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How competitive are iconic competitors?
Testing resource partitioning in Great Basin chipmunks.
Elora J. Ormand

Introduction
The competitive exclusion principle states that two species cannot coexist if they share
the same resource base (Hardin 1960). This implies that if two similar species occupy an area,
one will inevitably prevent the other from accessing a limited resource. Therefore, species
interactions are a major factor delineating species ranges. Furthermore, a single species will
typically have a broader spatial distribution when it is the sole inhabitant of a region than when it
co-occurs with another species that utilizes a shared limited resource.
Research by James Brown (1970) on Great Basin small mammals is a commonly
referenced example of how this theory can be applied in a natural system. Over the course of two
summers during 1968 and 1969, Brown built artificial feeding stations and observed foraging
behavior of Tamias umbrinus and T. dorsalis in the Snake Range of the North American Great
Basin (Brown 1970). His results showed that T. dorsalis was more aggressive, winning four out
of five encounters with T. umbrinus, and that T. umbrinus would often climb trees to escape
attack (Brown 1970). He also observed that in areas with only one of the species present, the
isolated species tended to have a broader elevational distribution (Brown 1970). Finally, Brown
observed that when both species were present in a region, their elevational ranges rarely
overlapped (Brown 1970).
Brown’s original behavioral study is foundational work because it was the first to show
how two ecologically similar chipmunk species were interacting and coexisting in the Snake
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Range, Nevada. However, his conclusions were based solely on behavioral observations at
artificial feeding stations, which represent only one point in space and an instant in time, and do
not capture the range of potential diet items these species were consuming in the wild. Today
there are new quantitative methods such as stable isotope analysis that can be used to visualize
differences in species diet and habitat preferences over a range of spatiotemporal scales, and thus
track interactions to assess stability or change.
Using stable isotopes, we wanted to quantify resource partitioning among the same
chipmunk species that Brown studied, and then expand our insight by looking across three
mountains and three chipmunk species, a century ago and today. Specifically, we wanted to
assess the stability of these interactions over space and time because we know that competitive
exclusion can influence the ecological niche of species leaving legacies such as resource
partitioning among species in communities (Hardin 1960). Anthropogenic modifications to the
Great Basin landscape, through land use and climate change, could also affect the habitats and
resources available to these species, therefore affecting their interactions and/or diet (Rowe et al.
2011). Finally, we were interested in assessing if interspecific interactions and species niches
were constant across different mountains within the Great Basin, which host similar but not
identical sets of interacting species.
Biologist Joseph Grinnell was one of the first to use the term “ecological niche” in 1924,
loosely defining it as a species’ or subspecies’ ultimate distributional unit. This somewhat vague
definition has been modified many times over the years. It has been broadened to include tenants
of competition theory and address differences between the fundamental, realized and partial
niche (Alley 1982, Vandermeer 1972). Today, stable isotope ecology is one method used to
visualize a species’ ecological niche. Stable isotope analysis allows scientists to quantify the

13
dietary niche breadth of a species and evaluate the degree of overlap in niche space between two
or more species. This also gives information about the likelihood of competition between species
for limiting resources.
Creating an isotopic niche space begins with evaluating an individual’s isotopic values
(such as 13C and δ15N), which are preserved in its tissues. When many individuals of a species
are evaluated together, the cloud of individuals creates an isotopic niche space, often represented
as clusters of data points within an isotopic biplot. Aspects of the shape and size of clusters
enable comparison across species of their respective niche breadths. The degree of overlap
between the isotopic niche space of species reflects the degree of overlap in resource use (Terry
2017). When two similar species inhabit the same region and compete with one another over
dietary resources, we expect to see a decreased level of overlap and a potential contraction of the
size of each species’ isotopic niche (Alley 1982, Letten et al. 2017).
We hypothesized that dietary niche overlap, quantified by stable isotope analysis of
chipmunk hair, would demonstrate that three functionally similar focal species, Tamias dorsalis,
T. umbrinus, and T. minimus, partition resources by elevation, and this partitioning would be
consistent across replicate elevation gradients in the Great Basin, both historically and today.
Based on Brown’s (1970) foundational work, we also expected Tamias dorsalis and T. umbrinus
of the Snake Range to be strong competitors with minimal overlap in isotopic niche space, while
T. minimus would have a more flexible dietary niche due to its smaller body size and thus likely
role as a weaker competitor in the system.
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Background on Stable Isotopes:
Isotopes are atoms of a particular element that have the same number of protons but
differ in their numbers of neutrons. The element carbon is naturally found in three forms; 12C,
13

C, and 14C. Isotopes 12C and 13C are considered stable because they do not decay radioactively,

unlike 14C. 12C has one less neutron than 13C, making it lighter in mass. Similarly, nitrogen has
two stable isotopes: 14N and 15N. In nature, heavier isotopes tend to be less abundant than lighter
ones, so their relative abundances are denoted as a ratio of heavy to light (Fry 2006). This value
is then compared to internationally set standards to produce a final ratio that is denoted with the
symbol ‘δ’ followed by the heavier isotope (13C or 15N) (Ben-David and Flaherty 2012).
In the context of ecology, the ratio of heavy to light stable isotopes of an organism’s
tissues provides information about its diet, trophic level, and environment. Specifically, δ15N is
affected by the relative trophic position of an individual and/or the aridity of its environment
(Ben-David and Flaherty 2012). Trophic levels categorize organisms of a community into
hierarchical levels based on shared ecological function and according to how they obtain energy
(Koch 2007). At higher trophic levels, δ15N values become larger (more enriched in 15N) because
of isotopic fractionation that occurs through the processes of excretion and assimilation.
Typically, δ15N increases about 3‰ for each level (Ben-David and Flaherty 2012). Therefore, an
omnivorous animal would have a higher δ15N value than a purely herbivorous one, while a
carnivorous animal would show the greatest enrichment of all. δ15N is also known to increase
with increasing aridity (Koch 2007).
The δ13C of an animal’s tissues broadly represents the composition of different plant
types within an animal’s diet, based on the plant’s photosynthetic pathway (C3 or C4) (BenDavid and Flaherty 2012). C3 plants utilize the Calvin cycle, which preferentially uses carbon
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dioxide with the lighter 12C isotope, depleting the δ13C signal of C3 plant tissues (Ben-David and
Flaherty 2012). δ13C for C3 plants generally range from -35‰ to -25‰. C4 plants rely on the
Hatch-Slack photosynthetic pathway, which has a lower affinity for the lighter 12CO2, so δ13C
values range from about -15‰ to -11‰ (Ben-David and Flaherty 2012).
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Methods
We examined three species of Tamias chipmunks that occur in three separate mountain
ranges within the Great Basin of western North America. From north to south, the mountains
include the Ruby Mountains, Toiyabe Range, and Snake Range (Fig 1). Survey efforts from
2006-2018 provided modern chipmunk specimens from the Ruby Mountains (Rowe et al. 2010),
Toiyabe Range (Rowe & Terry 2014), and Snake Range (Kohli et al. 2018). These modern
surveys targeted sites that were historically surveyed by students of Joseph Grinnell in the 1920s30s. We were able to include historical specimens collected from the Ruby Mountains in 192628 by A. Borell in our analysis (Borell & Ellis 1934).
Tamias minimus (Fig 2), also known as the Least Chipmunk, has a wide geographic
distribution throughout North America. The species typically prefers more open habitat like
forest edges and valley bottoms where shrub steppe is common, but can also be found in rocky
alpine cliffs (Verts & Carraway 2001). Its diet is very diverse, including seeds, nuts, fungi,
grasses, beetles, caterpillars, ants, bees, and other insects (Bergstom 1999, Verts & Carraway
2001). The average body length for the Least Chipmunk is estimated to be between 185-222mm,
while the average body mass is 42-53g (Bergstom 1999, Burt 1946), making it the smallest
chipmunk of the set. T. dorsalis (Fig 3). The Cliff Chipmunk has a more restricted geographic
range that centers on the American southwest and northern Mexico (Hart 1992). As their name
implies, Cliff Chipmunks are almost always found on rocky slopes, and rarely in trees (Hart
1976, Hart 1992). Their diet is described as very opportunistic, but mainly herbivorous (Hart
1992). Body length is usually between 217-249mm, and body mass between 61-74g (Dunford
1974), making them the biggest species we evaluated. T. umbrinus (Fig 4), the Uinta Chipmunk,
inhabits a patchy geographic distribution that includes eight states of western America (Arizona,
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California, Colorado, Idaho, Montana, Nevada, Utah, and Wyoming) (Howell 1929). The Uinta
Chipmunk is highly arboreal, preferring subalpine coniferous forests (Braun et al. 2011). Their
diet is primarily made of seeds, fruits, and fungi, but they are known to occasionally consume
insects (Braun et al. 2011). Average body length falls between 216-240mm, with average body
mass between 51-74g (Nowak 1999).
For this study, we utilized museum specimens from the Natural History Museum of Utah
(NHMU) that were collected as part of an NSF-funded historical resurvey project in the Great
Basin (Rowe & Terry 2014), and historical specimens housed in the Museum of Vertebrate
Zoology (MVZ) at UC Berkeley and the University of Kansas Natural History Museum (KUM).
Museum specimens are extremely valuable to researchers because they can be used for a variety
of purposes beyond stable isotope ecology. In this study, museum specimens allowed us to
sample across a wide geographic area and go back in time to better understand how species
interactions change. These specimens also spanned a range of elevations within each mountain
range, which gave us the opportunity to assess changes in diet within these species along
multiple elevation gradients.
In the Snake Range, where Brown conducted his work, individuals of all three species
were found; Tamias minimus (n= 6), T. dorsalis (n= 11), and T. umbrinus (n= 38). Samples from
2015 and 2016 showed that T. umbrinus occupied the highest elevations (7,760ft to 11,145ft), T.
dorsalis occurred at mid elevation (6,472ft to 7,566ft), and T. minimus extended to the lowest
elevations (5,780ft to 5,854ft) (Fig 5). Interestingly, T. minimus seemed to occupy two separate
elevation bands rather than a continuous elevation gradient like the other two species. The higher
elevation subgroup was found at 8,322ft to 8,570ft. There was almost no elevational overlap
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across species, other than the higher altitude subgroup of T. minimus that overlapped with T.
umbrinus.
In the Toiyabe Range, to the west of the Snake Range in south-central Nevada, Tamias
dorsalis (n= 13) and T. minimus (n= 4) were caught in 2009 and 2011, however no T. umbrinus
individuals were found. These samples indicate that each species occupied separate elevational
bands of the Toiyabe Range, with T. dorsalis at the upper and lower elevations (6,936ft to
7,050ft and 7,666ft to 7,735ft), and T. minimus in between (7,073ft to 7,178ft) (Fig 6).
Finally, in the Ruby Mountains to the north, modern resurvey efforts from 2006 through
2008 and 2013 showed a high degree of elevational range overlap between Tamias minimus (n=
33) (5,220ft to 8,900ft) and T. umbrinus (n= 55) (5,269ft to 9,693ft). Historically this was also
the case: surveys from 1927 through 1929, indicate that T. minimus (n= 17) (5,230ft to 9,551ft)
and T. umbrinus (n= 28) (6,050ft to 9,551ft) shared much of the same elevational distribution.
Only below approximately 6,000ft did this change, such that only T. minimus was present (Fig
7). Relative to the historical time period, a range contraction for modern T. minimus was
observed, leaving T. umbrinus as the sole species above approximately 9,000ft. At the same
time, both species now occupy the lowest elevations (below 6,000ft) following a range
expansion for T. umbrinus (Fig 8). T. dorsalis is not known from this mountain range.
The Great Basin was an ideal location for this study because the basin and range
topography creates natural independent replicate mountain ranges, across which it is possible to
evaluate the stability in biotic interactions. The partial overlap in the elevational distribution of
each species within a range also allowed us to compare how the niche space of individuals that
co-occurred at a trapping site differed from that of individuals at sites with only one species
present.
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Figure 1: Geographic distribution of North American Great Basin, highlighting the three
mountain ranges in Nevada where chipmunk specimens used in this study were originally
caught. From north to south they are the Ruby Mountains, southwestern Toiyabe Range, and
southeastern Snake Range.
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Figure 2: Tamias minimus, the Least Chipmunk.
(https://animaldiversity.org/accounts/Tamias_minimus/); Accessed 8 May 2020.
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Figure 3: Tamias dorsalis, the Cliff Chipmunk. ("Cliff Chipmunk" by Allen Gathman, licensed
under CC BY-NC-SA 2.0 https://search.creativecommons.org) Accessed 12 May 2020.
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Figure 4: Tamias umbrinus, the Uinta Chipmunk.
(https://faculty.ucr.edu/~chappell/INW/mammals/Uintachipmunk.shtml); Accessed 12 May
2020.
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Figure 5: Elevational distribution of Tamias minimus, T. dorsalis, and T. umbrinus in the Snake
Range, Nevada.

24

Figure 6: Elevational distribution of Tamias minimus and T. dorsalis in the Toiyabe Range,
Nevada.
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Figure 7: Historical (1926-28) elevational distribution of Tamias minimus and T. umbrinus in
the Ruby Mountains, Nevada.
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Figure 8: Modern elevational distribution of Tamias minimus and T. umbrinus in the Ruby
Mountains, Nevada. T. minimus has experienced n upper range contraction while T. umbrinus
has experienced a lower range expansions over the interval of 1926-28 to 2006-13.
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Hair collection:
Hair samples from chipmunks in the Ruby Mountains and Toiyabe Range were
previously collected and available for analysis in the Terry Lab at Oregon State University
(OSU) at the beginning of this study. This hair was sampled from museum skins stored at
NHMU, KUM, and MVZ. However, to obtain hair samples for chipmunks in the Snake Range, a
formal request was sent to Eric Rickart at NHMU asking for permission to remove hair from
several preserved skins. Thankfully, permission was granted, and 73 chipmunk skins were
shipped to OSU for hair collection. Once they arrived, each specimen’s museum identification
number and collection information (collection year & species) were all recorded in a lab
notebook. Each chipmunk was then assigned a unique DT lab code number for easy
identification throughout the preparation phase.
When collecting hair from a museum specimen, the main goal is always to leave as little
visible damage as possible while still collecting enough hair to make at least two samples for
stable isotope analysis to budget for extra that is inevitably lost during the washing process. This
is essential because museum specimens are used in various ways and removing hair improperly
can alter fur patterns or otherwise damage the preserved skin. For this study, it was also
important to collect hair from a consistent location on the animal’s body. This is because
chipmunks molt their pelts (i.e. fully shed and replace) twice each year in late spring/early
summer and again in late fall/early winter. The molt begins anteriorly and progresses towards the
posterior. If multiple hair samples were collected from separate locations on one individual
chipmunk during its molting cycle, the resulting stable isotope values would likely be different
because they reflect differences in the chipmunk’s seasonal resource use. Thus, to control for
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such seasonal variation, hair was consistently collected from the right or left hindquarter of each
museum specimen.
Clean steel tweezers were used to pluck small patches of hair from the rumps of each
chipmunk until enough total hair was collected. During the process, care was taken to make sure
that too much hair was not taken from a single spot on the rump, therefore preventing bald spots
on the specimen. In some cases, small, clean steel scissors were used to very carefully snip small
patches of hair from a chipmunk’s rump. However, this method was only used on skins with
especially thick fur on the rump as scissors tended to remove more hair at a time increasing the
chances of causing a bald spot. Hair from a single chipmunk was placed into a clean 20mL
borosilicate glass vial and labeled with its unique DT lab code. Before moving on to the next
specimen, all tools were wiped with a fresh Kimwipe to prevent cross contamination of hair
samples.

Sample Preparation:
All sample preparation for stable isotope analysis was based on methods outlined by Reid
et al. (2013). To keep samples organized and differentiated, their unique lab ‘DT’ number was
written both on the plastic lid and on a piece of colored labeling tape wrapped completely around
each vial. Tape was placed around the entire vial to prevent it from falling off during later
washings. Next, approximately 5mL of ultra-filtered (MQ) water was carefully added to each
vial using a 250mL plastic wash bottle, ensuring no cross contamination between samples. Small
pieces of clean and unused aluminum foil were used to securely cover the top of each vial. Foil
lids were large enough to fold over the rim of each vial. Plastic screw on lids were stored
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elsewhere for later use. Sets of 8 borosilicate vials with foil lids were then transferred into large
1000 mL clean glass beakers, which were placed into a sonicating bath. Readily available
deionized water (DI) was added to both beakers, surrounding the vials only to the point that the
water level in each beaker was equal to level inside a vial. DI water was also poured into the
sonicator after beakers were placed inside. Again, only enough water was added to match water
level inside beakers. The sonicator was then turned on for 10 minutes to begin the washing
process.
Once the time had finished, vials were promptly removed from the beakers, foil lids taken
off and liquid contents of vials was removed using a micropipette set at 6mL. Care was taken to
prevent any removal of hair from vials, and the micropipette tip was wiped off with a fresh
Kimwipe after each extraction to prevent contamination of samples. These protocols were
followed throughout the cleaning process. Hair samples were rinsed by adding about 5mL of
clean MQ water, which was then removed using the micropipette with a clean tip, following
proper techniques mentioned earlier. Finally, a separate micropipette with a clean plastic tip was
used to add 5mL of E139-4 petroleum ether (CAS 8032-32-4) to each vial. Petroleum ether was
used because it is a good solvent for removing dirt and oil from the hairs. Vials were quickly
covered with foil lids once again to prevent evaporation of ether. Borosilicate vials were
transferred to beakers and sonicated for another 10 minutes. This process of sonication, liquid
removal, rinsing with MQ water, and addition of new petroleum ether was repeated for two more
cycles, only changing the sonication time to be 15 minutes instead of 10. After the third and final
sonicating bath with petroleum ether, samples were rinsed twice with clean MQ water and
prepared for drying.
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After all liquid was removed from each sample, foil lids were placed back on the vials.
Clean forceps were then used to poke approximately four small holes into each foil lid. All vials
were then transferred onto sturdy copper baking trays and placed into a drying oven set at 60C
for a 24-hour period. The next day, samples were removed from over and matching original
screw on lids replaced the foil ones. To prevent absorption of water (which would affect weight
later on), samples were stored in a desiccator cabinet with lids loosely screwed on to control
humidity.

Weighing:
The final step in preparing hair for analysis in a mass spectrometer was to weigh out
between 500μm and 750μm of each sample. For the combustion analysis to function properly,
the hair is inserted into 5mm by 9mm cylindrical capsules of pure tin and compressed into very
small compact cubes, roughly 1mm x 1mm in dimension. During this process, it was essential to
wear protective disposable gloves at all times to prevent contamination of clean hair samples or
tin capsules. Contact with even a very small amount of human hair or skin could destroy the
integrity of a sample and cause incorrect results later on.
To prepare a tin capsule, the top edges were folded down about 1mm (to allow for best
folding later on) using sterile steel forceps before placing it on the Sartorius microbalance
(model: MSE3.6P-000DM). The scale was subsequently ‘zeroed’ so that following readings
would measure only hair inside the capsule itself. Using the forceps, small amounts of hair were
carefully folded and inserted into the capsule until the scale reading was between 500-750 μm. In
some cases, small sterile metal scissors were helpful in cutting smaller clumps of hair that better
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fit into the small tin capsule. Care was taken to prevent puncturing or tearing the capsule and to
ensure no hair was protruding from the cylinder’s top or was attached to its outer surface. The
final weight was recorded before the capsule was removed and placed on a sterile metal Costech
sample preparation plate. Using forceps, the downfolded edges of the cylinder were folded back
over the opening in fourths to fully close the top. A small sterile metal rod was then used to
compress the close cylinder into a flat disk. From this point, two forceps were used in
conjunction to fold and manipulate the disk into a uniform cube. Occasionally the capsule would
tear open, exposing hair, in which case the sample would have to be redone. Based on
experience, the more successful folding events involved minimal manipulation and excluded
excessive pressure at any one time.
Labeled trays of these cubes were shipped to the UC Santa Cruz (UCSC) stable isotope
laboratory to be analyzed using flash combustion in a Carlo Erba 1108 elemental analyzer
interfaced with a ThermoFinnigan Delta Plus XP isotope ratio mass spectrometer. Values were
corrected for mass and drift using calibrated in-house gelatin and acetanilide standards. The
mean standard deviations for replicates of the in-house standards across all runs ranged from
0.03‰ to 0.07‰ for δ13C and 0.06‰ to 0.21‰ for δ15N values. Corrected isotopic values are
expressed relative to the international standards PDB (PeeDee Belemnite) for δ 13C and Air for
δ15N. Isotopes are reported in parts per thousand deviation from the standards by: δ (‰) =
[(Rsample/Rstandard) - 1] x 1,000, where R is the ratio of the heavy isotope to the light isotope.
After δ13C values were retrieved from UCSC, they were corrected for the Suess effect.
The Suess effect describes the continuing increase in 12C relative to 13C in atmospheric carbon
dioxide (CO2) due to anthropogenic fossil fuel emissions from the last 300 years (Tans, De Jong,
& Mook, 1979). Fossil fuels are derived from decomposed prehistoric plant material, from times
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long before C4 photosynthesis had evolved, thus emissions are depleted in 13C compared to
today’s atmosphere (Tans, De Jong, & Mook, 1979). All δ13C values were adjusted to 1927 CE,
our oldest historical Tamias sample, using a spline model fit to the data of Rubino et al. (2013)
and Indermühle et al. (1999) as described in Terry et al. (2017) and Terry (2017).
The resulting δ13C and δ15N values were analyzed using Bayesian ellipse analysis in R
(SIBER package) to reconstruct the dietary niche of each species across mountain ranges and
within each time-period (Jackson et al 2011). Scatter plots were also constructed in R to identify
relationships between δ13C and δ15N values and elevation within each mountain range.
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Results
Niche comparison across space today:
Analysis of δ13C and δ15N values for modern chipmunk species in the Toiyabe Range
showed significant segregation of niche space (estimated by 95% Bayesian ellipse) along the
δ13C axis (Fig 9A). Mean Tamias minimus δ13C was -17.905‰, which was statistically different
than mean δ13C value for T. dorsalis of -21.190‰ (p <0.001). The distribution of δ15N values,
however, showed no difference between the two species (p =0.7454). Although not statistically
significant, we also found that the mean standard ellipse area appeared larger for T. dorsalis
compared to T. minimus (Fig 9B).
In the Snake Range, where all three Tamias species are present today, we also detected
partitioning along the δ13C axis. T. minimus’s isotopic niche was characterized by the most
negative δ13C values (mean = -20.008‰), T. dorsalis’s niche the least negative δ13C values
(mean =-18.054‰), and T. umbrinus’s niche situated in-between (mean= -19.089‰). Tukey
post-hoc tests following ANOVA revealed each species’ mean δ13C was statistically different
from the rest (p<0.001 for comparison between T. dorsalis and either T. umbrinus or T. minimus,
and p=0.003 for comparison between T. umbrinus and T. minimus). Along the δ15N axis, Tamias
dorsalis and T. umbrinus had a similar range of values, while T. minimus samples seemed split
into two subgroups, one with δ15N values greater than the other two species, and the second with
δ15N values near the lower range of the other species (Fig 10A). The only significant difference
in mean δ15N values was between T. umbrinus (mean = 4.736‰) and T. minimus (mean =
6.929‰) (p= 0.008). The ellipse area of T. umbrinus overlapped most notably with that of T.
minimus, but there was little overlap between T. dorsalis and T. minimus (Fig 10B). We also
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found that T. umbrinus had the tightest ellipse area along both axes, while T. minimus had the
largest and most variable standard ellipse area (Fig 10B).
In the Ruby Mountains, only two species were present today, Tamias umbrinus and T.
minimus. While we detected non-trivial overlap in the distribution of δ13C values across both
species, mean δ13C values were significantly different between T. umbrinus (mean = -20.570‰)
and T. minimus (mean = -21.850‰) (p<0.001). The range of δ13C values for T. umbrinus was
also wider and extended beyond that of T. minimus (Fig 11A). Along the δ15N axis, T. minimus
again appeared to cluster into two very different subgroups, like we detected in the Snake Range.
The first group had δ15N values ranging from about 10-13‰, which did not overlap with those of
T. umbrinus, while the second group had δ15N values from about 2-6‰, which were more similar
to the δ15N values of T. umbrinus (Fig 11A). However, we detected no significant difference in
the means of δ15N (p = 0.230). Standard ellipse areas for the two species showed that T.
umbrinus had a smaller and tighter niche space compared to that of T. minimus (Fig 11B).
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Figure 9: 95% SIBER ellipses representing isotopic niche space for modern chipmunks in the
Toiyabe Range (A) and Bayesian standard ellipse areas represented by median (black circle),
mean (red X), and 95%, 75%, and 50% credible intervals for each species (B).

A

B

Figure 10: 95% SIBER ellipses representing isotopic niche space for chipmunks in the Snake
Range (A) and Bayesian standard ellipse areas represented by median (black circle), mean (red
X), and 95%, 75%, and 50% credible intervals for each species (B). Open circles represent
individuals that did not co-occur with members of another species at a trapping site, and filled
circles represent those that did co-occur with at least one individual of another species.
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Figure 11: 95% SIBER ellipse representing isotopic niche space for chipmunks in the modern
Ruby Mountains (A) and Bayesian standard ellipse areas represented by median (black circle),
mean (red X), and 95%, 75%, and 50% credible intervals for each species (B). Open circles
represent individuals that did not co-occur with members of another species at a trapping site,
and filled circles represent those that did co-occur with at least one individual of another species.
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Niche comparison cross time in the Ruby Mountains:
Our second analysis evaluated how the resource use of chipmunk species varied through
time. For this analysis, we focused our efforts on the Ruby Mountains where we had the most
robust historical data. Graphing the historical Ruby Mountain specimens with their modern
counterparts showed that Tamias minimus’s niche has shifted towards more negative δ13C values
through time, while remaining relatively constant along the δ15N axis (Fig 12A). The difference
in mean δ15N values across time was not significant (p = 0.600), but the shift in mean δ13C values
was (p<0.001, where historical mean = -20.911‰, and modern mean = -21.850‰). The presence
of two distinct groups of T. minimus individuals, where some had elevated δ15N values and
others were lower, persisted across time. The standard ellipse area for T. minimus was smaller
today than in the past (Fig 12B).
When comparing the isotopic niche of T. umbrinus across time, we found that similar to
T. minimus, modern individuals had again shifted toward more negative δ13C values (p<0.001,
where historical mean = -19.521‰, and modern mean = -20.569‰), while δ15N values have
remained relatively consistent through time (p=0.661) (Fig 13A). The average standard ellipse
area also revealed a decrease the modern T. umbrinus (13B).
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Figure 12: 95% SIBER ellipses representing isotopic niche space for historical and modern
Tamias minimus in the Ruby Mountains (A) and Bayesian standard ellipse areas represented by
median (black circle), mean (red X), and 95%, 75%, and 50% credible intervals for each species
(B).

A

A

Figure 13: 95% SIBER ellipses representing isotopic niche space for historical and modern
Tamias umbrinus in the Ruby Mountains (A) and Bayesian standard ellipse areas represented by
median (black circle), mean (red X), and 95%, 75%, and 50% credible intervals for each species
(B).
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Isotopic variation as a function of elevation:
Analysis of the variation in stable isotope values for a species along the elevation
gradient in the Toiyabe Range revealed several significant trends. First, there was a positive
trend in δ13C value along elevation for Tamias dorsalis (p =0.001), but there was not enough data
to evaluate this relationship for T. minimus (Fig 14A). There were no significant trends for δ15N
and elevation in the Toiyabe Range for either species (p =0.175 for T. dorsalis and p =0.064 for
T. minimus) (Fig 14B). In the Snake Range, T. minimus was the only species that showed
significant trends with elevation for both δ13C (p = 0.006) and δ15N (p <0.001). T. dorsalis had a
negative trend with elevation for δ13C (p = 0.038) but none for δ15N (p= 0.656). T. umbrinus
showed no clear trends in stable isotope values along this elevation gradient (p= 0.2997 for δ15N
and p=0.8473 for δ13C) (Fig 15A, B). In the Ruby Mountains, T. minimus showed a positive
relationship between elevation and δ13C values (p<0.001, Fig 16A) but a negative relationship
between elevation and δ15N (p<0.001, 16B). T. umbrinus showed no obvious trend between
elevation and δ15N (p =0.185) but did show a positive trend for δ13C (p =0.009) which was
similar in slope to that of the other species (Figs 16A,B).
In the Ruby Mountains, we also evaluated how elevational trends in isotopic values
within a species vary over time. While both Tamias umbrinus (p =0.009) and T. minimus (p
<0.001) are characterized by significant positive relationships between δ13C values and elevation
today, neither species showed this pattern historically (Figs 17A, 18A). No relationship between
elevation and δ15N values was found for T. umbrinus historically or today, but T. minimus
showed a significant negative trend between elevation and δ15N in both time periods (historical:
p=0.012 and modern: p<0.001).
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Figure 14: Comparing δ13C (A) and δ15N (B) values along an elevational gradient for Tamias
species in the Toiyabe Range. Solid line represents significant trend.

A

B

Figure 15: Comparing δ13C (A) and δ15N (B) values along elevation in the Snake Range. Solid
line represents significant trend.
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Figure 16: Comparing δ13C (A) and δ15N (B) values along elevation in the modern Ruby
Mountains. Solid line represents significant trend.
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Figure 17: Comparing δ13C (A) and δ15N (B) values along elevation for modern and historical
Tamias umbrinus in the Ruby Mountains. Solid line represents significant trend.

A
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Figure 18: Comparing δ13C (A) and δ15N (B) values along elevation for modern and historical
Tamias minimus in the Ruby Mountains. Solid line represents significant trend.
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Discussion
With this study, we have applied the method of stable isotope ecology to assess resource
partitioning across three chipmunk species living in the Great Basin over space and time. Our
study builds on prior behavior-based observational studies in the Snake Range by Brown (1970),
which showed that the larger bodied and more aggressive Tamias dorsalis was dominant over the
smaller and more arboreal T. umbrinus. Brown (1970) also observed that when two species were
present on a mountain, they rarely overlapped in their spatial distribution. Based on Brown’s
original findings, and the ecological principle of competitive exclusion, we expected that dietary
niche space, quantified by δ13C and δ15N values recorded in chipmunk hair, would show minimal
overlap among different species due to the effects of long-term resource partitioning.
Our collection of samples from three mountain ranges (the Toiyabe Range, Snake Range
and Ruby Mountains) showed mixed results in support of prior research on the elevational
zonation of members of the genus Tamias (Brown 1970, Heller 1971, and Heller & Poulson
1972). In the Toiyabes, T. dorsalis and T. minimus did not overlap in their elevational ranges
(Fig 6). These two species also did not overlap in elevation in the Snake Range, nor did T.
dorsalis and T. umbrinus, supporting the zonation hypothesis. However, several T. minimus were
collected at the same elevations where T. umbrinus was found in the Snake Range (Fig 5). In the
Rubies, there was also considerable overlap in the elevational distribution of T. umbrinus and T.
minimus (Fig 7 & 8). This contrasts with what Brown and Heller observed, and suggests that
competition for shared resources may be less strong between T. umbrinus and T. minimus in this
mountain range since they do overlap in elevational distribution. Conversely, if competition
between T. dorsalis and T. minimus and between T. dorsalis and T. umbrinus is strong, it may
help explain why neither pair inhabit the same elevations in either mountain range in which they
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were found. Perhaps the more aggressive T. dorsalis is able to completely exclude the other
species from its preferred habitat.

Resource partitioning within mountains
Our stable isotope analysis revealed intriguing information about the bigger spatiotemporal picture with respect to resource use of these chipmunk species. In the Toiyabe Range,
Tamias minimus and T. dorsalis displayed limited overlap in their isotopic niche space along the
δ13C axis but shared approximately the same δ15N range (Fig 9A). These results align with our
original predictions because both species are categorized as primary consumers, meaning their
trophic position, and thus δ15N values, should be similar, yet they are competitors, so their δ13C
values should be different. One individual, cataloged as T. dorsalis, could be viewed as an outlier
since its isotopic values more closely resembled those of T. minimus individuals. It is possible
this individual was incorrectly identified upon initial capture, and if it were removed from
analysis, we would see a decrease or complete disappearance of overlap in niche space between
these species. Their minimal overlap suggests utilization of different resources and thus resource
partitioning.
In the Snake Range, all three chipmunk species were present. We predicted this might
cause greater competition for resources resulting in very minimal isotopic niche space overlap.
However, Tamias umbrinus clearly shares some isotopic niche space with T. dorsalis based on
the high degree of overlap between these species along both axes (Fig 10A). These results do not
match our initial predictions of minimal overlap. Interestingly, these two species did not exist in
the same elevational bands (Fig 5), which limited their chances of direct interaction. This might

44
explain why they appear to utilize similar resources, as elevational segregation could have
resulted in minimal competition over resources.
There was also considerable overlap in niche space between Tamias minimus and its two
competitors. Unlike T. minimus in the Toiyabe Range, we observed two distinct sub-groups of T.
minimus in the Snake Range, divided by their δ15N signals. About half of the Snake Range T.
minimus had δ15N values similar to those seen in the other two species (between 2‰ and 5‰),
but the other half had values significantly higher (between 10‰ and 15‰) (Fig 10A). Further
analysis revealed that the sub-group of T. minimus with elevated δ15N were caught within the
lowest elevational band (below 6,000ft), and the sub-group with more ‘normal’ δ15N values were
caught at a much higher elevation (around 8,500ft) (Fig 15B). We know that δ15N is affected by
an individual’s trophic position but also by the aridity of the environment (Koch 2007). Lower
elevations tend to be drier, thus if aridity were the main driver of our observed trend in δ15N, we
would expect individuals from lower elevations to have elevated δ15N signals. Our results are
consistent with this hypothesis and support aridity as a potential driver of this trend. It is also
possible, however, that these lower elevation T. minimus have found a supplemental animalbased resource (such as insects) to exploit, which has elevated their trophic position and
therefore their δ15N signals. Insects are a likely addition because they are an important source of
water during times of water stress. The typical difference between δ15N values of two adjacent
trophic levels is at least 3‰ (Ben-David and Flaherty 2012), which is within the range of values
we detected.
The elevated δ15N values in low elevation Tamias umbrinus could also be due to a
combination of these factors. Along this axis, we found more overlap between the lower
elevation T. minimus and both of its competitors. Conversely, the higher elevation sub-group of
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T. minimus (those with lower δ15N values) showed more separation from the other species along
the δ13C axis. We know that neither T. umbrinus nor T. dorsalis were found below 6,000ft where
the δ15N enriched T. minimus were caught, but that both T. umbrinus and T. minimus were
present at about 8,500ft. Given the presence of the three congeners at higher elevation, we can
speculate this may have led to stronger competition for food, driving resource partitioning along
the δ13C axis. The lower elevation sub-group, however, would not have experience this same
pressure. While our analysis also revealed that some T. minimus and T. umbrinus co-occurred at
the site level, proving they had the potential to directly compete for resources, we did not see
more dispersion among these individuals compared to individuals that did not co-occur with
other species at the site level (Fig 10A).
In the Ruby Mountains, we found an unexpectedly high degree of overlap in dietary
niche space of the two resident chipmunks, Tamias minimus and T. umbrinus. This was even
more surprising because the elevational distribution of these species overlaps almost entirely.
This suggests that competitive interactions are much weaker in the Ruby Mountains and that
competitive exclusion may not exist there because resources may not be limiting. Still, there are
some key differences in the isotopic values for these two chipmunks worth discussing. For
example, both species shared a similar lower bound for δ13C, but T. minimus had a narrower
overall δ13C range compared to T. umbrinus, by about 2‰ (Fig 11A). This implies T. umbrinus
utilizes a wider range of resources and is thus more generalist in its dietary habits.
We also observed a division of Tamias minimus individuals based on δ15N and elevation
similar to what was shown in the Snake Range specimens. Seven of our T. minimus specimens
had elevated δ15N signals (between 10‰ and 15‰) while the rest had values closer to 3-5‰ (Fig
11A). These seven individuals were caught in the lowest elevational band of surveys (below
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6,000ft), while the rest were from higher elevation localities (Fig 16B). Therefore, it is possible
that aridity is the driving mechanism, however it is also possible that the addition of an animalbased food caused this higher δ15N signal. Many small mammal species are known to increase
insect consumption under conditions of water stress, and it could be that low elevation T.
minimus are doing so too. Interestingly, T. umbrinus was present at both low and high elevations
sites (unlike in the Snake Range) but did not show any δ15N enrichment at low elevations. If
aridity was the primary driver of high δ15N values in T. minimus at low elevations, we would
expect the same to be true for T. umbrinus because increased aridity would cause a bulk shift in
δ15N in the resource base as a whole. The lack of a shift in δ15N in T. umbrinus thus hints that
dietary shifts in T. minimus are a more likely cause of δ15N enrichment. Another pattern that
suggests a dietary shift in low elevation Ruby Mountain T. minimus is that they do not appear to
differ in δ13C values compared to the high elevation subgroup. Aridity also drives δ13C values
higher, and low elevations host more C4 plants. Thus, if aridity was the primary cause, we would
expect the chipmunks to reflect that. But no shift in δ13C is detected for these chipmunks.

Intraspecific comparison across mountains
In the Toiyabe Range, Tamias minimus had a relatively small standard ellipse area (Fig
9B), suggesting a specialized diet. However, in both the Snake Range and Ruby Mountains T.
minimus’s ellipse area was much larger (Fig 10B & 11B). These differences across mountains
were likely driven by the T. minimus individuals from low elevations with elevated δ15N values,
which caused a significant increase in the ellipse size along the δ 15N axis. This distinct low
elevation sub-group of T. minimus was only seen in the Ruby Mountains and Snake Range.
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The range of δ13C values occupied by T. minimus in the Toiyabe Range was also more
constrained compared to specimens in the Ruby Mountains and Snake Range, and the lower
boundary of δ13C values for Ruby Mountain T. minimus extended the farthest to nearly to -24‰.
These more negative δ13C values may suggest that Ruby Mountain T. minimus were exploiting a
unique resource not present or used by the same species in other mountains. However, it is also
possible that smaller sample sizes in the Snake and Toiyabe Ranges could also be a factor
affecting the narrower ranges of δ13C values for T. minimus.
Interestingly, we found that Ruby Mountain Tamias umbrinus were also exhibiting more
negative δ13C values relative to the δ13C isotopic values of their Snake Range counterparts (Fig
10A and 11A). This provides further evidence that the Ruby Mountain chipmunks were
consuming a different set of resources, resulting in a wider niche space along the δ13C axis. In
contrast, the upper boundary of δ13C values for T. umbrinus was fairly consistent across space.
Unfortunately, the scope of our study did not allow us to identify what resources were available
in the Ruby Mountains versus other mountain ranges, but because both species show more
negative δ13C values, we believe they were both able to utilize the novel resource(s) and that it
was not a limiting factor.
Interestingly, even when excluding low elevation Ruby Mountain specimens, Tamias
umbrinus showed a wider range of δ13C values compared to those from the Snake Range. In the
Snake Range, T. umbrinus was very restricted along the δ13C axis, with values ranging from 20‰ to -18‰. Yet we know that resources with more negative δ13C values (to about -22‰) were
available because T. minimus was utilizing them at the same elevations. In the Ruby Mountains,
the diet of both T. umbrinus and T. minimus included items with δ13C values ranging well into
the -22‰ range, and beyond to about -24‰ (Fig 11A). This indicates that some mechanism,
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present only in the Snake Range, was preventing T. umbrinus from utilizing certain resources.
Perhaps the presence of not just one but two competitor chipmunk species in the Snake Range is
what caused this especially tight isotopic niche for T. umbrinus. Our analysis of δ15N data for T.
umbrinus revealed very similar values between the two mountain ranges. T. umbrinus also
lacked the higher range of δ15N values only seen in T. minimus. This indicated no major
differences in trophic position or aridity across elevation.

Isotopic variation across elevation
Our findings that δ15N values of Tamias minimus were closely tied to elevation in the
Ruby Mountains and Snake Range prompted us to investigate whether this was true for other
species. However, we found that significant correlation between δ15N values and elevation was
restricted to T. minimus, and only populations in the Snake Range and Ruby Mountains (Fig
14B, 15B, & 16B). We also discovered that this trend was largely driven by the low elevation
individuals as those above about 6,000ft had a shallower slope.
In contrast, we found much more mixed results about the effects of elevation on δ13C
signals. In the Snake Range, both Tamias dorsalis and T. minimus had a significant negative
correlation between δ13C and elevation (Fig 15A). The direction of this trend follows what is
predicted if aridity were the main driving force, yet species seemed not equally affected as the
slopes of these relationships were very different. The lack of a significant trend for T. umbrinus
may be a result of their elevational range. Perhaps T. umbrinus was not at low enough elevations
for the aridity gradient to affect its δ13C values, as they were found mostly above 8,000ft
compared to the other two species which occupied the lower elevational bands (below 9,000ft).
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In the Ruby Mountains, both T. umbrinus and T. minimus showed a significant positive
correlation between δ13C values and elevation, with roughly the same slope (Fig 16A). This trend
is directly opposite what we would predict based on aridity. Therefore, we posit that some other
unknown abiotic factor which varies along the elevation gradient is affecting the available
resources and driving this significant positive trend in δ13C. Both species shared a nearly
identical slope, indicating they were equally affected by this factor. We can also infer by these
parallel lines that resource partitioning between the species was maintained down the length of
the mountain. This is unlike what we observed in the Snake Range, where the slopes of the
relationships differed across the species. It is possible the large degree of overlap in the
elevational distributions of Ruby Mountain chipmunks, compared to a lack of overlap for Snake
Range chipmunks, has resulted in this continuous niche partitioning along the extent of the
gradient.
In the Toiyabe Range, we found only one statistically significant trend for T. dorsalis,
which also showed a positive relationship between δ13C and elevation (11A). It is notable that
the direction of this trend was consistent with our data from the Ruby Mountain chipmunks and
does not resemble what is expected if aridity were driving the signals. However, we suspect very
little biological significance in this because our samples included only two low elevation
individuals.

Niche stability over time
Using historical Ruby Mountain specimens, we examined how stable the dietary niche
space of Tamias minimus and T. umbrinus was over time. We found that historical T. minimus
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closely resembled their modern counterparts, also exhibiting two distinct sub-groups along the
δ15N axis (Fig 12A), as well as a significant negative trend in δ15N along the elevation gradient
(Fig 18B). Although not significant, we noticed a slightly higher mean and narrower range of
δ15N values for historical T. minimus relative to the modern (Fig 12A). T. umbrinus appears to
also have maintained a stable range of δ15N values over the last 80 years in the Ruby Mountains
(Fig 13A) but has expanded its elevational range to include lower elevations formerly occupied
only by T. minimus (Fig 7 & 8).
We also found that both species have experienced notable shifts along the δ13C axis, even
after accounting for the Suess effect (Tans, De Jong, & Mook 1979). Specifically, they have
shifted about 1.5-2‰ towards more negative δ13C values (Fig 12A & 13A). It is possible this
shift may reflect incomplete correction of the Suess effect (i.e. the magnitude of the change in
atmospheric δ13C is larger than we think) or environmental conditions have changed in the last
eighty years resulting in a shift of available resources or a shift in the δ13C values of the resource
base as a whole. Identifying the main drivers of this change was not within the scope of this
study, but a few possibilities include climate change, decreased livestock grazing compared to
the late 1920s, and/or increased prominence of invasive species on the landscape. The prime
suspect with respect to invasion is cheatgrass, which has a very negative δ13C value. It was
accidentally introduced in the 1890s and has spread throughout the Great Basin over the last
century, altering the resource base substantially (Bradley 2009).
Based on standard ellipse areas plots, we discovered that historical populations of both
species had, on average, wider overall niche breath. This trend was clearer for T. minimus than
for T. umbrinus (Fig 12B & 13B). Both T. umbrinus and T. minimus showed a positive
correlation between δ13C and elevation, but only in the modern (Fig 17A & 18A). This could be
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due to increased precipitation in the Rubies over time, or utilization of new resources. There was
no significant trend in δ15N along elevation for T. umbrinus at either time scale (Fig 17B).

Conclusions
The significance of this research lies in its ability to determine to what degree
competitive exclusion and resource partitioning exist among these three species of chipmunk,
and the stability of these interactions over space and time. The stability of interactions has
implications for explaining the regional coexistence of competing species (Pearman et al. 2007).
Furthermore, the intraspecific variation and interspecific partitioning of diet and niche space are
often linked to a species’ ability to persist in a changing global climate. We found that
chipmunks record signals of resource partitioning along elevational gradients and that
interactions are relatively consistent across multiple mountain ranges and time. Additionally,
negative relationships between δ15N values and elevation were found for T. minimus specimens
in two of three mountain ranges they inhabited.
Studies like ours can help identify species that are more or less resilient to environmental
change and therefore at risk of extinction and population decline. There is great value in knowing
whether a species of conservation concern is able to switch between resources or if it is too
specialized to do so. While the chipmunks studied here appear generally omnivorous, we have
also shown that biotic interactions can exert a strong control on their dietary niche breadth. These
types of interspecific interactions are complex and difficult to measure but are essential
components of understanding how species may respond to future environmental change that
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alters interaction networks. Stable isotope ecology affords one of the best ways to visualize and
quantify these relationships.
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