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Abstract:

The mark/recapture analyses that are currently used to study polar bears (Ursus martimus) generally underestimate

the averagenumber of cubs per litter and assume that the annualsurvivalof cubs is unity. In this paper,a relationshipamong
the numberof yearlingsper litter and 2-year-oldsper litter is used to derive the survivorshipof yearlings,which is then used to
solve for the number of cubs per litter. When this relationshipwas appliedto publishedpopulationdata from North America,
the resultingestimatedsurvivalrates of yearlingsrangedfrom 0.70 to 0.75, and the estimatedaveragenumberof cubs per litter
was between 1.70 and 1.98. These findingsindicatethat currentestimatesof sustainableyield for polarbear populationsmay be
in error becausethe reproductiverate of adult females was likely to be underestimated,and the survivalrate of cubs of the year
was likely to be overestimated.
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Obtaining estimates of a sustainable yield requires informationon age-specific rates of reproduction and survival. For polar bears, the agespecific rate of reproductionequals the productof
the average number of litters produced per year
times the average number of cubs per litter for a
female of age x. Satisfactoryestimates of litter
productionrates are derived from mark/recapture
information (Stirling et al. 1975; unpubl. rep.,
Environ. Manage. Serv., Edmonton, 1978; Lentfer et al. 1980). However, current estimates of
the average number of cubs per litter are unreliable. For example, the estimate by Lentfer et al.
(1980) of the average number of cubs per litter
was less than their estimate of the average number of yearlings per litter. In addition, they
found fewer litters of cubs than of yearlings. Obviously, there are samplingbiases because the average number of cubs per litter cannot be less
than the average number of yearlings per litter
and there must be at least as many litters of cubs
as of yearlings. However, in lieu of suitable alternatives, the average number of cubs per litter
is assumed to equal the average number of yearlings per litter.
Inherent in the assumptionthat the number of
cubs per litter equals the number of yearlingsper
litter is the assumption that mortalityof cubs is
zero. Unfortunately,survival rates for cubs have
not been estimated. Standardage class estimates
of survival of cubs are not possible because, in
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most studies, a greater number of yearlings are
capturedthan cubs, and sample sizes are typically
too small for mark/recapturestudies to be of use.
An additional problem with assuming that mortality of cubs is zero is that the average number
of yearlings per litter is consistently greater than
the averagenumber of 2-year-oldsper litter (Stirling et al. 1975; unpubl. rep., Environ. Manage.
serv., Edmonton, 1978; Lentfer, unpubl. rep.,
Alaska Fed. Aid Proj. W-17-4/5, 1976; Lentfer,
et al. 1980). This implies that yearling mortality
is greater than zero; therefore, it is unlikely that
the mortality rate of cubs is zero. The purpose
of this paper is to present a method that estimates yearling survival from the difference between the number of yearlingsper litter and the
number of 2-year-olds per litter, and then to
show how to use this rate to estimate the number
of cubs per litter.
The first draft of this manuscriptwas substantially improved by changes suggested by the editors of the National Fish and Wildlife Laboratory,
R.L. Brownell, W. Calvert, A. Johnson, and
D. B. Siniff. A second draft was improved by
C. Meslow and 2 other editors. We thank R. Rice
for typing the first draft, and L. Prescott for typing the final version.

THE MODEL
The basis for estimatingyearlingsurvivalis the
relationshipbetween the mean litter size of animals age i and age i + 1. Estimatesare derived
by assuming that the survivorshipof a cub is independent of litter size; i.e., cubs from litters of
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2 survive at the same rate as cubs from litters of
1. It is also necessary to assume that the survivorship of cubs is constant from year to year, and
that litter sizes of 3 do not occur. Under these
conditions, the expected litter size after 1 year is
derived by a binomial process, except that litter
sizes of zero are not observed.
For an initial litter size of 2 where s is the true
annual survivorshipof cubs, the probabilities,P,
are:
P2 (2 cubs survive1 year)

= s2

PI (1 cub survives1 year)

= 2s(1-s)

PO (neithercub survives1 year) = (1-s)2.

For a litter size of 1, the probabilityof 1 cub sur-
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When Eq. (2) is incorporatedinto Eq. (1), the
result is:
E(Xi+) = (X,-sX+s).

(3)

When estimates for X, and X,+l are available,Eq.
(3) can be rewrittensuch that s is estimated by:
(X,-X, X,+l)
E(s)= =v
YY }
(XAji-XAXi+i)

(4)

In addition, if it is assumed that the survivorship
of cubs equals the survivorshipof yearlings, Eq.
(4) can be rearrangedto estimate the average litter size of cubs:
E(X,) =

+ +l
sX
sxi
(1+sXi+1-X,+1)

(5)

viving is s.

The relationshipbetween survivaland the litter
size of young of age i and i+ is derived as
follows:
Nj+l= 2n,s2p, + 2njs(1-s)p, + n(1-pi)s
= nss(1-pi),

where
N;+l = the number of cubs of age i+1,
ni = the number of litters of age i, and
p, = the proportionof litters with 2 cubs of
age i.

The numbers of litters of age i + 1 is then:
nis2pi + 2n,s(1-s)pi

nj+l=
-

+ ni(l-p,)s

n,s(p, - sp, + 1).

Therefore, if E(X,) is the estimated average litter
size in year i, the expected value of the litter size
after 1 year, given the initial proportionof litters
with 1 and 2 members, and given an annual survivorship of s, is:
E(Xi+I) =

n,s (p-sp,+1\)

(l+p,)
(p,-sp++ 1 )
Because in any given year i,
E(X,) = 2p, + (1-p,),

it can be easily shown that
P, = X,-1.

(2)

APPLICATIONOF THE MODEL
The survival rate of yearlingpolar bears, when
estimated from the availabledata on the average
number of yearlingsper litter and 2-year-oldsper
litter, is relatively consistent between 4 different
populations of polar bear (Table 1). These data
indicate that yearlingsurvival, given that the sow
survives, is between 0.80 and 0.85. If adult survival equals 0.88 (Stirling et al., unpubl. rep.,
Environ. Manage. Serv., Edmonton, 1978;
DeMaster et al. 1980), the estimated annual survivorship of yearlings is between 0.70 and 0.75.
Estimates of yearling survival based on the ratio
of successive age classes (number of yearlings/
number of 2-year-olds) vary between 0.19 and
0.91 (Table 1). The wide range in survival estimates, based on the ratio of consecutive age
classes, is primarilydue to small sample sizes.
If it is assumed that the survival rate of cubs
equals the survivalrate of yearlings,Eq. (5) gives
an estimated litter size for cubs of between 1.70
and 1.98. Considering that published estimates
of the average number of cubs per litter ranged
from 1.53 to 1.66 for this data set, it is clear that
the proposed estimation procedure significantly
departsfrom the previous approach.
The first assumption that the survival of cubs
from litters of 1 equals the survival of cubs from
litters of 2, is supportedby data from 10 years of
mark/recapture information on polar bears in
Alaska, showing the proportionof cubs originally
observed that were subsequently resighted as
adults. Such resightingtotaled 14 (20.0%) for 70
single-cub litters originally observed, and 31
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Table 1. Observed litter sizes, from population studies of North American polar bears, and derived estimates of survival (fromEq. (4))
and original 1st-year litter size (from Eq. (5)). Yearling survival (y) is also estimated from the ratio of the number of yearlings to the
number of 2-year-olds.
Cubs

2-year-olds

Yearlings

Survival,s
Cubs

Yearlings

y

Original
litter
size,
E(X)

1.47

1.08

0.80

0.66

1.98

27

1.50

0.97

0.85

0.71

1.87

7

10

1.43

0.81

0.83

0.91

1.78

12

17

1.41

0.92

0.84

0.19

1.70

No.
of
litters

No.
of
cubs

Average
litter
size

No.
of
litters

No.
of
cubs

Average
litter
size

No.
of
litters

No.
of
cubs

Average
litter
size

38

60

1.58

77

128

1.66

57

84

Stirlinget
al. (1975)

19

32

1.68

23

38

1.65

18

Stirlinget
al. (1980)

34

62

1.82

7

11

1.57

Stirlinget
al. (pers.
comm.)

63

101

1.60

59

90

1.53

Datasource
Lentferet
al. (1980)

(15.2%) for 204 2-cub litters. These resighting
rates are not significantlydifferent (X2 = 0.88,
d.f. = 1). It is necessary to also assume that the
survival of cubs is constant from year to year.
There is no information to verify this assumption, but Stirling (unpubl. rep., Can. Wildl. Serv.,
1978) reported that even in an unusually severe
winter, the mortalityof cubs was not significantly
different from the mortality observed in more
typicalwinters.
Finally, it is necessaryto assume that litter sizes of 3 do not occur. Stirlinget al. (unpubl. rep.,
Environ. Manage. Serv., Edmonton, 1978) and
Lentfer et al. (1980) reportlitters of 3, but these
are rare enough that in most areas of the Arctic
their exclusion is not significant. Adoption is a
potential mechanism that would also produce litters of 3. There is no evidence for adoption in
any of the mark/recapturedata from Alaska or
Canada, and therefore we do not consider this a
significantproblem.
Predictions of the model seem reasonable
where data exist to examine them. The consistent decrease in the number of yearlingsper litter
comparedto the number of 2-year-oldsper litter
in the publishedliteratureindicatesthat mortality
of yearlings is significant (Stirling et al. 1975,
1977; unpubl. rep., Environ. Manage. Serv., Edmonton, 1978; Lentfer, unpubl. rep., Alaska Fed.
Aid Proj. W-17-4/5, 1978; Lentfer et al. 1980).
It is not possible to estimate survival of cubs
from existing data, but it has been speculatedfor
other species of marine mammalsthat the survival of young of the year could be lower than that
of any other age classes (Eberhardt1977). It is

therefore reasonableto expect cub survival to be
less than unity.
There are 2 hypotheses that explain why published estimates for the mean number of cubs per
litter are consistently low. The first states that
litters of 1 may tend to be more mobile than litters of 2, and may therefore travel into ice types
that investigators tend to search because of the
increased visibility of polar bears. This would
imply that the average distance between successive resightings of cub litters of 2 would be less
than distances between successive resightings of
cub litters of 1. A second hypothesis is that litters of cubs that are out in areas sampled by investigators experience higher mortality due to
cannibalism by adult males than litters of cubs
from areas less intensively studied. This implies
that a near-shore sample of cub litters would
have a higher mean litter size than an off-shore
sample of cub litters. There are currently not
enough data to test this hypothesis, but cannibalism of cubs by adult males has been reported
(Stirlinget al. 1975).
Additional data indicate that litter size estimates of 1.65 for cubs may be an underestimate.
Data from zoos suggest that normally 2 young
are born (Uspensky 1965; Harington 1968;
Nunley 1977). In addition, polar bear populations in the Hudson Bay area typically have a
mean number of cubs per litter between 1.8 and
2.0. However, this estimate of litter size may not
be comparablewith estimates of the number of
cubs per litter from other areas because litters are
larger in this area (Stirlinget al. 1977) and litter
size is determined from counts after families
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have left their dens but before they reach the sea
ice.
Currently,estimates of the number of cubs per
litter are generallyassumed to equal estimates of
the number of yearlings per litter. In addition,
cub mortalityis assumed to be insignificant. Because the average number of cubs per litter and
the survival rate of cubs are important,statistics
in the harvest models used to estimate sustainable yields, we recommend that the assumption
concerning these statistics be reexamined. Small
biases in either litter size or cub survival could
result in serious errorsin estimates of sustainable
yields. For example, given a reproductiveinterval of 3.12 years (Lentfer, unpubl. rep., Alaska
Fed. Aid Proj. W-17-4/5, 1976), a sex ratio of
1:1, and a mean cub litter size of 1.88, the annual
rate of reproductionis approximately0.30. However, if the mean cub litter size were 1.65, the
rate of reproductionwould be 0.26. The difference between 0.26 and 0.30 is criticalfor predicting sustainableharvests. Likewise, differences of
roughly 0.15 in cub mortality are critical to the
predictions of populationmodels for polar bears.
Given the currenttechniques in use, we feel that
mortalityof yearlingpolar bears is significantand
that current estimates of the number of cubs per
litter are negatively biased. We recommend that
management practices be reviewed with these
points in mind.
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