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Low densities, secretive behavior, and 
high mobility make grizzlies (Ursus arc- 
tos horribilis) especially difficult to census. 
Adult females with cubs are most readily 
observed, and the presence of the young 
provides additional cues for distinguishing 
family groups (individuals can be identi- 
fied by cataloging coat colors, scars, tags, 
locations, etc., as suggested by Cole 1974). 
Reproduction begins at age 5 and cubs are 
produced at an average interval of just 
over 3 years. Summing the numbers of 
different females with cubs that were 
counted over 3 successive years thus gives 
an estimate of a minimal number of fully 
adult females in the population during 
the 1st year of any 3-year period. Although 
intensive efforts have been made to de- 
velop other census techniques, this meth- 
od appears to provide the best presently 
available index of grizzly abundance in 
Yellowstone National Park and its envi- 
rons. 

R. R. KNIGHT, Interagency Grizzly Bear Study Team, For- 
estry Sciences Laboratory, Montana State University, Boze- 
man, MT 59717; and L. L. EBERHARDT, Pacific Northwest 
Laboratory, Battelle Memorial Institute, P.O. Box 999, Rich- 
land, WA 99352. 

Low densities, secretive behavior, and 
high mobility make grizzlies (Ursus arc- 
tos horribilis) especially difficult to census. 
Adult females with cubs are most readily 
observed, and the presence of the young 
provides additional cues for distinguishing 
family groups (individuals can be identi- 
fied by cataloging coat colors, scars, tags, 
locations, etc., as suggested by Cole 1974). 
Reproduction begins at age 5 and cubs are 
produced at an average interval of just 
over 3 years. Summing the numbers of 
different females with cubs that were 
counted over 3 successive years thus gives 
an estimate of a minimal number of fully 
adult females in the population during 
the 1st year of any 3-year period. Although 
intensive efforts have been made to de- 
velop other census techniques, this meth- 
od appears to provide the best presently 
available index of grizzly abundance in 
Yellowstone National Park and its envi- 
rons. 

The Yellowstone population is isolated 
from the other remnant grizzly popula- 
tions and occupies an area roughly double 
that of the National Park, or about 20,000 
km2 in total. From the 1920's to the late 
1960's much of the population was season- 
ally concentrated at garbage dumps in and 
near the Park and obtained an important 
supplemental food supply there. Between 
1968 and 1971 the Park dumps were 
phased out, and procedures initiated to 
deny access by bears to dumps outside of 
the Park. Recorded mortalities roughly 
doubled in the 2 years (1970-71) of major 
dump closures, and a downward trend in 
counts of different females with young 
(Fig. 1) was initiated (since the index is 
cumulative, reductions in population size 
would influence the calculated index 3 
years prior to the actual reduction). Clo- 
sure of the dumps was followed by a sig- 
nificant decline in reproductive and sur- 
vival rates. In the earlier years (1959-70) 
litter size averaged 2.1 cubs, and 70% of 
the females produced their first litter at 
age 5. In recent years (1974-82), average 
litter size has been 1.9 and about 60% of 
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Fig. 1. Observed index of abundance (0) and projected population sizes (histograms) from a stochastic model of the adult 
female grizzly bear population of Yellowstone National Park and surrounding area. The index is based on 3-year sums of adult 
females with cubs, since these are the most visible elements of the population. A reduction in reproduction and survival rates 
after closure of open garbage dumps in and near the Park resulted in the observed decline in the population, and the general 
course of the likely future trend is illustrated by the histograms. Each histogram shows the frequency distribution of population 
size based on 10,000 simulations for periods of from 5 to 30 years. Each histogram was produced by an independent simulation, 
starting in 1970. 

females produced first litters at age 6. Sur- 
vival to age 6 decreased from about 38% 
to 23%, and annual survival rates for 
prime-age adult bears decreased from 
about 96% to about 92% (Craighead et al. 
1974, 1976; Knight and Eberhardt 1985). 

METHODS 
In view of the declines in both popu- 

lation index and key population parame- 
ters, it is highly desirable to attempt a pro- 
jection of the likely future course of the 
Yellowstone population. Such projections 
are usually accomplished with the Leslie 
matrix model, but there are two difficulties 
in the present situation. One is that, in the 

Leslie model, reproduction is expressed as 
a fraction of females in 1 year that pro- 
duce young that are fully independent in 
the next year. Young grizzlies normally do 
not become independent of the female 
until about age 2, whereas reproductive 
rates are recorded at about 6 months of 
age (i.e., when females emerge from win- 
ter dens with cubs). The second problem 
is that the small present population may 
be importantly influenced by chance 
events. We have thus devised a stochastic 
model of the female bear population, im- 
plemented in repeated computer simula- 
tions. 

In the model, age-specific reproductive 
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and survival rates are incorporated as 
probabilities, so that each individual's fate 
is decided by independent, annual ran- 
dom draws from a uniform probability 
distribution. An initial population of in- 
dependent females was assigned to ele- 
ments of a two-dimensional array classi- 
fied according to the individual's age and 
reproductive status (alone, with cubs, or 
with yearlings). Each individual then 
moves through the array by way of annual 
determinations of survivorship (including 
that of any accompanying young) and re- 
productive success. Rates determined in 
the 1973-82 study period were used in the 
simulation and were reported by Knight 
and Eberhardt (1985). Only females were 
considered (beyond recruitment to inde- 
pendent status, usually at age 2), in 26 
age-classes. Starting with an initial popu- 
lation of 61 female bears age 2 and older 
in 1970, corresponding to data given by 
Craighead et al. (1974, Table 9), indepen- 
dent sets of 10,000 simulations each were 
run in periods of 5, 10, 15, 20, 25, and 30 
years. The outcomes are depicted as his- 
tograms of population size (Fig. 1) to sug- 
gest a likely range of index population sizes 
in future years. Inasmuch as reproductive 
and survival rates no doubt actually vary 
from year to year, the range of model out- 
comes may be less than would be pro- 
duced if actual annual rates were known. 
Conversely, in the absence of human in- 
fluences, compensatory responses might 
possibly narrow the range of outcomes. 
Various other techniques relevant to the 
study were described in detail by Knight 
and Eberhardt (1985). 

RESULTS AND DISCUSSION 

Projections from the model suggest a 
continuing long-term decline in approxi- 
mate accord with the trend of the female 
population index. Other questions have 
been studied with the model. For exam- 

pie, restoring litter size to the level ob- 
served before closure of the garbage 
dumps has about the same impact on pop- 
ulation trend as increasing adult female 
survival by 2 percentage points or reduc- 
ing adult female mortality by roughly one 
bear per year (Knight and Eberhardt 
1985). We believe adult female mortality 
is the key issue in maintaining the grizzly 
bear population of Yellowstone National 
Park. In fact, the likely difference be- 
tween earlier years, when the population 
was stable or possibly increasing, and the 
present situation may amount to an added 
mortality of one or two fully adult females 
per year. 

Very likely the population before dump 
closures was somewhat larger than that 
used to initiate the simulations. Craighead 
et al. (1974) and a National Academy of 
Sciences committee (Natl. Acad. Sci. 1974) 
estimated an average total population on 
the order of 230 bears. An estimate of 
about 300 bears appeared in subsequent 
correspondence and is cited by Mc- 
Cullough (1981) and Cole (1976), but un- 
fortunately has never been documented to 
our knowledge. The average observed 
composition data (Craighead et al. 1974, 
Table 1) gave 43.6% adults, whereas 53.7% 
of the adults observed in the field (Craig- 
head et al. 1974:6) were females. One 
might thus suppose that there were about 
230(0.436)(0.537) = 54 adult females in 
the population. Records of "unduplicat- 
ed" females with cubs kept during 9 years 
of the present study average 12 such in- 
dividuals per year. Since the interval be- 
tween litters is a little more than 3 years, 
we propose that a likely minimum recent 
number of adult females may be just un- 
der 40 bears. 

Further analysis of the available data is 
needed in an effort to refine these esti- 
mates. However, the management impli- 
cations seem reasonably clear whether one 
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Table 1. Recorded mortalities of adult female grizzly bears in Yellowstone National Park and environs. All mortalities listed 
here were confirmed by retrieval of a carcass, with the exception of three denoted as "probable," for which there was strong 
presumptive evidence of death. 

Year Age Location Cause of death 

1983 12 
6 (cubs) 

1982 Adult 
Adult 
16 
Adult (yearlings) 

1981 25 
10-12 
22 

9 
Adult (cubs) 

1980 Adult (cubs) 
1979 10 

Adult 
1978 Adult 
1977 10-12 (cubs) 

Adult (cubs) 
Adult (cubs) 
5 

Adult (yearlings) 
6-8 (cubs) 

1976 11 (cubs) 
1975 Adult 
1974 16 

6 
8 

Adult 
1973 22 

6 
7 

19 

Gardiner, Mont. 
W. Yellowstone, Mont. 
YNpa 
SNF 
Cooke City, Mont. 
TNF 
YNP 
GNF 
GNF 
GNF 
BTNF 
GNF 
YNP 
GNF 
GNF 
YNP 
BTNF 
SNF 
TNF 
SNF 
SNF 
YNP 
TNF 
YNP 
SNF 
SNF 
BTNF 
YNP 
GNF 
SNF 
SNF 

Control 
Control 
Research 
Shot by black bear hunter 
Control 
Shot by hunter 
Old age and malnutrition 
Charged bird hunter 
Shot 
Unknown 
Shot (probable) 
Killed by hunter 
Research 
Charged hunter (probable) 
Road kill 
Road kill 
Killed by outfitter 
Shot (probable) 
Shot from residence 
Livestock related (?) 
Poacher 
Control 

Control, sheep depredation 
Control 
Legal harvest 
Legal harvest 
Unknown 
Road kill (?) 
Control 
Legal harvest 
Legal harvest 

a YNP = Yellowstone National Park; BTNF = Bridger Teton National Forest; GNF = Gallatin National Forest; SNF = Shoshone National Forest; 
TNF = Targhee National Forest. "Yearlings" or "cubs" after age of bear indicates that bear was accompanied by yearlings or cubs at time of 
death. 

assumes a population of 40 or 50 adult 
female bears. Present evidence (Fig. 1) in- 
dicates a continuing decline in numbers, 
with an annual mortality of prime-age 
adult females of about 8%, or three to four 
such bears each year. Our earlier simula- 
tions (Knight and Eberhardt 1985) sug- 
gested that reducing mortality of prime- 
age females to about 5%/year (two or three 

bears) might permit the population to sta- 
bilize. Consequently, the margin between 

continuing decline and population stabil- 

ity is not likely to be much more than one 
or two bears per year. We emphasize that 
this calculation pertains to total losses, 
which will exceed the recorded mortality. 
The record of the observed female mor- 
tality over the course of the present study 
(Table 1) thus supports the notion of a 
continuing decline. 

Some calculations (Knight and Eber- 
hardt 1985) suggest that roughly half of 
the actual mortalities may have been re- 
corded in the 1959-70 period. During the 
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course of the present study, 13 adult bears 
died with active radios. Five (38%) of these 
mortalities were located without use of the 
radio transmitter. Table 1 lists 31 mortal- 
ities in 11 years, or 2.82 recorded mortal- 
ities/year. If we assume an actual average 
population of 50 adult females and an an- 
nual mortality rate of 10% (based on a 
weighted average of estimated annual 
survival of all adult females as reported 
by Knight and Eberhardt [1985, Table 6]), 
then the fraction recorded is 2.82/5 = 
0.56. If the recent populations average 40 
adult females, then we have 70% reported 
(2.82/4). Undoubtedly the fraction re- 
corded will vary substantially with cause 
of death and age of bear, and chance has 
a major influence on year-to-year fluctua- 
tions. Nonetheless, a useful guideline 
would appear to be that a record of an 
average loss of one or two adult females 
per year might suggest that the popula- 
tion could stabilize. The observed losses of 
four or more adult females per year (Ta- 
ble 1) clearly cannot be sustained. The dif- 
ficulties in reducing losses can be appre- 
ciated from the diversity of causes of death 
recorded in Table 1. 

We emphasize that the course of events 
described here is a projection and not a 
prediction. Forecasting future abundance 
requires assessment of any actions taken 
to reduce interactions between man and 
grizzlies, along with the prospects of in- 
creased human activities in occupied hab- 
itats. Possibly a decreasing population 
would eventually be stabilized through a 
"refuge" effect due to the sizable protect- 
ed area that is occupied by grizzlies. The 
uncertainty here lies in the very large areas 
used annually by individual bears, as 
demonstrated by radiotelemetry data, 
combined with the fact that the occupied 
area contains various corridors and en- 
claves of existing and increasing prospects 
of man-bear interactions. Inherent regu- 
latory ("density-dependent") mechanisms 

within the population might also be ex- 
pected to influence trends. We believe that 
dispersal of subadult bears is a key feature 
in this process, again leading to the need 
to evaluate the "refuge" issue. Our telem- 
etry data suggest that the dispersal process 
largely amounts to extensive, random 
wanderings over long time intervals. Un- 
fortunately, the areas unoccupied by oth- 
er bears that also have good food supplies 
often turn out to be occupied by humans. 
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