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An Assessment of the Tobacco Root Mountain Range in Southwestern
Montana as a Linkage Zone for Grizzly Bears

Abstract
$t sludied lhe Tobacco Root mountain range in south$cstcm Mont.rra lbf the presence ol gri77l) bcars and 10 determine if
Slizzly bears used this.rfea as a t.avel corridor connccdng to olher source populations. D e to thc proximity ofrhe Tobacco Root
nlounhin ranse to other gfizzlv bearoccupled mountain ranges (i.e. Madison, Gallatin, and Gravelly Rangcs) se speculated thlt
di\pcr\al of grirzl,,- bears into the Tobacco Iloots would bc prcbable. \'e used non-inlasive hair snagging lnclhods. passile
lnliared camcras. ltcal colleclion. and track identification tiom thc rpring oI 1999 to the autunrn of 2000. Wc collccled and
.rnal)zed 255 hair and scat \amplcs and obtained.180 photos. \'e detected no grirzl) bears usirg the Tobacco lloot mountain
ranse as erther a tralcl corridor or a linku{e zone. Horve\'er. the fresence ofarcproducing black be.rpopulation indicated thc area
might provide suitablc grirrl,"- bearh.rbitat. As gfizzll be.rr popularioDs incrcasc and the auihbilit] ofsuitable hahitats $,iihin the
GreaterYcllollstonc Ecoslnem decrease. the Tobacco Root Itange is likely 1o have high poiential for grizzly bear occupancv.

Introduction

Crizzly bear s (Urrirs .rftr l.r l) have been a topic of
heated debate since thcy wcre listed as threatened
undcrthc Endangered SpeciesActin l975. Space
and solitude are essential if grizzly bear popula-
tions are to remain at sustainable levels (Craighead
et al. 1982). The GreaterYello\\"stone Ecosystem
ICYEr  hr .  thc  po ten t i r l  to .u : t l in  r r  l r rge  genet i -
cally viablc grizzly bear population, but only if
the population that is in place has thc abil ity to
exchange genetic matcrial with outside popula-
tions (Cr ighead et al. 1999). Thus, managcment
of linkage zoncs k) nraintain and enhance move
ment opportunities is a clitical pan of the suc-
cesslul application of metapopulation theory to
grizzly bear conservatioD (Servhccn et al. 2001).

Providing l inkages for movemeDt betwecn
populations is a central $cmc ol metapopulation
thcory (Sen heen et al. 2001). Sen heen et al. (2001)
delined the diffcrcnces between linkage zones and
cofiidor systems. They detine a corridor as an
area uscd mcrely tbr travel between ecosystens:
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linkage zones are areas that will support low den-
sity camivore populations often as seasonal resi-
dents. Detemining if an area that lies between
established populations is suitable habiratfor griz-
zly bcars is the lirst step in identif),ing a corridor
or linkage zonc.

The Tobrcco Rui,t mountain rangre rr unique
because it is situated in an arca nofthwest of the
GYE adjacent to areas occupied by grizzly bcars.
Its close proximity to mountain ranges that ffe
known to be inhabited by grizzJy bears (Madi-
son. Gallatin, and Gravelly ranges) make the To-
bacco Roots attractive when looking into the pos-
sibility of dispersal of grizzly bears tiom these
occupied habitats. Additionally, the nnge has been
identitled as suitable habitat and a potential cor-
r idor  fo r  g r i , ,  z l1  ber r .  ,Cru ighcrd  Env i ronmen-
tal Research Institute. personal communication),
possibly contdbuting to the linkage of the GYE
with the Nofihem Continental Divide Ecosystem
(Figurc I ).

Our primary objective u'as to detemine if griz-
zly bears were present in thc Tobacco RootRange.
We hypofiesized that ifpresent. grizzly beals were
using the Tobacco Root Range to disperse from
source populations because of its proximity to thc
GYE, orientation ofthe range, and the vegetative
food sources available.



Study Area

The 629.1 kmr study area covered nearly the en-
tirc Tobacco Root Range (Figure 1 ). The Tobtcco
Root Rangc. located 60 km northwest of
Yellowstone National Park, is composed of steep
mountain slopes, with many peaks > 3.200 m.
The cover types of thc range consist of Douglas-
fir (Pseutlotsugtt nenziesii), engelmann sprucc
(Picea ertgeltnattnil), lodgepole pine (Pfua.r
..)rilorld), and \r'hitebark pinc (Pirrs zrlDlcrralis).
Fire, timber harvest, cattle grazing. rccreatioDal
activities, and mining have all had an impact on
the landscape.

The Tobacco Root range is accessible lbr mo-
torized travel and is tiequented lbr recreational
activitics such as camping, horseback riding. fish-
ing. hunting, and off road motorized travel. Pri-
vate landownership is gcnerally restricted to the
low elevation lueas sunounding thc range with a
leu  in  hu ld ingr  t leepe l  w i th in  lhe  r lnge i l .e l l .

We documented many ofthe knou,n tbods uti-
lized by grizzly bean (Craigheadet al. 1995)within
our study area. Such foods include but are not
linritcd to yanpah (Perideritlia gairdneri), cow
p,trsnip (Heratleum tno munt), whortlgbgrry

(Vaccinium sLopurium). yellow glacier l i ly
( E ry^t hrcniLtnt g rcndfloraz), whitebark pine. elk
r Ccn rr. '  , /o/'/rrrrl lnd olher tnuntmal 'pe. ies.

Methods

There are many difterent ways in which to detcct
the presence of a species in an ecosystem. Ob-
taining DNA is a detinitive mclhod by which to
conlinn species. sex, genetic population structure
and genealogies (Woods et al. l999). Our primary
method ofobtaining DNA was hair collection using
existing mcthods to remove hair samples from
bears in a non-invasivc manner. The roots of mam
malian hairmay contain sulficient DNA tbranaly-
sis when genctic matedal at specific loci is am-
plilied using the polymertrsc chain reaction (PCR)
(Higuchi er al. 1988).

A 27 cell grid systern, each cell 5 kmi in size,
was placed ove[ the study area to distribute sam-
pling eftbrts (Figure 1). Due to thc relatively small
size of thc study area, we chose not to use the
standard cell size of 8 kmz (Mowat and Strobcck
1999). Crid l ines werc based on section l ines es
tablished by the USGS. This format enabled us
lo  e \ (  lude  J rea \  o l  l i rnd  lhd l  u  e rc  in  p r i \  a le  o \ \  n .
ership.

Figure L Srudy Arca grid pattern and the proximit] of the Tobacco Rool Rangc 1o the GreaterYellowstone Ecos)slen ard lhe

Northcm Conrinental Di!ide Ecosystem.

IOBACGO
ROOT

F GALLATIN
RANGE

A
tsxrromore* 

ll

A Linkage Zone for Crizzly Bears 169



One baited hair-snagging site was placed in
each of the 27 cells. To ensurc the greatcst chances
,,r !ri,/,/ l) hrirr delection. hair- 'n.rgping'itc' u ere
placed in suitable habitat \\"ithin the cell as dcter-
mined b), adcquate cove[ or food. Al] baited hair-
snagging sites werc located )0.8 km liom any
road or trail to help avoid possible human/ betLr
cont' l icts and hunan tampedng. To maximize
cJp lu fc  \ ! r r i i rb i l i l ] .  r l l  h l i r - .n rgg ing  . i te .  uere
located 2l km from any othcr hair-snagging lo-
cation (Mo\\,at and Strobeck 1999). Due to snow
prck  inJuneandear l )  Ju l ) .h  i r - \n i rgg ing . i le . \ \e r<
mostly located < 2,100 m in elevation. As the snow
pack melted, hair-snagging sites were progressively
moved throughout the study xrea to sample differ
ent elevrtions and plant communities.

Each hair-snagging site was operated between
15 June and i5 September in both the 1999 and
2000 seasons. Hair-samples werc recovered and
bait rcplenished at each site after l,l-day inter
vals. This method resulted in a total of r1550 hair-
snagging nights over the study period.

Hair-snagg ng l\,4eihods

A perimetel ttnce was built by lastcning a single
strand ofbarbed wirc (2 strand wire. 4-point barbs,
17 cm spacing between barbs) around a group
ing of trees. 20-30 m in circumference. The barbed
wire was fastened to the outside of each pedm-
eter tree with 3.8-cm fencing staples about knee
height lrorn the ground. The wire was tlrst hand-
tensioned then extra fencc staples were added to
increase the tautness. Irregularities in the terrau
were filled with debns to ensurc a unifonn wire
height (Woods et al l999). Cable clamps and fence
staples attached a 0.9-cln steel cable to t$o trees
so that a bait container hung 3-4 m above the

!rr,unLl. l- I rn from erch cahle-:.upporti lo 11ss.
and in .u r 'h  r  u r )  thc l  lheha i tcon lu ineru . t : ' r i l u -
ated near the center of the perimeter fence. The
bait consisted of I kg of liesh animal or fish pans
and -l L of water. The bait container was nade
liom 3.8-L plastic jugs. Four 3x5 cm holcs were
cut at the top of each.jug. The holes were then
sccurely coveleduith n)'lon screcn to prevent insect
contamination. Fabric wicks were attached to the
lid of the container to help loft the scent.

Hair-snagging sitcs were checked on 1.l-day
intelvals. at rvhich time each individual 4-point
barb was carefully examined. Hair samples from
each barb were considered an individual sample
to simplify collcction methods and to avoid con-
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tarnination ol' individual hain. Each sample *as
placcd in a paper envelope, labeled, and storcd at
room temperature in an airright, moisture free
cont l iner .  T , r ,  n :u re  r  mo is lu re  l ree  en \  i ronmenl ,
humidity sponges were added. All hair samples
were handled with latex glovcs to prevent coll
tamination with human DNA. Fecal sampling was
also incorporated into thc study. Feces were col-
lected oppoftunistically throughout the hair sam-
pling periods and only scat that was thought to
be less than one week old was collccted to eD-
sure thatDNA was notdegnded.As scatwas found
2 ml of sample was collected using latex gloves
and placcd in a vial filled with a 90% ethanol
solution (Lisette Waits. Unive$ity of Idaho, Mos-
cow, pcrsonal communication). Samples wcrc thcn
: lo rcd  in  a  f teezer  un t i l  t ime, ' l ' rn l l )s i . .

ln April 1999 we conducted an aerial survey
of the entire range to locate den emergent bears
or tracks that we could mark with a CPS unit and
rcvisit these sites durilg the hair-snagging period.
On this flight we located only one set 01 tracks
on a north facing slope and were unable to deter
mine if they were grizzly bear or black bear ( Ur'-irr
atnericartu.t).

During the 2000 season we deployed six 35-
mmfully lrutomatic cameras with flash. The cam-
eras were equipped with passive infrared sensors
that differentiated between animal heat and am-
bient temperaturc. These camens werg system-
atically distributed to diff-erent cells on bi-wcekly
intervals, enabling photo sessions at each of the
hair-snagging sites tbr a total of 27 1,l-day photo
sessions.

DNA Analysis N,4ethods

We extracted DNA using standard phenol/chlo
roform procedure (Sambrook et al. 19119). EtOH
precipitated samplcs were reconstituted in 20-50
pL dH,0. We rejected using chelex extraction be-
cause this method results in a larger volume of
tinal extract. and consequently lower DNA con-
centration. Six markers developed for bear (G lA.
C 108. Gl0C. G1D. GlOL and C10X) (Paetkau
et al. 1995) were run in l0 pL hexaplex PCRs.
We used 1 .39 gL of PE buffer I. I pL of l0mM
Dntp,0.2 trrL of each 10 mM primer (0.2 fon'ard,
0.2 reverse), 0.3 prl- Amplitag Gold (5U/[L), 0.I

1rL of 2.5 mM BSA. and,1.8l [L of DNA exfact.
PCR conditions were l2 min at 95oC. 20 cyclcs of
30 s at 95'C, 30 s at 58'C (decreasing 0.1'C per



cycle to 56'C). I min at 72'C, 15 cycles of 30s at
95'C, 30s at 56'C, I min at 72'C, final cxtcnsion
of 30 min at 72'C. f ir l lowed by a:loC hold.

Markers were labeled with fluorescent dyes
HEX. TET. and FAM, and run u'ith TAMRA 500
internal size standard on a PE 377 Genetic Ana-
11,zer tbr 2 hr. Alleles were scored by Genotyper.
We calculated error rates on aper allele basis ftom
duplicate runs for heterozygotc loci. whcrc three
or four (out of four) allclcs arrplif icd. Individual
assignmcnt analyses were pertbrrned in identity
(Amos and Harwood. 1998).

Results

Two lleld seasons consisting of.1550 hair-snag
ging nights and analysis of255 hair samples from
the Tobacco Rool Range resultcd in no dctcction
of grizzly bear DNA. Onc hair samplc indicated
possible grizzly bcar DNA. This sample returned
with both black bear and grizzly bearDNA. which
suggestedto us that a grizzly bear either consumed
a black bcar or thcrc was a lab error. We suggest
that this sample is not detinitive enough to con-
clude grizzly bears were present.

We obtaincd conscnsus gcnotypes fbr black
bcar samples at up to six microsatell i te loci (G I A,
G10B.  G10C,  G lD,  C10L,  C l0X)  fb r  l2 l  ha i r
samples that we genotyped two or more times.
Genotypcs wcrc obtaincd for all 6 loci for all but
8 samples. Forthese sarnples, raw error rates were
0.16 dropouts per allele tested and 0.05 misprints
per allele tested. similar to other studies using
noninvasive samples collected in thc tield as a
sourcl] ofDNA, although highcr than average tbr
hair sanrples (Creel et al 2003). These l2l samples
yielded 106 distinct genotypes. which could be
considered an cstimatc of minimum black bear
population size (Kohn et al 1999, Wilson et al
2003). Based on microsatellite data fiom a wolf
(Caars /u;zis) population ofknown size with similar
enor [ates. we suspect our estimate ofblack bear
population is too high, pcrhaps by a tactorofthree
to fbur (Creel et al. 2003). With the rates ofdrop-
out and mispdnting we obtained. resampled in-
dividuals arc l ikcly to contribute more than one
len  l )  pe  to  lhe  rh lu  .e t .  iau . in f  i ln  o \e re \ t i rna-
tion bias. Thus, we do not believe that the
microsatellite data provide a reliable estimate of
the size of the black bear population. However.
even adjusting conservatively fbr overestj mation
bias. these data suggest tiat nore than 25 black
bcars rvcrc samplcd in thc study area.

Analysis of 25 t'ecal samples also resulted in
no detection of grrzzly bear DNA. Our analysis
of microsatellite genotypes for black bear leccs
supported that our genetic sampling detected many
individuals.

Ovcr the study period. 378 nights of infrared
c nera detection gave no evidence of grizzly bcar
activity at any of the 27 hair removal sites. Pbo-
tographs revealed a variation in age struc[ue of
black bears, capturing single adults, females with
cubs, pairs of adults, and sub adults at different
times and at different sites.

Discussion

From spring 1999 to fall 2000, our data suggest
that no grizzly bears were detected using the To-
bacco Root Rangc as cithcr a travel corridor or
linkage zone. Our rcsults corroborate $hat oth-
eIS have suspcctcd. that no grizzly bears currently
occupy the Tobacco Root Range (M. Patroni. R.
Wiseman.Inter Agency Grizzly BearStudy Team,
pcrsonal communication). Further research into
past mortality/trapping records indicated the same
findings (Craighead et al. 1998).

The mcthodology used in this study had greater
potential for detection due to the smaller cell size
used, as compared to similar studies, which uti
Iize a cell size of 8 km'] (Mowat and Strobeck.
1999). The bait attractant was efficient at luring
black bears into the hair removal sites; this was
evident from the analysis ofhair and fecal samplcs,
camera detection. lnJ perronal oh.errl l i ,.rn.

Our analysis of microsatellite genotypes for
black bear hri l lnd feccr rupponed lwo impor-
tant points. First, oul genetic sampling detectcd
many individuals. Thus, if grizzly bears were
present. even at a density l'ar lowcr than the black
bear populatjon, it is reasonable to expect that
the sampling progmlr would havc dctected them
rl ler.l irnce. SeLrrnLl- the \tud) !lrell \u\ti l in. r
substantial black bearpopulation. which use many
of the same tbods and habitats as grizzly bears.
Therefore. the alea could bc cxpected to be used
by grizzly bears.

CERI has identitled the Tobacco Root Range
as suitable habitat for grizzly bcars and we
documented many of the fbod sources and habi-
tat requirements ofgrizzly bears within our study
area. As grizzly bear populitt ions increase and
desired bear habitat decreases, it is conceivable
th t at some point in time gnzzly bears will colonize
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the Tobacco Root mountain rangc. To n]aintain
genetic divcrsity the grizzl) 'bear population in
the GYE needs to exchange genetic matcrial with
outside populations. Thus. management of the
Tobacco Root Range as a poteltial linkage zone
to maintain and enhance 11ow of gcnetic nraterial
is a crit ical paft of the successful application of
metapopulation thcory to grizzly bear conserva
tion (Servheen et al. 2001).

Wc conclude that grizzly bears probably do
not have an ecologically significant presence in
the Tobacco Root Mountains, despite substantial
use by black bears. Ifthe Tobacco Roots serve as
a linkage between Yellowstone National Park and
other areas for thc movement of grizzlies. then
such nrovenents are apparently not common.
Despite deLecting 2tl0 genetic samples, 480 pho-
tos. and numerous tracks, no clear cvidence of
grizzly bealpresence was obtained. However, our
data do not ;illow the conclusion that the area is
completely unused by grizzly bears.
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