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From 1995 through 2006, we studied a rodent community in western Colorado, observing weather conditions and their effects
on least chipmunk (Tamias minimus) and Hopi chipmunk (T. rufus) populations. There are few studies that have assessed relative
abundances of chipmunks over long durations and none have been conducted on least chipmunks or Hopi chipmunks. This study
is unique in that it assesses abundances of sympatric populations of these chipmunks over a 12-year period. We captured 116
least chipmunks and 62 Hopi chipmunks during 47,850 trap nights of effort. Results indicated that year-to-year precipitation and
temperature fluctuations had little effect on these chipmunk populations. However, the relative abundances of Hopi chipmunks
and least chipmunks appear to have an inverse relationship with each other, suggesting the potential for resource competition
between these congeners.

Copyright © 2009 Jeffrey B. Doty et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Introduction

Numerous and detailed studies have shown that multiple
variables contribute to changes in relative sizes of rodent
populations. Among these are availability of food and water
[1], variations in seasonal changes [2, 3], competition with
other species [4, 5], and the presence of predators [6].

Least chipmunks (Tamias minimus) can be found
throughout most of Canada and widely in the western U.S,
whereas the Hopi chipmunk (T. rufus) is limited to northern
Arizona, eastern Utah, and western Colorado [7]. As imme-
diate sources of food and for hoarding, chipmunks of each
species harvest seeds and nuts as well as fruits and berries.
They also include in their diets arthropods and fungi, if
supplies of other food sources are not available [8, 9]. Under
laboratory conditions least chipmunks consume about 30%
less water than do alpine chipmunks (T. alpinus), lodgepole
chipmunks (T. speciosus), or yellow-pine chipmunks (T.
amoenus), and are able to concentrate urine in dry habitat
[10]. In contrast, when Hopi chipmunks are deprived of
water, they will die within about two days [8].

Few studies of least chipmunk or Hopi chipmunk pop-
ulation fluctuations, even over relatively brief periods, have
been published, but results of studies of population changes
in a related species, the eastern chipmunk (T. striatus), are
available. Wolff [1] reported that increased acorn production
in a given year corresponded with an increase in the
abundance of eastern chipmunks the following summer.
Merritt et al. [2] reported that an increase in snowfall in
a given winter was related to increased numbers of eastern
chipmunks in the following months in Pennsylvania, but that
summer precipitation did not have a similar effect on the
number of chipmunks there.

From 1995 to 2006, we collected data intended to eluci-
date the relationship between the sizes of rodent populations,
principally deer mice (Peromyscus maniculatus), and the
prevalence of hantaviruses in western Colorado [11]. Because
we also were interested in others of the rodent community
at the site, we also captured least chipmunks and Hopi
chipmunks, providing an opportunity to monitor fluctua-
tions of their populations over an extended time period.
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We are unaware of published reports on the population
dynamics of these chipmunks and how they relate to seasonal
climatic variations. Therefore, the objective of this study
was to evaluate changes in air temperature and precipitation
and compare these climatic variables to fluctuations in
the relative abundances of these chipmunks over a 12-year
period.

2. Methods

The study site was located in Mesa County near Molina
(elevation ∼2,100 m) in the foothills of Grand Mesa. The
flora is characterized primarily by Rocky Mountain juniper
(Juniperus scopulorum), piñon pine (Pinus edulis), rabbit-
brush (Chrysothamnus spp.), sage (Artemesia spp.), yucca
(Yucca spp.), cacti (Opuntia spp.), and grasses (Bouteloua
spp. and Poa spp.).

Two permanent mark-recapture trapping webs were
established and spaced about 640 m apart. These webs were
separated by a ditch periodically filled for irrigation but
that likely did not limit the dispersion of rodents. Web A
was comprised principally of sagebrush and bare ground,
with interspersed grasses and forbs. This vegetation type was
typical of the area and was represented almost exclusively in
the central and northern portion of this web. The eastern
portions of this web slopes down toward a pasture used
for livestock grazing; this slope was characterized by piñon
pines and junipers, with sparse undergrowth among rocks
and juniper deadfall. The southern and western edges of web
A were comprised of piñon-juniper woodland. Web B was
essentially flat, with piñon, juniper, and sagebrush scattered
throughout but with less sagebrush and more juniper than
occur at web A.

Detailed descriptions of the study site, trapping proce-
dures, and results of other aspects of these investigations
have been published previously [12–14]. Each web consisted
of 145 trap stations arranged in 12 lines of 12 traps each,
radiating from a single trap station at the center of the web,
with lines being 30

o
apart from one another [13]. The inner

four trap stations of each line (near the center of the web)
were spaced 5 m apart and the outer eight trap stations were
10 m apart. One 8 × 9 × 23 cm nonfolding Sherman live-
trap (H.B. Sherman Traps, Inc., Tallahassee, FL) was placed
at each trap station and baited with a mixture of rolled oats,
cracked corn, and peanut butter. Traps were generally set
during the afternoon on the first day and were checked for
three or rarely two (n = 6) consecutive mornings during each
trapping session (n = 57).

Mark-recapture trapping was conducted each six weeks
beginning in May 1995, as weather permitted, and ending
in October 2006. Due to logistical constraints, including
snow cover and mud from snow melt, trapping was not
typically conducted during the winter and early spring
months (November–March).

During every trapping session, the number of chipmunks
captured was recorded. In addition, the fate of each animal
(e.g., new capture, recapture, etc.) was noted for relative
abundance analyses. The minimum number alive (MNA;

[15]) was calculated for each trapping session and the
mean MNA was calculated by year and season (April-May =
spring, June–August = summer, and September-October =
fall). The MNA has been shown to be a reliable estimate
of population size and typically is within 10 percent of the
actual number of animals if trapability is high [16].

Air temperature and precipitation data from December
1994 to May 2002 were acquired from the National
Oceanic and Atmospheric Administration website
(http://www.noaa.com); these data were unavailable for
May 1996 through April 1997. From May 2002 until
October 2006, an automated meteorological station
(Campbell Scientific, Logan, UT) was used to record
air temperature and precipitation data. Meteorological
data were organized by season (December–February =
winter, March–May = spring, June–August = summer, and
September–November = fall) for correlational studies with
seasonal chipmunk abundances.

Juniper berry production was assessed from 2001 to
2006. Twenty-five juniper trees within each web were selected
from individuals across five age classes (based upon the
radius of the tree canopy). We estimated the relative number
of branches with berries and the relative number of berries
per branch for each tree. This was used to create a juniper
berry index (per site mean of age class × branches with
berries × berries per branch) which we could compare
from year-to-year. The protocol we were following for the
monitoring of deer mouse populations did not require
the assessment of piñon nut production and therefore this
was not conducted. These data collection protocols were
standardized so the data could be included in meta-analyses
with data collected at other sites in the intermountain
west.

The product-moment correlation coefficient [17] with
a significance level of 0.05 was used to test for associations
between the mean seasonal MNA of these chipmunks and
the weather variables. Associations using three- and six-
month time lags were also assessed for seasonal chipmunk
abundances and weather variables. Separate correlation
coefficients were calculated to test for associations between
the mean annual MNA of these chipmunks, the annual
weather data, and the juniper berry indices. All variables
were transformed to the natural log prior to use in the
correlations.

3. Results

Results from the two trapping webs did not differ and
therefore these data were pooled. During 47,850 trap nights
(May 1995 to October 2006), 116 individual least chip-
munks and 62 individual Hopi chipmunks were captured.
Twenty-five least chipmunks and 21 Hopi chipmunks were
recaptured, yielding 21.6% and 33.9% recapture rates,
respectively. The longest interval between the first and last
captures was 23 months (mean = 7.6 ± 5.4 SD) for least
chipmunks and 14 months (mean = 4.6 ± 4.5 SD) for Hopi
chipmunks. Least chipmunks were generally more abundant
than were Hopi chipmunks; however, from autumn 1997 to
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Figure 1: Mean minimum number of chipmunks alive (MNA) and precipitation at Molina, Colorado by season. ∗Indicates winters when
trapping was not conducted.

autumn 1998 and from summer 1999 to spring 2004 more
Hopi chipmunks were captured than were least chipmunks
(Figure 1).

No significant correlations were found between the mean
seasonal MNAs of these chipmunks (n = 34, r = −0.17).
However, a weak inverse relationship was observed between
least chipmunk abundance (declined in 1996 and 1997) and
Hopi chipmunk abundance (increased in 1997 and peaked
in 1998). A general decline of both chipmunk populations
was observed after 1998. We captured 14 juvenile and three
subadult least chipmunks and two juvenile and no subadult
Hopi chipmunks during this study. Therefore, age structures
of these populations could not be accurately assessed with
these data.

Peromyscine rodents (P. maniculatus and P. truei) were
also captured during this study. During 870 trap nights
per trapping session, 15–253 (mean = 65.1 ± 47.5 SD) per-
omyscine captures were recorded. Due to these traps being
occupied by peromyscine rodents, a maximum of 617–855
traps per trap session were available overnight and during
early morning for chipmunks to be captured. However,
chipmunks had the first opportunity to be captured in
late afternoon and evening because of their diurnal activity
patterns, whereas peromyscine rodents are nocturnal.

Total precipitation was greatest in 2004-2005, and least
in the summer of 1994, the fall of 1999, and the winter of
2002 (Figure 1). Although year-to-year differences between
mean seasonal temperatures were small and therefore are not
presented, the winters of 1994 and 1999 were the coolest,
whereas the summers of 2000, 2002, and 2003 were the
warmest. No significant correlations were found between
these weather variables and chipmunk abundances without
a time lag, with a three month lag, or with a six month lag.

Juniper berries were produced each year that they were
assessed, with peak production from 2003 to 2005 (Figure 2).
This occurred while an increase in rainfall and a moder-
ate increase in least chipmunk abundance were recorded.
Juniper berry production was significantly correlated with
annual precipitation (n = 6, r = 0.83) but the annual mean
MNA of neither chipmunk population was significantly
correlated with juniper berry production. No correlations
were found between juniper berry production and fall MNA
or the following spring or summer MNA for either species.

4. Discussion

These data suggest that precipitation and temperature had
little effect on populations of least or Hopi chipmunks,
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Figure 2: Annual juniper berry production and mean annual minimum number alive (MNA) of chipmunks at Molina, Colorado.

although there was an increase in the least chipmunk
population in late 2004, when precipitation increased from
previous years of this study. Least chipmunks are generalists,
able to exploit a variety of habitats and resources [9].
Therefore, they likely are able to adjust their diets based upon
resource availability during periods of adverse conditions.
It is possible that averaging MNAs by season has masked
climatic effects on these populations, although we observed
similar patterns when assessing these data by trapping
session.

Some chipmunks captured during this study were likely
dispersing from adjacent areas; however, we recorded very
few captures of juvenile and subadult chipmunks, which are
generally thought of as being dispersers. Sexual preparedness
in male least chipmunks occurs from March to June but
females are breeding-prepared before they emerge from their
winter dens and they enter estrus within a week of emergence
[9]. Mating occurs between April and mid-May and gestation
lasts, 28 to 30 days, producing one litter of 5 to 6 pups
annually [10]. Hopi chipmunks are sexually active from
February to mid-April and gestation lasts 30 to 33 days; they
also produce one litter of 5 to 6 pups each year [8]. Since
chipmunk mating and birthing generally occur in the spring,
adverse weather conditions during that time might eliminate
breeding for that year.

Least chipmunks have been shown to be excluded from
piñon juniper woodlands and conifer forests by yellow pine
chipmunks and lodgepole chipmunks [18, 19]. Root et al. [4]
showed that when Hopi chipmunk populations increased,
least chipmunks were more commonly found in sagebrush
habitat and were found less commonly in piñon juniper
habitat. Those reports suggest that Hopi chipmunks may be
better able to exploit the juniper berry resource than are
least chipmunks, although our data regarding juniper berry
production and chipmunk abundances neither support nor
reject this idea. Further studies of juniper berry production
and chipmunk abundance should be conducted in order to
accurately assess this relationship.

Hopi chipmunks have been found to be associated with
piñon-juniper habitats across much of their range and have
been reported to feed extensively on juniper berries in
Utah [7, 8]. Although we found no association between
juniper berry production and chipmunk abundance, we did
not begin assessing juniper berry production until 2001,
when abundances of both species were considerably lower
than they were at the beginning of this study. However,
we observed an increase in abundance of least chipmunks
during the fall of 2004 when juniper berry production was
at its peak. This increase in least chipmunk abundance
likely occurred before a plentiful juniper berry crop could
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have influenced the size of the least chipmunk population.
Therefore, the reasons for this abundance increase are
unknown but could have been influenced by increased
precipitation during that year.

Relative abundances of least and Hopi chipmunks show a
weak inverse relationship. When least chipmunk abundance
decreased in 1997, Hopi chipmunk abundance began to
increase, peaking in 1998. After Hopi chipmunk abundance
reached a nadir in 2003 and 2004, the abundance of
least chipmunks increased. This suggests that these two
chipmunks may have been competing for resources during
this period, which included adverse weather conditions.
Alternatively, these data also suggest that Hopi chipmunks
may be better able to survive during adverse climatic
conditions in these piñon-juniper habitats for which they
seem to be adapted. Effects of interspecific and competitive
interactions on chipmunk population sizes are not well
documented and require further investigations to assess these
relationships.
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