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Introduction

Abstract

Despite the fact that nearly all captive polar bears (Ursus maritimus) are recommended for breeding,
very few cubs are born each year and the rate of neonatal mortality is high. Animal caretakers tend to
rely on anecdotal reports regarding reproductive events, such as timing of parturition, litter size and
cub survival. To objectively document trends in polar bear reproduction during their tenure in North
American zoos, this analysis utilised 99 years of records in the Polar Bear Studbook to characterise
patterns in reproduction and cub survival. Factors evaluated included latitude, year of birth, parental
demographics (age, origin (captive-born or wild-caught) and litter size), sex, survival, litter size and litter
order. Between 1912 and 2010, 697 individuals (456 litters) were born at latitudes ranging from 25.90
to 52.94 °N. The average number of litters produced per year was 4.60 + 0.51 with a range of zero to 18.
The polar bear birth season lasted 106 days with mean and median birth dates of 29 November. Litter
size was unaffected by any of the variables analysed: 52.7% of litters were singletons, 44.9% were twins
and 2.4% were triplets. Older sires produced a higher proportion of male offspring than younger sires
(P < 0.05). More than half of all individuals died prior to 30 days of age and 30.4% reached adulthood
(four years). Cubs of captive-born parents lived longer than those of wild-caught parents (P < 0.05).
Individuals born in litters of multiples were more likely to die as neonates than those born as singletons
(P <0.01) and individuals born to multiparous dams lived longer than those born to primiparous dams
(P < 0.02). This study represents the largest analysis of captive polar bear reproduction conducted to
date and may serve as a reference for individuals involved in the management and care of captive
polar bears.

declined. Animal managers were advised against breeding, so
many individuals were sterilised or contracepted, causing the

Despite their worldwide popularity in zoos and aquaria, little
is known about the reproductive processes of the polar bear
(Ursus maritimus). In North America, polar bear exhibition
dates back to the first wild-caught individual maintained at
the Philadelphia Zoo in 1876. In 1912, the first captive-bred
cub was produced at the National Zoo in Washington, D.C.,
but it was not until seven years later that a captive-born cub
survived to adulthood after being born at the Milwaukee
County Zoo (Meyerson 2010). From 1950 to 1980, the numbers
of polar bear cubs born in North American zoos increased and
the captive population reached its peak of 229 individuals in
1975 (Fig. 1A) as a result of both increased births and wild
imports. However, due to limited space and the desire to
provide larger, naturalistic exhibits, the demand for polar bears
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population numbers to wane.

Over the past decade, the zoo polar bear population has
been decreasing by approximately 4% each year, while the
demand for exhibit bears is increasing but can no longer be
met (Meyerson and Long 2010; Meyerson and Thompson
2012). Concurrently, threats facing wild polar bears gained
national and international attention leading to the 2008 official
listing of polar bears as a species threatened with extinction
by the U.S. Fish & Wildlife Service (U.S. Fish & Wildlife Service
Endangered Species Act 2013) and their 2006 classification as
Vulnerable by the IUCN Redlist. Despite this added measure
of protection, the future of wild polar bears is uncertain given
their dependence on sea ice and its imminent disappearance in
a warming climate (Stirling et al. 1999; Molnar et al. 2011).
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The need for a robust captive population is three-fold: 1) zoo
visitors enjoy seeing these magnificent, charismatic animals; 2)
zoo staff can be more effective in delivering their message about
climate change using polar bears as the flagship species; and 3)
captive individuals can be utilised as a model to study the unique
physiology of a species difficult to study in situ.

In 2000, the first Population Management Plan (PMP) for captive
North American polar bears was completed. Three years later, the
population was upgraded to a Species Survival Plan (SSP) with the
intent of developing a sustainable population for zoo exhibition
(Meyerson and Long 2008). Unfortunately, by the time the SSP
was officially established, the captive polar bear population had
decreased to potentially unsustainable numbers without the
addition of individuals from other countries or wild imports.
In an effort to reverse this trend, the SSP encouraged breeding
attempts by participating zoos and, by 2008, recommended that
every potentially reproductive female be mated (Meyerson and
Long 2008). Regardless of this considerable effort, the population
is probably too small and reproductive success too low to return
to previous peak numbers (Meyerson and Thompson 2012).

The overall goal of this analysis was to characterise patterns in
reproduction and cub survival of polar bears during their tenure
in North American zoos as a reference for individuals involved in
the management and care of the captive polar bear population.
Specifically, we were interested in: 1) determining if reproductive
success, defined as the number of cubs produced relative to the
total number of captive individuals, is declining; 2) defining the
cubbing season of polar bears in captivity so that caretakers can
better prepare for impending births; 3) evaluating the effects of
latitude on cub births, litter size and survival; and 4) determining
the effects of parental age, parental origin, or litter order on litter
size and survival.

It was not the purpose of this analysis to create a predictive
model of population growth or survival of captive-born polar
bears, nor was it to establish cause-and-effect relationships of
factors correlated with reproduction and cub survival. Efforts
were made to focus on outcomes that are not affected by
management or breeding recommendations, but animals living
in captivity are inherently subjected to human interference
not reflected in zoological records. Identifying factors that may
affect timing of parturition, litter size and cub survival may aid in
institutional management recommendations, thereby facilitating
the development of a self-sustaining captive population.

Methods

The dataset was produced by querying the Polar Bear Studbook
(Meyerson 2010) events for ‘birth’ and filtering for captive-born
specimens. Only individuals housed at institutions located in
North America were included. A spreadsheet was generated which
listed each individual born in captivity as an observation. Fields
associated with each observation included mined and calculated
data such as date of birth, location and latitude of birth, litter size,
sex, parental demographics (age, origin, litter size) and age at
death. A second worksheet was created that managed each litter,
rather than the individual, as an observation.

Date of birth

Only birthdates that were not defined as estimated were included
in analyses. If the year was known, but the day or month was
estimated, the individual was included in an analysis involving
year, but not in a test involving day of birth within birth season.
To define the birth season, the year of birth was ignored and all
birthdates were sorted ordinally from the beginning of the birth
season through the latest recorded birthing date. To determine
if individual females have cubs at the same time each year, the
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ranges of litter birthdates were calculated for multiparous females
that produced six or more litters. Inter-birth intervals were
determined by calculating the length of time between birthing
dates of multiparous females and then determining the mean.

Litters and dam parity

Because certain analyses were performed more appropriately
on a birthing event rather than an individual, a litter dataset was
created. Individuals were grouped together as a litter if they were
born to the same dam during the same birth season. Litters and
individuals were classified as those from either primiparous or
multiparous dams. Additionally, litter order was determined by
sorting based on dam identification, then litter birthdate.

Parental age

When available, ages of dam or sire were calculated by subtracting
the offspring’s date of birth from the dam or sire’s date of birth.
Parental ages were divided into three groups: young (4.00-10.99
years); mature (11.00-17.99) and senior (18.00-26.99). Because
breeding dates/day of conception are not recorded in the
studbook, parental ages represent age at the time of birthing, not
at the time of conception.

Survival

To evaluate cub survival in captivity, four categories were created.
An individual was defined as a stillborn if listed by the studbook
as living 0.00 years. Neonatal deaths encompassed all live births
that died prior to 30 days of age (< 0.08 years). Individuals dying
between 30 days and 4.00 years were classified as juvenile deaths.
Adulthood was defined as reaching 4.00 years of age.

Analyses

Although a multivariate analysis would be the preferred method to
determine covariance among factors, a complete set of variables
was available only for 91 litters (20.0%) and 132 individuals
(18.9%). In addition to limiting the dataset to cubs born of captive-
born parents (for which more information was available), the
individuals per group did not yield adequate statistical power for
valid interpretation of results.

Statistical analyses were performed using JMP (version 10.0;
SAS Institute, Inc., Cary, NC) at a 95% confidence level. To resolve
differences between and among groups, Student’s t-tests or
one-way analysis of variance (ANOVA) were utilised. If ANOVA
revealed a significant difference (P < 0.05), multiple comparisons
of means were performed using the Tukey-Kramer method. Chi
square analysis was used to identify differences in proportions
of categorical variables. In most instances, litters of triplets were
eliminated from litter size analyses due to small (< 5) number of
triplet litters per category. Correlation analyses were performed
to determine the relationship between the following: the number
of litters produced and the number of individuals in captivity;
the year and the date of parturition; latitude and day of birth;
day of birth within birth season; and age at death. All values are
presented as mean + standard error of the mean (SEM) and all
ages are reported in years unless otherwise specified.

Results

Overview

Between 1912 and 2010, a total of 697 individual polar bears born
at 56 institutions were analysed: 246 were females, 239 males,
and 212 of unknown or unrecorded sex. Six hundred and eighty-
seven individuals were assigned into 456 litters based on their
parental information and date of birth. The mean number of litters
produced in captivity per year was 4.60 + 0.51, with a median of
two, a mode of one, and a range from zero to 18 (Fig. 1B).
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Figure 1. Total number of polar bears living in North American zoos from 1876 to 2010 (Panel A) and the number of litters born in captivity (B) per year.

The latitudes of births ranged from 25.90 to 52.94°N. Overall, the
number of litters born per year in captivity was highly correlated
with the total number of individuals in captivity (R* = 0.891).

Parental demographics

Exact ages of dams and sires were available for 126 and 137 litters,
respectively (Table 1; Fig. 2). The mean age at first parturition for
a dam was 9.26 + 0.55 years and a male sired cubs as young as
4.95 and as old as 25.99 years with a median age of 11.92 years.
Females had cubs from 4.05 to 26.11 years of age with a median
age of 12.77 years. A female produced a maximum of 12 litters and
a male sired up to 32 in her/his lifetime in captivity. The parents
of the litters born in captivity were both wild-caught and captive-
born (Table 1). The mean number of litters produced was the same
for captive-born versus wild-caught dams, but wild-caught males
sired more litters than captive-born males (P < 0.05). The average
inter-birth interval for dams was 2.51 + 0.13 years with a range of
314 days to 21.09 years.

Table 1. Parental information for polar bear cubs born in captivity.

Birth season

Complete birth-date information was recorded for 446 litters.
Based on Grubb’sanalysis, three littersencompassing sixindividuals
were outliers (26 September, 16 February and 29 March) and were
excluded from the birth season analysis. Polar bear birth season in
captivity exhibited a normal distribution and was 106 days long,
from 11 October through 24 January (Fig. 3). The mean and median
litter birth dates were both 29 November while the mode was
23 November. The majority of births (73.8%) occurred between
13 November and 15 December and 95.0% occurred during the
months of November and December. Parental age, parental origin,
litter size, and litter order did not affect the day of parturition.
Correlation analyses failed to show a relationship between year
and parturition date (R? = 0.001; Fig. 4) or between latitude and
parturition date (R? = 0.009; Fig. 5). To determine if an individual
female had cubs at the same time each year, the litter birthdates
were examined for 23 multiparous females that produced six or
more litters. The average range of parturition dates for an

Mean no. of litters(+ SEM) Average age at parturition (£ SEM)  Age range Origin N No. of litters Litters per individual
wild 53 209 3.72+0.34
Dam 3.53+0.25 12.90 £ 0.46 4.05-26.11
Captive 44 123 3.05+0.36
wild 38 236 6.21 +1.04*
Sire 4.56 +0.48 12.77 £0.43 4.95-25.99
Captive 40 139 3.48 +0.36**

*, **Denotes differences in number of litters produced between wild-caught and captive-born sires (P < 0.05).
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Figure 2. Age distribution of dams and sires at time of litter birth.

individual dam was 34.78 + 3.58 days, with a median of 35, and
range of 7-76 days among dams. These data suggest that the
parturition date of a pregnant female cannot be predicted based
on her previous parturition dates.

Litter size

Litter information was determined for 687 individuals, which were
assigned into 456 litters (Table 2). The mean, median, and mode
litter sizes were 1.51, 1, and 1, with a range of 1 to 3. Parental age,
parental origin, and litter order did not affect litter size. Dam and
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sire litter sizes were available for the parents of 48 and 37 litters,
respectively: there was no relationship between a parent’s litter
size and the litter size of his/her offspring, indicating that litter size
may not be a genetic trait.

Sex

Sex was reported for 239 males and 246 females born in captivity,
a 1.00:1.03 sex ratio, which is not significantly different than the
expected ratio of 1.00:1.00. The dam’s or sire’s age was determined
for 133 and 152 individuals, respectively. There was no effect
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Figure 3. The number of litters born per day of polar bear birth season. The birthdates of 446 litters were analysed to define the birth season. The majority

of births occurred in November and December.
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of dam’s age on the sex of her offspring; however, there was an
effect of sire’s age (Fig. 6). The senior group (18-25 years) sired
a significantly higher proportion of males than the two younger
groups (P < 0.05). There was no effect of parental origin or day of
birth on offspring sex.

Cub survival

Age at death was obtained for 598 individuals born in captivity.
One-hundred and fifty seven were stillborn (26.3%), 181 (30.3%)
died as neonates, 78 (13.0%) died between 30 days of age and

four years, and 182 (30.4%) lived to adulthood. An individual’s sex
was related to survival. Although both males and females were
equally likely to reach adulthood, a higher proportion of males
were recorded as stillborn, whereas a higher proportion of females
died between 30 days of age and four years (P < 0.05). There was
no effect of parental age on offspring survival, however, there
was an effect of parental origin. A higher proportion of cubs born
to captive-born dams or sires survived to adulthood (P = 0.003
and 0.001, respectively). Wild-caught sires produced a higher
proportion of cubs recorded as stillborn (P < 0.01), but there was
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Figure 5. A scatter plot of latitude (x-axis) by polar bear birthing dates (y-axis) sorted ordinally. There was no significant linear relationship between latitude

and birthing date (R? = 0.01) from 1912 to 2010.
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Table 2. Number and percentage of singleton, twin, and triplet litters.

Litter size No. of litters (%) No. of individuals (%)
1 236 (51.8) 236 (34.4)

2 209 (45.8) 418 (60.8)

3 11 (2.4) 33 (4.8)

no effect of dam origin on the proportion of stillborns. Also, wild-
caught dams or sires produced a higher proportion of cubs that
died between 30 days and four years (P < 0.05) when compared to
captive-born parents.

Cub survival also was affected by maternal parity and litter
size. Stillbirths and cub deaths between 30 days and four years
of age were more common in primiparous dams (P < 0.01) and
a trend was observed in which individuals born to a multiparous
dam were more likely to reach adulthood (P = 0.05); however,
survival among individuals born in the second through sixth litters
were similar (P > 0.05). Individuals born in litters of multiples
(twins and triplets) were more likely to die as neonates than those
born as singletons (P = 0.002) and there was a trend for a higher
proportion of singletons to survive to adulthood than those born
as multiples (P = 0.08).

Age at death was not correlated to latitude (R* = 0.01), day of
birth within the birth season (R?=0.007), or to the number of days
an individual was born from the mean birthdate of November 29,
(R?=0.01).

Discussion

This study represents the largest analysis of captive polar bear
reproduction and cub survival conducted to date. Regardless
of the variation in climates and management practices among
institutions and throughout zoological history, this arctic species
has been surprisingly consistent in its reproductive patterns and
success in captivity. As expected, the overall number of litters born
per year is highly correlated with the total number of individuals in
captivity, suggesting that the recent decrease in litters produced is
largely a function of the declining number of reproductively viable
adults in the captive population.
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Figure 6. Proportions of male-to-female cubs born to sires grouped by age.
Light grey bars = males, dark grey bars = females. * indicates significant
difference in proportions.
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Parental factors

The data revealed that captive females start producing cubs later
in life when compared to wild females. In captivity, the average
age at first parturition was 9.26 years, whereas Derocher (1991)
reported that the pregnancy rates of wild three- and four-year-
old females, based on serum progesterone, were approximately
9% and 80%, respectively. This disparity is probably a result of
management recommendations: generally, young females in
captivity are not introduced to a sexually mature male until their
fifth or sixth year. Ramsay and Stirling (1988) and Derocher (1991)
reported the average ages of pregnant females in the western
Hudson Bay were 13.6 years and 11.3 years, respectively, with
the former study focusing on inland females and the latter on the
coastal population. Ramsay also reported inter-year variation in
the mean age of pregnant females, ranging from 12.0 years to
15.4 years, which was probably a result of annual fluctuations
in food availability and consequently body condition. These ages
suggest that the mean age of pregnancy of captive females (12.9
years) was similar to that of the wild population. Additionally, the
oldest wild female observed with cubs was 27 years, comparable
to the oldest known captive female to produce cubs (26 years).
It is entirely possible that females older than 26 years produced
cubs in captivity but were not included in the present analysis due
to unrecorded or estimated birthdates, particularly for many wild-
caught females. The ages at which males sired cubs in captivity
were similar to those of parturient females; however, males in
captivity are spared from the competition for breeding that wild
males confront, so it is likely that males siring most litters in the
wild are older, more dominant individuals. The finding that wild-
caught sires produced more litters than captive-born sires is almost
certainly due to human selection, since a wild-caught individual
would be considered a genetic founder and would receive more
breeding opportunities.

Birth season

It is generally accepted that delayed implantation evolved to
synchronise the timing of parturition with an environment
favorable for offspring survival. Accordingly, photoperiod is thought
to control timing of implantation in many species that experience
obligate embryonic diapause (as reviewed by Lopes et al. 2004).
Two separate polar bear births in the southern hemisphere
(latitude 34.9°S) occurred on 9 May (2013) and 20 June (1985) and
lend support to the assertion that photoperiod is an important
regulator of seasonal reproduction in polar bears. However, the
lack of a significant linear relationship between latitude (relative
to the equator) and birthing date argues against a substantial
latitude impact on day of parturition within the geographic range
analysed in this dataset.

In a previous study, a considerable variation in the interval
from mating to parturition was reported among parturient bears
(Stoops et al. 2012), indicating that parturition cannot be predicted
based on time of conception. It has been suggested that individual
bears are consistent in their timing of parturition regardless of
when they conceive. In this analysis, one female gave birth during
the same week each year but another produced cubs as early
as 27 October and as late as 11 January and the overall average
range of cubbing dates per female was slightly greater than
one month. Therefore, there does not appear to be an inherent
circannual rhythm specific to each individual regarding timing of
parturition in captivity. Furthermore, it is improbable that changes
in photoperiod are responsible for the large variation observed
within an individual because none of these females was moved
during her reproductive years. The interplay between photoperiod
and the endogenous cues that initiate an embryo’s exit from
diapause have not been defined in bears and it is possible that
other factors, such as body condition and alterations in weather
may affect timing of implantation and ensuing parturition.
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Average inter-birth intervals of bears born in captivity are
presented but are largely dependent on both offspring survival and
management influence. A female with surviving cubs will probably
spend 2-3 years with the cubs, housed separately from males,
whereas a female whose cubs do not survive may be reintroduced
to a male immediately after birth season. Although the shortest
inter-birth interval in this report was 314 days, in 2011 a captive
female housed in Canada produced a litter on 5 January; the cubs
did not survive, she mated in early March, and gave birth again on
11 October, only 279 days after her last parturition.

Litter size

Tumanov (2001) reported a mean litter size of 1.76 cubs in an
analysis of 50 litters born in a single Russian zoo, which is slightly
larger than the value found in this analysis (1.51 cubs/ litter).
Our findings were similar to those reported in wild populations
(Amstrup and Gardner 1994), with the exception of a remarkably
prolific population in the western Hudson Bay with a mean litter
size of 1.9 and a 13% incidence of triplets or quadruplets (Ramsay
and Stirling 1988). This study found no relationship between
latitude and litter size, which is in agreement with a comprehensive
summary of the findings in wild populations (Derocher 1999). In
the present studly, litter size was unaffected by any of the variables
examined, including parental litter size, indicating that it may not
be an inheritable trait as observed in humans (Lewis et al. 1996)
and livestock species (Allan et al. 2009; Davis et al. 1991; Vallet et
al. 2005).

Sex ratio

Despite the overall sex ratio of approximately 1:1 for polar bears
born in captivity, sires older than 18 years produced a higher
proportion of male offspring than the two younger age groups.
There is evidence supporting the hypotheses that several factors
may affect embryo sex, including parental hormone concentrations
(as reviewed by James 2008). Curry et al. (2012) recently reported
age-related shifts in testosterone concentrations of male polar
bears with levels peaking between 11 and 14 years and starting to
decline around 18 years of age. However, there are no data directly
linking paternal testosterone concentrations to sex of cubs sired.

Cub survival

Many species of carnivores exhibit a moderate to high rate of
neonatal deaths (as reviewed by Clubb and Mason 2006). Although
specific causes of death are not recorded in the studbook, likely
reasons for the high mortality rate prior to 30 days of age include
infanticide, failure to thrive, maternal agalactia or maternal
negligence, in addition to stillbirths, which were analysed as a
separate category. Data from wild bears indicate that 33% of
pregnant females lose all cubs within the first year (Derocher
1991) and that 30—38% of cubs die after exiting the den and prior
to weaning (Amstrup and Durner 1995; Ramsay and Stirling 1988).
However, these statistics probably underestimate cub mortality
because the precise number of wild cubs lost prior to den
emergence is unknown. Amstrup and Gardner (1994) reported an
average cub number per den on the pack ice of 0.93, indicating
that some females failed to produce cubs or that cubs died prior
to den emergence. Furthermore, in this study, individuals born
in litters of multiples were more likely to die as neonates than
those born as singletons, possibly due to lower birth weights and
competition for resources. Amstrup and Durner (1995) reported
that cub death was independent of litter size, but did not sample
individuals in the den, which is where our data indicates that the
majority of cub deaths might occur.

Cub survival was also affected by dam parity, but not dam age,
suggesting that maternal experience contributes to offspring
survival. Interestingly, cubs born to captive-born parents had
higher survival rates. It is possible that captive-born parents are

Journal of Zoo and Aquarium Research 3(3) 2015

better adapted to their environment and, as a result, are calmer,
healthier, and in better body condition, all factors that could
contribute to offspring more likely to thrive.

Conclusions

1. The recent decrease in the number of litters of polar bears
born per year is largely a reflection of the decrease in the
total number of individuals in captivity.

2. The majority of births (73.8%) in captivity in North American
zoos occur between 13 November and 15 December and 95%
occurred during the months of November and December.

3. Llatitude, and, by inference, climate did not affect cub survival
in captivity within the geographic range analysed, nor did it
significantly affect the timing of parturition.

4. Femalesin captivity start producing cubs later in life compared
to wild females.

5. Litter sizes were similar to those observed in wild populations
and were not influenced by any of the factors examined;
however, cubs born in litters of multiples had lower survival
rates.

6. Individuals born to captive-born parents were more likely
to survive to adulthood than those born to wild-caught
parents.

7. Older males sired a higher proportion of male cubs than
younger sires.

Caveats

In addition to the variables analysed in this study, other factors
influence reproduction and survival in captivity that are not
documented in studbook records. Physiological and husbandry
factors such as nutrition, stress, and health may influence litter
size, sex, parturition dates and cub survival. Additionally, some
cubs were hand-reared, which indisputably impacted cub survival,
but this aspect of husbandry was not recorded consistently so
could not be evaluated with confidence. The results presented
are dependent upon the correctness of the data recorded in the
polar bear studbook, which itself relies on the accuracy of input
from many individuals at numerous zoos. The under-reporting
of stillbirths and neonatal deaths, a prior common practice by
facilities, may have impacted results. It also is plausible that year-
to-year variations in temperature and weather patterns may affect
timing of implantation, birthing dates, and survival, but such
evaluation was beyond the scope of this analysis.
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