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Genetic tagging of free-ranging black
and brown bears

John G. Woods, David Paetkau, David Lewis, Bruce N. Mel.ellan,
Michael Proctor, and Curtis Strobeck

Abstract identification of individuals in a free-ranging animal population is potentially ham-
pered by a lack of distinguishing features le.g., scars, unique color patterns), poor vis-
ibility (e.g., densely forested environments), cost and invasiveness of physical cap-
ture, and mark loss. Advances in DNA-analysis technology offer alternative methods
of individual identification that may overcome several of these problems. We investi-
gated the genetic variability of American black bears {Ursus americanus) and brown
(grizzly) bears (Ursus arctos) in the Columbia River basin of British Columbia, Canada,
and developed a method to obtain genetic samples from free-ranging bears. We
established the background genetic variability using microsatellite genotyping at 9
loct using tissue and blood samples from captured bears. In 3 field trials, we tested
methods to obtain hair from free-ranging bears, Although all methods collected hair
suitable for DNA analysis, the barbed-wire enclosure hair-trap was superior. We
extracted DNA from hair roots and identified sample species with a species-specific
mitochondrial DNA (mIDNA) test and sample sex from a Y-chromosome test. Using 6
ricrosatellite loci from nuclear DNA (nDNA), we screened all hair samples for indi-
vidual identity and developed match probability functions based on scenarios of ran-
dom sampling (P, dom), the likely presence of parent-offspring groupings in the sam-
ples (Poaroffs), and the likely presence of siblings in the samples (Pety). We applied the
Psip to each hair sample (match criteria at P,,<0.05) and illustrated how these
microsatellite genotypes can be used as genetic tags in mark-recapture bear census-
es. The ability to identify species, sex, and individuality of free-ranging bears has
numerous potential applications in field studies.

Key words black bear, brown bear, DNA, hair, mark—recapture, microsateHite, Ursus americanus,
Ursus arctos

Wildlife researchers use various forms of ear tags,
colored bands, neck collars, radiotransmitters, and
natural markings to identify and track individual
animals under field conditions (Nietfeld et al.
1994). Each method has advantages and limita-
tions. The ideal mark would be not-invasive, highly
visible, clearly read, inexpensive, and permanent.
Genetic “tags” in the form of microsatellite geno-
types have the potential 10 meet several of these

criteria, and advances in technology are making
DNA methods accessibie at the field level (Parker et
al. 1998). In addition te individual identification,
DNA samples can be used to confirm sex (Taberlet
et al. 1993), species, genetic population structure,
and individual genealogies (Haig 1998).

Whole blood and tissue biopsies obtained from
captured animals have been routinely used as a
source of DNA. Several recent studies have
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obtained DNA from free-ranging animals using
alternative tissue sources: skin samples from bump-
back whales (Megaptera novaeanglice, Palsbgll et
al. 1997, feces from brown bears {Ursus arclos,
Hoss et al. 1992), black bears (Ursus americaniis,
Wasser et al. 1997), and seals (Pinnipedia, Reed et
al. 1997); and hair from American marten (Martes
americand, Foran et al. 1997), brown bears
(Taberiet and Bouvet 1992, Taberlet et al. 1993,
Taberlet et al. $997), and chimpanzees (Pan
troglodytes, Morin et al. 1994).

Roots of mammatian hair contain sufficient DNA
for analysis when genetic material at specific loci is
amplified using the polymerase chain reaction
(PCR) (Higuchi et al. 1988). For free-ranging bears,
hair is an attractive DNA source because bears fre-
quently leave hair on rub trees, in beds, and at for-
aging sites (Taberlet and Bouvet 1992). Because
bears are readily attracted by sceat lures, methods
to abtain hair samples from free-ranging bears per-
mits systematic sampling regimes necessary for
many ecojogical studics, such as animal censuses.

In mark-recapture studies, an initial population
sample is captured, marked, and released. The pop-
ulation is then resampled during >1 additional ses-
sions. The ratios of newly captured animals to
recaptures is then used to compute a population
estimate (White et al. 1982). Genetic tags can
replace conventional marks in these stndies if the
tags reliably identify individuals during 4 series of
sampling sessions. Palsboll ¢t al. (1997) demon-
strated such an application in a census of North
Atlantic humpback whales.

We conducted field trials to determine the effec-
tiveness of genetic tags derived from hair as part of
a black bear and brown bear mark-recapture cen-
sus. Using hypervarizble microsatellites from
auclear DNA, we addressed the questions: 1) can
genetic tags consistently and accurately identify
individual bears? and 2) can we cffeciively gather
hairs from free-ranging bears suitable for DNA
analysis?

Study area and methods

Study area

‘The West Slopes Bear Research Project study area
was centered near Golden, British Columbia,
Canada (51 18'N, 117 00°W), in the upper Columbia
River basin. The area was about 3,000 km?2 and
included parts of 3 major physiographic regions:
the Rocky Mountains, the Rocky Mountzin Trench,

and the Columbia Mountains. About half of the
study area was contained within national parks
(Glacier and Yohio) and half in mudtiple-use provin-
cial lands.

Preliminary genetic analysis of captured
bears

Before using a genetic approach to identify indi-
viduals, it is necessary to demonstrate that the vari-
ability of alleles at the available loci is sufficient in
the study population to be useful in identitying
individuals. Toa certain extent, increasing the num-
ber of loci used can offset lower levels of variation.
However, in populations with low genetic variabili-
ty, such as the brown bears of Kodiak Island
(Pactkau et al. 1998%), the number of genetic loci
required to make individual identifications could
make identification prohibitively difficult and
expensive.

To determine background genetic variability of
bears within our study area, we used nDNA extract-
ed from blood and ear biopsy samples collected
from bears captured as part of a radiotracking
study. We measured genetic variation at 9
microsatellite loci in both species of bears (Paetkau
et al. 19986, unpublished data for locus GIOH,
primers in Paetkan et al.1998a).

We used hair samples from a subset of captured
bears to test the suitability of hair as an ahternate
DNA source (see Microsatellite analysis). Because
animals frequently leave hair samples on barbed-
wire fences, we pretested the effectiveness of wire
as a hairtrapping device by passing a short strand
of barbed wire through the body hair of several
immobilized bears. This procedure had no adverse
effects on the bears, and small clumps of hairs read-
ily stuck between the prongs of the barbed wire.
Similarly, we pretested a wire brush and a dog
brush on immobilized bears to ensure that they
would gather hair without harming the bear.
Animals were captured and handled under permits
issued by the British Columbia Ministry of
Environment, Lands, and Parks and Dby Parks
Canada.

Hairtrapping trial 1: preliminary experi-
ment to compare bairtrapping metbods
In June and July 1995, we installed 20 hair-trap-
ping stations inn the Beaver River valley, Glacier
National Parlk. They were set out at I-km intervals
along the valiey bottom, except for a gap of 8 km
between stations 10 and 1. Care was faken to




locite the hair-trapping stations at feast 200 m from
active hiking trails. Game trails were avoided to
reduce the risk of ungulates moving through the
site,

At each station, free-ranging bears were simulta-
necusly presented with 4 hairtrap designs
(described below). All stations were aperated for
approximately 28 days and scented with commer-
cial liquid fish fertilizer. We visited the stations at
approximate 7-day intervals, removed hair samples,
and refreshed the scent lure. In the case of barbed-
wire hairtraps, each cluster of points was individu-
aily examined by placing a hand or white card
behind it. All hairs from a cluster of points became
a sample. For brush samples, all hairs within the
entire brush were removed and considered to be a
sample. Each sample was placed in a small paper
envelope and kept dry until it couid be frozen. At
the end of trapping, we removed all wire, obvious
scent lure residues, and warning signs,

We built an enclosure hair-trap by running a sin-
gle strand of barbed wire (2-strand wire, 4 points,
153-cm spacing between barbs) around several trees
about 5 m out from a central tree and uniformly
about 50 ¢m above the ground (Figure 1). If nec
essary, we filled terrain irregularities with woody
debris to ensure a uniform wire height. Standard
fencing staples fastened the wire to the outside of

-
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Figure 1. Barbed-wire enclosure hairtrap used to collect hair
from bears. Scent was placed about 2 m above the ground on
a central tree at hair-traps without cameras in 1995 instead of
suspended as shown, Conducted in the Columbia River basin
near Golden, British Columbia, Canada, 1995 and 1996,
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Figure 2. Cubby with barbed wire, wire brush, and dog-groom-
ing brush hafe-traps used to collect hairs from bears in the
Celumbia River basin near Golden, British Columbia, Canada,
1995.

each perimeter tree, and we handtensioned the
wire. We scented the hairtrap with 125 ml of fish
fertilizer splashed on the bark of the central tree
about 2 m above the ground.

Near each barbed-wire enclosure hair-trap, we
built a log “cubby” similar to the type nsed to live-
trap bears using leg-hold snares (Figure 2). The
cubby consisted of 2 fog poles (2 m long, 8-12 cm
diameter) with one end spiked about 1 m above
ground to opposite sides of a standing tree trunk
{about 30 cm diameter) and the other ends on the
ground about 60 cm apart. 'We attached 2 strands of
barbed wire to cach cubby pole. One strand ran
along the top of the pole in a position where it
would likely brush against 4 bear climbing over the
sides of the cubby. The other strand ran along the
inside of the pole in a position where it would like-
ly brush against a bear investigating the cubby from
the front entrance. Finally, we piled sticks and logs
on the outer sides of the cubby poles to-discourage
bears from climbing over or ducking under the
sides. We scented the trap with 65 ml of fish fertil-
izer splashed on the attachment tree about 50 cm
above the ground and an additional 65 ml poured
into a shallow hole in the ground at tlie base of the
tree inside the cubby poles.

At cach hair-trap cubby, we nailed 1 doggroom-
ing brush and 1 wire paint-scraping brush (15 cm x
2 em) to the inside of 2 cubby pole 1 m out from
the attachment tree and about 15 cm apart. Each
wire brush was oriented so its length was paraliel
to the side logs and the wires pointed inward to the
other side pole (Figure 2).



Hairtrapping trial 2: bairtraps at
reniole camera sites

Following the general methods described by
Mace et al. (1994), we set up remotely triggered
automatic cameras at 49 stations within a 70 x 70-
km grid at a density of approximately 1 camera/100
km?. We scented these stations with about 2 kg of
rotten meat and 250 mi of liquid fish fertilizer
placed in a burlap sack suspended 4-3 m above the
ground. In general, this arrangement prevented
bears from receiving a food reward. Starting 10
June 1995, we activated the cameras. We then
selected 22 of these stations based on bear activity
and, starting 20 June, added barbed-wire enclosure
hair-traps as described above in trial T (Figure 1).
We visited each station at approximate 7-day inter-
vals, ending 25 July to replace camera film and to
collect hair samples.

Hairtrapping trial 3: large-scale experi-
ment i

In 1996, we conducted a large-scale hair-trapping
experiment over a 64 x 64-km study grid at the den-
sity of 1 hairtrap/8 x 8lm cell (Figure 3). Based
on our 1995 experience, we installed barbed-wire
enclosure hair-traps with suspended scent ures at
each station (as in trial 2 without the cameras,
Figure 1). We collected hair and moved the hair-
traps to new positions within the same grid cell at
approximate 10-day intervals (4 moves within each
cell). We activated the first traps on 10 June and
removed all traps by 23 July. Actual dates and inter-
vals varied slightly in all 3 trials because daylight
and weather constraints limited helicopter opera-
tion.

We used datz from this trial to compute an esti-
mate of bear numbers using the program CAPTURE
(White et al, 1982).

Macroscopic and molecular analysis of
bair samples

We examined each hair sample under a dissect-
ing microscope and classified it as potentially
usable if it contained >1 visible roots. Hairs also
were tentatively classified to species on the basis of
color: lighttipped samples as brown bear, entirely
black samples as black bear, and hair of question-
able color as unknown. Although visible hair char-
acteristics-can be used to identify some species (Oli
1993), we know of no microscopic technique that
reliably separates black and brown bears. Hair sam-
ples for extraction consisted of 1-4 guard hair roots

D =hbrown bear only

® = ng bears

Fipure 3. Distribution of black bears and brown bears deter-
mined by mtDNA species delermination from hair samples fn
the Columbia River basin near Colden, British Colurmnbia,
Canada, 1996. Diagram represents 64 x 64-km study area
divided into 8 x 8-km sampling cells.

black bear only

4 =black and brown bears

(maximum chosen when available). DNA was
extracted in 200 Ul of 5% Chelex solution (Walsh et
al. 1991).

Species identification

In trials 1 and 2, we attempted individual identifi-
cation for all samples {see Microsatellite analysis).
However, in trial 3, most hair samples were from
black bears, whereas the primary research interest
was in brown bears. In this case, we first deter-
mincd the species of each sample by amplifying
a short region of the mitochondrial control
region that has a 13-15 bp (some length
variation exists within species) deletion in brown
bears relative to black bears (Shields and
Kocher 1991; Paeikan and Strobeck 1996; light
strand primer TCTATTTAAACTATTCCCTG and
heavy strand primers GCTTATATGCATGGGGC
and ATTTTTAGCTTATATGCATGGGC, which differ
by 7 base pairs at the 5° end). We chose PCR
primers for the short length of their amplicon (169
bp or 176 bp in the reference brown bear) because
we felt that longer products might be difficult to
amplify from a small and potentially degraded
source of DNA. We labeled the heavy strand
primers with HEX and TET fluorescent dye groups
(Perkin Elmer-Applied Biosystems, Foster City,
Calif,; multiple dyes and different sizes allowed 2




sampies to be typed/lane/gel loading) to facilitate
analysis on an automated sequencer, PCR condi-
tions were as described in Paetkan and Strobeck
(1996), except that the reaction volume was 15 pl
and 5 I of the Chelex extract wus used as tems-
plate. Every run included reference samples from
captured black and brown bears and control reac-
tions with no target DNA. In the third trial, we
ceased further analysis after 2 unsuccessful
attempts at species recognition or confirmation
that the sample was from a black bear, Oniy 1 sam-
ple from each individual was typed with the
Spccies recognition marker for the first 2 wials ¢i.c.,
after the microsatellite analysis instead of before it).

Microsatellite analysis

We used a suite of 6 microsatellite loci to identi-
fy individuals (Pactkau et al. 1995; loci G1A, G1D,
G10B, GIOC, GIOL and G10X). These loci detected
high variation in stady-area brown bears (4-8 alle-
les [6-13 in black bears], Paetkan et al. 19985).
These microsatellites were not excessively long (all
alleles <200 bp), they ampilified strongly from small
amounts of DNA, they could be analyzed in a single
gel lane, and they could be amplified in a total of 3
PCR reactions, making efficient use of the limited
amount of DNA available. Reaction conditions
were as described (Paetkau et al. 19984), except
that the volume was increased to 30 1l so that 20 ul
of Chelex extract could be used as template. The
genetic analysis was performed without knowledge
of collection date or location, and genotypes were
scored using GENCTYPER software (Perkin Elmer-
Applied Biosystems, Foster City, Calif), but con-
firmed by independent visnal scoring.

To avoid biases during scoring, we searched for
matches after all microsatellite analyses were com-
plete. Whenever a particular multi-locus genotype
was identified from a single sample, that genotype
was compared to all avaitable brown bear geno-
types from the study area (i.e., genotypes from this
study and from physically captured research bears)
to identify similar genotypes. When the genotype
from 1 of these “unique” samples matched another
genotype except for a single allele designation, the
unique sample was typed again at the locus that
caused it to be unique.

Statistical basis for match declaration
Excluding errors in genetic analysis (see

Discussion), a difference in genotypes between

individuals can be taken as evidence that they orig-

inate from different animals. However, when sam-
ples have identical genotypes, the possibility aiways
remains that they came from individuals with iden-
tical genotypes at the loci examined. This means
that a statistical basis for genetic match declarations
must be developed.

In human forensics, it is often assumed that sam-
ples are drawn at random from the population
(Avisc 1994) and that the samples being compared
do not come from relatives. In this “random? case,
the probability of drawing a given genotype
(Prandom) at & particular locus from the population
at {arge can be taken as pi2 for homozygotes and
2pip} for heterozygotes where p; and p; are the fre-
quencies of the ith and jth alleles (Ai,AJ-). "These val-
ues can be multiplied across ali loci analyzed to
give an overall probability of a match (Prpgom)-

In the type of study described here, however,
samples are not expected to be random or to come
from unrelated bears. For example, a female and
her cubs could visit a hair trap as a family unit and
independent young may share overlapping home
ranges with both parents and siblings (Mace and
Waller 1997), We therefore develeped formulae to
calculate the probability that the parent or off
spring of a particular individual (Pparoffs) Or their
sibling (Pyp,) would have the same observed geno-
type:

for homozygotes,
Prndom = Pizs
= p; and
= (142pptp/4;

Ppar-offs

Py

and for heterozygotes,
Prandom = 2p;pi,
Poarofts = (Pi+Pj)/2 and

Psip = (L+pprp+2pipp/4.

If individuals X and Y are related as parent-off-
spring, then 1 gene of X is identical by descent to 1
gene inY. Thus the probability that both X and Y are
homaozygous for a particular allele (4; A is P
Because the probability that X is homozygous (4;
A 18 ;% (Prandom), the conditional probability that
Y is homozygous (A; A) given that X is homozygous
(Pparotts) is ;. Similarly, the probability that both X
and Y are heterozygous (A;Ap) is Pipj+pp
Therefore the conditional probability that Y is het-



erozvgous (A Aj) given X is heterozygous is
(P#Pj)/ 2P p:tr—offs)-

If individuals Y and Z are related as siblings, then
25% of the time the 2 genes contributed toY and Z
by the mother and the 2 genes contributed toY and
Z by the father are identical by descent, 50% of the
time the genes contributed by the mother or by the
father (but not by both mother and father) to'Y
and Z are identical by descent, and 25% of the time
neither of the genes contributed by the mother or
by the father to Y and Z are identical by descent
(Jacquard 1974). Thus the probability that both Y
and Z are homozygous at 4 particular allele (A} A}
is (p2+2pP+p;H/4. Because the probability thatY
is homozygons (A; A) is p;? (Prandom), the condi-
tional probability that Y is homozygous given Z is
homozygous (A;A) is (L+2py+p 24 (Psin).
Similatly, the probability that bothY and Z are het-
crozygous (A;A) is 2p;p;+2p;py2+2pp*+4 pPp)/4.
Therefore the conditional probability that Z is het-
erozygous (4 Ai) given 'Y is heterozygous (A; Aj) is
{1 +pi+p}-+2pip}-)/ 4 (Psin).

The general relationship between these probabil-
ities is Pgip>Ppar-offs™FPrandom (because p; and py< 1.
We chose Pgp as the most conservative estimator
given the high probability of sibling pairs in our
samples. Note that for any given locus, Pgp can
never be <0.25. Because we arbitrarily chose our
statistical criterion for declaring a match as Pgp<
0.05, at least 3 loci had to be scored to deciare a
match. In practice, 4 to 6 loci were required to
achieve this standard for brown bear genotypes
within our study population. This standard is not
very conservative, given that an individual female
might be traveling with 3 cubs, all of which might
get sampled. However, we decided the standard
was accepiable because most samples were typed
at >4 loci (Pgp<0.01 for 91% of black bears and 75%
of brown bears) and because such large family
groups were uncommon (unpublished data, this
study). We abandoned samples not meeting this sta-
tistical requirement.

It is important to realize that the statistical basis
for a match must be made on an individua! basis,
not simply by calculating a mean expected proba-
bility of exclusion for the study population. This is
because allele frequencies can vary dramatically,
such that some genotypes will be very cormumon
and therefore likely to match genctypes from other
individuals, whereas other genotypes will be
extremely rare, En practice, this means different
individuals will require different numbers of loci to
achieve the desired level of statistical confidence.

Gender identification

Inn the third trial, we used a single sample from
each individual to determine gender. The system
involved co-amplification of a ZEX/ZFY fragment
(genes found on the X and Y chromosomes and
included as a positive control for amplification) and
an SRY fragment (a Y-chiromosome locus). The strat-
egy was to amplify short products in both cases,
but to make the SRY product shorter to eliminate
any length-based amplification bias that might
cause the ZEX/ZYY genes, but nnot the SRY gene, to
amplify in some weak sampies from maies. The SRY
primers were Taberlet et al’s (1993) 41F and 121R.
They shoutd amplify a 119-bp product based on
their data (we did not confirm this length precisely).
One ZFX/ZFY primer was Aasen and Medrano's
(1990) P1-5EZ, which they showed to be conserved
in humans, mice, cattle, sheep, and goats. The other
ZFX/ZFY primer was based on sequence that was
conserved between mice (Mus musculus, Mardon
et al. 1990) and hyenas (Crocuita crociita, Schwerin
and Pitra 1994, CTCCTTTTTCCTTATGCACC) and
such that a 130bp product should be produced
(the length was not confirmed, but was very close
to 130 bp). We labeled 1 primer from each pair
with TET to allow use of an automated sequencer
for analysis. PCR conditions were as used with
microsatellites. Three known males, 3 known
females, and 3 negative controls were included in
each PCI experiment. PCR reactions were st up
by a female technician, and great care was taken
not to bring amplified DNA jnto the room where
PCR reactions were set up.

Results

In our study of background genetic variability
within the study area, we observed a mean expeci-
ed heterozygosity of 0.81 in black bears and 0.69 in
brown bears. This was sufficient variation to dis-
tinguish individuals with a smafl number of loci.

Trial 1. preliminary experiment fo com-
pare bairtrapping methods

Although 21l trap configurations collected bear
hair, the barbed-wire enclosuse design produced
74% of the usable samples (Table 1) and only this
design was used in trials 2 and 3. In no case was
there evidence of injury to bears passing under or
over the wire or entanglement in the wire by bears
or other animals.




Table 1. Comparison of four bear hairtrapping techniques al 20
sites in the Columbia River basin near Golden, Brilish
Columbia, Canada, 1995.

Hair-trap Total ~ Samples Samples with  Unique
design samples with roofs  genotypes?  genotypes?
Barbed-wire

enclosure 227 128 18 25
Cubby with

barbed-wire 42 36 32 10
Cubby with

wire brush 16 ] 5 3
Cubby with

dog brush g 2 5 1

a Psib{D.Ui

b All bears were black bears based on mtDNA analysis.

In triai 1, we collected 293 hair samples, of which
170 (58%) had visible roots and were used for DNA
extraction. Of these, 153 (90%) had genotypes that
passed our threshold of Py,<0.05 and represented
23 individual black bears, 8 of which were known
from the preliminary study of genetic variation in
captured bears (i.c., recaptures). An additional
sample gave a genotype that was a combination of
2 genotypes obtained from other samples at the
same site. Genotypes were extended to 9 loci for
24 individuals to allow more detailed analysis of
relationships between individuals and groups of
individuals. All trial ¥ bBears were black bears, most
likely due to the low clevation of these hairtraps.

Trial 2: bairtraps at remote camera sites

In trial 2, we collected 154 hair samples and
extracted DNA from 118 (77%). Of these, 100
(83%) gave sufficient genotypes to identify 33 indi-
vidual bears (29 black bears from 89 samples and
4 brown bears from 11 samples). An additional 5
samples appeared to contain hairs from >1 individ-
ual, some of which conld be identified. Seven of
the black bears and 3 of the brown bears were
known from the preliminary study or from trial 1.
Eight or 9 locus genotypes were obtained for 32
individuals.

During 387 days of concurrent sampling with the
hair-traps, remote cameras produced 52 black bear
and 9 brown bear samples. Cameras produced
fewer samples than DNA hairtraps. However, a
direct comparison with pumbers of unique geno-
types was not possible because individual bears
could not be consistently determined from the pho-
tographs (ack of distinguishing features, differ-
ences in lighting, and subject orientation).

Trial 3: lavge-scale experiment

In trial 3, we collected 1,753 hair samples in
2,653 trap nights; 1,548 samples (88%) had roots,
and it was possible to assign mtDNA species identi-
fication to 1,496 of these samples (97%). Sixteen
samples produced both biack bear and brown bear
mtDNA bands and were abandoned. For black
bears, there were 1,091 mtDNA identified samples.
MIDNA species identification conficmed that 98%
of the visuaily categorized black bear hairs were
from black bears. Based on mtDNA analysis, we col-
lected bear hair identifiable to species in 59 of the
64 cells (Figure 3). We collected black bear samples
in 58 cells and brown bear samples in 27 ceils.

For brown bears, there were 405 mtDNA-identi-
fied samples, of which 303 (78%) produced geno-
types with Pyp,<0.05. During a sampling session, 4
single hair-trap collected up to 12 usable hair sam-
ples from each unique genotype (median 3 sam-
ples/bear, 79% =1 sample/genotype).  Further
genetic analysis of black bear samples was not pur-
sued because of constraiats on laboratory time.

We initially identified 55 different brown bear
genotypes among 303 hair samples. Of these, 10
genotypes were identified from only a single sam-
ple and 2 of these differed from another genotype
by only 1 allele (the category where essentially all
incorrect genotypes will be found if the error rate
is low). We repeated the analysis of these 2 samples
at the suspicious Ioci and found that a “false allefe”
{Taberlet et al. 1996) had been amplified in 1 case,
reducing the total number of unique genotypes to
34.

Subsequent to the initial hair-capture session A,
brown bears were recaptured during scssions B (4
individuals), C (5 individuals), and D (15 individ-
uals) (Table 2). Because there were only 4 capture
sessions, program CAPTURE’s model selection rou-
tine choose the nulli model (M) followed by the
individual heterogeneity model (M,,). We consid-
ered variation in individual captare probabilities to
be most biologically reasonable for brown bears
and therefore chose My, to generate an estimate of
104 hears (CI 86-133, P=0.05). However, concur-
rent radiotracking of brown bears within the study
arca demonstrated individual movement in and out
of the census area during trial 3 and therefore lack
of complete geographic closure (anpublished data,
this study).

Sex was assigned to all individual brown bears
based on Y-chromosome analysis: 25 females, 29
males. In 1 case (bear 0284), we detected an error



Table 2. Captures and recaptures of brown bears based on
genetic tags in the Columbia River basin near Golden, British
Columbia, Canada, 1996,

Halr-trap session?

Category A B C D Total
Bear captures 16 15 22 20 73
New bears 16 11 18 9 54
Recaptured bears 0 4 gb  q5¢ 24
Cumulative new bears 6 27 45 54 N/A

a Four non-overlapping periods starting 10 June. Sixty-four
hair-traps were moved within each 8 x 8km grid cell at
approximate 10-day intervals.

b Includes 3 bears from session A and 2 from session B.

C Includes 6 bears from session A, 4 from session B and 5
from session .

in sex designation. Initial samples from this bear
appeared to be male because of a strong SRY band
on an overloaded gel. When diluted to produce a
more normal strength gel, the SRY band was absent
on 2 successive gels. Faint (false) SRY bands were
often observed on female samples.

Discussion

Reproducibility of microsatellite genotypes

We provided statistical methods for declaring
matches between samples that should allow
researchers to control the risk of declaring samples
from different individuals as the same. Using this
approach, it is not possible to determine the num-
ber of loci required for a given sample g priori, but
a4 preliminary survey of genetic variability in the
study popuiation will indicate the number of loci
that will typically be required.

The preliminary data from brown bears (Pactkau
et al. 19988) support cur contention that the cho-
sen confidence threshold (Pg,<0.05) was conser-
vative. When 6 locus geniotypes were compared
between ail 46 of the individuals typed from blood
angd skin samples in that survey (1,035 compar-
isons), none had identical genotypes or genotypes
that differed by a single allele. All 3 pairs of geno-
types that differed by only 2 alieles were from
known siblings or mothers and their cubs. These
data also support our contention that even though
few comparisons between genotypes involved rela-
tives, it is these comparisons that are of primary
concern for making mistaken declarations of
matches. However, 1 of the hair samples in trial 3
had a genctype that differed from that of a previ-

ously physically captured bear by only 1 aliele over
6 loci. This sample matched an animal that was sub-
sequently physically captured. These 2 female
bears had very small and highly overlapping home
ranges, and they differed in age sufficiently that
they could be either mother and daughter or sib-
lings from different litiers.

Errors due to mistakes introduced during genet-
ic analysis can fall into 2 categories. First, inconsis-
tent gel conditions, band sizing, analysis methods,
accidental confusion of sampies, or failure to care-
fully double check data could cause crrors. For
example, new technicians should be alerted to the
problem of overloaded gels. Secondly, amplification
of DNA from very small sources couid resuil in the
amplification of “false alleles” or the failure to
amplify 1 allele (allelic dropout) in heterozygotes
(Taberlet et al. 1996, Gagneux et al. 1997). It is
essential that genotypes identified from only 1 sam-
ple, and which are very similar to other genotypes,
be re-analysed. We encountered 1 case of a false
allele when we did this with our samples. The
barbed-wire enclosure hair-trap facilitates such re-
analysis because of the frequent multiple samples
collected for each bear.

We encountered lower error rates than might be
expected based on other people's experiences
(Taberlet et al. 1996, Gagneux et al. 1997). The dif
ference may stem from our conservative standard
for calling genotypes (we only used clean, obvicus
bands) or from differences in PCR conditions. For
example, we extracted DNA from up to 4 hairs from
a given sample and used a much larger proportion
of individual DNA extractions for each PCR. Also,
the commercial DNA polymerase used by others
may be able to amplify smailer quantities of DNA
than our polymerase, which we isolated using fairly
crude purification procedures (Pluthere 1993). It
also may be that the error-prone weak samples
could not generally be amplified at enough loci to
be included s a completed ideatification. Note
that although use of multiple hairs per extraciion
occasionally resulted in mixed samples, these sam-
ples stood out due to their complex banding pat-
terns, and we do not feel that mistakes were intro-
duced because of this problem. In some cases the
2 genotypes present in such mixtures could be
identified from wunmixed samples obtained from
the same strand of wire,

Using hairs plucked from alpine marmots
(Marmota marmota), Goossens et al. (1998) exam-
inted the errors associated with microsatellite geno-




typing based on samples using a variable number of
hair roots and demonstrated increased genotyping
reliability as they increased the number of plucked
hairs per sample. In the Upper Columbia Basin,
average body weights for adult (age 5 years and
older) bears were 63 kg (1#=20) for female black
bears, 93 kg (=37) for male black bears, 102 kg
(n=8) for female brown bears, and 168 kg (12=15)
for male Brown bears (this study, unpublished data)
or approximately 12 to 32 times a 3.0-7.5 kg mar-
mot (Nowalk 1991), If hair size increases with body
mass, there may be considerable variation in the
amount of DNA per hair among species, sex, and
age classes of bears, and hair from adult bears may
contain more DNA than marmot hair. The relation-
ship between body size, hair size, and quantity of
DNA per hair root is of central importance to the
application of these techniques across taxu, but (o
our knowledge has not been investigated.

In our experience, misidentifications can occur
when using any tagging system. Ear tags may be
lost or misread, tattoos can be distorted with time
and growth of the bear, bears can change in appear-
ance, radiotransmitters can be lost or malfunction,
and radio frequencies can be confused or duplicat-
ed by overlapping projects. Despite taking great
care in genetic tagging, it is clear that errors will
occasionally occur and that rates will vary among
laboratories and individua! analysts. Thus, it is
essential to scrutinize data for possibie errors. We
recommend that field workers evaluate error rates
by including a number of “blind” samples from
known individuals when sending samples away for
anaiysis.

Species identification

Species identification based on mtDNA from hair
provided a rapid screening that consumed only
2.5% of the DNA per extraction. Molecules of
miDNA are present in cells at much higher copy
numbers than nDNA and therefore samples from
which mtDNA cannot be ampilified are unlikely to
yield nDNA data. This screening eliminates weak
samples from nDNA analysis.

All miDNA samples identified as brown bears,
and subsequently typed at the nuclear microsatel-
lite loci, had genotypes that were more likely to
occur in brown bears than black bears within this
study area (based on alicle frequencies in Paetkau
ct al. 1998b, essentially the assignment test of
Pactkau et al. 1995). This nDNA-based genotype
likelihoed approach could be used to discriminate

Black bear entering barbed-wire enclosure hairtrap, Cotumbia
River basin, 1995,

between species, but would be practical only if the
proportion of samples from the non-study species
was small and did not represent a prohibitive
amount of work to type at multiple nuclear loci.

Identifying black bears by visual inspection of
hair was highly successfid. This approach can pro-
vide an efficient way to minimize amount of genet-
ic analysis required in areas where brown bears are
the species of primary interest and black bears are
sympatric. However, success may vary according to
the pelage variation of the bears in the particular
study area.

Sex identification

Although faint SRY bands have been observed on
female samples by ourselves and Taberlet et al.
(1993), these are readily distinguishable. The ideal
sex determination test for analysis of hair would
amplify short regions of genes that were present on
the X and Y chromosomes using the same PCR
primers and would discriminate between sexes by
way of a length polymorphism that caused the ¥
chromosome amplification product to be shorter.
We were unable to develop such a system and set-
tled for one where the amplification contro! was
amplified by different primers than the Y-chromo-
some locus, albeit in the same PCR reaction. This
system was accurate in the large number of con-
trols that were included in each PCR experiment.
We conclude that this system will be acceptable
until a system closer to the ideal is developed.

Using DNA sampling of free-ranging
bears in ecological field studies

Many hair samples yvielded DNA in sufficient
quantity and guality to determine bear species, sex,



and individuality and the wire hair-trap provided an
efficient way to collect many DNA samples from
free-ranging bears. Ia refining this technique, pro-
tocols that reduce equipment weight and heighten
the drawing power of the scent lure would increase
efficiency. For exampie, substifuiion of a concen-
trated scent lure for the rotten meat would tacilitate
trap- setup and popularity with pilots and others,
Researchers in Earope have used turpentine to
attract European brown bears to “wire netting” hair-
traps (Camarra 1994). To our knowledge, the effec-
tiveniess of this scent Iure on North American
brown bears has not been reported. Because the
quantity of available DNA may be limiting in some
hair samples, refinements in hair-saagging devices,
protocols for collection and storage of samples, and
DNA extraction. methods would improve the tech-
nique. This may be particularly importaat for stud-
ies requiring pedigree analysis (e.g., Craighead et al.
1995) or a more stringent DNA match criterion
Pipy)- _

Although ficld equipment (wire, scent lures, hand
tocls) for our experiments was inexpensive, trans-
portation costs were considerable because helicop-
ters were essential in our mountainous study area.
Laboratory expenses included costs for extraction
of the DNA from the hair samples and costs for
analysis of the nDNA and mtDNA. We estimate the
commercial cost of DNA extraction from hair roots
at approximately $5.00 (Can.)/sample and the sub-
sequent analysis at $50-$100 (Can.)/sample. In
comparison, physically capturing brown bears in
our study area cost approximately §3,000
(Can.)/bear, In areas where black and brown bears
are not sympatric, mtDNA analysis would not be
necessary. While the availability of academic and
commercial laboratories to perform DNA analyses
is likely to increase, we caution researchers to
establish laboratory availability and costs before
commencing a DNA based marl-recapture project.

As noted by Parker et al. (1998) and others, genet-
ic tags provide a reliable method of repeatedly rec-
ognizing individuals and have potential applica-
tions to mumercus types of field studies. DNA
gathered from frecranging bears will be uscful as
an alternative or compliment to capturing and
marking bears in mark—reccapture censuscs, pres-
ence—absence studics, and home-range delineation.
In addition, bear hair DNA can be used to asscss
genctic diversity within and between populations,
family relationghips, dispersal, and the genetic suc-
cess of bear transtocations. For example, our geno-

typic data suggest strongly that a group of animals
we captured on 3 occasions in adjacent cells con-
sisted of a mother (0308) and her offspring (0302
and 0311). Similarly, the combination of hairtrap
and bear capture DNA data identified a group of
female brown bears with extremely similar geno-
types occupying overlapping or adjacent ranges
(D035, 0284). By extending the genotypes of these
individuals to more loci, it would be possible to
confirm relatedness hypotheses with high proba-
bility, identify the mothers, and identify fathers if
they have been sampled. Similar analysis has been
done successfully from brown bear blood and ear
tissue samples using 8 microsatellite loci
(Craighead et al. 1995).

There are numerous biological and logistical chal-
lenges in applying mark—recapture methods (see
White et al. 1982 and Garshelis 1992). Using genet-
ic tags to estimate brown bear numbers may
improve several aspects of census design. For
example, DNA fingerprints cannot be lost (unlike
ear tags or streamers) and, with appropriate analy-
sis procedures, should be rarely miscead. Snagged
liair may reduce the likelihood of “trap response”
because the bear is never physically restrained or
surprised by a sudden event such as a camera
advance or electronic flash. These tags also provide
valuable additional resofution in the data, including
the sex of animals sampled and confirmation of
species (a potential source of error in photograph-
based bear mark—recapture studies with sympatric
bear species). Potential shortcomings of the genet-
ic tag technique inciude underrepresentation of
animals <50 cm high at shoulder height, the possi-
hility of previous negative encouniers with electric
fencing causing trap avoidance, and the lag

Brown bear entering barbed-wire enclosure hair-trap, Columbia
River basin, 1995.




between field collection and laboratory analysis.

Brown bears iz forested habitats are particularly
difficult to census because they are difficult to
observe, exist at low densities, and have relatively
large home ranges (Mace et al. 1994, Mace and
Waller 1997). While genetic tags may help o
address some of these issues, lack of geographic
closure will be a difficulty in many study situations.

We agree with Haig’s (1998) observation that the
combination of molecular information with ecolog-
icat data gathered from the animals in the field is a
aseful tool in population biology. For example, of
the 54 brown bears identified by hair in trial 3, 12
alsa are known from live-animal captures and radio-
coilaring. This provides the potential to add animal
age (from tooth analysis), movements, and chserved
relationships to the genetic information and pro-
vide a strengthened insight info bear ecology.
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