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Abstract: Wildlife managers at Kenai Fjords (KEFJ) National Park, Alaska, are developing a

comprehensive bear management plan. An important first step in this plan is to establish a

baseline of bear abundance and inventory approaches for future monitoring efforts. In this

study we use non-invasive genetic sampling and DNA-based capture–mark–recapture (CMR)

analysis to estimate abundance of American black bears (Ursus americanus) using coastal

habitats in the park. We used 2 multi-session CMR models in program MARK and 2
continuous-occasion models specifically designed for DNA-based capture data in the programs

CAPWIRE and BAYESN. The latter 2 models maximize data from non-invasive sampling by

allowing the entire sampling period to be considered a single continuous capture–mark–

recapture occasion. Although all models yielded similar point estimates of population size,

confidence intervals varied widely among methods. CAPWIRE yielded the most precise

estimates of bear abundance. The number of bears estimated in each KEFJ bay ranged from 73

in the least populated to 324 in the most populated bay. Overall, the continuous-occasion CMR

models provided the best estimates with our dataset, and we found that this approach offers a
practical option when trapping seasons are constrained by biological or logistical factors.

Key words: abundance estimation, Alaska, American black bear, capture–mark–recapture, closed capture
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Increasing human impacts on Alaska’s Kenai

Peninsula have highlighted the need to proactively

inventory and monitor black bear (Ursus ameri-

canus) populations in Kenai Fjords National Park

(KEFJ) (National Park Service 1999, 2006). Amer-

ican black bears occur throughout KEFJ, and are a

key part of the fjords ecosystem as well as a focal

attraction for park visitors (National Park Service

1999). Through the National Park Service (NPS)

Inventory and Monitoring program, KEFJ has

developed a comprehensive black bear study pro-

gram to gather ecological data for informing science-

based black bear management. An important step in

this management program is to establish a baseline

estimate of species abundance to guide future

monitoring efforts. Obtaining accurate estimates of

species abundance is a major challenge for wildlife

biologists. Non-invasive genetic sampling has pro-

vided new tools for population estimation (Thomp-

son et al. 1998). To estimate black bear abundance in

coastal areas of KEFJ, we combined non-invasive

genetic sampling with DNA-based capture–mark–

recapture (CMR) methods.

CMR analysis is one of the best established

abundance estimation tools available to wildlife

biologists (Otis et al. 1978, Lukacs and Burnham

2005a). With rapid advances in technology and

availability of highly variable genetic markers,

DNA-based tagging has become increasingly popu-

lar in CMR studies and offers several benefits (Kohn

et al. 1999, Mills et al. 2000, Lukacs and Burnham

2005b). First, samples can be collected from sources

such as hair, feathers, and feces without requiring

the physical capture, handling, or marking of

animals (Taberlet et al. 1999). Second, DNA-based

tagging using non-baited hair trapping methods or

fecal collection can greatly increase the sample size in
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CMR studies without affecting animal behavior

(Waits 2004). Not only is this less invasive for the

animal than handling and marking, but it also helps

preserve the wilderness experience of park visitors

because it can be done discretely and requires no tags

on animals. CMR techniques require a unique and

permanent marker for individual animals that can be

accurately read. DNA information is permanent,

and markers such as microsatellites are sufficiently

variable that researchers can assemble a panel of

markers to provide unique genotypes for each

individual studied (Waits 2004). Careful laboratory

controls and quality assurance protocols can ensure

that genotyping errors and contamination are

reduced to minimize erroneous individual identifica-

tion (Paetkau 2003).

Most CMR methods require multiple discrete

capture occasions, in which an individual can be

observed at most once during each capture occasion

(Cooch and White 2006). However, disregarding

multiple captures could lead to a loss of valuable

information (Miller et al. 2005, Petit and Valiere

2006, Lukacs et al. 2007). Non-invasive genetic

sampling differs from traditional capture methods

because the animal is never confined for handling or

observation. Individuals move freely over the trap-

ping period, allowing deposition of multiple genetic

samples (Boulanger et al. 2004a, Boulanger et al.

2004b, Bellemain et al. 2005). Thus, non-invasive

genetic sampling resembles random draws from the

population with replacement (Miller et al. 2005).

Continuous-occasion CMR models take full advan-

tage of the information contained in multiple

observances of genotypes in DNA-based CMR

studies (Miller et al. 2005, Petit and Valiere 2006).

Miller et al. (2005) developed a maximum likelihood

estimator that allows sampling with replacement to

estimate abundance from a single continuous sam-

pling occasion. Petit and Valiere (2006) adapted a

Bayesian estimator from Gazey and Staley (1986) to

use with a single sampling occasion. Continuous-

occasion methods may lack the information to

estimate demographic parameters such as survival

or recruitment, but they are well-suited for use with

closed population abundance estimates (Petit and

Valiere 2006). Puechmaille and Petit (2007) have

demonstrated that these continuous-occasion models

yield reliable and accurate estimates compared to

field observations in empirical trials.

In this study, we used non-invasive hair-trapping

to obtain genetic samples from black bears in KEFJ.

We applied and compared 4 CMR models using

DNA-based tagging data. First, we used 2 closed

capture models that required multiple discrete

capture occasions, subsequently referred to as

‘discrete-occasion’ models (Otis et al. 1978, Huggins

1989). Then, we explored 2 models specifically

adapted to non-invasive, DNA-based CMR studies

wherein individuals may be captured multiple times

within a continuous trapping occasion, referred to as

‘continuous-occasion’ models. After establishing this

baseline estimate, we used our results and field

observations to develop recommendations for future

black bear monitoring efforts.

Study area
We conducted this study in KEFJ, on the east

coast of the Kenai Peninsula in south-central Alaska.

KEFJ occupies approximately 2,200 km2 of coast-

line between the Harding Icefield and the Gulf of

Alaska. The rugged Kenai coastline was carved by

glaciers of the Pleistocene Ice Age, and glaciers

persist in the Kenai Mountains at elevations .700 m

(Hall 2005). The mountains rise sharply from the

coast to over 2,000 m. KEFJ falls in the coastal

mountain hemlock (Tsuga mertensiana)–sitka spruce

(Picea sitchensis) ecoregion. The mature forest is

dominated by Tsuga mertensiana and Picea sitchensis

(Bailey 1995). These rich forests support dense

undergrowth of shrubs and berries including blue-

berry (Vaccinium) and salmonberry (Rubus) (Gallant

et al. 1995). Willow (Salix) and alder (Alnus) form

dense thickets along riparian corridors and on some

steep hillsides (Ducks Unlimited Inc. 1999). Beach

grass dominates low-lying beach areas (French

2003). The mature forests and rich berry thickets

provide excellent cover and food resources to black

bears (Crews 2002). The park also supports numer-

ous wild salmon runs (Oncorhynchus tshawytscha, O.

keta, O. kisutch, O. gorbuscha, O. nerka), which

provide another important food source to bears.

The rugged topography of the park restricts human

access to low-elevation, coast-accessed terrain. These

areas receive the majority of on-shore human use in

the park through kayak landing, camping, and fishing.

They are also important areas for bears using beach

grass in the early spring and berries and salmon in the

late summer to fall. Their importance to both black

bears and park visitors made these rich coastal

habitats an important focus for inventory and

monitoring efforts (National Park Service 1999).
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We divided KEFJ into 4 study sites based on the 4

major bays of the park: Aialik Bay, Harris Bay, Two

Arm Bay, Nuka Bay (north to south in Fig. 1). Each

bay was delineated by topographic features (ridge-

lines) and supported independent salmon runs. Each

was small enough to be sampled within a single

trapping period; however, it was not logistically

feasible to trap all bays within a single season. Thus,

for abundance estimates, each bay was considered a

separate system, demographically and geographical-

ly closed during the short trapping period.

Methods
Non-invasive genetic sampling

We used natural food draws and un-baited hair

traps to collect samples for genetic analysis. First, we
identified areas of high bear concentrations accord-

ing to salmon spawning streams or dense berry

patches. Field crews then canvassed these prime

habitats to find bear trails and set traps on as many

different trails as possible. Traps were set a minimum

of 50 m apart. The number of traps set in each bay

(varying from 47 to 108, see Table 1) depended on

the availability of habitat areas, bear trails, and
adequate areas for setting traps. The timing of

sampling occasions was designed to maximize the

benefits associated with natural food draws for

bears. We conducted trapping sessions from late

July to early August to coincide with the peak of

salmon runs and berry productivity. Each trapping

period lasted approximately 11 days. We set traps

over days 1–3, checked them once from days 5–7,
and again from days 9–11, creating a revolving

sample collection that could fit either discrete-

occasion (with 2 occasions) or continuous-occasion

models (Table 1).

We used 2 types of hair traps that could be set

along bear trails and anchored to existing vegetation.

The first, hair snares, consisted of a 3.5 m wire cable
with 3 to 4 barbs attached (Fig. 2a). The cable was

formed into a loop with the barbs facing inward and

closed with a loose rubber fastener. This fastener

allowed the loop to constrict and then break apart

when pulled tight. We anchored the cable to a secure

point, typically a tree trunk or sturdy shrub near the

bear trail. We hung the snare over the trail on

existing vegetation forming a vertical loop at bear
head level (center about 50 cm from ground) so that

Fig. 1. Area of non-invasive genetic sampling of
black bears within Kenai Fjord National Park (KEFJ),
Alaska, summers 2003–05. A total of 321 hair snares
and barbwire hair traps were set along bear trails in
each bay of the park: Aialik (A), Harris (H), Two Arm
(T) and Nuka (N).

Table 1. Timing of non-invasive genetic sampling of black bears in Kenai Fjord National Park (KEFJ), Alaska,
summers 2003–05. The 11-day trapping sessions included approximately 3 days to set traps (from initial set
date) and two 3-day sessions to check traps (from first occasion, and again from second occasion date).

Bay Year Traps Initial set First occasion Samples Second occasion Samples

Aialik 2004 95 5 Aug 9 Aug 91 12 Aug 119

Harris 2005 47 24 Jul 28 Jul 121 1 Aug 82

Two Arm 2004 108 20 Jul 24 Jul 31 28 Jul 63

Nuka 2003 81 16 Jul 20 Jul 65 24 Jul 48

CONTINUOUS-OCCASION DNA-BASED ABUNDANCE ESTIMATE NRobinson et al. 3

Ursus 20(1):1–11 (2009)



a bear would walk head-first into the loop. As the

bear continued forward, the loop would tighten,

catching a few hairs in the barbs, and then break free

without disturbing the passing bear. The hair snares

were most utilized along overgrown bear trails and

in areas dominated by young trees or shrubs.

The second type, barbwire traps, consisted of a

single piece of barbwire strung across a bear trail

(Fig. 2b; Boulanger et al. 2004a). Barbwires were 1–

2 meters long and could contain up to 50 barbs. We

used trees on each side of bear trails as strong

anchors for the barb wire. We pulled the wire tight

approximately 50 cm from the ground, such that a

black bear would likely rub the barbs whether it

stepped over or crawled under the wire. The

barbwire traps were most utilized in forested areas

where there were adequate tree anchors to support

the tightly-strung wire and insufficient shrubby

overgrowth for hanging snares.

We considered any strand or tuft of hair caught on

a single barb to be 1 sample. Thus, 1 hair snare or

barbwire trap might capture several samples. Upon

collection, we stored each sample in a separate coin

envelope, in a container with silica desiccant beads.

Laboratory analysis

To minimize laboratory costs, we limited the

number of samples processed from a single collection

at a single trap. We processed up to 5 samples at

least 30 cm apart from barbwires (every fifth barb)

and up to 2 samples from snares (every other barb).

Samples were spaced in this way to maximize

chances of detecting multiple bears leaving hairs

behind while minimizing processing of multiple

samples left by a single bear on a single trap

encounter. We extracted DNA from hair samples

using the Qiagen DNeasy (Qiagen Inc., Valencia,

California, USA) extraction kit according to the

manufacturer’s protocol with 1–10 hair follicles per

extraction. We used 7 highly variable microsatellite

loci (G1A, G10B, G10C, G1D, G10L, G10M, G10P;

Paetkau et al. 1995, 1998) to acquire a unique

genotype for each individual. We amplified micro-

satellites using polymerase chain reaction (PCR).

Each 15 mL reaction included 0.5 units of Gold Taq,

2.5 mM magnesium chloride, 0.33 nM dNTPs (nu-

cleotides), and primer mix: mix 1 (G1A [0.1 mM],

G10B [0.1 mM], G10C [0.1 mM], G1D [1.33 mM],

G10L [0.17 mM]), at an annealing temperature of

57.6uC) or mix 2 (G10M [0.4 mM], G10P [0.1 mM] at

52.0uC). We performed all PCR reactions in a

laboratory free of any form of concentrated DNA

(such as PCR products, blood, or tissue samples),

and used negative controls in all extraction and PCR

reactions to monitor for contamination.

Quality control is critical in non-invasive geno-

typing, particularly in genetic CMR studies where

misidentification of individuals could bias abun-

dance estimates (Mills et al. 2000, Paetkau 2003,

McKelvey and Schwartz 2004, Waits and Paetkau

2005). We took a multifaceted approach to ensuring

data quality and reliable genotyping (Bonin et al.

2004, Broquet and Petit 2004). To ensure that we

had adequate power to distinguish individual bears

with the given loci, we calculated the probability of

observing matching genotypes in pairs of random

individuals (probability of identity PI) or pairs of

siblings (PIsibs) using the program GenAlEx 6.0

(Peakall and Smouse 2006). After the first amplifi-

cation, we discarded any samples with no results or

Fig. 2. Hair snares (A) and barbwire traps (B) used
in non-invasive genetic trapping of black bears in
Kenai Fjords National Park (KEFJ), Alaska, summers
2003–05. Un-baited traps were set along presumed
bear trails in areas of food resource concentrations.
(A) A black bear approaches a break-away hair snare
mounted on vegetation near a bear trail (photo from
National Park Service). (B) A tuft of hair is left on a
barbed wire strung between trees along a bear trail.
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ambiguous results at .3 or more loci. In the final

genotyping, we required that each individual

genotype be verified in at least 2 independent

amplifications. If a genotype occurred in only 1

sample, we amplified and genotyped that sample a

second time for verification. Additionally, we re-

amplified and re-genotyped randomly selected

samples equaling 10% of the total samples. We

then used program VALIDATION (Roon et al.

2005) to identify genotypes that matched at all but

1 or 2 alleles. Close (1 or 2 allele) mismatches were

re-amplified to verify the genotype. From multiple

genotypes per sample, we were able to assess the

rates of allelic dropout and false alleles (Bonin et al.

2004). We report the rate of errors for each locus

and the probability of failing to identify a

recapture.

CMR analysis

We estimated population abundance in each

KEFJ bay using 4 CMR models. We first used 2

discrete-occasion closed capture models (Otis et al.

1978, Huggins 1989). We then applied 2 continuous-

occasion models designed for non-invasive genetic

sampling (Miller et al. 2005, Petit and Valiere 2006).

Some general assumptions were made for all models.

We assumed that our strict laboratory protocol

ensured accurate genotyping, and that all genotype

identifications were correct — that all marks were

read correctly. We assumed that populations were

demographically and geographically closed for the

period of hair trapping, which was reasonable given

the short duration of trapping sessions. With the

exception of the Mt model, in which capture

probability varied with time, we also assumed equal

capture probability across time, which was reason-

able because we trapped for a short period of time in

each bay during which there were negligible changes

in weather, salmon availability, or other factors that

could affect bear movement and detectability.

Further, because we used non-baited, non-invasive

traps, we expected negligible behavioral response

(avoidance or attraction) to our traps. For all models

but CAPWIRE, we also assumed a homogeneous

probability of capture among individuals simply

because individual capture heterogeneity could not

be reliably estimated from 2 capture occasions

(Cooch and White 2006). At the time of this study,

only CAPWIRE offered the option of modeling

individual capture heterogeneity with 2 or continu-

ous capture sessions.

First, we used both the null closed capture model

(Mo, Otis et al. 1978), and the closed capture model

allowing capture probability to vary with time (Mt)

in program MARK. We next used a Bayesian closed

capture model implemented in the R routine

BAYESN (Petit and Valiere 2006). This routine

was based on a Bayesian estimator which used a

non-informative prior distribution of population

sizes and individual capture histories to estimate

population abundance (Gazey and Staley 1986).

Finally, we used the program CAPWIRE (Miller

et al. 2005). Unlike other models, CAPWIRE did

not require the assumption of homogeneous capture

probabilities among individuals, but provided a

simple mixture model in which there were 2 types

of individuals with differing capture probabilities

(Miller et al. 2005). Individual covariates were not

required to implement the mixture model; the

program assigned individuals to the mixture type

and determined the ratio between capture probabil-

ities that maximized the likelihood of the model

(Miller et al. 2005).

Results
Non-invasive genetic sampling

We collected up to 121 hair samples within a single

3–4 day trapping session (Table 1). Capture success

rates (captures/traps x occasions) averaged 0.58 for

barbwire traps and 0.41 for break-away hair snares

(Table 2). On average, barbwire traps achieved

success rates 17% higher (95% CI: 5–29%) than hair

snares in the same sampling areas. Field observa-

tions indicated that hair snares were sometimes

bumped or even fully deployed without obtaining a

hair sample. Barbwires did not exhibit obvious signs

of trap encounters, so we could not formally

quantify differences in trap failure; however, the

barbwire traps could withstand more pressure and

contained more barbs than snares, so a successful

capture typically yielded more hairs from barbwires

than from snares, which could lead to higher

genotyping success for barbwire samples.

Laboratory analysis

We processed a total of 345 samples, acquiring 191

successful genotypes representing 134 individual

bears. The probability of identity for the full set of

7 loci was PI 5 1.22 x 1028, PIsibs 5 0.001. The

maximum probability of identity with any 5-locus set

was PI 5 1.41 x 1026, PIsibs 5 0.007, yielding
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sufficient power to uniquely identify even closely

related individuals. Thus, we accepted genotypes

with verified data at all 7 loci (102 samples), 6 loci

(30 samples), or 5 loci (59 samples).

The mean number of amplifications per locus per

genotype was 2.18. The average error rate was 0.019
per locus (ranging from 0.009 at G10P to 0.029 at

G10L). This yielded a probability of 0.132 that at

least 1 locus would be erroneous in each seven-locus

genotype. However, for a recaptured genotype to be

misidentified as a unique individual after error

checking, we would have to repeat an error .2

times when re-amplifying genotypes. Based on the

error rates and multiple controls used in this study,
we would expect errors at the same locus in a verified

genotype to occur at a rate less than 0.0004; over 7

loci such errors should occur at a rate less than

0.003.

CMR analysis
Probability of capture and recapture rates were

highest in Aialik Bay, leading to the most precise
estimates and most consistent estimates between

models (Table 3). Many of the recaptures occurred

during different sampling occasions, making the

encounter histories and results similar between

discrete-occasion and continuous-occasion models.

In other bays, several of the recaptures occurred over

the course of a single trapping session. This required

condensing into a single capture per occasion for the

models in MARK, leading to very different encoun-

ter histories and limited comparability between the
discrete-occasion and continuous-occasion models.

Probability of capture was estimated by MARK as

0.26 (95% CI 5 0.13–0.45) in Aialik Bay, 0.05 in

Harris (0.01–0.29) and Two Arm Bays (0.01–0.29),

and 0.10 (0.09–0.44) in Nuka Bay. The model with

temporal heterogeneity suggested a change in

capture probability (P1, P2) over time (though

differences in the Akaike information criterion
(DAIC values) ranged from 0.31 to 1.92 among

study sites, so this can only be seen as a minor

indication without strong support): P15 0.23 and P2

5 0.32 in Aialik Bay, P15 0.06 and P2 5 0.05 in

Harris Bay, P15 0.04 and P2 5 0.14 in Two Arm

Bay, and P15 0.08 and P2 5 0.16 in Nuka Bay. The

capture probability parameter was not output by

BAYESN or CAPWIRE. However, the average
number of captures per individual provides a useful

parallel to the capture probability for the continu-

ous-occasion models; this was 1.49 in Aialik, 1.08 in

Harris, 1.30 in Two Arm, and 1.30 in Nuka Bay.

Table 2. Results of non-invasive genetic sampling of black bears using break-away hair snares and barbwire
type traps in Kenai Fjords National Park (KEFJ), Alaska, summers 2003–05. Success rates refer to the
successful collection of hair samples in the field (number of traps acquiring.1 sample/number set). Captures
refers to the number of instances in which a trap contained hair samples in .1 barb. ‘‘Samples’’ refers to the
total samples collected from individual barbs containing .1 hair.

Bay

Snares Barbs Total

Number set Success rate Number set Success rate Captures Success rate Samples

Aialik 60 0.45 35 0.6 93 0.57 210

Harris 26 0.52 21 0.75 62 0.66 203

Two Arm 70 0.33 28 0.34 49 0.29 94

Nuka 62 0.32 19 0.61 63 0.39 113

Average 0.41 0.58 0.48

Table 3. Laboratory processing of non-invasive samples collected from black bears in Kenai Fjords National
Park (KEFJ) Alaska, summers 2003–05, for CMR analysis. Captures are the number of unique individuals
genotyped. Recaptures are the number of individuals captured more than once, either at different points
within a single session, or in both sessions. Recaptures refer to the number of individuals recaptured, not the
number of times each individual was captured, thus sample sizes may be larger than number of
individuals captured.

Bay Extracted Sample size
Session 1
captures

Session 2
captures

Within session
recaptures

Between session
recaptures

Aialik 135 61 20 27 4 6

Harris 50 39 20 17 1 1

Two Arm 95 47 9 29 8 1

Nuka 65 26 7 14 2 1
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Population estimates were similar from compara-

ble model types, and confidence intervals overlapped

substantially (Fig. 3). Confidence intervals were also

similar within model type, with continuous-occasion

models always providing narrower CIs (Fig. 3).

CAPWIRE tended to provide the most precise

estimates. Estimates from MARK (Mo followed by

Mt) gave the highest point estimates and widest CIs.

In Aialik Bay, abundance estimates ranged from the

most 73 (95% CI: 54–108, BAYESN) to 88 (58–173,

MARKMo); Harris from 301 (122–750, CAPWIRE)

to 305 (88–1616, MARK Mo); Two Arm from 101

(60–154, CAPWIRE) to 324 (88–1616, MARK Mo);

Nuka from 69 (31–132, CAPWIRE) to 89 (33–489,

MARK Mo).

Discussion
CMR analysis

Continuous-occasion CMR models designed spe-

cifically for non-invasive genetic sampling were most

informative with our dataset and provided the

tightest confidence intervals. Continuous-occasion

CMR models have been well-tested through simula-

tion studies (Miller et al. 2005, Petit and Valiere

2006) and empirical analyses (Puechmaille and Petit

2007). In previous research with similar sample

coverage (50 simulated samples), the continuous-

occasion Bayesian estimator showed lower error,

similar bias, and lower variance as compared to the

null, Mo, model of Otis (1978) with multiple

occasions (Petit and Valiere 2006). In simulations,

CAPWIRE performed well (in situations of homo-

geneous capture probabilities and a mixture of 2

capture probabilities) concerning coverage, confi-

dence interval, and bias relative to discrete-occasion

CMR models (Miller et al. 2005). In an empirical

application, Puechmaille and Petit (2007) found that

continuous-occasion CMR models yielded estimates

that were accurate according to field-based counts of

bat (Rhinolophus hipposideros) colonies.

The specification of discrete capture occasions in

MARK models required us to ignore captures at

multiple traps during a single trapping period. This

limited the number of recaptures in encounter

histories entered into MARK models, leading to

imprecise estimates. Since this study, Lukacs et al.

(2007) developed a potentially improved model using

Fig. 3. Point estimates and 95% confidence intervals for estimates of black bear abundance in Kenai Fjords
National Park (KEFJ), Alaska, summers 2003–05). Abundance was estimated separately for each bay using 4
CMR models.
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multiple DNA captures per non-invasive trapping

occasion that estimates population size in the

presence of capture heterogeneity.

A number of assumptions characterized our CMR

modeling: error-free genetic marking, lack of behav-

ioral response, homogeneous capture probability

among individuals, and population closure. Al-

though we believe some of these assumptions were

reasonable, others could have been violated. Because

our relatively sparse 2-occasion dataset limited our

choice of multi-session CMR models, we could not

formally test and evaluate impacts of all of these

assumptions. We discuss the possible implications

below.

We assumed error-free genotyping in all CMR

models. Correcting genotyping error is imperative

for meeting this assumption in DNA-based CMR

studies (Taberlet et al. 1999, Paetkau 2003). Our

laboratory protocol was designed to ensure that

errors leading to misidentification would be extreme-

ly unlikely. We did not use the misidentification

parameter (from Lukacs and Burnham 2005a) in

program MARK, as this would require numerous

occasions to estimate properly (6 or more preferred,

G.C. White, Colorado State University, Fort Col-

lins, Colorado, USA, personal communication,

2006), and it does not incorporate the number of

observations of a genotype in the lab before the

consensus genotype enters the CMR analysis. Petit

and Valiere (2006) showed that, with small datasets,

error rates as high as 6% only introduced 1.5 and 2%
positive bias into their population estimates. Such

minimal bias would be negligible compared to the

CIs around estimates.

The use of non-baited, non-invasive hair snares

limits the effect that sampling could have on bear

behavior, making it safe to assume that capture

probabilities were not altered due to changes in bear

behavior. The nature of the passive barbwire traps

ensures that bears would minimally notice the

capture event and thus have no reason to avoid

future trap encounters. Because we did not use baits

or lures of any kind, we can safely assume that bears

would have no motivation to seek out our hair traps.

However, the assumption of homogeneity of capture

probabilities is more likely to be violated. Differenc-

es in sex and age could lead to varying capture

probabilities among individual bears (Boulanger et

al. 2004c). Larger adult males may dominate prime

fishing reaches leading to lower capture probabilities

for females or smaller sub-adult bears (Gende and

Quinn 2004). We made efforts to ensure a chance of

capturing all individuals by placing numerous traps

varying distances from streams and leaving traps for

several days at a time. Future monitoring efforts

may benefit from quantifying and adjusting for any

bias that might be introduced from such heteroge-

neity.

Because the period of trapping was quite short, we

would expect minimal violations of closure assump-

tions; however, due to the dynamic nature of the

system around the salmon spawning season, the

potential for violation cannot be overlooked. Bears

may move in and out of the stream areas as the

number of salmon running fluctuates (Boulanger et

al. 2004a). In this study we did see a potential for

time effect on capture probabilities using the Mt

model. This could be the result of a movement of

bears into or away from the stream areas as the

salmon run peaks and wanes. Such closure violations

could be responsible for the low recapture probabil-

ities in some bays in the study area (particularly

Harris Bay). Such closure violations could lead to

positively biased population estimates as marked

animals may leave the study area and new unmarked

animals may enter (Kendall 1999).

Our abundance estimates can best be described as

representing the ‘superpopulation’ of bears in the

area surrounding the sampled food resources (Ken-

dall et al. 2008). Only 2 bears were observed in more

than 1 bay between trapping seasons. Our resource-

focused trapping scheme was invaluable for achiev-

ing high sampling success without disrupting bear

behavior. However, we recognize that this sampling

design limits inferences to an index of bears using

coastal food resources rather than a precise density

estimate for a specified area. To extend such

modeling beyond an index, future researchers may

wish to investigate open models such as the Pradel

model which may offer different benefits to a multi-

year study (Boulanger et al. 2004a).

Capture probabilities and recapture rates were

especially low in Harris Bay, leading to less precise

estimates. There were several possible reasons for

this. First, there were fewer traps set in this bay.

However, Harris Bay had the highest trap success

rate for both trap types, and we acquired a sample of

individuals comparable to the number in other

sample areas. Despite the high trap success in Harris

Bay, there was a failure to recapture bears that may

be due to closure violations (Boulanger and McLel-

lan 2001), a large population size in this area, or
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both. Because it was only recently de-glaciated,

Harris Bay contains less mature forest habitat than

other bays and hosts some newly established salmon

runs (Wiles and Calkin 1994, Hall 2005). The

opening of new and productive habitat in Harris

Bay may have led to expansion and growth of the

bear population in this area. In addition, unoccupied

feeding areas may attract transient bears from

neighboring bays, leading to violations of geograph-

ic closure assumptions in the Harris Bay sampling

area. Such violations and positive bias may explain

the extremely wide confidence intervals estimated for

abundance in Harris Bay.

Recommendations for future sampling efforts

Our data, as well as those of others (Boulanger et

al. 2004b), suggest that increasing capture probabil-

ity will be important for the success of future

sampling efforts. Miller et al. (2005) suggest that

2.0–2.5 captures per individual would be necessary

for CAPWIRE to achieve estimates within 10% to

15% of the true population abundance. In this study,

we obtained 1.08–1.49 captures per individual and

correspondingly wide confidence intervals. Some

options for improving capture probabilities include

adjusting length of trapping sessions or optimizing

trap performance and placement.

Longer trapping sessions could improve capture

probabilities. Other non-invasive genetic studies

have used trapping sessions up to 14 days long

(Boulanger et al. 2004b). However, this option

should be considered with caution for multiple

reasons. First, given the extremely wet climate of

KEFJ and increased DNA degradation rates in

wetter environments (Farrell et al. 2000, Piggott et

al. 2004, Murphy et al. 2007), longer sampling

sessions could lead to decreased DNA amplification

success and increased genotyping error. Second,

there is increased potential for closure violations

with longer trapping sessions. Third, the frequency

of mixed samples may increase as multiple bears

have more opportunity to encounter the same trap.

Finally, a longer trapping session may exceed the

timing of natural food lures and require baited traps.

The best option for future population estimates

based on non-invasive sampling in KEFJ may be to

optimize trap performance. Barbwire traps tended to

collect more hairs than break-away hair snares and

could be cut to various lengths to adjust to the

terrain and width of a given bear trail. Hair snares

were more restrictive as they required a relatively

narrow and over-grown trail to hang the loop and

channel the bear through the opening. Barbwires

may outperform hair snares in mature forests where

bear trails often wind between large trees, and in

rocky beaches or riparian zones where long barb-

wires may be strung between the occasional willow

or alder tree. Hair snares may be best used as

supplemental traps, particularly in areas with sub-

stantial underbrush such as berry thickets. Finally,

traps could be spread farther from food sources to

capture bears moving between stream systems and

other parts of the bay.

Management implications
We have provided data to support the value of

continuous-occasion CMR models in short-dura-

tion non-invasive genetic projects. These tech-

niques can maximize information from trapping

efforts, which may be particularly important when

trapping seasons are tightly constrained by biolog-

ical or logistical factors. We have provided a

baseline estimate of black bears using coastal food

resources in Kenai Fjords National Park. This

estimate will immediately aid the development of a

scientifically rigorous black bear management

strategy in KEFJ. Our evaluation of trapping and

sampling strategies will serve as a guide for

designing future black bear monitoring efforts to

track long-term population trends as coastal areas

become more popular and increasingly affected by

human activity. Non-invasive genetic sampling and

DNA-based CMR analysis provide a tool for

proactive monitoring and management of the

KEFJ black bear population.
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