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Summary 
 
The gray wolf (Canis lupus) is a widespread species, which inhabits a variety of 
landscapes, all from dry deserts to the Alaskan tundra. It has an enormous capability to 
disperse and records over 1000 km have been documented. Some studies have even 
documented the wolves swimming ability where distances of 4 km where seen, although 
such records are more extraordinary and not usually observed. Along the coast of British 
Columbia and Southeast Alaska there are about 10 000 wolves which lives both on the 
mainland and on the numerous islands in the archipelago. These conditions are suitable 
for comparison studies of isolation, area and wolf management since both countries have 
different policies regarding hunting and timber harvesting. The hypotheses are that the 
genetic variation should decrease with higher amount of isolation, smaller island area and 
a considerable amount of hunting.  
 
A new method to track populations that has arisen in recent years is the use of faeces for 
DNA extraction. There are both benefits and drawbacks with this method. The most 
important thing is the low DNA content, which makes these samples more error prone 
than other DNA sources such as tissues and blood. Microsatellites are quite new 
developed genetic markers which are highly variable, even between individuals of the 
same species. In this study, 16 such markers were used to measure the heterozygosity of 
52 samples originating from an area of the Vancouver Island in the south to the Prince of 
Wales Island in the north and three localities in east of British Columbia. Faecal and 
tissue samples were first amplified and then genotyped to be able to distinguish wherever 
the individuals were homozygous or heterozygous for the chosen loci.  
 
A pattern could be viewed already when scoring the alleles but became clearer when 
dividing the samples from British Columbia and Southeast Alaska in two groups and test 
them with a Student’s t-test. The difference where not significant (p = 0,078), although 
the normal distribution showed a clear trend of lower heterozygosity for the Southeast 
Alaskan wolves. The other tests, mainland versus islands, smaller versus larger islands 
and more isolation versus less showed no significant differences either. The isolation test 
showed despite that, that something is happening when examining the normal 
distributions and the standard deviations for these groups. The average heterozygosity for 
the whole sample set (0,57) could be compared with other values for wolves which lie 
around the same value. The genotyping errors could also be compared with earlier 
results, although the dropout rate was a bit higher in this study. Some individuals and loci 
were more error prone than others.  
 
These results would be interesting to examine further with a larger sample set since many 
of these test were sample size biased and overall contained few samples. An interesting 
thing, if the pattern seen between the British Columbian and Southeast Alaskan wolves 
would be given a stronger statistical verification it would show the state officials how the 
abandoned regulation could affect the wellbeing of the wolves. If the wolves along this 
naturally fragmented coast are going to have a future, the attitudes must be changed since 
this is the main threat for their existence. 
 

 2



Introduction  
 
The gray wolf (Canis lupus) has a general Holarctic distribution and is one of the most 
widespread terrestrial mammals (Mech, 1970) (Figure 1). Though its wide distribution 
and estimated worldwide population at 200 000 (Boitani, 2003), the wolf has suffered 
many population declines and is locally threatened in many countries (Boman et al., 
2003; García-Moreno et al., 1996, Musiani & Paquet, 2004; Apollonio et al., 2004). 
Historically the wolf was distributed over a wide area and inhabited a huge variety of 
landscapes, from dry deserts to Canadian tundra as Ellesmere Island (Mech, 1970).  
Many theories have been given about the origin of the wolf but it seems like the 
counterpart of studies agree that the wolf used the Bering land bridge to colonize North 
America from Eurasia (Kurtén, 1966). Since the colonization of North America, the wolf 
has suffered from human persecution and habitat destruction which had led to different 
degrees of isolation and fragmentation (Vilá et al., 1999). 
 
 Until the 1970s, the wolf was allowed to be hunted legally in North America (Mech, 
1970) but nowadays the wolf is only hunted officially at minor scales for different 
purposes in some limited areas. The distribution of wolves in North America is mostly 
restricted to Canada and Alaska but with some less continuous areas in northern United 
States where the wolf has recently re-colonized (Roy et al., 1994). The status of the wolf 
in Canada at present is not critical and the Committee on the Status of Endangered 
Wildlife in Canada (COSEWIC) does not list it (Musiani & Paquet, 2004). In South 
Eastern British Columbia the wolf was completely protected from 1967 until limited 
hunting started in the late 1980s (Pletscher et al., 1997). The populations in Alaska and 
northern Canada have been widely distributed and abundant for a long time and this has 
been the rescue for the wolf, as predators are more sensitive for fragmentation 
(Woodroffe & Ginsberg, 1998). The status in Alaska is therefore not at all critical but 
some biologists are worried about the expected amount of poaching and legal hunting in 
certain areas (Musiani & Paquet, 2004). 
 
The estimated wolf population sizes of British Columbia and Alaska are about 8000 and 
7700-11200, respectively (Musiani & Paquet, 2004; Wildlife conservation, 2003). The 
gray wolf belongs to the order Carnivora and is one of the largest members of the family 
Canidae. Closely related species are the coyote (Canis latrans) and the red wolf (Canis 
rufus), which are thought to be able to hybridize (Adams et al., 2003). Some studies have 
also highlighted the issue in which degree the coyote and the gray wolf hybridize (Wayne 
et al., 1992; Roy et al., 1994). This could have strong implications for the conservation of 
the gray wolf and must in every particular case be examined before further efforts are 
made.  
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Figure 1. Worldwide distribution of the gray wolf (Canis lupus) (At 
http://www.de5stora.com/omrovdjuren/varg/utbredning/index.asp 2005-07-15) 
 
 
Behaviour of the wolf 
 
The wolf has, as the brown bear (Ursus arctos), adapted to catch a great spectrum of prey 
depending on the availability in the area and how changeable the landscape is 
(Carmichael et al., 2001; Darimont et al., 2003). On the mainland of British Columbia the 
main prey is the moose (Alces alces) whereas on the islands of the coast the main prey is 
the smaller Black-tailed Deer (Odocoileus hemionus), which also lives on the most 
isolated islands in the archipelago (Bergerud & Elliott, 1998; Darimont et al 2004; 
Darimont & Paquet 2002). On the mainland where the moose is the main prey the wolves 
are strictly territorial in contrast to wolves preying on barren-ground caribou (Carmichael 
et al., 2001). A study conducted on faeces from the coast population of British Columbia 
showed that not only mammals were the wolves’ diet (Darimont et al 2003). Spawning 
salmon (Oncorhynchus spp.) have been both observed in the faeces and in action trying 
to escape from the claws of the wolves. A mean capture rate of 21,5 salmon/h during the 
spawning season indicates that the salmon are an important food resource during a certain 
season of the year. The fact that they only seem to eat the head of the fishes could be due 
to a number of reasons but one hypothesis is the avoidance of parasites. The strategy to 
use salmon as a food source is both energetically beneficial and reducing the likelihood to 
be killed or hurt in hunting ungulate prey (Darimont & Reimchen, 2002). 
 
The wolf is able to disperse over a wide area in search for good habitats and available 
territories. There are three major hypotheses why species disperse: competition for 
resources, competition for mates, and avoidance of close inbreeding (Pusey & Wolf, 
1996). A quotation from an article: “The ability of a terrestrial mammal to colonize 
islands depends of isolation, the species’ swimming ability, and water conditions” 
(Darimont & Paquet, 2002). The swimming capability of the wolf has long been 
unknown but more and more observations have been documented of wolves using water 
to reach islands, crossing big rivers or even to catch prey (Nelson & Mech, 1984). There 
is evidence from a study indicating that wolves could be swimming up to 4 km even if 
the frequency of such a long swim seems not to be so high (Person et al., 1996). 
Ecological studies of dispersal distances have shown what an amazing animal the wolf is. 
Wolves generally start to disperse when they are around, or more common above, 16 
months (Pletscher et al., 1997). The wolf has been documented to sometimes disperse 
over 200 km from their natal ground and records had been shown over 1000 km straight-
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line in Scandinavia and 500-890 km in North America (Mech et al., 1995; Wabakken et 
al., 2001; Fritts, 1983; Walton et al., 2001). The longer distances found in the 
Scandinavian wolf population could be due to a lower density of wolves (Wabakken et 
al., 2001). An eleven year long study with radio-collared wolves showed that about 44 % 
of the wolves dispersed from the study area and the density of wolves during this time 
was 35 wolves/1000 km2 (Pletscher et al., 1997). The authors mention that this high 
dispersal rate can be a result of the large number of available territories. Some studies 
have shown that dispersing wolves have lower survival than resident ones but there are 
also studies showing no connection between the two factors. In part of the area for this 
study, the coast of British Columbia, the estimated population density is about the same, 
30-35 wolves/1000 km2 (Darimont & Paquet, 2000). All these dispersal studies showing 
traveling distances have been conducted on land and have not taken into account the 
barrier as water may consist for dispersal. 
 
Microsatellites and faeces 
 
The best way to find out how fit a population is, is to use heritability components as 
DNA. In recent years the use of genetic techniques has expanded in the research field, 
especially when consider the development of microsatellites (Luikart & England, 1999). 
Microsatellites are short fragments of less than six bases and are tandemly repeated 
throughout the genome (Goldstein & Schlötterer, 1999). The evolution of microsatellites 
is due to gain and loss of repeat units rather than sequences substitutions (García-Moreno 
et al., 1996). It was first on the arrival of PCR (polymerase chain reaction) in the end of 
1980s that microsatellites began to be discovered for their usefulness (Jarne & Lagoda, 
1996; Balloux & Lugon-Moulini, 2002). Why use microsatellites instead of 
mitochondrial DNA when the success rates are higher (Adams et al. 2003)? 
Microsatellites have been used in many different areas such as kinship determination, 
population size estimations, population differentiation and genetic variation (Hoffman & 
Amos, 2005; Bellemain et al., 2005; Forbes & Boyd, 1996; Balloux & Lugon-Moulini, 
2002). Their usefulness is based on the ability to distinguish individuals, an effect of the 
great variability seen among species and even between individuals of the same species. 
The existence of microsatellites has been known for about 25 years but it was first in the 
1990s that researchers became aware of their great variability for use in population 
genetic studies (Jarne & Lagoda, 1996). The microsatellite markers, recently developed, 
have been compared with other genetic markers, such as allozymes and RAPDs 
(randomly amplified polymorphic DNA) and it was shown that the amount of analyzed 
microsatellites needed was less than the other (time saving) due to a greater number of 
alleles per locus (Jarne & Lagoda, 1996; Hedrick, 2004).   
 
Microsatellites have been shown to be useful when using non-invasive samples such as 
faeces and hair (Bellemain et al., 2004; Creel et al., 2003; Lodé et al., 2005). Despite all 
the advantages of microsatellites, the results from such studies considering gene flow and 
calculations of F-statistics should though be handled with some caution (Balloux et al., 
2000). To be able to examine the number of unique multilocus genotypes in populations, 
faeces are genotyped for several loci (Kohn et al., 1999). How many loci are though 
needed to estimate the number of individuals from a sample set? The number is due to the 
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choice of marker and how variable the samples are for those markers (Hedrick, 2004). 
When using non-invasive samples such as faeces, a number of precautions have to be 
made due to the low DNA concentration (Bonin et al., 2004; Broquet & Petit, 2004). The 
low concentration is a result of prey items passing the digestion system scraping off tiny 
pieces of intestinal tissue containing the animals’ DNA and then being mixed with the 
DNA of the prey and some bacterial DNA (Adams et al., 2003). To avoid amplifying 
prey sequences it can be good to use species-specific primers.  
 
Another disadvantage of working with low quality DNA samples such as faeces are the 
problems with genotyping errors. Genotyping errors can be defined as differences 
observed between two or more genotypes originating from the same sample in 
independent runs. The two such main errors are allelic dropout and false alleles (Broquet 
& Petit, 2004; Bonin et al., 2004; Hoffman & Amos, 2005). Allelic dropout is the more 
common of the two and is defined as: one allele of a heterozygous individual fails to 
amplify. This is a result of the low amount of DNA and could thereby make the 
amplification of a less strong allele in a heterozygous individual not to be detected. 
The other error, false alleles, is when a homozygous individual is showing two alleles or 
a heterozygous individual showing more than two alleles. The false allele could be 
generated during the PCR as a result of slippage artefacts (Taberlet et al., 1996). To avoid 
genotyping errors the multi-tube approach is now generally recommended with low 
quality samples (Frantz et al., 2003; Taberlet et al., 1996). The multi-tube approach is 
focusing on many replicates of the same sample, e.g. to determine the genotype of a 
homozygote sample it needs to be shown in at least three independent PCRs.  
 
Faeces are an excellent source when solving both genetically and biological problems. 
There are many studies done using faeces, for example to recognize hybridization, prey 
consumption and to estimate population size (Adams et al., 2003; Darimont et al., 2004; 
Kohn et al., 1999). Despite all precautions and disadvantages with low concentrations 
when working with faeces there are also benefits. The largest benefits with faeces are that 
they are easy to get a hold of as most wolves use it as scent marking near roads, and 
especially crossroads (Vilà et al., 1994; Barja et al., 2004). Other benefits when using 
faeces are if the animal is difficult to capture, wide-ranging or endangered (Prugh et al., 
2005). The disturbance and physiological stress, which can appear when capturing an 
animal, will also be considerably reduced.  
 
Genetic variation  
 
For a species and individual to be able to survive in nature a good idea is to have 
variation. Genetic variation is a component which can decide how much a population can 
adapt to a certain environment and be able to cope with changing climate and habitat 
fragmentation. The two major forces acting on genetic variation are mutations and 
genetic drift (Kimura, 1983). Mutation is a random process which can occur 
spontaneously in the genome creating new evolutionary variants. Some of the alleles 
appearing after a mutation could be deleterious for the individual and thereby reducing its 
fitness and if the individual has reduced genetic variation it could lead to a homozygote, 
having only one allele, with just that deleterious allele (Frankham et al., 2002). Although 
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mutations can cause fitness decline, mutation is the force limiting the genetic decline due 
to drift, by introducing new variation to the population. Problems with genetic variation 
often arise in small populations where genetic drift is an important factor reducing the 
variation and has a larger effect than selection does (Hedrick, 2004; Woodroffe & 
Ginsberg, 1998). Gene flow on the other hand, which is an effect of the dispersal ability 
of the organism, can contribute to new variation in locally isolated populations, e.g. on 
islands (Frankham et al., 2002; Roy et al., 1994). Gene flow can be limited by recent 
habitat fragmentation or an expanded distribution followed by isolation (Vilá et al., 
1999). In the case of the wolf, which has high dispersal ability, gene flow can be one of 
the factors contributing to the high diversity seen in wolves of the Alaskan tundra (Roy et 
al., 1994). To estimate gene flow, a way is to use the degree of genetic differentiation 
calculated from FST (Frankham et al., 2002).  
 
In island populations there are a great risk of bottlenecks at foundation and they are 
thereby from the beginning exposed for a risk of inbreeding depression (Frankham, 1998; 
Wayne et al., 1991). Inbreeding is when two closely related individuals mate and thereby 
decrease the genetic variation and fitness of the progeny (Frankham et al., 2002). The risk 
of inbreeding as an effect of low population size and a small amount of founders is 
clearly shown in the Scandinavian wolf population (Vilà et al., 2003). With no gene flow 
between islands the inbreeding will depend on the effective population sizes on each 
island included in the analysis and probably be higher than on the mainland (Nunney, 
1999). To conserve island populations, the degree of gene flow and dispersal is therefore 
good to know. Complementary methods to study dispersal and gene flow are the ordinary 
tracking method with the use of GPS-transmitters, wolf-howling surveys or tracking 
during winter when the ground is snow covered (Jedrzejewski et al., 2001; Apollonio et 
al., 2004). Drawbacks with using only these non-genetically methods are that no 
knowledge about the real contribution of the dispersal will be known, time consuming, it 
doesn’t snow everywhere and that it is expensive.  
 
 

 
Figure 2. Metapopulation theory showing dispersal between patches. (At 
http://leml.asu.edu/jingle/Landscape_Ecology/Lectures/Metapop/Metapop_LE.jpg 2005-07-26) 
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Conservation issues and Metapopulation theory 
 
In recent years the importance of genetics in conservation has been highlighted and 
incorporated in the field of conservation biology (Hedrick et al., 2004). The genetic status 
of carnivores has especially been shown in the Scandinavian wolf population (Flagstad et 
al., 2003).  The two biggest factors threatening the wolves around the world are human 
persecution and habitat fragmentation (Noss et al, 1996). Wolves are affected by 
fragmentation when there is extensive logging and other human development activities 
which in first hand affects the density of prey. The wolves along the coast of British 
Columbia and Southeast Alaska are affected by a naturally fragmented landscape in form 
of an archipelago. This in addition with the variety of island sizes and elevation 
differences makes this system and population an ideal choice for isolation studies. 
Wolves and other large carnivores require large territories (Carrol et al., 2003; Noss et al., 
1996) and this may have an effect on the social structure and density on the islands. Some 
islands would not be able to maintain a whole pack whereas on some there would be 
several, competing for the available prey. This will indeed have an impact on the 
dispersal rate. The home ranges are often located in areas with minimal human 
interference and adequate prey abundance (Mladenoff et al 1995) and this is true for 
many of the islands along the northwest coast of North America (Darimont et al., 2004).  
 
Although the advantages of island populations there are also drawbacks: a reduced 
survival as an effect of low average population sizes, an increased chance of damaging 
stochastic events (diseases) and introduction of new competitors for prey (Frankham, 
1998). One theory that may be applicable to the population of wolves along the coast of 
western Canada and south Alaska is the Metapopulation theory (Elmhagen & 
Angerbjörn, 2001) (Figure 2). In principal there are four conditions that have to be 
fulfilled; the subpopulations have different extinction risks, empty habitat patches which 
can be colonized, asynchronous population dynamics and thereby extinction in all 
subpopulations at the same time are not expected. An approach for this theory has 
brought forward for solving problems in small and isolated populations to avoid 
inbreeding and extinction (Noss et al., 1996). To be able to call the study population a 
Metapopulation, more studies will be needed (Darimont & Paquet, 2002). 
 
The study area 
 
The study area consists of the coast of British Columbia in Canada and Southeast Alaska, 
from the Vancouver Island in the south to the Prince of Wales Island in the north 
(Appendix 1). In the study are also some mainland sites as Fort Nelson and Cranbrook in 
British Columbia. Compared to the mainland, the coast is extremely isolated with very 
little infrastructure as roads (Darimont & Paquet, 2000). To be able to go there you would 
need a boat or an airplane. The coast is dominated by high elevations differences and a 
variety of islands, which are commonly divided by deep fjords. The landscape is 
dominated by temperate rain forest that falls within the Coastal Western Hemlock 
biogeoclimatic zone, the wet and temperate climate is characterized for this zone. A 
possible advantage for wolves on the islands in comparison with the mainland population 
is that on the mainland the wolf has to compete for available prey with coyotes (Canis 
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latrans) and red foxes (Vulpes vulpes), which are absent on the islands (Darimont & 
Paquet, 2002). The landscape on the west coast is originally the same on both sides of the 
Canadian and Alaskan border, the great difference lies in the land management of the 
countries (Person et al., 1996; Darimont & Paquet, 2000). In Alaska there are more 
extensive logging and hunting of wolves than in British Columbia, which could have an 
effect on the wolf population in these areas.  
 
Hypothesis and the reason for this study 
 
The aim of this study is to examine how island isolation, the size of the islands and 
management practices such as hunting affect the genetic diversity. When getting the 
results it can give an idea about how the isolation and size affect genetic diversity in the 
British Columbian and Southeast Alaskan wolves. A similar study had examined the 
genetic variability between one island population and some mainland populations in the 
area of the Great Lakes (Wayne et al., 1991). Although the great knowledge of wolves, 
little is known how dispersal and social structure effects genetic variation (Forbes & 
Boyd, 1996). Due to the variable landscape and large number of islands of different size, 
the west coast of British Columbia and Southeast Alaska is very suitable for isolation and 
area dependence studies (Darimont et al., 2004). A study in the area noted that the 
absence of wolf traces on small isolated island, even if prey abundance was high, could 
indicate that wolves are more affected by island area than prey density (Darimont & 
Paquet, 2002). Some wolves swim between the islands today but we don’t know in which 
degree they do it (Darimont & Paquet, 2000).  
 
The hypotheses are that the genetic diversity increases as you move nearer the mainland, 
on the larger islands and with a lesser amount of hunting. The largest islands close to the 
mainland should thereby have the highest genetic diversity. This may be a result of 
higher genetic flow and an ability to maintain larger populations on the close, largest 
islands than on a small islands more isolated by oceanic water far out on the sea. Is it 
better to live in a large continuous population or in a metapopulation with a certain 
degree of gene flow? The genetic diversity can thereby be a result of how many 
individuals which are keen to swim in the water with the strong sea current (compared 
with inland lakes and rivers), thus affecting the level of gene flow. Other factors that can 
have an influence on the genetic diversity are the human impact in form of the degree of 
hunting and logging. In this project questions about gene flow, extensive logging, hunting 
and island/mainland theories and how these factors can affect genetic diversity will be 
discussed but the main focus is on the isolation and size affect. In a way to test the 
genetic results, GIS maps will be used to calculate the island areas and distances and also 
to show the distribution of the samples. 
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Materials and methods 
 
Samples 
 
The wolf DNA samples included in this study were collected from Southeast Alaska and 
British Columbia in Canada. In total there were 95 samples in the study that originated 
from faeces, tissue and serum DNA (Table 1).   
 
The faeces collection was conducted along the coast of British Columbia, from Rivers 
Inlet (just north of Vancouver Island) in the south to Alice Arm in the north (Appendix 
1). To be able to reach all the islands and rivers the research team was using a sailing 
boat. The sites were picked non-randomly but were evenly distributed (Darimont et al., 
2004). At each site, beaches, estuaries and forests near the beach (often on logging roads 
and wildlife trails) were explored to find the faeces. One to two sites were normally 
chosen and the excursions were often conducted near the shore, seldom they extended 
more than 5 km inland. From each faeces about 3-4 small sections were taken and were 
then put into a 50 ml eppendorf tube with 95 % ethanol. The surveys conducted for the 
faeces samples used in this study were from 2001 to 2004 (Appendix 2). The location of 
some faeces samples was recorded using a GPS (global positioning system). 
 
The serum samples were from trapped wolves from the Vancouver Island in British 
Columbia, which also were used for other scientific studies. The tissue samples were 
collected from 2000 to 2003 with one exception from the 1990s (Appendix 2). The 
analysis had in total 34 tissue samples which were already extracted from legally hunted 
wolves and had been stored in the freezer with a temperature of -20 °C. The 
concentration of the tissue samples was measured using a NanoDrop 2.5.3 (NanoDrop 
technologies, Delaware, USA) and then diluted to a concentration of 10 ng/µl. 
 
Table 1. Summary of origin of the wolf DNA samples. 
Location Faeces Tissue Serum Total
Southeast Alaska 0 18 0 18 
British Columbia, coastal 37 13 16 66 
British Columbia, inland 0 11 0 11 
Total 37 42 16 95 
  
Faecal DNA extraction 
 
The faeces were preserved in 95 % ethanol or with Queen’s college buffer depending of 
when the sample was collected. The samples were sliced with a scalpel (approximately 
200 mg) and put in an ASL buffer. If the faeces consisted of mostly hair and very little of 
actually degraded fragments the sample was shaken and a volume of roughly 250 µl was 
taken. DNA extractions of faeces were then following the included protocol of Qiagen 
DNA stool kit (Qiagen, Hilden, Germany) (Bellemain et al., 2004). All extractions were 
carried out in a room dedicated to low quality samples as faeces and hair and one 
negative control (containing no DNA) for each extraction was used for detection of 
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contamination. The negative samples were consequently treated as the samples with 
DNA content. 
 
Microsatellite amplification, genotyping and scoring 
 
In total there were sixteen different microsatellite loci used in this study, especially 
developed for the dog (Canis familiaris) but also good for other Canids. The markers 
were u109, u173, u225, u250 and u253 (Ostrander et al., 1993), c2001, c2006, c2017, 
c2079, c2088, c2096 (Francisco et al., 1996), PEZ03, PEZ05, PEZ06, PEZ012 (Perkin-
Elmer, Zoogen; see the FHCRC Dog Genome Project at 
http://www.fhcrc.org/science/dog_genome/) and vWF (Shibuya et al., 1994). The PCR 
was carried out in 10 µl reactions containing 2 µl genomic DNA extract (faeces) or 1 µl 
extract (tissue and serum), 1 x Qiagen buffer (Hot Star), 250µM dNTP’s, 0,32 µM of 
each primer, 0,05 µl Q solution and 0,045 units Hot Star polymerase (Hot Star Qiagen, 
Hilden, Germany). All PCR setups were carried out in a room dedicated for setups with 
low quality samples. The amplification was performed in a PTC-225 Peltier Thermal 
Cycler (MJ Research, Inc. Waltham, USA) and the program used was: 95°C for 15 min, 
12 cycles of 95°C for 30 s, 58°C minus 0,5°C per cycle for 30 s, 72°C for 1 min, 30 
cycles of 95°C for 30 s, 52°C for 30 s, 72°C for 1 min, then 72°C for 15 min, and finally 
4°C for 2 min. After the programme was finished the temperature was held at 12 °C until 
it was stopped and the samples were transferred to a cold room with a temperature at 8°C. 
In each PCR reaction three positive controls and three negative controls were added for 
detection of for example strange alleles and contamination, respectively. 
 
PCR-products were pooled together as described in Table 2. From the pooled products 1 
µl of each sample were then transferred to a 96 well ABI skirted plate with 10 µl 
marker/loading solution in each well. The marker/loading solution contains 0,025 µM 
ETRox 400 marker. The samples were then genotyped on a MegaBACETM 1000 capillary 
sequencer (Amersham Biosciences, Sunnyvale, USA). The microsatellite scoring was 
conducted with the software Genetic Profiler 2.2. All scores were checked by eye. 
 
Table 2. Pooling of the microsatellite markers for genotyping. 
Final Pool PCRs Amount of product 
Pool 1 Multiplex: c2017 & c2006 

Multiplex: c2001 & c2088 
Separate: u253 

2 µl 
2 µl 
2 µl 

Pool 6 Multiplex: u109, u173 & u225 
H2O 

2 µl 
2 µl (only for faeces) 

Pool B Multiplex: PEZ06 & PEZ12 
Multiplex: vWF & u250 
Separate: PEZ05 
H2O 

1 µl 
3 µl 
1 µl 
4 µl 

Pool D Multiplex: c2079 & PEZ03 
Separate: c2096 
H2O 

3 µl 
1 µl 
5 µl 
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Replication schedule and error counting 
 
Three replicates of each faeces sample were done in each PCR reaction and one replicate 
of tissue samples. In faeces, it would need to be shown in at least three trustworthy 
replicates to state a homozygote and for a heterozygote in only two. This is done due to 
the probability of allelic dropouts and false alleles, which is common when using non-
invasive DNA such as faeces. The samples were redone until these demands were 
fulfilled or if the samples didn’t work at any loci they were discarded from the analysis. 
The genotyping error could be diminished if bad quality samples are removed from the 
sample set (Creel et al., 2003). The genotyping error rate can give an idea about how 
trustworthy the analyses are for faeces samples and should be included in every non-
invasive study (Broquet & Petit, 2004). 
 
To estimate the error rate, all replications were checked and analysed using Microsoft 
Office Excel (2003). The total allelic dropout was calculated by dividing the number of 
observed dropouts per the number of replicates for loci scored as heterozygous. 
The probability of occurrence of dropouts was determined as: 
 
Dr = Σ Do/Σ Hl
 
where Do is the number of observed dropouts and Hl is the number of replications for 
heterozygous loci. 
 
A simple method was also used for calculating the total rate of false alleles. The number 
of observed false alleles was divided by the number of replicates for all loci. These 
genotyping errors were calculated for all faecal samples per individual and per locus to 
check for individuals or loci which were more error prone. 
 
Group classification  
 
To determine which of many factors that may have an impact on heterozygosity, the 
samples were divided into several groups, each designed to test a different hypothesis 
(Table 3). Since British Columbia and Southeast Alaska have different management 
methods for wolves and different degrees of hunting the samples from coastal 
populations were divided in two groups (Person et al., 1996; Darimont & Paquet, 2000). 
The inland samples from British Columbia were excluded due to unequal habitat for the 
ability to check for effects of management and hunting on genetic diversity. To estimate 
which impact the habitat structure could have, the samples were divided in one island 
group and one mainland group. This division could show if the pattern of genetic 
variation is affected only by the fact that the wolves live on islands. Another test is to 
investigate the consequence of living on a small limited area, whereby dividing the island 
samples in big islands and small ones. The limit for a big island was determined to be 250 
km2 or larger. To estimate the impact of isolation two groups were chosen, one with 
islands near the coast and another group with more isolated islands. The isolation was 
defined as the minimum distance to the nearest island or mainland. The distance for a 
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more isolated island was determined to be 500 m or more and this due to the span of 
distances of the samples and that it seems like a good limit. All the area and distances are 
just approximately since the scale of available maps affects their exactitude. 
 
Table 3. Summary of the classified groups of wolves used for statistical tests. The different numbers are the 
name of the samples where 2-68 are faecal samples and 3293-4473 are tissue samples. British Columbia 
(BC) Southeast Alaska (SEAK) Nr is the total number of samples in this group 
Hypothesis Group 1 Group 2 
BC versus 
SEAK 

BC 
 

15, 17, 19, 21, 2, 7,8, 9, 44,  
45, 51, 52, 53, 58, 59, 60, 67, 

 68, 4166, 4451, 4452, 
4453, 4454  
Nr = 23 

SEAK 
 

4197, 4198, 4208, 4216, 4217, 4218, 
4219, 4220, 4221, 4222, 4223, 4224,  
4225,4226, 4228, 4230, 4231, 4232  

Nr = 18 

Mainland 
versus islands 

Mainland 
 

15, 17, 7, 8, 44, 51,59, 
 60, 4165, 4226, 4232, 

4450, 4468, 4469, 4470, 4471,  
4472, 4473, 3293, 3294, 3296 

Nr = 21 

Islands 
 

19, 21, 2, 9, 45, 52, 53, 58, 67, 68, 
4166, 4197, 4198, 4208, 4216, 4217, 
4218, 4219, 4220, 4221, 4222, 4223, 
4224, 4225, 4228, 4230, 4231, 4451, 

4452, 4453, 4454 
Nr = 31 

Small Islands 
versus large 

Small 
 

19, 21, 53, 58, 67, 68,  
4198, 4218 

Nr = 8 

Large 
 

2, 9, 45, 52, 4166, 4197, 4208, 4216, 
4217, 4219, 4220, 4221, 4222, 4223, 
4224, 4225, 4228, 4230, 4231, 4451, 

4452, 4453, 4454 
Nr = 23 

More isolated 
versus less 

Much isolated 
 

2, 9, 45, 52, 67, 68, 4166, 4197, 
4216, 4217, 4219, 4222, 4223, 

4224,4225, 4228, 4230, 4231, 4451, 
4452, 4453, 4454 

Nr = 23 

Little isolated 
 

19, 21, 53, 58, 4198, 4208,  
4218, 4220, 4221 

Nr = 9 

 
Statistical tests 
  
The heterozygosity was calculated using Microsoft Office Excel (2003). For each 
individual the observed heterozygosity (Ho) was calculated by using the total number of 
loci minus the sum of differences in heterozygosity for each locus and then divided that 
by the total number of loci. This was done for all individuals, see the formula below:  
 
Ho = (Lt – Σp)/ Lt 
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where Lt is the total number of loci and p is the difference in heterozygosity. The 
difference is calculated by taking the first allele minus the second so for a homozygous 
locus the difference will be zero.  
To test the statistical significance of the different levels of heterozygosity the software 
SYSTAT version 9 (SPSS Inc, 1998, Chicago, USA) was used to run a Student’s t-tests 
for the different groups.  
 
GIS analysis  
 
A GIS topography map over British Columbia was used to calculate the area of the 
biggest islands of British Columbia but the resolution wasn’t satisfying so the small 
islands had to be taken from another location (Province of British Columbia, 2001). The 
GIS software used was ArcGIS version 9.1 (ESRI, 2004, Redlands, USA). The 
topography map was an lcc-nais projection with the coordinate system Lambert 
GRS1980, distance units in meter. 
 
The distances of all three Southeast Alaskan islands and the area of San Fernando were 
calculated by using a GIS map with the Alaska State Plane Zone 1 coordinate system. 
The projection for the map was a Hotine Oblique Mercator projection using the North 
American Datum for 1927. The software program was ArcGIS version 9.1 and the 
measuring tool for distance. The identity tool was used for the estimation of area since 
the islands were divided in polygons.  
 
The area of Vancouver Island, Prince of Wales and Revillagigedo Island (Revilla) was 
taken from a website (Nationmaster, 2003). 
 
 
Results 
 
Success of samples 
 
Totally 95 samples were used in the study, although 43 of them were discarded from the 
analysis due to poor amplifying. In the end there were thereby 52 samples and 18 of them 
were from Southeast Alaska and 34 were from British Columbia. All Southeast Alaskan 
DNA samples were from tissues and 18 of the 34 British Columbian samples were from 
faecal DNA. Some serum DNA samples were used although they belonged to the 
discarded ones and were not included in the final analysis. All samples had unique 
genotypes, so all were different individuals. A summary of all samples can be viewed in 
Appendix 2. 
 
Genotyping errors 
 
The overall dropout rate was 22,5% with all faeces samples included. If the discarded 
faecal samples were removed from the analysis the error rate became only 19,3 %. The 
misprinting rate (rate of false alleles appearance) were lower, about 2,8% for the whole 
sample set and 2,1 % if only samples included in the final analysis were considered. The 
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dropout rate per locus and individual and the number of replicates per sample can be 
viewed in Table 4. 
 
Table 4. The rates of dropout and misprint for each locus and individual. Replicates per locus were 
calculated as the total number of replicates per locus divided by the number of samples. In the loci which 
are marked with *, the discarded samples are also included in the calculations of rate. 
Locus Dropout rate (%) Misprint rate (%) Nr of replicates
253* 22,6 3,8 4,4 
2001* 18,1 6,5 4,5 
2006* 62,5 7,6 4,9 
2017* 40,0 1,0 4,9 
2088* 23,7 1,7 4,3 
109 12,5 0 3,4 
173 9,3 0 3,4 
225 16,1 0 3,4 
250 15,2 2,7 4,1 
PEZ12 24,1 5,4 4,1 
PEZ05 12,7 0 4,1 
PEZ06 18,3 0 3,9 
vWF 12,3 1,4 3,8 
2079 56,3 2,7 4,1 
2096 36,1 5,4 4,1 
PEZ03 14,3 0 3,8 
Sample    
15 16,4 1,4 74 
17 6,3 0 47 
19 8,6 2,0 51 
21 17,5 0 65 
2 14,0 0 68 
7 22,2 3,8 80 
8 45,5 1,2 82 
9 9,7 0 55 
44 0 0 47 
45 46,4 9,6 83 
51 35,1 4,8 84 
52 2,9 0 54 
53 39,3 1,4 69 
58 0 1,6 62 
59 23,9 2,7 74 
60 0 0 44 
67 7,1 4,5 67 
68 13,0 0 71 
  
 
 
 

 15



Heterozygosity in general  
 
The whole sample set showed a great variability in heterozygosity and the average value 
for individuals was 0,57 (range 0,19-0,81) for the sixteen loci (Figure 3). There were 
considerable differences among the loci with an average of 0,57 (range 0,33-0,80) with 
the two least variable loci, c2006 and c2096, under 0,4 (Figure 4). Consider the dropout 
rate for loci 2006 the success of this marker could be questioned. A summary of the 
different levels of heterozygosity for all individuals can be viewed in Appendix 3. 
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Figure 3. The distribution of individuals per level of heterozygosity and the range of heterozygosity. 
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Figure 4. The distribution of the heterozygosity between the different loci. 
 
British Columbia versus Southeast Alaska 
 
The two-sample t-test showed a trend for a higher heterozygosity in the British 
Columbian wolves, although not statistical significant (p = 0,078). The average 
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heterozygosity for the group of British Columbia was 0,609 and for the Alaskan group it 
was 0,535. This trend is visualized in Figure 5.   
 

G 

Figure 5. The normal distribution of heterozygosity for the wolves from British Columbian and Southeast 
Alaska with number of individual heterozygosity on the x-axis.  
 
Mainland versus islands 
 
The heterozygosity seems not be affected by the fact that the wolves inhabit islands (p = 
0,397). The normal distribution of the samples was very different though, despite the 
more or less equal sample size (Figure 6). The average heterozygosity for the island 
group was 0,558 and 0,592 for the mainland counterpart. 
 

 
Figure 6. The normal distribution of heterozygosity for the wolves from islands and mainland with number 
of individual heterozygosity on the x-axis. 
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The impact of size 
 
In this archipelago of islands, the impact of size seems not to has an affect on the 
heterozygosity of wolves (p = 0,780). The average heterozygosity of both groups was 
almost identical, 0,554 and 0,570, for large and small islands respectively.  
 
The impact of isolation 
 
The isolation seemed not to have an affect on the heterozygosity in general (p = 0,255) 
with mean values of 0,540 and 0,604 with the highest value for the least isolated ones. 
The heterozygosity seemed more affected by isolation than size. The normal distribution 
illustrated a tendency for lower heterozygosity in the more isolated wolves (Figure 7).   
 

 
Figure 7. The normal distribution of heterozygosity for wolves from islands of which were more or less 
isolated with number of individual heterozygosity on the x-axis.  
 
 
Discussion 
 
Success of samples 
 
Faeces is a source of many advantages and disadvantages since it is easy to get hold on 
but very sensitive to contamination due to the low DNA content (Broquet & Petit, 2004). 
Overall there were many faeces samples, which didn’t work as wished (19 samples were 
excluded) which can be due to a number of factors. One factor can be the age of the 
sample when it was collected and added the time it took until extraction which could lead 
to a different level of degradation of the DNA (Lucchini et al., 2002). The extraction of 
faecal samples includes many steps and one of the most important steps is the first when 
the faeces are being sliced into appropriate pieces. Some samples contained lots of hair 
and bone from prey and this could have an affect on the success of the extraction. There 
are different kinds of methods for preserving faeces although ethanol is the most 
commonly used (Frantzen et al., 1998). There was a huge variation in how well the faecal 
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samples worked, some had to be repeated more than three times whereas some worked at 
once. Factors that could have affected the outcome were evaporation during the PCR, not 
completely mixed DNA and PCR mix and some technical problems. During this study 
there were some problems with the capillaries on the MegaBACETM 1000 capillary 
sequencer, which increased the number of replicates for some samples. In contrast to the 
faeces samples the tissue samples worked very well and had to be redone only a few 
times, often depending on the quality of the wells on the sequencer machine. The positive 
controls were good to have, if there was amplification errors or if the quality of the 
samples was low. The controls were also useful to have if something had happen with the 
ETRox 400 marker (the ladder), a shift for example. Problems with contamination during 
the extraction and PCR set-up were minor and only happened once during a PCR, which 
were excluded from the analysis. 
 
Genotyping errors and scoring 
 
The general dropout rate for the faecal samples in this study was 19,3 %, this rate was a 
bit high compared to an estimated mean value of between 10% and 15 %, using same 
estimation method as in this study (Creel et al., 2003). Many studies seems not to 
consider the importance of calculation of error rates because only 6% of 125 papers using 
microsatellites have some kind of estimation or mention the problem at all (Bonin et al., 
2004). The allelic dropout seems to be a consequence of stochastic sampling error when 
the DNA extract is pipetted into the mix or during the PCR reaction (Miller et al., 2002). 
There are different methods to estimate the error rate, e.g. calculated as errors per allele 
or per reaction (Hoffman & Amos, 2005; Miller et al., 2002). In this study the chosen 
estimate for dropouts was to take the number of observed dropouts per number of 
replicates for loci scored as heterozygous. This will generate a more accurate error rate 
than if taking all the replicates, considers that dropouts will be hard to distinguish in a 
homozygous individual.  
The total misprint rate of 2,1% (2,8 %) was quite low and the false alleles were 
concentrated to certain loci and individuals (Table 4). A comparison with an estimated 
mean of about 5% showed that the amplification process (PCR) had worked fairly well in 
this study, despite some error prone loci and individuals (Creel et al., 2003).  
 
To summarize the results of error rates, loci with the highest dropout rate also had a high 
misprint rate, the reasons for which can be poor quality samples or a high PCR error rate 
increasing the polymorphism (Balloux & Lugon-Moulin, 2002; Hoffman & Amos, 2005). 
This pattern can as well be seen among the individuals where one individual, who 
worked very well, had no dropouts or false alleles appearing at all.   
 
Heterozygosity in general  
 
The average value of heterozygosity for the whole sample set was 0,57. Other studies 
using other loci found values of 0,74 for coyotes (Prugh et al., 2005), 0,58 for Albertan 
gray wolves and 0,61 for colonizing gray wolves in the north United States (Forbes & 
Boyd, 1996). The number of loci used in this study was 16 and the other heterozygosity 
values were estimated from 6 for coyotes and 10 loci for the Albertan and colonizing 
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wolves. An interesting point to mention is that the wolves from Alberta comes from 
territories nearby the ones in Cranbrook (0, 58 for six individuals), one of the mainland 
localities in this study. The fact that these values are almost the same could indicate a 
high dispersal in these areas or just the fact that these wolves in Alberta are closely 
related to the ones in Cranbrook. An earlier study of the Albertan wolves showed also a 
heterozygosity value around 0,58 (0,61) although not all loci were the same as in this 
study (Roy et al., 1994). Another interesting thing to mention is the individual with the 
lowest heterozygosity that came from the mountain range. This extremely low level could 
indicate an isolation of one or a few pack (since the other samples from this region had a 
much higher heterozygosity) in these highly variable mountain regions with enormous 
elevation differences (Forbes & Boyd, 1996). Another explanation can be a combination 
of higher mortality and higher levels of genetic drift. Further notes, which can be made, 
are that the Vancouver Island population, which in this study had heterozygosity around 
0,5, is close to 0,4 that was found in another study (Roy et al., 1995). This disparity could 
be the result of the different loci used in this study or the disparity in sample size, which 
were 13 individuals compared to 4. These values are quite low considering the area of the 
island and can be results of isolation impacts. 
 
The choice of number of loci in this study was time dependent since more loci would 
have increased the variation of individuals even more. Despite the advantages of many 
loci the selection of good markers decreases at the same time. One study showed that 
only five polymorphic and two monomorphic loci were enough to differentiate polecats 
and European mink (Lodé et al., 2005). The number needed to distinguish individuals is 
dependent of the variability of the loci chosen but it seems like a minimum number is 
around three (Kohn et al., 1999; Lucchini et al., 2002).  
 
British Columbia versus Southeast Alaska 
 
The difference between these two groups is probably the most interesting issue in this 
study, although not significant it was fairly close to significance. Viewing the normal 
distributions of these two groups (Figure 5) a clear trend for higher diversity in the 
British Columbian wolves can be seen. The fact that the habitats are identical makes it 
even more interesting. An overview of the management of wolves in both countries show 
a more abandoned regulation in Alaska, which permits a high killing rate of wolves 
(Defenders of Wildlife, 2004; Person et al., 1996). Another factor, which can contribute 
to the lower heterozygosity seen in these wolves, is the higher amount of logging in the 
Southeast Alaskan region although the logging activities in coastal British Columbia are 
increasing (Darimont & Paquet, 2000). Consider that patterns of genetic differences 
should be occurring over greater distances (Roy et al., 1994) this result would be 
interesting to examine further with a larger sample size. The distribution of the samples 
from Southeast Alaska should be distributed over a larger area than in this study. The 
samples from this study come from the southern part of the region and should thereby 
show a more equal level of heterozygosity than is found. Gray wolves have been shown 
to diverge due to drift in finite populations (Roy et al., 2004) although this may not be the 
case for the differences seen in these coastal populations. The human impact seems to be 
the answer. 
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Mainland versus islands 
 
The island factor seemed not to affect the heterozygosity of the wolves thereby indicating 
a high dispersal even between the islands. This result could also be an effect of the 
sample size although a more likely reason is the fact that the samples differ in locality. 
The mainland samples are especially affected by this since their habitats are very 
different, and range from very mountainous regions to more inland habitats around 
Cranbrook. Island populations are affected by a higher extinction probability; this might 
not be transmitted to highly mobile wolves (Frankham, 1998). Very few studies exist 
with wolves on islands and the genetic consequences of these kinds of populations. One 
exception is the study conducted on Isle Royale showing a decrease in genetic diversity 
probably due to low number of founders (Wayne et al., 1991). There would be interesting 
to expand this study to include more islands and compare them with the mainland 
samples (although on the west side of the mountain ranges).   
 
The impact of size and isolation  
 
The main objective with this study was to see whatever factors as isolation and size had 
any impact on the genetic diversity, measured as levels of heterozygosity. The wolves on 
the coastal islands in this study appeared not to be affected although there might be 
effects of isolation. A trend might be seen in the normal distribution between the wolves 
from islands of much or less isolation. The fact that there are not so many small and 
isolated islands in this analysis could have an effect on the outcome of the results. The 
small islands are located near the mainland or other large islands, which in this manner 
could increase the dispersal between these islands. This would increase the gene flow and 
thereby prevent the decline of diversity which otherwise would had happen. There would 
be interesting to extend this analysis and include islands as the Goose Island and Moore 
Island, which are small and isolated islands along the coast of British Columbia. Both the 
Vancouver Island and the Prince of Wales are distant islands and this could have a large 
impact on these results since they are both very large and therefore could hold quite many 
wolf territories. If however, consider testing these hypotheses again, such islands would 
be best to exclude. 
 
One former study used microsatellites and other markers to distinguish which factors that 
could have an impact on gene flow, water wasn’t one of them (Geffen et al., 2004) 
although their study compared mainland populations with the Vancouver Island that is 
quite big. Another important thing to mention about their study is that it shows that the 
Vancouver Island wolves are more close to the Alaskan wolves than the Albertan, which 
could make the results of this study interesting, consider the difference seen between the 
British Columbian and Southeast Alaskan wolves. Another study using the wolf 
population on the Banks Island (not the one included in this study) showed that the 
genetic distance between mainland and island was high and this could indicate that there 
could be only an effect of the wolves living on islands that affects the genetics of these 
wolves (Carmichael et al., 2001). Maybe an important factor affecting the genetic 
components is the number of islands more than the distance in form of a water barrier. A 
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wolf may not be so keen to swim to a lonely far away island than to an island surrounded 
by other islands despite the same distance.  
 
The future for the coastal wolves 
 
Depending on where a wolf chooses to live along the west coast of North America it has 
different probabilities to survive. At the moment the coast of British Columbia should be 
the best choice considering the amount of legally and illegally killing of wolves in 
Southeast Alaska. The voices of small but loud hunting lobbies are putting pressure on 
state officials to extend the aerial killing and the use of helicopters to track and follow the 
wolves is an efficient way (Defenders of Wildlife, 2004). There is illegal hunting in 
British Columbia as well although the legal hunting is not in the same extent. There are 
also conservation societies, as the Raincoast conservation society, fighting for the needs 
of the wolves and in that way protect other species and valuable temperate rainforest. The 
fact that Southeast Alaska has a larger extent of logging which indirectly increases the 
accessibility in form of logging roads and thereby causing a larger threat to these wolves 
(Noss et al., 1996). On the Prince of Wales Island in Southeast Alaska the harvesting of 
timber has escalated and would likely affect the landscape and the prey of wolves (Person 
et al., 2001).  When planning management actions for carnivores there are often great 
conflicts between different groups of people, as hunters and biologists (Ericsson & 
Heberlein, 2003; Treves et al., 2004; Kellert et al., 1996). Conserving carnivores can be 
difficult take into account that they need large areas. The wolf for example, has a pack 
territory size of 250 to over 2000 km2 in the Rocky Mountains (Noss et al., 1996). Other 
problems that conservationists have to deal with are that they often start to study 
populations when they are small and already endangered. It would therefore be preferable 
to start acting now for the coastal wolves. The fate of the coastal wolves of western North 
America, their ability to survive and the genetic diversity to sustain or increase lie in the 
hands of humans. The attitudes against wolves must be changed, which could be 
achieved through education and a greater understanding of wolves since humans are their 
main threat (Pletscher et al., 1997, Noss et al., 1996).  
 
Concluding remarks 
 
In conclusion there would be interesting to examine the management and isolation 
hypotheses further, especially how the management of wolves could have an impact of 
genetic diversity in wolves. It would be interesting to test if the level of inbreeding 
between the British Columbian and Southeast Alaskan wolves would differ, using a 
larger sample set. A barrier such as water seems not to be the main factor explaining the 
patterns observed in this study (Leonard et al., 2005). There seems to be a quite extensive 
dispersal in the coastal regions which not can be explained by the reason of avoiding 
inbreeding as a couple individuals showed a very low heterozygosity level (Ferreras et 
al., 2004). The fact that some individuals showed a very low heterozygosity level may be 
more related to the pack size, available territories and the individual’s capability to 
disperse over water, swimming. The use of genetics in studying populations has increased 
the last years and with the ongoing development towards different markers and methods 
it will be more and more widespread. The development of methods to extract DNA from 
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faeces would be very welcomed as it is now very time consuming and expensive. The 
benefits with collecting faeces instead of capturing the animal itself would be increased 
and could be assigned to not only carnivores but for all species which are defecating.  As 
a last sentence I would like to quote P.W. Hedrick: “there may be no statistical 
significance when there are actual biologically meaningful differences between groups 
and there may be statistical significance between groups when there is no meaningful 
biologically difference” (Hedrick, 2004). 
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Appendix 1. Map showing the origin of all samples included in the analysis. The sites 
Trocadero, Big Ratz, Luck Lake and Staney creek are not shown by their own name but 
they are located on Prince of Wales Island, as well Karta River and Kasaan Bay. The 
localities Nanaime and Sooke are located on the Vancouver Island.  

 28



Appendix 2. A summary of all the wolf samples in the study. Showing if the sample is 
included in the final analysis, the location where it was collected, the success rate and 
from which year the sample was taken. The success range from very low to very high (a 
four degree scale) where very low means almost none worked and very high means that 
nearly all worked at once. (PoW = Prince of Wales Island) 
 
Sample In analysis Location Success Year sampled Origin 
2 Yes Banks I High 2004 Faeces 
4 No Hawkesbury I Very low 2005 Faeces 
5 No Hawkesbury I Very low 2005 Faeces 
6 No Hawkesbury I Low 2005 Faeces 
7 Yes Aaltanhash River Low 2004 Faeces 
8 Yes Carter Low 2004 Faeces 
9 Yes Porcher I High 2004 Faeces 
10 No Carter Very low 2005 Faeces 
11 No Klewnuggit River Low 2005 Faeces 
13 No Pooley I Very low 2005 Faeces 
14 No Pooley I Very low 2005 Faeces 
15 Yes Carter River High 2004 Faeces 
16 No Carter River Low 2005 Faeces 
17 Yes Kitlope River High 2001 Faeces 
19 Yes Cunningham I High 2001 Faeces 
20 No Chatfield I  Very low 2001 Faeces 
21 Yes Chatfield I High 2001 Faeces 
26 No Vancouver I Very low 2003 Serum 
27 No Vancouver I Very low 2003 Serum 
28 No Vancouver I Very low 2003 Serum 
29 No Vancouver I Very low 2003 Serum 
30 No Vancouver I Very low 2003 Serum 
31 No Vancouver I Very low 2003 Serum 
32 No Vancouver I Very low 2003 Serum 
33 No Vancouver I Very low 2003 Serum 
34 No Vancouver I Very low 2003 Serum 
35 No Vancouver I Very low 2003 Serum 
36 No Vancouver I Very low 2003 Serum 
37 No Vancouver I Very low 2003 Serum 
38 No Vancouver I Very low 2003 Serum 
39 No Vancouver I Very low 2003 Serum 
40 No Vancouver I Very low 2003 Serum 
41 No Vancouver I Very low 2003 Serum 
43 No Porcher I Low 2003 Faeces 
44 Yes Aaltanhash River Very high 2003 Faeces 
45 Yes Porcher I Low 2003 Faeces 
46 No Laredo Inlet Low 2003 Faeces 
47 No Laredo Inlet Very low 2003 Faeces 
48 No Cunningham I Very low 2003 Faeces 
50 No Neekas River Very low 2003 Faeces 
51 Yes Neekas River Low 2003 Faeces 
52 Yes King I Very high 2003 Faeces 
53 Yes Denny I High 2003 Faeces 
55 No Dundas I Low 2003 Faeces 
58 Yes Pooley I High 2003 Faeces 
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59 Yes Shaw creek High 2003 Faeces 
60 Yes Shaw creek Very high 2003 Faeces 
61 No Gil I Low 2003 Faeces 
67 Yes Pearse I High 2001 Faeces 
68 Yes Pearse I Very high 2001 Faeces 
73 No Hunter I Very low 2003 Faeces 
75 No Clatse River Low 2000 Faeces 
77 No Princess Royal I Very low 2000 Faeces 
3293 Yes Coastal mtn range Very high 2002 Tissue 
3294 Yes Coastal mtn range Very high 2002 Tissue 
3296 Yes Coastal mtn range Very high 2002 Tissue 
4165 Yes Prince George Very high 2002 Tissue 
4166 Yes Porcher I Very high 2002 Tissue 
4197 Yes Trocadero PoW  Very high 2001 Tissue 
4198 Yes San Fernando I Very high 2000 Tissue 
4208 Yes Revilla I Very high 2001 Tissue 
4216 Yes Trocadero PoW Very high 2000 Tissue 
4217 Yes Kasaan Bay PoW Very high 2000 Tissue 
4218 Yes San Fernando I Very high 2000 Tissue 
4219 Yes Kasaan Bay PoW Very high 2000 Tissue 
4220 Yes Revilla I Very high 2001 Tissue 
4221 Yes Revilla I Very high 2001 Tissue 
4222 Yes Big Ratz PoW Very high 2001 Tissue 
4223 Yes Luck Lake PoW Very high 2000 Tissue 
4224 Yes Staney creek PoW Very high 2001 Tissue 
4225 Yes Karta River Very high 2000 Tissue 
4226 Yes Wilson River Very high 2000 Tissue 
4228 Yes Staney creek PoW Very high 2001 Tissue 
4230 Yes Staney creek PoW Very high 2001 Tissue 
4231 Yes Staney creek PoW Very high 2001 Tissue 
4232 Yes Wilson River Very high 2001 Tissue 
4303 No Vancouver I Low 2000 Tissue 
4450 Yes Fort Nelson Very high 1990s Tissue 
4451 Yes Vancouver I Very high 2003 Tissue 
4452 Yes Vancouver I Very high 2000 Tissue 
4453 Yes Vancouver I Very high 2000 Tissue 
4454 Yes Vancouver I Very high 2003 Tissue 
4459 No Vancouver I Low 2003 Tissue 
4461 No Vancouver I Low 2003 Tissue 
4463 No Vancouver I Low 2003 Tissue 
4465 No Vancouver I Low 2003 Tissue 
4468 Yes Cranbrook Very high 2002 Tissue 
4469 Yes Cranbrook Very high 2002 Tissue 
4470 Yes Cranbrook Very high 2002 Tissue 
4471 Yes Cranbrook Very high 2002 Tissue 
4472 Yes Cranbrook Very high 2003 Tissue 
4473 Yes Cranbrook Very high 2003 Tissue 
4756 No Carter Low 2004 Tissue 
4757 No Carter Low 2004 Tissue 
4758 No Klewnuggit River Low 2004 Tissue 
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Appendix 3. Level of observed heterozygosity for the different wolves. 
 

 

Sample Hobs Location Sample Hobs Location 
15 0,75 Carter river 4219 0,438 Kasaan Bay 
17 0,688 Kitlope river 4220 0,75 Revilla I 
19 0,688 Cunningham I 4221 0,75 Revilla I 
21 0,563 Chatfield I 4222 0,625 Big Ratz 
2 0,813 Banks I 4223 0,563 Luck Lake 
7 0,75 Aaltanhash river 4224 0,5 Staney creek  
8 0,563 Carter 4225 0,5 Karta river  
9 0,625 Porcher I  4226 0,438 Wilson river 

44 0,75 Aaltanhash river 4228 0,688 Staney creek 
45 0,686 Porcher I 4230 0,375 Staney creek 
51 0,625 Neekas river 4231 0,313 Staney creek 
52 0,625 King I 4232 0,375 Wilson river 
53 0,438 Denny I 4450 0,438 Fort Nelson  
58 0,375 Pooley I 4451 0,5 Sooke Vancouver I 
59 0,688 Shaw creek 4452 0,5 Vancouver I 
60 0,688 Shaw creek 4453 0,5 Wanaime Vancouver I 
67 0,438 Pearse I 4454 0,563 Sooke Vancouver I 
68 0,688 Pearse I 4468 0,625 Cranbrook  

4165 0,75 Prince George  4469 0,625 Cranbrook  
4166 0,5 Porcher I 4470 0,688 Cranbrook  
4197 0,438 Trocadero 4471 0,563 Cranbrook  
4198 0,75 San Fernando 4472 0,563 Cranbrook 
4208 0,5 Revilla I 4473 0,438 Cranbrook 
4216 0,563 Trocadero 3293 0,688 Coastal mtn range 
4217 0,438 Kasaan Bay  3294 0,188 Coastal mtn range 
4218 0,625 San Fernando 3296 0,563 Coastal mtn range 
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