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Microtus montanus (Peale, 1848)

Montane Vole

Arvicola montana Peale, 1848:44. Type locality “near to the head
waters of the Sacramento River [= near Mt. Shasta, Siskiyou
Co.], in California.”

Arvicola longirostris Baird, 1857 [1858]:530. Type locality “Upper
Pit River, California.” This type locality is unlikely, consid-
ering the timing of the expedition (Kellogg 1922).

Arvicola nanus Merriam, 1891:63. Type locality “Pahsimeroi
Mountains, Idaho (altitude 2,850 m or 9,350 feet)” = head of
Pahsimeroi River, Custer Co..

[Microtus] montanus: Trouessart, 1897:563. First use of current
name combination.

Microtus dutchert Bailey, 1898:85. Type locality “Big Cottonwood
Meadows, near Mt. Whitney, Calif. (10,000 feet alt.).” Re-
stricted to “southeast of Mt. Whitney, 10,100 feet altitude,
Inyo Co., California” by Anderson (1959:472).

Microtus nevadensts Bailey, 1898:86. Type locality “Ash Meadows,
Nye Co., Nevada.”

Microtus nanus Bailey, 1898:87. Type locality “Conconully [Oka-
nogan Co.], Washington.”

CONTEXT AND CONTENT. Order Rodentia, superfamily
Muroidea, family Muridae, subfamily Arvicolinae (Carleton and
Musser 1984), genus Microtus, subgenus Microtus (Hall 1981). The
subgenus contains 12 extant species in the Nearctic (Hall and
Cockrum 1953). Hall (1981) recognized 15 subspecies of M. mon-
tanus. M. m. amosus is known only from the type locality and may
be part of M. m. rivularis (Anderson 1959; Stock 1970).

M. m. amosus Hall and Hayward, 1941:105. Type locality “Torrey,
Wayne County, Utah.”

M. m. arizonensis Bailey, 1898:88. Type locality “Springerville
[Apache Co.], Arizona.”

m. canescens Bailey, 1898:87. Type locality “Conconully [Oka-
nogan Co.], Washington.”

m. codiensis Anderson, 1954:497. Type locality “3 1/5 miles E
and 3/5 miles S Cody, 5020 feet, Park Co., Wyoming.”

m. dutcheri Bailey, 1898:85, see above.

m. fucosus Hall, 1935:421. Type locality “Hiko, 4000 feet al-
titude, Pahranagat Valley, Lincoln County, Nevada.”

. m. fusus Hall, 1938:131. Type locality “2% miles east of summit
of Cochetopa Pass, Saguache County, Colorado.”

m. micropus Hall, 1935:417. Type locality “Cleveland Ranch,
6000 feet altitude, Spring Valley, White Pine County, Neva-
da.”

M. m. montanus (Peale, 1848:44), see above (longirostris Baird

and yosemite Grinnell are synonyms).

M. m. nanus (Merriam, 1891:63), see above (caryi Bailey and nex-

us Hall and Hayward are synonyms).

M. m. nevadensis Bailey, 1898:86, see above.

M. m. pratincola Hall and Kelson, 1951:75. Type locality “6 miles
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E Hamilton, 3700 feet, Ravalli County, Montana.”

. m. rivularis Bailey, 1898:87. Type locality “St. George [Wash-
ington County], Utah.” Known only from type locality (An-
derson 1959).

m. undosus Hall, 1935:420. Type locality “Lovelock, Pershing
County, Nevada.”

M. m. zygomaticus Anderson, 1954:500. Type locality “Medicine

Wheel Ranch, 9000 feet, 28 miles E Lovell, Big Horn County,
Wyoming.”

DIAGNOSIS. Microtus montanus (Fig. 1) is distinguished
from Arvicola richardsoni, M. californicus, M. canicaudus, and
M. townsendii by a combination of the following (Hall 1981; Verts

=

and Carraway 1998; Fig. 2): length of tail <50% of length of head
and body, incisive foramina =5 mm long and abruptly constricted
posteriorly, incisors barely protruding beyond nasals in dorsal view,
condylobasal length <35 mm, and length of hind foot >40% of tail
length. M. montanus has 3 closed triangles on M3 and 8 mammae,
whereas the potentially sympatric M. ochrogaster has only 2 closed
triangles on M3 and 6 mammae. Upper body of sympatric M. town-
sendii has more dark brown or black with a heavier mixture of
black-tipped guard hairs than M. montanus, which has a more
buffy and grayish wash where these 2 species overlap (Hall 1981).
M. montanus is distinguished from allopatric M. canicaudus (for-
merly considered a geographic race of M. montanus—Hall and
Kelson 1951) by a distinctive karyotype (Hsu and Johnson 1970;
Modi 1986) and different globulin- and hemoglobin-banding pat-
terns (Johnson 1968). In addition, M. canicaudus has a more yel-
low upper body (Hall 1981).

GENERAL CHARACTERS. Upper body is some shade of
brown, often with a buffy or gray wash, with a mixture of black-
tipped hairs. Sides are paler and more buffy than upper body, and
venter is white to gray, sometimes washed with buffy. Tail is bicol-
ored, with blackish brown to black above and gray or white below
(Hall 1981).

Darker pelage is more pronounced in southwestern part of
range and is more diluted with paler hair or other colors of hair
(including red, gray, or brown) to north and east (Anderson 1959).
Grayest individuals are generally in northern part of range. Female
pelage color varies more than does that of males (Howell 1924).

Ranges for standard external measurements (lengths in mm)
are: total length, 140-220; length of tail, 24-69; length of hind
foot, 14-27; mass, 37.3-85.0 g (n = 4,722—Anderson 1959). M.
montanus is a medium-sized vole, but body size can vary with sex,
age, geographic location, or subspecies (Anderson 1959). Sexual
dimorphism is slight. Generally, males are slightly more variable
and on average slightly larger than females, but these trends are
not significant (Anderson 1959; Howell 1924). Means * SD with
ranges (in parentheses) of body dimensions (in mm) and mass (g)
for 25 males and 41 females, respectively, from a single population
(Howell 1924) are: length of head and body, 120.60 = 9.29 (97—
134), 117.51 + 7.54 (93-130); length of tail, 47.92 = 4.27 (38—
55), 46.15 = 2.78 (39-50); length of hind foot, 22.04 * 0.75 (21—
23), 21.52 *+ 0.52 (20.5-22.5); and mass, 51.36 = 11.27 (26.5—
70.7), 47.35 £ 8.46 (22.9-62.2). Mean body mass of males from
9 populations was 47.9 g = 3.7 SD, whereas mean body mass of
females from 8 populations was 46.9 % 2.8 g (Innes and Millar
1994).

Photograph of an adult Microtus montanus. Photo-
graph by David R. Rabon, Jr.

Fic. 1.
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Fic. 2. Dorsal, ventral, and lateral views of cranium and lat-
eral view of mandible of an adult male Microtus montanus nanus,
from Mosquito Park Ranger Station, 2,897.5 m, 38.5 km W and
5.5 km N of Lander, Fremont County, Wyoming (Museum of Natural
History, University of Kansas, No. 32803). Collected by Rollin H.
Baker on 20 July 1949. Greatest length of cranium is 25.1 mm.
Biological illustration by Michael A. Alford.

In general, montane voles are larger in areas that are warmer,
more southern, and at lower altitudes, areas where interspecific
competition from closely related species is lowest (Anderson 1959).
Overall, largest individuals are in southwestern part of range and
smallest in northern part (Anderson 1959). Mean hind foot length
is shorter in eastern part of range than in western part, whereas
tail length shows no geographic trends. Means and ranges of stan-
dard external body and cranial measurements by geographic loca-
tion and subspecies are available (Anderson 1954, 1959).

DISTRIBUTION. Range of M. montanus is centered in
montane and intermontane areas of the western United States from
the Rocky Mountains, extending northward into south-central Brit-
ish Columbia, west to the eastern sides of the Cascade and Sierra
Nevada ranges, south into the mountains of northern New Mexico,
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Fic. 3. Geographic distribution of Microtus montanus and
its subspecies in western North America (modified from Dalquest
1975; Frey et al. 1995; Hall 1981): 1) M. m. amosus, 2) M. m.
arizonensis, 3) M. m. canescens, 4) M. m. codiensis, 5) M. m.
dutcherti, 6) M. m. fucosus, 7) M. m. fusus, 8) M. m. micropus, 9)
M. m. montanus, 10) M. m. nanus, 11) M. m. nevadensis, 12) M.
m. pratincola, 13) M. m. rivularis, 14) M. m. undosus, and 15)
M. m. zygomaticus.

and east along the length of the Colorado—New Mexico border (Fig.
3). The southernmost population is isolated in the White and Blue
mountains of east-central Arizona and the adjacent mountains of
west-central New Mexico (Frey et al. 1995; Hall 1981) and is rec-
ognized as a distinct subspecies, M. m. arizonensis (Anderson
1959; Frey 1994). Other subspecies from the southern limits of the
distribution are known only from isolated populations.

Microtus montanus occurs at higher elevations in the southern
part of its range than in the Great Basin and northern part of its
range (Anderson 1959). In Colorado, M. montanus occurs from ca.
2,074 m to well above timberline (Armstrong et al. 1973), whereas
in northern California, it occurs from 824 m to above timberline
(Kellogg 1922). M. montanus is absent from lower elevations of
the Great Basin, lower elevations west of the Sierra Nevada, and

east of the Rockies (Anderson 1959; Findley 1954).
FOSSIL RECORD. The genus Microtus probably originated

in Asia with the 1st migration to North America across the Bering
land bridge 1.8 million years ago (Zakrzewski 1985). M. montanus
possesses 1 of the most derived karyotypes among the New World
Microtus; thus, it probably has had a long, independent history in
the New World (Hoffmann and Koeppl 1985). The origin of M.
montanus is suspected to be from the M. paroperarius (early Pleis-
tocene, ca. 1.4 million years ago)-M. pennsylvanicus (mid-Pleis-
tocene, ca. 0.6 million years ago) lineage, but may be derived from
another New World lineage (Hoffmann and Koeppl 1985; Zakrzew-
ski 1985).

Fossils of M. montanus occur from >24 sites in 10 states
(Arizona, Colorado, Idaho, Kansas, Nevada, New Mexico, Oregon,
Texas, Utah, and Wyoming) and Alberta, Canada, ranging in age
from Irvingtonian (Kansan or ca. 1.2 million years ago) to Holocene
(ca. 10,000 years ago—Zakrzewski 1985). Earliest fossil records
are from Idaho and Utah. Fossil remains of M. montanus are dif-



716—Microtus montanus

ficult to distinguish from those of M. longicaudus because of the
similarity in dental and cranial morphologies. Sites in Kansas, Tex-
as, New Mexico, Nevada (if not M. californicus), and Alberta (if
not M. longicaudus) are outside the present range of M. montanus
(Zakrzewski 1985). Other fossil sites include Porcupine Cave in
Colorado (Barnosky and Bell 1994), Nebraska (Voorhies and Corner
1985), Snake Creek Burial Cave in Nevada (Bell and Mead 1998),
and Crystal Ball Cave in Utah (Heaton 1985).

The fact that M. montanus occurs in isolated populations in
southwestern United States suggests that favorable habitats were
once continuous over the entire area (Findley and Jones 1962). The
montane vole may have been widespread across the Southwest dur-
ing the height of the Wisconsinan glaciation (a cool, moist period)
and occurred in large, continuous populations across its entire
range (Findley and Jones 1962). Subsequently, as aridity increased,
the montane vole retreated to mesic refugia, and its distribution
became progressively restricted and fragmented. At the southern
limits of its range, M. montanus is now primarily restricted to
mesic, high-elevation habitats (Anderson 1959; Dalquest 1975;
Findley and Jones 1962). Similar isolations may account for the
current discontinuous distribution of the montane vole over much

of its range (Anderson 1959; Hoffmann and Koeppl 1985).

FORM. Changes in external measurements occur with in-
creasing age, making separation of body size variation due to age
from other sources of variation, especially geographic, difficult.
Young may be produced throughout the year, and age classes are
not easily distinguishable primarily because montane voles contin-
ue to grow into adulthood and possibly throughout life (Anderson
1959). In addition, common landmarks used to assign age class in
other species, such as eruption of particular teeth, appearance of
wear on certain cusps, or fusion of certain skull sutures, are not
useful in M. montanus because teeth grow continuously, most
adults lack enamel crowned cusps, and skull continues to grow
throughout adulthood. Sexual maturity is not a useful criterion for
age because individuals may breed when only half their adult
weight (Anderson 1959).

Dental formula of M. montanus is i 1/1, ¢ 0/0, p 0/0, m 3/3,
total 16 (Fig. 2). Descriptions of dentition, including the extensive
molar variation in the patterns of the 1st lower and 3rd upper mo-
lars, as well as descriptions and figures of cranial and mandible
morphology, including bone structure and musculature, are avail-
able (Howell 1924).

Six plantar tubercles are usual (Hall 1981), but these vary in
size and number, even within a single population (Howell 1924).
The 4 pairs of mammae include 2 pectoral and 2 inguinal (Howell
1924). Montane voles have vesicular, preputial, anal, and hip
glands, all of which hypertrophy in response to testosterone and
become more pronounced at puberty in males (Jannett 1978a).
Within a single population, hip glands were absent in juveniles,
larger in older females than in subadult males, and largest in adult
males (Howell 1924). Preputial glands of M. montanus are much
larger than those of the sympatric M. pennsylvanicus and contain
species-typical fatty acid esters of short-chain alcohols (Welsh et
al. 1988). These esters may function as species-specific recognition
cues where these 2 species are sympatric. Montane voles have a
mean of 3.3 Meibomian glands (range, 2-4; n = 3 individuals) in
each dorsal eyelid and 0.3 (range, 0-1; n = 3) in each ventral
eyelid, which, in both cases, is slightly below average for a micro-
tine (Quay 1954).

Bacular stalk is broad; greatest length varies from 2.3 to 3.1
mm, 1.5 to 1.75 times the greatest breadth and 3.33 to 4.33 times
the greatest depth, depending on subspecies (Anderson 1960). Base
is broad and wider ventrally than dorsally. Of the 3 ossified pro-
cesses, the median process is largest and is more than twice as
wide as deep, laterally compressed distally, and one-third to two-
fifths the length of the stalk; lateral processes are shorter and more
slender. Bacular shaft is relatively slender, terminally rounded,
slightly inflated, slightly wider than high at the midpoint, and one-
fourth as wide as the base of the stalk. Ontogenetic development
of baculum of M. montanus from neonates to adults has been de-
scribed (Arata et al. 1965).

Dorsal lobe of glans penis is double-peaked and nonpapillose
(Hooper and Hart 1962). Papillae on ventrolateral sectors are var-
iable in size, shape, and number but tend to be short with 3 to 6
distinct fingers per sector. Urethral process has curved lateral lobes
that are often asymmetrical, each with a large accessory tubercle.
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Medial lobe is as long as lateral lobes, and in 2 of the 3 specimens,
it was split distally. Average measurements from 3 specimens were:
length, 4.6 mm and diameter, 2.8 mm (no range given—Hooper
and Hart 1962). Female montane voles lack a baubellum (os clit-
oris), but the clitoris has 3 cartilaginous lobes (Arata et al. 1965).

FUNCTION. Standard metabolic rate of cold-acclimated
montane voles averaged 2.65 cc O, g' h™! (no range given; n =
10—Packard 1968). The thermoneutral zone of cold-acclimated an-
imals is 26 to 31°C (Packard 1968). Below 26°C, oxygen consump-
tion is an inverse linear function of ambient temperature. Minimal
thermal conductance is ca. 0.816 cal g=' h™' °C™! (no range given;
n = 10). Body temperature is independent of ambient temperature
between —5°C and 26°C, and average 37.5-37.8°C (range, 36.0—
38.5; n = 10). Montane voles die above ambient temperatures of
31°C.

Female montane voles deprived of light have lower body, ova-
ry, uterus, adrenal, Harderian gland, and, to some extent, kidney
weights (Vaughan et al. 1973). Montane voles born under long pho-
toperiod completed juvenile and subadult molts and began the adult
molt before animals born under short photoperiod (Pinter 1968).
Both guard hairs and underfur of juveniles and subadults are longer
under short photoperiods.

Male montane voles lack the anteroventral—periventricular nu-
cleus and have a larger sexually dimorphic nucleus of the preoptic
area volume than females (Shapiro et al. 1991). M. montanus dif-
fers from M. ochrogaster in the neural distribution of oxytocin and
vasopressin receptors (Wang et al. 1996). Differences in receptor
binding were evident in the lateral septum of neonates and reached
adult levels at weaning (3 weeks of age—Wang and Young 1997).
Male montane voles have a higher density of vasopressin immu-
noreactivity projections to the lateral septum and lateral habenular
nucleus than females (Wang et al. 1996).

ONTOGENY AND REPRODUCTION. Breeding for M.
montanus begins in April or May, after the spring snowmelt, and
continues through August (Negus et al. 1992) or through September
or November (Vaughan 1969). However, in an increasing population
of montane voles in northwestern Wyoming, females of all ages
displayed subnivean midwinter reproduction (Jannett 1984). From
39% to 68% of the potentially breeding females bred during the
winter, including both primiparous and multiparous females. The
chemical, 6-methoxybenzoxazolinone (6-MBOA), which voles ingest
when they eat new spring grass, triggers the reproductive effort
(Berger et al. 1981; Sanders et al. 1981). Cinnamic acids and re-
lated vinyl phenols found in mature and senescent grasses typical
of late summer depress reproduction (Berger et al. 1977). Dietary
supplements of these compounds result in decreased uterine
weight, inhibition of follicular development, and decreased repro-
ductive activity.

Microtus montanus females do not exhibit regular estrus cy-
cles, either when isolated or when exposed to males in the labo-
ratory (Gray et al. 1974); in contrast, some female montane voles
may cycle in the presence of males (Shapiro and Dewsbury 1990).
M. montanus has a postpartum estrus (Gray et al 1974; Vaughan
et al. 1973). Ovulation is induced by contact with males, especially
if copulation takes place (Gray et al. 1974), and increasing amounts
of copulatory stimulation increase the probability of ovulation (Da-
vis et al. 1974). A critical number of copulations are required to
maintain the corpora lutea. Only 1 of 10 females had implanted
embryos 8 days after copulations limited to a single ejaculatory
series (Kenney and Dewsbury 1977). Females whose mate was re-
moved within 24 h of Ist copulation were less likely to be pregnant
7 days later (30-66% pregnant versus 97—-100% pregnant in the
control group—Berger and Negus 1982). High levels of vaginal
cornification are present in the vaginal smears of both nulliparous
(79.3-83.3%) and parous (56.6-96.0%) females (Taylor et al.
1992). Brief exposure to males results in behavioral receptivity
(Taylor et al. 1992). Female M. montanus often mate when 1st
exposed to males (Taylor et al. 1992) and have no preference for
previously mated or nonmated males (Pierce and Dewsbury 1991).
Vaginal opening and vaginal smears dominated by cornified cells
occurred earlier in females that had direct contact with males than
in those females separated from males by a hardware cloth barrier
(Sawrey and Dewsbury 1991). At least some females housed across
a hardware cloth barrier from males showed signs of reproductive
activation, indicating that chemical signals from males may play a
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role in activating the female reproductive system (Sawrey and
Dewsbury 1991). Postejaculatory intervals averaged ca. 6.5 min (no
sample size or range given—Dewsbury 1973), and 5 additional
thrusts delivered 15 min after an ejaculation reduced the number
of sperm reaching the uterus by 70% (Dewsbury et al. 1992).

Gestation is 21 days, and average litter size is 6 pups in the
laboratory (range, 3-9; n = 42—Colvin and Colvin 1970; range,
5-8; n = 8—McGuire and Novak 1986) and 5.8 pups * 0.25 SE
in the field (embryo counts, range, 2—-10; n = 46—Hoffmann 1958;
Vaughan 1969). Average litter size varies with female parity and
age of st reproduction (Negus and Pinter 1965). Litter size in-
creases with parity through the 5th litter, after which litter size
decreases. Average litter size for the 1st litter for females that began
breeding as subadults was 3.6 pups (range, 1-5; n = 31) in contrast
to 4.2 (range, 2-6; n = 12) for females that were adults when their
1st litter was produced (Negus and Pinter 1965). Exposure to an
unfamiliar male at midgestation may induce abortion, especially if
the female is nulliparous (Stehn and Jannett 1981). Preimplantation
mortality ranges from 4.9% to 12.6% (n = 106), and postimplan-
tation mortality ranges from 2.6% to 3.9% (n = 94—Hoffmann
1958).

Neonates are born hairless and toothless, with eyes and ears
closed and toes fused. Pinna becomes detached on day 3, incisors
erupt at 3-5 days, fur is visible at 4-5 days, eyes open around 10
days, and toes separate at 10-12 days (Shapiro and Insel 1990;
Siedel and Booth 1960). Pups can right themselves at 4 days, leave
the nest at ca. 10-13 days, and begin to consume solid food by the
13th day, with the last observed nipple attachment by the 14th day
(McGuire and Novak 1986; Shapiro and Insel 1990). Growth rate
in M. montanus is ca. 0.63 g/day (Wunder 1985), but growth rates
vary with age and season of birth (Siedel and Booth 1960). Growth
rates of pups and subadults are reduced under a short photoperiod
of 6:18 relative to growth rates under a long photoperiod of 18:6
(Petterborg 1978). Except in high-density populations, females
abandon the natal nest when pups are around 15 days old and
prepare a new nest for the next litter (Jannett 1978b; McGuire and
Novak 1986).

In a predictable marsh environment in Utah, 3—4 cohorts were
produced each year, and each cohort has unique life-history char-
acteristics (Negus et al. 1986). The 1st cohort, typically born in
May, grows rapidly and is sexually mature at 4-5 weeks of age.
These animals live ca. 6 months. The 2nd cohort matures at 7-8
weeks and lives ca. 7 months. The 3rd cohort overwinters and is
not sexually mature until the next spring, at 28-30 weeks of age.
They typically live ca. 12 months. The 4th cohort is numerically
the smallest, and its members often fail to survive the winter. Mon-
tane voles exhibited a similar pattern in northwestern Wyoming
during a year of normal rainfall. However, during a drought the
following year, cohorts 1 and 2 did not reach sexual maturity during
their birth year, and cohort 3 accounted for only 25% of total breed-
ing recruitment, in contrast to over 70% the year before (Negus et
al. 1992). In Colorado, all animals trapped by September were born
that summer (Vaughan 1969).

Onset of sexual maturity is rapid for males raised under a
longer photoperiod than that of their mother during gestation (Hor-
ton 1984). Males and females have higher growth rates when raised
under longer photoperiod than the gestational photoperiod, and this
effect results from factors working in utero, not during lactation
(Horton 1985). Weight of reproductive organs (seminal vesicles or
uterus) increases in response to maternal dosage of 6-MBOA during
gestation (Berger et al. 1992). Offspring exposed to 6-MBOA during
both gestation and lactation have increased gonadal size compared
with unexposed offspring or those only exposed during either ges-
tation or lactation (Frandsen et al. 1993). Number of litters pro-
duced increases and litter sex ratio is skewed toward females when
breeding females are administered 6-MBOA (Berger et al. 1987).

Sexual maturity in females is accelerated by exposure to un-
familiar males (Sawrey and Dewsbury 1991). When young females
(19 days old) are housed with a familiar male (either the biological
father or foster father with whom she was raised) sexual maturity
is not accelerated (Berger et al. 1997). Sexual maturity is induced
by the biological father if he is unfamiliar to the female.

ECOLOGY. The geographic range of M. montanus overlaps
that of A. richardsoni, M. californicus, M. longicaudus, M. mex-
tcanus, M. ochrogaster, M. oregoni, M. pennsylvanicus, and M.
townsendii (Anderson 1959). M. californicus on the western edge
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of the range (Hoffmann 1958) and M. ochrogaster in central Mon-
tana (Hoffmann et al. 1969) are separated altitudinally from M.
montanus, with the montane vole occurring at higher elevations.
Where the ranges of A. richardsoni and M. montanus overlap in
northwestern Wyoming and in Utah, M. montanus occurs at lower
elevations, below the pine forests, in grassy meadows (Anderson
1959). In the White Mountains of Arizona, M. mexicanus occurs
in drier, open, bunchgrass meadows, in contrast to M. montanus,
which is restricted to mesic, grass—sedge meadows (Findley and
Jones 1962).

In the Rocky Mountains of the western United States, M.
pennsylvanicus is found in more mesic habitats and M. montanus
is restricted to more xeric habitats, although home ranges of the 2
species may overlap (Hodgson 1972; Koplin and Hoffmann 1968;
Stoecker 1972). Experimental removal of either species from an
area of preferred habitat, where ranges overlap, resulted in the
previously absent species moving into the newly vacated area (Ko-
plin and Hoffmann 1968; Stoecker 1972). In experimental habitat
chambers, M. montanus excludes M. pennsylvanicus through ag-
nostic behavior, although frequently the 2 species remain separate
through mutual avoidance (Stoecker 1972). However, M. pennsyl-
vanicus dominates M. montanus in staged encounters. In field en-
closures, individual home-range size increased for both species
when they shared an enclosure compared with when 1 species oc-
cupied the enclosure (Douglass 1976). The increase for M. mon-
tanus was much greater than that for M. pennsylvanicus (224.4%
of control compared with 117.8% of control—Douglass 1976).

In northeastern Nevada (Borell and Ellis 1934) and Colorado
(Williams 1955), M. montanus occurs in drier areas, whereas M.
longicaudus occupies wetter habitats. Generally, M. montanus is
more abundant in grassy areas with more ground cover than the
shrubby areas to which M. longicaudus is restricted (Clark 1973;
Randall 1978). Strong interspecific aggression was not observed
(Randall 1978).

Microtus montanus is sympatric with Clethrionomys gappert,
Peromyscus maniculatus, Phenacomys intermedius, and Zapus
princeps over much of its range. M. montanus was most abundant
in open canopy areas with dense vegetation (Belk et al. 1988).
Although C. gapperi, P. maniculatus, and Z. princeps were cap-
tured on the same grids, Z. princeps was most likely to share the
same microhabitat with M. montanus. Other sympatric rodents in-
clude Dipodomys ordii in southeastern Idaho (Koehler and Ander-
son 1991); Lemmiscus curtatus in Oregon (Maser et al. 1971) and
Nevada (Borell and Ellis 1934); Perognathus parvus in Oregon
(Feldhamer 1979); Reithrodontomys megalotis in Oregon (Feld-
hamer 1979), Utah (Egoscue 1961), and Nevada (Borell and Ellis
1934); and Thomomys talpoides in Montana (Grant et al. 1982).
Sorex vagrans is frequently found with M. montanus in marshy
areas (Borell and Ellis 1934; Feldhamer 1979). S. cinereus and S.
obscurus occur in lower stream bottoms with M. montanus in Col-
orado (Williams 1955). In Colorado, S. cinereus, S. merriami, S.
nanus, and S. vagrans occur at the same altitudes as M. montanus
(Armstrong et al. 1973).

Microtus montanus occurs in communities ranging from
grass- and sedge-dominated meadows to aspen or sagebrush, but
the greatest abundance of montane voles is in areas with the most
herbaceous cover (Clark 1973). Grass is the essential factor that
characterizes M. montanus habitat, and this may partly explain the
geographic differences in its altitudinal distribution (Anderson
1959; Findley 1954). Montane voles are restricted to grassy mon-
tane areas in the southern parts of its range but occur in both
montane and grassy intermontane areas that characterize the north-
ern parts of its range. Montane voles avoided areas denuded of
vegetation by pocket gopher activity (Vaughan 1974), but during
winter, montane voles were active under snow in areas too dry and
open to be used during summer (Borell and Ellis 1934). Animals
experimentally raised in shrubby habitat prefer grassy habitat as
adults (Randall 1978). Montane voles may be found in areas dom-
inated by a single grass species or mixed herbaceous communities.
Where a single grass dominates, that grass is the principle com-
ponent of the diet (crested wheatgrass, Agropyron cristatum—Ko-
ehler and Anderson 1991; salt grass, Distichlis stricca—Negus et
al. 1986).

Plant matter is always the largest fraction in the diet. Stomach
contents of 139 montane voles from all plant communities in Grand
Teton National Park, Wyoming, contained 63% green plant mate-
rials by volume, 25% hair, 8% seed fragments, 4% parasitic round-
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worms, and trace amounts of arthropods (Clark 1973). In Colorado,
leaves and forbs accounted for 85% of the diet and grasses only
9% (n = 55 stomachs—Vaughan 1974). The 2 most frequent forbs
in the diet were consumed in proportions greater than their fre-
quency in the habitat: Vicia americana accounted for 0.9% of
plants available but 19.2% of the diet, and Oenothera minor ac-
counted for 0.5% of plants available but 6.7% of the diet. Fungus
made up 10% of the diet at the beginning of summer, before forbs
were fully leafed out, but was not eaten at all during the rest of the
summer (Vaughan 1974).

Microtus montanus may be prey to any small- or medium-
sized predators in its habitat. Raptor predators include burrowing
owls (Speotyto cunicularia), great horned owls (Bubo virginianus),
kestrels (Falco sparverius), long-eared owls (Asio otus), marsh
hawks (Circus cyaneus), rough-legged hawks (Buteo lagopus), and
short-eared owls (Asio flammeus). In Idaho, M. montanus account-
ed for 28-80% of prey taken by great horned owls near agricultural
sites (n = 14 nesting areas—Marti and Kochert 1996). In Oregon,
37.8% of great horned owl prey items were M. montanus (n = 42
pellets—Brodie and Maser 1967). Most M. montanus taken by
short-eared owls in Montana were 20-30 g (n = 273 pellets), a
typical body mass of subadults (Blem et al. 1993). In central
Oregon, M. montanus composed 9.3% of the diets of great horned
(n = 9 collections), long-eared (n = 2 collections), and short-eared
(n = 6 collections) owls and were the 3rd, 4th, and 5th most com-
mon prey species taken by each owl species, respectively (Maser
et al. 1970). In Oregon, M. montanus was a minor component of
burrowing owl diet (4.6% by mass, 0.03% by item, n = 5,559
pellets from 65 nests—Green et al. 1993; 0.008% by item, n =
347 pellets—Maser et al. 1971). In a salt grass marsh in Utah, M.
montanus was prey to coyotes (Canis latrans), kestrels, marsh
hawks, rough-legged hawks, and short-eared owls (Negus et al.
1986). Two weasel species, Mustela erminea and M. frenata, rely
heavily on the montane vole as a winter food source in the Sierra
Nevada, California (Fitzgerald 1977).

Parasites include species of 23 mites, 5-6 ticks, 4 lice, 30
fleas, 5 cestodes, 2 nematodes, and 1 trematode (Timm 1985). Mon-
tane voles captured in Grand Teton National Park in Wyoming were
infected with the following microbial endoparasites: Entamoeba,
Giardia, Spironucleus (Pinter et al. 1988), Babesia microti, Gra-
hamella, Hepatozoon, and Trypanosoma (Watkins et al. 1991). In
this population, the parasitic protozoan B. microti, which repro-
duces in erythrocytes, was most likely transmitted by the tick, Ix-
odes eastoni (Watkins et al. 1991). Of 257 M. montanus examined,
103 were infected with B. microti. Infected animals had signifi-
cantly enlarged spleens and higher reticulocyte numbers; however,
hematocrit values were not significantly different between infected
and uninfected animals (Watkins et al. 1991). Seven of 63 M. mon-
tanus collected in northeastern California and Nevada carried han-
tavirus RNA (Otteson et al. 1996) that resembled the Prospect Hill
virus found in M. pennsylvanicus. One of 33 montane voles from
Yellowstone National Park carried antibodies reactive to Sin Nom-
bre virus (Mills et al. 1998).

Microtus montanus is a model for African sleeping sickness
caused by Trypanosoma brucei gambiense (Frommel et al. 1988,
1991; Seed and Hall 1980). M. montanus is easily infected with
1. b. gambiense and exhibits many of the same symptoms seen in
humans including lethargy (Frommel et al. 1988, 1991; Seed and
Khalili 1971).

Multiannual population cycles were documented in M. mon-
tanus from northwestern Wyoming. Cycle length varied from 3 to
4 years (Pinter 1986). Growth rates and age at 1st reproduction of
M. montanus in montane habitat in Wyoming vary in response to
environmental conditions and result in unstable population age dis-
tributions and fluctuating densities (Negus et al. 1992). Largest
litter sizes were associated with the increase phase of the cycle and
smallest with the decline phase. Spring precipitation may drive
litter size and population cycling for M. montanus living in areas
with unpredictable environments such as montane habitats (Pinter
1988). M. montanus populations in a Utah salt marsh, a more
predictable environment, did not cycle (Negus et al. 1986). In this
predictable habitat, cohort production was uniform each year and
densities were high (Negus et al. 1986). M. montanus populations
can expand quickly when inhabiting unharvested forage crops (Getz
1985).

Sherman live traps baited with peanut butter and rolled oats
or museum specials baited with peanut butter are used to census
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populations of M. montanus. Apples and fudge may be mixed with
peanut butter as bait (Jannett 1980). Longworth traps are also used
(Sullivan et al. 1998). Providing bedding in live traps reduces trap
mortality on cold nights. Irradiated wires implanted subcutaneously
were used to follow movements and map home ranges (Jannett
1980). Toe clipping and ear tags are the most common methods of
identification.

Determination of age class in the field is based on body mass,
pelage, and sexual maturity. Eye lens mass versus age regressions
for 1st through 4th generation captive animals are available (Gour-
ley and Jannett 1975). Cranial mass versus body mass regressions
allow classification by age from material recovered from owl pellets
(Blem et al. 1993).

Captive montane voles are housed in polycarbonate cages or
aquaria with hardware cloth lids and cedar chips, pine shavings,
sawdust, or peat mixed with wood shavings as bedding. Often, cot-
ton batting is added for nesting material. A layer of hay (McGuire
and Novak 1986) placed on top of the bedding material provides
structure and cover. Most montane voles are maintained on com-
mercial rabbit chow (Berger et al. 1997; Dewsbury et al. 1992;
Gourley and Jannett 1975).

Microtus montanus can have great economic impact on apple
orchards. M. montanus reduced the production of apples in 1 or-
chard of 200 trees by 36% during a year of high vole density
(Askham 1988). Various poisons are used to control vole popula-
tions in orchards. The use of chlorophacinone to kill voles should
have little effect on raptors that may rely on the voles as prey
because as much as 90% of the chlorophacinone ingested was bro-
ken down by the time the vole died (Askham and Poché 1992).
Providing alternative food sources for voles in orchards during the
winter may reduce the amount of bark damage to trees both above
and below ground (Sullivan and Sullivan 1988). Herbicides that
limit grassy cover in orchards reduce suitable habitat (Sullivan et
al. 1998). Predator odors (e.g., Mustela erminea) also will reduce

feeding damage (Sullivan et al. 1988, 1990).

BEHAVIOR. Montane voles are semifossorial and construct
nests of grass above and below ground (Jannett 1978b, 1982).
Brood nests, which are always below ground, are globular with a
diameter of ca. 13 ¢cm (Jannett 1982). Males may use gopher bur-
rows in addition to burrows they dig themselves (Jannett 1982).
Captive males and females do not differ in nest-building behavior
(Hartung and Dewsbury 1979b). Most nests (48%) are cup-shaped,
although platform and covered nests represent 24% and 22% of
the nest types, respectively (Hartung and Dewsbury 1979b). In
southeastern Idaho, average depth of montane vole burrows ranged
from 21.1 em = 6.6 SD (n = 42) to 23 = 10 em (n = 14), and
average length ranged from 100 * 60 cm (n = 42) to 133 = 82
cm (n = 14—Laundré and Reynolds 1993; Reynolds and Wakki-
nen 1987); average maximum depth increased in sandier soils
(Laundré and Reynolds 1993).

Males and parous females are intrasexually territorial (Jannett
1980). Males mark territory with urine and piles of feces left in
conspicuous places in the runway system and engage in anal drag-
ging and scooting, 2 activities that deposit gland secretions on sub-
strates (Jannett 1981c). Males also mark tunnels by raising their
hindquarters so that the hip glands rub the upper walls (Jannett
1974). Intense male—male fighting occurs after the spring snow
melt-off, when territories are established (Jannett 1981c¢). A single
male territory may overlap >1 female territory (Jannett 1981¢). In
high-density populations, operational sex ratios were as high as
1:5 (scrotal males to parous females—Jannett 1980, 1981¢). Only
1 male survives when >1 male is added to an enclosure with a
parous female (Jannett 1980, 1981c¢; Shapiro and Dewsbury 1990).
M. montanus are monogamous when densities are very low (Jannett
1980); however, adult males only associated with females during
estrus and could not be induced to enter burrows of females at
other times. Females mate preferentially with 1 of 2 males when
presented with a choice; however, they spend more time alone than
with either male (Webster et al. 1982). Females show no preference
toward a male they have previously copulated with over a novel
male, either in time spent in association or in number of copula-
tions (Shapiro et al. 1986). Males do not discriminate between mat-
ed and unmated females in their choice of mating partner (Ferguson
et al. 1986). When 1 male and 2 females are placed in an enclosure
together, both females may enter estrus and the male will mate with
both of them (Shapiro and Dewsbury 1990). Montane voles spent
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7% of their time in physical contact with conspecifics (Shapiro and
Dewsbury 1990). Social isolation does not elicit distress calls in
montane vole pups (Shapiro and Insel 1990).

Microtus montanus males prefer conspecific females over M.
canicaudus females unless they were cross-fostered to M. cani-
caudus parents, in which case they do not discriminate. Females
do not discriminate between conspecific males and M. canicaudus
males unless cross-fostered to M. canicaudus, in which case they
prefer males of the foster species (McDonald and Forslund 1978).

Sexually naive montane voles of both sexes spend more time
investigating male-soiled than female-soiled bedding, but only fe-
males prefer bedding soiled by the other sex when the comparison
stimulus was clean bedding. Sexually experienced males spend
more time near female-soiled bedding than clean bedding but do
not differentiate between male-soiled and female-soiled bedding
(Sawrey and Dewsbury 1994).

During some sexual encounters, males attempt to contact the
female’s head or nape and the female rears up and slaps at the
male with her forepaws (Pierce et al. 1991). The male may slap
back at her, which leads to a boxing match. Eventually, the female
tolerates the male’s advances and he sniffs her anogenital region.
Copulation soon follows. In other mating sequences, females typi-
cally stand still as the male approaches, and lordosis in the female
is barely detectable during mounting (Dewsbury 1973). Copulatory
behavior consists of thrusting during intromission, multiple intro-
missions per ejaculation, and a mean of 5 ejaculations preceding
satiety. Satiety is reached when the male fails to complete an ejac-
ulatory series. Ejaculation can be attained by satiated males when
exposed to novel females (Dewsbury 1973).

Maternal care includes nursing, brooding, grooming, and pup
retrieval (McGuire and Novak 1986). Paternal care is unlikely in
wild populations of M. montanus because males do not share nests
with females during the breeding season (Jannett 1980, 198lc,
1982). Paternal care is observed in laboratory animals housed in
small cages (Hartung and Dewsbury 1979a) but not when housing
provides enough space for males and females to establish separate
nests (McGuire and Novak 1986). Males tolerate pups they en-
counter in runways or those that wander into the male’s nest
(McGuire and Novak 1986).

When stressed, pups younger than 15 days produce ultrasonic
vocalizations from 26 to 36 Hz (Shapiro and Insel 1990). Parents
of either sex are more likely to locate a pup using auditory rather
than olfactory cues (Colvin 1973b). Pups weakly attach to nipples
and are easily dislodged as the mother leaves the nest (Salo et al.
1994). Play-fighting in montane vole pups more closely resembles
precopulatory behavior than agnostic behavior (Pierce et al. 1991).
Double captures in live traps indicate that juvenile males forage or
disperse together in late summer or fall (Feldhamer 1977).

Females abandon the natal nest when pups are ca. 15 days
old and begin constructing a new nest for their next litter (Jannett
1980, 1982; McGuire and Novak 1986). In high-density popula-
tions, females remained in the brood nest longer and did not drive
off the young, leading to formation of extended maternal families
(Jannett 1978b, 1980). When neighboring females were removed,
females in extended maternal families abandoned their nests to
establish new ones in the now open territory (Jannett 1978b). Re-
production may be suppressed in younger females of extended ma-
ternal families during high population densities (Jannett 1978b).

During agnostic encounters, male montane voles typically at-
tack the rump and flanks of their target (Pellis et al. 1992). In
dyadic encounters with male conspecifics, M. montanus males con-
sistently target hip glands of their antagonist (Jannett 1981b). Dur-
ing an agonistic encounter in the field between a male M. mon-
tanus and a male M. longicaudus, vocalization, chase, retreat, at-
tack, and wrestle behaviors occurred (Colvin 1973a). M. montanus
is more aggressive than M. californicus, M. longicaudus, and M.
pennsylvanicus; however, M. ochrogaster is more aggressive than
M. montanus (Colvin 1973a).

Nonsocial behaviors include locomotor-exploratory move-
ments, wall seeking, rearing at a wall, head grooming, freezing,
digging, and swimming (Wolff 1985). Montane voles are not prone
to jumping and have not been observed climbing. They can swim
(Evans et al. 1978). Males and females are equally able to locate
a spatial goal without local cues in the Morris swim task (Sawrey
et al. 1994). They show no depth discrimination in a visual cliff
test (Sloane et al. 1978).

Captive montane voles are predominantly nocturnal under
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long photoperiods (summer) and predominantly diurnal under short
photoperiods (winter—Rowsemitt 1991). Activity monitored in the
field during summer and autumn in southeastern Washington in-
dicated a shift toward more nocturnal activity under long photo-
periods (Drabek 1994). In addition, montane voles have bimodal
activity patterns during the day in the hottest part of the summer;
they avoid the highest daytime temperatures (Drabek 1994). Cas-
trated males show increased diurnal activity and decreased noc-
turnal activity, whereas males with testosterone implants showed
the opposite result and an overall increase in activity levels (Row-
semitt 1986, 1989).

GENETICS. Microtus montanus has karyotypic variation
(Judd et al. 1980). Karyotypes of montane voles from Arizona (Modi
1986), California (Matthey 1954), Oregon (Jefferson and Deschutes
counties—Hsu and Johnson 1970), Utah (Schmid 1967; Modi
1986), Washington (Hsu and Johnson 1970), and Wyoming (Modi
1986) have 2n = 24 (FN = 44). Autosomes in these populations
are biarmed and include 7 pairs of large metacentrics and sub-
metacentrics, 1 of which is especially large. One pair of medium-
sized chromosomes has a highly unequal arm ratio, and 1 pair of
the smallest 3 pairs of autosomes is distinctly smaller than the other
2 (Hsu and Johnson 1970). Nine of the 11 pairs of autosomes have
a centromeric heterochromatin, and the X and Y chromosomes are
completely heterochromatic (Modi 1986). Sex chromosomes are ac-
rocentric. The X chromosome is small and acrocentric, and the Y
chromosome is the smallest of the complement (Hsu and Johnson
1970).

Microtus montanus from an unknown locality had 2n = 22
(de la Maza and Sawyer 1976). Populations from Arizona (M. m.
arizonensts) and New Mexico (M. m. fuscus) have 2n = 24, (FN =
44), whereas specimens from Oregon (Jackson and Klamath coun-
ties; M. m. montanus) have 2n = 22 (FN = 40—Judd et al. 1980).
In both forms, autosomes were biarmed and sex chromosomes were
acrocentric. The 22-chromosome form lacked the smallest pair of
metacentrics (pair 8). Constitutive heterochromatin (i.e., C-bands)
also differed; however, G-banding patterns and nucleolar organizing
regions were nearly identical.

A single successful litter between a male M. m. montanus
and a female M. c. californicus was reported (Hatfield 1935). The
pair produced a litter of 4, but only 1 pup survived to maturity.

Several melanistic individuals were described from Oregon
(Jewett 1955). In another population in Oregon, 21 of the 74 ani-
mals caught in the field displayed pelage of various shades of yel-
low, primarily on nose, venter, dorsal areas of feet, and tail (Maser
et al. 1969). Two specimens with very dilute color were reported
from Wyoming (Owen and Shackelford 1942). A single male mon-
tane vole from Grand Teton National Park in Wyoming had bilat-
erally symmetrical white spotting without dilution of eye color (Pin-
ter 1979). The rest of the pelage was diluted but retained the agouti
pattern. The white spotting was an autosomal dominant trait (Pinter
1979). Heterozygotes were spotted; homozygotes were white with
black eyes but apparently suffered from anemia and usually died
in utero or shortly after birth. The few homozygotes that reached
puberty were sterile.

Albinos have been reported from Colorado (Warren 1929) and
Grand Teton National Park in Wyoming (Jannett 1981a). Three al-
binos out of 4,500 montane voles were trapped during a 7-year
period (Jannett 1981a). The albinos were the only pelage variants
caught. Albinism in M. montanus is inherited as an autosomal
homozygous recessive.

The pink-eyed dilution is known for M. montanus (Pinter and
Negus 1971). Dorsal coat color is a pinkish ivory hue, and eyes
are pink; however, melanin is not entirely excluded from the fur.
Pink-eyed dilution in M. montanus is inherited as a simple Men-
delian recessive trait. The reproductive performance of the mutants
did not differ significantly from that of wild-type animals (Pinter
and Negus 1971). However, several mutants displayed a behavioral
anomaly in which they carried their heads permanently tilted to
one side, and their tails were abnormally short.

A hairless mutation also occurs in M. montanus (Pinter and
McLean 1970). The condition is characterized by a total loss of
juvenile pelage, followed by a temporary regrowth of a sparse, hy-
popigmented fur. Some animals developed the “rhino” condition,
characterized by skin cysts that resulted in grotesquely wrinkled
skin. Hairlessness in M. montanus is inherited as a simple Men-
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delian recessive character. Animals with the condition did not
breed readily, although they were fertile.

Three DNA probes for DNA fingerprints of M. montanus have
been assessed (Cummings and Hallett 1991). The best results were
obtained with the SNAP® probe (Molecular BioSystems, San Diego,
California—Edman et al. 1988), although a “mouse” probe from a
Mus musculus genomic library (Elliot 1986) and (CAC),, an arti-
ficially synthesized probe (Shifer et al. 1988), also revealed indi-
vidual-specific DNA fingerprints. The probe can assign paternity
when maternity is known and provide a general measure of genetic
similarity among individuals in a M. montanus population.

CONSERVATION STATUS. Microtus m. arizonensis was
initially listed as endangered in New Mexico in 1979 (group 1:
prospects of survival or recruitment in jeopardy—New Mexico State
Game Commission Regulation [NMSGCR] 599) because of its lim-
ited distribution and small population size (Frey et al. 1995). The
listing was reaffirmed in 1990 (NMSGCR 680). In Utah, M. m.
rivularis is a species of special concern due to declining popula-
tions and its limited distribution; however, it was not listed as en-
dangered or threatened for the state in 1999. Other isolated sub-
species of M. montanus are undoubtedly rare and perhaps even
threatened or endangered based on their limited distribution, but
these populations have not been studied in any systematic way.

REMARKS. According to Bailey (1900), the original type
specimen of M. montanus collected by Peale (1848) near Mt. Shas-
ta in California was lost. However, the series of 57 specimens that
Bailey (1900) examined from this type locality agrees with Peale’s
original description of the species.

The generic name Microtus is from the Greek words mikros
meaning small and ous or otos meaning ear; the specific name
montanus is from Latin, meaning montane or pertaining to moun-
tain. Common names in the literature include Cochetopar vole,
dwarf field mouse, dwarf meadow mouse, Montana vole, montane
meadow mouse, montane vole, mountain field-mouse, mountain
vole, Peale meadow mouse, Peale’s meadow mouse, and Peale vole.

The authors wish to thank Ricardo Portillo for his work in the
library, Michael A. Alford for drawing the skull illustrations, Carl
W. Bell for preparing the map, David R. Rabon, Jr. for providing
the photograph in Fig. 1, and Aelita J. Pinter and D. Kim Sawrey
for providing critical reviews of an earlier draft. The Department
of Biology at Baylor University provided funding for skull illustra-
tions.

LITERATURE CITED

ANDERSON, S. 1954. Subspeciation in the meadow mouse, Micro-
tus montanus, in Wyoming and Colorado. University of Kansas
Publications, Museum of Natural History 7:489-506.

ANDERSON, S. 1959. Distribution, variation, and relationships of
the montane vole, Microtus montanus. University of Kansas
Publications, Museum of Natural History 9:415-511.

ANDERSON, S. 1960. The baculum in microtine rodents. Univer-
sity of Kansas Publications, Museum of Natural History 12:
181-216.

AraTA, A., N. C. NEGUs, AND M. S. Downs. 1965. Histology,
development, and individual variation of complex muroid bac-
ula. Tulane Studies in Zoology 12:51-64.

ARMSTRONG, D. M., B. H. BanTA, AND E. J. Pokrorus. 1973.
Altitudinal distribution of small mammals along a cross-sec-
tional transect through the Arkansas River watershed, Colo-
rado. Southwestern Naturalist 17:315-326.

AskHAM, L. R. 1988. A two year study of the physical and eco-
nomic impact of voles (Microtus montanus) on mixed maturity
apple (Malus spp.) orchards in the Pacific northwestern Unit-
ed States. Pp. 151-155 in Proceedings of the Thirteenth Ver-
tebrate Pest Management Conference (A. C. Crabb and R. E.
Marsh, eds.), 1-4 March 1987, Monterey, California.

AskHAM, L. R., AND R. M. PocHE. 1992. Biodeterioration of chlo-
rophacinone in voles, hawks and an owl. Mammalia 56:145—
150.

BaLey, V. 1898. Descriptions of eleven new species and sub-
species of voles. Proceedings of the Biological Society of
Washington 12:85-90.

Baney, V. 1900. Revision of American voles of the genus Mi-
crotus. North American Fauna 17:1-88.

Bairp, S. K. 1857 (1858). General report upon the mammals of

MAMMALIAN SPECIES 7

the several Pacific railroad routes. United States Pacific Rail-
road Explorations and Surveys 8:1-764.

BARNOSKY, A. D., aND C. J. BELL. 1994. Evolutionary relation-
ships and implications of Irvingtonian arvicoline rodents from
Porcupine Cave, Colorado. Journal of Vertebrate Paleontology
14:16A.

Beik, M. C., H. D. Smith, AND J. LawsoNn. 1988. Use and par-
titioning of montane habitat by small mammals. Journal of
Mammalogy 69:688-695.

BeLL, C. J., AND J. I. MEAD. 1998. Late Pleistocene microtine
rodents from Snake Creek Burial Cave, White Pine County,
Nevada. Great Basin Naturalist 58:82-86.

BERGER, P. J., AND N. C. NEGus. 1982. Stud male maintenance
of pregnancy in Microtus montanus. Journal of Mammalogy
63:148-151.

BERGER, P. J., N. C. NEcus, AND M. Day. 1997. Recognition of
kin and avoidance of inbreeding in the montane vole, Microtus
montanus. Journal of Mammalogy 78:1182—1186.

BERGER, P. J., N. C. Nucus, A. J. PINTER, AND T. R. NAGY. 1992.
Offspring growth and development responses to maternal
transfer of 6-MBOA information in Microtus montanus. Ca-
nadian Journal of Zoology 70:518-522.

BERGER, P. J., N. C. NEcus, AND C. N. RowsemiTr. 1987. Effect
of 6-methoxybenzoxazolinone on sex ratio and breeding per-
formance in Microtus montanus. Biology of Reproduction 36:
255-260.

BERGER, P. J., N. C. NEGus, E. H. SANDERS, AND P. D. GARDNER.
1981. Chemical triggering of reproduction in Microtus mon-
tanus. Science 214:69-70.

BERGER, P. J., E. H. SANDERS, P. D. GARDNER, AND N. C. NEGUS.
1977. Phenolic plant compounds functioning as reproductive
inhibitors in Microtus montanus. Science 195:575-577.

BLeEm, C. R., L. B. BLEwm, J. H. FeLix, anp D. W. Hort. 1993.
Estimation of body mass of voles from crania in short-eared
owl pellets. American Midland Naturalist 129:282-287.

BoreLL, A. E., AND R. ErLis. 1934. Mammals of the Ruby Moun-
tains region of northeastern Nevada. Journal of Mammalogy
15:12-44.

Brobig, E. D., Jr., AND C. MASER. 1967. Analysis of great horned
owl pellets from Deschutes County, Oregon. Murrelet 48:11—
12.

CARLETON, M. D., AND G. G. MusseR. 1984. Muroid rodents. Pp.
289-379 in Orders and families of recent mammals of the
world (S. Anderson and J. K. Jones, Jr., eds.). John Wiley &
Sons, New York.

CrArk, T. W. 1973. Local distribution and interspecies interac-
tions in microtines Grand Teton National Park, Wyoming.
Great Basin Naturalist 33:205-217.

CoLvIN, D. V. 1973a. Agnostic behaviour in males of five species
of voles Microtus. Animal Behaviour 21:471-480.

CoLvIN, M. A. 1973b. Analysis of acoustic structure and function
in ultrasounds of neonatal Microtus. Behaviour 44:234-263.

CoLviN, M. A., aND D. V. CoLvIN. 1970. Breeding and fecundity
of six species of voles (Microtus). Journal of Mammalogy 51:
417-419.

CUMMINGS, S. A., AND J. G. HALLETT. 1991. Assessment of DNA
fingerprinting for studies of small-mammal populations. Ca-
nadian Journal of Zoology 69:2819-2825.

DarQuest, W. W. 1975. The montane vole in northeastern New
Mexico and adjacent Colorado. Southwestern Naturalist 20:
138-139.

Davis, H. N., G. D. GRAY, M. ZERYLNICK, AND D. A. DEWSBURY.
1974. Ovulation and implantation in montane voles (Microtus
montanus) as a function of varying amounts of copulatory
stimulation. Hormones and Behavior 5:383-388.

DE LA Maza, L. M., aND J. R. SAWYER. 1976. The G and Q
banding pattern of an unusual subspecie of Microtus montan-
us with 22 chromosomes. Mammalian Chromosomes Newslet-
ter 17:76-77.

DEwsBURY, D. A. 1973. Copulatory behavior of montane voles
(Microtus montanus). Behaviour 44:186—-202.

DEWSBURY, D. A., S. M. BAUER, J. D. PIERCE, JR., L. E. SHAPIRO,
AND S. A. TAYLOR. 1992. Ejaculate disruption in two species
of voles (Microtus): on the PEI matching law. Journal of Com-
parative Psychology 106:383-387.

Doucrass, R. J. 1976. Spatial interactions and microhabitat se-



8 MAMMALIAN SPECIES

lections of two locally sympatric voles, Microtus montanus
and Microtus pennsylvanicus. Ecology 57:346-352.

DrABEK, C. M. 1994. Summer and autumn temporal activity of
the montane vole (Microtus montanus) in the field. Northwest
Science 68:178-184.

Epman, J. C., M. E. Evans-Horwm, J. E. MAricH, AND J. L. RuTH.
1988. Rapid DNA fingerprinting using alkaline phosphatase-
conjugated oligonucleotides. Nucleic Acids Research 16:
6235.

Ecoscuk, H. J. 1961. Small mammal records from western Utah.
Journal of Mammalogy 42:122-124.

Ervtior, R. W. 1986. A mouse “minisatellite.” Mouse Newsletter
74:115-117.

Evans, R. L., E. M. Karz, N. L. OrsoNn, AND D. A. DEWSBURY.
1978. A comparative study of swimming behavior in eight
species of muroid rodents. Bulletin of the Psychonomic Society
11:168-170.

FELDHAMER, G. A. 1977. Double captures of four rodent species
in Oregon. Northwest Science 51:91-93.

FELDHAMER, G. A. 1979. Vegetative and edaphic factors affecting
abundance and distribution of small mammals in southeast
Oregon. Great Basin Naturalist 39:207-217.

FERGUSON, B., S. M. FuentEes, D. K. SAWREY, AND D. A. DEws-
BURY. 1986. Male preferences for unmated versus mated fe-
males in two species of voles (Microtus ochrogaster and M.
montanus). Journal of Comparative Psychology 100:243-247.

FINDLEY, J. S. 1954. Competition as a possible limiting factor in
the distribution of Microtus. Ecology 35:418-420.

FINDLEY, J. S., AND C. J. JONES. 1962. Distribution and variation
of voles of the genus Microtus in New Mexico and adjacent
areas. Journal of Mammalogy 43:154-166.

FrrzGerALD, B. M. 1977. Weasel predation on a cyclic population
of the montane vole (Microtus montanus) in California. Jour-
nal of Animal Ecology 46:367-397.

Franpsen, T. C., S. S. Boyp, AND P. J. BERGER. 1993. Maternal
transfer of the 6-MBOA chemical signal in Microtus montan-
us during gestation and lactation. Canadian Journal of Zoology
71:1799-1803.

Frey, J. K. 1994. Testing among modes of allopatric speciation:
a hypothetico-deductive approach. Ph.D. dissertation, Univer-
sity of New Mexico, Albuquerque, 131 pp.

Frey, J. K., J. H. FrRAcA, AND F. C. BERMUDEZ. 1995. A new
locality of the montane vole (Microtus montanus arizonensis)
in New Mexico. Southwestern Naturalist 40:421-422.

FrommeL, T. O., Y. FUlKURA, AND J. R. SEep. 1991, Tissue al-
terations in Microtus montanus chronically infected with 7ry-
panosoma brucei gambiense. Journal of Parasitology 77:164—
167.

FrommEL, T. O., J. R. SEED, AND J. SECHELSKI. 1988. Changes
in albumin levels in blood and urine of Microtus montanus
chronically infected with Trypanosoma brucei gambiense.
Journal of Parasitology 74:957-962.

Getz, L. L. 1985. Habitats. Pp. 286—-309 in Biology of New World
Microtus (R. H. Tamarin, ed.). Special Publication, American
Society of Mammalogists 8:1-893.

GOURLEY, R. S., AND F. J. JANNETT, JR. 1975. Pine and montane
vole age estimates from eye lens weights. Journal of Wildlife
Management 39:550—-556.

GraANT, W. E., E. C. BIRNEY, N. R. FRENCH, AND D. M. SwIFT.
1982. Structure and productivity of grassland small mammal
communities related to grazing-induced changes in vegetative
cover. Journal of Mammalogy 63:248-260.

GRrAY, G. D., H. N. Davis, M. ZERYLNICK, AND D. A. DEWSBURY.
1974. Oestrus and induced ovulation in montane voles. Jour-
nal of Reproduction and Fertility 38:193-196.

GREEN, G. A., R. E. FrrzneR, R. G. ANTHONY, AND L. E. ROGERS.
1993. Comparative diets of burrowing owls in Oregon and
Washington. Northwest Science 67:88-93.

Havr, E. R. 1935. Nevadan races of the Microtus montanus group
of meadow mice. University of California Publications in Zo-
ology 40:417-428.

Harr, E. R. 1938. Notes on the meadow mice Microtus montanus
and M. nanus with description of a new subspecies from Col-
orado. Proceedings of the Biological Society of Washington 51:
131-134.

Harr, E. R. 1981. The mammals of North America. Second edi-
tion. John Wiley & Sons, New York 2:601-1181 + 90.

716—Microtus montanus

Harr, E. R., anp E. L. Cockrum. 1953. A synopsis of the North
American microtine rodents. University of Kansas Publica-
tions, Museum of Natural History 5:373-498.

Harr, E. R., aNp C. L. HAYWARD. 1941. Three new mammals
(Microtus and Ochotona) from Utah. Great Basin Naturalist 2:
105-108.

Harr, E. R., anp K. R. KeErson. 1951. A new subspecies of
Microtus montanus from Montana and comments on Microtus
canicaudus Miller. University of Kansas Publications, Museum
of Natural History 5:73-79.

HARTUNG, T. G., AND D. A. DEWSBURY. 1979a. Paternal behavior
in six species of muroid rodents. Behavioral and Neural Bi-
ology 26:466-478.

Hartung, T. G., AND D. A. DEwsBURY. 1979b. Nest-building
behavior in seven species of muroid rodents. Behavioral and
Neural Biology 27:532-539.

HatrieLp, D. M. 1935. A natural history study of Microtus cal-
ifornicus. Journal of Mammalogy 16:261-271.

Heaton, T. H. 1985. Quaternary paleontology and paleoecology
of Crystal Ball Cave, Millard County, Utah: with emphasis on
mammals and description of a new species of fossil skunk.
Great Basin Naturalist 45:337-390.

Hobcson, J. R. 1972, Local distribution of Microtus montanus
and M. pennsylvanicus in southwestern Montana. Journal of
Mammalogy 53:487—499.

HorrmanN, R. S. 1958. The role of reproduction and mortality in
population fluctuations of voles (Microtus). Ecological Mono-
graphs 28:79-109.

Horrmann, R. S., anp J. W. KokeppL. 1985. Zoogeography. Pp.
84-115 in Biology of New World Microtus (R. H. Tamarin,
ed.). Special Publication, American Society of Mammalogists
8:1-893.

HorrMANN, R. S., P. L. WRIGHT, AND F. E. NEWBY. 1969. The
distribution of some mammals in Montana. I. Mammals other
than bats. Journal of Mammalogy 50:579-604.

HoopPer, E. T., AND B. S. HART. 1962. A synopsis of recent North
American microtine rodents. Miscellaneous Publications of the
Museum of Zoology, University of Michigan 120:1-68.

Horron, T. H. 1984. Growth and reproductive development of
male Microtus montanus is affected by the prenatal photope-
riod. Biology of Reproduction 31:499-504.

Horron, T. H. 1985. Cross-fostering of voles demonstrates in
utero effect of photoperiod. Biology of Reproduction 33:934—
939.

Howkerr, A. B. 1924. Individual and age variation in Microtus
montanus yosemite. Journal of Agricultural Research 28:977—
1017.

Hsu, T. C., aNpD M. L. Jounson. 1970. Cytological distinction
between Microtus montanus and Microtus canicaudus. Jour-
nal of Mammalogy 51:824-826.

INNES, D. G. L., AND J. S. MiLLAR. 1994. Life histories of Cleth-
rionomys and Microtus (Microtinae). Mammal Review 24:
179-207.

JannerT, F.J., JR. 1974, Drum-marking by Arvicola richardsoni
and its taxonomic significance. American Midland Naturalist
92:230-234.

JAnNNETT, F. J., JR. 1978a. Dosage response of the vesicular, pre-
putial, anal, and hip glands of the male vole, Microtus mon-
tanus, to testosterone propionate. Journal of Mammalogy 59:
772-779.

JannerT, F. J., JR. 1978b. The density-dependent formation of
extended maternal families of the montane vole, Microtus
montanus nanus. Behavioral Ecology and Sociobiology 3:
245-263.

JannerT, F.J., JR. 1980. Social dynamics of the montane vole,
Microtus montanus, as a paradigm. Biologist 62:3—19.

JanneTT, F. J., JR. 1981a. Albinism and its inheritance in pop-
ulations of the montane vole. Journal of Heredity 72:144—146.

JanNETT, F. J., JR. 1981b. Scent mediation of intraspecific, inter-
specific, and intergeneric agonistic behavior among sympatric
species of voles (Microtinae). Behavioral Ecology and Socio-
biology 8:293-296.

JanNETT, F. J., JR. 198lc. Sex ratios in high-density populations
of the montane vole, Microtus montanus, and the behavior of
territorial males. Behavioral Ecology and Sociobiology 8:297—
307.

JAanNETT, F. J., JR. 1982. Nesting patterns of adult voles, Microtus



716—Microtus montanus

montanus, in field populations. Journal of Mammalogy 63:
495-498.

JanNEeTT, F. J., JR. 1984. Reproduction of the montane vole, Mi-
crotus montanus, in subnivean populations. Special Publica-
tion, Carnegie Museum of Natural History 10:215-224.

JEWETT, S. G. 1955. Free-tailed bats and melanistic mice in
Oregon. Journal of Mammalogy 36:458-459.

Jonnson, M. L. 1968. Application of blood protein electropho-
retic studies to problems in mammalian taxonomy. Systematic
Zoology 17:23-30.

Jubp, S. R., S. P. CRoss, AND S. PATHAK. 1980. Non-Robertsonian
chromosomal variation in Microtus montanus. Journal of
Mammalogy 61:109-113.

KELLOGG, R. 1922. A study of the California forms of the Microtus
montanus group of meadow mice. University of California Pub-
lications in Zoology 21:245-274.

KENNEY, A. McM., and D. A. DEwsBURY. 1977. Effect of limited
mating on the corpora lutea in montane voles, Microtus mon-
tanus. Journal of Reproduction and Fertility 49:363-364.

Koenrer, D. K., AND S. H. ANDERSON. 1991. Habitat use and
food selection of small mammals near a sagebrush/crested
wheatgrass interface in southeastern Idaho. Great Basin Nat-
uralist 51:249-255.

Korrin, J. R., AND R. S. HOFFMANN. 1968. Habitat overlap and
competitive exclusion in voles (Microtus). American Midland
Naturalist 80:494—507.

LAUNDRE, J. W., AND T. D. REYNOLDS. 1993. Effects of soil struc-
ture on burrow characteristics of five small mammal species.
Great Basin Naturalist 53:358-366.

MarrTr, C. D., AND M. N. KOCHERT. 1996. Diet and trophic char-
acteristics of great horned owls in southeastern Idaho. Journal
of Field Ornithology 67:499-506.

Masgr, C., E. W. HAMMER, AND S. H. ANDERSON. 1970. Com-
parative food habits of three owl species in central Oregon.
Murrelet 51:29-33.

Maskir, C., E. W. HAMMER, AND S. H. ANDERSON. 1971. Food
habits of the burrowing owl in central Oregon. Northwest Sci-
ence 45:19-26.

MASER, C., E. W. HAMMER, AND M. L. JoHNSON. 1969. Abnormal
coloration in Microtus montanus. Murrelet 50:39.

MATTHEY, R. 1954. Nouvelles recherches sur les chromosomes
des Muridae. Caryologica 6:1-44.

McDonaLp, D. L., AND L. G. ForsLunp. 1978. The development
of social preferences in the voles Microtus montanus and Mi-
crotus canicaudus: effects of cross-fostering. Behavioral Bi-
ology 22:497-508.

McGUIRE, B., AND M. NovAK. 1986. Parental care and its rela-
tionship to social organization in the montane vole (Microtus
montanus). Journal of Mammalogy 67:305-311.

MEeRRr1iAM, C. H. 1891. Results of a biological reconnaissance of
Idaho, south of latitude 45° and east of the thirty-eighth me-
ridian, made during the summer of 1890, with annotated lists
of the mammals and birds, and descriptions of new species.
North American Fauna 5:1-416.

Miies, J. N, ET AL. 1998. A survey of hantavirus antibody in
small-mammal populations in selected United States national
parks. American Journal of Tropical Medicine and Hygiene
58:525-532.

Mobi, W. S. 1986. Karyotypic differentiation among two sibling
species pairs of new world microtine rodents. Journal of Mam-
malogy 67:159-165.

Necus, N. C., P. J. BERGER, AND B. W. BRowN. 1986. Microtine
population dynamics in a predictable environment. Canadian
Journal of Zoology 64:785-792.

Necus, N. C., P. J. BERGER, AND A. J. PINTER. 1992. Phenotypic
plasticity of the montane vole (Microtus montanus) in unpre-
dictable environments. Canadian Journal of Zoology 70:2121—
2124.

NEecus, N. C., AND A. J. PINTER. 1965. Litter sizes of Microtus
montanus in the laboratory. Journal of Mammalogy 46:434—
437.

OTTESON, E. W., ET AL. 1996. Occurrence of hantavirus within
the rodent population of northeastern California and Nevada.
American Journal of Tropical Medicine and Hygiene 54:127—
133.

OwWEN, R. D., AND R. M. SHACKELFORD. 1942. Color aberrations
in Microtus and Pitymys. Journal of Mammalogy 23:306-314.

MAMMALIAN SPECIES 9

Packarp, G. C. 1968. Oxygen consumption of Microtus montan-
us in relation to ambient temperature. Journal of Mammalogy
49:215-220.

PeALE, T. R. 1848. Mammalia and ornithology. United States ex-
ploring expedition during the years 1838, 1839, 1840, 1841,
1842 under the command of Charles Wilkes, U. S. N. 8:17—
338.

PeLLis, S. M., V. C. PeLLIs, J. D. PIERCE, JR., AND D. A. DEWSBURY.
1992. Disentangling the contribution of the attacker from that
of the defender in the differences in the intraspecific fighting
in two species of voles. Aggressive Behavior 18:425-435.

PETTERBORG, L. J. 1978. Effect of photoperiod on body weight in
the vole, Microtus montanus. Canadian Journal of Zoology 56:
431-435.

PIERCE, J. D., JrR., AND D. A. DEWsBURY. 1991. Female prefer-
ences for unmated versus mated males in two species of voles
(Microtus ochrogaster and Microtus montanus). Journal of
Comparative Psychology 105:165-171.

PiERCE, J. D., Jr., V. C. PELLIS, D. A. DEWSBURY, AND S. M. PELLIS.
1991. Targets and tactics of agonistic and precopulatory be-
havior in montane and prairie voles: their relationship to ju-
venile play-fighting. Aggressive Behavior 17:337-349.

PINTER, A. J. 1968. Hair growth responses to nutrition and pho-
toperiod in the vole, Microtus montanus. American Journal
of Physiology 215:828-832.

PINTER, A. J. 1979. Dominant spotting in a natural population of
the vole. Journal of Heredity 70:441-443.

PINTER, A. J. 1986. Population dynamics and litter size of the
montane vole, Microtus montanus. Canadian Journal of Zo-
ology 64:1487-1490.

PINTER, A. J. 1988. Multiannual fluctuations in precipitation and
population dynamics of the montane vole, Microtus montanus.
Canadian Journal of Zoology 66:2128-2132.

PINTER, A. J., AND A. K. McLEAN. 1970. Hereditary hairlessness
in the montane vole. Journal of Heredity 61:112-114.

PINTER, A. J., AND N. C. NEGcus. 1971. Coat color mutations in
two species of voles (Microtus montanus and Microtus och-
rogaster) in the laboratory. Journal of Mammalogy 52:196—
199.

PINTER, A. J., W. D. O’DELL, AND R. A. WATKINS. 1988. Intestinal
parasites of small mammals from Grand Teton National Park.
Journal of Parasitology 74:187—188.

Quay, W. B. 1954. The Meibomian glands of voles and lemmings
(Microtinae). Miscellaneous Publications of the Museum of Zo-
ology, University of Michigan 82:1-17.

RaNDALL, J. A. 1978. Behavioral mechanisms of habitat segre-
gation between sympatric species of Microtus: habitat pref-
erence and interspecific dominance. Behavioral Ecology and
Sociobiology 3:187-202.

Reynorps, T. D., AND W. L. WAKKINEN. 1987. Characteristics of
the burrows of four species of rodents in undisturbed soils in
southeastern Idaho. American Midland Naturalist 118:245—
250.

Rowsemrirt, C. N. 1986. Seasonal variations in activity rhythms
of male voles: mediation by gonadal hormones. Physiology and
Behavior 37:797-803.

Rowsemirr, C. N. 1989. Activity of castrated male voles: rhythms
of responses to testosterone replacement. Physiology and Be-
havior 45:7-13.

Rowsemrrt, C. N. 1991. Activity rhythms in female montane
voles (Microtus montanus). Canadian Journal of Zoology 69:
1071-1075.

SAaro, A. L., L. E. SHAPIRO, AND D. A. DEWSBURY. 1994. Com-
parisons of nipple attachment and incisor growth among four
species of voles (Microtus). Developmental Psychobiology 27:
317-330.

SANDERS, E. H., P. D. GARDNER, P. J. BERGER, AND N. C. NEGUS.
1981. 6-Methoxybenzoxazolinone: a plant derivative that
stimulates reproduction in Microtus montanus. Science 214:
67-69.

SAWREY, D. K., AND D. A. DEWSBURY. 1991. Males accelerate
reproductive development in female montane voles. Journal of
Mammalogy 72:343-346.

SAwrEY, D. K., AND D. A. DEwsBURY. 1994. Conspecific odor
preferences in montane voles (Microtus montanus): effects of
sexual experience. Physiology and Behavior 56:339-344.

SAwrey, D. K., J. R. KeitH, AND R. C. Backes. 1994. Place



10 MAMMALIAN SPECIES

learning by three vole species (Microtus ochrogaster, M. mon-
tanus, and M. pennsylvanicus) in the Morris swim task. Jour-
nal of Comparative Psychology 108:179-188.

Scumip, W. 1967. The karyotype of Microtus montanus. Mam-
malian Chromosomes Newsletter 8:15.

SEED, J. R., AND J. E. HALL. 1980. A review on the use of Mi-
crotus montanus as an applicable experimental model for the
study of African trypanosomiasis. Annales de la Societe Belge
de Medecine Tropicale 60:341-348.

SeED, J. R., AND N. KnariLl. 1971. The changes in locomotor
rhythms of Microtus montanus infected with Trypanosoma
gambiense. Journal of Interdisciplinary Cycle Research 2:91—
99.

SHAFER, R., H. Z1SCHLER, AND J. T. EpPLEN. 1988. (CAC),, a very
informative oligonucleotide probe for DNA fingerprinting. Nu-
cleic Acids Research 16:5196.

Suariro, L. E., D. Austin, S. E. WARD, AND D. A. DEWSBURY.
1986. Familiarity and female mate choice in two species of
voles (Microtus ochrogaster and Microtus montanus). Animal
Behaviour 34:90-97.

SHAPIRO, L. E., AND D. A. DEwWSBURY. 1990. Differences in af-
filiative behavior, pair bonding, and vaginal cytology in two
species of vole (Microtus ochrogaster and M. montanus).
Journal of Comparative Psychology 104:268-274.

SHAPIRO, L. E., AND T. R. INSEL. 1990. Infant’s response to social
separation reflects adult differences in affiliative behavior: a
comparative developmental study in prairie and montane
voles. Developmental Psychobiology 23:375-393.

SHAPIRO, L. E., C. M. LEONARD, C. E. SESSIONS, D. A. DEWSBURY,
AND T. R. INsEL. 1991. Comparative neuroanatomy of the
sexually dimorphic hypothalamus in monogamous and polyg-
amous voles. Brain Research 541:232-240.

SiepkL, D. R., aNpD E. S. BoorH. 1960. Biology and breeding
habits of the meadow mouse Microtus montanus in eastern
Washington. Publications of the Department of Biological Sci-
ences of the Walla Walla College and the Biological Station
29:1-14.

SLOANE, S. A., S. L. SHEA, M. M. PROCTER, AND D. A. DEWSBURY.
1978. Visual cliff performance in 10 species of muroid ro-
dents. Animal Learning and Behavior 6:244-248.

STEHN, R. A., AND F. J. JANNETT, JR. 1981. Male-induced abor-
tion in various microtine rodents. Journal of Mammalogy 62:
369-372.

Stock, A. D. 1970. Notes on mammals of southwestern Utah.
Journal of Mammalogy 51:429-433.

STOECKER, R. E. 1972. Competitive relations between sympatric
populations of voles (Microtus montanus and M. pennsylvan-
tcus). Journal of Animal Ecology 41:311-329.

SuLLivan, T. P, D. R. CRump, AND D. S. SuLLIVAN. 1988. Use of
predator odors as repellents to reduce feeding damage by her-
bivores. IlI. Montane and meadow voles (Microtus montanus
and Microtus pennsylvanicus). Journal of Chemical Ecology
14:363-377.

SurLivan, T. P., D. R. Crump, H. WIESER, AND E. A. Dixon. 1990.
Comparison of release devices for stoat (Mustela erminea) se-
miochemicals used as montane vole (Microtus montanus) re-
pellents. Journal of Chemical Ecology 16:951-957.

SuLLIVAN, T. P, AND D. S. SuLLIVAN. 1988. Influence of alter-
native foods on vole populations and damage in apple or-
chards. Wildlife Society Bulletin 16:170-175.

SuLLivan, T. P., D. S. SurLivan, E. J. Hocug, R. A. LAUTENSCH-
LAGER, AND R. G. WAGNER. 1998. Population dynamics of
small mammals in relation to vegetation management in or-
chard agroecosystems: compensatory responses in abundance
and biomass. Crop Protection 17:1-11.

716—Microtus montanus

TAYLOR, S. A., A. L. SALo, AND D. A. DEWSBURY. 1992. Estrus
induction in four species of voles (Microtus). Journal of Com-
parative Psychology 106:366-373.

Timm, R. M. 1985. Parasites. Pp. 455-534 in Biology of New
World Microtus (R. H. Tamarin, ed.). Special Publication,
American Society of Mammalogists 8:1-893.

TrouEssART, E. L. 1897. Catalogus mammalium tam viventium
quam fossilium. Fascicle III. Rodentia II. Myomorpha, Hys-
trichomorpha, Lagomorpha. R. Friedlinder and Sohn, Berlin,
Germany.

VaucHAN, M. K., G. M. VAUGHAN, AND R. J. REITER. 1973. Ef-
fect of ovariectomy and constant dark on the weight of repro-
ductive and certain other organs in the female vole, Microtus
montanus. Journal of Reproduction and Fertility 32:9-14.

VaucHAN, T. A. 1969. Reproduction and population densities in
a montane small mammal fauna. Miscellaneous Publications,
Museum of Natural History, University of Kansas 51:51-74.

VaucHAN, T. A. 1974. Resource allocation in some sympatric,
subalpine rodents. Journal of Mammalogy 55:764-795.

VERTS, B. J., AND L. N. CARRAWAY. 1998. Land mammals of
Oregon. University of California Press, Berkeley.

Voormuies, M. R., AND R. G. CORNER. 1985. Small mammals with
boreal affinities in late Pleistocene (Rancholabrean) deposits
of eastern and central Nebraska. Institute of Tertiary—Quater-
nary Studies. TER-QUA Symposium Series 1:125-142.

WaNG, Z., aND L. J. Younc. 1997. Ontogeny of oxytocin and
vasopressin receptor binding in the lateral septum in prairie
and montane voles. Developmental Brain Research 104:191—
195.

WANG, Z., L. Zuou, T. J. HurLiHAN, AND T. R. INSEL. 1996. Im-
munoreactivity of central vasopressin and oxytocin pathways
in microtine rodents: a quantitative comparative study. Journal
of Comparative Neurology 366:726-737.

WARREN, E. R. 1929. An albino field mouse. Journal of Mam-
malogy 10:82.

WaTtkins, R. A., S. E. MosHieRr, W. D. O’DELL, AND A. J. PINTER.
1991. Splenomegaly and reticulocytosis caused by Babesia
microti infections in natural populations of the montane vole,
Microtus montanus. Journal of Protozoology 38:573-576.

WEeBSTER, D. G., M. H. WiLLiams, AND D. A. DEwsBURY. 1982.
Female regulation and choice in the copulatory behavior of
montane voles (Microtus montanus). Journal of Comparative
and Physiological Psychology 96:6061-667.

WeLsH, C. J., R. E. MooRrE, R. J. BARTELT, AND L. L. JACKSON.
1988. Novel, species-typical esters from preputial glands of
sympatric voles, Microtus montanus and M. pennsylvanicus.
Journal of Chemical Ecology 14:143-158.

WiLLiams, O. 1955. Distribution of mice and shrews in a Colorado
montane forest. Journal of Mammalogy 36:221-231.

Worrr, J. O. 1985. Behavior. Pp. 340-372 in Biology of New
World Microtus (R. H. Tamarin, ed.). Special Publication,
American Society of Mammalogists 8:1-893.

WUNDER, B. A. 1985. Energetics and thermoregulation. Pp. 812—
844 in Biology of New World Microtus (R. H. Tamarin, ed.).
Special Publication, American Society of Mammalogists 8:1—
893.

ZAkrRzEWSKI, R. J. 1985. The fossil record. Pp. 1-51 in Biology
of New World Microtus (R. H. Tamarin, ed.). Special Publi-
cation, American Society of Mammalogists 8:1-893.

Associate editors of this account were ELAINE ANDERSON and Lui
MARINELLL. Editor was VIRGINIA HAYSSEN.

W. E. SErRA, BioLocy PROGRAM, DIVISION OF NATURAL AND
HeALTH ScIENCES, SETON HiLL UNIVERSITY, GREENSBURG, PENN-
SYLVANIA 15601-1599. C. N. EARLY, DEPARTMENT OF BIOLOGY,
BAYLOR UNIVERSITY, WACO, TEXAS 76798-7388.



