State and provincial estimates of American black bear numbers
versus assessments of population trend
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Abstract: Wildlife management agencies in US states and Canadian provinces and territories routinely
assess population trends of American black bears (Ursus americanus) and estimate population size.
State or province-wide population estimates are often extrapolated from small, short-term studies or
are based on other expert opinions. We compiled black bear population estimates provided by 51 states
and provinces for the period 1988-2001. Only 57% of trends ascertained from these serial population
estimates (or less, depending on the method for determining trend and what was considered a match)
agreed with corresponding agency assessments of trend for the same period. That is, nearly half the
management agencies felt that the trend in their bear population was different than indicated by the
estimates they produced. Most mismatches were cases where agencies perceived their populations as
increasing but their estimates showed no discernible trend. Pooling all population estimates for North
America suggested that continent-wide black bear numbers had increased by about 2%/year, but this
growth cannot be statistically corroborated because of the subjective nature of the individual estimates
(guesstimates). State or province-wide black bear population estimates may aid in managing bear
harvests, but for the most part, they are not precise or rigorous enough to provide useful information on

population trend.
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Estimation of population size and trend is central to
the management of many harvested wildlife species.
This is especially important for long-lived, slow-
reproducing taxa, which are most susceptible to over-
harvest. Compared to other Northern American big
game species, American black bears (Ursus americanus)
mature relatively late (generally 4-6 years) and have an
extended interval between litters (averaging 2-3 years;
Garshelis 1994), so recovery from overharvest may be
slow (Miller 1990a). Therefore, most agencies manag-
ing black bear harvests rely on estimates of bear abun-
dance and trend to guide their harvests.

American black bears range through Canada, the US,
and northern Mexico. They are presently harvested as
a game species in 12 Canadian provinces or territories
(following the split of Northwest Territories and
Nunavut) and 28 (or sometimes 29) US states. Garshelis
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(1991) summarized the methods used by management
agencies to assess population size and trend. By the late
1980s, all jurisdictions that harvested bears had some
form of population monitoring program; most relied
heavily on harvest data (total harvest, kill density, sex
ratio, age structure, hunter success). Harvest statistics
tend to be a poor indicator of changes in population
size (Harris 1986a; Miller 1990a; Garshelis 1991, 1993).
Other population trend indicators included levels of bear
nuisance activity, number of bears killed in vehicle col-
lisions, sign or sighting surveys, and questionnaires to
hunters and hunting guides.

In the late 1980s, more than half the US and Canadian
jurisdictions that harvested black bears had estimated
bear numbers from a bear capture and telemetry program
on a small study area (Garshelis 1991). Since then, all
but a few jurisdictions conducted mark—recapture popu-
lation studies. Often, results of these studies aided in
producing a state or province-wide population estimate
through a subjective process of extrapolation. Likely
violated assumptions related to population estimation in
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the actual study (Garshelis 1992, Schwarz and Seber
1999, Boulanger et al. 2002, Diefenbach et al. 2004) and
lack of rigorous methodology in the extrapolation pro-
cess weaken the reliability of resulting estimates, and
few jurisdictions conducted follow-up studies. Other
state and provincial estimates were derived from har-
vest data, bait-station surveys, or modeling (Williamson
2002). Not all management agencies produce estimates
each year, but of those that did in 1999, >90% reported
a “reasonable (medium-high) level of comfort with
[their] black bear population estimates” (Whittaker and
Burns 2001:33).

It would be valid to question whether these state and
provincial estimates of black bear numbers were indeed
estimates or guesstimates. Differentiating those based on
fairly rigorous methodology from those based more on
expert opinion would be tedious and also would likely
entail subjective judgment. For example, although only
9 jurisdictions used empirical data to estimate black
bear numbers in 2001 (H. Hristienko, unpublished data),
others likely relied on projections of previous estimates
that were based in part on empirical data. For simplicity,
we refer to all assessments of bear numbers as estimates,
regardless of the basis for their formulation.

Also questionable is how management agencies
assess population trend. Trend data may be obtained
independent of population estimates using some of the
potential indices mentioned above, or may be derived
directly from a series of population estimates. Given the
process of extrapolating estimates from generally short-
term studies on small areas, it seems unlikely that man-
agement agencies would have access to a reliable series
of state or province-wide population estimates from
which to ascertain trend. Nevertheless, such data have
commonly been the basis for evaluating population
trends in American black bears (Williamson 2002).

Our goal was to evaluate the level of concordance
between the series of state and provincial black bear
population estimates and corresponding management
agency assessments of population trend. Neither param-
eter is claimed to represent the actual situation. That is,
we were not testing whether either the series of popu-
lation estimates or management agency assessments
reflected reality. Instead, data were only adequate to test
whether estimates that have been used for management
purposes reflected perceived results of management
actions. For example, if a management agency striving
to grow their bear population estimated bear numbers in
year 1, would their estimate after 10 years of perceived
population increase be noticeably higher than in year 1?7
If not, then either the perceived trend was wrong, or the

population estimates that formed the basis of that
agency’s bear management were flawed (or both).

Methods

In 1989, we sent a questionnaire to all US states and
Canadian provincial or territorial agencies that managed
black bears and asked them to estimate bear population
size and assess bear population trend. We conducted
another survey by email in 2002 (reflecting 2001 data).
Seven similar surveys were conducted during the
intervening period (Servheen 1990, Sheeline 1990,
McCracken et al. 1995, Burch 1997, Pelton et al.
1999, Whittaker and Burns 2001, Williamson 2002). We
compiled results from all surveys along with various
reports from states and provinces to generate a series
of population assessments and estimates through time
(1988-2001). Where agencies reported a range of
estimates for any year, we used the midpoint.

Agency assessments of population trend were cate-
gorized as follows: increasing, slightly increasing,
stable, slightly decreasing, clearly decreasing, or un-
certain. Whereas all agencies employed the same cate-
gories, these categories were not defined, so personnel
within or among agencies may have differentiated them
differently. We looked across the series of agency status
assessments through time and pooled them into 1 overall
trend assessment for the late 1980s to late 1990s.
Assessments generally were consistent over this period.
However, where categorizations for an individual state
or province varied among years, we combined them into
a single category (e.g., if a state reported stable bear
populations in some years and increasing populations in
other years, we categorized their assessment as slightly
increasing). If assessments changed dramatically over
the years, we classified it as overall uncertain and rede-
fined this category to include populations that were
believed to be varying.

We categorized trend in the series of population
estimates for each state and province into the same 6
categories. We attempted to establish objective criteria
for doing so, based on perceived population growth
rates. We calculated population growth rate for each
jurisdiction by comparing estimates in the late 1980s
with those from the mid-late 1990s; that is, we
compared the endpoints in the series of estimates
(sometimes using the mean of the first 2 or last 2 points)
and calculated the average annual growth rate that would
account for the difference. We excluded data from 2001
in this analysis because, as discussed later, many states
and provinces seemed to readjust their numbers about
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then. A more restrictive time frame also reduced the
possibility of the population fluctuating (e.g., due to
management actions) rather than exhibiting a consistent
trend. We sought to investigate average rates of increase
over a specified time, not a pattern of population change;
Link and Sauer (1997) defined the former as population
trend and the latter as a population trajectory. Finally, as
our goal was to compare agency assessments with the
trend in their estimates, we felt it was inappropriate to
project too far ahead (i.e., to compare assessments in the
late 1980s with trend >10 years later).

We tried to match our categorization of trend in
population estimates with agency assessments of trend
so that any disparity between them would not be due
to our categorization process. We initially distinguished
increasing populations as those that grew by at least 5%/
year, but we had to relax this to 3%/year to better match
agency assessments of increasing populations. We used
half this rate (1.5%/year) to distinguish slightly in-
creasing populations. Accordingly, those populations
that increased or decreased by less than that rate over the
8—10 years were considered stable. The actual data
series between the endpoints did not affect calculation of
growth rate, and hence categorization of trend, as long
as it showed a consistent directional change. Cases in
which the series of estimates fluctuated wildly or
showed large peaks or troughs, which we defined as
both a rise and fall (or vice versa) of at least 20%, were
re-categorized as uncertain/varying.

We made a second evaluation of trend by regressing
the natural log of the population estimates against years,
thus using the entire series of data. We used a log
transformation to obtain a linear slope from data that
were expected to follow a multiplicative rather than
additive function (that is, constant growth rate). Slopes
that were significantly different than zero (F-tests, P <
0.05), with B > 0.03 and 0.03 > B > 0.015 would be
commensurate with our definitions of increasing and
slightly increasing populations, respectively. We recog-
nize that because the population estimates are not
independent from 1 year to the next, statistical tests are
biased toward type I errors (inclined to detect a trend
when it does not exist). Nevertheless, we present results
of this analysis because it is easily repeatable and
because this approach is commonly used to evaluate
population trends from serial population estimates in
many other taxa (Morrison et al. 1994, Meyer et al.
1998, Sydeman and Allen 1999, Holmes and Sherry
2001). Moreover, we do not use the regression for
hypothesis testing, but just as a descriptive means of
summarizing the whole series of data so it can be
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compared to our first approach, which considers mainly
the endpoints.

We had no means of truly evaluating the statistical
significance of the perceived trend in the estimates
because they were, for the most part, point estimates
without a variance. In reviewing the literature, we found
that sampling variation in mark—recapture studies of
bears generally result in confidence limits of at least
*25% of point estimates. Thus, for investigative pur-
poses, we compared endpoint estimates within each state
and provincial series assuming similar precision, had it
been measurable.

We summed population numbers within each survey
year to derive estimates for the North American conti-
nent (excluding Alaska, which may have 60,000-
200,000 black bears, but the range of variability is too
large to include, and Mexico, where population esti-
mates do not exist). None of the North American sur-
veys except ours in 2002 estimated a population for all
51 jurisdictions (median = 44, range = 34-48; some
surveys involved only hunted populations), so we filled
in missing information using estimates from adjacent
years, including those obtained from separate state and
provincial reports. One of the 9 surveys included only
western states and provinces so was not included in the
continental tallies.

Results

Thirty-two of 51 agencies (63%) considered their bear
population to be increasing or slightly increasing during
1988-99, but only 19 of these 32 (59%) had population
estimates that showed either an increasing or slightly
increasing trend (Table 1). If a perceived increasing or
slightly increasing trend by agency personnel was con-
sidered to agree with population estimates that showed
some increase over time (>1.5%/year growth calculated
from endpoints, not derived from regression), and
perceived stability to agree with a series of relatively
unchanging estimates, then among all 51 comparisons,
29 (57%) matched (Table 1). If increasing and slightly
increasing categories are considered different, only 23
cases (45%) matched.

More than half the mismatches (13 of 22, using the
more lenient definition of a match) were cases where
agencies believed their population was increasing but
estimates showed no discernible trend. Using the regres-
sion approach to categorize trend, 4 more cases of
perceived population increase from agency assessments
were not supported by the series of estimates. Con-
versely, we discerned an increasing trend in estimates
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Table 1. Population trends of American black bears
as assessed by management agencies in US states
and Canadian provinces and territories, compared
to trends apparent in the series of population esti-
mates that they provided during 1988-1999.

Agency assessment®

Trend from

estimates? 1 SI S SD D UV Total
| 10° 6° 3 0 0 1 20
Sl 0° 3¢ 1 0 0 1 5
S 3 7 10° 2 0 1 23
SD 0 0 0 0° 0° 0 0
D 0 0 0 0° 0° 0 0
unN 2 1 0 0 0 0° 3
Total 15 17 14 2 0 3 51
Matches® 10 9 10 0 0 0 29
Mismatches 5 8 4 2 0 3 22

8Data were compiled and the series of population estimates
categorized (using mainly the endpoints in the series) as
increasing (l), slightly increasing (Sl), stable (S), slightly
decreasing (SD), decreasing (D), or uncertain/varying (U/V).
Jurisdictions with insufficient data were excluded.

PManagement agencies categorized black bear population
trend in their jurisdiction as in footnote a; we combined the
series of yearly assessments into a single assessment for
the period. Jurisdictions that did not assess population
trend were excluded.

®Assessments by management agencies seemed to correspond
with the trend gleaned from population estimates (consider-
ing increasing and slightly increasing to be a match).

from 4 of 14 populations (29%) that agencies considered
stable (Table 1). Two agencies thought their bear popu-
lation was decreasing (slightly), but no population trend
data from any jurisdiction showed a consistent decline.

Of 20 jurisdictions in which endpoints in the series of
estimates indicated population growth of >3%/year, 16
had significant regression slopes for the whole series of
estimates, suggesting a statistically discernible trend (A
range = 1.03—1.14). However, had these been mark—
recapture estimates with typical 95% CIs spanning at
least =25% of the mean, and if agencies had obtained
only 1 estimate for the late 1980s and 1 for late 1990s,
CIs would have overlapped, suggesting no difference
over this period in 10 cases. In all but 3 cases, CIs of
*25% would not have overlapped for estimates from
1988-89 and 2001.

The increased spread between the late 1980s and 2001
estimates compared to that from the late 1980s versus
late 1990s is attributable to both the extended time
(enabling populations to grow more) as well as some
rather large readjustments in estimates from some juris-
dictions. Of 49 jurisdictions having population estimates
for both 1997 and 2001, 27 (55%) reported an increase
of at least 21% (>5%/year), and 8 reported an increase
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Fig. 1. Population estimates for black bears in

North America (excluding Alaska and Mexico), based
on summation of estimates from individual US states
and Canadian provinces and territories. Actual Cls
are unavailable from the data; 95% Cls based on
+25% of the mean are for demonstration purposes
only. Trend line is significant (©* = 0.84, P = 0.001).

of >100%. Also in 2001, 20 agencies made appreciable
adjustments (25-300%) to their late 1980s population
estimates, compared to the numbers they had provided
in 1988-89.

The series of population estimates for North America
showed an increasing trend (r2 =0.84, 7 df, P =0.001)
of about 2% per year (slope of the regression of
In[numbers] through time). This trend was significant
even without the 2001 data point (* =0.69, P =0.02).
However, estimates from later years were contained
within presumed CIs of £25% from earlier years. Thus,
with fewer points, the trend would not have been
significant (Fig. 1). Only the 2001 estimate, which
topped 750,000, began to diverge from the presumed
CIs of earlier estimates.

Discussion

Comparison of agency assessments of population trend
versus the trend surmised from their serial population
estimates corresponded less than expected given that data
were obtained from the same sources and were likely not
independent. In fact, some agencies indicated that they
adjusted their population estimates to reflect a perceived
trend and some, in hindsight, revised past estimates.

One explanation for mismatches between agency
assessments and trend in their estimates is that some
agencies may have purposefully erred conservatively
when assessing trend to reduce the chance of over-
harvest (thereby accepting the risks of underharvest).
For example, 6 agencies whose population estimates
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showed increasing or slightly increasing trends may
have nonetheless managed their populations as if they
were stable, varying, or uncertain (maintained fixed
harvest pressure despite the increasing population esti-
mates). Conversely, some agencies, also being conser-
vative, may have relied on their stable series of estimates
rather than a subjectively derived assessment of an
increasing population to manage harvest, accounting for
as many as 10 apparent mismatches (Table 1). The first
situation indicates agencies that do not trust their
population estimates, and the latter represents agencies
that do not trust their population trend assessments;
whether such mistrust stems from a conservative man-
agement approach, it nevertheless signifies a disconnect
between population estimates and trend assessment.

Our regression analyses might be viewed as support-
ive of increasing population trends in many individual
jurisdictions as well as for the North American continent
as a whole. However, the strength of these regressions
depends on the number of data points (years). We might
envision a situation where an agency had only 2
estimates with broadly overlapping CIs 10 years apart.
These would not be statistically different. Filling in
a series of guesstimates between the 2 endpoints, how-
ever, could create a seemingly significant regression
trend. We attempted to avoid this potential problem by
using only estimates made at the time of each survey,
not estimates generated or revised in hindsight. Never-
theless, few estimates were based on empirical data
so they were, in a sense, filled in between occasional
reassessments. For this reason, we felt more justified in
assessing trend from endpoints, 8—10 years apart, than
from a regression of the whole series of estimates.
Making the generous assumption that precision of these
estimates was equivalent to empirically derived state-
wide mark-recapture results (Garshelis and Visser 1997,
Diefenbach et al. 2004, Garshelis and Noyce 2006), we
found that even in cases where population estimates
showed a rapid upward trend (averaging >3%/year),
confidence in that trend would not have been assured in
most cases until >10 years elapsed between the first and
last estimate. In reality, few states and provinces could
calculate a true CI because estimates were subjectively
derived through extrapolation and expert opinion.

This analysis does not condemn provincial or
statewide population estimates as useless or unneces-
sary. Estimates may be functional for adjusting harvests
and also for informing the public, who are invariably
interested in knowing numbers of animals. Agencies
may be able to adequately manage harvests by consid-
ering the limits of precision in their estimates and by
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attempting to err on the side of caution (presuming the
population is near the lower confidence limit). Also, as
apparent from the large adjustments to many estimates
in 2001, agencies can and do periodically re-evaluate
and correct their estimates.

Whereas non-rigorous population estimates may
serve a management purpose, agencies should reflect
on how they are used. Population estimates may become
ingrained in agency management and decision-making,
with managers and administrators keying on point
estimates. Probable low precision may become ob-
scured in the process. It seems worthwhile to ask:
What is the basis for the population trend assessment?
What is the basis for the population estimates? And
are the two linked because they are both driven largely
by common opinion, or do they independently show the
same trend?

Our results seem to argue for more rigorous estimates
of state and provincial population size (Garshelis and
Visser 1997, Diefenbach et al. 2004, Garshelis and
Noyce 2006). This would be beneficial but may be
prohibitive in terms of cost and manpower. Moreover,
measurement error and year-to-year variability in popu-
lation size and composition make interpretation of trends
difficult, even from empirically-derived population
estimates, because estimates could be obtained, at most,
once a year, and typically less often (Harris 1986b).
Hence, serial population estimates would have limited
utility for tracking population trend except over a long
term (McLean and Pelton 1994, Amstrup et al. 2001,
Diefenbach et al. 2004) or following a substantial
change in population size (Miller 1990b, Sargeant and
Ruff 2001, Garshelis and Noyce 2006).

Agencies must weigh the value of a monitoring
program based on estimates of population size against
a less rigorous but more cautious adaptive management
approach with rules of thumb to tie data collection to
management actions (Fraser 1985). Most have opted for
the latter, and if their trend assessments are correct, seem
to have succeeded in managing for stable or increasing
black bear populations (Table 1). Certainly, if popula-
tions were steadily declining this would have become
apparent from long-term changes in harvest, hunting
success, sightings, nuisance activity, and other potential
indicators of population change. Agencies responsible
for black bear management in North America generally
have access to 2 or more decades of such records
(Garshelis 1991).

Nevertheless, there seems to be room for improve-
ment in how black bear populations are monitored. In
North America much more effort has been directed at



6 Brack BEAR POPULATION ASSESSMENT e Garshelis and Hristienko

trend monitoring of grizzly bears than black bears.
Techniques used to monitor grizzly bears (Boulanger
et al. 2002, 2004; Garshelis et al. 2005), although expen-
sive and limited to small study sites, could be in-
corporated into a carefully designed study of black bears
aimed at testing the potential indices of trend that
management agencies often use (harvest statistics, nui-
sance complaints, bait-station surveys). As black bear
numbers increase both numerically and geographically,
leading to increased conflicts with people, agencies will
face different management concerns than when their
chief goal was recovery from overexploitation. This new
management era may be well served by a modified set
of rules of thumb that account for both natural and
urbanized black bear populations, and also for changes
in public attitudes toward bears and changes in the ways
that agencies deal with human-bear conflicts. These
factors may lead to more discordance between trends in
the number of bears and the number of reported human
encounters with bears.

Our results also have implications for management and
conservation of other species of bears. American black
bears are more abundant than all other species of bears
combined (Servheen et al. 1999), have been subjected to
the highest rate of government-allocated harvest (that is,
purposeful management), and have drawn the attention
of more managers and researchers involved in studies
and population assessments than any other bear species.
Managers and biologists concerned with the conservation
of less-studied bears may look at serial population esti-
mates for American black bears with awe and inspiration.
Instead, it appears such estimates should be viewed
with some skepticism, prompting more investigations
into other means of monitoring trend, rather than more
population guesstimation. In areas where rigorous popu-
lation estimation is likely to be a poor use of scarce
resources, geographic range expansion or collapse may
be a much more practical and telling indicator of popu-
lation trend and may yield insights into appropriate
management responses (McShea et al. 1999, Pyare et al.
2004, Scott-Morales et al. 2004).
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