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Abstract 

Global polar bear (Ursus maritimus) population numbers are expected to decline steadily 

over the next 50 years. A noninvasive genetic survey of polar bear numbers may be a 

useful addition to traditional aerial capture mark recapture (CMR) surveys undertaken 

throughout the Canadian polar bear population. We attempted a pilot study of 

noninvasive genetic survey techniques in M’Clintock Channel between May-June 2006-

2009. Throughout the survey, we compared our values to the most recent (CMR) survey, 

conducted by Taylor et al. (2006) between March-June 1998-2000 where 133 cubs, sub-

adults and adults were tagged. A total population size of 300 bears was estimated from 

this aerial CMR survey (Taylor et al. 2006). We found noninvasive sampling stations are 

sufficient for the capture of a large amount of data on individual bears in an area. Across 

4 years, we collected a total of 300 hair samples, and found between 59 and 82 individual 

bears entered our sampling stations, depending on the stringency of our identification 

parameters. We estimated genotyping error from duplicated samples, and found this was 

low (range: 0%-6%), but large enough to not be ignored. There appeared to be a 

discrepancy between the capture ratio of male adult bears; the CMR survey (1998-2000) 

captured 25% male bears, while we estimated approximately 64% of our captured bears 

were male. We felt the most likely explanation of this result is that our traps have a sex 

bias. However, further research is required to confirm this hypothesis. On the whole, our 

methods are very important for the management of polar bears, but more research must 

be done before it can be fully implemented. 
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Chapter 1 

Introduction and Literature Review 

In 2008, the United States Geological Survey released a report outlining the challenges 

threatening polar bears (Ursus maritimus) in the near future (Durner et al. 2009). The 

report warns that climate warming is expected to decrease polar bear habitat so 

drastically that their population will decrease by more than half in 50 years. Due to these 

predictions, the US banned all import of polar bear parts and products into the country, 

listing polar bears as a threatened species. Controversy still surrounds this listing, with 

both Inuit and some researchers disputing the findings (Dyck et al. 2007, Dyck and 

Kebreab 2009, Wenzel 2009).  

In total, 19 management units of polar bears exist throughout the Arctic, 13 of which lie 

either entirely or partially in Canada (COSEWIC 2008, Figure 1a).  Radio-telemetry data 

on female bears suggests overlap of most subpopulations (Mauritzen et al. 2002, Taylor 

et al. 2001), but they remain sufficiently distinct for management purposes (Aars et al. 

2006). Surveys are done on management units every 12-15 years (COSEWIC 2008), with 

the long interval between surveys due to cost. This survey frequency is sufficient for 

normal management of conservation hunting efforts, however it is not frequent enough to 

monitor the rapid decline of populations envisaged by the ban on polar bear goods. 

Recent studies on the health of polar bears in habitats with declining sea ice are largely 

focused on three management units (S. Beaufort Regehr et al. 2010, Hunter et al. 2010; 

W. Hudson Bay Regehr et al. 2007, Obbard et al. 2006; and the Chukchi Sea Durner et al. 

2009). Surveys in these areas are done every 2 years or less. This is important 
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information, but these three management units make up a small portion of the total polar 

bear population (%, COSEWIC, 2008), may have atypical polar bear behavior (Latour 

1981, Lunn 1989, Rockwell and Gormezano 2008), and have different environmental 

conditions to the rest of the population (Stirling and Parkinson 2006, Rockwell and 

Gormezano 2008). The trends observed at these intensive study areas have been applied 

throughout the population range regardless of these limitations (Thiemann et al. 2008). 

More frequent studies need to be undertaken in all management units in order to fully 

understand the scope of the problems facing polar bears across their range.  

On the whole, the scientific community agrees that the Arctic climate is changing rapidly 

(Post et al. 2009), that this change in climate will result in a decline in sea ice (Rahmstorf 

and Ganopolski 1999), and that habitat loss is a major factor in population decline of 

most species (Schmiegalow et al. 2002). All arctic species relying on sea ice are at risk 

for population decline, but the scale of impact will likely vary considerably between 

species (Burek et al. 2008). One way to complement traditional aerial surveys of polar 

bears is the use of non-invasive genetic surveys, which are less expensive (Woods et al. 

1999), and have been proven effective in other carnivore species (e.g. Boulanger et al. 

2004, Solberg et al. 2006, Straley et al. 2009, Luikart et al. 2010 and Stetz et al. 2010). In 

this thesis, I examine the feasibility of large scale noninvasive genetic surveys of polar 

bears in the Canadian Arctic. 
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1.1 Wildlife Surveys 

In a managed wildlife population, the most important metrics calculated through wildlife 

surveys are population census size and effective population size (Luikart et al. 2010). 

One of the common methods used is a capture-mark-recapture (CMR) survey. Generally, 

they are conducted in two phases: initially capturing live animals, tagging and then 

releasing them; then surveying the population again, and counting the recaptures and new 

captures (Seber 1982). Using these procedures, census size and effective population size 

often remain difficult to measure accurately, especially in rare or elusive species. 

Traditional CMR surveys may fail when extremely elusive, rare or hard to handle species 

are studied (Petit and Valerie 2006). A large number of captures are required for analyses 

to be accurate (Mills et al. 2000), which can be costly when working with large 

mammals. Another group of methods are simpler sign surveys that have been used to 

obtain population information at lower cost. In the case of bears, such surveys consist of 

following trails and visually looking for signs of bear density (Heinemeyer et al. 2008). 

In theory, areas of high bear abundance should have more frequent bear sightings and 

more fresh bear prints, hair snags and scat. Sign surveys based on tracks can be more 

useful than microscopic hair surveys alone due to the ability to measure pad size, thus 

offering a general idea of the number of unique individuals sampled. Sign surveys are 

still used throughout Africa, and photographic track surveys are used in Southern Africa 

to monitor populations of  rhinos (Jewell et al. 2001). However, there are many 

limitations with the collection and analysis of such data, due to similarities between 

individuals tracks. 
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The advent of modern, non-invasive genetic identification methods circumvents 

difficulties of recognizing individuals from their signs (Garshelis 2006). The first use of 

non-invasive genetic techniques were on Pyrenean brown bears (Ursus arctos) in Europe 

(Taberlet and Bouvet, 1992). With large carnivores (including bears), the traditional 

survey methods of darting and tagging are difficult due to individuals being rare, 

secretive and elusive, and therefore difficult to track and trap (Kendall et al, 1992).  

Noninvasive genetic sampling has since been used in a number of bear wildlife 

population surveys (e.g. Boulanger et al. 2006, Gervasi et al. 2008, Immell and Anthony 

2008, Brøseth et al. 2010, Gardner et al. 2010, Harris et al. 2010). The noninvasive 

sample collection method can vary. Faecal or hair samples can be collected 

opportunistically along trails or at rub sites (faecal: Harris et al. 2010, rub sites: Gervasi 

et al. 2008). In other surveys, baited stations or traps are placed throughout the population 

range using systematic sampling designs (Gervasi et al. 2010), and in some cases a 

combination of  opportunistic and systematic sampling approaches (De Barba et al. 

2010). Early studies relying on low quality DNA sources were often inconclusive due to 

concerns over high genotyping errors. However studies recent have demonstrated 

reduced error rates, comparable to those of tissue plugs and blood samples (Beja-Pereira 

et al. 2009, see necessary laboratory precautions discussed below). The Ursid family has 

been extensively surveyed with noninvasive techniques (black bears (Ursus americanus, 

Triant et al. 2004, Dreher et al. 2007), as have American brown bears (Ursus arctos, 

Kendall et al. 2009, Stetz et al. 2010) and panda bears (Aliuropoda melanoleuca, Durnin 

et al. 2006)).  
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In order for population data to be collected using noninvasive means, survey methods 

must first be tested in the field and laboratory. This includes sample collection 

techniques, DNA extraction, individual identification techniques, and data management 

and analysis methods (Valière et al. 2006). 

1.1.1 DNA Collection and Extraction 

Non-invasive DNA collection techniques may be divided into two categories: passive and 

active sampling. Passive sampling can either be done indirectly (opportunistic) or directly 

(systematic, e.g. the use of traps). Indirect collection does not include setting up any type 

of trap, but instead collecting samples such as faeces or shed hair while walking along 

tracks or trails (Beja-Pereira et al. 2009). Direct collection consists of setting up sampling 

stations (traps) along high traffic areas on trails or at movement bottlenecks such as 

highway underpasses, or near objects the target species is likely to visit, (e.g. rubbing 

sites). Active traps, on the other hand, consist of stations where the species is attracted to 

the sampling station itself either with scent or bait. Hair corrals and tree/post snares are 

the most commonly used of these active techniques. Tree or post snares are trees or posts 

wrapped in barbed wire, with bait attached on top (Woods et al. 1999). Hair corrals are 

the most common type of active sampling station, and usually consist of one string of 

barbed wire pulled taut so a central bait or lure is far enough from the wire that an 

individual must enter the trap to inspect it. For bears, Woods et al. (1999) compared 

several variations of corrals and post stations, finding a corral to be most efficient. 

Boulanger et al. (2006) found a single strand of barbed wire at a height of 60cm was 

sufficient to record bear family groups entering a station.  
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Placement of sampling stations dictates the population inference possible from the 

sampling stations. One important component of these models is that each individual in a 

population has an equal probability of capture (Long and Zielinski, 2008). Generally, 

each home range-sized area should include one or more sampling stations, depending on 

individual density within the range (Otis et al. 1978, Karnath and Nichols 2002, 

Boulanger et al. 2008). This ensures that each animal in a population will be sampled 

during the course of its normal movements. 

There are several methods of DNA extraction once sources of DNA such as hair or faeces 

have been collected (Poole et al., 2001). The two protocols most often used in wildlife 

management surveys are silica and chelex based extractions. Chelex extractions can be 

done quickly and at a low cost (Beja-Periera et al. 2009), however the extracted DNA is 

not always pure, and the process itself can inhibit subsequent PCR amplification (Rossen 

et al. 1992).  Silica protocols are found in several commercial kits, such as the QIAGEN 

DNeasy Blood and Tissue kits (cat#69506). Although more expensive than their chelex 

counterparts, silica protocols often have markedly better yields of DNA (Bhagavatula and 

Singh, 2006), with little inhibition of PCR. 

1.1.2 Individual Identification via Microsatellite Genotyping 

Microsatellites are standard genetic markers used in population genetics, population 

dynamics and forensic science research. Their abundance in eukaryotic genomes, along 

with the ability of PCR to amplify sequences from small samples, and the fact that alleles 

are co-dominant and easily scorable through automated gel electrophoresis make them 

extremely useful compared to other methods  (Paetkau and Strobeck 1998). 
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Microsatellites are short tandem repeats of nuclear DNA (e.g. CAGCAGCAG or 

CACACACA), and although their function within the genome is not well understood, 

their polymorphisms have important uses in the fields of population genetics and forensic 

science. Originally microsatellites were assumed to be nonfunctional, ‘neutral’ markers, 

and although this appears to remain a valid assumption, some studies suggest 

microsatellites can be subject to selection (Kashi and Soller 1999, Neff and Gross 2001). 

Microsatellite alleles are thought to arise by two mechanisms during DNA replication: 

slipped-strand mispairing (Levinson and Gutman 1987) and recombination (Smith 1976, 

Jeffreys et al. 1994). In slipped-strand mispairing, a DNA strand in the process of 

replication disassociates from the template strand, re-anneals at a different location on the 

template strand due to the microsatellite repeats and continues replicating. This causes 

either shorter or longer final sequences to be created. Recombination can affect 

microsatellite length through unequal crossing over or through gene conversion (Hancock 

1999). In unequal crossing over, two DNA strands that are misaligned cross over, and 

exchange unequal portions of DNA (Smith 1976). Gene conversion is the transfer of 

genetic information in one direction through recombination, thought to arise as a result of 

DNA damage (Jeffreys et al. 1994). Slippage appears to be the major factor in the 

creation and elongation of microsatellites, but the possibility of recombination cannot be 

ignored (Hancock 1999). The above technical details are critical in determining which of 

a large number of potential microsatellite markers prove useful for a given application, 

insofar as they affect marker properties such as ease of PCR amplification, the level of 
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heterozygosity and number of alleles at a locus, the likelihood of allelic dropout or other 

genotyping errors.  

In wildlife studies, a multi-locus genotype is used to distinguish individuals, compiled 

from several variable microsatellite loci. In the case of polar bears, Paetkau et al. (2004) 

found the optimal number of loci to be 6; sufficient to keep error relatively low, while 

still arriving at an unique genotype for each individual at relatively low cost. 

1.1.3 Genotyping Error 

Genotyping error is an important consideration in noninvasive genetic surveys, yet is an 

issue that goes underreported in many studies (but see van Oosterhout et al. 2004, 

Mckelvey and Schwartz 2005, Pompanon et al. 2005, Beja-Pereira et al. 2009, Luikart et 

al. 2010). The need to understand and account for genotyping error in forensic science as 

well as wildlife studies has led to a number of studies on the causes of error and 

procedures to mitigate their effect in non-invasive genetic studies (Pompanon et al. 

2005).  

Genotyping error is defined as a difference between the reported genotype, and the true 

genotype for a sample, not including failed PCR or extractions (Pompanon et al. 2005). 

The three main causes of genotyping error include false alleles, allelic dropout, and 

human error (Beja-Pereira et al. 2009, Pompanon et al. 2005). False alleles are novel 

alleles created due to a slippage event in an early PCR cycle, which are then replicated to 

a significant level in the absence of large amounts of original DNA template (Taberlet et 

al. 1996). Allelic dropout occurs when a locus is scored as homozygous in an individual, 
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when the true genotype is heterozygous (Taberlet et al. 1996). This occurs when only one 

of two alleles amplifies in the PCR. Human error encompasses a wide range of 

phenomena, ranging from cross contamination in the field or lab, to miss-labeling tubes 

or miss-scoring genotypes, or entering incorrect information during any of several stages 

of data assembly. Human-induced error is the most common source of genotyping error 

(Paetkau 2003), and is difficult to eliminate completely or estimate accurately; one study 

showed over 93% of their genotyping errors were human-induced (Hoffman and Amos 

2005). Allelic dropout is the most common of the non-human induced error (Beja-Pereira 

et al. 2009).   

There are many approaches to dealing with genotyping error. Careful selection and 

optimization of marker loci can reduce problems significantly, while the inclusion of 

additional markers confers redundancy. Both these approaches add to the cost and time 

required for analyses. More specifically, four analytical methods have been developed to 

track error rates (Beja-Pereira et al. 2009): 1) the multiple tube approach in which 

multiple PCRs are done for each (or a set proportion of) sample and compared (Taberlet 

et al. 1996); 2) a DNA concentration-dependent multiple-tubes approach where sample 

concentration is first adjusted across multiple PCR’s and the  subsequent reactions 

adjusted from these results (Morin et al. 2001); 3) use of computer algorithms to flag 

error prone loci (Van Oosterhout et al. 2004, McKelvey and Schwartz 2005), test for 

Hardy-Weinberg equilibrium departures (Van Oosterhout et al. 2004), or estimate total 

error in replicated sample analyses (Johnson and Haydon 2007); and 4) modeling error 

rates during statistical analyses of population size (Lukacs and Burnham 2005, Knapp et 
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al. 2009). The main ways to minimize human-induced error include education about 

common errors and vigilance during lab work and sample collection; along with periodic 

double-checks at all stages of sample processing in particular the use of using double 

blind methods is advised. The acceptable level of genotyping error depends heavily on 

the purpose of a given analysis; in human forensic work minor error may be 

unacceptable, while in most wildlife surveys nonsystematic genotyping error can be 

larger without materially affecting population-level conclusions. 

1.1.4 Cost Effectiveness 

Noninvasive sampling is generally touted as being more cost effective than traditional 

sampling (for example CMR derived samples). Setting up barbed wire traps over a period 

of time and collecting hair samples is likely to be less expensive than darting animals  

requiring expensive helicopter or ground-based access methods (Woods et al. 1999, 

Solberg et al. 2006). However, noninvasive surveys can also be costly depending on field 

methods employed (Knapp et al. 2009), and whether samples have to be extracted and 

analyzed using higher cost methods such as Taberlet et al.’s (1996) multiple-tubes 

approach. Noninvasive methods may generate a significant number of additional samples, 

many of which can be from the same animal. Therefore, actual cost per sample for the 

laboratory analysis is often an important metric that is overlooked or goes unreported in 

noninvasive surveys (but see Woods et al. 1999, Tredick et al. 2007, Gervasi et al. 2008).  

Options for decreasing costs include prescreening or subsampling collected samples 

(Tredick et al. 2007) to decrease the number of PCR analyses done per sample (Dreher et 

al. 2009). The tradeoff is controlling total costs while still getting the most information 
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out of the collected data. Tredick et al. (2007) attempted to decrease costs through 

subsampling from large sets of samples at each trap. They found subsampling randomly 

or by barb-location could negatively bias population estimates. However, Dreher et al. 

(2009) argued this conclusion was specific to only one study area and species and 

therefore was not generalizable to all non-invasive studies. They took this idea further by 

simulating the impact of different subsampling regimes in model wildlife management 

surveys and found that information on the estimated number of different animals 

depositing hairs was critical in guiding subsampling in laboratory analyses. With respect 

to this thesis, one of their general conclusions was that that genotyping more than three 

hair samples per barb did not improve abundance estimates.  

1.1.5 Data Management and Analysis  

The final step in any wildlife survey is estimating the population census size from field 

data. Depending on the extent of the study, this could be an absolute or relative estimate 

of the population size (Seber and Le Cren 1967). Relative estimates have less stringent 

parameters, and can be used across years can be used to show population trends, but are 

unable to inform on total population size. An absolute estimate of population size is a 

more accurate parameter for the health of a population, provided the correct choice of 

analytical models, and appropriate survey design. Relative population estimates can be of 

great use (and more cost effective than an absolute estimate), provided the capture effort 

is characterized and standardized across years (Seber and Le Cren 1967, Royle and 

Nichols 2003). The goal of most noninvasive genetic surveys is an absolute population 

estimate, and relative population estimates are reserved for non-genetic noninvasive 
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surveys. This trend may be due to the cost of genetic analysis, with decreased laboratory 

costs, genetic surveys based on relative population estimates will become the preferred 

non-invasive method. 

Many computer programs have been developed for use in CMR studies, be they 

noninvasive or invasive (see Luikart et al. 2010, Tables 1 and 3 for an extensive but not 

exhaustive list). Survey approaches are divided into open and closed population models. 

Invasive survey methods require two or more sampling sessions, while noninvasive 

surveys appear robust with single sampling sessions (Kohn et al. 1999, Knapp et al. 2009, 

Petit and Valerie 2006, Harris et al. 2010). Closed population models assume no changes 

to the population during the survey (no change in death and birth rates, and limited  

immigration and/or emigration), whereas open population models allow for changes in 

these population parameters (Pollock 1982).  

Model choice is an important portion of any wildlife survey, many of the models do not 

require spatial data apart from a general understanding of the area being sampled (Miller 

et al. 2005), but ensuring all individuals have an equal probability of capture is often 

necessary. CAPWIRE (Miller et al. 2005), a program written for population estimation 

from a noninvasive survey, can accurately estimate population size, provided certain 

survey benchmarks are met. For example, the results are most robust  when estimating 

populations that are smaller than 100 individuals and estimates are the most accurate 

when there is capture heterogeneity (Miller et al. 2005). This last point is important, as 

programs written for traditional capture-recapture surveys are specifically not robust with 

heterogeneous capture probabilities.  
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1.2 Polar Bear Surveys 

Over the past 25 years, polar bear surveys have traditionally been conducted via 

helicopter and fixed wing aircraft, along line transects in March and early June (Stirling 

1988). The fixed wing aircraft normally acts as a spotter and is used to carry extra fuel for 

the helicopter. Transects are planned so that large geographic areas are surveyed (Taylor 

et al. 2006). Once located, bears are darted from the helicopter and sedated using Telazol 

(Tiletamine HCl and Zolazepam HCl) delivered via syringe rifle (Stirling et al. 1989).  

Early tests of this drug in polar bears  revealed no short term negative impacts (Stirling 

1988), but  fully controlled comparisons of such impacts are difficult, and Inuit hunters 

and community members have blamed the drugs for changes in the taste of polar bear 

meat, and for a decline in body mass (Shannon and Freeman 2009). While the longer 

term affects on polar bears have not been quantified, Cattet et al. (2008) have tied adverse 

long-term health effects and poorer body condition to repeated capture and handling of 

grizzly and black bears. Plastic tags with a unique capture ID are affixed to both ears of 

polar bears, and a lip tattoo is applied with the same ID. A premolar tooth is removed to 

estimate age, and body weight (kg), body length (cm) and skull length are all recorded. 

Total cost for a management unit survey can run between 1-1.5 million dollars (Canadian 

Dollars, Dyck personal comm.), during which anywhere from 100 to over 1000 bears 

would typically be processed. 

1.3 Polar Bear Behavior and Habitat 

Polar bears are always moving, with indistinct home ranges showing only some 

specificity for breeding and denning sites (Ramsay and Stirling, 1990). As a result, they 
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are only territorial during the breeding season (March – May), when males have been 

known to spar over access to mates in estrous. Their primary food source are three arctic 

seal species: harp seal (Pagophilus groenlandicus), bearded seal (Erignathus barbatus) 

and ringed seal (Pusa hispida). In general, after emerging from winter dens, polar bears 

track prey along cracks (leads) in the sea ice throughout the early spring to early summer, 

until they are forced back on the land by retreating sea ice (Stirling 1988). Movement 

patterns differ between years and are based on these habitat dynamics (Mauritzen et al. 

2001). The home range size of female bears depends on geography and habitat fidelity; 

coastal bears travel less (1,000km2), whereas pelagic bears travel more (100,000km2; 

Mauitzen et al. 2001). Due to difficulty attaching satellite telemetry to males compared to 

females, little is known about male bear migration and home range. However females are 

generally found closer to the coast, and males are generally found further from the coast 

(Stirling 1988). Bears generally avoid rough ice and flat ice with drifting snow, both 

areas of low seal density. Pressure ridges are the ideal locations for seal breathing holes, 

and it is around the areas with a high density of pressure ridges that bears tend to 

congregate.  

Understanding the impact of climate change on polar bear populations means 

understanding their unique ecology and adaptation to the arctic seasons. Polar bears are 

marine mammals insofar as their productivity is tied to marine ecosystems (Stirling 

1988). However their persistence in a given area is determined by their ability to survive 

the arctic winter in sheltered terrestrial denning areas, without feeding for months. 

Survival during winter and late summer periods of starvation depends on predictable sea 
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ice distributions allowing bears to easily access abundant food sources during intense 

spring and fall feeding periods (Stirling 1988). For census methods to reliably detect 

long-term trends in polar bear demography, they must be able to sample bear populations 

at similar stages of their annual cycle from one year to the next. Otherwise changes in the 

timing of various behaviours linked to climate change might influence census counts, 

even though actual population size remains constant. 

Polar bear longevity is relatively high for a large carnivore; one wild caught female was 

captured that was 32 years old, while the oldest captured male was 28 years old (Stirling 

1988). Females start mating at age 4, and generally have their first litter at age 5, with 

litters consisting of 1-3 cubs. The cubs remain with their mothers until the spring of their 

second year, and thus females generally only have cubs every three years, although 

mixed-age family groups (females with old and new cubs) have been observed (Stirling, 

1988). Additionally, there have been examples of females adopting cubs, although this 

behavior is not well understood and appears uncommon (Saunders, 2005). 

Genetic analyses suggest the 13 Canadian management units contain 5 biologically 

discrete subpopulations, mirroring the ecological and geological boundaries of the arctic 

(Paetkau et al. 1999). Some researchers believe the management units should be merged 

into these 5 distinct units due to their genetic, ecological, and geographic similarities 

(Thiemann et al. 2008). However the geography and desires of local Inuit communities 

continue to impact the ways in which polar bears are managed and studied (Wenzel 1999, 

Dowsley 2007, ITK and NRI 2007). 
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1.3.1 M’Clintock Channel 

The M’Clintock Channel management unit is within the Central Arctic region, along with 

Lancaster Sound, Gulf of Boothia, and Viscount Melville units (Thiemann et al. 2008, 

Figure 1b, Figure 2). According to the most recent polar bear CMR survey, there are 

approximately 300 bears in M’Clintock Channel (Taylor et al. 2006), a decrease of 400 

since the previous survey. As defined by Taylor and Lee (1995), the usable habitat of 

M’Clintock channel encompasses 146,500km2, making the current bear density 

approximately 2.1 per 1000km2. Low primary productivity throughout M’Clintock 

Channel (Derocher and Stirling 1998) is partially responsible for the slow polar bear 

reproduction observed in this region compared to others (Derocher 1999, Taylor et al. 

2006).  

The most recent CMR survey in M’Clintock Channel (Figure 2) was undertaken between 

March and June 1998-2000, and total of 133 cubs, sub-adults and adults were captured 

(Taylor et al. 2006). This comprehensive aerial survey of the entire management unit, and 

from this, Taylor et al. (2006) estimated there were ~ 284  bears. The management unit 

went through a period of substantial harvest potentially leading to the decrease in 

population numbers, and has since seen a extremely restricted harvest quota (~3 

bears/year). Taylor et al. (2006) found the management unit was female biased, probably 

due to the overharvest. When harvesting polar bears, the Government of Nunavut 

requires a 2:1 (male : female) sex ratio for all management units. This is an important 

management unit to evaluate the use of noninvasive survey techniques on, because this 

population is growing and effectively un-hunted.  In addition there is pressure from 
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resident Inuit groups to increase the harvest quotas. This can only be achieved after 

accurate census methods have indicated the population is significantly larger than earlier 

estimates.  

How much global warming impacts polar bears in the Central Arctic is still not well 

understood, and in a situation like this, where the population is meant to be increasing, 

while being subjected to earlier sea ice breakup and warmer temperatures it is important 

to track its effect. We hope that lessons from this pilot study of noninvasive survey 

techniques will help inform further surveys of the M’Clintock Channel management unit, 

and other management units throughout the polar bear population range. Here we test the 

feasibility of the monitoring approach that could be done largely by locals at relatively 

low cost. When monitoring trends in changes of bear numbers, standardized indices of 

bear numbers may be entirely satisfactory, if complemented by infrequent CMR surveys 

to check absolute numbers. 

1.4 Objectives 

The objectives of this study were to: 1) test noninvasive sampling station design in a 

portion of the M’Clintock Channel management unit, 2) test if there is an effect of 

sampling station design on capture probability, 3) optimize the number of loci required to 

identify individual polar bears from hair snags, 4) estimate the amount of error attributed 

to genotyping and sexing polar bear hairs, and 5) estimate the minimum number of bears 

in our study area. 
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Figure 1. a) Thirteen Canadian polar bear management units, of interest are M’Clintock Channel 

(MC), and Gulf of Boothia (GB) b) proposed boundaries of the 5 distinct units: Beaufort Sea, 

High Arctic, Central Arctic, Hudson Bay, and Davis Strait; from Thiemann et al. (2008). 



 

 19 

 

Figure 2. The M’Clintock Channel management unit, and capture locations for the 133 bears 

captured during the most recent CMR survey (1998-2000; Taylor et al. 2006). 
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Chapter 2 

Methods 

2.1 Field Methods 

In May of four sequential years (2006-2009) we sampled the M’Clintock Channel 

population of polar bears using noninvasive survey techniques. We chose four areas to 

place a higher density of sampling stations (Cape Sydney, Gateshead Island, Boothia 

Peninsula, and Prince of Wales Island, Figure 3). These locations are known by Inuit as 

denning and mating areas, and overlapped well with the locations of marked bears in the 

most recent Government of Nunavut population survey (Taylor et al. 2006), GPS 

locations of past Inuit hunter harvest and the locations of high bear density as defined by 

Stirling (1988). Travel to and from each site was done by snow machine and sled. 

Frequency of travel to the sampling stations was limited by time and cost, and we were 

only able to sample all four areas in one year (2009). One location (Cape Sydney) was 

sampled all four years. Boothia Peninsula (2007, 2009) and Gateshead Island (2008, 

2009) were sampled in two years. Prince of Wales island was only sampled in 2009. 
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Figure 3. Activity areas of high bear density in M’Clintock channel (black circles) and 

noninvasive sampling station locations across all 4 years of sample. Activity areas were identified 

by Inuit collaborators, Stirling (1988), Taylor et al. (2006), and bear harvest GPS locations. 

Capture locations were placed at a higher density in activity areas, while outside of activity areas, 

they were placed along a transect every ~15km. 

2.1.1 Sampling Station Design 

Sampling station designs (Kendall and Mckelvey, 2008; corral and single-post sampling 

stations) and construction materials were tested in the first two survey years (2006,2007). 

Corrals comprised 4 metal T-bars placed at the corners of a 10ftx10ft square and wrapped 

with two strands of barbed wire.  The first and second layer of wire were respectively 

~1.5 ft and ~3 feet above the ground. A fifth T-bar was placed in the center of the square 
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with bait attached (usually a piece of seal meat). Single-post stations consisted of single 

posts made of wood or metal, wrapped in barbed wire, with a bait item attached to the 

top. Two strand corrals were used throughout the 2008 and 2009 surveys. 

Sites were chosen based on polar bear behavior, which usually corresponded to the nature 

of the sea ice and use of snow machines to travel out to each site. We avoided rough ice, 

and did not place traps in these locations, and placed traps at a higher density in medium-

ice areas, spreading them out in areas of flat ice, where bears are unlikely to travel 

(Stirling 1988). In 2007, a 6x6 grid layout with stations every 6 km was used around the 

Cape Sydney location, to test this method of trap layout (Figure 3). 

When available, our Inuit collaborators would diagnose the tracks in the snow and pack-

ice of the bears entering the sampling stations. These data were recorded, and used in 

conjunction with the genotype data to make the consensus genotype (see below) for each 

bear contacting the station. 

We will use the term ‘sample’ for all hairs attached to a single barb which were collected 

and placed into a 1.5mL cryovials. A ‘contact’ was all samples collected on the same day 

from the same trap.  

2.2 Laboratory Methods 

The hair samples in 1.5mL cryovials were immediately frozen; subsequently they were 

then transported to the Queen’s University Molecular Ecology Lab (QUMEL) in 

Kingston, Ontario via iced cooler. Tissue plug samples from the M’Clintock Channel and 
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Gulf of Boothia CMR surveys of all polar bear samples collected from 1998-200 were 

previously deposited at Queen’s University.  

2.2.1 Sample Extraction and Genotyping 

No more than half of the hairs or tissue from each sample was extracted using the 

Invitrogen Genomic DNA blood and tissue kit© (Cat# K2100-11; San Diego, USA). The 

samples were digested in a 55°C water bath for 2 to 3 hours, followed by overnight 

digestion at 37°C on a rocking tray.  The extraction procedure followed manufacturers’ 

instructions, until the elution step where the elution buffer was warmed to 55°C and 2 

elutions were completed, the first using 100µL elution buffer, and the second using 50µL 

buffer.  

We amplified microsatellite DNA from polar bear hairs using four multiplex polymerase 

chain reactions (PCRs) containing primers for eleven variable polar bear loci. These 

multiplexes were optimized using polar bear skin or blood extracts in a past study (Harris 

et al. in review). The loci in the multiplexes included: G1A, G1D, G10B, G10L, G10P, 

G10U (Paetkau et al. 1995); G10H, G10J UarMU26, UarMU59 (Taberlet et al. 1997); 

and Msut08 (Kitahara et al. 2000). Multiplexes were optimized using QIAGEN Multiplex 

kits (cat# 206143; Germantown, USA).  Each Multiplex PCR contained: 4 µL template 

DNA, 5µL multiplex mix (PCR buffer, MgCl2, dNTPs, and HotStarTMTaq), 1 µL 1X 

primer cocktail (mix of 1µL 10X forward primers and 1µL 10X reverse primers mixed 

with 18µL ddH2O), 1.0µL 1.0µM M13F-IRD700 primer and 3.0µL ddH2O. Cycling 

conditions were as follows: 95°C for 15 minutes followed by 35 cycles of 94°C for 1 

minute, 55°C for 1.5 minutes, 72°C for 1.5 minutes and a final extension of 72°C for 15 
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minutes. The amplified products were sized on a LI-COR 4200 IR automatic sequencer 

(LiCOR Biosciences, Lincoln, USA) using Gene ImagIR© (Scanalytics Inc., Fairfax, 

USA) and 50-350 base pair size standard (LiCOR Biosciences, Lincoln, USA #4200-44 

(700IR)). 

We extracted DNA from tissue plugs and plucked hair of 2 polar bear hides (harvested by 

a Gjoa Haven hunter). Samples that did not amplify for five or more loci were PCRed 

again and the resulting amplicons were scored. Samples that did not amplify for six or 

more loci and still had hair remaining were re-extracted and these second extracts were 

amplified with all multiplexes. 

Following recommendations by Paetkau, (2004) we reduced the number of loci down to 

6; these provided adequate resolution to identify individuals, while minimizing cost and 

time required. These 6 variable loci were chosen based on those with the lowest number 

of failed PCRs per locus after an initial trial. 

2.2.2 Consensus Genotypes 

From the genotype of each hair snag we estimated consensus genotypes for the bears that 

contacted our sampling stations.  This meant simultaneously analyzing all the snags 

purportedly comprising hair samples from a single bear (i.e. comprising a bear contact) as 

diagnosed by our Inuit collaborators.  A consensus genotype for a contact was erected 

comprising the majority agreements for the alleles for each locus across the different 

samples constituting an individual bear contact. For sampling stations where the hair 

samples comprising a unique contact could not be established due to bad weather 
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conditions, or other factors, each hair sample was treated individually as a separate 

contact, and matched in the next step. 

2.2.3 Consensus Matching 

Consensus genotypes were then matched across all 6 microsatellite loci simultaneously 

using MICROSATELLITE TOOLKIT (Park 2001). All pairs of genotypes different at 

less than 4 alleles were scrutinized to ensure numbers were not overestimated due to 

allelic dropout (Tablerlet et al. 1996; Tredick et al. 2007). Consensus genotypes 

consisting of less than 3 separate samples or re-runs (where a PCR product was run at 

least twice), were held less rigidly than consensus genotypes consisting of more. 

Therefore, when matching samples, 2 or more consensus genotypes matching at all but 2 

or less alleles were scored as the same bear if there were a) empirical evidence they were 

the same bear (collected from the same trap on the same day), and b) had at least one 

allele at the mismatched loci that matched. Straight-line distance in kilometers was 

measured between all matching samples. Additionally, we compared our collected 

genotypes from the same loci with those collected during the 1998-2000 CMR survey in 

M’Clintock Channel and Gulf of Boothia using the same matching criteria above. 

2.2.4 Population Statistics and Final Bear Number 

Using the genotyped tissue plugs from the 1998-2000 M’Clintock channel, we calculated 

PID (Paetkau et al. 1995) values for our 6 loci together, and all the possible permutations 

of 1,2 and 3 loci missing. Using these values, we were able to find the amount of missing 

loci we should allow in our minimum known alive estimates. Minimum known alive 

estimates were given as a range: no loci missing-most loci missing. 
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Using this range of samples (no missing loci-most loci missing), we then calculated 

observed heterozygosity (Ho), expected heterozygosity (He; Nei, 1987), and probability 

of identity (PID) (Paetkau et al. 1995).  

2.2.5 Genetic Sexing 

A collaborator specializing in the genetic sexing of degraded Ursid samples sexed a 

number of extracts from each of the bears that contacted our stations samples. Pagès et al. 

(2009) use a multiplex of an x-linked zinc-finger domain, and a bear specific section of 

the SRY construct to distinguish male from female. Samples were amplified in a 25µL 

reaction volume containing 1.25 U of Amplitaq Gold DNA polymerase (Applied 

Biosystems), 0.5 mg/ml BSA (Roche, 1 mg/ml), 1.5 mM MgCl2, 250 µM each dNTP, 0.4 

µM of ZF primers, 0.12 µM of SRY primers and 2 µl of DNA (Pagès et al. 2009). DNA 

was amplified with 48 cycles of denaturation (94°C, 30 s), annealing (55°C, 30 s) and 

elongation (72°C, 45s; Pagès et al. 2009).   

2.2.6 Error Estimation 

Four sets of paired hair-tissue samples were tested against all four multiplex PCRs for 

error checking purposes. 

The computer programs PEDANT and MICRO-CHECKER were used to test error rate 

per locus and allelic dropout respectively (van Oosterhout et al. 2006, Johnson and 

Haydon 2007). Samples from the 2009 surveys were randomly replicated and chosen to 

be included in the pedant simulation tests, due to the higher number of samples collected 

during that year. Samples from 2007 and 2008 were extracted and genotyped along with 
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the 2009 samples, so the same error rates are assumed throughout. We ran MICRO-

CHECKER on the final set of complete consensus genotypes to assess loci prone to 

allelic dropout error (van Oosterhout et al. 2006). Error associated with samples collected 

in 2006 was compared using Inuit contact information (Harris et al. in review).  
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Chapter 3 

Results 

 

3.1 Sampling Stations 

3.1.1 Sampling Station Construction and Placement 

The dark-colored t-bars tend to heat up during the day, and often sink into the sea ice, so 

the bottom strand often ends up on the ice; and bears found it easy to step over the barbs 

without leaving samples, thus we found dual-strand corrals to be the best for our needs. 

Wood and metal single-pole traps were too flimsy for our survey. Posts were easily 

ripped from the ground and thrown around, shaking off any hair samples collected during 

the contact. 

3.1.2 Sample Collection 

A total of 595 hair samples were collected over 4 years of surveying M’Clintock 

Channel. Genetic results suggested contacts consisted mainly of one bear entering the 

trap between each sampling event (Figure 4).  
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Figure 4. Frequency of the number of individual bears hypothesized to have entered each 

sampling station per contact across years. 

3.2 Laboratory Results 

3.2.1 Locus selection, sample removal and number of individual bears 

Of the 11 assayed, the 6 most complete loci (% incomplete) were G1D (13.2%), 

G10B(17.0%), G10J(12.1%), G10L(10.4%), UarMU59(11.0%), and MSUT08(17.0%). 

Consensus genotypes were created using these loci, however when diagnosis was unclear 

we did check other 5 loci. A total of 17 samples were removed when they showed greater 

than 50% failed amplification. After consensus genotype creation and genotype 

matching, we estimated a total of 90 bears were captured over the 4 years with 50% or 

greater loci amplification.  

We calculated mean PID values from tissue sample genotypes collected during the 1998-

2000 CMR surveys of M’Clintock Channel. The PID for all 6 loci was 1.69E-06, the mean 
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PID for 5 loci was 1.22E-05 ±3.40E-06, the mean PID for 4 loci was 1.45E-4 ±1.01E-4, and 

the mean PID for 3 loci was 1.64E-3 ±1.29E-3. A PID of 1.64E-3 ±1.29E-3 means the 

probability of mistaken identity is approximately 1-2 for every 1000 individuals 

genotyped, which is approaching our total estimated sample size of 284 bears (Taylor et 

al. 2006). Using these values, we decided the mean PID at 3 loci was sufficiently low to 

allow for genotype matching errors, and removed any individuals with only 3 complete 

loci. We found 59 individuals had complete genotypes (all 6 loci typed, conservative 

estimate), whereas when samples with up to two loci missing were included, we found 82 

individuals. Therefore, we estimate the range of individuals captured within our survey 

was 59-82.  

3.2.2 Re-sampled bears 

Five bears were re-sampled between the noninvasive surveys in 2006-2009 (Figure 5, 

Table 1). The furthest any of these bears were captured across years was 67.4km (Match 

M). By comparing our data to a subset of cubs and subadults captured during the Taylor 

et al. (2006) survey of M’Clintock Channel, we found 6 genotype matches (Figure 6, 

Table 2). Matches d and f were female, sub-adult bears (4 years old) captured in the Gulf 

of Boothia MU during 1999, and were sampled again in 2006 (D, F) in the M’Clintock 

Channel MU. Sex diagnosis for the Match D (2006) sample was male. This sexing error 

could have been caused by this being two different bears with the same 6-locus genotype, 

a mistake in genetic sexing (Carmichael et al. 2005, Pagès et al. 2009) or a mistake when 

the animal was sexed in 1999 (Carmichael et al. 2005, Sonne et al. 2006). 
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We recaptured 2 bears in 2006 (Figure 7), 1 bear in 2007 (Figure 7), 0 bears in 2008, and 

14 bears in 2009 (Figure 8). Genetic sexing for matched samples agreed in all cases 

except the 5 samples comprising match “Q”. Again, this error could be caused by 

multiple bears with similar genotypes contacting our stations or error in genetic sexing 

(Carmichael et al. 2005, Pagès et al. 2009). 

 

 

Figure 5. Map of across-year bear recaptures from the 2006-2009 noninvasive surveys, letters 

correspond to complete genotype matches.  
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Table 1. Across-year complete genotype matches from the 2006-2009 noninvasive surveys. 

Genetic sex as diagnosed by Marie Pagès, “U” denotes samples that had insufficient amounts to 

be amplified or could not be diagnosed. Straight-line distance for match M was only measured 

between sample PBMC06- 20 and the two 2009 samples. 

Sample Contact Date 
Collected 

Match Genetic Sex Straight-line 
Distance 

PBMC09-1 1 contact May 28/2009 J F 21.1 
PBMC06- 13 trap 1 May 15/2006 J U - 
PBMC09-262 blown May 20/2009 M M 42.1 
PBMC09-229 1 contact (M) May 17/2009 M M 67.4 
PBMC06- 20 trap 6 May 19/2006 M M - 
PBMC06- 2 trap 5 May 11/2006 N M 34.8 
PBMC09-4 1 contact May 28/2009 N U - 

PBMC06- 15 trap 1 May 15/2006 P M 36.7 
PBMC09-171 blown May 28/2009 P M - 
PBMC06-17 trap 4 May 15/2006 U U 17.0 
PBMC07-24 A2 May 14/2007 U M - 
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Figure 6. Map of across-survey bear recaptures from the 2006-2009 noninvasive surveys and the 

1998-2000 CMR surveys in M’Clintock Channel and Gulf of Boothia, letters correspond to 

complete genotype matches (see Table 2). 
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Table 2. Across-survey complete genotype matches from the 2006-2009 noninvasive surveys and 

the 1998-2000 CMR surveys in M’Clintock Channel and Gulf of Boothia. Genetic sex as 

diagnosed by Marie Pagès (for hairs) and Taylor et al. (for CMR data), “U” denotes samples that 

had insufficient amounts to be amplified or could not be diagnosed. There is a discrepancy 

between the genetic sex and diagnosed sex of match “D”. 

Sample Name Date Age at capture Match Sex  Staight-line Distance 

PBMC06-2 May 11/2006 7 A M  154.8 

X30236 April 23/1999 COY a M  - 

PBMC09- 80 May 28/2009 13 B M  61.3 

X30235 April 23/1999 3 b M  - 

PBMC06-17 May 15/2006 7 C U  163.6 

X30794 April 22/2000 1 c F  - 

PBMC06-4 May 12/2006 11 D M  321.2 

X30373 May 14/1999 4 d F  - 

PBMC09-289 May 21/2009 12 E M  42.5 

X30345 May 30/1999 2 e M  - 

PBMC06-1 May 11/2006 11 F F  460.6 

X30336 May 28/1999 4 f F  - 
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Figure 7. Map of within-year bear recaptures from the 2006-2007 noninvasive surveys in 

M’Clintock Channel, letters correspond to complete genotype matches. One match, “T” was 

captured twice at the same sampling station. 
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Table 3. Within-year complete genotype matches from the 2006-2007 noninvasive surveys in 

M’Clintock Channel. Genetic sex as diagnosed by Marie Pagès, “U” denotes samples that had 

insufficient amounts to be amplified or could not be diagnosed. Straight-line distance for match S 

was only measured between sample PBMC06- 8 and the two other 2006 samples. 

Sample Contact Date Match Genetic sex Straight-line 
Distance 

PBMC07- 30 a5 May 24/2007 R M 4.0 
PBMC07- 55 a4 May 24/2007 R M - 
PBMC06-5 trap 4 May 12/2006 S M 3.0 
PBMC06-6 trap 5 May 12/2006 S U 20.0 
PBMC06-8 trap 1 May 13/2006 S U - 
PBMC06-12 trap 5 May 14/2006 T M 0 
PBMC06-16 trap 5 May 15/2006 T M - 
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Figure 8. Map of within-year bear recaptures from the 2009 noninvasive survey in M’Clintock 

Channel, letters correspond to complete genotype matches.  
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Table 4. Within-year complete genotype matches from the 2009 noninvasive survey in 

M’Clintock Channel. Genetic sex as diagnosed by Marie Pagès, “U” denotes samples that had 

insufficient amounts to be amplified or could not be diagnosed. Straight-line distance for match A 

was only measured between sample PBMC09- 225 and the two other 2009 samples. Straight-line 

distance for match Q was only measured between samples that follow logically from date 

collected. 

Samples Contact Date Match Genetic Sex Distance 
PBMC09-191 blown May 28/2009 A M 69.5 
PBMC09-225 1 contact (M) May 17/2009 A M - 
PBMC09-109 blown May 28/2009 A M 54.0 
PBMC09-84 blown May 28/2009 B M 3.0 
PBMC09-85 blown May 28/2009 B M - 
PBMC09-23 blown May 28/2009 C F? 4.2 
PBMC09-28 blown May 28/2009 C F - 

PBMC09-292 blown May 21/2009 D U 3.0 
PBMC09-298 blown May 21/2009 D M 0 
PBMC09-120 blown May 28/2009 D U - 
PBMC09-115 blown May 28/2009 E M 1.0 
PBMC09-188 1 contact (M) May 28/2009 E M - 
PBMC09-165 blown May 12/2009 F F? 2.8 
PBMC09-166 trap 15 (track 24) May 12/2009 F F? - 
PBMC09-139 trap 2(track 4) May 11/2009 G M 7.4 
PBMC09-143 trap 3( track 5) May 11/2009 G M - 
PBMC09-10 blown May 28/2009 H M 62.5 
PBMC09-58 blown May 28/2009 H M - 

PBMC09-266 blown May 20/2009 I M 78.8 
PBMC09-314 track 89 May 15/2009 I M - 
PBMC09-34 blown May 28/2009 K F 5.0 
PBMC09-46 blown May 28/2009 K F - 

PBMC09-262 blown May 20/2009 L M 27.8 
PBMC09-229 1 contact (M) May 17/2009 L M - 
PBMC09-54 blown May 28/2009 O M 35.6 
PBMC09-72 blown May 28/2009 O M - 

PBMC09-107 blown May 28/2009 Q F 19.3 
PBMC09-128 1 contact (F) May 7/2009 Q F - 
PBMC09-289 blown May 21/2009 Q M 143.4 
PBMC09-183 blown May 28/2009 Q M 11.5 
PBMC09-53 blown May 28/2009 Q U 156.5 
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3.2.3 Sex Ratio 

Using the 1998-2000 CMR dataset for M’Clintock Channel only, we found a capture 

ratio of 42.1% males. When cubs of the year and yearlings (1 year old) were removed 

from the dataset, the bears captured were 37.7% males. Finally, when only adults were 

included (≥5 years old) the capture ratio was 25% males (Taylor et al. 2006). 

Genetic sexing of the noninvasive survey samples revealed a large male bias. Of the 82 

individual genotypes, we found 52 male bears (63.9%), 17 female bears (20.5%), and 13 

(15.6%) unknown. For the 59 individuals with full genotypes, we found 38 male bears 

(64.4%), 14 female bears (23.7%), and 7 (11.9%) unknown. It is unknown if all male 

bears were distributed across multiple age groups or restricted to a single age group.  

 

3.2.4 Population Genetics Statistics 

Population genetics statistics were calculated using the final dataset comprising 59 

complete genotypes (Table 5). We also calculated the heterozygosities for the dataset 

containing 82 samples with >3 complete loci (discussed above). Expected and observed 

heterozygosities were close, suggesting our population is in Hardy-Weinberg 

equilibrium.  
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Table 5. Population statistics calculated using the final 6 loci with the 59 complete individual 

genotypes and 82 incomplete individual genotypes(*). 

 G1D G10B G10J G10L MU59 MSUT08 Mean (±SD) 

He 0.771 0.835 0.700 0.448 0.775 0.783 0.719±0.0569 

Ho 0.771 0.785 0.663 0.463 0.785 0.763 0.705±0.0207 

No. Alleles 7 9 5 6 8 10 7.50±1.87 

He* 0.778 0.835 0.696 0.437 0.776 0.783 0.718±0.0591 

Ho* 0.769 0.800 0.671 0.443 0.782 0.776 0.707±0.0211 

No. 
Alleles* 

7 9 5 6 8 10 7.50±1.87 

 

3.2.5 Error 

Error was low in consensus genotype matching in the 2006 samples (Harris et al. in 

review), MICRO-CHECKER simulation (van Oosterhout et al. 2006), and PEDANT 

simulation (Johnson and Haydon 2007). The micro-checker program detected no 

evidence of null alleles, allelic dropout or stuttering in our final dataset. PEDANT 

estimates of allelic dropout and false alleles using duplicated samples from both the 2009 

noninvasive and 1998-2000 aerial CMR samples were  low: mean value for allelic 

dropout (0.026) and false alleles (0.30) were both less than p =.05. This suggests these 

errors are not going to significantly effect the accuracy of the consensus genotypes 

collected from this type of data.  However, the means are higher than those calculated in 

surveys using the multiple-tube approach (0.01, Beja-Pereira et al. 2009). 
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Table 6. Estimation of the probability of allelic dropout (E1) and false alleles (E2) as calculated 

by PEDANT. 

 G1D G10B G10J G10L MU59 MSUT08 MEAN 

E1 0.014 0.046 0.044 0.022 0.028 0.000 0.026 

E2 0.066 0.051 0.018 0.000 0.034 0.011 0.030 
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Chapter 4 

Discussion 

I discuss these findings in the context of my five thesis objectives. I then discuss the 

inferences that can be drawn from my finding regarding polar bear movement, the 

importance of this method in terms of local community involvement and end with a 

discussion of implications of this work and next steps.  

4.1 Sampling Station Location, Time Frame and Construction 

The metal t-bar corrals were the best design for our sampling stations. Single-post 

sampling stations are cost-effective in many small mammal studies, but the strength of 

polar bears renders the single post stations useless for hair-collection. Even the corrals are 

often disturbed by bears entering them, as the t-bars were sometimes bent or even ripped 

from the sea-ice. This does not always make the trap ineffective for further contacts, but 

it can make them less effective. Additionally, the central seal bait bar was sometimes 

ripped out of the station and thrown elsewhere. We also noted that t-bars sometimes 

melted down into the ice under certain conditions; this could be minimized in the future 

by painting posts white before use. These confounding factors make it imperative that the 

sampling stations are checked frequently.  

In other bear studies there can be constant movement of sampling stations (Gervasi et al. 

2008), or static sampling station placement (Gardner et al. 2010) depending on the nature 

of the study. Due to the distances we needed to cover, and the harsh conditions that go 

along with work in the arctic, it was most practical to keep the stations where originally 

placed and generally distributed along linear transects.  
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Animal density across the habitat is used to determine sampling station density (Dreher et 

al. 2007). Equal capture probabilities for all individuals is an imperative metric in 

capture-recapture surveys, which is why trap density and placement is so important.  

We found that when stations are placed too close to one another, bears will follow the 

tracks and smell leading them from one trap to the next.  

Most within-year recaptures came from bears entering sampling stations one after 

another, perhaps because traps were placed too close together. Recaptures spaced far 

apart were generally further apart in time, for example, individual K had hair samples 

collected on May 13, 2009 around Cape Sydney, then was found on May 28, 2009 near 

Gateshead Island. The general correlation between time and distance between recaptures 

confirms the anecdotal observation that in the spring bears are on the move continuously, 

and do not remain in any particular area for extended time periods.  

Checking traps at 1-2 day intervals allowed the best diagnoses of polar bear contacts with 

the traps. Allocating the hair collected at any given sampling station into individual 

contacts was easiest when there were good Inuit diagnoses of likely contact number, 

something which was difficult to rely on after 5 days.  

4.2 Procedures of Loci Choice and Genotyping Error 

There is some question about the number of loci to use in genetic studies, and the answer 

usually stems from the type of study undertaken. In our survey, we use the “industry 

standard” of 6 loci (Paetkau 2004). We chose the 6 loci from our original 11 based on the 

amount of information we could derive from each and which amplified best. According 
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to Paetkau, (2004) 6 loci is where the cost and error are at a minimum while maximizing 

the amount of information gained. In a past survey, we used all 11 loci, and found they 

had relatively similar heterozygosity values, and similar number of alleles (Harris et al. in 

review), so they all gave approximately equal amounts of information. Where we found 

they differed was their ability to amplify our samples, and it was for this reason that we 

chose the loci that amplified the most individual hair samples.  

Genotype error rates of all tissue types can range from negligible to 15%, with most 

genotyping between 0.5%-1% (Pamponon et al. 2005). Noninvasive samples such as hair 

or faeces are considered to be lower quality than tissue plugs or blood, and error rates are 

generally higher than 1% (Taberlet et al. 1996). Error that goes unnoticed or unquantified 

can cause unfounded support or dismissal of a hypothesis, even at lower error ranges 

(Bonin et al. 2004, Pampanon et al. 2005). We used several methods to estimate error in 

our study, and all showed sufficiently low per locus error rates using DNA derived from 

hairsnags. Although the error rates were lower than those found in other noninvasive 

studies (Bonin et al. 2004), they should not be ignored. Three factors explain the low 

error rates observed here: 1) high-throughput multiplex PCRs, 2) conservative genotype 

scoring, and 3) immediate sample preservation via freezing.  

High throughput multiplex PCRs have only recently become an option in noninvasive 

surveys (Beja-Pereira et al. 2009). The amalgamation of multiple loci within one PCR 

cocktail not only decreases the amount of DNA used per complete genotype, but also 

decreases the amount of handling per sample, decreasing probability of contamination 

(Beja-Pereira et al. 2009). The addition of a fluorescent tag (M13) to the 5’ primer end 
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allows detailed study of genotypes, through computer sizing and analyzing of each allele. 

In one working day, using one LiCor polyacrylamide gel, we were able to run all 4 

multiplexes for a set of 60 samples, a task that would take at least 11 separate single-

locus polyacrylamide gels. Additionally, single-locus reactions often require different 

conditions for each PCR, further increasing the probability for researcher error and time 

per reaction. The commercially available multiplex PCR kits (e.g. QIAGEN Multiplex 

PCR kit Cat#206143) are extremely robust in amplifying multiple polar bear loci, and run 

at the same PCR conditions regardless of the number of loci used in each multiplex. 

Human error is the greatest source of error in any noninvasive study (Beja-Pereira et al. 

2009), and one way to decrease human error is to increase the amount of automation, thus 

decreasing the amount of human handling of samples (Li et al. 2001). Although we 

cannot directly measure its contribution to the error rates we were able to calculate in this 

study, we believe our high-throughput method decreased the amount of human error in 

our study.  

When scoring genotypes we were extremely conservative, thus only samples with bright 

M13 fluorescence on the run image were used. Low yield, degraded samples with 

contamination are more likely to be incorrectly scored due to the contamination. Positive 

controls and repeated PCR’s suggest we do not have much contamination in our samples, 

but it is one of the concerns attributed to human error (Pompanon et al. 2005). Keeping a 

conservative limit on what constituted scorable bands allowed us to decrease the amount 

of human error. 
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Sample storage and transport may account for some of the difference in error between our 

study, and others. Over the 4 years of our survey, the temperature in Gjoa Haven 

averaged -5°C to -12°C, and most days the temperature remained below 0°C. We believe 

this was a large factor in our low observed error rates, as in other studies which collected 

samples across seasons, samples in winter often yielded the best genotyping success (e.g. 

Harris et al. 2010). When we used protocols with immediately frozen plucked hair and 

tissue plugs from the same individual, we found 100% agreement and 100% genotyping 

success between the PCRs. Most other noninvasive surveys have been done in temperate 

or tropical areas, where ambient temperature is well above 0°C (e.g. Taberlet et al. 1997, 

Bonin et al 2004, Hájková et al. 2006, Mondol et al. 2009, Stenglein et al. 2010), and this 

may account for part of the lower genotyping success, and high error in many other 

noninvasively collected samples (e.g. Hájková et al. 2006). The dry, cold climate of the 

Arctic spring is well suited to preserving samples for future extraction in noninvasive 

surveys. 

Our PEDANT (Johnson and Haydon 2009) output estimated false allele error to be higher 

than allelic dropout in all loci except two (G10J, G10L). This may have been caused by 

our small duplicate genotype sample set, which was on the low end of the recommended 

input parameters in PEDANT documentation. When scoring genotypes, we were 

conservative in assigning homologous alleles for each locus, due to the increased 

probability of heterozygous individuals with allelic dropout (Taberlet et al. 1996). As 

discussed by Johnson and Haydon (2009), PEDANT will calculate a higher false allele 

error rate when AB/AC duplicate genotypes outnumber AA/AB duplicates. It is likely 
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that our small random subset, and the errors within these duplicated samples that the 

program used to generate error rates was the cause of these differences. With a larger set 

of duplicates, calculated error rate estimate should be corrected.  

If the PEDANT results are good representations of the genotyping error in our survey, 

then our calculated PID values will only be marginally affected. PID is calculated using the 

number and frequencies of alleles per loci, therefore if we have a large amount of false 

alleles, we may see an increase in the calculated PID value. Because the estimated false 

error rates are quite low, our PID values are not likely to be inaccurate and since we are 

only using PID as a metric for choosing the number of loci we require for individuals to 

be included in our minimum known alive estimate, we assume there is not a large effect 

of error on our sample set. 

4.3 Trap Bias 

After the genetic sexing of individuals with complete genotypes, we found only 21.1% 

were female bears. There are three ways we can explain this significant difference from a 

1:1 sex ratio: 1) the M’Clintock Channel management unit is male-biased, 2) our genetic 

sexing is error prone, 3) our sampling stations are male-biased. 

As discussed earlier, the M’Clintock Channel management unit went through a long 

period of sustained harvest, and was placed under an indefinite harvest moratorium in 

2001 (Aars et al. 2006). Taylor et al. (2006) studied this population in the years preceding 

the moratorium, and in the 1998-2000 CMR period they found a large female sex bias in 

captured adults and sub-adults (60% Female). Polar bear sustainable harvest rules state 
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hunters must follow the ratio of 2:1 males to females taken, and generally hunters favor 

this due to a male’s larger average size. The M’Clintock Channel management unit has a 

slow reproductive and growth rate (Derocher and Stirling 1995, Taylor et al. 2006), thus, 

we do not believe the population should have changed so dramatically in adult sex ratio. 

In genetic sexing studies amplifying the SRY fragment, two possible errors are 1) 

pseudo-SRY amplification, and 2) allelic dropout or PCR failure (Taberlet et al 1993, 

Woods et al. 1999, Pagès et al. 2009). Pseudo-SRY amplification causes a female sample 

to be diagnosed as a male, and allelic dropout causes a male sample to be diagnosed as a 

female. PCR repetition, replication and use of the ZF positive control ensure that errors 

caused by allelic dropout and PCR failure are caught early and have negligible impact.  

The frequency of pseudo-SRY amplification has not been characterized well in studies 

using noninvasively collected hairs, however in Ursids, Pagès et al. (2009) found 

negligible amplification of pseudo-SRY fragments using the Ursid-specific primers 

published in their study.  

Homogeneity in capture probability of all individuals is extremely important in capture 

recapture surveys, and thus an important aspect of our study. In this regard, we observed: 

1) predominantly male bears visiting traps in what should be a female-biased population; 

2) bears under the age of 9 do enter sampling stations – so stations do not appear to be 

age biased (Table 2) and 3) a large amount of heterogeneity in bear movement. The fact 

we get predominantly male bears in traps is disconcerting, however, there are several 

CMR simulation models that can correct for individual variation in capture probability 

(e.g. Valiére 2002, Miller et al. 2005, Gimenez and Choquet 2010). In large carnivores, 
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male and female habitat use is often different (Conde et al. 2010), so capture 

heterogeneity between sexes is not unheard of.  

The age of bears entering the traps is by and large unknown, however our recapture data 

suggest bears of all ages enter the traps. In addition coupled with this field work another 

researcher was conducting a study on the reliability of Inuit diagnoses of sex and age of 

bears from polar bear tracks (Wong, 2010). She found a male bias for track diagnoses 

throughout the study, and found the average bear age from track diagnoses at sampling 

stations to be 8 years old.  This finding suggests that bears of all ages beyond weaning 

may be entering the traps.  The determination of age-bias for the sampling stations awaits 

the confirmation of Hunters ability to diagnose bear age from tracks. Further to this, there 

is  evidence that age could be estimated through quantitative PCR techniques assessing 

telomere length (Criscuolo et al. 2009), but this technology is very early in its 

development. 

Young male bears (≤ 6 years old) tend to be hungrier and these bears are less cautious, 

and are the most common to be killed in defense of life and property (Stirling 1988, Dyck 

2006). Female bears with cubs tend to avoid areas frequented by males (which regularly 

kill cubs) (Stirling 1988). Some combination of these effects may explain the sex bias 

observed at our traps. 

4.4 Bear Numbers and Capture Effort 

A total minimum of 59 and a maximum of 82 distinct bears were sampled between 2006-

2009 using a hair-snag noninvasive survey. This range would have been higher with less 
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stringent parameters, but we felt it was important to be conservative in our estimates. 

With increasing number of failed loci, there is more emphasis placed on each remaining 

locus, therefore any error could make it more likely to match two different individuals, 

and less likely to match one individual captured multiple times. Still, we are confident in 

our use of 82 bears as a minimum known alive estimate. The error we estimated in 

PEDANT (Johnson and Haydon 2009), and that we calculated directly from the 2006 

samples (Harris et al. in review) was relatively low. Additionally, the population genetic 

parameters (Table 5) were very close between the two estimates (82 and 59 animals). 

Finally, we showed the PID values do not change significantly when up to two loci are 

removed.  

Over the course of 3 years (March-June 1998-2000), the aerial CMR survey over the area 

we sampled was able to capture and tag a total of 133 adults, sub-adults and cubs and 

used a mark-recapture model to estimate a total population of 284 bears (Taylor et al. 

2006). Taylor et al. (2006) sampled the entire management unit (146,500 km2 of active 

habitat, Taylor and Lee 1995), in a systematic and geographically uniform sweep. Cubs 

comprised approximately 10% of the captured bears, given this, the estimated population 

would be 270 sub-adults and adults. Our sea-ice survey covered around 45,000 km2, 

approximately 1/3 of the total active habitat, and sampled 22%-30% of this population. 

So, even if our sampling stations are biased in the age or sex of bear they are attracting, 

they appear to be sampling a substantial portion of the population.  

Appendix B illustrates the capture effort throughout the 4 noninvasive sampling years. 

Effort, or an estimated effort metric, can be broken up into several components: traps set 
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up, number of weeks and transect distance (km). Here, transect distance covered is the 

straight-line distance between the two traps of furthest extent, approximately following 

the path we took to place the transect traps. Although the trends are not perfect, we see a 

general increase in the number of hair snags with an increase of the number of traps. This 

lack of fit may partially be caused by the fact that 36 traps in 2007 were placed in a grid 

pattern around the area the 7 traps were set up in 2006. This high density of traps in one 

area may have unfairly skewed the number of traps metric. Removing these traps, there is 

a moderate trend linking effort and capture amounts. In other polar bear studies, 

helicopter flying hours and transect distance is often used as the estimate of capture 

effort. In future surveys around the same area, we could estimate and compare relative 

abundance scores, either through comparing hair snag number or number of individual 

bears to the amount of effort. 

4.5 Polar Bear Movement 

Our results show interesting patterns of bear movement that are well supported in the 

literature. Satellite radiotelemetry studies have shown female movement is individually 

heterogeneous (Ferguson et al. 2001, Mauritzen et al. 2002), however due to difficulty in 

attaching collars to males, there is little data on male movement and how this impacts 

CMR surveys. In a study by Ferguson et al. (2001), the average distance travelled by 

females was 8.4 ±0.6 - 12.7±1.0 km/day (depending on ice-type), however these amounts 

were the straight-line distance between two points (Ferguson et al. 2001). The distances 

covered by our recaptured bears all fell well within the projected timeframe between 

sample recaptures using this average movement metric. 
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The single-line distance of our transect, is 650km. The area bounded by our traps, is 

45,000km2. The distance moved by individuals resampled in this study indicates our 

coverage of the area exceeds the immediate proximity of the trapline. The immediate 

inference is that the erection of more traps in M’Clintock Channel would better sample 

the bear population. This addition should be weighed against more frequent visitation (by 

researchers) of a trap line consisting of fewer but more separated traps. The former 

implies significantly more costs and few sampling bouts by the researcher. 

We found some support for bears having a multi-annual activity range. Our multi-year 

surveys yielded 5 bears recaptured in different years, all of which stayed within 67km of 

their original capture point. In our between-year matches, only one of our recaptured 

bears moved more than 80 km. Due to infrequent sampling, we were unable to accurately 

diagnose the amount of time it took each recaptured individual to move these distances. 

The seemingly small amount of recaptures between years is probably due to a large 

amount of bear movement. As discussed by Mauritzen et al. (2002) the home range size 

varies between bears (202km2-964,264km2), which may contribute to our small amount 

of recaptures. If there are many bears in this population with the proclivity to move large 

distances, then it is likely they move to an area where we did not survey (2/3 of 

management unit). Additionally, we may have less recaptures because the traps can be 

rendered useless or less efficient after 1 contact (Figure 4), thereby decreasing the chance 

of another contact.   

The contact, ‘bear Q’ (Table 4, Figure 8) has a few inconsistencies linked with it: 1) we 

are less convinced of the consensus genotype, as 2 of the 5 locus matches within this 
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contact are based on possible genotyping errors; 2) the genetic sexing of the 5 samples 

did not agree 3) the bear would have had to make two trips of over 140 km in a span of 

21 days. Due to these factors, it is unlikely that this is just one bear, but instead are two 

bears, either closely related with the “same” genotype across our 6 loci, or with the same 

genotype due to error. 

We found 6 separate genetic matches between bears captured in the 1998-2000 survey of 

M’Clintock Channel and Gulf of Boothia and the bears we captured in our noninvasive 

surveys (Table 2, Figure 6), with an average of 200.6 km between the CMR capture site 

and our trap sites. Two bears that were originally darted in Gulf of Boothia in 1999 

(Match d, Match f), were recaptured in the 2006 noninvasive survey. All of the resampled 

bears were originally captured as subadults or younger in the 1998-2000 survey. The 

immigration and emigration of bears between the Gulf of Boothia and M’Clintock 

Channel populations is well supported genetically (Paetkau et al. 1999), but very little 

information exists on the immigration and emigration rates between this or any adjacent 

management unit. Taylor and Lee (1995) found 8 bears out of 48 tagged in Gulf of 

Boothia were recaptured or killed in M’Clintock Channel, so such movement appears to 

be more frequent than suspected. Further research into this would be interesting, because 

if the transfer of individuals is high enough, management unit policy should be modified 

to reflect this. Comparing the recaptures between the CMR study and ours, one 4 year old 

subadult was sexed a female in 1999, whereas the matching hair sample from 2006 was 

genetically sexed as a male. It is unlikely this individual is a pseudo-hermaphrodite, as 

these individuals are normally miss-sexed as males on site, and later genetically sexed as 
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female (Carmichael et al. 2005). However, it is possible the genetic sexing amplified a 

pseudo-SRY band in this case, forcing the incorrect sex diagnosis (Carmichael et al. 

2005, Pagès et al. 2010). The rate of pseudo-SRY amplification using the Pagès et al. 

(2010) method has not been explored. Although unlikely, these two samples could also 

be two different individuals either matching at all 6 loci, or due to allelic dropout and 

false alleles happened to have the same genotype. 

4.6 Inuit Community Interaction 

One of the most important features of our surveys was interaction with local Inuit hunters 

and communities. Our field costs were largely wages and snow machine time for the 

hunters, which is important as guiding is no longer a viable source of income since sport 

hunts were banned in 2001. Inuit organizations are opposed to the aerial polar bear mark 

recapture surveys, as they believe the tranquilizing and handling of bears is detrimental to 

their overall population health. Some of the current animosity between the Government 

of Nunavut and the communities is due to a lack of communication between them 

(Puxley 2009, Nirlungayuk and Lee 2008). This concern is based on research and Inuit 

experiences concerning the toxicological effect of the tranquilizing and handling of 

managed ursids (Shannon and Freeman 2009, Cattet et al. 2008). Addressing the 

communication issue between ‘Western’ science and Inuit communities has been the 

topic of several publications, and has become an important portion of research plans for 

many studies now taking place in Nunavut (ITK and NRI 2007). While in Gjoa Haven, 

we met with the community leaders to explain our research, discussed with the Inuit 

hunters our final plans and whom they selected to go out with us, and went into the local 
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schools to give presentations about our research and the science behind it.  It is critical to 

include the Inuit hunters and community leaders in decisions, provide a source of income 

for the hunters, and a learning experience for schoolchildren in the community.  

4.7 Conclusions, Status of Objectives and Future Directions  

This study was meant to investigate the components of a range-wide noninvasive survey 

of polar bear populations using genetic data from non-invasively collected samples. On 

the whole, the results are encouraging, but at this stage, it will not  replace traditional 

capture-recapture surveys. We found that the corral trap design works well for collecting 

polar bear hairs, but it is really a one-contact device.  In contrast to other ursid  non-

invasive sampling methods, the inclusion of Inuit track diagnoses concerning bear 

contacts at these stations significantly improved the inferences from our genetic data by 

assigning hiarsnags to specific bears in those cases where multiple bears visiting the 

stations between sampling (Dreher et al. 2009). We found a large proportion of our 

captured bears were male, in a management unit that is thought to be female-biased, 

which leads us to believe our traps attract males preferentially. Another CMR survey in 

the M’Clintock Channel management unit, will validate this claim. We found the 

‘industry standard’ 6 loci was sufficient for the identification of individuals from our 

samples, and we included samples that had at least 4 complete loci. The error associated 

with these 6 loci was sufficiently low in comparison to similar noninvasive surveys and 

this genetic data is as reliable as tissue plug DNA data. The amount of error associated 

with genetic sexing is still unknown, however, preliminary studies indicate it is minimal 

(Pagès personal comm.). With our largest estimated minimum known alive estimate (82 
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bears), we captured a large proportion (~30%) of the estimated management unit 

population, after surveying a limited portion of the MC management unit. Our survey 

methods may inherently be more effective in small populations with relatively low 

densities, as most sampling stations had 1 bear/contact. We believe this was due mainly 

to trap design: either the lure was completely removed, or the trap was ripped out of 

ground. 

To make inferences from these data beyond the estimate of minimum number alive of 

each sex from hair-snag data, at a minimum, three critical developments must occur. First 

one must be able to determine the accurate age of a bear from tissue samples. Second the 

probability of capture for each age and sex class must be quantified.  This can only 

happen with a complementary aerial survey – either fixed wing (by sight) or helicopter 

(CMR). Third, alternative sampling designs using our corrals should be rigorously 

evaluated against the backdrop of known polar bear behavior.   Once these have been 

answered the true potential of hair-snag DNA to augment CMR studies can be 

determined.  

In the immediate future, two steps may provide a more accurate estimate of minimum 

number known alive. We would like to extend the survey to cover the entire management 

unit. The area we surveyed did not include at least 2/3 of the management unit. We 

should extend the survey up to the area below Lancaster Sound, further around Prince of 

Wales Island and the area to the west of King William Island, near Cambridge Bay 

(Figure 3). These first two areas (South of Lancaster Sound, and the area around Prince 

of Wales) had the largest density of bear captures during the 1998-2000 CMR surveys 
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(Figure 2). This survey will also increase sampling coverage but also confirm a potential 

sampling bias of our traps.  The second step is the evaluation of the collection of genetic 

data from faecal samples encountered on the sea ice. Over the four year periods we 

collected 67 individual faeces. At first glance the encounter rate of faecals of each sex 

suggest no evident sampling bias (data not presented). Should these data yield reliable 

genotypes, the assay of repeated years of non-invasive faecal and hair samples will 

provide accurate estimate of the minimum number alive for a polar bear population.   

Currently, our methods can be used in addition to the aerial CMR surveys, helping to 

inform on the relative distribution and activity of areas throughout the management unit. 

However, before it can be used as a management tool in the same capacity as the aerial 

CMR survey, the difficulties raised in this thesis must be researched further. 
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Appendix A 

Contact Consensus Information 

Contact Name Contact Notes Date Sex # Missing Loci 
PBMC06- 1 1 contact May 11/2006 F 2 
PBMC06- 11 1 contact May 13/2006 M 1 
PBMC06-12 1 contact May 14/2006 M 0 
PBMC06- 13 3 contacts May 15/2006 U 0 
PBMC06- 14 3 contacts May 15/2006 M 0 
PBMC06- 15 3 contacts May 15/2006 M 0 
PBMC06- 17 1 contact May 15/2006 U 0 
PBMC06- 18 1 contact May 16/2006 M 0 
PBMC06- 2 1 contact May 11/2006 M 0 
PBMC06- 3 1 contact May 11/2006 M 0 
PBMC06- 4 2 contacts May 12/2006 M 0 
PBMC06- 5 2 contacts May 12/2006 M? 2 
PBMC06- 9 1 contact May 13/2006 F 0 
PBMC07- 13 1 contact may 7/2007 M 0 
PBMC07- 26 1 contact May 24/2007 M? 2 
PBMC07- 30 1 contact May 24/2007 M 0 
PBMC07- 37 1 contact May 8/2007 M 1 
PBMC07- 41 1 contact may 8/2007 M 2 
PBMC07- 60 1 contact may 24/2007 M 0 
PBMC08- 15 1 contact June 4/2008 U 0 
PBMC08- 30 1 contact may 4/2008 F? 2 
PBMC08- 31 2 contacts May 4 2008 M 2 
PBMC08- 33 3 contacts MAY 7/2008 U 0 
PBMC08- 36 1 contact May 14/2008 U 0 
PBMC08- 48 1 contact May 13/2008 F? 0 
PBMC08- 49 1 contact May 13/2008 M 0 
PBMC08- 50 1 contact May 13/2008 F 0 
PBMC08- 72 1 contact May11/2008 M 2 
PBMC09-10 No Data May 28/2009 M 0 
PBMC09-105 No Data May 28/2009 F 0 
PBMC09-107 No Data May 28/2009 F 0 
PBMC09-116 No Data May 28/2009 M? 0 
PBMC09-118 No Data May 28/2009 M 0 
PBMC09-120 No Data May 28/2009 U 0 
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PBMC09-126 1 contact May 7/2009 U 2 
PBMC09-133 1 contact May 7/2009 M 0 
PBMC09-135 1 contact May 11/2009 U 1 
PBMC09-139 1 contact May 11/2009 M 0 
PBMC09-149 1 contact May 11/2009 F 0 
PBMC09-151 No Data May 12/2009 F? 0 
PBMC09-157 No Data May 12/2009 M 1 
PBMC09-159 No Data May 12/2009 M 0 
PBMC09-16 No Data May 28/2009 M 1 
PBMC09-162 No Data May 12/2009 M 0 
PBMC09-165 No Data May 12/2009 F? 0 
PBMC09-175 1 contact May 28/2009 U 2 
PBMC09-18 No Data May 28/2009 M 1 
PBMC09-185 1 contact May 28/2009 U 1 
PBMC09-192 1 contact May 28/2009 M 1 
PBMC09-193 1 contact May 28/2009 M 0 
PBMC09-194 1 contact May 28/2009 M 0 
PBMC09-2 1 contact May 28/2009 F 1 

PBMC09-229 1 contact May 17/2009 M 0 
PBMC09-23 No Data May 28/2009 F 0 
PBMC09-232 No Data May 20/2009 M 0 
PBMC09-242 No Data May 20/2009 M 0 
PBMC09-25 No Data May 28/2009 F 0 
PBMC09-26 No Data May 28/2009 M 0 
PBMC09-281 No Data May 21/2009 M 1 
PBMC09-285 No Data May 21/2009 U 0 
PBMC09-296 No Data May 21/2009 M? 0 
PBMC09-30 No Data May 28/2009 M 0 
PBMC09-302 No Data May 21/2009 M? 0 
PBMC09-314 1 contact May 15/2009 M 0 
PBMC09-317 1 contact may 17/2009 M 0 
PBMC09-36 No Data May 28/2009 M 1 
PBMC09-41 No Data May 28/2009 M 0 
PBMC09-46 No Data May 28/2009 F 0 
PBMC09-50 No Data May 28/2009 M 0 
PBMC09-54 No Data May 28/2009 M 0 
PBMC09-56 No Data May 28/2009 M 0 
PBMC09-6 No Data May 28/2009 U 2 
PBMC09-65 No Data May 28/2009 F 0 
PBMC09-67 No Data May 28/2009 M 0 
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PBMC09-68 No Data May 28/2009 U 1 
PBMC09-73 No Data May 28/2009 M 0 
PBMC09-76 No Data May 28/2009 F? 0 
PBMC09-80 No Data May 28/2009 M 0 
PBMC09-81 No Data May 28/2009 M 0 
PBMC09-82 No Data May 28/2009 F? 0 
PBMC09-85 No Data May 28/2009 M 0 
PBMC09-91 No Data May 28/2009 M 1 
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Appendix B 

Trap Capture Effort 

Year Transect 
Length (km) 

Number of 
Traps 

Number of 
Weeks 

Number of 
Hair Snags 

Number of 
Contacts 

Number of 
Individuals 

2006 26 7 1.5 79 19 14 

2007 95 48 3 62 17 7 

2008 170 23 4.5 168 21 9 

2009 447 67 3.5 286 92 57 

 

 


