skull, the fron-
tals are narrower interorbitally, the rostrum is broader and
shorter, and the nasals are anteriorly broader and more spatu-
late in shape in pretiosus than in any other known race of
Liomys irroratus. Characters further distinguishing pretio-
sus from pullus are as follows: smaller size; paler, less black-
ish upper parts; a distinet lateral line (faint or absent in
pullus) ; smaller molariform.teeth ; and relatively broader and
longer interparietals. The same characters of the frontals,
rostrum, and nasals contrast prettosus with alleni; in addition,
pretiosus averages slightly darker, the black dorsal stripe is
better defined, and the teeth and auditory bullae are actually
and relatively smaller,

L, 1. pretiosus is much darker dorsally than irroratus, minor,
or torridus. Further unlike those races, it has a distinect
* dorsal stripe and a broad lateral line, broad short rostrum,
short and wedge-shaped nasals (long and only slightly ex-
panded anteriorly in ‘rroratus, minor, and torridus), narrow
frontals, and large interparietals. It is intermediate in size
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between irroratus on the one hand and torridus and minor
on the other, and its tail is shorter than that of either wrroratus
or torridus (averages 110 per cent of body length, compared
with values over 120 per cent).

For comparison ‘with fexensis, see the account of that race.

SPECIMENS EXAMINED.—A total of twelve from localities as
follows: Puebla, Metlaltoyuca, 1000 feet, one (U.S.); Pahuat-
lan, 3600 feet, two. Veracruz, Nautla, near sea level, nine.

Liomys srroratus texensis Merriam

Liomys texensis Merriam (1902: 44). Texas, Cameron County, Browns-
ville. : .
" Liomys irroratus texensis Merriam, Goldman (1911: 59).

RaNn@E—Low ' plains and mountains east of the Sierra
Madre Oriental in southern Texas, Tamaulipas, and eastern
Nuevo Léon. Known range from Brownsville, Texas, south
to the Sierra de Tamaulipas and west to the vicinity of General
Terédn and Montemorelos. Altitudinal range from near sea
level, at Brownsville, to 2600 feet at Acufia in the Sierra de
Tamaulipas.

CoMPARISONS.—Similar to alleni, but averaging paler and
smaller (see measurements) and having a relatively narrower
skull (well seen in cranial breadth), with relatively broader.
frontals, much smaller interparietals (best seen in transverse
diameter), and smaller bullae. L. 1. texensis and L. 4. prets-
osus are similar in size, but fexensis has paler upper parts,
slightly broader frontals, smaller interparietals and much less
massive rostrum, in which the dorsal arms of the premaxillae
are narrower and the nasals are much less expanded anteriorly.

REMARKS.—Specimens from southern Tamaulipas indicate
that texensis, pretiosus, and allens intergrade in that area. A
specimen from Acufia has a slightly heavier rostrum and a
narrower interorbital space than have specimens from locali- -
ties to the north; otherwise it agrees closely with them. Ex-
amples from Antiguo Morelos are like specimens of texensis
from northern Tamaulipas in size, color, and dimensions of
interparietals and brain case; but in characters of the rostrum
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they approach, though by no means match, specimens of
pretiosus from coastal Veracruz. The examples from Jau-
mave mostly resemble alleni from Zimapan in size and color,
and their cranial characters are an assortment of features
of the three races. In five of twelve gkulls, the rostrum and
nasals are almost as broad as in specimens of pretiosus from
Veracruz; the other seven specimens have. the narrower ros-
trum and nasals similar to those in alleni and texensis.” In
nasal length, interparietal length and breadth, interorbital
breadth, and bullae size, some specimens match pretiosus,
some agree with allent, and some are intermediate. All char-
acters and specimens considered, the series fits best with allens.

At the eastern escarpment of the Sierra Madre Oriental,
altitudinal and morphological gradients are comparatively
steep. This is well seen in the specimens from Antiguo More-
los, Jaumave, and Tula. Antiguo Morelos, elevation about
1000 feet, lies in the lowlands at the base of the Sierra Madre.
Jaumave, is situated at an elevation of approximately 2800
feet in the foothills, about sixty miles northwest of Antiguo
Morelos ; and Tula lies farther upslope, at an elevation of ap-
proximately 3900 feet. The examples from Antiguo Morelos are
small (greatest length of skull less than 33.0 mm.), and they
have a narrow brain case, small interparietals, small bullae, and
broad short nasals. The specimens from Jaumave are larger
(range in greatest length of skull of adults, 32.7-34.4 mm.),
the brain ease is relatively broader, and the interparietals are
larger. The rostrum and nasals, although of various dimen-
sions, in the majority of the specimens resemble those from
Antiguo Morelos. The specimen from Tula has the largest
cranium and relatively the largest interparietals, broadest
frontals, and narrowest rostrum and nasals of the three series.
It resembles specimens of allens from Rio Verde and Zimapan.
at higher elevations farther south on the ‘plateau. Similar
correspondence of morphological and environmental eclines
obtains in southern Mexico.

SPECIMENS EXAMINED.—A total of twenty-four, from locali-
ties as follows: Nuevo Leon, 20 km. northwest of General
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Teran, 900 feet, five. Tamaulipas, Antiguo Morelo:s, 1000
feet, nine; Sierra. de San Carlos, 700-2000 feet, nine; Sierra
de Tamaulipas, Acufia, 2600 feet, one.

Liomys wrroratus canus Merriam

Liomys canus Merriam (1902: 44-45). Chihuahua, near Parral, 6000
feet.

Liomys irroratus canus Merriam, Goldman (1911: 60).

Ranee.—Eastern flank of the Sierra Madre Occidental and
adjoining plateau. Known range from the vicinity of Parral
and Santa Rosalia, Chihuahua, south to Valparaiso and Haci-
enda San Juan Capistrano, Zacatecas (fide Goldman, 1911:
60). Altitudinal range, approximately 5500-7000 feet.

Comparisons.—To judge from the type specimen and three
topotypes—the only examples of the race that we have ex-
amined—and from Goldman’s accounts (1911: 60), canus is
merely a large and perhaps slightly paler alleni. The large
size, broad frontals, large interparietals, and other features
that are characteristic of the highland populations of northern
Mexico attain maximum development in the mountains of
western Chihuahua. To populations in that area the name
canus applies. Specimens from localities to the south and
east are smaller and exhibit features variously characteristic:
of other races. )

SPECIMENS EXAMINED.—The type and three topotypes, from
near Parral, 6000 feet, Chihuahua, Mexico (U.S.).

CHARACTER GRADIENTS

Size—In Liomys irroratus size apparently is correlated
with altitude, small size being characteristic of low elevations.
‘and large size a feature of high altitudes. We have judged
size by the linear dimensions of the body, the hind foot, and
the skull, but we have relied principally on skull length, be-
cause our values for that dimension are consistently reliable,
whereas those ‘for the body and hind foot, taken by various
collectors, are less trustworthy. Although we relate size di-
rectly to altitude, we infer that the correlation is with tempera-
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ture, moisture, barometric pressure, and/or some other factors
which vary with altitude, rather than with altitude itself.

The close correlation of size with altitude is apparent at
several latitudes and probably obtains throughout the range
of the species. This is the general situation in northern
Mexico : Smallest size is observed on the Gulf coastal plain and
low mountains east of the Sierra Madre Oriental. Specimens
from the coast near Nautla, Veracruz, and Brownsville, Texas,
and from other low-lying, inland areas below approximately
. 2000 feet—such as in the Sierra de San Carlos and near
Antiguo Morelos and General Terdn—have a hind-foot length
of about 28-30 mm. and a skull length averaging about 32 mm.
From the plain up the face of the Sierra Madre to the in-
terior plateau, size and altitude increase. This is well seen
in the samples from Jaumave, 2800 feet, and Tula, 3900 feet,
Tamaulipas; Rio Verde, 4500 feet, San Luis Potosi; and
Zimapan, 6200 feet, Hidalgo. The hind-foot length and skull
length, respectively, of the specimens from the interior high-
lands, as for example from Rio Verde and Zimapan, are about
30-32 mm. (foot) and 32-34 mm, (skull). Largest size in
the species is seen in the Sierra Madre of western Chihuahua.
'Some examples from the vicinity of Parral, elevation about
6000 feet, have a hind-foot length of 34 mm. and a skull length
of 37 mm. )

The clinal relationship is well shown in the central and
southern parts of the range of the species whence our samples
are more numerous and adequate. Figure 1 shows the close
correspondence of size and altitude in central and southern
Mexico. The transect shown extends from the lower, western
part of the Mexican Plateau eastward to higher elevations in
the mountains of Michoacdn and Mexico to the vicinity of
Mexico City, thence southeastward and downslope to low arid
valleys in northern Oaxaca, up again on the plains and moun-
tains around Oaxaca City, thence, finally, northwestward at
lower elevations in the Sierra Madre del Sur. The transect,
thus, is roughly a profile of parts of two high plateaus and
intervening lowlands. Not shown in Figure 1 are data from
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F1e. 1.—Graphs correlating skull length with terrain elevation and its asso-
" ciated environmental factors. Plotted in the upper figure are elevations above
sea level of each locality represented by specimens in the lower graph. The
cranial length of samples of Liomys irroratus from ten localities in central and
southern Mexico is given in the lower figure. Symbols refer to items as follows:
females (solid lines) ; males (broken lines); range in skull length (vertical line) ;
mean (cross bar on vertical line) ; two standard errors of the mean, above and
below the mean (rectangular box); see Introduction for further explanations.
Diagonal lines connect means of one sex. Figures below the vertical lines indi-
cate the number of specimens represented.
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other localities on the transect, which also conform to the
trend as here outlined. Maximum size obtains at the highest
elevations, 7500-8500 feet, in the cool climate at Mexico
City and Patzcuaro. To the south and downslope, size de-
creases progressively to a minimum—for the entire species—
in the hot dry lowlands around Teotitlan and Cuicatlan (2000—
3500 feet). The species is not known from lower altitudes in
southern Mexico. At consecutively higher elevations south of
Cuicatlan the pocket mice show consistently larger size. The
sample from the vicinity of Oaxaca City, at 5000 feet, illus-
trates one size and altitude level. Maximum size'of the spe-
cies in Oaxaca may be present higher in the mountains. A
specimen from approximately 8000 feet elevation in the Sierra
Juarez is one of the largest specimens at hand from Oaxaca.
Its size equals that of specimens from similar altitudes on the
mountains and plains of central Mexico. Finally, to the north-
west of Oaxaca City, at lower elevations near Chilpancingo,
Guerrero, smaller. size again obtains,

There is incomplete evidence that size in the species varies
with latitude as well as with altitude. For conclusive evidence
here, data is needed from a series of north-south transects, each
at a single altitudinal level. 'We have insufficient series for such
transects, although specimens at hand do indicate a trend of
small to large size from south to north. The specimens from ele-
vations below 3000 feet in the lowlands of southern Mexico—in
Oaxaca, Puebla, and Morelos—are smaller than those from
the coastal plain of northern Mexico—in Veracruz and Tamau-

" lipas. The amount of difference in skull length amounts, on
the average, to 1 or 2 mm. This amount may be more signi-
ficant than it first appears, because most of the northern locali-
ties are several thousand feet lower than those to the south.
A similar north-south trend in size is indicated for the high-
lands. The few specimens from the northwestern segment of
the range of the species are the largest known. Those are
from an elevation of approximately 6000 feet in the Sierra
Madre of western Chihuahua. Specimens of comparable age
and from similar elevations in central and southern Mexico,
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for example in Oaxaca and Michoacén, have skulls 3 or 4 mm.
shorter. The factor, or set of factors, that operates altitud-
inally in regulating size also may vary with latitude, and
effect a similar clinal response in the species.

SKULL CHARACTERS.—Gradients in other cranial dimensions
and parts are apparent. Along with body length and length
of hind foot, skull length in Liomys irroratus is an expression
of size of the animal. To a certain extent, so also are.the
other dimensions of the skull; and a geographic increase or
decrease in cranial length is accompanied by a corresponding
change in size of parts of the skull. It should be understood,
then, that all skull parts and dimensions are related, in the
same way that hind-foot length and cranial length are, to size-
regulating factors of the environment. The parts that vary
disproportionately with respect to cranial length are of espe-
cial interest.

The zygomatic breadth, relative to skull length, is approxi-
mately constant throughout the range of the species. It is
another measure of general size of the animal. The shape of
the zygomatic arches, however, varies slightly geographically
in south-central Mexico. In the examples from the Valley of
Mexico (pullus) and from areas in the Balsas basin (minor),
the arches are broader anteriorly than posteriorly. Elsewhere
the zygomata are approximately parallel.

Dimensions of the brain case apparently also are compara-
tively constant in the several geographic races of the species,
increasing and decreasing proportionately with skull length.
The cranial breadth averages disproportionately greater in
the specimens of acutus and, to a less extent, in jaliscensts,
pretiosus, and minor; but with our small series of those forms
it is not clear that the differences are real in the populations.
In depth of cranium all races are similar except acutus and,
possibly, minor, which in our samples have the brain case
relatively deeper than it is in the examples of the other sub-
species.

Geographic variation in the breadth of the frontal bones
is slight. The interorbital diameter is relatively least in’the
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mice of the mountains of Michoacan (acutus) and Oaxaca (ir-
roratus) and the lowlands of Veracruz (pretiosus), and great-
est in those from the coastal plain of Tamaulipas (texensis).

In size of the rostrum there is comparatively great dis-
parity among the geographic races. The greatest breadth is
seen in the race pretiosus of the lowlands of Veracruz. In
specimens from that area the nasals and the ascending
branches of the maxillae are relatively much broader than
they are in examples from any other area in Mexico. The
nasals are exceptionally expanded anteriorly, contributing
further to the massive appearance of the rostrum. The op-
posite extreme in rostral development is in the races forridus
and wrroratus of Oaxaca. Specimens of these subspecies typ-
ically have a long, narrow rostrum, in which the nasals are
long and comparatively narrow throughout their length, not
short and greatly expanded distally as in pretiosus. Various
stages of intermediacy obtain in other races of the species,
but none closely approaches pretiosus in rostral dimensions
except in areas of intergradation with that form. It is in-
teresting to note that in the same part of Mexico inhabited
by pretiosus other species of mammals also have a similar
rostral enlargement. Liomys pictus obscurus Merriam, which
also inhabits the coastal plain of Veracruz, is characterized
by broad and anteriorly expanded nasals. A massive rostrum
and broad nasals are likewise characteristic of Peromyscus
furvus Allen and Chapman, Oryzomys alfaror dilutior Mer-
riam, and Neotoma distincta Bangs. These forms inhabit
mountainous slopes in eastern Puebla and western Veracruz
that certainly adjoin, and probably are part of, the range of
Liomys 1. pretiosus. Such. apparently parallel development
of rostral parts in several species in the same region may
well be in response to the same set of environmental factors.
It must be emphasized, however, that in that same region
there are many other species of rodents that show no corre-
sponding rostral enlargement.

There is disproportionate development of the interparietals
in the various subspecies of Liomys 1rroratus. By and large,
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the smaller-sized forms have the relatively larger interpa-
rietals. Thus, a comparatively larger transverse and longi-
tudinal diameter of the interparietals is observed in torridus,
minor, jaliscensis, pretiosus, and texensis, and smaller dimen-
sions are seen in pullus, acutus, and canus. Our examples
of the large form, alleni, however, have gross interparietals.
There are small differences in proportions of the bones among
the various races. The relatively smallest transverse diameter
is in acutus of the mountains of Michoacin, and the relatively
largest breadth in torridus of the Oaxacan lowlands. Smallest
relative length is observed in the large form, canmus, of the
Sierra Madre of Chihuahua, and the larger lengths are in the
smaller-sized forms to the south, in torridus for example.
Variation in size of the auditory and mastoidal bullae in
L. irroratus is largely a function of size of the skull, so far
as we can determine. There appear to be average relative
differences among some populations. In the examples of
jaliscensts, pullus, and pretiosus, the bullae appear by inspec-
tion to be relatively smaller than they are in other races.
However, without means for accurate measurement of bullae
size we cannot express this apparent difference objectively.
The shape of the posterior part of the nasals, used by
Goldman (1911) and by Hall and Villa (1948) to distin-
guish subspecies of Liomys irroratus, varies greatly within
samples. In some individuals the nasals are posteriorly acu-
minate (the naso-frontal suture appearing as a V, with the
apex directed forward). In others they are truncate, in
which the posterior border forms roughly a straight line per-
pendicular to the long axis of the skull. Various intermedi-
ate stages also occur within a series from one locality. The
frequency of occurrence of those acuminate and truncate
forms of the nasals, however, apparently varies from place to
place. Some of the differences in frequencies are outside the
range of probable sampling errors; they apparently distin-
guish populations and geographie races. As judged by our
series, a V-shaped posterior border of the nasals characterizes
the subspecies acutus and drroratus. In thirty-four adult
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examples of acutus, the nasals of twenty-seven are V-shaped
and nine are truncate, a ratio of three to one. Each of the
examples of rroratus from central Oaxaca also has attenuate
nasals. Truncate nasals are common in the samples of the
other races. In them the frequency of the acuminate and
truncate shape varies from approximately one to one (fifteen
specimens V-shaped, thirteen specimens truncate) in the series
from Chilpancingo, Guerrero, and in several samples from
Veracruz and Tamaulipas (pretiosus and texensis) ; to one to
four (fourteen V-shaped and fifty-five truncate) in pooled
series from Distrito Federal (pullus) and Puebla and Oaxaca
(torridus) ; and to none to eight in a series from Antiguo
Morelos, Tamaulipas (texemsis). Our data indicate that the
posterior border of the nasals is usually acuminate in the
mice of the mountains of Michoacdn and Oaxaca and trun-
cate in those from other areas. The data are incomplete for
many parts of the range of the species.

TAIL LENGTH.—Measurements of the tail, when recorded by
many different collectors, usually will not stand close com-
parison. In a few of our series the measurements are be-
lieved to be comparable. They were made by the same col-
lector or by others known to use essentially identical tech-
niques in measuring the tail. In those series the recorded
differences are evident in the specimens. ~ A long tail appar-
ently is a characteristic of the pocket mice of central and
northeastern Oaxaca, where the tail length of adults is usually
over 130 mm. and amounts to approximately 120-30 per cent
of the head and body length. Such lengths are recorded in
specimens from Oaxaca City, Ejutla, Sola de la Vega, Ixtlan,
Cuicatlan, and Teotitlan. In those from Tehuacan and Te-
panco, in southern Puebla, the tail averages but slightly
shorter.

A short tail appears to be characteristic of the mice of
southwestern Mexico (Temescaltepec) and Michoacan (Patz-
cuaro, near Morelia, and Cuitzeo) and of eastern Jalisco
(Chapala). The specimens from those localities have shorter
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tails than do those from Oaxaca, although the former may
average larger in body, hind foot, and skull. In most ex-
amples the tail is approximately as long as the combined
'length of head and body, amounting to less than 120 mm.;
it exceeds 125 mm. in only three of thirty-four adult speci-
mens. Since the Oaxacan localities are drier and warmer
than those in Mexico and Michoacan, there may be a correla-
tion with amount of aridity and associated dens1ty of plant
cover in which the pocket mice live.

PELAGE COLORATION.—Geographical gradlents in color of
the pelage are apparent in the specimens. The darkest
pelages are found in the ecool highlands of the states of Mexico
and Michoacin, where dark, humus-filled soils and blackish
igneous flows are common. Specimens from that region are
deeply pigmented dorsally and tinted ventrally. The upper
parts are blackish or deep brown, the deep tones concentrated
on the mid-back to form a broad longitudinal stripe, which
contrasts with the paler gray sides. Comparatively few
orange or cinnamon bands of the hairs are visible dorsally,
the few present being obsecured by the abundant black tips.
The underparts are lightly tinted pinkish or buffy. The upper
surface of the legs and tail are dark brown or dark gray, and
the ears are black, rimmed with white.

The palest pelages are from arid interior valleys in north-
ern QOaxaca and southeastern Puebla. Compared with the
dark pelages mentioned above, the colors in these are dilute
on all pigmented parts. The upper parts are pale creamy
gray, sparsely streaked with black. Apart from the few
black bands of the hairs, the creamy or buffy hue of the upper
parts apparently is largely attributable not to color pigments
but rather to the lack of them, particularly in the spines.
There appear to be few, if any pigments in the main body of
these spines. A dorsal stripe is absent, or at best indistinet.
The underparts are usually white, without pigment. The
upper surface of the legs and tail is pale gray or white, and
the ears are tan or fuscous, rimmed with white.
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Between these extremes are various stages, each of which
has a limited geographic range. Pallor, a comparatively dis-
tinet lateral line, and, at best, an indistinet dorsal stripe
are characteristic of almost all of the specimens from the
region south of the Rio Balsas. Two blackish specimens from
the mountains of Qaxaca are exceptions (see account of L. 1. .
wrroratus). The examples from the western part of that re-
gion—from Chilpancingo, Guerrero, and from various locali-
ties in central and western Oaxaca—are variously darker
than those from the lower, and more arid, eastern valleys.
Deep tones, a distinet dorsal stripe, and an indistinet lateral
line characterize the specimens from the volcanic areas of
Michoacan and Mexico. Moderate tones and a pronounced
dorsal stripe and lateral lines are typical of the material
from areas to the north. To judge from the comparatively
few specimens at hand, the coloration becomes progressively
paler toward the north, attaining an extreme in dilution in
the lowlands of northern Tamaulipas. Specimens from Ja-
lisco, Hidalgo, San Luis Potosi, Chihuahua, and Tamaulipas
are variously paler than those from Michoacdn and Mexico.
Those from northern Tamaulipas are the most pallid of north-
ern Mexico.

‘We have insufficient ecological information to correlate
with finality the pelage coloration to factors in the animals’
environment. It is clear, however, that the darkest pelages
occur in voleanie highlands, where dark substrata are common
and where dark humus-filled soils were once widespread.
Similarly, the palest pelages are in hot, dry lowlands, where
the soils are typically bleached alluviums. It is probable -
that pelage coloration is related to soil color in Liomys, just
as it'is in many other mammals.

SUMMARY

Character gradients in a polytypie species of mammal may
run in identical or different geographic directions. Clines in
size, in dimensions or shape of the skull, or in some feature
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of the pelage may correspond geographically; or they may -
have dissimilar geographical limits. Some morphological
traits, of course, may remain essentially unchanged through-
out the range of the species. These features have been ob-
served in many mammal kinds. Although rarely focused for
proper attention, they can be inferred from most systematic
accounts.of geographical variation. :

The species Liomys irroratus, as judged principally from
data from the central and southern parts of its range, offers
nothing unusual as regards correspondence of clines. The
preceding accounts of variation in the species should have
made that point clear. Size varies geographically, and ap-
pears to be correlated with altitude and latitude, and factors
associated therewith. Small size is characteristic of low ele-
vations and low latitudes; largeness is correlated with high
altitudes and latitudes. Pelage coloration is not closely re-
lated to size in its distribution. There are large and small,
pale and dark populations. Color of pelage may be associated
with humidity or, more probably, with color of the substrate.
Color and size clines sometimes parallel each other geograph-
ically in the species, as is observed in the transect from the
arid Oaxacan lowlands upslope to the volecanic and conifer-
studded highlands of Mexico and Michoacdn. But the cor-
respondence of those clines well may be coincidental, and not
attributable to the same set of regulatory factors in the en--
vironment. The eclines in tail length correspond grossly to
those of color, in the central and southern parts of the range
of the species. Whether they do in northern Mexico we can-
not determine in our small samples from that region. The
long tails and pallid coloration of specimens from Qaxaca
grade into the short tails and deep body tones in the material
- from Michoacin and Mexico.

Most of the cranial parts studied vary directly with
skull length, increasing or decreasing as it changes. Some,
however, seem to vary independently of skull length, other
cranial characters, color, and tail length. The auditory
bullae are of comparatively the same size over much of the
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range of the species, but appear to be relatively smaller on
the southern part of the Mexican Plateau and in the lowlands
of Veracruz. In the latter area. also are observed maximum
size of the rostrum and dilation of the nasals. Minimum
values of rostral breadth and nasal breadth and length ob-
tain in the examples from various elevations in Oaxaca.
Intermediate stages between those two extremes are seen at
various other parts of the range of the species. The geo-
graphie limits of none of them apparently correspond exactly
to that of a color or size level. Interparietal size and brain
case depth also exhibit gradients, neither necessarily asso-
ciated with the other or with clines in other characters. '
‘With the possible exception of allens and minor, each sub-
species of Liomys trroratus, here considered valid, is charac-
terized by an extreme in one or two features of the skin and
skull. Those few characters constitute the main basis for
recognition of the race. The other traits of the subspecies are
subsidiary, unique only as regards their combination, and are
developed to a minimum or maximum amount elsewhere.
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