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Canyon Mouse

Hesperomys crinitus Merriam, 1891:53. Type locality, Shoshone
Falls, N side Snake River, Jerome Co., Idaho.

Sitomys auripectus J. A. Allen, 1893:75. Type locality, Bluff City,
San Juan Co., Utah.

Peromyscus stephensi Mearns, 1897:721. Type locality, 3 mi. E
Mountain Spring, Imperial Co., California.

Peromyscus petraius Elliot, 1904:244. Type locality, Lone Pine,
Inyo Co., California.

Peromyscus crinitus, Bangs, 1899:67. First use of name combi-
nation.

CONTEXT AND CONTENT. Order Rodentia, Suborder
Myomorpha, Superfamily Muroidea, Family Muridae, Subfamily Sig-
modontinae, Genus Peromyscus, Subgenus Peromyscus; crinitus
species group. The genus Peromyscus includes 49 nominal species
(Honacki et al., 1982), several of which are insular forms. The
species group includes Peromyscus pseudocrinitus Burt, a species
endemic to Coronados Island, Gulf of California, and Peromyscus
caniceps Burt, endemic to Monserrate Island, Gulf of California.

Subspecies were reviewed by Hall and Hoffmeister (1942). Hall
(1981} listed eight subspecies, as follows, and mapped their geo-
graphic ranges:

P. c. auripectus (J. A. Allen, 1893:75), see above.

P. c. crinitus (Merriam, 1891:53), see above (peridoneus Merriam
a synonym).

P. c. delgadilli Benson, 1940:1. Type locality, 2 mi. S Crater
Elegante, 34 mi W Sonoita, Sierra del Pinacate, Sonora.

P. c. disparilis Goldman, 1932:90. Type locality, Tinajas Altas,
2,000 ft, Gila Mts., Yuma Co., Arizona (rupicolus Benson and
scopulorum Benson are synonyms).

P. c. doutti Goin, 1944:189. Type locality, Antelope Canyon, 7,200
ft, 20 mi SE Duchesne, Duchesne Co., Utah.

P. ¢. pallidissimus Huey, 1931:389. Type locality, small island in
Gonzaga Bay, 29°50'N, 114°20'W, Baja California.

P. ¢. pergracilis Goldman, 1939:356. Type locality, S end Stans-
bury Island, 4,250 ft, Great Salt Lake, Tooele Co., Utah.

P. c. stephensi Mearns, 1897:721, see above (petraius Elliot a
synonym).

DIAGNOSIS. Accessory cusps between three principal labial
cusps of M1 and m1 rudimentary or lacking; palate nearly as long
as incisive foramina; dorsal pelage long, lax, silky; tail as long as or
longer than head and body; two pairs of mammae, inguinal.

GENERAL CHARACTERS. The following description of
Peromyscus crinitus (Fig. 1) was compiled from Benson (1940),
Davis (1939), Hall (1946), Hall and Hoffmeister (1942) and Osgood
(1909) and confirmed by re-examination of specimens in the Uni-
versity of Colorado Museum. Capitalized color terms are from Ridg-
way (1912) as reported by Benson (1940) and Hall and Hoffmeister
(1942).

Size small to medium for genus; tail generally longer than head
and body except in some northern populations; ears large, about
same length as hind foot, sparsely haired. Means, extremes (in
parentheses) and sample sizes for external measurements (in mm)
of adult males and adult females, respectively, from throughout the
range of the species in the United States are: total length, 174.6
(162 to 186), 79, 176.1 (164 to 191), 81; length of tail, 91.6 (82
to 101), 79, 92.2 (79 to 118), 81; length of hind foot, 20.7 (18
to 25), 79, 20.6 (18 to 22), 81; ear, 19.9 (17 to 23), 69, 20.1
(18 to 22), 79; mass (in g), 16.52 (12.8 to 20.5), 52, 17.3 (12.6
to 22.9), 49 (Armstrong, 1972, 1982; Davis, 1939; Durrant, 1952;
Hall, 1946; Hall and Hoffmeister, 1942). Benson (1940) provided
measurements of Mexican specimens, but included subadults in means;

hence, the data are not readily comparable with those reported
herein.

Geographic variation in size generally is clinal (Hall and Hoff-
meister, 1942). Animals from the north have longer and heavier
bodies, relatively and absolutely shorter tails, and larger skulls. In
addition to geographic variation, there appears to be sexual dimor-
phism, with females averaging larger than males. Hall (1946) re-
ported females to be 3.5% longer, 17.5% heavier, and to have 2.1%
longer skulls.

Tail thinly covered with long, soft hairs, sometimes appearing
distichous or crested; annulations of epidermal scales generally readi-
ly visible beneath hairs of tail; distinctly penicillate; usually distinctly
bicolored, countershaded (dark above, pale below). Feet white (except
black in P. c. delgadilli), haired only on proximal fourth of plantar
surface; dorsal pelage long and lax, silky, often appearing ruffled;
individual hairs lead-gray at base, succeeded by ochraceous to buffy
subterminal band, and tipped with brown or black; dark grayish
bases of hairs sometimes visible through buffy to pale grayish shade
of dorsum; color usually becomes less bright (and more grayish) with
age; hairs of forehead, nose, and face shorter than those of body;
color of those areas appearing slightly more grayish than body as
bases of hairs more readily visible.

Dorsal color geographically variable. Hair Brown overlain with
ochraceous in P. ¢. crinitus—northern Nevada, Oregon, Idaho;
Light Ochraceous-Buff, lightly overlain with dusky in P. c. pergrac-
ilis—Bonneville Basin; Light Ochraceous-Buff overlain with brown-
ish or blackish in P. c. stephensi and P. c. disparilis—lower
Colorado drainage and southern California; Pale Ochraceous-Buff
overlain with brownish and dusky in P. ¢. pallidissimus—an insular
form in the Sea of Cortez; Chaetura Drab in P. ¢. delgadilli—
Pinacate Lava Flow, Sonora; Ochraceous-Buff in P. ¢. auripectus—
Colorado Plateau (Hall and Hoffmeister, 1942); Light Ochraceous-
Buff to Light Pinkish Cinnamon in P. c¢. doutii— Uinta Basin (Goin,
1944). Individuals darker dorsally tend to have clear buffy lateral
line. Venter white (except in P. c. delgadilli), hairs gray at base;
buffy to ochraceous pectoral patch (especially pronounced in P. c.
auripectus, perhaps least so in P. c. doutii); venter sometimes faintly
washed with buff; ochraceous anal patch sometimes present.

As in some other rodents, canyon mice sometimes have the '
general color of their characteristic substrate, thereby forming mi-
crogeographic color races. An early critical review of this phenom-
enon (Sumner and Swarth, 1924) had too few specimens of canyon
mice to permit conclusions. Benson (1940) described three dark-
colored subspecies from Sonora, based on populations from localities
with dark substrates. Hall and Hoffmeister (1942) relegated two of
those nominal subspecies (P. c. rupicolus and P. c. scopulorum) to
synonymy under P. c. disparilis, but retained the third (P. c.

Fic. 1. Photograph of captive Peromyscus crinitus from San
Juan Co., Utah. Photograph by senior author.
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Fic. 2. Dorsal, ventral, and lateral views of the skull and
ldteral view of the mandible of Peromyscus crinitus (University of
Colorado Museum No. 15374, adult female) from San Juan Co.,
Utah. Drawing by Genevieve Lee.

delgadilli) as a valid subspecies. Hardy (1941) commented on the
dark color of canyon mice from St. George, Utah, and later, he
noted that canyon mice in southwestern Utah vary in color according
to the predominant color of rocky substrates (Hardy, 1945). Al-
though microgeographic ““tracking” of substrate color appears to be
common, it is not an inviolate rule; canyon mice from areas of pale
granite and black lava in Arizona were generally uniform in color
(Dice and Blossom, 1937).

Skull (Fig. 2) rather delicate; braincase broad, shallow, flat-
tened, rounded in dorsal view; rostrum relatively long and slender,
slightly depressed, more or less rounded dorsally; nasals long, slender,
somewhat compressed posteriorly; infraorbital canal high, relatively
narrow; zygomata rather delicate, zygomatic breadth not much great-
er than cranial breadth; ascending branches of premaxillae usually
attenuate and rarely extending behind nasals; auditory bullae of
moderate size; maxillary toothrow short; palate nearly as long as
incisive foramina; means, extremes (in parentheses) and sample sizes
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Fic. 3. Map showing geographical distribution of Peromyscus
crinitus.

for cranial measurements (in mm) of aduit males and adult females,
respectively, from throughout the range of the species in the United
States, are: greatest length of skull, 24.9 (23.8 to 26.3), 88, 25.0
(23.0 to 26.2), 78; condylobasal length, 24.0 (22.8 to 24.8), 34:
23.8 (22.9 to 24.8), 31; zygomatic breadth, 12.5 (11.5 to 13.0),
46; 12.4 (11.6 to 12.7), 37; interorbital constriction, 4.4 (3.8 to
4.9), 88, 4.3 (3.8 10 4.8), 84; length of nasals, 9.5 (8.4 to 10.6,
88, 9.5 (8.6 to 10.1), 78; length of maxillary toothrow, 3.5 (3.2
to 3.9), 88, 3.6 (3.2 to 3.8), 78; cranial depth, 8.8 (8.6 to 9.3),
34, 8.8 (8.6 to 9.0), 31 (Armstrong, 1972, 1982; Durrant, 1952;
Hall, 1946; Hall and Hoffmeister, 1942).

Dental pattern simple, much like P. eremicus; accessory lophs
typically absent; presence of accessory styles geographically variable;
when present, unattached to neighboring cusps or lophs; no mesoloph;
lower teeth simpler than upper teeth, no meso- or ectolophids, and
stylids small and present in one-third of sample; details and frequency
distributions of dental traits provided by Hooper (1957). Armstrong
(1979a), Hall (1946), Hall and Hoffmeister (1942), and Kelson
(1951) provided additional comments on phenotypic variation.

DISTRIBUTION. The canyon mouse occurs in western
United States and adjacent northwestern México, from Oregon,
Idaho, and Wyoming southward to Sonora and Baja California Norte,
and from California east to Colorado and New Mexico (Fig. 3).

Physiographically, the range encompasses much of the Inter-
montane Plateaus Division that includes the southern Columbia Pla-
teau, Basin and Range, and Colorado Plateau provinces, an area
west of the Rocky Mountains and east of the Sierra Nevada (except
in southern California, where canyon mice occur in the Kern River
drainage). Reported elevational range is from 85 m below sea level
in Death Valley to 3,230 m at Bullfrog Lake, Fresno Co., California
(Hall and Hoffmeister, 1942).

The canyon mouse is restricted to the Navahonian, Artemisian,
Mohavian, and Sonoran Biotic Provinces of Dice (1943). These
correspond roughly to the Navahonian, Uintian, Artemesian [sic],
Mohavian, Kaibabian, and Sonoran “‘mammal provinces” of Hag-
meier (1966). Areographically, Armstrong (1972, 1977) included
the species in the Yuman Faunal Element.

Figure 3 is based on Hall (1981), who listed marginal records.
Within the range mapped, P. crinitus often is restricted to canyons
that extend in a dendritic pattern into areas of otherwise unsuitable
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habitat. Furthermore, within the range outlined, canyon mice often
are absent from habitat that seemingly is suitable for them. Hence,
the actual range of P. crinitus, both regionally and locally, is con-
siderably smaller than an uncritical glance at the range map suggests.
Details of local distribution within the range mapped were provided
by Armstrong (1972, 1982), Bailey (1936), Cockrum (1960), Davis
(1939), Durrant (1952), Findley et al. (1975), Goldman (1937),
Hall (1946), Kirkland (1980), and Long (1965).

Subspecies are not reviewed in this paper and subspecific bound-
aries are not indicated in Fig. 3. The interested reader is referred
to the review by Hall and Hoffmeister (1942) or the compilation by
Hall (1981).

FOSSIL RECORD. The earliest fossils of P. crinitus are
from Rancholabrean deposits (100,000-130,000 YBP) from the
Newport site in the Los Angeles Basin (Miller, 1971). An association
with Dipodomys and Perognathus californicus suggests a semiarid
climate for this coastal site. The canyon mouse no longer occurs
there. Harris (1970) tentatively identified P. crinitus as a member
of the Dry Cave Fauna (14,470 £ 250 YBP) in southeastern New
Mexico, approximately 450 km SE of the present range. A drier
climate in the 13th Century apparently allowed the canyon mouse
to occur to the east and southeast of its present range (Holbrook,

1977, 1980).

FORM. Few aspects of the anatomy of the canyon mouse
have been studied, and we are largely ignorant of morphological
adaptations of P. crinitus to their characteristically demanding hab-
itat, Klingener (1968) made only incidental reference to P. crinitus,
but the interested reader is referred to that summary for general
description of the morphology of species of Peromyscus. Hooper
(1957) described dental patterns in canyon mice.

The distal tract of the glans penis is short, about two-fifths the
length of the hind foot. The glans is rod-shaped, flared distally. Its
length is about four times its greatest diameter and about one-fourth
the length of the hind foot. The surface is covered with spines,
slightly larger and more distantly spaced proximally than distally.
There are two dorsal lappets and a ventral lappet arranged about
the urethral orifice. A cone of nonspinous, soft tissue distal to the
urethral opening is slightly protractile (Hooper, 1958).

Mean and extreme (in parentheses) measurements (in mm) of
four bacula (Burt, 1960) were: length, 8.2 (7.5 to 8.6); width of
base, 1.8 (1.5 to 2.1). The structure is curved dorsoventrally near
the tip (Blair, 1942; Burt, 1960), concave above and below, and
slightly expanded at the tip, capped with a minute cartilaginous cone
(Hooper, 1958). The baculum is similar to that of P. eremicus (Blair,
1942; Burt, 1960). It is relatively shorter (one-third the length of
the hind foot) than in any other member of the “Maniculatus
division,” more similar to P. gossypinus and P. polionotus than to
P. truei or P. boylei (Hooper, 1958).

Mean measurements (in mm) of reproductive tracts of three
males from Kern Co., California, were: testis, 7.0 by 4.0; ductus
deferens, 10.4; urethra, 8.5; ampullary gland, 1.9 by 2.5; vesicular
gland, 5.1 by 2.3; anterior prostate gland, 3.2 by 1.2; dorsal prostate,
3.7 by 1.9; ventral prostate, 2.2 by 1.3; bulbourethral gland, 1.8
by 1.8. Preputial glands are absent, the urethra relatively short, and
the ventral prostate relatively small; otherwise, P. crinitus is typical
of the subgenus Peromyscus, lying intermediate between manicu-
latus and boylii species groups. There are one pair each of am-
pullary, vesicular, anterior and dorsal prostates, and bulbourethral
glands, and two pairs of dorsal prostates (Linzey and Layne, 1969).

FUNCTION. Under laboratory conditions, canyon mice are
independent of free, exogenous water when fed dry food (Abbott,
1971; MacMillen, 1972; MacMillen and Christopher, 1974). De-
prived of water, canyon mice equaled or exceeded the performance
of Dipodomys merriami in both weight response and osmolarity of
urine (MacMillen, 1983; MacMillen and Christopher, 1974). With-
out a source of water, P. crinitus lost 10% of its body weight in 7
days, then maintained body weight indefinitely (MacMillen, 1983).
In the laboratory, urine concentration was 3,420 mOsm/] (Abbott,
1971). Under field conditions, canyon mice produced urine in excess
of 4,000 mOsm/1 and had a blood plasma osmotic pressure of 350
mOsm/1 throughout the year (MacMillen, 1983; MacMillen and
Christopher, 1974). Although canyon mice apparently can prevail
without water, Ryan (1968) observed them to drink from a water
hole in Deep Canyon, California. Fluid consumption decreased when
NaCl concentrations exceeded 0.38 M, but canyon mice gained or
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maintained weight when consuming solutions with concentrations to
0.67 M; on a 1.0 M NaCl regimen, they lost weight but survived
(Abbott, 1971).

Canyon mice exhibit diurnal torpor in response to food (Mor-
hardt and Hudson, 1966) and water (MacMillen, 1983) deprivation.
Drought-induced torpor, common in Peromyscus from arid envi-
ronments, might enhance ability to cope with xeric habitats (MacMillen,
1983).

In comparison to other Peromyscus species, P. crinitus had
a body temperature 0.9°C lower than predicted from body size
(McNab, 1968; McNab and Morrison, 1963). Members of third
generation laboratory colonies continued to show this trait (McNab
and Morrison, 1963). P. crinitus had a lowered body temperature
in response to cold stress or food shortage (or both) in nature and
some individuals were active with lower than normal body temper-
atures (Mullen, 1971). At environmental temperatures between 1
and 5°C, some individuals ceased to regulate body temperature and
entered torpor (McNab and Morrison, 1963).

In the field in November, January, and February, CO, pro-
duction was 4.54, 4.40, and 7.51 ml™' g™ h respectively, and O,
consumption was 5.53, 5.37, and 9.15 ml™' g™ h. Average body
mass increased from 12.4 g in November to 13.2 g in January, and
16.0 g in February (Mullen, 1971).

Dry-weight biomass is 4.49 *+ 0.35; percentage fat, 16.97 +
2.36; percentage ash, 13.78 =+ 0.60; caloric density, 5.21 + 0.11
kcal/g dry weight, 6.05 = 0.10 kcal/g ash-free dry weight (Kauf-
man et al., 1975). Wiener et al. (1977) published details of ash
composition.

Frequency of intrinsic intestinal contraction in the canyon
mouse was a function of gut temperature (Studier et al., 1977). Gut
thermal sensitivity in P. crinitus was significantly less than in P.
eremicus, and significantly greater than in P. leucopus. Kenagy
and Hoyt (1980) observed coprophagy in the canyon mouse.

ONTOGENY AND REPRODUCTION. The estrous cycle
is typical of muroid rodents (Dewsbury et al., 1977). Ovulation is
spontaneous. Mean length of the estrous cycle (n = 7 individuals,
30 cycles) was 6.1 days; mode, 5 days; median 4.9 days (+SE,
1.3).

At lower elevations (1,370 m) on White Mountain, Mono Co.,
California, breeding occurred mostly in spring (March and May
sampling periods). At 2,165 m, breeding canyon mice were taken
in spring (March and May) and fall (October), and were reproduc-
tively inactive in midsummer and midwinter (Dunmire, 1961). In a
laboratory colony from Utah, young were born in every month, but
109 of 135 litters (81%) were born from January through August;
fewest litters were born in November (Egoscue, 1964).

The animals are seasonally polyestrous; many females showed
the same breeding period each year. Females averaged 2.05 litters
per year with a maximum of eight. The maximum reproductive
lifetime of a captive female was 46 months. The shortest interval
between successive litters was 27 days. Gestation while lactating
lasted 29 to 31 days; gestation for nonlactating females was 24 to
25 days (Egoscue, 1964).

Litter size ranged from one to five (mean, 3.1, mode, four;
Egoscue, 1964). Just one of 130 litters contained five young (females
have four mammae). Embryo counts from field studies (for example,
Armstrong, 1982; Davis, 1939; Egoscue, 1964; Hall, 1946) all
were between one and five. Male : female sex ratio was 68:75 (0.91:
1) at 1,370 m and 143:148 (0.97 to 1) at 2,165 m in California
(Dunmire, 1961).

In a laboratory colony bred from stock obtained from San
Diego Co., California, mean litter size was 2.9 (+SE = 0.07, n =
206), significantly smaller than in P. leucopus, P. maniculatus, or
P. polionotus (Drickamer and Vestal, 1973). The rate of destruction
of litters (26.9%) was the highest reported among 10 species com-
pared. Mean litter size increased from 2.5 for primiparous females
to three or more in successive litters. In the laboratory, there was
no reproductive seasonality and no relationship between breeding
activity and day length.

Neonates appeared slightly more advanced (by 2.5 to 3 days)
than newborn deer mice, and weighed an average of 2.2 (1.8 to
2.6) g. The tail averaged 12.8 (12 to 14) mm long, the hind foot,
7.5 (7 to 8). Neonates were lightly pigmented above and vibrissae
were present. Ears were folded against the head and the animals
squeaked faintly. By 1 week of age young weighed 5 to 6 g. Short
black fur and scattered guard hairs were apparent on the dorsum,
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and sparse hair was visible on the venter. The vibrissae were about
10 mm long, but the tail still was hairless. Eyes opened at 15 to 17
days of age. At 4 weeks, the animals weighed 13.2 to 15.0 g and
were weaned. Juveniles were uniformly pale gray, without brown
overtones and with few black-tipped hairs (Egoscue, 1964).

Among 18 species of Peromyscus the canyon mouse was
distinctive in its relatively long period of lactation (28 days in com-
parison with a mean for 18 species of 21.9 days) and high relative
birth mass (birth mass/adult mass, 0.47 in comparison with a mean
for 18 species of 0.28), traits interpreted as responses to an unpro-
ductive habitat (Modi, 1984). Age at weaning used by Modi (1984)
was based on Egoscue (1964) and is the maximum reported for the
species. Drickamer and Vestal (1973) reported the average age at
weaning as 23 days; the range in 10 species of Peromyscus studied
was 21 to 30 days. Eisenberg (1968) reported weaning at 24 to 26
days of age; females routinely carried young attached to the nipples.
Breeding may commence as early as 70 days, but most pairs did
not begin to breed until 4 to 6 months of age. Longevity has not
been studied.

There are two maturational molts (postjuvenile, postsubadult)
and a seasonal molt or molts. Examination of specimens in the
University of Colorado Museum suggests that the postsubadult molt
is patchy and irregular, with the first buffy hairs appearing on the
sides, rump, or middorsum. We have specimens to document molt
in adults in summer, exhibited as an anterior to posterior wave of
replacement obvious in July-taken males from Colorado and Utah;
molt appears to be retarded or postponed in lactating females.

In common with other xeric-adapted species (P. eremicus, and
P. californicus), canyon mice have relatively precocial young. In
common with P. truei, postnatal development is relatively slow and
protracted, a pattern perhaps related to unproductive habitat (Layne,
1968). Based on a plot of adult body mass against the sum of
gestation period plus days to eye-opening for several cricetines, P.
crinitus showed slow development, especially relative to P. eremicus
and P. californicus (Eisenberg, 1981). More complete data on
ontogeny of many species of Peromyscus are required to understand
these patterns.

ECOLOGY. Canyon mice occur exclusively in rocky habitats:
gravelly desert pavement, talus, boulders, cliffs, and slickrock (Arm-
strong, 1979a, 1979b, 1982; Baker, 1968; Bradley and Mauer,
1973; Egoscue, 1964; Harris, 1963; Hayward et al., 1958; Hoff-
meister and Durham, 1971; Johnson, 1981; Matson, 1976; Presnall,
1938; Ruffner et al.,, 1978). Vegetation has little or no effect on
local distribution; the species is associated with rocky substrate rather
than any particular plant association (Deacon et al., 1964; Egoscue,
1964; Johnson, 1983). Where rocky, rough, and broken terrain
occur, canyon mice have been captured in association with black-
brush (Coleogyne; Armstrong, 19795), yellow pine (Pinus ponder-
osa)-fir (Abies)-aspen (Populus tremuloides; Burt, 1934), pifion
(Pinus monophylla)-juniper (Juniperus osteosperma) woodland
(Deacon et al., 1964), Larrea-Franseria, Emplectocladus, and Atri-
plex-Hilaria communities (Hardy, 1945), Artemisia, Atriplex, Co-
leogyne, and Larrea (Honeycutt et al., 1981), Grayia-Lycium,
Atriplex-Kochia, Salsola, and pifion-juniper communities (Jorgen-
sen and Hayward, 1965), and creosote (Larrea)-palo verde (Cer-
cidium) and Agave-Ocotillo communities (Ryan, 1968).

Canyon mice are omnivorous (Morton, 1979). In California
and southern Nevada, they ate seeds, insects, and green vegetation
in amounts depending on seasonal availability (Bradley and Mauer,
1973; MacMillen and Christopher, 1974). Insects and other small
animals compose a significant proportion of the diet when seeds are
rare (MacMillen, 1972). Seeds composed most of the diet in south-
eastern Utah (Armstrong, 1982). In captivity, canyon mice ate
mealworms (Tenebrio; Ryan, 1968).

Canyon mice traveled as fast as 27.3 m/min (Fisher and Cross,
1979). By use of the adjusted convex-polygon method, Johnson
(1976) found no statistically significant differences between sizes of
home ranges (X + 1 SE) of seven males (0.35 + 0.029 ha) and
six females (0.38 + 0.084 ha) in southeastern Utah. Densities have
been reported as O to 26.5/ha in the Grand Canyon (Ruffner et al.,
1978), 0.5 to 3.0/ha in Agave-Ocotillo in California (Ryan, 1968),
and 0.5 to 42.9/ha in southeastern Utah (Johnson, 1981, 1983).
On isolated buttes the latter author found densities ranging from 5
to 42.9/ha. When open space between shrubs was decreased with
artificial shelters (thereby decreasing the risk of predation) abundance
of P. crinitus increased (Thompson, 1982), suggesting that risk of
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predation influenced density. Tanner (1965) reported an apparent
population crash of all small mammals (including P. crinitus) at a
site in Utah.

Canyon mice may compete with other omnivorous/granivorous
rodents. Where Neotoma lepida was removed, populations of P.
crinitus and P. eremicus increased by 87%. Where Perognathus
fallax was removed, Peromyscus populations increased 130% (Eide-
miller, 1980). Where canyon mice and cactus mice are sympatric,
canyon mice occupy rocky areas and cactus mice inhabit brushy
flats on the desert floor (Eisenberg, 1963). However, P. crinitus
was outnumbered by P. eremicus in rocky terrain in Deep Canyon,
California (Ryan, 1968).

Johnson (1981, 1983, 1986) studied mammalian communities
on five island-like isolated buttes and a nonisolated site in southeastern
Utah. P. crinitus was the only terrestrial mammal found on all
buttes. On one butte, the canyon mouse was one of only two mam-
malian species, and on another butte it was the only species of
Peromyscus. In contrast, the nonisolated control site supported at
least 16 mammalian species. Where the canyon mouse was the sole
or most abundant Peromyscus, it used a broad range of microhab-
itats. Where P. crinitus occurred with two or three other species
of Peromyscus, it was restricted to rocky microhabitats. In addition,
the density of canyon mice was correlated inversely with mammalian
species richness. Johnson (1986) speculated that interspecific com-
petition restricted canyon mice to rocky habitats and also suggested
that the canyon mouse was the only terrestrial mammal to occur
on all of the isolated buttes because it is an excellent climber and
xeric-adapted. The sheer cliffs that form the isolated buttes might
not be a barrier to movement of canyon mice to the summit of a
butte, but actually might be suitable habitat. Most other mammalian
species cannot surmount the cliffs to colonize summits of buttes.

Whitaker (1968) reported two endoparasites from the canyon
mouse, a cestode and a thelaziid nematode. Babero and Matthias
(1967) reported a 22% infection rate of P. crinitus by the oxyurid
nematode, Syphacta paromysci, in Clark Co., Nevada. Grundmann
(1957) reported Protospiura numidica from 41% of canyon mice
in the Great Salt Lake Desert.

Whitaker (1968) summarized an extensive ectoparasite fauna
for the canyon mouse, including 20 species of mites, 6 chiggers, 3
ticks, and 1 louse. Since that compilation, Stark and Kinney (1969),
Egoscue (1976), and Armstrong (1982) reported 10 additional fleas
from the canyon mouse, and Allred and Beck (1966), Armstrong
(1982), and Goff and Loomis (1973) reported three other acarines.

Botfly (Cuterebra) parasitism of P. crinitus has not been re-
ported in the literature, and Hall (1946) explicitly commented on
the absence of warbles from P. crinitus in Nevada. Eighteen of 257
individuals that we captured in southeastern Utah were infested;
some carried two larvae simultaneously.

Allred (1956) and Whitaker (1968) compared the occurrence
of mites of five species of Peromyscus from Utah. Differences found
were attributed to habitat requirements of both mice and mites. P.
crinitus was particularly prone to infestation by Eubrachylaelaps
hollisteri. Egoscue (1976) reported that where Peromyscus crinitus
and P. maniculatus were sympatric in western Utah, 20.8% of flea-
infested canyon mice had deer mouse fleas and 18.9% of flea-infested
deer mice had fleas of the canyon mouse.

Canyon mice were not infected with sylvatic plague at Lava
Beds National Monument, California, where the disease occurred in
P. maniculatus and Neotoma cinerea (Nelson and Smith, 1976),
because canyon mice were restricted to the twilight zone of the
caves, hence did not encounter dens of woodrats (Neotoma cinerea).

BEHAVIOR. Dewsbury (1975) described copulatory behav-
ior. At first the female ran from the male; then she adopted a
stationary receptive posture with the perineum elevated. The male
mounted from behind. Average latency to first intromission was
1,314 s (range, 50 to 3,969). Several short thrusts preceded in-
tromission. Intromissions were a single deep thrust with rapid dis-
mount. There was no lock. Duration of intromission was about 0.25
s. Multiple intromissions preceded ejaculation. A mean of 2.2 (range,
1 to 4) ejaculations preceded satiety.

In captivity, females did not allow males in the nest box during
parturition and male intruders often were bitten on the rump and
tail (Eisenberg, 1963). At times other than at parturition, female-
female encounters were less likely to result in fights than male-male
encounters. Male-female encounters were more aggressive than fe-
male-female encounters but less so than male-male encounters. These
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results indicate a dispersed social organization with high male-male
antagonism and only moderate pair bonding (Eisenberg, 1963). Adult
groupings probably are limited to brief pairings of females and males
for copulation. After birth, females and young nest separately from
males.

Peromyscus crinitus quickly learned complex mazes without
extrinsic rewards, such as food and water (Brant and Kavanau,
1964, 1965; Kavanau, 1963, 1967). By day, mice left the nest
briefly to eat, drink, and eliminate. At night, in dim light, they spent
83% of their active time running on a wheel, then returned to the
nest 2 to 4 h before daylight. When several mice lived together,
they displayed synchronous activity patterns (Kavanau, 1967). Can-
yon mice were avid wheel-runners and quickly learned to press a
lever to release a clutch for free-wheel running (Kavanau, 1963).

Captive canyon mice were most active at light intensities from
4.5 x 107 to 6.0 x 107! lux (Kavanau and Havenhill, 1976).
This range of illumination encompasses full-moon intensity (2 x
107 lux) and corresponds to occupation of open habitats and con-
sequent exposure to brighter light. Wheel-running speed was directly
proportional to light level from 0.6 to 3.6 lux, then decreased quickly.
Canyon mice ran on wheels with hurdles or gaps that had to be
jumped (Kavanau and Havenhill, 1976). In nature, the mice move
as fast as navigational safety allows in prevailing light conditions
(Kavanau, 1967).

Eisenberg (1968) described vocal and nonvocal auditory com-
munication. The abandoned cry of neonates was scarcely audible
but was complex and of two types. Type 1 squeaks lasted 0.08 to
0.14 s with a fundamental frequency of 1,700 to 2,500 Hz. Type
2 squeaks lasted 0.11 to 0.14 s with a fundamental frequency of
12,000 to 24,000 Hz. Harmonics at 70,000 Hz possibly are present.
(The true channel of communication may be ultrasonic.) This cry
waned at age 16 to 17 days. Neonates made comfort sounds (low,
rapid peeps) while being groomed by the female.

When startled, canyon mice rarely displayed foot-pattering but
usually exhibited tooth-chattering during aggressive arousal. Mice
responded to bites or injuries with squeaks. The warning squeak or
*““chit” given during nest defense occurred in bursts of one to 10
with each squeak lasting 0.04 to 0.05 s at a fundamental frequency
of 3,600 to 21,000 Hz (Eisenberg, 1968).

Captive canyon mice are remarkably agile (Egoscue, 1964).
Individuals missing half or more of the tail were unable to perform
some of the complicated leaps and climbs characteristic of captive
canyon mice. King et al. (1968) found that canyon mice were
significantly better climbers and runners, above average diggers,
and average swimmers and gnawers compared to several other
species of Peromyscus.

Lemen (1980) showed a general association between navigating
through a structurally complex habitat and a relatively large brain
for 12 species of Peromyscus. However, canyon mice do not follow
the usual trend; they inhabit complex habitats but have small brains
relative to body size and length of tail.

Canyon mice sandbathe to remove oil from their long pelage;
in the absence of sand or fine soil, the coat becomes oily and matted
(King et al., 1968).

GENETICS. Brown and Welser (1968) reported that serum
albumins of canyon mice from Colorado and California were the
same and both populations were monomorphic. Jensen and Ras-
mussen (1971) described two albumins in canyon mice from Utah,
both of which were similar to some albumins of P. maniculatus and
P. leucopus. Zimmerman et al. (1978) studied allelic variation at
23 loci in 14 nominal species of Peromyscus, and indicated that P.
crinitus clustered with P. maniculatus.

By contrast with a general paucity of information on trans-
missional and biochemical genetics, cytogenetic study of P. crinitus
has been extensive. As in all other members of the genus, the diploid
number is 48 (Hsu and Arrighi, 1968). The autosomal complement
has 20 pairs of acrocentric chromosomes and 3 pairs of biarmed
chromosomes (a large submetacentric pair, a small biarmed pair,
and a smaller, nearly metacentric pair). The X chromosome is
submetacentric and the Y chromosome varies from metacentric to
submetacentric.

Pathak et al. (1973) and Clark et al. (1973) reported C-banded
chromosomes from P. crinitus and P. eremicus. P. crinitus has
only eight heterochromatic arms (FN = 56), whereas P. eremicus
has 40 heterochromatic arms (FN = 96). Total length of metaphase
chromosomes in the canyon mouse is 123.2 % 8.5 y; total length
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of euchromatin is 115.9 * 9.42 u. Positive C-bands appear only
at centromeres and on short arms of the three pairs of biarmed
autosomes and the X chromosomes (Arrighi, 1975; Arrighi et al.,
1976).

On the basis of comparisons of heterochromatin, satellite DNA,
constitutive heterochromatin, ribosomal cistrons, and neutral CsCl
bouyant density gradients of DNA, Hazen (1978) and Hazen and
Arrighi (1978) questioned the placement of P. crinitus in the sub-
genus Haplomylomys, substantiating conclusions of earlier authors
from comparative gross morphology.

The karyotype of P. crinitus is the simplest known in the
genus (2n = 48, FN = 56). Hence, it has been taken to be primitive
(Greenbaum and Baker, 1978; Robbins and Baker, 1981; Stangl
and Baker, 1984) therefore useful in comparative and systematic
studies within the genus Peromyscus and between Peromyscus and
other genera (Baker et al., 1979; Mascarello et al., 1974; Yates et
al., 1979).

Kuo (1979) demonstrated by nuclease digestion and two-di-
mensional gel electrophoresis that nucleosomal DNA from three
species of Peromyscus (P. eremicus, P. crinitus, P. collatus) was
similar. Deaven et al. (1977) used fiow microfluorometric measure-
ments of DNA to demonstrate that the genome of P. eremicus was
36% larger than that of P. crinitus because of an abundance of
heterochromatin, thus substantiating earlier measurements of intact
chromosomes. Because P. crinitus and P. eremicus have nearly
identical euchromatin, but P. crinitus has one-third less hetero-
chromatin than P. eremicus, the species have been used as extremes
in comparative studies of chromosomal function. The rate of histone
f2a2 phosphorylation in cells of P. eremicus was 1.5 to 2.0 times
that in P. crinitus, whereas the rate of histone f1 phosphorylation
was identical in cells of the two species, indicating that phosphor-
ylation of histone f2a2 is involved in some aspect of heterochromatin
function (Gurley and Walters, 1976; Gurley et al., 1978a, 1978b).
Cultured cells of P. eremicus had proportionately more of the hy-
drophobic, more phosphorylated subfraction of heterochromatin than
these of P. crinitus, suggesting that histones in the constitutive
heterochromatin were relatively inaccessible to acetylation (Halleck
and Gurley, 1979, 1980, 1981).

Lung cells of canyon mice in monolayer culture had the fol-
lowing characteristics: mass of DNA, 6.30 x 1072 g; nuclear sur-
face, 267 mm* nuclear volume, 153 mm?® total pores, 3,116;
nuclear pores/mm?, 11.67 (£SD, 1.8); nuclear pores/mm?, 20.4
(Maul and Deaven, 1977). P. crinitus differed significantly from P.
eremicus only in nuclear volume and less DNA (Maul et al., 1980).

Because cell lines are available as in vitro cultures, P. crinitus
has been used rather widely in biomedical studies, including studies
of effects of Adriamycin (an antitumor antibiotic) on mitosis (Kusyk
and Hsu, 1975), and survival after treatment with the mutagen
6-thioguanine (Basen and Hsu, 1977). In the absence of comparative
data, general implications of such studies are not clear.

REMARKS. Peromyscus crinitus was included by Osgood
(1909) as a2 member of the subgenus Haplomylomys, but he noted
(p. 229): “P. crinitus is the most aberrant member in this group
on account of its approach to the subgenus Peromyscus indicated
by its molar teeth, but since it has only two pairs of mammae it
seems best to include it here.” Blair (1942) noted considerable
differences in bacula within Haplomylomys, with P. californicus
being unlike P. crinitus and P. eremicus. Hall and Hoffmeister
(1942:51-52) wrote: ““P. crinitus currently, and probably correctly,
is placed in the subgenus Haplomylomys Osgood, but the presence
of accessory cusps in the upper molars of some individuals, the
presence of hairs on part of the sole of the hind foot, and some
other features show the relationship of crinitus to the subgenus
Peromyscus Gloger, and cause P. crinitus to be regarded as a
species intermediate between the two subgenera or as an aberrant
member of the subgenus Haplomylomys.” Miller and Kellogg (1955)
and Hall and Kelson (1959) listed P. crinitus in Haplomylomys
without comment.

Hooper (1958) noted that the penis of P. crinitus is most like
that of P. maniculatus or P. polionotus, albeit somewhat inter-
mediate between the maniculatus and boylei “‘divisions” of the
genus. Hooper (1958:12) concluded that “it clearly is unlike ere-
micus or californicus, the species with which it is currently grouped.”
Later, Hooper (1968, based on Hooper and Musser, 1964) and
Carleton (1980) placed crinitus in the “crinitus group” (with P.
pseudocrinitus) in the subgenus Peromyscus. On the basis of com-



6

parative morphology of the male reproductive glands, Linzey and
Layne (1969) judged the canyon mouse to be intermediate between
the maniculatus and boylii species groups. Lawlor (1971) used P.
crinitus from Inyo Co., California, in an extensive taxonomic study
of Peromyscus on islands in the northern part of the Gulf of Cali-
fornia, and concluded that P. crinitus was more similar to P. boylii
than to P. eremicus and its insular relatives. Hall (1981) placed the
canyon mouse in the subgenus Peromyscus.

Stangl and Baker (1984) synthesized data from chromosomal,
genic, and “classical” studies in a reappraisal of evolutionary rela-
tionships within Peromyscus. P. crinitus was arrayed in the “crinitus
group” of the subgenus Peromyscus. Reviewing the ambiguous
position of the crinitus group within the subgenus, they stressed the
need for additional genic data on P. crinitus (and chromosomal and
genic data on P. pseudocrinitus) to assess relationships within and
among species groups and subgenera.
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