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Abstract: Previous reports described an increase in population density following the removal of 23 adult and 3 subadult male black bears (Ursus 
americanus) from a 218-km2 study area near Cold Lake, Alberta (the CLSA). This finding plays a central role in continuing debates over population 
regulation in bears, but has been criticized because density estimates were based on assumptions that were not met. Moreover, subsequent discussion 
has been predicated on conjecture that human exploitation had minimal influence on population dynamics. We used improved methods of mark- 
recapture and survival analysis with a combination of new and previously published data to resolve these issues. Jolly-Seber estimates suggest 
numbers of females using the CLSA were relatively stable from 1969 to 1971, then more than doubled when males were captured and euthanized 
during 1971-72. Numbers remained high until 1975, when they declined abruptly. Similarly, numbers of subadult males captured annually in- 
creased disproportionately in 1972 and remained high until 1976, when they also declined. Changes in numbers of subadult males captured indicated 
changes in local density because they were not caused by changes in capture or settling rates. These findings support previous descriptions of trends 
in bear density at Cold Lake. However, survival records of 56 bears radiomarked during 1974-77 revealed heavier exploitation than previously 
suspected. Annual mortality rates of radiomarked bears ranged from 14 to 51%, and humans caused at least 25 of 30 observed deaths. Consequently, 
an underlying assumption of previous interpretations-that the Cold Lake bear population was naturally regulated near carrying capacity-no 
longer seems reasonable. Our results suggest that adult males deterred bears in other sex-age groups from using the CLSA; however, we found no 
evidence that birth or death rates were affected. Thus, the observed increase in local density should not be construed as a density-dependent 
response. Abrupt changes in local density might not have occurred if males had been removed from a larger area encompassing the CLSA. 
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Natural regulation of bear populations ultimately in- 
volves density-dependent processes (Taylor 1994). These 
processes, however, are poorly understood and a subject 
of continuing controversy. Some have suggested that adult 
males regulate bear populations by killing or evicting 
younger males and, to a lesser extent, females (Bunnell 
and Tait 1981, McCullough 1981, LeCount 1993). If so, 
removing adult males by hunting might increase survival 
rates of subadult and female bears. Others contend that 
evidence of density dependence is lacking for black bears 
and warn against harvest strategies that anticipate increases 
in survival or reproduction when populations are reduced 
(Miller 1990a,b; Garshelis 1994; Taylor 1994). 

Interpretations of an experiment begun by Kemp (1972, 
1976) and continued by Young and Ruff (1982) are cen- 
tral to this ongoing debate (Garshelis 1994). To deter- 
mine whether adult males mediated density-dependent 
changes in demographic parameters of a black bear popu- 
lation at Cold Lake, Alberta, Kemp (1976) and Young 
and Ruff (1982) used mark-recapture to estimate popula- 
tion size before (1968-70), during (1971-72), and after 
(1973-75) an experimental removal of adult males. The 
population was thought to be unexploited and naturally 
regulated prior to the removal (Kemp 1976). After 4 years 
of relative stability before the removal, population esti- 
mates more than doubled from 1971 to 1973 and remained 
relatively high through 1975. Moreover, disproportion- 
ately large numbers of subadult males were captured an- 

nually during 1972-75. Kemp (1976) and Young and Ruff 
(1982) concluded that adult males regulated population 
density by controlling recruitment of subadults. These 
results are often cited as evidence of density dependence 
in black bears (Garshelis 1994). 

Garshelis (1994) subsequently identified potential 
sources of bias in population estimates of Kemp (1976) 
and Young and Ruff (1982): Perceived changes in popu- 
lation might have resulted from (1) age- and sex-related 
differences in recapture probabilities, combined with the 
removal of adult males from the population, and (2) in- 
creased numbers of transient bears passing through the 
area when male density was low. Though Kemp (1976) 
inferred an increase in settling rates of subadults from in- 
creased recapture rates following the removal, Garshelis 
(1994) pointed out that these high rates were observed in 
only 1 year; thus the data did not support inferences about 
changes in emigration, immigration, or settling rates. 
Garshelis (1994) concluded that Kemp (1976) and Young 
and Ruff (1982) reached unjustified and possibly errone- 
ous conclusions about changes in the Cold Lake black 
bear population and called for a re-analysis of their data. 

We analyzed data first presented by Kemp (1972, 1976) 
and Young and Ruff (1982), unpublished mark-recapture 
records for 1976 and 1977, and unpublished survival 
records for bears radiomarked during 1974-77. Objec- 
tives of this paper are to (1) use improved methods of 
mark-recapture analysis to reassess evidence for an in- 
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crease in bear densities following the removal of adult 
males from the CLSA; (2) estimate mortality rates, iden- 
tify causes of death, and reconsider the conjecture that 
bear densities were naturally regulated prior to the re- 
moval; (3) determine whether numbers of subadult males 
captured on the CLSA were indicative of trends in num- 
bers using the area; and (4) reinterpret the Cold Lake study 
with respect to density-dependent population regulation 
in black bears. 

STUDY AREA 
The 218-km2 Cold Lake bear study area (CLSA) was 

located along the Alberta-Saskatchewan border, 240 km 
northeast of Edmonton, Alberta (Fig. 1). Boundaries of 
the CLSA were defined by Cold Lake and the province of 
Saskatchewan to the east, the Medley River and Marie 
Lake to the west, the Primrose Lake Air Weapons Range 
to the north, and by agricultural lands to the south. The 
CLSA was closed to sport hunting, but bears could be 
taken by native people. Some bears that used the CLSA 
also used areas where they could be killed by hunters or 
to control depredations. 

Topography of the CLSA was generally flat except near 
the Medley and Martineau rivers. Elevation ranged from 
535 to 702 m. Vegetation was dominated by aspen 
(Populus tremuloides) and mixed stands of aspen and 

spruce (Picea glauca), which occupied 66% of the land- 
scape. Dominant understory plants in these areas included 
alder (Alnus spp.), rose (Rosa spp.), and lowbush cran- 
berry (Viburnum edule). The remaining third of the area 
consisted primarily of muskeg (24%) and spruce (6%), 
habitats that also dominated the landscape to the east and 
west of the CLSA. The climate was northern continental, 
with average monthly temperatures ranging from -19?C 
in January to 17?C in July. Annual snowfall averaged 
138 cm, and snow cover usually persisted from late Octo- 
ber to early April. More detailed descriptions of the study 
area have been presented by Kemp (1972, 1976), Tietje 
and Ruff (1980, 1983), Young and Ruff (1982), and 
Pelchat and Ruff (1986). 

METHODS 
Bears were captured from April through December, 

1968-77, with Aldrich foot snares (Aldrich Animal Trap 

Fig. 1. The Cold Lake bear study area (CLSA). Reproduced with permission from The Journal of Wildlife Management (Tietje 
and Ruff 1980). 
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Co., Clallam Bay, Washington, USA), in culvert traps, by 
hand (cubs), in dens, and with tranquilizer dart guns. 
Captured bears were immobilized with phencyclidine hy- 
drochloride and weighed. In 1971 and 1972, males >90 
kg were euthanized. Bears that were released were 
marked, when first captured, with colored ear tags and a 
permanent tattoo, and a premolar tooth was extracted for 
age determination (Willey 1974). Hereafter, 2- and 3-year- 
old bears are referred to as subadults and bears >4 years 
of age are called adults. 

During 1974-77, 56 captured bears were equipped with 
radiocollars and located daily by triangulation when they 
were within radio range of roads (-5 km). When collared 
bears moved farther from roads, they were relocated from 
aircraft within 1 week. 

We used captures of bears >2 years of age that occurred 
during annual capture periods of May 1-September 30 
for mark-recapture analyses. For these analyses, we used 
only captures accomplished with snares and culvert traps 
because other methods sometimes targeted specific indi- 
viduals. 

We used Jolly-Seber (J-S) open-population models (Pol- 
lock et al. 1990) to estimate numbers of female bears us- 
ing the CLSA during 1969-76. By limiting this portion 
of our analysis to females, we eliminated bias resulting 
from sex-related differences in capture probabilities. To 
investigate possible effects of age-related differences in 
capture probabilities, we compared results for all females 
with a second set based only on adult females. Finally, to 
guard against spurious increases in estimates that might 
result from the temporary departure of marked bears from 
the CLSA, we computed a third set of estimates from cap- 
ture histories truncated in 1974. To facilitate visual com- 
parisons of trends resulting from these analyses, which 
were based on different-sized groups of bears, we plotted 
standardized deviates of estimates (Sokal and Rohlf 1981) 
instead of estimates themselves. 

We could not estimate numbers of males by mark-re- 
capture methods because the experimental removal of 
males resulted in the marking, release, and recapture of 
too few. Thus, we used indirect methods to determine 
whether numbers of subadult males captured annually on 
the CLSA indicated numbers residing in the area. We 
inferred trends in numbers of subadult males that were 
present at least temporarily from numbers of individuals 
captured and mark-recapture estimates of capture prob- 
abilities. We then estimated settling rates of subadult males 
(probabilities of surviving from 1 capture period to the 
next while continuing to use the CLSA) from generalized 
mark-recapture models (Lebreton et al. 1992). Finally, 
we considered trends in numbers of subadults and set- 
tling rates concurrently to determine whether numbers of 
subadults captured reflected numbers that used the study 

area on a continuing basis. 
We depicted capture histories of individual bears as 

vectors of 0's and l's, with l's indicating capture. Our 
models represented probabilities of possible capture his- 
tories as combinations of settling and recapture probabili- 
ties (e.g., Lebreton et al. 1992:71). Settling rates were 
represented by i, k and recapture parameters by Pi k where 
subscript i denoted the capture period and k indexed age 
class (sa = subadults, ad = adults). Thus, 4i,k was the 
probability a bear in age class k would survive from cap- 
ture period i to i+l and still be using the CLSA during 
capture period i+l. P, k was the probability a bear in age 
class k would be captured during period i if it was using 
the CLSA. 

Our full model was constrained by 4 sets of equalities: 
ci = -) =4) =0 =. 4) ( 

1968, k 1969, k 1970,k 1971, k 1976, k 'pre, k; 
4D =(D =I) D) -D) 1972, k 1973, k 1974, k 1975, k post, k 
P =P =P =P =P =P 

1969, k 1970, k 1971,k 1976, k 1977, k pre, k; 
P =P =P =P =P 1972, k 1973, k 1974, k 1975, k post, k' 
Constraints divided the study into 2 periods dictated by 

the volume of data available, which precluded separate 
estimation of every I k and P . Periods corresponded 
with the pre-removal (1968-71) and post-removal (1972- 
75) periods described by Young and Ruff (1982), except 
that we placed previously unpublished data for 1976-77, 
when relatively few subadult males were captured, in the 
pre-removal period. We used nested models and likeli- 
hood ratio tests to test for significant differences between 
parameters of our full model. We used SURGE 4.2 com- 
puter software to compute maximum-likelihood estimates 
of model parameters and likelihood ratio tests (Lebreton 
et al. 1992). 

We used the staggered-entry Kaplan-Meier (K-M) esti- 
mator (Pollock et al. 1989) to estimate survival rates of 
radiomarked bears and ratios of age- and sex-specific sur- 
vival rates. For known or suspected mortalities, we used 
the date of last radio contact as the date of death. Records 
for bears with unknown fates were terminated (right cen- 
sored) at the date of last radio contact. A log-rank test, 
stratified by year and age class, was used to compare rates 
for males and females. Age classes were compared after 
stratifying by year and sex. We used 1-tailed tests be- 
cause we anticipated higher mortality rates for males and 
subadults than for females and adults. We used SAS 
PROC PHREG (Allison 1995), for survival analyses. 

RESULTS 
Our criteria for mark-recapture modeling (age >2, cap- 

tured during May-Sep) were met by 692 captures of 276 
individual bears. However, only the first capture within 
each annual capture period was relevant to our analysis. 
After removing duplicate captures within periods, we were 
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left with 65 females captured 123 times as adults, 40 fe- 
males captured 46 times as subadults, 93 males captured 
136 times as adults, and 125 males captured 146 times as 
subadults. Twenty-three adult males and 3 large subadult 
males captured during 1971-72 were euthanized. 

We used Jolly-Seber models with time-specific survival 
and capture probabilities to estimate numbers of females 
(Model A of Pollock et al. 1990) because they fit better 
than models with constant survival probabilities (Model 
B: all females X25 = 12.3, P = 0.03; adults only X23 = 10.9, 
P = 0.01; truncated capture histories X23 = 8.6, P = 0.03) 
and models with constant survival and recapture prob- 
abilities (Model D: all females x213 = 27.3, P = 0.01; adults 

only %213 = 25.84, P = 0.02; truncated capture histories X28 
= 14.4, P = 0.07). Further, goodness-of-fit was satisfac- 

tory only for Model A (all females X29 = 4.07, P = 0.91; 
adults only X25 = 3.52, P = 0.62; truncated capture histo- 
ries 24 = 3.28, P = 0.51). Estimated numbers of females 

(Table 1) were relatively stable from 1968 to 1970, in- 
creased abruptly during 1971-72, remained high through 
1974, then declined abruptly (Fig. 2). 

The abrupt nature of the increase in estimated numbers 
of female bears suggests a change in spatial distribution, 
rather than a change in reproduction or survival. Survival 
records of radiomarked bears suggest that mortality may 
have been partially responsible for the abrupt decline in 
1975 (Table 2). K-M estimates of mortality caused by 
humans were similar for radiomarked male and female 
bears (M:F risk ratio = 1.05, X21 = 0.014, P = 0.91) and 
were not significantly lower for subadults than for adults 

(ad:sa risk ratio = 0.80, X21 = 0.20, P = 0.66). 

Table 1. Estimated numbers of black bears using a 218-km2 
area near Cold Lake, Alberta, 1968-77. Estimates of total 
numbers (all bears) are from Young and Ruff (1982) unless 
otherwise noted. Estimates for females are from this study 
and are based on Jolly-Seber models with time-specific 
survival and recapture probabilities. 

All bears All females Adult females 
A A A 

Year N N SE N SE 
1968 84 a a _a a 

1969 71 15.9 2.88 16.1 3.11 

1970 92 21.4 4.36 17.1 3.51 

1971 75 31.6 9.49 18.9 5.80 

1972 117 45.8 11.38 40.4 15.63 

1973 175 46.7 15.60 31.5 19.42 

1974 136 59.1 24.61 41.4 27.02 

1975 137 25.5 5.85 22.9 7.24 

1976 123b 34.2 5.26 25.0 

1977 99bc c 

aNot estimable by Jolly-Seber method 
bR. L. Ruff, unpublished data 
CLimited data precluded estimation 

S 2- cn w 

N 
N 0 

a: 

Z -1- 

1968 1970 1972 1974 1976 

YEAR 

Fig. 2. Trends in estimated numbers of bears using the CLSA 
during 1968-77, standardized for comparison. Estimates 
from Young and Ruff (1982) are based on male and female 
bears aged >2 years (U). Others are Jolly-Seber estimates 
for females (age >4 years [o]; age >2 years [.]; captures prior 
to 1975, age >2 years [o]). 

Human activity was the proximate cause of at least 25, 
and probably 28, of 30 deaths that befell radiomarked bears 

during 1974-77. Principal causes of mortality were dep- 
redation control (11 deaths) and a combination of legal 
hunting by native people and poaching (11 deaths), which 
could not be distinguished. Legal sport hunting, a drug 
overdose, a collision with a train, another bear, and other 
natural causes each caused 1 death. Fates of 3 bears could 
not be confirmed by recovery of a carcass or radiocollar, 
but each was rumored to have been shot. 

The number of subadult males captured on the CLSA 
was larger during each year of 1972-75 (range = 21-25) 
than during any year of 1968-71 or 1976-77 (range = 2- 

17; Table 3). We believe this result indicates a difference 
in the number of subadults that were at least temporarily 
present on the study area because estimated capture prob- 
abilities of subadults were not significantly higher (X%2 = 

1.13, P = 0.29) during the post-removal period (PostAa = 

0.55, SE = 0.11) than during the pre-removal period (P pre 
= 0.72, SE = 0.13). 

Table 2. Kaplan-Meier estimates of mortality rates from 
deaths due to all agents and natural agents only for 
radiocollared black bears at Cold Lake, Alberta, 1974-77. 

Natural mortality All mortality 

Year Rate SE Rate SE Bears Deaths 
1974 0 0.14 0.122 11 1 
1975 0 0.51 0.086 36 16 
1976 0.08 0.079 0.28 0.087 30 7 
1977 0.03 0.077 0.24 0.080 26 6 

I 
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Moreover, estimated settling rates did not differ enough 
between periods ( = 0.49, SE = 0.10; sa= 0.49, pre, sa post, sa 
SE = 0.07) to offset the increase in captures. Thus, num- 
bers of subadult males using the study area were prob- 
ably larger during 1972-75 than during other years. 

DISCUSSION 

Changes in Density 
Studies of black bears embody most limitations of 

mark-recapture analysis: sample sizes are usually small, 
capture rates are often low, and necessary assumptions 
are seldom met. Thus, estimates of abundance are often 
biased and imprecise. In the case that inspired this work, 
Kemp (1976) and Young and Ruff (1982) estimated bear 
numbers for each year by averaging 6 Lincoln-Petersen 
estimates, 3 capture efficiency estimates (Meslow and 
Keith 1968), and 1 estimate obtained from the distribu- 
tion of capture frequencies (Hartley 1958). Estimates were 
stable from 1968 to 1971, increased abruptly from 1971 
to 1973, then declined from 1973 to 1977. 

Garshelis (1994) subsequently showed how the 
Lincoln-Petersen estimates could have been influenced if 
(1) age class and sex-related differences existed in cap- 
ture rates and (2) the composition of the population 
changed over time. According to Garshelis (1994), the 
Lincoln-Petersen estimates were severely biased and had 
so much influence on results that trends in bear numbers 
could have been misinterpreted. 

Unlike previous analyses, our J-S estimates for female 
bears were not affected by sex-related differences in cap- 
ture rates. We believe perceptions of trends were robust 
to age-related differences because they were affected only 
slightly when we restricted our analysis to adult females. 
Estimates were similar from 1969 through 1970, increased 
abruptly during 1971-72, remained high through 1974, 
and declined abruptly in 1975. Thus, our results, like those 
of Kemp (1976) and Young and Ruff (1982), suggest bear 

Table 3. Numbers of individual black bears captured 
annually at Cold Lake, Alberta, May-Sep, 1968-77. 

Males Females 
Year Subadults Adults Subadults Adults Total 
1968 2 14 3 14 33 
1969 5 9 0 14 28 
1970 14 15 4 12 45 
1971 7 14 5 6 32 
1972 21 17 6 14 58 
1973 25 8 8 5 46 
1974 24 7 6 7 44 
1975 22 12 3 12 49 
1976 17 31 6 25 79 
1977 13 13 7 18 51 

density increased when adult males were removed (Fig. 
2). However, neither their results nor ours should be used 
to calculate actual densities (i.e., bears/km2). The CLSA 
was small relative to home range sizes of bears; conse- 
quently, the effective area sampled was not known with 
sufficient accuracy for density estimation (White et al. 
1982). 

Changes in estimated numbers of females could have 
resulted from (1) parallel changes in the effective area 
sampled by trapping or (2) the temporary departure of 
bears marked prior to 1975; however, these alternative 
explanations seem comparatively unlikely. First, distances 
between capture locations suggest movements of females 
may have been more extensive during 1968-71 than dur- 
ing 1972-75 (Young and Ruff 1982). Resulting changes 
in the effective area trapped would have dampened, rather 
than produced, the trends in our estimates. Second, the 
abrupt increase in estimates during 1971-72 persisted even 
when we made departures effectively permanent by trun- 
cating capture histories in 1974. Finally, our results are 
consistent with subjective perceptions of field staff from 
the Cold Lake study, who reported a notable increase in 
the frequency of bear sightings after males were removed. 

An abrupt increase during 1971-72 in the number of 
females using the CLSA nevertheless seems surprising. 
Typically, adult females monitored for >2 years occupy 
the same home range in successive years (e.g., Alt et al. 
1980, Reynolds and Beecham 1980, Powell 1987). Emi- 
gration by females is thought to be uncommon for rea- 
sons related to reproductive fitness (Rogers 1987). 
However, shifts in home ranges of adult females are not 
unprecedented. For example, adult females monitored by 
Lindzey et al. (1986) on Long Island, Washington, USA, 
adjusted home ranges and increased their use of the adja- 
cent mainland as bear densities and competition for re- 
sources increased. Moreover, the removal of adult males 
probably subjected bears to abrupt changes in social pres- 
sure or competition for resources that were more extreme 
than typically occur while individual bears are being moni- 
tored. 

Female bears radiomarked within the CLSA during 
1974-77 sometimes made long-range exploratory move- 
ments (Pelchat and Ruff 1986, R.L. Ruff unpublished 
data). Presumably, bears living near the CLSA did so as 
well and were aware the area comprised primarily aspen 
and aspen-spruce habitats, a better source of food (Pelchat 
and Ruff 1986), preferred over muskeg and spruce that 
dominated the surrounding area (Young and Ruff 1982, 
Pelchat and Ruff 1986). Thus, habitat differences may 
have motivated female bears from the surrounding area 
to make greater use of the CLSA after adult males were 
removed. Subadult males may have been attracted to po- 
tential mates as well as by habitat. 
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Settling and Survival 
Kemp (1972, 1976) and Young and Ruff (1982) noted 

an increase in numbers of subadult bears caught on the 
CLSA after males were removed. However, Garshelis 
(1994) pointed out that it was impossible to tell, from their 
results, whether subadults captured on the CLSA settled 
there. Recent advances in mark-recapture analysis 
(Lebreton et al. 1992) enabled us to estimate capture and 

settling rates. Neither changes in trapping effectiveness 
nor changes in settling rates offset the increased number 
of subadults captured. It thus seems likely that removing 
adult males did, in fact, encourage continuing use of the 
CLSA by an increased number of subadults. 

Settling rates were probabilities that marked bears would 
survive from 1 capture period to the next and continue 

using the study area. They were not annual survival rates 
and did not distinguish mortalities from departures. Thus, 
we were able to estimate annual mortality rates only for 
bears marked with radios during 1974-77. Results were 

surprising because the CLSA was closed to sport hunt- 

ing. Mortality rates were much higher than those of pre- 
viously studied unhunted populations (Bunnell and Tait 
1985, Clark and Smith 1994, Doan-Crider and Hellgren 
1996). During 1975-77, mortality rates equaled or ex- 
ceeded estimates of the maximum sustainable by black 
bears (22-24%; Bunnell and Tait 1981). 

Annual variation in survival rate estimates was substan- 
tial, but regulations governing human exploitation of bears 
did not change during the study. Thus, immigration may 
have played an important role, even prior to the removal 
of adult males, in sustaining bear densities within the 
CLSA. This new finding has important implications, be- 
cause previous interpretations of this study have been 

predicated on the belief that human exploitation was neg- 
ligible. Bear densities may not have been naturally regu- 
lated at the outset of the Cold Lake study, and high rates 
of human-caused mortality may have contributed to the 

abrupt decline in density that occurred in 1975. Young 
and Ruff (1982) previously reported a more gradual de- 
cline resulting from changes in social structure as males 
matured on the study area. 

Density Dependence and Population 
Regulation 

Up to this point, we have used such terms as popula- 
tion, density dependence, and regulation in the same con- 
text as they were used by our predecessors (Kemp 1972, 
1976; Young and Ruff 1982). However, these terms are 

frequently used to mean different things (Sinclair 1991, 
Wells and Richmond 1995). Semantic misunderstand- 

ings result so frequently that evaluating the concept of 

density-dependent population regulation is largely a prob- 
lem of determining what ecologists mean by it (Murray 

1994). In this section, we hope to define our meaning, 
and that of our predecessors, in a way that will clarify 
previous discussion and prevent future misunderstandings 
of events at Cold Lake. 

Our predecessors described a population that comprised 
bears using the CLSA (Kemp 1972, 1976; Young and Ruff 
1982). Thus, population growth rates were determined 
by 4 processes: reproduction, mortality, immigration, and 
emigration. Density-dependence was indicated if any of 
these processes were influenced by abundance. Unfortu- 
nately, this common perspective (e.g., Caughley 1977, 
Shenk et al. 1998) poses 2 difficulties for interpretation 
when small "populations" are arbitrarily spatially delim- 
ited from larger groups of individuals (Harrison and 
Cappucino 1995). First, the occurrence of immigration, 
emigration, and changes in density are scale-dependent 
(Fig. 3; Wells and Richmond 1995). Second, dynamics 
of population numbers over time are not distinguished 
from movements of individuals (Allen and Hoekstra 
1992), although the distinction is of critical importance 
for bear management. 

To resolve semantic difficulties, we believe bear biolo- 
gists should reserve population status for disjunct (Wells 
and Richmond 1995) or, minimally, much larger group- 
ings (e.g., local populations; Goodwin and Fahrig 1998) 
of bears than was studied at Cold Lake. When popula- 
tions are defined this way, the critical processes of popu- 
lation dynamics are birth and death (Allen and Hoekstra 
1992); movements of individuals are no less important, 
but are said to influence local densities and metapopulation 
dynamics. 

Regardless of how they are defined, populations can- 
not increase without limit and seldom dwindle to extinc- 
tion. Regulation is perhaps best defined as the tendency 
of populations to fluctuate, over the long term, about sta- 

tionary mean densities (Turchin 1995). Limiting factors 
influence these means (Sinclair 1991). Direct density 
dependence is an inverse relation between per capita popu- 
lation growth rates and present or past population densi- 
ties (Murdoch and Walde 1989, Turchin 1995). Direct 

density-dependence is a necessary (but not sufficient) con- 
dition for population regulation (Murdoch and Walde 
1989). 

Like most studies of black bears, the Cold Lake experi- 
ment was not controlled. Thus, the removal of adult males 
was confounded with other influences on bears of the 
CLSA. However, the timing, magnitude, and duration of 

changes in numbers of bears using the CLSA strongly 
suggest that the presence of adult males influenced local 
bear densities. In keeping with their use of population, 
our predecessors interpreted this effect as evidence of 

density dependence. However, we note that (1) effects 
were documented only for a localized area; (2) adult males 
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Fig. 3. Demographic concepts are ambiguous when small 
study populations are arbitrarily delimited. Removing 
individuals from the circle causes the actual density to 
decline in the square, but immigration maintains the actual 
density in the circle. Relative local densities are increased 
within and reduced outside the circle. 

depressed densities of bears in other sex and age classes; 
and (3) interactions with conspecifics are 1 of many fac- 
tors that may operate on local densities in a relative sense, 
across a wide range of actual densities. Thus, in keeping 
with our synthesis of terminology, we conclude that adult 
males limited relative local densities of female and sub- 
adult male bears. Our results do not permit inferences 
about density dependence or population regulation, as we 
defined these terms. We could not estimate population 
growth rates, test for changes in survival or reproduction, 
or estimate population densities across an area large 
enough to encompass effects of the experimental treat- 
ment. 

Implications for Research and 
Management 

Until effects on survival or reproduction can be docu- 
mented, we support the views of Miller (1990a,b) and 
Taylor (1994): Sustainable yield projections should not 
be based on anticipated increases in vital rates that might 
result from reductions in black bear population density. 
Although removing adult males encouraged bears in other 

sex and age classes to use the CLSA, implications for bear 
harvest management are not obvious. Other than reports 
of a few bears killed by conspecifics (Kemp 1976, Young 
and Ruff 1982), we have no evidence that adult males 
influenced rates of population growth. Moreover, the 
CLSA was unusual because most hunted areas are not 
adjacent to large, unhunted reservoirs of potential immi- 
grants (Garshelis 1994). 

At Cold Lake, adult males were removed from a re- 
stricted area during a short period. The removal of bears 
from broad geographic areas over long time spans is more 
typical of hunted black bear populations. In such cases, 
hunter harvests of adult males are unlikely to cause sud- 
den changes in the dispersion of subadult and female bears. 
Further, the response observed at Cold Lake may have 
occurred only because the CLSA was a population sink 
comprising aspen and spruce habitats, which bears pre- 
ferred over surrounding muskeg. Removing males from 
less desirable habitats might not have a similar effect. 

Density-dependent population regulation is a topic of 
special interest to bear biologists interested in maximiz- 
ing sustainable harvest rates (McClellan 1993, 1994; 
Derocher and Taylor 1994; Garshelis 1994; Taylor 1994), 
but efforts to conclusively demonstrate density dependence 
within black bear populations may be doomed to failure. 
Formidable logistical barriers limit the accuracy and pre- 
cision of density estimates. Unambiguous detection of 
density dependence is difficult (Pollard and Lakhani 1987), 
even with error free estimates, and some tests designed to 
accommodate sampling error are invalid (Shenk et al. 
1998). Moreover, most black bear populations are stud- 
ied at moderate densities, where changes in density prob- 
ably have little effect on reproduction or survival (Fowler 
1981a,b; Strong 1986). Finally, even at high densities, 
regulatory agents may reduce survival or suppress repro- 
duction at irregular intervals, so that a "vague" (Strong 
1986) relationship between density and demographic per- 
formance of a population should be expected. 

Similarly, density dependence is difficult to detect by 
comparing the demographic performance of different 
populations that vary in density. Garshelis (1994) noted 
some obstacles, including the difficulty of measuring rel- 
evant parameters with sufficient accuracy, complications 
that arise from methodological differences among stud- 
ies, and factors other than density that influence vital rates. 
More important, however, is the fact that carrying capac- 
ity varies among populations. Thus, density alone is likely 
to be a poor predictor of demographic performance, even 
if compensatory responses are strong and population den- 
sity can be estimated accurately. 

In large mammals, strong density-dependent responses 
usually occur only when populations near carrying ca- 
pacity are reduced (Fowler 1981a,b). Probably few man- 



66 Ursus 12:2001 

aged bear populations are near carrying capacity (Taylor 
1994). Thus, much current interest in density dependence 
and population regulation might more profitably be di- 
rected toward factors that limit growth rates of popula- 
tions at low densities. The management significance of 
such factors may be much greater. Relief from factors 
that limit growth rates can buffer low populations from 
overharvest and increase sustainable yields, whether or 
not density-dependent responses occur (Gasaway et al. 
1992, Van Ballenberghe and Ballard 1994). Although we 
could not assess effects of adult males on population 
growth rates, their influence on relative local densities 
should encourage further study of this issue, especially 
with respect to mortality rates and causes of death during 
juvenile dispersal. 
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