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Distribution and Systematics
of Peromyscus (Mammalia: Rodentia)

of Nayarit, Mexico

Michael D. Carleton, Don E. Wilson,
Alfred L. Gardner, and Michael A. Bogan

Introduction

The state of Nayarit, situated along coastal
west-central Mexico approximately from 21° to
23° N latitude, encloses an area of striking topo-
graphic diversity, including broad expanses of
coastal plain near sea level as well as western
portions of the Sierra Madre Occidental, where
ridges and peaks exceed 2000 meters. In north-
eastern Nayarit, the western flanks of the Sierra
Madre Occidental rise precipitously above the
coastal plains, but in the central sector, south of
the Rio Grande de Santiago, mountainous terrain
merges more gradually into coastal plain. In the
region south of San Bias, foothills closely border
the seacoast, pinching off the broad coastal plain
that dominates southern Sinaloa and northwest-
ern Nayarit. The Rio Acaponeta, Rio San Pedro,
and Rio Grande de Santiago (Figure 1) form the
principal drainage of the Sierra Madre Occiden-
tal in Nayarit, and their tributaries delimit nu-
merous minor mountain systems. As expected,
Nayarit, with its pronounced topographic relief
and coastal exposure, harbors a variety of envi-
ronments and distinctive biotic zones. Following

Michael D. Carleton, National Museum of Natural History, Smith-
sonian Institution, Washington, DC 20560. Don E. Wilson, Alfred
L. Gardner, and Michael A. Bogan, U.S. Fish and Wildlife Service,
National Museum of Natural History, Washington, D.C. 20560.

the classificatory arrangement of life zones by
Goldman (1951), Nayarit contains elements of
the Lower Tropical, arid and humid subdivisions
of the Upper Tropical, Lower Austral, Upper
Austral, and Transition zones. Along river valleys,
lower-elevational plant communities deeply pen-
etrate the mountainous interior of Nayarit and
interdigitate with upper vegetational belts in a
complicated pattern. In view of its complex phy-
siography, Nayarit occupies an important posi-
tion in understanding patterns of mammalian
distribution and problems of taxonomy in west-
ern Mexico, especially for small mammals of
limited vagility.

In this report, we present information on the
distribution and specific status of Peromyscus in
Nayarit, based upon new collections made by
staff of the U.S. Fish and Wildlife Service (also
see Fisher and Bogan, 1977; Gardner, 1977; Bo-
gan, 1978; and Diersing and Wilson, 1980). Re-
cent studies on the Peromyscus boylii species group
in western Mexico reflect an uncertainty regard-
ing the relationships and taxonomic level of forms
included within it (for example, Hooper, 1968;
Lee et al., 1972; Schmidly and Schroeter, 1974;
Kilpatrick and Zimmerman, 1975; and Carleton,
1977, 1979). The boylii species group realizes some
of its greatest diversity along the western coast of
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Mexico, and much of this diversity is demon-
strated by populations occurring in the state of
Nayarit. The type-localities ofmadrensis Merriam,
1898b (Maria Madre Island), andsimulus Osgood,
1904 (San Bias), are in Nayarit, and the type-
locality of spicilegus Allen, 1897 (Mineral San
Sebastian), lies in Jalisco just across the southern
border of Nayarit. Moreover, populations assign-
able to either spicilegus, rowleyi, or levipes might be
expected to occur in the mountainous regions of
eastern Nayarit. All five of these taxa are perti-
nent to any discussion of the boylii complex. Ac-
cordingly, our objectives are: (1) to document the
species of Peromyscus occurring in the state of
Nayarit; (2) to review the relationships within the
Peromyscus boylii species group based on the Nay-
arit collections housed in the National Museum
of Natural History; and (3) to provide additional
information on the geographic and ecologic range
of each of these species.

ACKNOWLEDGMENTS.—We wish to thank
Clyde Jones for providing many helpful sugges-
tions and assistance. John G. Hafner and Richard
W. Thorington, Jr., critically reviewed the man-
uscript. We also thank Barbara A. Bacon and
Cindy Ramotnik for assistance in measuring the
specimens and proofing data sheets, David F.
Schmidt for his careful preparation of the maps
and figures, and Peggy Gillis for painstakingly
typing the manuscript. The Direccion General de
la Fauna Silvestre kindly provided collecting per-
mits. During portions of the study, we were as-
sisted in the field by Barbara A. Bacon, Catherine
A. Blount, Robert D. Fisher, Kenneth N. Geluso,
Pedro Huerta, Clyde Jones, Patricia Mehlhop,
Oscar Jorge Polacko, Mary Pope, Robert Rey-
nolds, C. Brian Robbins, Daniel F. Williams, and
Bruce Woodward. We also thank Sr. Sergio Gar-
cia Ramirez, Subsecretario de Gobernacion, for
granting access to the Tres Marias Islands.

Materials and Methods

All specimens reported herein are housed in the
National Museum of Natural History (under the
designation USNM for the former United States

National Museum). The majority resulted from
recent (1975-1977) surveys of Nayarit conducted
by personnel of the Fish and Wildlife Service, but
some specimens were collected during the Nelson
and Goldman expeditions in Mexico (see Gold-
man, 1951). Animals generally were processed as
conventional study skins and skulls; complete
skeletons, whole carcasses preserved in 10% for-
malin, and karyotypes were also prepared. Fluid-
preserved specimens were used to examine male
accessory reproductive glands and glandes penes
and to determine the number of mammary
glands.

In accordance with Carleton's (1980) sugges-
tions, we treat banderanus as a species of Osgoodomys
and omit it from the formal species' accounts.
This mouse has been collected at three sites in
southwestern Nayarit: Chacala, 30 m, 5; Navar-
rete, 50 m, 1; Paso de Soquilpa, 100 m, 4. These
coastal, lowland localities fit the distributional
pattern of banderanus as seen in other parts of
western Mexico, where it is a coastal-plain species
only penetrating the interior along river valleys
and inland basins.

The 17 samples included in the numerical anal-
yses are listed below with their locality, sample
size, and an identifying abbreviation. Additional
specimens examined and complete locality infor-
mation are provided in the species' accounts (also
see Table 1). Specific nomenclature for taxa of
the boylii species group follows Carleton (1977).

Peromyscus boylii: Ocota Airstrip, 37 (= BOYOCO); Santa
Teresa, 10; and 13 km SW Santa Teresa, 31 (= BOYSTE).

P. madrensis: Tres Marias Islands, Maria Cleofas, 36 (=
MADCLE); Maria Madre, 18 (= M ADM AD); Isla San
Juanito, 17 (= MADJON).

P. maniculatus: El Refilion, 71 (= MANREF); 2 mi E San
Pedro Lagunillas, 55 (= MANLAG).

P. melanophrys: Arroyo de Jiguite, 2 (= MELANO).
P. pectoralis: Arroyo de Jiguite, 4; and 1.8 mi NW Coapan,

3 (= PECTOR).
P. simulus: 1 mi S Cuautla, 59 (= SIMCUA); San Bias and

vicinity, 7 (= SIMSAN); Teponahuaxtla, 10 (= SIM-
TEP).

P. spialegus: 8 mi S Ahuacatlan, 29 (= SPIAHU); Chacala,
26 (= SPICHA); El Refilion, 37 (= SPIREF); 2 mi E
Jalcocotan, 35 (= SPIJAL); Mesa del Nayar, 8; and 2 mi
WNW Mesa del Nayar, 5 (= SPINAY).
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The occurrence of a mesoloph, mesolophid,
and ectolophid was recorded for specimens of the
following six population samples.

Peromyscus boylii: Ocota Airstrip, 38; 13 km SW Santa Teresa,
44.

P. madrensis: Tres Marias Islands, 37.
P. simulus: 1 mi S Cuautla, 56.
P. spicilegus: El Refilion, 36; 2 mi E Jalcocotan, 36.

Three states of complexity of these enamel ridges
were scored for the first upper and first lower
molars of the right side, and their occurrence
expressed as a percentage of the total population
sample. The states were defined as (0) loph(id)s
absent or present only as a small, poorly-defined
spur, (1) loph(id)s present and partially extending
to the margin of the tooth, (2) loph(id)s present
and completely extending to the margin of the
tooth, often terminating as a conspicuous
style(id).

Twenty-three measurements, four of the skin
and 19 of the skull, were recorded to characterize
the morphology of the population samples. The
total, tail, hind foot, and ear lengths were tran-
scribed from the skin tag and rounded to the
nearest 1.0 mm; dimensions of the skull were
measured to the nearest 0.01 mm using a cran-
iometer (Anderson, 1968). Specimens exhibiting
any trace of gray juvenal pelage were excluded
from statistical analyses. The measurements
taken (and their definitions where necessary) were
(1) total length of skin, (2) length of tail, (3)
length of hind foot, (4) length of ear, (5) greatest
length of skull, (6) condyloincisive length, (7)
length of auditory bulla, (8) postpalatal length
(from the anterior margin of the mesopterygoid
fossa to the medial and posterior border of the
basioccipital), (9) length of mesopterygoid fossa
(from the posterior tip of the pterygoid process to
the anterior margin of the fossa), (10) palatal
length (from the posterior margin of the incisive
foramina to the anterior border of the mesopter-
ygoid fossa), (11) length of incisive foramina, (12)
alveolar length of maxillary toothrow, (13) great-
est zygomatic breadth, (14) mastoidal breadth
(distance between the lateral borders of the mas-
toid processes), (15) greatest breadth across mo-

lars (distance between the labial margins of the
second upper molars), (16) postdental palatal
breadth (taken at the constriction of the palate
behind the molars and in front of the lateral
pterygoid fossae), (17) greatest width of mesop-
terygoid fossa, (18) depth of braincase (taken
from the skull in lateral view with the horizontal
crosshair aligned on the tip of incisors and ven-
tralmost curvature of the auditory bulla; distance
from that level to the dorsalmost contour of the
braincase), (19) breadth of braincase (taken be-
hind the squamosal root of the zygomatic arches),
(20) least interorbital width, (21) rostral breadth
(distance between the lateral projections of the
incisive capsules), (22) nasal length, and (23)
rostral length.

Preparation of chromosomal material, defini-
tion of fundamental number (FN), and descrip-
tive terminology for chromosomal morphology
follow Patton (1967). Specimens were karyotyped
from the following localities.

Peromyscus boylii: Ocota Airstrip; 2c?, 19; 13 km SW Santa
Teresa, 1?.

P. madrensis: Tres Marias Islands, Maria Cleofas, 5(5, 7$;
Maria Madre, 39; Isla San Juanito, 7$.

P. maniculatus: 8 mi S Ahuacatlan, 26, 2$; 1.8 mi NW
Coapan, 1<3; 2 mi E Jalcocotan, 26; 2 mi E San Pedro
Lagunillas, I d

P. melanophrys: Arroyo de Jiguite, Rio Santiago, 4c3, 2$; Mesa
del Nayar, 1<5, 19.

P. pectoralis: Arroyo de Jiguite, lcJ, 19; 1.8 mi NW Coapan,
3(5, 19.

P. simulus: 4 km S Aticama, 1<5; 4 km N Cuautla, 1$; 1.2 mi
S El Casco, Rio Chilte, 26, 29.

P. spicilegus: Agua Escondida, 26, 39; 8 mi S Ahuacatlan, 56,
49; Arroyo de Jiguite, 26, 29; Arroyo la Taberna, 2 mi
WNW Mesa del Nayar, 19; Mesa del Nayar, 36, 39;
Chacala, 26, 69; 1.8 mi NW Coapan, lcJ, 29; 10 km N
Jala, 29; 2 mi E Jalcocotan, 6<5, 59; 1 km S La Villita, 4cJ,
29; 13 km SW Santa Teresa, 19; Tempiste, 26.

The Biomedical Computer Programs (BMD;
Dixon, 1973) and the Numerical Taxonomy Sys-
tem of Multivariate Statistical Programs
(NTSYS; Rohlf et al., 1972) were used for statis-
tical analyses. Basic data description (means and
variances) was done with BMD01D. Character
means of each sample thus obtained were stan-
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PACIFIC

FIGURE 1.—State of Nayarit , Mexico. (Numbers refer to localities given in T a b l e I.)

dardized (means of zero, standard deviation of method, using arithmetic averages (UPGMA).
one) and used to compute matrices of average was used to cluster the OTU's, and cophenetic
distance and correlation coefficients among the correlation coefficients were calculated. Stan-
samples (or OTU's). The unweighted pair-group dardized character means also were used to pro-
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TABLE 1.—Gazetteer of collecting localities (see Figure 1)

Locality

1. Agua Escondida
2. Ahuacatlan, 8 mi (by rd) S
3. Arroyo Jiguite, Rio Grande de Santiago
4. Arroyo Taberna, 2 mi WNW Mesa del Nayar
5. Aticama, 4 km S
6. Chacala
7. Coapan, 1.8 mi (by rd) NW
8. Cuautla, 4 km N
9. Cuautla, 1 mi S

10. Cucharas, Rio Acaponeta
11. El Casco, 1.2 mi (by rd) S, Rio Chilte
12. El Refilion
13. El Venado, 3.5 mi (by rd) E
14. Estanzuela
15. Jala, 10 km N
16. Jalcocotan, 2 mi E
17. Jalisco
18. LaVillita
19. Maria Cleofas Island
20. Maria Madre Island
21. Maria Magdelena Island
22. Mesa del Nayar
23. Navarrete
24. Ocota Airstrip
25. Paso de Soquilpa, 8.8 mi E San Bias
26. Pedro Pablo
27. Rancho Viejo
28. Rancho Zapotito
29. San Bias
30. San Juanito Island
31. San Pedro Lagunillas, 2 mi E
32. Santa Teresa
33. Tacote, 1.4 mi (by rd) N
34. Tempiste, Rio Ameca
35. Tepic
36. Teponahuaxtla

Coordinates

20o46'/104o19'
20o58'/104°28'
21°4971O4°48'
22o15'/104o40'

21°277l05°ir
21°1O71O5°13'
21°097l04°29'
22°1571O5°38'
22°127l05°38'
22°487l05°19'
21°457l04°51'
21°187l04°54'
22°577l04°57'
21°1671O4°28'
21°1171O4°25'
21°297l05°04'
21°2671O4°54'
21o357l04°56'
21o187l06°12'
21°3671O6°34'
21°257l06°24'
22°127l04°39'
21°387l05°06'
21°5O71O4°13'
21o367l05oH'
22°257l05°10'
22°2571O4°51'
21°207l03°58'
21°327l05°17'
21°437l06°39'
21°127l04°43'
22°297l04°46'
22°387l05°27'
20°427l04°18'
21°307l04°53'
22° 137105° 11'

Elevation
(meters)

1380
1500
100

1200
50
30

1560
0
0

100
60

850
100

1380
1600
500

1000
760

0-380
0-600
0-460

1300
50

1900
100
820

2100
1100

0
0-40
1300
2100

15
840

1000
50

duce a character correlation matrix that was
subjected to a principal component analysis.
Overall discrimination among the groups was
examined by subjecting the raw data for each a
priori recognized group to a stepwise discriminant
analysis (BMD07M). Plots of the groups onto the
two canonical variates were obtained from this
analysis. Evaluation of forms occurring in sym-
patry was made with two-group discriminant
analyses (BMD04M). Computer programs were

first applied to all 17 population samples of Per-
omyscus from Nayarit and subsequently to the 13
samples of the boylii species group. We have not
shown the results of all the analyses because of
their redundancy. The computer analyses were
done either on the IBM 360/65 at the U.S. De-
partment of Interior's Washington Computer
Center or on the Honeywell belonging to the
Smithsonian Institution. All statistical methods
are discussed in Neff and Marcus (1980).
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The Peromyscus boytii Species Group in
Western Mexico

Since Osgood (1909) first defined the Peromyscus
boylii group, it has proven to be one of the most
difficult complexes in the genus in terms of delim-
iting the number of biological species. Our com-
prehension of the relationships and level of differ-
entiation of forms included in it has been
hindered by the apparent complexity of their
distributions, the subtleness of their morphologi-
cal differentiation, and a surfeit of available
names. During the past 20 years, many contri-
butions have appeared that substantially modi-
fied some of Osgood's (1909) subspecific and
specific arrangements and that seriously ques-
tioned the correctness of others. Because of the
confusing array of names involved and their
sometimes inconsistent or misleading application
in the literature, it is appropriate to provide first
a historical review of the systematic treatment of
the boylii species group and the evidence bearing
upon its intrarelationships. Our discussion focuses
on taxa whose distribution is localized in western
Mexico (namely madrensis, simulus, and spicilegus);
however, for purposes of clarity and context, it
must also encompass forms (such as rowleyi, levipes,
evides, and aztecus) whose taxonomy is inextricably
linked with the western Mexican populations.

In preparing his taxonomic study of the genus
Peromyscus, Osgood confronted an imposing num-
ber of described forms, 167 alone named after
1885 by his own count (1909). Prior to his revi-
sion, Peromyscus boylii and its relatives were repre-
sented by some 22 taxa, 14 of them described as
species. Osgood's delineation of the ''''Peromyscus
boylii group" reduced that number to four, with
a majority of the former species placed in synon-
ymy under boylii (Table 2). Proceeding via a
southerly transect through western Mexico, his
chain of intergrading subspecies of boylii included
rowleyi, spicilegus, simulus, levipes, and evides; a dis-
tinctive insular race, madrensis, occurred off the
coast of Nayarit. Although maintained as sepa-
rate species, hylocetes and oaxacensis were viewed
by Osgood as somehow part of the same complex,

TABLE 2.—Classifications of the Peromyscus boylii species
group

OSGOOD, 1909

boylii (Baird) (incl. attwaten, aztecus, evides, levipes, madrensis,
rowleyi, simulus, and spicilegus)

hylocetes Merriam
oaxacensis Merriam
pectoralis Osgood

HALL AND KELSON, 1959

boylii (Baird) (incl. attwateri, aztecus, cordillerae, evides, glasselli,
levipes, madrensis, rowleyi, sacarensis, simulus, spicilegus, and
utahensis)

hylocetes Merriam
oaxacensis Merriam
pectoralis Osgood
perfulvus Osgood
polius Osgood

HOOPER, 1968

aztecus (Saussure)
boylii (Baird)
evides Osgood
hondurensis Goodwin
hylocetes Merriam
oaxacensis Merriam
pectoralis Osgood
polius Osgood

CARLETON, 1977, 1979

attwateri Allen
aztecus (Saussure) (incl. cordillerae, evides, hylocetes, and oaxacen-

boylii (Baird) (incl. ambiguus, baetae, glasselli, levipes, rowleyi,
sacarensis, and utahensis)

madrensis Merriam
pectoralis Osgood
polius Osgood
simulus Osgood
spicilegus Allen
stephani Townsend
winkelmanni Carleton

HALL, 1981
attwateri Allen
aztecus (Saussure)
boylii (Baird) (incl. ambiguus, beatae, cordillerae, glasselli, levipes,

madrensis, rowleyi, sacarensis, simulus, spicilegus, and utahensis)
evides Osgood
hylocetes Merriam
oaxacensis Merriam
pectoralis Osgood
polius Osgood
stephani Townsend
winkelmanni Carleton
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fitting into spicilegus and the other subspecies
through aztecus and evides.

In reading Osgood's (1909) species accounts, it
is readily apparent that he regarded his treatment
of the boylii complex as inconclusive, a tentative
taxonomic framework to be assessed further by
additional collections. He suspected that two spe-
cies were intermixed in some of his samples (e.g.,
series of boylii levipes) and predicted that some of
his "races" of boylii (e.g., aztecus and levipes) one
day would be discovered sympatrically (a proph-
esy repeatedly fulfilled after 50 years—Alvarez,
1961; Hall and Dalquest, 1963; Musser, 1964;
Carleton, 1977). In view of his skepticism, it is not
clear why he rendered certain taxonomic deci-
sions regarding the group, unless one weighs them
against the developing evolutionary viewpoints of
his period.

Osgood undertook the revision of Peromyscus
during a time of transition in the species concept,
a change from that of the Linnaean species to the
poly typic species and an awareness of geographic
variation. Indeed, his work on Peromyscus heralded
the emergence of the polytypic species in the field
of systematic mammalogy and still stands as a
seminal effort on geographic variation in mam-
mals. Thus, he noted the existence of "inter-
grades" or of certain samples "approaching" oth-
ers in morphology and searched for breaks "in
the continuous series of definable forms . . ." (Os-
good, 1909:157). Osgood found evidence of
"breaks" for levipes and hylocetes and levipes and
oaxacensis by documenting their co-occurrence at
certain localities, and accordingly, he retained
hylocetes and oaxacensis as species. Lacking such
documentation for the remaining "definable
forms," he relegated them to subspecies of boylii
(actually he failed to recognize instances of sym-
patry in some of his locality samples, see Hall and
Dalquest, 1963; Carleton, 1977). Osgood
(1909:159) interpreted variation in the boylii
group as indicative of varying degrees of repro-
ductive isolation: "Possibly here is another ex-
ample of two subspecies [in this case, levipes and
oaxacensis] of the same group occurring together,
for levipes appears to intergrade with spicilegus,

spicilegus with evides and aztecus, and quite proba-
bly aztecus with oaxacensis." Moreover, he seemed
to emphasize variation in pelage color as evidence
of intergradation. For example, he remarked
(1909:146), "Most Mexican specimens of row leyi
show slight tendencies toward spicilegus, being
slightly deeper colored," and again (p. 151), "The
type ofsimulus, which was selected with particular
reference to its cranial characters, is somewhat
darker and nearly the same color as spicilegus. It
may therefore be regarded as slightly intermedi-
ate." Today, however, the suite of cranial traits is
now recognized as diagnostic for simulus and spi-
cilegus and others in the boylii group, but coat
color in Peromyscus is regarded as particularly
subject to convergence where two closely related
species occupy similar habitat.

Osgood's (1909) arrangement of the boyliigroup
remained essentially intact over the next half-
century. Hall and Kelson's (1959) classification
repeated that of Osgood except for the accom-
modation of newly described subspecies of boylii
and a new species (Table 2). In 1945, Osgood
named perfulvus and provisionally allied it to the
boylii group, but Hooper (1955) later reassigned
perfulvus to the melanophrys group. Hoffmeister
(1951) suggested the transfer of polius from the
truei group, where Osgood (1909) originally
placed it, to the boylii group.

Information resulting from more recent field
collections indicated the need for further reassess-
ment of Osgood's (1909) taxonomic scheme. Al-
varez (1961), Hall and Dalquest (1963), and Mus-
ser (1964) reported the coexistence of levipes and
aztecus at several localities in eastern Mexico. In
western Mexico, evides and levipes were found in
sympatry (Hooper, 1961; Musser, 1964), as were
spicilegus and levipes and spicilegus and hylocetes
(Hooper, 1955). In addition, Hooper (1955) sus-
pected that two forms were confused under the
name of simulus in the coastal lowlands of Sinaloa
and Nayarit, and Baker and Greer (1962) cited
the strong differentiation of simulus from popula-
tions of boylii occurring at higher elevations (spi-
cilegus and rowleyi).

In his synopsis of the genus Peromyscus, Hooper


