IS GRIZZLY BEAR CUB MORTALITY RATE ELEVATED BY
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Abstract: Social strife is elevated at sites where grizzly bears ( Ursics arctos) aggregate.
Stokes (1970) and Glenn et al. (1976) hypothesized that this increases COY (cub-of-the-
year) mortality. They noted that rates were over 30% at Yellowstone National Park (YNP)
and at McNeil Falls (MF), whereas the rate averaged no more than 10% in dispersed
populations. However, re-examination of those data, and consideration of a larger sample
of dispersed populations, show that the difference they found is an artifact. Mortality rates
at YNP and MF, where bears were known individually, were estimated from actual
numbers of cubs lost between ages COY 1o yearling. By contrast, rates for the dispersed
populations were estimated by comparing relative sizes of COY vs. yearling liters, which
omits all losses of entire COY litters. When all mortality is taken into account, rates in
YNP and MF are not significantly higher than in dispersed populations (34% vs. 31%, 128
=-0.2 x 1 2,8 P=0.88). Data do not support claims that aggregation is harmful and that
bears can benefit from elimination of ecocenters, as when "developers” destroy groves of
nut-producing trees or dumps are closed.

Key words: Aggregation, cub, dispersal, ecocenter, food concentration, mortality, (Ursus
arctos).

During 1987-88, 1 estimated potential impacts on black bears ( Uryis americanus) by
planned expansion of Killington Ski Area in Vermont. New ski slopes were 10 be cut
through a large grove of beech (Fugus grandifolia) where bears foraged for nuts during
the occasional years when a good crop was produced. The bark of some trees was so
heavily scarred from bear claw punctures that individual sets of scars could not be
distinguished. Dissection of some scars down through the annular rings indicated that the
trees had been heavily used for at least the past halt-century. Heavy use of the site was
probably typical 100 in earlier centuries before the ancestors of these trees were harvested
by European colonisis.

Beeeh nuts are undoubtedly an important source of nutrition for bears, as were the nuts
of other species originally found in the area. Betier nutrition can elevate reproductive rate
and nutrition-related survivorship (see reviews by Rogers 1987 and Stringham 1985,
1986, 1989). But the net effect on population dynamics is unclear. When nut-producing
rees were common in New England. bears could have ted on nuts while avoiding one
another. But now that groves are searee, and numerous bears are drawn near one another
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(e.g., Garshelis and Pelton 1981). benefits of enhanced nutrition might be outweighed by

the detriments of elevated social strife.

Stokes (1970) hypothesized that aggregation of bears at ecocenters aggravates strife,
lowering reproductive rate by females and survivorship of their young. At ecocenters, cubs
seem unusually exposed to dangerous conspecifics and many are killed (Craighead and
Craighead 1967; Craighead 1972; Glenn et al. 1976; Bledsoe 1987). Large bears,
particularly adult males, are known to frequent ecocenters and to be aggressive towards
cubs (see reviews by Stringham 1980, 1983, 1985: McCullough 1981, Bledsoe 1987).
So elimination of an ecocenter and dispersal of the bears could supposedly benefit cubs or
entire populations, despite reduced nutrition (Cole 1976).

I'had to consider this issue with regard to bears that aggregated in the Killington beech
grove. It was not possible to test the hypothesis empirically. So testing was approached
‘hrough review and analysis of data in the literature. Only for grizzly bears are there
:nough data to support this kind of analysis. Stringham (in press b) refuted the
eproductive suppression hypothesis; this paper refutes Stokes' COY mortality hypothesis.

Observations of infanticide (see Discussion) were most common at 2 sites where

iggregations of over 30 bears have been a tradition spanning decades: (a) McNeil Falls in
,.tmmxu.m McNeil River Game Sanctuary (Glenn et al. 1976), and (b) garbage dumps open
-rom about 1900 until 1968-72 in or near Yellowstone National Park (Craighead 1972).
Mortality was also observed near a dump in Denali National Park (Murie 1981).
. Craighead and Craighead (1967) reported 39% COY mortality while the Yellowstone
cumps were still open to bears. Following closure of the dumps, grizzly bears dispersed
énd COY mortality decreased (Cole 1976). Glenn et al. (1976) reported 38% mortality
among 13 COY litters seen at MF, but no more than 10% mortality for at least 42 other
litters dispersed elsewhere in the McNeil River State Game Sanctuary. Likewise, for other
Fopulations where the bears were typically dispersed, estimated COY mortality averaged
about 10%. Glenn et al. (1976) interpreted the above comparisons between YNP and MF
vs. dispersed populations as confirming Stokes' (1970) hypothesis that COY mortality rate
18 ﬂmi:aa several-fold in populations forming large aggregations, due to aggravated social
strife.

The strife-aggravated mortality hypothesis was reevaluated here, using an alternative
EwSoa of estimating cub mortality rate and data from more dispersed populations.
With data from only 2 aggregated populations, I could not test the general hypothesis that

aggregation elevates cub mortality. But data did suffice to refute the claim that mortality
rate in dispersed populations was a mere fraction of that in YNP and MF, and thus to
undercut the argument that degradation of the Killington beech grove was likely to benefit
black bears.

My work was supported by Wildwatch, the Society of the Sigma Xi, and the Shikar-
safari Club International; the Ecology Program, University of Tennessee, Knoxville; the
State University of New York. College of Environmental Science and Forestry; Anne,
Jeanette, Joyce, and Robert Stringham; Christine and Vladimir Nicolayeff; Helen Strauss
and Laura Lippincott.

206

METHODS

Data on litter sizes and numbers of cubs in each age-class were taken from the literature,
then used to estimate cub mortality rates. The "litter size" (LS) method compares mean
numbers of COYs vs. yearlings per lirer (C/L vs. Y/L): 100% x (C/L - Y/L)/(C/L).
The "age-class size” (ACS) method compares total numbers of COYs vs. yearlings: 100%
x(C-Y)IO).

With either the LS or ACS method, comparison can be made within cohorts (COYs in
year t vs. yearlings in t+1) or across cohorts (COYs in year t vs. yearlings in year t).

Across-cohort comparison can introduce bias (Caughley 1977; Stringham 1980, 1985;
Bunnell & Tait 1985; Reynolds and Hechtel 1984). For instance, if COY litters born in
year tare larger than those born in t+, then in year 1+ litter size for yearlings could exceed
that for COYs. Other problems are illustrated with an hypothetical example (Fig. 1).

COYs in year t become yearlings in t+1; COYs in t+n become yearlings in t+n+l.
Mortality rate is properly estimated within cohorts (diagonal lines), comparing total
numbers of COY's in years t to t+n vs. yearlings in years t+] to t+n+l. In the hypothetical
example, if N=4, mortality is 23% (=6/26); this contrasts to the 0% (=0/27) figure obtained
by comparing total numbers of COYs in years t to t+n+! vs. yearlings in all of those same
years (i.e., across cohorts, vertical lines). The calculation across cohorts differs from that
within cohorts in that crossing cohorts includes the (7) yearlings from t and the (1) COY
from t+n+l, whereas the within-cohort method does not. The larger n is, the smaller the
fraction of the total COY's were present in year t+n+l and yearlings in year t; so the smaller
the bias produced by the across-cohort method tends to be. Underestimation or
exaggeration of mortality estimates from acrosscohort comparison can occur with either
the LS or ACS methods. Across-cohort comparison can lead to cases where estimates of
mortality rate are higher with the LS method than with the ACS method (Table 1); but
generally, the ACS method produces higher estimates of COY mortality, as explained
below.

A bias unique to the LS method, which can cause serious underestimation of mortality
rate, is omitting entire litter losses -- yearling litters of size O -- from calculation of mean
litter size. Such litters have died or dispersed before they could be censused as yearlings.
This bias can be avoided if cubs or litters are known individually. Consider 2 examples: (a)
Reynolds and Hechtel (1984) reported on fates of known grizzly litters from several
cohorts in the Western Brooks Range of Alaska. Of 31 litters with 59 COYs, only 19
litters with 33 COY's survived until fall. Whereas litter size fell only 8% (1.90 to 1.74),
COY mortality rate was actually 44%. (b) At Denali National Park, Murie (1981) noted a
1% decline in COY litter size contrasted to a 31% mortality rate.

The LS method has been preferred in cases where relative litter sizes scemed much more
reliably documented than relative numbers of COYs vs. yearlings. Because adult females
tend to be more secretive with COYS than with yearlings or older cubs, the number of
litters censused is sometimes lower for COYs than for yearlings; across-cohort
comparison can have that effect too. The LS method is also preferred where only mean LS
was published, not the numbers of litters or of cubs. Overall, the LS method tends to be
much less reliable than the ACS method.
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Statistical Technigues
Data are available on 2 highly aggregated and 16 dispersed grizzly populations.
The Student t-test was used to assess differences between the aggregated vs. dispersed
populations.
RESULTS
Findings are presented first by considering mean estimates of mortality across all the
2 populations for which litter sizes or age-class sizes were documented (N=17 and 9,
- n..m > respectively), and then by comparison across the smaller number of populations for which
ITeLaT 2 > Q Q both types of data are available (N=9). The various sets of results are then compared and
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Minnesota, COY mortality averaged about 25% (data from Rogers 1977: Table 3).
Contrasting the aggregated (N = 2) vs. dispersed (N = 8) grizzly populations, ACS
estimates of mortality rate do not differ significantly in either variance (P = 0.29) or mean
(34.5% vs. 31.4%, 12 8 = -0.2, P=0.88).
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This contradiction to the Cole/Glenn et al. conclusion is not an artifact of lacking ACS
mortality estimates for the other 8 populations on which we have data on LS decline.

Comparison of Mortality Estimares Benveen Methods

If one considers just the 7 dispersed populations for which both LS and ACS values can
be calculated, mean estimates of mortality by the LS and ACS methods are, respectively,
5.7% and 15.2%. Both LS and ACS mortality rate estimates are also available from the 2
1ggregated populations (38% vs. 34%). Combining data from all 9 of these populations,
here is no overall correlation between LS vs. ACS estimates (12 < 4%, P > 0.35). Neither
ndex cannot be used to estimate the other.

nae s

JISCUSSION

sampling Different Sets of Populations With LS vs. ACS Methods: What Artifacts Does
“his Generate?

LS and ACS data are available for 17 and 10 populations, respectively. Could the
dfference in mortality rate estimated by the 2 methods (LS:7% vs. AC5:38%) be primarily
0 artifact due to the LS method encompassing 8 populations which the ACS method
coesn't? No. The difference is only reduced (LS:6% vs. ACS:15%), not eliminated for the
7 dispersed populations to which both methods can be applied.

4ggregated vs. Dispersed Populations

Litter Size Decline

Glenn et al. (1976) reported that COY-to-yearling litter size declines were several-fold
higher at YNP and MF than in dispersed populations. That is confirmed using the larger
sample sizes now available; the decline averages over 5-fold higher for YNP and MF than
dispersed populations. However, this difference may be only a statistical artifact of lacking
data on entire-litter losses for many dispersed populations.

) These results do not confirm the conclusion by Glenn et al. (1976) that the difference in
liter size declines reflected more than 3-fold higher mortality rates at YNP and MF. Their *
conclusion was based on what is here shown to be an artifact from interpreting litter size
decline as an index of mortality rate even though decline data from dispersed population
generally ignored entire-litter losses. Using the more reliable ACS method of estimating
mortality, one finds no significant difference in rates between these aggregated vs
dispersed populations. ;

Available data suffice to refute the interpretation of Glenn et al. (1976), and to throw 3
doubt on Stokes' (1970) hypothesis that aggregation elevates COY mortality; however, a!
definitive test requires data on more aggregated populations. Furthermore, the dichotomy,
between aggregated vs. dispersed populations should be replaced by a gradient for degree$
ommmmaamm:o:\&mw@;_oz. Analysis should consider size of the aggregation
Talios among bears at ecocenters vs. the total habitat.

Observations of Bears Killing One Another. :
Even if COY mortality is not elevated in populations which regularly form dense
aggregations, one might question whether mortality is higher at ecocenters than in areas §
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where bears are widely dispersed -- as hypothesized by Stokes (1970). Confirmation for
that hypothesis seems implicit in the data of Glenn et al. (1976) and Cole (1976); but they
did not address the issue of why so few of the mortalities at YNP and MF were known to
have occurred at ecocenters; indeed, most mortality of McNeil COY's happened during the
time of year when bears were dispersed (Bledsoe 1987, pers. comnumn.).

McNeil Falls.--Glenn et al. (1976:387) reported 3 instances of juvenile mortality near
MEF. In one instance, a female with 3 cubs was carrying a salmon from the river to an alder
patch on higher ground.

One cub in the lead took a different trail than the others and was not seen again.
The female was later seen with the other cubs and never appeared to be searching for the
3rd cub. In another instance, 3 cubs became separated from their mother when she was
attempting to drive off a large male. She found one cub immediately and another 3 days
later. After a week, she still had only the 2 cubs. No other female was observed with an
extra cub. In the 3rd instance, a dead cub was found at a feeding area away from the Falls.
Separated from its mother only 4 weeks earlier, it apparently died from a bite which
crushed its esophagus and perforated its pharynx; its carcass had been partly eaten ( Egbert
and Luque 1975; Egbert and Stokes 1976; Bledsoe 1987).

Bledsoe (1987) cites additional mortalities observed by himself or Aumiller. Two COYs
of I dam were killed when they approached another dam with COYs. A yearling that
ventured too near a dam with COYs was attacked and killed. A 2-year-old was attacked
and nearly killed after trying to steal a salinon scrap from an adult male.

Summarizing: In at least 15 years of observation, only 6 juveniles are known to have
died at or near the Falls, only 4 are known to have been killed by conspecifics, and only 2
were definitely COYs rather than yearlings or 2-year-olds.

Yellowstone Dumps

McCullough (1981:183) stated that "Park Service personnel reported finding 3 dead cubs
killed in 1 night at the Rabbit Creek dump” in YNP.

Previously, J. Craighead and F. Craighead (1967) reported 4 cases of infanticide.
J. Craighead (1972) documented additional incidents, noting that most juveniles were
killed by large males in the spring, not all in the vicinity of dumps. Indeed, he doubts that
mortality is elevated at ecocenters (pers. comimun.).

COY's known to have been killed at or near dumps are only a tiny fraction of the 93 that
died in YNP from 1959 until the dumps were closed.

Dispersed Populations

Contrasted to the above incidents of conspecilic mortality at YNP and MF with large
aggregations of bears, are a few incidents at sites of smaller aggregations (Katmai and
Denali), and numerous incidents where bears were dispersed. Citations given below
exclude cases of victims restrained by traps. chains, or drugs (Wright 1909; Troyer and
Hensel 1962, Pearson 1975) or killed by rivals during rut (Couturier 1954; J. Craighead
1972; Pearson 1975),

Although large numbers of bears now aggregate at Brooks River in Katmai National
Monument (Gilbert, pers. conumun.), during the early 1970's it was uncommon to see
even 10 bears spread out over a mile of river (Stringham, unpubl.). In one case, a
mediumsized bear was fishing when attacked and killed by a much larger bear.
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George (1979) observed the disappearance of a cub whose mother had left it ashore while
she fished.

Several bears commonly aggregated at the_garbage dump in Denali National Park
(Murie 1981). In 1963, the mother of 3 COYs was found dead of severe wounds from
another bear; Murie inferred that she had been killed trying to protect her COYs. In 1961, a
large bear killed a smaller bear (apparently not a cub).

Killing of juveniles away from even such small ecocenters has been reported by Seton
(1921), Troyer and Hensel (1962), Glenn (1971), Reynolds (1980), Reynolds and Hechtel
(1984), and Murie (1981). Killing of older conspecifics was reported by Seton (1921),
Pearson (1975), Reynolds (1974, 1976, 1980). Stringham (1985) gave a detailed review of
these incidents. Reviews for black and polar bears were provided by Rogers (1983) and
Taylor et al. (1985). Data were compiled by Taylor et al. (in press).

Interpretation

Available evidence on grizzly bears killing one another does not reveal an obviously
sreater incidence of such mortality for either cubs or older victims at ecocenters than in
ireas where grizzlies are dispersed. Both this finding, and lack of substantially lower
mortality rates in dispersed populations, contradict Stoke's (1970) hypothesis.
Emo contradictory is the fact that reproductive rates at YNP and MF aren't suppressed,
Liey have the same relationship to body size (an index of nutritional status) as do dispersed
Fopulations (Stringham, in press b). These findings also throw doubt on Cole's (1976)
conclusion that closure of the YNP dumps and dispersal of the bears is responsible for the
subsequent decline in mortality rate for COYs (but not yearlings). However, definitive
testing of both hypotheses will require much more detailed data on the frequency of
mortality from conspecific attack vs. other factors (allospecific enemies, humans,
accidents, pathogens, malnutrition, etc.). For example, does aggregation increase mortality
from specific causes such as social strife while reducing mortality from other causes?
Intensity and duration of strife also need quantification.

Alternative Hypotheses

Research should also address alternative hypotheses as to why aggregation would not
tend to increase either COY mortality or infanticide -- hypotheses based on infanticide
MNMOQ_.W\ or on strategies by which dams protect their cubs (see Stringham 1985, Bledsoe
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