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

Elora J. Ormand

Introduction

The competitive exclusioprinciple states that two species cannoéxist if they share
the same resource base (Hardin J980is implies that if two similar species occupy an area
one will inevitablypreventthe other from accesg a limited resourcel herefore, species
interactions are a major factor delineatingcpe ranged-urthermorea singlespecies will
typically have a broadespatialdistributionwhen 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)@meat Basin small mammals icammonly
referenced example dbw this theory can be applied in a natural systever the course of two
summergluring1968 and 196Brown built artificial feeding stations and observed foraging
behavior ofTamiasumbrinusandT. dorsalisin the SnakeRangeof theNorth AmericanGreat
Basin(Brown 1970) His results showed thdt dorsaliswas more aggressive, winnif@ur out
of five encounters vih T. umbrinusand thafl. umbrinusvould often climb trees to escape
attack (Brown 1970). He also observed that in aradsamly one of the species presethi
isolated specietended to hava broadeelevationaldistribution(Brown 1970). Finally, Bown
observed that when both species were present in a réigganelevational rangeasrely

overlapped (Brown 1970).

Brownds or i gi nslountaBohahwork becaadewas theuficstyteshow

how twoecologicallysimilar chipmunkspeciesvereinteractng and coexistingn the Snake
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Range NevadaHowever, his conclusions were based solely on belavibservations at
artificial feeding stations, which represent only gointin space andninstantin time, anddo
not capture theange of potential diet items these species were consuming in thd eadlaly
there armew quantitative methodsich as stablisotope analysis that cdre used twisualize
differences in species diet and habitat preferengesa range of spatiotempdiscalesand thus

track interaction$o assess stability or change.

Using stable isotopes, we wanted to quantify resource partitiannoggthe same
chipmunk speciethat Brown studied, and thexpand ouinsight by looking across three
mountains anthree chipmunk species, a century ago taady Specifically we wanted to
assess the stability of these interactions space antime because we know that competitive
exclusioncan influence the ecological niche of spedéasing legacies such as resource
partitioningamongspeciesn communitiegHardin 1960) Anthropogenic modifications to the
Great Basin landscape, through land use and climate change, could also affabit#te and
resources available tbhesespecies, therefore affecting thaiteractions and/adiet (Rowe et al.
2011).Finally, we were interested mssessing if interspecific interacticgusd species niches
were constant across different mountainthin the GreaBasin which host similar but not

identical sets of interacting species.

Bi ol ogist Joseph Grinnell was one of the f
|l oosely defining it as a speci Eséomewhatgague s pe c i
definition has beemodified many timesver the yea: It has been broadened to include tenants
of competition theory and address differences between the fundamental, realized and partial
niche(Alley 1982,Vandermeer 1972).oday, sable isotope ecology isne methodused to

visualize a speci@gcological nicheStable isotope analysis allows scientistquantify the
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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 spacelvegi wi t h eval uating an indiv
(such ag®C andi*®N), whicharepreserved in its tissue#/hen many individuals of a species
areevaluatedogetherthe cloud of individualsreates an isotopic niche sgaoften represented
as clustes of data points witim an isotopic biplatAspects of the shape and size of clusters
enable comparison across species of ttespectivenichebreadthsThe degree of overlap
between the isotopic niche space of spe@éisctsthe degree of overlap iesource usélerry
2017) When two similar species inhabit the same regind compete with one another over
dietary resourcesve expect to seedecreasetkvel of overlapanda potential contraction ahe

size ofeach speciés i s nitche (plieycl1982, Letten et al. 2017).

We hypothesiedthat dietary niche overlap, quantified by stable isotmpaysisof
chipmunk hair, wuld demonstrate thdhree functionally similafocal speciesTamiasdorsalis,
T. umbrinusandT. minimuspatition resource®y elevation, and this partitioning would be
consistent acrogeplicate elevation gradienits the Great Basirhoth historically and today
Based on Brownoés (19 adsoexpettanlamiabdonsalisanmd® umbrinos k, we
of the Snake Range to be strong competitors with minimal overlap in isotopic nichgvgpiee
T. minimuswould havea 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 Sable Isotopes:

Isotopes aratomsof a particularelementhathave the same number of protons but
differ in theirnumbes of neutronsThe element carbon is naturally found in three forlf@;
13C, and™C. Isotopes?C and**C are considered stable basa they do not decay radioactively,
unlike ¥C. ¥2C has one less neutron thid@, making it lighter in mass. Similarly, nitrogen has
two stable isotopes®N and!®N. In nature, heavier isotopes tend to be less abundant than lighter
ones, so their relate abundancesre denoteds a ratio of heavy to light (Fry 2006). This value
is then compared to internationally set standards to produce a fingdhattiedenote with the

symbol o606 f ol | owedC ob'N) (BehRavihaacFahesy201R)s ot ope (

In the context of ecology, the ratio of heavy to light stable isotopasof or gani s mé s
tissuegorovides information abouits diet, trophic level, and envirome nt . Sp eNisf i cal | vy
affected by the relative trophic position of an individual and/or the aridity of its environment
(BenDavid and Flaherty 2012J.rophic levels categorize organisms of a community into
hierarchical levels based on shared ecokdienction and according to how they obtain energy
(Koch 2007). A higher trophic levels *Nivaluesbecomdarger (more enricheith 1°N) because
of isotopic fractionation that occutisrough the processes of excretion and assimilation
Typically, i*°N increasea b o u tfor éach level (BerDavid and Flaherty 2012). Therefore, an
omni vorous ani mal PNwaluelthdn alpaelydervorbus guhile a U
carnivorous animal would show the greatest enrichment.of!aMiis also known to increz

with increasing aridity (Koch 2007).

Theiit®Cof an ani bneatlyrepresentsstre wamposition of different plant
types within an animal 6s diet, based -on the p

David and Flaherty 2012).3plants tilize the Calvin cycle, which preferentially uses carbon
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dioxide with the lightet?C isotope depleting thei**C signalof C3 plant tissue¢Ben-David and
Fl aher t }¥Cfa G3plants.genérallyrangefro 54 -254. C4 pl ants rel.y
HatchSlackphotosynthetigpathway, which has a lowaffinity for the lighter*?CO;,  $%@ U

valuesrange from aboutl 5 a -1t loa (CBwadrand Flaherty 2012).
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Methods

We examinedhreespecies offamiaschipmunlsthat occuiin threeseparatenountain
rangeswithin the Great Basin of westeNorth America From north to south, the mountains
include the Ruby Mountains, Toiyabe Ranged Snake Rand&ig 1). Survey effortsfrom
2006:2018provided moderchipmunk pecimens from the Ruliylountains(Rowe et al. 2010),
ToiyabeRange(Rowe & Terry 2014 and Snak&ange(Kohli et al. 2018. These modern
surveys targeted sites that were historically surveyed by students of Josel @Gritve 1920s
30s We were able to include historical specimens colletctad the Ruby Mountains in 1926

28 by A. Borell in our analysi@Borell & Ellis 1934).

Tamias minimugFig 2), also known as theeastChipmunk, has a wide geographic
distribution throughout North Americ@he 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 2001lxs diet is very diverse, including seeds, nfugsgi,
grassesheetles, caterpillars, ants, bees, and other indgetggtom 1999 erts & Carraway
2001).The average body length for theastChipmunk is estimated to be between Z822mm,
while the avesige body mass is 423g (Bergstom 1999, Burt 1946haking it the smallest
chipmunk of the sefl. dorsalis(Fig 3). TheCliff Chipmunkhas a more restricted geographic
range that centers on the American southwest and northern Mexico (Hart 1992). Aartieir
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 lengthis usually between 21Z49mm, and body masstieen 6174g(Dunford
1974, making them the biggest species we evaludtedmbrinugFig 4), the UintaChipmunk,

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 ishighly arboreal, preferring subalpine conifesofierestgBraun et al. 201)1 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 betwee220®m, withaverage body

mass between 574g (Nowak 1999.

For this study, we utilized museum specimens from the Natural History Museum of Utah
(NHMU) that were collected as part of an NfsiRded historical resurvey project in the Great
Basin(Rowe & Terry 2014)and historical specimens housed in the Museuxedkbrate
Zoology (MVZ) at UC Berkeley anthe 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 ecoldgyhis study, museun specimens allowed us to
sample across a widgographi@rea andjo back in time to better understand how species
interactions change. These specimens spsmned range of elevations within each mountain
range, which gave us the opportunity to assbasiges imiet within these speciesong

multiple elevation gradiest

In the SnakeRange where Brown conducted his woikdividuals ofall threespecies
werefound Tamiasminimus(n==6), T. dorsaligh=11), andT. umbrinugn=38). Samples from
2015 and 2016 shadthatT. umbrinusoccupial the highestlevationg7,76Gt to 11,14%t), T.
dorsalisoccurred at mid elevatiof®,472t to 7,566t), andT. minimusextended to the lowest
elevationg5,780ft to 5,854ft)Fig 5). Interestingly,T. minimusseemed to occupy two separate
elevation bands rather than a continuous elevation gradierthékeher two specieshe higher

elevation subgroup was found&822ft to 8,570ftThere was almost no elevational overlap
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acrossspecies, other than the higher altitude subgroup afinimughat overlapped witf.

umbrinus

In theToiyabe Range, tthe west of the Snake Rangesmuthcentral Nevad, Tamias
dorsalis(n= 13) andT. minimugn= 4) were caughn 2009 and 201, lhowever nd. umbrinus
individuals were foundThese samptandicate that each species occuiseparate elevational
bands of the ToiyabeRange with T. dorsalisat the upper and lower elevations (6,936ft to

7,050ft and 7,666ft to 7,735ft), aifd mininusin between (7,073ft to 7,178ft) (F&).

Finally, in the RubyMountaingto the north modern resurvey efforts from 2006 through
2008 and 2013howed a high degree of elevatiorahgeoverlap betweeamiasminimus(n=
33) (5,220ft to 8,900ft) and. umbrinugn= 55) (5,269ft to 9,693ftHistorically this was also
the casesurveys from 1927 through 1929, indicate thaminimugn= 17) (5,230ft to 9,551ft)
andT. umbrinugn= 28) (6,050ft to 9,551f§hared muchfdhe same elevational distribution.
Only below approximately 6,000ft did this changec¢hthat onlyT. minimusvas presentFig
7). Relative to the historical time periodrange contraction fanodernT. minimusvas
observed, leavind. umbrinusas the sole species above approximately 9,080the same
time, both species now occupy the lowest elevations (below 6,000ft) following a range

expansion fofl. umbrinugFig 8). T. dorsalisis not known from this mouain range.

The Great Basin was an ideal location for this study because the basin and range
topography creagmatural independent replicate mountain rangesossvhichit is possible to
evaluatethe stability in biotic interactionsThe partial overla in the elevational distribution of
each species within a range also allowed us to compare how the niche space of individuals that
co-occuredat 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 Americ&reat Basinhighlighting the three
mountain ranges Nevada where chipmunk specimens used in this study were originally

caught. From north to south they are héy Mountains southwesterii oiyabeRange and
southeasterrSnakeRange
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Figure 2: Tamias minimughe Least Chipmunk.
(https://animaldiversity.org/accounts/Tamias_minimuatcessed 8 May 2020
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Figure 3: Tamias dorsalisthe Cliff Chipmunk("Cliff Chipmunk" by Allen Gathmanlicensed
under CC B¥NC-SA 2.0 https://search.creativecommons)@gcessed 12 May 2020.



Figure 4: Tamias umbrinusthe Uinta Chipmunk.

(https://faculty.ucr.edu/~chappell/INW/mammals/Uintachipmunk.shtAdcessed 12 May
2020.

22
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11,000
T umbrinus: 11,1451t
10,000 to 7,760ft
9,000 T minimus: 8,570t

y to 8,322t
8,000

T dorsalis: 7,566ft
to 6,472t

7,000

T minimus: 5,8541t
to 5,780ft

6,000 7

Snake Mountains

Figure 5: Elevational distribution oTamiasminimus, T. dorsaligndT. umbrinugn the Snake
Range Nevada.
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T dorsalis: 7,7351t to

7,66061t
7,700
7,500
7.300 T minimus: 7,178t
to 7,073ft
7,100 T dorsalis: 7,050ft

y to 6,936ft
6,900

Toiyabe Mountains

Figure 6: Elevational distribution oTamiasminimusandT. dorsalisin the ToiyabeRange
Nevada.
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Figure 7: Historical (1926 28) elevational distribution offamiasminimusandT. umbrinusn
the RubyMountains Nevada.
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10,000
9,000
/
T, umbrinus: 9,693t
8,000 to 5,269ﬁ
T minimus: 8,9001t
7,000 to 5,220ft
6,000
5,000
Modern Ruby Mountains

Figure 8: Modern elevational distribution @amiasminimusandT. umbrinugn the Ruby
Mountains NevadaT. minimushas experienced n upper range contraction whilembrinus
has experienced a lower range expansiwes the interval of 192@8 to 200613.



27

Hair collection:

Hair samples from chipmunks in the Ruldguntainsand ToiyabeRangewere
previouslycollected and available for analysisthe Terry Lakat Oregon State University
(OSU) at the beginning of ihstudy.This hair was sampled fromuseum skinstored at
NHMU, KUM, and MVZ.However, to obtain hair samples for chipmunks in the SRaltegea
formal request was sent Ewic Rickartat NHMU asking for permission to remove hair from
several preserveskins. Thankfully, permission wagantedand73 chipmunk skins were
shipped to OSU for hair collection. Once they arrived,epce € i mends museum i den
numberandcollection information ¢ollectionyear& 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 analydie budget forextra that is inevitably lost during the washing process. This
is essential because museum specimens are used in variouswagsioving hair improperly
canalter furpatterrs or otherwise damage the preserved skin. For this study, it was also
i mportant to collect hair from a consistent |
chipmunls molttheir pelts (i.e. fully shednd replace) twice each yaarate sprimg/early
summer an@gainin late fallearly winter. The moltbegnsanteriorly and progresstowards the
posterior. If multiple hair samples were collected from separate locations on one individual
chipmunk duringts molting cycle, the resulting stable isotope values would likely be different

because they reflect differenceustoicamtrokbhe chi pm
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such seasonal variation, hair was consistently collected from the right linkgduarter of each

museum specimen.

Cleansteeltweezers were used to pluck small patches of hair from the rofnejagsh
chipmunk until enough total hair was collected. During the process, care was taken to make sure
that too much hair was not takenrfi@ single spot on the rump, therefore preventing bald spots
on thespecimenin some casesmall,clean steel scissors were used to very carefully snip small
patchesofhaf r om a c¢chi pmunkdés rump. Howda&nnsevith, t hi s m
especially thick fur on the rump as scissencedto remove more hair at a time increasing the
chances of&usihg a bald spot. Hair from a single chipmunk was placed into a czah 2
borosilicate glass vial and labeled witeunique DT lab codeBefore moving on to the next
specimen, all tools were wiped witlfrashKimwipe to prevent cross contamination of hair

samples.

Sample Preparation

All sample preparation for stablgatopeanalysis was based on methods outlined by Reid
etal. (2013)To keep samples organized and differenti
written both on the plastic lid and on a piece of colored labeling tape wrapped completely around
each vial.Tape was placed aroutite entire vial to prevent it from falling off during later
washings. NextapproximatelyomL of ultra-filtered (MQ) water was carefully added to each
vial using a250mL plasticwash bottleensuring no cross contamination between samgtaall
pieces of clean and unuseduminum foilwere used tgecurely cover the top of each vial. Foil

lids were large enouglo fold over therim of each vial. Plastic screw on lids were stored



29

elsewheredr later use. Sets ofl@rosilicate vials with foil lids were then transferred into large
1000mL clean glass beakers, which were placed irgoracatingbath Readily available

deionized water (DI) was added to both beakers, surrounding the vial® ¢dhéy/foint 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 thened on ér 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 maoval of hair from vials, and the micropipette tip was wiped off &ifitesh
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
usedto add 5mL ofE1394 petroleum ethefCAS 803232-4) to each ial. Petroleum ether was
used because it is a good solviamtremoning dirt and oil from the hairs/ials 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 ofwspetroleum 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.



30

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 coppaking traysand placed inta drying oven set at 6G
for a 24hour 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 desicozdbinet with lids loosely screwed on to control

humidity.

Weighing:

The final step in preparing hair for analysisa mass spectrometer was to weigh out
bet ween 50 0 coheach sathpleZ FoOtle mombustion analysis to function properly,
the hairis inserted intdmm by 9mncylindrical capsules of pure tin and compressed into very
small compact cubes, roughlynmx 1mmin dimensionDuring this processt was essential to
wear protective disposable glovatsall timesto prevent contamination of clean hair sarsjle
tin capsules. Contact with even a very small amount of human hair or skin could destroy the

integrity of a sample and cause incorrect resates on

To prepare a tin capsulie top edgewere folded dowrabout 1mm (to allow for best
folding later on)using sterile stedbrceps before placing it on ti&artorius microbalance
(model: MSE3.6PFO0ODM). The scal e was s uldlosviggreadiigt y o6z er o
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 betwe&0500. In

some cases, small sterile talescissorsvere 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 foutersurfaceile cyl i nd

final weightwasrecorded before the capsule was removed and placed on a steril€ast¢ah

sample preparation plat¥sing forceps, the downfolded edges of the cylinder were folded back

over the openingn fourths to fully close the top. A small steriteetal 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 tmagle 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 Sant§u@8L)stable isotope

labaratoryto beanalyzel using flash combustioin a Carlo Erba 1108 elementatalyzer

interfaced with a ThermoFinnigan Delta Plus XP isotope ratio mass spectrometer. Values were

corrected for mass and drift using calibratedhdusegelatin andacetanilide standardshe
mean standard deviations for replicates of thkdnse standards ass all runs ranged from
00% t o O.WCandofo@r t o 0 . PN dluds Garrected isotopic values are
expressed relative to the int er n%Ctandomfarl
U'N. Isotopes are reported in parts perthouda devi ati on f r odn) t=he

[(RsampldRstandard - 1] X 1,000, wherdR is the ratio of the heavy isotope to the light isotope.

A f t ¥Qvalies were retrieved from UCSC, they were corrected foruss ffect.
The Suess effect descritsethe continuing increase C relative to'*C in atmosphsc carbon
dioxide (CQ) due to anthropogenic fossil fuel emissions from the last 300 yEams,(De Jong,

& Mook, 1979).Fossil fuels arelerived from decomposed prehistoric plant matefiam times

stand

stand
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long before C4 photosynthesis had evolved, thus emisaiedepleted in3C compared to
today o6s aransy®s Jorge&rMook,(1979. A vhluesiwere adjusted to 1927 CE,
our oldestistoricalTamiassample, using a spline model fit to the data of Rubino et al. (2013)

and Indermthle et al. (19983 described in Terry et al. (2017) and Terry (2017

The r e&al a fdvalliesiwere analyzed using Bayesian ellipse analy§ts
(SIBER packageip reconstruct the dietary nicheedchspeciesacrossnountain rangeand
within each timeperiod(Jackson et al 2011)Scatter plots were also constructed in R to identify

relaionships betweed®*C  a f°M valliesandelevationwithin each mountain range.
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Results
Niche comparison across space today:

An a | y siCs adPN vaiiies for modershipmunkspecies in th&oiyabeRange
showedsignificant segregation afiche space (estimated by 95% Bayesian ellipse) along the
Ut3C axis(Fig 9A). MeanTamiasminimusit*C was-17.90%, whi ch was st ati st
than meani*>C value forT. dorsalisof -21.19G (p <0.001) The distribution ofi*®N values,
however,showed no differencleetween the two speci§s =0.7454) Although not statistically
significant, vwe also found that the mean standard ellipse @ppaaredarger forT. dorsalis

compared td@'. minimugFig 9B).

In the SnakeRange whereall threeTamiasspeciesare present today, we also degekct
partitioning along théi**C axis T. minimué s i sot opi ¢ niche was charac
negativel*C values(mean= -20.008i ), T. dorsali$ michetheleast negativé'C values
(mean=-18.054 ), andT. umbrinu$ Biche situatedn-betweenhearr -19.08% ). Tukey
posthoc tests following ANOVA revealegl a ¢ h  snpeand"iC evas &tatistically different
from the res{p<0.001 for comparison betwe&ndasalisand eithefl. umbrinusor T. minimus
and p=0.003 for comparison betweBrumbrinusandT. minimu$. A | o n g*NtakisgTandias
dorsalisandT. umbrinushad a similar range of values, whileminimussampleseemedplit
intotwos u b g r o u p s ™ valueggreater than thé other two species, and the second with
UN values near the lower range of the other speciesl(AY The only significant difference
in meanti*N valueswasbetweenT. umbrinugmean= 4.73@ ) andT. minimus(mean=
6.92%A ) (p= 0.008).The ellipse area of. umbrinusoverlapped most notably with that Bf

minimus,but there was little overlap betwe@&ndorsalisandT. minimugFig 10B). We also
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found thatT. umbrinushad the tightest ellipse area along both axes, whifeinimushad the

largest and most variable standard ellipse areal(®8y.

In the Ruby Mountairs, only two species were presdatay, TamiasumbrinusandT.
minimus While we detected netrivial overlap inthed i s t r i bYC valuesacrossbbth U
speciesmeani>C values wersignificantly different betweef. umbrinugmean=-20.57@ )
andT. minimugmean=-21.85@& ) (p<0.001)Th e r a %@ ealues folT.Wumbrinusvas
alsowider and extended beyond thaffofminimugFig11A) . Al &°N axis,T. mamimus
again appeared wuster intotwo very different subgroupsike we detected in the Snake Range
The fir s t®™ galuesugnging faoch aliout 1103 Awhich did rot overlap with those of
T. umbrinuswhile the secondroup hadi*>N values from about® &, whi ch wer e
t o tNivaluesd ofT. umbrinugFig 11A). However,we detected no significant difference in
the means ofiit>N (p = 0.230)Standard ellipse arsdor the two species showed tiTat

umbrinushad a smaller and tighter niche space compared to tAatnohimugFig 11B).

mor
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Figure 9: 95% SIBER ellipserepresenting isotopic niche space ffmodernchipmunks in the
ToiyabeRange(A) andBayesiarstandard ellipse arsaepresented by median (black circle),
mean (red X), and 95%, 75%, and 50% credilterirals for eah specie¢B).
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Figure 10: 95% SIBER ellipssrepresenting isotopic niche space for chipmunks in the Snake
Range(A) andBayesian andard ellipse arsaepresented by median (black circle), mean (red

X), and 95%, 75%, and 50% credibledrvals for eah specie¢B). Opencircles represent

individuals that did not coccur with members of another species at a trapping site, and filled

circles represent those that did@ocur 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
RubyMountaingA) andBayesian &ndard ellipse arsaepresented by median (black circle),
mean (red X), and 95%, 75%, and 50% credilterirals for eah specie$B). Open circles
represent individuals that did not-oacur with members of another species at a trapping site,
and filled circles represent those that didooour with at least one individual of another species.
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Niche comparison cross time in thieuby Mountains

Our secondinalysis evaluateldow the resource use ohipmunkspecies varied through
time. For this analysis, we focused our efforts on the Ruby Mountains where we had the most
robust historical dataGraphingthe historical RubyMountainspecimens with their modern
counterparts showed theamiasminimu® miche has shiftetbwarsmo r e n e“gwatuésv e U
through timewhile remaining relatively constant alohgh €N akis (Fig12A). Thedifference
in meanii*®N values across time was not significant (p = 0.600), but the shifeanii'*C values
was (p<0.001, where historicadean=-20.91% , and modermean=-21.85@& ). The presence
of two distinct group®f T. minimusndividuals, where somiad elevatedN valuesand
others were lower, persisted across tiifige standard ellipse aréa T. minimusvassmaller

today than in the paFig 12B).

When comparing thisotopic nicheof T. umbrinusacross time, we found thsimilar to
T. minimusmodern individals h@la gai n shi ft ed t BCwaluedp<0®6lr e negat
where historical mean €49.528 , and modern mean-20.56% ), while i*°N values have
remained relatively consistent through ti(pe0.66J (Fig 13A). The average standard ellipse

areaalsorevealed a decrease the modeérnmbrinug13B).
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Figure 12: 95% SIBER ellipserepresenting isotopic niche space for historical and modern

Tamiasminimusin the RubyMountaingA) andBayesian &andard ellipse arsaepresented by
median (black circle), mean (red X), and 95%, 75%, and 50% credibteats for eah species

(B).

20 | A —~10 | A
o Modern Ng
R
15 O Historical \; 8 1
D
o |
2 10 <
) Q =2
o 5 o 4
2
0 - 3 2
IS
— — T ® 0 ‘
—24 -22 -20 -18 Modemn Historical

8'°C %o
Figure 13: 95% SIBER ellipserepresenting isotopic niche space for historical and modern

Tamiasumbrinusin the RubyMountaing(A) andBayesian &andard ellipse arsaepresented by
median (black circle), mean (red X), and 95%, 75%, and 50% credibtgafs for eah species

(B).
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Isotopic variation as a function of elevation

Analysis of the variation in stable isotope values for a species @leptevation
gradientin theToiyabeRangerevealedseveral significant trends. First, there wamaitive
t r e n¥C valuealoing etvationfor Tamiasdorsalis (p =0.001) but there wasot enough data
to evaluate tis relationship fofT. minimugFig 14A). Ther e wer e no s ni fi ca
and elevation in the ToiyaliRangefor either specie@ =0.175 forT. dorsalisand p =0.064 for
T. minimu$ (Fig 14B). In theSnakeRange T. minimuswvas the only specig¢bat showed
significant trendsvith elevationf or B®(p #0 . 10 0 6 N (p WOMOL)IT. dorsalishad a
negative trenavith elevationf o ¥C (i=0 . 03 8) b u'IN (psr®686).T. tintbrinusl
showedno clear trends in stable isotope values athige | evati on gradi™nt (p-=
and p=0.18HFGBA, B).In thie RubyMountains,T. minimusshowed a positive
relationship betweea | e v a t @ wvaluea(p<d.001i Fig 16A but a negative relationship
between elevation and®N (p<0.001 16B). T. umbrinusshowedno obvious trend between
el evat i (@p=0a85)butididhowa posi t i V€ (pt=0.009) which veas U

similar in slope to that of the other species $HIGA,B).

In the Ruby Mountains, we also evaluakexnv elevational trends in isotopic values
within a species vary over timé/hile bothTamiasumbrinus(p =0.009)andT. minimugp
<0.001)are charactere by significant positive relationships betwegtC values and elevation
today, neither species showed this pattern historically (Figs 17A, 18A). No relationship between
elevation andi*®N values was found foF. umbrinushistorically or today, buT. minimus
showed a significant negative trend betweenagtlem andi*>N in both time periodshistorical

p=0.012andmodern p<0.00).
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Figure 14: Comparingi®>C (A) andi*N (B) values alongnelevatioral gradient folTamias
speciesn the ToiyabeRange Solid line represents significant trend.
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line represents significant trend.
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Figure 16: C o mp a rC (A)gandii'®N (B) values along elevation in the modern Ruby

Mountains.Solid line represents significant trend.



