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INTRODUCTION |

In 1992, the U.S. Fish and Wildlife Ser-
vice (USFWS) granted the Louisiana
black bear (Ursus americanus luteolus),
a subspecies of the American black
bear, threatened status under the U.S.
Endangered Species Act (ESA), listing
loss and fragmentation of habitat as
the primary threats (U.S. Fish and Wild-
life Service 1992). The 1995 Recovery
Plan outlined recovery goals designed
to meet the objective of reducing
threats to the Louisiana black bear and
the habitat supporting it (U.S. Fish and
Wildlife Service 1995). At that time, the
bear subpopulations in the state were
located at Tensas River Basin (TRB), the
Upper Atchafalaya River Basin (UARB),
and the Lower Atchafalaya River Basin
(LARB). Later, a fourth subpopulation
was established at Three Rivers Com-
plex (TRC) with bears being translocat-
ed from TRB. Laufenberg et al. (2016)
performed a population viability analy-
sis (PVA) for the Louisiana black bear
based in part on capture-mark-recap-
ture (CMR) data collected at TRB from
2006 to 2012 and UARB from 2007 to
2012. The CMR data consisted of geno-
typed bear hair samples collected at
barbed wire sampling sites. These data
were used to develop stochastic popu-
lation models using hierarchical Bayes-
ian modeling methods to estimate
probability of persistence. Laufenberg
et al. (2016) concluded that the prob-
ability of persistence of the TRB and
UARB subpopulations over 100 years
were >0.928 and >0.906, respectively,
which supported the decision to re-
move U. a. luteolus from the list of
threatened species in March 2016 (U.S.
Fish and Wildlife Service 2016a).

Post-delisting monitoring is a require-
ment under the U.S. Endangered Spe-
cies Act. A post-delisting monitoring
plan was developed and implemented
by the Louisiana Department of Wild-
life and Fisheries and the USFWS (U.S.
Fish and Wildlife Service 2016b). Post-
delisting monitoring based on spa-
tially explicit capture-recapture was
completed in 2021 (Clark et al. 2025).
Model-averaged estimates of popula-
tion abundance (N) for primary range
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at TRB ranged from 135 (95% Cl = 121—
149) female bears in 2006 to 140 (95%
Cl = 123-157) in 2020 with mean A of
1.003 (95% ClI = 0.991-1.015), which
suggested a stable population. An es-
timated 56 (95% Cl = 19-92) additional
female bears occurred in the second-
ary range at TRB in 2020. At UARB,
model-averaged estimates of N for the
primary range were from 35 (95% Cl =
28-43) females in 2007 to 33 (95% ClI
=28-43) in 2020, with mean A = 0.996
(95% Cl = 0.972-1.020), again suggest-
ing a stable population. Three (95% Cl =
0-6) additional female bears were esti-
mated to occur in the secondary range
at UARB during 2020. The estimate of
N at TRC was 28 (95% Cl = 18—-44) fe-
males in 2014 and 42 (95% Cl = 19-94)
in 2021. The number of bears in the
secondary ranges suggests some bears
may have emigrated from the primary
areas and colonized secondary areas,
likely facilitated by increases in bottom-
land hardwood habitat adjacent to the
core populations. The stable primary
populations, the reintroduced popula-
tion at TRC, and the number of bears
in the secondary range adjacent to TRB
together suggested the overall number
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of Louisiana black bears has increased
since monitoring began in 2006 (Clark
etal. 2025).

Following the completion of the post-
delisting monitoring, the Louisiana De-
partment of Wildlife and Fisheries ad-
opted a new sampling strategy whereby
each of four identified subpopulations
(i.e., TRB, UARB, TRC, LARB), and a new
area, the Upper Ouachita River Basin
(UORB), would be sampled on a rotating
schedule, with one site being surveyed
each year based on CMR hair sampling.
The UORB subpopulation was located
along the norther border with Arkansas
where bears from White River National
Wildlife Refuge, Arkansas, were reintro-
duced to Felsenthal National Wildlife
Refuge, Arkansas, in 2000- 2002 (Wear
et al. 2005, Figure 1).

This report is an analysis of CMR hair
sampling data completed at UORB in
2023 and at UARB in 2024 (Figure 1).
Our objectives were to estimate popu-
lation abundance (N) and density (D) at
UORB and UARB based on spatially ex-
plicit CMR methods (Clark et al. 2025).



METHODS

We used DNA extracted from hair col-
lected at baited, barbed-wire enclo-
sures (hereafter referred to as hair
traps) to determine individual identi-
ties and record capture histories for
CMR analysis (Woods et al. 1999).
Hair traps consisted of two strands of
barbed wire, one located 35-40 cm
and one 65-70 cm above the ground
and enclosing an area about 5 x 5 m
in size. Field technicians began sam-
pling in June and baited each site
with small amounts of bakery prod-
ucts (e.g., sweet rolls, donuts) and a
scent attractant (raspberry or honey
extract; Mother Murphy’s Laborato-
ries, Greensboro, North Carolina, USA).
Technicians placed hair samples col-
lected from individual barbs in sepa-
rate coin envelopes and stored them
in a dry location at room temperature
until DNA extraction was performed.
All sites were checked for hair samples
and rebaited every seven days for six
weeks.

As in the previous monitoring studies,
we used a clustered sampling design
(Clark 2019) in the forested areas ad-
jacent to the primary range of those
populations (Figure 1), but we used
higher trap densities in core areas.
These trap clusters were intended to
help us evaluate how much coloniza-
tion of previously unoccupied areas
had occurred.

DNA extraction and microsatellite ge-
notyping were performed by Wildlife
Genetics International, Inc. (Nelson,
British Columbia, Canada) following
standard protocols (Woods et al. 1999,
Paetkau 2003, Roon et al. 2005). Guard
hair roots were clipped and used for ex-
traction whereas, in the case of under-
fur, entire clumps were used for extrac-
tion. In contrast with previous studies,
we genotyped all collected bear hair
samples and did not subsample.

The power of multilocus genotypes to
differentiate between individuals de-
pends on the number and variability
of markers used for individual identi-
fication and the number of individuals
sampled (Paetkau 2003). To assess the
power of the marker systems used to
differentiate individuals, we estimated
the probability that two full siblings
randomly drawn from a population
will have the same multilocus geno-
type (Plgy, Taberlet and Luikart 1999).
To determine whether independence
of loci and random sampling assump-
tions were met, we tested for linkage
disequilibrium (lack of allele indepen-
dence between loci) and conformity to
Hardy-Weinberg equilibrium (indepen-
dence of alleles within loci) in Program
GENEPOP version 3.4 (Raymond and
Rousset 1995). We used the Dunn-Si-
dak method (Sokal and Rohlf 1995) to
ensure an experiment-wise error rate

of a = 0.05 by restricting critical values
for individual comparisonsto a =1 —(1
— 0.05)1/k, where k is the number of
individual comparisons.

Genetic marker systems for individual
identification were independently
developed for each study area to en-
sure adequate power. WGI selected
marker sets consisting of 10 loci in the
UORB (D123, G10B, G10M, G10P, G1D,
MSUT-2, MU23, MU26, MU50, and sex
marker ZFX/ZFY) and 9 loci in the UARB
(G10C, G10L, G10OM, G10P, MSUT-2,
MU23, MU26, MU59, and sex marker
ZFX/ZFY) for identification of individual
bears. DNA was extracted from select-
ed hair samples using DNeasy Tissue
kits (Qiagen N.V., Venlo, Netherlands).
Extracted DNA was amplified at all loci
using polymerase chain reaction. Reac-
tions contained 50 nM KCl, 0.1% Triton
X-100, and 160 pM deoxyribonucleo-
tide triphosphates in a volume of 15 pL
with concentrations of MgCl,, Tag poly-
merase, and primers optimized to per-
mit co-amplification. Thermal cycling
was performed using a Perkin Elmer
9600 (Perkin Elmer, Waltham, Massa-
chusetts, USA). Amplified DNA samples
were sequenced on a 373A automated
sequencer (Applied Biosystems [ABI],
Foster City, California, USA) using ABI’s
four-color detection system. DNA frag-
ments were analyzed and genotype
data were generated using Genescan
software (ABI), and genotypes were
determined using Genotyper software
(ABI). Genotyping followed a three-
phase approach to assign individual
identities to samples and minimize ge-
notyping errors causing misidentifica-
tion of individuals (Paetkau 2003).

We first formatted the CMR data from
UORB and UARB for analysis. We es-
timated D and N based on an annual
closed model for each study area with
the Program R package secr (R Core
Team 2022, Efford 2022). We created a
5,000-m buffer around all traps in core
areas and an 11,000-m buffer around
all traps in secondary areas using the
mask.check routine in secr. We used
a 1,000-m mesh spacing to define the
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mask and considered only forested
land cover types for density estima-
tion. Field technicians placed all traps
in forested land-cover types (i.e., Na-
tional Land Cover Database 2011 class-
es deciduous forest, evergreen forest,
mixed forest, shrub/scrub, and woody
wetlands; https.//www.mrlc.gov/data/
nlcd-2011-land-cover-conus) and we
excluded non-forested areas from the
analysis. Consequently, our abundance
estimates only apply to areas of forest-
ed land cover. Hair traps were placed
in forest cover (even if it was not large
enough to be present as a mask point)
and, thus, we assume no bear home
range centers were in non-forested ar-
eas. However, those masks sometimes
included land in other states (MS and
AR) so, to derive estimates of N ex-
clusive to Louisiana, we excluded the
out the out-of-state mask points and
summed the densities for the remain-
ing mask points. At UARB, we also ex-

RESULTS

At UORB, field technicians checked up
to 169 hair traps for six weeks during
2023 and detected 59 visits by 25 indi-
vidual female bears and 26 visits by 14
individual male bears (Figure 2). WGI
successfully genotyped 330 of 357 hair
samples (92% success rate). The over-
all Plgys for UORB was 1.5 x 1073, cor-
responding to a 1 in 673 chance that
a bear shared its multilocus genotype
with another bear (Laufenberg et al.
2016). Three of nine microsatellite loci
violated Hardy-Weinberg expectations
(a = 0.006) and 15 of the associations
among 36 pairs of loci exhibited link-
age disequilibrium (a = 0.001). The
top closed model for females at UORB
(model weight = 0.967) was based on
a distance to core covariate on D (8 =
-3.13, 85% Cl =-5.56—0.69), a site-
specific behavioral response (bk; 6 =
4.18, 85% Cl = 3.51-4.85) on g,, and a
heterogeneity mixture on g, (8 =-2.34,
85% Cl = -3.43—1.25; Table 1). The
top closed model for males at UORB
(model weight = 0.877) was based on
a distance to core covariate on D (8 =

cluded from the mask some areas of
semi-permanently flooded wetland
south of U.S. Highway 190 that were
deemed to be unsuitable for bears
(Clark et al. 2025).

We assumed the probability of capture
if the trap was at the home range cen-
ter (go) did not vary across occasions
within each session except for pos-
sible within-year trap response effects,
which we modeled as a trap-specific
behavioral response (bk). We also fit
2-class finite mixture models (Pledger
2000) for individual capture heteroge-
neity (h2) on go. We modeled the spa-
tial scaling parameter (o) as constant
across all occasions and years. We ex-
pected bear densities in the secondary
range to decline with distance from
primary range so we created a distance
covariate (dist_core, defined as the dis-
tance from the outer perimeter of pri-
mary range), which we rescaled from

-18.93, 85% Cl =-54.93—-17.08), a site-
specific behavioral response (bk; 8 =
1.39, 85% Cl = 0.59-2.19) on g,, and a
heterogeneity mixture on g, (8 =-2.48,
85% Cl =-3.75—1.21). The dist_core
covariate was strongly supported for
density estimates in the secondary
range for females, with densities de-
clining with increasing distance from
the primary range, but not for males
as the 85% Cl included zero. The esti-
mate of N within the mask but exclud-
ing land in Arkansas was 70.4 females
(95% ClI = 25.2-196.7) and 34.3 males
(95% Cl = 10.3-113.5). Mean densities
were 0.019 female bears/km? (95% ClI
=0.013-0.027) and 0.014 male bears/
km? (95% Cl = 0.007-0.029). Confi-
dence intervals were wide for both
sexes. We also estimated male and fe-
male population abundances for only
the primary area in UORB, which would
not be affected by the dist_core covari-
ate. Estimates in the core at UORB
were 34.7 (95% Cl = 10.4-115.3) for
males and 45.7 (95% Cl = 16.4-127.2)
for females. The similarity of the male
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0 to 1 by dividing by the maximum
distance to the core. We used this co-
variate as a constraint on D in the sec-
ondary range at UORB and UARB. We
estimated expected N for the primary
range at UORB and UARB using the
region.N function in secr.

We selected the best fit models based
on Akaike’s information criterion
scores, corrected for small sample sizes
(AIC., Burnham and Anderson 1998).
Arnold (2010) and Sutherland et al.
(2023) demonstrated that AIC is func-
tionally equivalent to conducting a like-
lihood ratio test with a significance level
of 0.157; they suggested using 85% Cl
for determining significance of 8 val-
ues when AIC model selection is used.
Consequently, we adopted the 85% cri-
terion and considered effects to be sup-
ported if 85% Cls did not include zero.

estimates with (34.3) and without the
secondary range was likely because the
dist_core covariate could not be esti-
mated accurately.

At UARB, technicians checked up to
237 hair traps for six weeks during
2024 and detected 95 visits by 34 indi-
vidual female bears and 29 visits by 17
individual male bears (Figure 3). WGI
successfully genotyped 408 of 550 hair
samples (74% success rate). The over-
all Plgy,s at UARB was 3.6 x 1073, corre-
sponding to a 1 in 274 chance that two
bears shared the same multilocus gen-
otype (Laufenberg et al. 2016). None
of the seven microsatellite loci violat-
ed Hardy-Weinberg expectations (a =
0.007) and 2 of 21 loci pairs exhibited
linkage disequilibrium (a = 0.002). The
top closed model for females at UARB
(model weight = 1.000) was based on
a distance to core covariate on D (8 =
-12.81, 85% Cl =-18.25—7.37), a site-
specific behavioral response (bk; 8 =
2.42,85% Cl = 2.07-2.77) on g,, and a
heterogeneity mixture on g, (6 =-1.67,



85% Cl =-2.04—1.29). The top closed model for males at
UORB (model weight = 1.000) was based on a distance to
core covariate on D (6 =-10.66, 85% Cl =-17.38—3.94), a
site-specific behavioral response (bk; 8 = 1.58, 85% Cl
0.74-2.42) on g,, and a heterogeneity mixture on g, (8
-2.68, 85% Cl =-3.45—1.91). The dist_core covariate was
strongly supported for density estimates in secondary
range for both females and males, with densities declining
with increasing distance from the primary range. The es-
timate of N within the mask but excluding land in Missis-
sippi and below the spillway was 45.3 for females (95% Cl =
31.6—65.0) and 33.7 for males (95% Cl = 16.4—69.4). Mean
densities were 0.039 female bears/km? (95% Cl = 0.014—
0.110) and 0.019 male bears/km? (95% Cl = 0.006—0.063).
In primary range only, we estimated 28.1 female bears
(95% Cl =19.2-41.2) and 25.3 males (95% Cl = 12.8-50.1).

CONCLUSIONS

The data from UORB suggests a sub-
stantial bear population, likely a result
of range expansion by the reintroduced
population just north of the border in
Arkansas. Confidence intervals were
wide, however, because of the small
size of the area and the limited num-
ber of hair traps that could be placed
there. Data may have been too sparse
to adequately estimate the dist_core
covariate, which can have a marked
influence on estimates of N. We evalu-
ated models without the covariate for
males, but those models were not sup-
ported and the estimates of N were
greatly inflated. Though the point
estimate of N suggests a population
of about 100 bears of both sexes (ex-
cluding cubs), the level of uncertainty
is high. This uncertainty should be con-
sidered when making management
recommendations for this population.
The Arkansas Game and Fish Commis-
sion has conducted spatially explicit

CMR for bears at Felsenthal National
Wildlife Refuge in the past (D. White,
University of Arkansas at Monticello,
personal communication). Coordinat-
ing the timing of sampling efforts be-
tween Louisiana and Arkansas would
increase sample sizes and may help
produce more stable estimates for this
population of bears in the future.

WGI conducted a principal compo-
nents analysis to determine the origin
of the bears at UORB based on ar-
chived samples in their database from
all the Louisiana subpopulations and
the White River population in Arkan-
sas. The 38 new UORB bears clustered
with TRB and White River but, whereas
TRB and White River bears used to be
well differentiated, the UORB bears in-
cluded genotypes similar to both TRB
and White River bears. This is some-
what surprising given that the reintro-
duced bears in Arkansas were exclu-

sively sourced from White River and
suggests that connectivity between
TRB and UORB has increased in recent

years.

The data from UARB suggests that the
bear population has increased since
our 2020 estimate of 36 females. How-
ever, the estimate in the primary range
(28.1) was similar to our estimate there
from 2020 (33, Clark et al. 2025). This
finding suggests that most of the in-
crease in 2024 was in secondary range.
This apparent expansion is consistent
with a recent genetic structure analy-
sis whereby the increasing population
in Mississippi consisted of many bears
emigrating from UARB (D. Morin, Mis-
sissippi State University, personal com-
munication). Previous research indicat-
ed that the UARB subpopulation was
stable (Clark et al. 2025), but the 2024
data suggests that this population has
substantially increased.
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TABLE 1. Model selection results for the Upper Ouachita River basin (2023) and the Upper Atchafalaya River basin (2024) black bear populations
for spatially explicit capture-mark-recapture estimation models based on Akaike information criterion adjusted for small sample size statistics
(AIC.). Density is D, the detection probability at animal activity centers is go, the scaling parameter is o, a site-specific behavioral response persisting
within years is bk, and dist_core is distance to the core population. We considered only models with AAIC. <2 to be supported.

MODEL NO. PARAMETERS AIC, AAIC, AIC.WEIGHT LOG LIKELIHOOD
Upper Ouachita River Basin - Females
- D~dist_core, go~bk+h2, o~1 7 704.616 0.000 0.967 -342.014
- D~dist_core, go~bk, 0~1 5 707.918 6.732 0.034 -347.380
- D~1, go~bk+h2, o~1 6 704.616 0.000 0.967 -342.014
- D~1, go~bk, 0~1 5 707.918 6.732 0.034 -347.380
Upper Ouachita River Basin - Males
- D~dist_core, go~bk+h2, o~1 7 376.580 0.000 0.877 -171.957
- D~dist_core, go~bk, 0~1 5 369.642 4.228 0.106 -176.071
- D~1, go~bk+h2, 0~1 6 377.777 7.863 0.017 -176.889
- D~1, go~bk, 0~1 4 374.418 12.060 0.000 -180.987
Upper Atchafalaya River Basin - Females
- D~dist_core, go~bk+h2, o~1 7 1452.453 0.000 1.000 -717.073
- D~dist_core, go~bk, 0~1 1452.453 26.563 0.000 -732.354
Upper Atchafalaya River Basin - Males
- D~dist_core, go~bk+h2, o~1 7 457.166 0.000 1.000 -215.361
- D~dist_core, go~bk, 0~1 5 466.370 16.194 0.000 -225.458
- D~1, go~bk+h2, 0~1 6 471.857 18.736 0.000 -225.728
- D~1, go~bk, 0~1 4 484.179 36.125 0.000 -236.423
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FIGURE 2. Location of hair traps and capture histories for the Upper Ouachita River Basin, Louisiana, 2023. Captures and tracks of individual bears
are in blue or green.

Female captures Male captures

FIGURE 3. Location of hair traps and capture histories for the Upper Atchafalaya River Basin, Louisiana, 2023. Captures and tracks of individual
bears are in blue or green.
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