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Mission:  To maintain a viable population of polar bears for research in zoos that facilitates the 

development of solutions to conservation and management challenges facing wild bears and 

improves the health and welfare of all polar bears. 

Description:  The Polar Bear SSP’s designation as a research population signals a shift toward 

requiring member participation in priority research projects with polar bears ex situ that can 

inform critical conservation and management questions that exist for polar bears in situ. For a 

research program to be successful, a viable population of animals must be maintained, 

individual animal welfare must factor into decision-making and AZA facilities must work to 

ensure that viable candidates are available for research.  Additionally, AZA facilities must 

ensure that staff are trained in sample collection and training techniques, and that facilities are 

designed to accommodate sample collection and/or research.  Future polar bear SSP master-

planning will center around maximizing our participation in meaningful conservation science.  

 

The Polar Bear Research Council (PBRC) 

The PBRC is composed of advisors with expertise/experience in an area of research considered 

to be a priority.  These advisors are responsible for recruiting co-advisors (typically 3-6) with 

experience in their field who can provide additional perspectives so that the PBRC Masterplan is 

comprehensive regarding the latest activities and needs in the fields of focus.  

 

The PBRC’s goals are to: 1) facilitate the use of the ex situ population to better characterize 

basic biology and to advance scientific methodologies for comparison and application to in situ 

polar bears; 2) support research that is necessary for maintaining a viable, sustainable ex situ 

population for scientific research with application to the conservation of wild bears; and 3) 

build capacity within SSP member institutions to participate in priority scientific research 

efforts.   

Purpose of the PBRC and the Research Masterplan 
The purpose of the Polar Bear SSP Research Masterplan document is to: 1) guide research 

priorities for the Polar Bear SSP and participating institutions, 2) advise the Polar Bear SSP on 

proposal endorsement requests, 3) facilitate priority research efforts in SSP institutions and the 

welfare of all polar bears, 4) keep current with emerging scientific questions regarding the long-

term survival of wild bears, and 5) track progress made through the scientific study of zoo 

managed and wild polar bears.  The masterplan is a living document that should be officially 

updated every three to five years but can be updated more frequently as the PBRC sees fit.  The 

current document is just a first draft. 

 

Cover photo by San Diego Zoo.  One of three zoo bears used to validate accelerometer data, thereby enabling 
USGS researchers in Alaska to confidently decode the behavior of free-ranging bears from collar sensors.   
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Explanation of the research focus area in relation to polar bear conservation. 

The polar bear (Ursus maritimus) poses challenges for researchers and conservationists in that 

it is a large top-predator that exists in a harsh and remote environment. Habitat for polar bears 

also presents difficulties for researchers as it consists of sea ice, marine waters, and terrestrial 

areas that experience a wide range of environmental conditions. Overall, the animals, limited 

annual access, and habitat present considerable challenges but also make them a species 

where technology plays a vital role in research and conservation. Polar bears in care provide an 

excellent opportunity to validate new technology or new applications of older/mature/proven 

technology. This group will seek to identify, understand, and evaluate emerging technology that 

could play an important role in conducting research on polar bears and conserving polar bears 

in the wild.  

How work with zoo bears provides information that cannot be obtained from wild bears. 

Zoological institutions have made significant contributions in wildlife research as they are 

uniquely poised with access to animals and ability to train desired behaviors. Bears in care can 

actively contribute to research outcomes by being trained to participate, or they may passively 

contribute through non-invasive or observational research. Additionally, if studies are designed 

well, they have the added benefit of providing enrichment for the polar bears during data 

collection.   

For example: The San Diego Zoo and Oregon Zoo worked with the USGS to measure the energy 

consumption of a polar bear inside various metabolic chambers containing treadmills or swim 

flumes. This equipment coupled with a trained polar bear allowed researchers to measure the 

energy consumption a polar bear resting, walking, and swimming. This information has helped 

researchers estimate real-world energy demands on polar bears in a changing Arctic (Pagano et 

al. 2018).  

Research Priority Areas: 

Given the unpredictable nature of technological advances, we have identified priority areas 

where new technology is likely to contribute significantly to our understanding and 

conservation of polar bears.  



 

 

1. Population assessment: the key to managing populations is obtaining regular and timely 

population estimates to determine abundance and trends. For polar bears, this has been 

accomplished using capture-mark-recapture (hands-on and genetic) and via aerial 

surveys. All current methods are expensive, high risk, and time-consuming and 

therefore cannot be done with the regularity needed for a species in a shifting habitat 

such as the Arctic. Examples of emerging technology likely to assist in counting polar 

bears include remote sensing tools that could help us accurately count bears from 

drone, aircraft, or satellite (e.g., LaRue et al. 2015, Barnas et al. 2018). 

2. Movement and dispersal: habitat use and requirements, movement and dispersal 

studies all rely on the tracking of individual polar bears. This has been done primarily 

using satellite-linked GPS collars, but there is an increasing need for redesign of these 

instruments to be smaller, lighter, and more efficient. There is also a need for them to 

be able to carry new sensors or be attached in different ways. Examples of emerging 

technology likely to assist in tracking polar bears include miniaturization and new 

battery technology as well as new attachment strategies like ear tag transmitters. 

3. Non-invasive monitoring: Devices like camera traps, Doppler tracking radar, hair snags 

are good examples of non-invasive research tools. Systems like these can provide useful 

information on polar bears with minimal disturbance or effect on the animal. Non-

invasive techniques should be pursued and used whenever possible over invasive 

techniques.   

 

 

Studies currently underway or not yet published. 

(note: list of associated organizations may not be complete) 

 

Population assessment 

Thermal signature of sleeping bears (NOAA/APZ/PBI) 

Use of UAV for PB research (SDZG) 

 

Movement and dispersal 

Ear tag redesign (IDEO/WWF Alaska) 

 

Non-invasive monitoring 

Using thermal imagery to understand PB energetics (APZ/SDZG/UM) 

PB den emergence monitoring (PBI) 

Redesign of remote hair snag stations (AFWS/APZ) 

Genetic profiles from footprints in the snow (WWF/ 
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Explanation of the research focus area in relation to polar bear conservation. 

Understanding the mechanisms by which the current and near-future status of polar 

bears will be affected by sea ice loss and other ecosystem changes associated with global 

warming is important for informing management decisions and improving the accuracy of long-

term projections.  Although information on population abundance and trends are critical, for 

most polar bear populations the logistical limitations of gathering data from a species that 

occupies a very large home range throughout remote regions of the Arctic precludes estimation 

of population parameters. Thus, management decisions often must be made based on 

inference of population dynamics based on bear health, nutritional condition, behavior, and 

ecology.  Further, as sea ice loss has become the primary threat facing polar bears, there is an 

increased need to understand mechanistic relationships between sea ice loss and polar bear 

population dynamics to improve short-term and long-term projections. Thus, increasingly polar 

bear studies have focused on understanding behavioral responses to sea ice loss and 

physiological limitations in their ability to adapt.  To accommodate those studies, new methods 

are needed.  Polar bears in zoos provide an excellent opportunity for development of new 

methods to monitor polar bear behavior and physiology in the wild and to better understand 

the physiological limitations of the species. 

Examples of work that has happened in zoo settings and how it has complemented or 

informed our understanding of polar bear biology and management. 

In recent years, several studies of polar bear physiological and behavioral ecology have 

been conducted in zoos, with findings being applied to better understanding polar bears in the 

wild.  These include:   

o Validation of activity sensors in collars for identifying polar bear behavior including 

differentiating resting versus active behavior from archived polar bear activity sensor 

data (Ware et al. 2015; 2017) and classifying swimming, walking, and resting behavior 

using more recently developed tri-axial accelerometers (Pagano et al. 2017). 

o Quantifying routing of stable isotopes in polar bear diets into tissues to use samples of 

polar bear blood and hair from wild polar bears to estimate diets (Rode et al. 2016).  



 

 

This information is currently being used to estimate the diets of wild polar bears from 

hairs collected over 3 decades in two subpopulations and is applicable to similar studies 

using archived hair for other subpopulations.  This information will allow detection of 

dietary changes over time that may be associated with sea ice loss or other 

environmental changes.  Because diet can affect exposure to contaminants and 

pathogens (McKinney et al. 2009, 2017), dietary change is an important component of 

understanding potential cumulative effects of ecological change. 

o Measuring metabolic rates of polar bears while resting, walking and swimming (Pagano 

et al. 2018a, 2018b, 2018c).  This information is important to understanding the 

energetic costs of behavioral changes and variation in polar bears.  For example, polar 

bears have been documented to increasingly swim long distances in the southern 

Beaufort Sea during the annual sea ice minimum (Pagano et al. 2012).  Additionally, 

changes in patterns of sea ice drift have been shown to increase the rate of walking 

polar bears must maintain to travel (Durner et al. 2017).  Data on metabolic rates will 

allow quantification of the impacts of such changes.  

o Studying polar bear chemical communication to better understand social behavior, 

including breeding (Owen et al. 2015). Little has been known about how polar bears 

communicate and maintain social relationships out on the sea ice.  Habitat 

fragmentation associated with sea ice has been identified as a potential factor that 

could disrupt breeding behavior in the spring.  This study provided baseline information 

needed in better understanding potential implications of changing habitat conditions on 

social interactions. 

o Concerns regarding the spatial and temporal overlap of oil and gas activities and 

maternal denning on Alaska’s North Slope led to initiation of a studying of hearing 

sensitivity in polar bears.  These baseline data (Owen & Bowles 2011) can be used to 

develop biologically-relevant protective guidelines for industrial/human activity in 

sensitive polar bear habitat.   

 

Priority areas that should take precedence within this research area: 

While it is difficult to foresee the variety of ways polar bears in zoos could be used to better 

understand the behavioral and physiological ecology of polar bears, some recent themes have 

emerged as important contributions that could be made in the coming years. 

Priority Areas: 

1. Improve and validate methods for monitoring exposure to stressors and the state of 

chronic stress via cortisol in hair and urine or other metrics from blood.   



 

 

2. Identify the seasonal timing of hair growth and rates of growth and the factors that affect 

these metrics, such as food intake, nutritional condition, size, age, sex, and environmental 

conditions to improve use of hair as an ecological monitoring tool for wild polar bears. 

3. Continue to improve estimation of energetic costs in polar bears including identifying the 

primary factors affecting these costs, such as sex, age, and environmental conditions. 

These efforts should include quantification of the energetic costs of reproduction, 

lactation and growth.  

4. Develop a detailed understanding of social communication in polar bears and determine 

how rapid environmental change may compromise mate search, courtship, social spacing 

and maternal care.  

5. Identifying stimuli to both attract and deter polar bears. Attractants would be invaluable 

for improving capture rates for hair sampling devices. Studies of deterrents may be 

invaluable for improving co-existence for human activities in polar bear habitat. 

6. Better understand macro and micronutrient requirements, including relationships 

between intake and weight gain, to better understand implications of changing diets. 

7. Describe the range of maternal care behaviors that are correlated with successful cub 

rearing. 

 

How work with zoo bears provides information that cannot be obtained from wild bears. 

 Studies of physiology and behavior of polar bears in zoos is critical to augmenting the 

information that can be obtained in studies of free-ranging bears.  Limitations to polar bear 

physiology cannot be assessed for animals in the wild, nor is it possible to directly observe polar 

bears to validate relationships between collar data and bear behavior.  Thus, these components 

of polar bears studies are only possible with the capacity to study and access polar bears in the 

zoo setting. 

Work currently proposed, underway or not yet published. 

 Several studies have been recently proposed, including a study of hair growth rates, a 

comparison of micronutrients in polar bear serum between wild and zoo bears, an evaluation of 

optimal dietary macronutrient ratios, estimation of stable isotope discrimination in the lipid 

and protein components of blood serum, and a study of bear behavior for improving hair 

collection.  These studies are in various stages of preparation including obtaining permits and 

funding.  We are not aware of other studies that are underway. 

  



 

 

References 
 
Durner, G.M., D.C. Douglas, S.E. Albeke, J. P. Whiteman, S.C. Amstrup, E.S. Richardons, R. R. 

Wilson, and M. Ben-David.  2017.  Increased Arctic sea ice drift alters adult female polar 
bear movements and energetics.  Global Change Biology 23:3460-3473. 

McKinney, M.A., E. Peacock, and R.J. Letcher. 2009.  Sea ice-associated diet change increases 
the levels of chlorinated and brominated contaminants in polar bears. Environmental 
Science and Technology 43:4334-4339. 

McKinney, M.A., T.C. Atwood, S. Pedro, and E. Peacock.  2017. Ecological change drives a 
decline in mercury concentrations in Southern Beaufort Sea polar bears. Environmental 
Science and Technology 51:7814-7822. 

Owen, M.A., R.R. Swaisgood, C. Slocomb, S.C. Amstrup, G.M. Durner, K. Simac, and A.P. Pessier. 
2015.  An experimental investigation of chemical communication in the polar bear. Journal 
of Zoology 295:36-43. 

Owen, M.A. and A. E. Bowles. 2011. In-air auditory psychophysics and the management of a 
threatened carnivore, the polar bear (Ursus maritimus). International Journal of 
Comparative Psychology. 24, 244-254  

Pagano, A.M., A. Cutting, N. Nicassio-Hiskey, A. Hash and T.M. Williams.  2018a.  Energetic costs 
of aquatic locomotion in a subadult polar bear.  Society for Marine Mammalogy DOI: 
10.1111/MMS.12556. 

Pagano, A.M., G.M. Durner, S.C. Amstrup, K.S. Simac, and G.S. York. 2012.  Long-distance 
swimming by polar bears (Ursus maritimus) of the southern Beaufort Sea during years of 
extensive open water. Canadian Journal of Zoology 90:663-676.s 

Pagano, A.M., K.D. Rode, A. Cutting, M.A. Owen, S. Jensen, J.V. Ware, C.T. Robbins, G.M. 
Durner, T.C. Atwood, M.E. Obbard, K.R. Middel, G.W. Thiemann, and T.M. Williams. 2017. 
Using tri-axial accelerometers to identify wild polar bear behaviors. Endangered Species 
Research 32:19-33 

Pagano, A.M., Robbins, C.T., Carnahan, T., Owen, M.A., Batson, T., Wagner, N., Hash, A., 
Williams, T.M. 2018b. Costs of locomotion in two large plantigrade carnivores: polar bears 
and grizzly bears. Journal of Experimental Biology 221, jeb175372 

Pagano, A.M., G.M. Durner, K.D. Rode, T.C. Atwood, S.N. Atkinson, E. Peacock, D.P. Costa, 
Owen, M. A. and T.M. Williams.  2018c.  High-energy, high-fat lifestyle challenges an Arctic apex 

predator, the polar bear. Science: 359:568-572. 
Rode, K.D., C. A. Stricker, J. Erlenbach, C. T. Robbins, S. G. Cherry, S. D. Newsome, A. 

Cutting, S. Jensen, G. Stenhouse, M. Brooks, A. Hash, and N.  Nicassio . 2016. Isotopic 
Incorporation and the Effects of Fasting and Dietary Lipid Content on Isotopic Discrimination 
in Large Carnivorous Mammals. Physiological and Biochemical Zoology. DOI: 
10.1086/686490. 

Ware, J.V., K.D. Rode, A.M. Pagano, J. Bromaghin, C.T. Robbins, J. Erlenbach, S. Jensen, A. 
Cutting, N. Nicassio-Hiskey, A. Hash, M. Owen, and H.T. Jansen. 2015. Validation of mercury 
tip-switch and accelerometer activity sensors for identifying resting and active behavior in 
bears. Ursus: 26(2):86-96, doi 10.2192/URSUS-D-14-00031.1. 



 

 

Ware, J.V., K.D. Rode, J.F. Bromaghin, D.C. Douglas, R.R. Wilson, E.V. Regehr, S.C. Amstrup, G. 
Durner, A.M. Pagano, J. Olson, C.T. Robbins, and H.T. Jansen. 2017.  Habitat degradation 
affects the summer activity of polar bears.  Oecologia 184:87-99. 

 

 

  



 

 

Polar Bear Human Coexistence  

Advisor:    Geoff York, Polar Bears International 
Co-Advisors:   Liz Larson, Utah’s Hogle Zoo  
 Dr. Randi Meyerson, Detroit Zoological Society 
 Dr. Tom Smith, Brigham Young University 
 
Explanation of the research focus area in relation to polar bear conservation. 

Throughout the world, nothing symbolizes the Arctic more than the polar bear. The largest of 

the terrestrial carnivores, this magnificent mammal is uniquely adapted to live on Arctic sea ice 

and, over the millennia, they have become an essential part of the cultures and economies of 

indigenous peoples throughout the circumpolar Arctic.   

Our rapidly warming climate poses several negative consequences for the Arctic including 

significant changes to the timing of sea ice formation and break up, spatial extent, and 

thickness or volume. Impacts of these habitat changes on polar bears are well documented 

from several areas.  For example, in Western Hudson Bay, progressively earlier breakup and 

lengthening of the open water period have already resulted in the decline in the annual survival 

rate of cubs, sub adults, and the oldest bears. These negative changes have led to a decline in 

total population size of more than 22% between 1987 and 2018. 

Due to continuing loss of their preferred sea-ice habitat, it is expected that polar bears will 

spend more time on land across their range. The loss of heavy sea ice cover is concurrently 

leading to increased human interest and activity in the Arctic as well, especially resource 

extraction efforts- both on and offshore. Spending increased time onshore, and likely in greater 

numbers, exposes polar bears to both nutritional stress and increasing human activity in the 

Arctic coastal areas. More people and more polar bears will likely be using the same coastal 

areas resulting in greater interaction between bears and humans- interactions that historically 

end badly for the bears and sometimes for people as well.  

 

To date, whereas polar bear human encounters are common, polar bear attacks on humans 

remain rare. However, reporting from across the Arctic suggests a general trend toward more 

polar bear human encounters and incidents. Wildlife managers link this to more bears spending 

more time ashore in places that are less accustomed to their presence, combined with 

increased human use of the landscape (tourism, enhanced local use, and industrial exploration). 

 

However, there are some bright spots – in the past three years, a project in the Canadian 

community of Arviat helped bring defensive kills of polar bears from several each year down to 

zero in 2012/13 despite having numerous polar bears in and around the community. Similar 

projects in Manitoba, Canada, Chukotka, Russia and in Alaska, USA have also helped reduce 



 

 

conflict deaths and damages. The Polar Bear Range States have also identified this issue as a 

priority and have created an international Conflict Working Group to share data, monitor 

trends, and promote best practices. 

Our remit is to support the work of regional and National authorities as they seek to develop 

improved information and new tools to further mitigate negative polar bear human 

interactions. 

Examples of work that has happened in zoo settings and how it has complemented or 

informed our understanding of polar bear biology and management. 

In the past five years, studies of polar bear physiological and behavioral ecology have 

been conducted in zoos and applied to better management of polar bears in the wild.  These 

include:   

o Creation of the first ever polar bear audiograms providing new insight into their 

hearing abilities. This new information is directly useful when looking at issues of 

potential disturbance from industry or tourism and in examining potential 

deterrent tools to mitigate conflict. (Owen and Bowles 2011) 

o Studying polar bear chemical communication to better understand social behavior, 

including breeding (Owen et al. 2015). Little has been known about how polar 

bears communicate and maintain social relationships out on the sea ice.  Habitat 

fragmentation associated with sea ice has been identified as a potential factor that 

could disrupt breeding behavior in the spring.  This study provided baseline 

information needed in better understanding potential implications of changing 

habitat conditions on social interactions. Olfactory communication may also be 

relevant to deterrent tool development. 

o New research efforts to understand polar bear olfaction and vision are also in 

discussion for ex situ facilities in partnership with Dr. Tom Smith at BYU. 

 

Where is additional research needed? Three priority areas that should take precedence 

within this research area: 

Priority Areas: 

1. Initiate research on polar bear olfaction and vision to better inform the development and 

application of potential deterrent tools and methods.   

2. Initiate testing of non-harmful deterrent tools such as strobe lighting and specific sounds 

to examine their efficacy in potential use as a deterrent option. 



 

 

3. Transfer existing knowledge on use of behavioral training in a zoo setting to front line 

polar bear managers regarding the application of deterrent tools and methods for 

maximum effect. 

 

How work with zoo bears provides information that cannot be obtained from wild bears. 

 Studies of physiology and behavior of polar bears in zoos is critical to augmenting the 

information that can be obtained in studies of free-ranging bears.  Limitations to polar bear 

physiology cannot be assessed for animals in the wild, nor is it possible to directly observe polar 

bears to validate relationships between collar data and bear behavior.  Thus, these components 

of polar bears studies are only possible with the capacity to study and access polar bears in the 

zoo setting. 
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Explanation of the research focus area in relation to polar bear conservation. 

A reduction in the availability of Arctic sea ice upon which polar bears hunt is resulting in 

decreased female body weights, increased reproductive intervals, and is predicted to negatively 

impact litter sizes. Reproductive success is essential to species survival and reduced fecundity is 

often a precursor to a population’s decline. Given the impending crisis facing wild bears, the 

advancement of reproductive monitoring techniques will provide enhanced methodologies to 

better determine how the species is coping with the changing environment.  

Anthropogenic impact, such as human-induced climate change and environmental 

contaminants, may impact fertility of polar bears, but the ability to assess the intricacies of 

reproduction in this species is hindered by a lack of technologies to monitor them.  

In females, there is no established method to diagnose pregnancy or to distinguish true 

pregnancy from pseudo-pregnancy; therefore, rates of pregnancy loss cannot be determined. In 

males, there are challenges associated with the collection of semen, so knowledge of baseline 

gamete biology is deficient. The zoo managed population of polar bears provides valuable 

opportunities to develop improved monitoring approaches that may enhance our 

understanding of how various factors impact the reproductive physiology of wild bears.  

Because samples can be collected regularly from the ex situ population, the concentrations and 

fluctuations of specific hormones and biomarkers can be characterized in controlled settings 

and throughout the lifetime of an individual, an impossible endeavor when considering the wild 

population.  

 

Examples of work that has happened in zoo settings and how it has complemented or 

informed our understanding of polar bear biology and management. 

Recently, a growing number of reports have stemmed from research of the ex situ population 

and have provided insight into the unique medley of reproductive phenomena experienced by 

this species: 

● Fecal and urine progesterone and testosterone metabolite analyses have yielded 

understanding of ovarian activity, including timing of ovulation and re-activation of the 

corpus luteum in females that have bred. Progestagen analysis of females which were 



 

 

housed without males or with non-intact males has provided verification that true 

pseudopregnancy does exist in this species (Stoops et al., 2012, Steinman et al., 2017, 

Knott et al., 2017).   

● A comparative proteomic analysis of fecal proteins indicated that the concentrations of 

specific proteins and protein fragments may be significantly higher in pregnant versus 

pseudo-pregnant females (Curry et al., 2012). Additional studies are underway to 

develop a pregnancy test for this species using fecal samples collected during 2008-2016 

from bears of known pregnancy status.  

● Fecal testosterone analysis has shown that males housed with females exhibit higher 

testosterone than those housed without females, indicating that testosterone 

concentrations may be influenced by the presence of sexually mature females (Curry et 

al., 2012).  

● An investigation of multi-institutional records has defined the polar bear breeding and 

cubbing seasons: 85% of breeding occurs between 12 February and 8 April (Curry et al., 

2012) and 74% of litters were born between 13 November and 15 December, with mean 

and median litter birth dates of 29 November (Curry et al., 2015).  

● A rapid method for collecting sperm has been evaluated. Performing urethral 

catheterization in males anesthetized with medetomidine results in a high rate (92%) of 

sperm recovery. This study has resulted in two additional interesting findings: male 

polar bears produce sperm well into their geriatric years and males also appear to 

produce sperm outside of the breeding season (Curry et al, 2016, 2017). 

● The effects of various semen extenders and sperm cryopreservation methods are being 

studied and a polar bear sperm bank has been established. Current cryopreservation 

methodologies result in a post-thaw sperm motility rate of up to 60% (unpublished; 

CREW).  

● Seasonal and reproductive impact on fecal glucocorticoid excretion was studied in a 

small group of pregnant and pseudopregnant bears (Bryant and Roth, 2018).  

glucocorticoid patterns varied among individuals and were not consistent within 

pregnancy status or across seasons.  However, the data provide a baseline for future 

studies on glucocorticoid excretion in female ex-situ managed bears.   

 

The reproduction research priorities are focused on three strategies which are in alignment 

with the Polar Bear Research Council’s Mission: 1) Use the ex situ population to better 

characterize  basic reproductive physiology and improve monitoring techniques for comparison 

and application to in situ polar bears; 2) conduct research that is necessary for maintaining a 

viable, sustainable ex situ population for scientific research with application to wild bears; and 

3) preserve the extant gene pool to prevent loss of genetic diversity that could occur due to 

environmental changes.  



 

 

 

Research Priority Areas: 

1. Improve and expand reproductive monitoring capabilities 

Although fecal steroid metabolite analysis provides insight into reproductive processes, no 

definitive diagnostic indicators of ovarian activity and pregnancy have been validated.  

Efforts should be made to further investigate non-invasive (feces, urine, saliva, other) and 

minimally invasive (serum) biological matrices and novel approaches to expand and improve 

the ability to monitor reproductive processes.   

 

1.1 Establish methods to diagnose pregnancy. Currently, there is no method to diagnose 

pregnancy in this species. While it may be possible to detect a developing fetus via trans-

cutaneous or trans-rectal ultrasound, pregnant wild bears would be denning during this 

time, limiting the usefulness of this technique.  Other efforts to characterize reproductive 

structures (non-gravid uterus, follicular development) via ultrasonography are difficult due 

to the small size of the reproductive tract relative to the large abdomen.  It is plausible that 

two unique pregnancy tests will be required for pregnancy detection at two distinct phases 

of pregnancy: embryonic diapause and placental pregnancy. The ability to diagnose and 

monitor pregnancy would provide insight into where the reproductive process is failing and 

may allow potential impacts of environmental factors on pregnancy rates to be assessed.  

 

1.2 Determine stimulus required to induce ovulation. Although it is generally agreed that 

polar bears are induced ovulators, the precise stimulus required for ovulation to occur is 

unknown. A growing number of anecdotal reports suggest that females housed in 

proximity, but without access, to males may ovulate, and that females housed without 

males exhibit evidence of ovulation based on their fecal steroid metabolite profiles. Can the 

incidence of ovulation versus follicular luteinization be determined? Can a luteinized follicle 

function in the same manner as a corpus luteum (CL) in terms of maintaining 

pregnancy/pseudopregnancy? 

 

1.3 Characterize regulation of emergence from embryonic diapause.  Indubitably, 

photoperiod is the primary driver of the cascade of events leading to corpus luteum 

reactivation and the emergence of the embryo from diapause. However, it may not explain 

the variation in cubbing dates, so it is likely that other factors, such as body condition, 

number of CL, hormone receptor sensitivity, or other variables may interact to influence the 

precise timing of implantation. Understanding which environmental and/or physiological 

factors regulate the embryo’s emergence from diapause and implantation is necessary to 

further elucidate the causes of reproductive failure and may illuminate threats which may 

impact reproduction in situ.   



 

 

 

1.4 Determine the point at which the reproductive process fails. Currently, it is impossible 

to determine if reproductive malfunction is a result of fertilization failure, developmental 

arrest post-fertilization, unsuccessful embryo implantation, or fetal loss post-implantation. 

Pinpointing the period at which reproductive loss is occurring is an essential step towards 

identifying and addressing the cause. 

 

1.5 Further investigate steroid hormones and biosynthesis pathways. There are some 

reports describing steroid metabolites in urine and feces in serially collected samples, but 

further research is warranted to elucidate patterns of steroid hormone ratios, steroid 

precursors, as well as their relationship with corticosteroids to better understand steroid 

biosynthesis pathways.  

 

1.6 Characterize temporal trends in non-steroid hormones.  Fecal and urinary steroid 

metabolite excretion patterns have been described in polar bears, but little is known about 

the fluctuations in the less stable protein hormones, such as relaxin, prolactin, LH, FSH, etc., 

that orchestrate reproductive events. Serum can be collected at regular intervals from the 

ex situ population to establish normal patterns and such tools would have value in 

monitoring the in-situ population from which only a single sample can be obtained.  

 

1.7 Investigate biomarkers of metabolism and their relationships to reproduction. A recent 

report of the ex situ population examined sexual maturation and fecal T3 concentrations, 

but additional research is needed to further understand the interactions among circulating 

and excreted metabolism markers and reproductive processes. Studies on wild bears have 

suggested a relationship between PCBs and serum thyroid hormone, so it is plausible that 

environmental contaminants are affecting both metabolic and reproductive processes. 

 

2. Identify factors impacting reproductive success  

At present, nearly all zoo managed polar bears of reproductive age in the U.S. are observed 

breeding; however, very few produce cubs each year. It is generally unknown as to why some 

zoo managed bears produce cubs and others do not, despite exhibiting normal copulatory 

behaviors. Identifying factors or management strategies among individuals and institutions that 

experience reproductive success may allow predictions to be made on potential causes of 

reproductive failure in wild bears. Maintaining a viable ex situ population is essential in serving 

research needs. Currently, the ex situ population is not self-sustaining due to low reproductive 

success in recent years.  

 



 

 

2.1 Determine the optimal body condition and nutritional status for cub production. 

Reports of the wild population indicate that a specific body weight must be obtained prior 

to denning if the female is to emerge with cubs in the spring, but it is unknown as whether 

specific dietary components or fat type contributes to reproductive success. The zoo 

managed population provides opportunities to longitudinally monitor a female’s body 

weight, composition, and/or body condition in relation to reproductive status. Additionally, 

diets can be defined and controlled for comparative studies. Extrapolations may be made to 

the in-situ population of bears, which may resort to alternate, land-based food sources 

when sea ice is deficient for hunting seals. 

 

2.2 Evaluate the effects of housing and/or management strategies on reproductive 

success. The results of a recent survey indicated that relationships with conspecifics and the 

effects of group housing may impact pregnancy establishment or the production of cubs. 

Research is needed to further elucidate the relationships and social interactions of bears 

housed together, which may have implications for wild bears who are forming large mixed-

sex groups as they wait for ice to form.  Research on social interactions may shed light on 

how wild bears may be impacted under new social arrangements and competition for food.  

 Additionally, environmental disturbances such as light and noise pollution, and the use 

of cleaning agents and their effects on fertility and reproduction warrant further study.  

  

2.3 Determine the genetic relatedness of individuals. DNA analysis of the zoo managed 

population may more appropriately drive breeding recommendations to maximize genetic 

diversity. A robust, genetically diverse ex situ population is necessary to conduct scientific 

research which may be applicable to wild bears. 

 

2.4. Develop and utilize assisted reproductive technologies (ART) to maintain a research 

population and to preserve valuable genetics. Techniques warranting investigation may 

include the use of exogenous hormones to control ovarian activity, optimizing AI 

techniques, oocyte collection and in vitro oocyte maturation, in vitro fertilization, and 

embryo transfer.   

 

3. Assess reproductive anatomy. There is little data on the basic anatomy of polar bear 

reproductive systems. Immobilizations and necropsies provide opportunities to visualize and 

evaluate reproductive tracts and to collect and cryopreserve gametes to preserve valuable 

genetic material.  

 

3.1 Continue and expand efforts to collect and cryopreserve semen. The volume and 

sperm concentration of a normal ejaculate is unknown in this species. The collection of 



 

 

semen provides opportunities to evaluate sperm morphology and other quality traits (e.g.- 

acrosome and DNA integrity) and would allow characterization of sperm parameters 

throughout the year as well as analysis of the components of seminal fluid.  Sperm 

collection and cryopreservation should be optimized and made field-friendly so that sperm 

from both zoo-managed and wild bears can be stored long-term. The collection and 

evaluation of sperm from wild males would allow the impacts of body condition, season, 

and potential deleterious effects of environmental contaminants to be assessed.  

 

3.2 Characterize peri-vulvar dermatitis. Nearly all zoo managed females exhibit some 

degree of peri-vulvar dermatitis. Although it does not appear to extend into the vaginal 

mucosa, this finding warrants further investigation due to the severity of clinical 

presentation in many cases. Research needed includes, but is not limited to, the 

development of a standardized grading scale, assessing treatment efficacy, determining 

etiology, and documenting the prevalence in wild populations.  

 

3.3 Utilize tissues collected post-mortem. The examination of reproductive tracts collected 

post-mortem may provide additional means to collect sperm as well as the chance to 

develop methods of oocyte in vitro maturation and in vitro fertilization. The gross anatomy 

of excised tracts should be documented, and tissues should be preserved for 

histopathology.   

 

How work with zoo bears provides information that cannot be obtained from wild bears. 

Data obtained from the wild population produces a snapshot of information, but the zoo 

managed population provides opportunities to collect serial samples from an individual(s) 

throughout an entire year to better characterize the factors that may impact the reproductive 

physiology of this species. Individuals in the ex situ population have well-defined histories and 

can be maintained in controlled environments; therefore, variables such as photoperiod, 

nutrient intake, body condition, contaminant exposure, and social context can be controlled, 

manipulated, measured and evaluated.  

 

Reproductive studies currently underway or not yet published. 

Reproductive monitoring: 

- Pregnancy diagnosis- Investigation into specific fecal proteins as biomarkers of pregnancy 

(CREW) 

- Pregnancy diagnosis- Fecal volatile organic compound (VOC) analysis (collaboration between 

CREW and Dr. Abbey Wilson at University of Saskatchewan) 

- Pregnancy diagnosis- Fecal metabolomics profiling (collaboration between CREW and 

Cincinnati Children’s Hospital Medical Center) 



 

 

- Sexual maturation study (CREW, on-going. Sample collection end date Dec 2018) 

 

Identify factors impacting reproduction 

- Long-term effects of contraception on reproduction in polar bears (CREW, manuscript in 

preparation) 

- Reproductive survey- distributed to North American AZA and European populations (CREW, in 

process) 

-Nutrition and body weight during pregnancy (Toronto Zoo, in process) 

 

Physiological assessments of reproductive systems 

- Semen collection and cryopreservation, both at physical examinations and post-mortem 

(CREW, Toronto Zoo) 

- Polar bear sperm morphology (CREW, tentative) 

- Laparoscopy and ultrasonography of the female polar bear (Justine O’Brien, SeaWorld & 

Busch Gardens Reproductive Research Center (SWBGRRC), Todd Robeck (SWBGRRC), and 

Dean Hendrickson, Colorado State) 

-Vaginal endoscopy, endocrine data (paired fecal and urine), and AI (Justine O’Brien, Karen 

Steinman (SWBGRRC), and CREW)  
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Explanation of the research focus area in relation to polar bear conservation.  

 

The Veterinary Medicine Research subcommittee identified health and welfare concerns of wild 

and zoo managed polar bears, trends in pathology, and the threat of emerging diseases in a 

warming arctic as their top priorities.  Though the greatest threat to polar bears is loss of sea 

ice, disease related factors were identified as important criteria both for their 2008 listing 

under the Endangered Species Act (USFWS, 2008) and for recovery in the 2016 USFWS Polar 

Bear Conservation Management Plan (USFWS, 2016).  

 

A warming and changing Arctic environment is having significant effects on wild polar bears, 

especially the more southern sub-populations. Shorter annual periods of sea ice availability, 

with corresponding shorter periods of time for bears to hunt ice seals, has been associated with 

declining body condition, reproductive success, survival, and abundance. Poor body condition 

decreases immune function, making the bears more susceptible to pathogens, as well as the 

effects of fat-soluble toxins, as their fat supplies become depleted.  Additionally, a warming 

environment, with a greater ice-free period, increases exposure to infectious diseases, both 

through increased concentration of conspecifics and other species affiliated with human 

settlements, as well as northern migration of novel pathogens and vectors (Fagre et al., 2015).  

As the loss of sea ice continues unabated, greater exposure to pathogens and parasites has the 

potential to adversely affect the health of the polar bear populations.   

 

While types of impact, such as starvation, decreased reproduction and immune function, and 

increased susceptibility to disease are easy to predict; studies of the S. Beaufort Sea polar bears 

demonstrate that the specific effects on the differing subpopulations are not. Differing lengths 

of time on shore, types and levels of food source availability, and prior exposure to pathogens 

were all shown to have significant effect on the health status of individual bears (Atwood et.al 

2017; Neuman-Lee et. al 2017). 



 

 

While a major focus of the polar bear research masterplan is to facilitate ex-situ research to 

help answer in-situ questions, the plan also prioritizes the need to continue working on the 

health and welfare concerns of the zoo managed polar bear population.  

 

Examples of work that has happened in zoo settings and how it has complemented or 

informed our understanding of polar bear biology and management. 

Gene transcription studies to assess ecological and anthropological stressors and gene 

expression (Bowen et.al, 2015). 

 

Diet trials with total control of what the polar bears are consuming (Rode et al., 2016). 

 

Use of zoo bears to develop and validate new technologies in a controlled environment 

(Pagano et al., 2017).  

 

Bears in our care, with known health histories, exposure locations and the ability to provide 

sequential blood samples offer information related to pathogenic titers (Neuman-Lee et. al., 

2017; Dutton et al., 2009). 

Research Priority Areas: 

Given the expanse of the study of polar bear health, many of the issues identified in this section 

of the document will also be included in other areas of the Polar Bear Research Masterplan.   

Additionally, this section not only looks at veterinary issues involving wild polar bears, but the 

health and welfare of bears in managed ex-situ.  

 

1) Veterinary health and welfare 

Zoo managed polar bears face several challenges that may have an impact on their welfare. 

The success of the ex-situ population depends on each individual bear’s ability to thrive. 

Therefore, identifying factors in the physical and social environments that contribute to 

positive welfare is critical. In addition to being an important conservation education 

ambassador for climate change, these bears also provide us the opportunity to better 

understand how current and future environmental changes and challenges are and will 

affect their wild populations as well. 

▪ Poor reproductive success 

▪ Nutrition-hand-rearing of wild and zoo managed orphans, effects on reproduction, 

seasonal variation 

▪ Geriatric bear care-diet, arthritis, dental issues 



 

 

▪ Dermatological issues-such as: relationship to nutritional status, immune function, 

reproductive status, water quality.  Correlations between zoo and wild occurrences.  

▪ Effects/adaptation to higher thermal temperatures  

▪ Behavioral and physiological causative and indicators of stress and ameliorators 

 

2) Pathology  

▪ Establish/Centralize tissue and plasma banks in US and Canada 

▪ Establish necropsy protocols (field vs. zoo/necropsy facility) which facilitate 

collaborations and comparisons between zoo managed and wild polar bears.  

Including “how to” photographic documentation, morphometrics. 

▪ Coordinate retrospective and prospective necropsy data 

▪ Sampling techniques: [histology, cytology, virology, toxicology, parasitology, 

biotoxins, genetics] 

▪ Creation of a brief instructional video for necropsy procedures 

  

3) Emerging diseases 

The threat of emerging diseases to polar bears, due to climate change and the resultant 

warming Arctic were identified in the 2008 ESA listing of the species and the 2016 USFWS Polar 

Bear Conservation Management Plan.  Concerns include: 

▪ Potential emerging diseases from vector migration northward as habitat warms-i.e. 

mosquitoes/WNV   

▪ Disease concerns in prey species- prey availability, cross-species transmission 

▪ Increased exposure at the human interface to infectious disease carriers, such as 

domestic dogs and cats, as polar bears seek out human food caches, and humans move 

into or spend greater amounts of time in more northern latitudes 

▪ Increased exposure to novel species as a sequela to warming (isolation, migration) or 

translocation (zoos) 

▪ Baseline assessment of infectious disease burden  

▪ Baseline characterizations of the microbiome and virome 

 

4) Technological Advancements for Healthcare 

▪ Establish a protocol for Indicators/measures of stress- i.e. Voluntary blood draw 

sampling of consecutive cortisol levels after periods of stress to help determine delay 

period between stressor and blood/fecal cortisol level changes 

▪ Development of techniques to address oiled/ill/injured bears on North Slope  

▪ Techniques and training of polar bears for non-invasive sampling and veterinary 

treatments 

 



 

 

How work with zoo bears provides information that cannot be obtained from wild bears. 

Working with bears in zoos provides multiple possibilities that facilitate, and in some cases, 

improve research opportunities.  Working with bears in our care provides the opportunity to 

select bears of known age and health status, conduct studies that require or are enhanced by 

longitudinal sampling, and as in the case with voluntary blood collection, permits sample 

collection without the need (and physiologic and psychologic stress) of sedation (Rode et al. 

2016).  

Working with bears in our care facilitates the development of new instrumentation, as well as 

its calibration, in a safer and more controlled environment (Ware JV, et al.  2016; Pagano et al. 

2017). 

Studies currently underway or not yet published. 

➢ Assessing the timing and rate of fur growth in zoo polar bears. J. Stern and K. Laidre, 

Univ. of Washington, K. Rode, USGS. 

 

➢ Evaluation and comparison of Toxoplasmosis gondii titers in wild and zoo polar bears 

and implications to the health of the polar bears and the Inupiat communities that 

harvest them. R. Meyerson and W. Shellabarger, Detroit Zoological Society. 

 

➢ Evaluation of Brown bear urine in the development of a deterrent to increasing 

occurrences of polar bear/human conflict. R. Meyerson, Detroit Zoological Society. 

 

➢ Investigating the relationship between ambient conditions and thermoregulatory 

responses in polar bears – L. Graham, WRG Conservation Foundation and University of 

Guelph.   

 

➢ Multi-institutional evaluation of peri-vulvar dermatitis in female polar bears and 

implications to welfare and health concerns in both zoo and wild bears. E. Curry, Center 

for Conservation and Research of Endangered Wildlife, W. Shellabarger, Detroit 

Zoological Society. 

 

➢ West Nile titers in zoo polar bears as indicators of threat to wild polar bears in a 

warming Arctic. R. Meyerson and W. Shellabarger, Detroit Zoological Society. 
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