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ABSTRACT 
We captured deer mice (Peromyscus maniculatus) and pinyon mice (Peromyscus truei) from 

October 1994 to October 2005 in an area of sympatry near Molina, west-central Colorado. 

We examined relative abundances and microhabitat use of these rodents in an area dominated 

by two major vegetation types: sagebrush (Artemisia spp.) and pinyon-juniper (Pinus edulis

Juniperus spp.). This was conducted to assess changes in microhabitat use over time and how 

these changes relate to the relative abundances of these rodents. Pinyon mouse captures were 

associated with pinyon-juniper habitat during every year of the study, whereas deer mouse captures 

were associated with sagebrush habitat during some years but not specifically associated with 

either habitat type during other years. Generally, when pinyon mouse abundance was relatively 

low, deer mice were not specifically associated with either habitat. Notably, when deer mouse 

abundance was relatively low, we captured pinyon mice in sagebrush habitat more often than in 

years of high deer mouse abundance. Our data suggested that fluctuations in relative abundance 

in one of these sympatric peromyscine rodents affect microhabitat use of the congener. 
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INTRODUCTION 
The concept that differences in 

microhabitat utilization may allow closely 

related species to occur sympatrically 

has been extensively studied for rodents 

within the genus Peromyscus (Geluso 

1971, Holbrook 1978, Kantak 1983, Ribble 

and Samson 1987, Etheredge et al. 1989, 

Kalcounis-Ri.ippell and Millar 2002). Certain 

studies have focused entirely on both the 

deer mouse (P maniculatus) and the pinyon 

mouse (P truei; Douglas 1969, Hammond 

and Yensen 1982). These investigators found 
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that differences in activity patterns and 

availability of space and food allowed these 

rodents to coexist over broad portions of 

their ranges. 

Differences in microhabitat utilization 

can be attributed to numerous factors. 

Kantak (1983) found that foraging habitat 

and nest location preferences accounted 

for differences in habitat selection by deer 

mice and white-footed mice (P leucopus) 

in a laboratory setting. Holbrook ( 1978) 

suggested that the size of food items, 

vegetation complexity, multidimensional 

use of space, i.e., arboreal vs. terrestrial , 

and competitive interactions can affect 

microhabitat utilization of deer mice, pinyon 
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mice, brush mice (P boy/ii) and rock mice 

(P nasutus) in ew Mexico. 

Pinyon mice range from outhwest 

Oregon to outhern Wyoming, western 

Kansas and north central Texas in the U.S., 

south to Baja alifornia and central Mexico 

( itLgerald et al. 1994). Many studies have 

suggested that pinyon mice are limited to 

pinyon-juniper or other woodland habitats. 

On the other hand, deer mice are typically 

found in relatively open habitats, such as 

agebrush, but as generalists they are not 

limited to a particular habitat type (Douglas 

1969, Holbrook 1978, Hammond and 

Yensen 1982, Ribble and Samson 1987). 

Deer mice are the most widely 

distributed native small mammal in orth 

America (Fitzgerald et al. 1994). They 

invade human habitations when given the 

opportunity (Kuenzi et al 200 l) and are 

the principal rodent host of Sin ombre 

virus ( NV, family Bunyaviridae, genus 

Hantavirns), the etiologic agent of 

hantavirus pulmonary syndrome (Childs et 

al. 1994) and therefore, are of public health 

and epidemiologic interest. 

Since 1994, we have been conducting 

longitudinal studies of rodent in western 

Colorado for epidemiologic purposes. A 

report of the early years of our work has 

been published (Calisher et al. 1999) along 

with other reports such as understanding 

the relationships of deer mouse movement, 

vegetative structures, and prevalence of 

infection with S V; analyse of gene flow 

among deer mice; genetic relatedness of 

deer mice; and spatial clustering of murid 

rodents infected with hantaviruses (Root et 

al. 1999, Root et al. 2003, Root et al. 2004, 

Root et al. 2005). 

Incidental to our principal studies of 

deer mice, we have regularly captured 

pinyon mice, which also are natural hosts 

for S V. The longitudinal studies presented 

us with an opportunity to examine data 

regarding the microhabitat associations of 

these rodents, as well as fluctuations in their 

populations. 

We were not able to find detailed, 

published reports of the effect of changes 

in microhabitat use and how interspecific 

interaction a they relate to fluctuations 

in population 1ze of the congener might 

affect such changes. Thus, we evaluated 

di tribution of pinyon mice and deer mice 

at sites where both occur. To as e s impacts 

of inter pecific interactions on microhabitat 

u e, we tudied the microhab1tat as oc1at1ons

of deer mice and pinyon mice and compared

these associations to fluctuation m the

relative abundances of these rodent

METHOD 
The study site was located m west

central olorado near Molina ( 39" 09' 

45.8" latitude, W I 08" 03' I 8.4" longitude, 

altitude I 951 m). A description of the 

study site has been published previously 

( alisher et al. 1999). The area generally is 

characterized by sagebrush (Artemi�ia spp.), 

juniper (Juniperus spp.), pinyon pme (/>,nil\ 

edu/is), and rabbitbrush (Chrysothamnus 

spp.). Annual precipitation averaged 20.1 cm 
± 9 .8 s for the 11 years of this study. 

We used two trapping webs> 500 m 

apart and separated by a ditch penod1cally 

filled for irrigation that likely does not limit 

the di persion of rodents. Livestock had not 

grazed this area for several years prior to this 

study. Web Awa comprised principally of 

agebrush and bare ground with interspersed 

grasses and forbs. This vegetation type was 

typical of the area and occurred primarily 

in the central and northern portion this web. 

The eastern portion of web A lopes down 

toward a pasture grazed by livestock that 1s 

characterized by pinyon pine and jumper 

with parse undergrowth among rocks and 

juniper deadfall. The southern and western 

edges of web A were comprised of pmyon

juniper woodland. Web B 1s essentially 

flat, with pinyon, juniper, and sagebrush 

cattered throughout but with less sagebrush 

and more juniper than at web A. 

ach web consisted of 145 trap station 

arranged in I 2 lines of 12 trap each, 

radiating from a single trap tat1on at the 

center of the web, with !me bemg 30° apart 

(Mills et al. 1999). We paced the fir t four 

trap station in each line at 5-m interval and 

the next eight trap station at I 0-m intervals. 

One 8- x 9- x 23-cm non-folding herman 
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live-trap (H. B. Shennan Traps, Inc., 

Tallahassee, FL) was placed at each trap 

station and baited with a mixture of rolled 

oats, cracked com, and peanut butter. Traps 

were checked for three or rarely two (n = 

6) consecutive nights during each trapping

session (n = 54).

Rodents were trapped at 6-week 

intervals from October 1994 through 

October 2005; however, trapping efforts 

typically ceased from November through 

March. Data from 1994 were not included 

in these analyses because trapping did not 

begin until October of that year; therefore, 

data for these analyses begins in May 1995. 

Trapped rodents were anesthetized with 

isoflurane, measured, bled from the retro

orbital plexus for SNV antibody testing, 

marked with individually numbered stainless 

steel ear tags, and released at the exact 

site of capture. Processing was conducted 

according to published protocols (Mills et al. 

1995) and approved by the Colorado State 

University Animal Care and Use Committee. 

We categorized microhabitats of trap 

stations as "tree" or "non-tree" (generally 

shrub). A trap station was considered as 

belonging to the "tree" category if there 

was the trunk of a live tree or there was 

canopy (> 2.5 m in height) within 5 m of 

the trap station. If there were no trees or 

canopy within 5 m of the trap station, it was 

considered "non-tree." In the trap-dense 

center of the web (the central trap plus the 

first four trap stations in each line), a single 

tree could affect classification of several 

trap stations. To promote independence 

of observations in this area, the first and 

third trap stations on odd numbered lines 

and the first three trap stations on even 

numbered lines were removed from these 

analyses (Root et al. 200 I). This effectively 

increased the distance between trap stations 

in this area. In total, we used 230 of 290 

trap stations (2 webs) for the microhabitat 

analyses. 

Data were grouped by year and 

analyzed by Yate's corrected Chi square 

tests (Sokal and Rohlf 1995) for significant 

associations between captures of rodents and 

microhabitat categories. To contrast changes 
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in microhabitat associations and population 

fluctuations, we compared the results to 

mean annual relative abundances of rodents. 

To estimate relative abundances, the 

minimum number alive (MNA; Chitty and 

Phipps 1966) was tabulated for each species 

and each sampling period and a mean MNA 

was calculated for each year of the study. 

The MNA provides a reliable estimate of 

population size and typically within l 0 

percent of the actual number of animals if 

trapability is high (Hilborn et al. 1976). A 

/-test was perfonned to test the hypothesis 

that pinyon mouse abundance would be 

lower during years when deer mice used 

the available habitats at random than during 

years when deer mice were associated with 

non-tree (sagebrush) habitat (Sokal and 

Rohlf 1995). 

RESULTS 
During 41,210 trap-nights 3562 

peromycsine rodent captures were recorded; 

deer mice = 2486, pinyon mice = l 076. 

Yearly mean MNA for both rodents appear 

in Table I. Pinyon mouse MNA (mean = 

16.6 ± 7.1) was lowest from 1997-2000, 

whereas deer mouse MNA (mean = 30.5 ± 

18.7) was lowest from 2000-2003. 

Of the 230 trap stations used in these 

analyses, deer mice or pinyon mice were 

captured in 229 during the 11-year study. Of 

the 229 trap stations, 77 (33.6%) captured 

rodents were of a single Peromyscus spp. 

That is, only deer mice were captured in 73 

trap stations, and only pinyon mice were 

captured in four trap stations. At one time 

or another both rodents were captured in the 

remaining 152 trap stations. 

Of the 230 trap stations, 116 (50.4%) 

were in the non-tree category and 114 

(49.6%) were in the tree category. Generally, 

the non-tree category trap stations were 

associated with sagebrush ( < IO were 

associated with bare-ground or herbaceous 

cover). Over the 11-year observation 

period, pinyon mouse captures tended to 

be associated with trees more than the 

null hypothesis predicts (X2 = 57.4, P < 

0.0001, df = 1). We captured deer mice at 

tree and non-tree microhabitats with equal 



T�ble 1. Annual habitat associations of pinyon mice and deer mice, near Mo Ima, Colorado,
with Yates' corrected Chi-square (A:'2) and P-values, a well as the minimum number alive 
(MNA) are reported. When no association to either habitat type was detected habitat use was 
considered random. 

' 

Year Pinyon mouse x
2
. P Pinyon mouse 

habitat mean MNA 

1995 Pinyon-juniper 41.9,<0.0001 17.33 
1996 Pinyon-juniper 60.8, <0.0001 19.60 
1997 Pinyon-juniper 31.1, <0.0001 9.40 
1998 Pinyon-juniper 37.7, <0.0001 16.00 
1999 Pinyon-juniper 4.3, 0.039 3.00 
2000 Pinyon-juniper 11.9, 0.0006 11.75 
2001 Pinyon-juniper 31.3, <0.0001 20.20 
2002 Pinyon-juniper 52.2, <0.0001 17.50 
2003 Pinyon-juniper 46.2, <0.0001 23.50 
2004 Pinyon-juniper 42.1, <0.0001 27.40 
2005 Pinyon-juniper 7.4, 0.006 3.50 

probability (X2 = 2.3, P = 0.126, df = I). 
On an annual basis, captures of pinyon 

mice tended to be associated with trees 
more than expected for each year (Table 
I). In partial contrast, deer mice tended to 
be associated with non-tree sites more than 
expected in 6 of 11 study years (1995, 1996, 
2000, 2001, 2003, and 2004). Captures of 
deer mice did not differ significantly from 
the expected in 1997-1999, 2002, and 2005 
(Table l ). The !-test showed that the pin yon 
mouse MNA was significantly lower (t =

2. 70, df = 7, P = 0.031) during years when
deer mice used the habitat at random than
when deer mice were associated with non
tree or sagebrush habitat.

Although pinyon mice were associated 
with trees during each year of this study, 
higher percentages of pinyon mice were 
captured in the non-tree trap stations 
during 2000 (32. 4%) and 200 I (26. l %), 
when the deer mouse MNA ( 12.5 and 13.6, 
respectively) was the lowest of the 11-
year study period. The mean percentage 
of pin yon mice captured in non-tree trap 
stations was 13.7 ± 9.6 percent. 

DISCUSSION 
Habitat associations of deer mice and 

pinyon mice have been well documented 
by Douglas ( 1969), Holbrook ( 1978), 
Hammond and Yensen ( 1982), Ribble and 
Samson ( 1987). Our observations concur 
with theirs. Pinyon mice were associated 

Deer mouse x2. P Deer mouse 
habitat mean MNA 

Sagebrush 12.4, 0.0004 49 83 
Sagebrush 84, 0.0037 31 60 

Random 0 6,0.417 25.20 
Random 1.74, 0 187 50 00 
Random 0.01, 0.92 25 50 

Sagebrush 7.0, 0.0083 12.50 
Sagebrush 10.1, 0 0015 13.60 

Random 1.9,0.16 17.67 
Sagebrush 4.1, 0.042 13.25 
Sagebrush 6.0, 0.014 66.00 

Random 0.12, 0.731 21 50 

with pinyon-juniper habitat during each year 
of this study. Deer mice were associated 
with sagebrush habitats during some years 
and were not associated specifically with 
either pinyon-juniper or sagebrush habitat 
type during other years, supporting the 
_concept that they are habitat generalists. 

Adaptation to a suitable and particular 
habitat type may provide a competitive 
advantage to one congener. Adaptive 
features, such as longer tails and larger feet, 
likely allow pinyon mice to better exploit the 
arboreal resources available in the pinyon
juniper habitat (Horner 1954 ). Moreover, 
use and avoidance of microhabitats by 
peromyscine rodents is likely related to 
many factors, including foraging strategies, 
vegetation composition and complexity, 
differential nest ite availability, and 
competitive interaction . The effect of 
interspecific and competitive interactions on 
microhabitat use are not well documented 
and require further investigations to 
elucidate these variables. 

During 4 of 5 years when pinyon mouse 
abundance was low ( 1997-2000 and 2005), 
deer mice were not specifically associated 
with the agebrush habitat ( 1997-1999 and 
2005). Pinyon mou e M A was 1gmficantly 
lower during years when deer mice used 
the habitat at random than they were during 
years when deer mice were pec1fically 
associated with the sagebrush habitat. Thus, 
when abundance of pinyon mice was low, 
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deer mice could exploit the tree hab i tat more 

effectively. Notably, Holbrook ( 1978) found 

that 50 percent of deer mouse captures 

were made in grass or sagebrush habitats. 

However, during one year of her study, 
when three other peromyscines (pinyon 

mice, brush mice, and rock mice) were 

essentially absent from the area, nearly 80 

percent of deer mouse captures were from 

habitats primarily utilized by the other three 

peromyscine rodents. 

In 2000, when pinyon mouse abundance 

was still relatively low, deer mouse 

abundance was the lowest of the study 
period. Therefore, it is not surprising that 

deer mice again would be associated with 

sagebrush habitat. The driest 12-month 

period of the study occurred between 

September 2001 and August 2002, during 

which only 9.7 cm of precipitation was 

recorded compared to an average of 20.1 

cm± 9.8 s for the study period. During the 
summer of 2002 deer mouse abundance was 

relatively low, but they were not specifically 
associated with either habitat type; however, 

pinyon mouse abundance was relatively 
high. During that year deer mice may have 
been searching for alternative, more reliable 

sources of food, including juniper berries 

and pinyon nuts. Pinyon nut abundance 
was not formally assessed and we rarely 

observed pinyon nuts on trees or on the 
ground. 

It is notable that when deer mouse 
abundance was at its lowest (2000-200 I), 

more pinyon mice were captured in the 

sagebrush habitats. This suggests that when 
deer mouse abundance was low, pinyon 

mice exploited sagebrush habitat more 

effectively. 

The use of capture data is likely not 

the best way to assess microhabitat use, as 

compared with other techniques, such as 

radio-telemetry (Douglass 1989). Obviously, 

we baited traps to lure animals to them, a 

recognized study bias. However, this study 

showed changes in microhabitat use over 

a long period of time without the use of 

expensive radio-telemetry equipment. 

Jn summary, pinyon mice were 

associated with pinyon-juniper habitat 
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during each year of this study and deer 

mice were typically associated with 

sagebrush habitat, except during years when 

pinyon mouse abundance was low. During 

these time periods deer mice were not 

associated with either habitat type and they 

appeared to use these habitats at random. 

Although pinyon mice were specifically 

associated with pinyon-juniper habitat, 

when relative abundance of deer mice was 

low, more pinyon mice were captured in 

the sagebrush than during years of high 

relative abundance of deer mice. We have 

presented data suggesting that changes in 

relative abundance in one of these sympatric 

peromyscine rodents may affect the 

microhabitat use of the congener. 
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