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Project Purpose and Management implications:     

Mountain Pine Beetle population dynamics are rightly described in terms of epidemiological 
stages, i.e., endemic populations, changing to incipient and leading to epidemics (Safranyik, 
2004).  A clear parallel with human viral or bacterial diseases is obvious.  In the case of human 
diseases, considerable effort is made to understand the population structure of the disease 
vectors.  These studies, conducted by examining the genetic differences among disease 
outbreaks, reveal valuable information about the spread of the disease.  The current worries 
about avian flu are a case in point.  New outbreaks are quickly genotyped to determine the strain 
responsible and how it has spread from previous outbreaks.  This information is critical for 
effective disease control.  In the case of MPB there is a complete lack of information on the 
genetic relationship of the current outbreaks in different parts of BC and Alberta.  This project 
will provide information that will lead to insights into the historic relationships of current 
outbreaks and allow hypotheses of MPB dispersal to be tested.  

There is considerable debate as to the origins of insect outbreaks. There is a perception that the 
current MPB outbreak spread from Tweedsmuir Provincial Park. Also, the Alberta Forest 
Service has suggested that outbreaks in Alberta have resulted from dispersal of beetles from 
infestations in BC.  Bark beetles disperse actively over relatively short distances by flight and are 
also assumed to disperse passively over longer distances (Nilssen 1984, Carroll and Safranyik 
2004).  However, MPB are endemic to many regions of BC, and ongoing studies on MPB 
population dynamics indicate that a switch from endemic to incipient outbreaks occurs locally 
within stands containing suppressed trees (Allan Carroll, pers. comm.).  Furthermore, synthesis 
of outbreak maps by Steve Taylor (www.for.gov.bc.ca/hfp/forsite/overview/mpb_history.htm) 
indicates that outbreaks occur simultaneously in geographically separate areas.  

Tracing insect movement has been done by mark-release-capture methods, which are limited to 
small geographic distances and short time scales (McLean 1980, Safranyik et al. 1992, Salom 
and McLean 1990, Thoeny et al. 1992) Recent advances in molecular biology have provided 
unparalleled opportunities for phylogeographic (correlation of genetics with geographic 
distribution) studies. Genetic analysis of a given population provides a natural marker by which 
that population can be identified. Relatedness among individuals, and gene flow (and 
consequently dispersal) between populations can be estimated through the use of microsatellite 
DNA markers. Microsatellite techniques have been used successfully in numerous species of 
insects, including bark beetles (Kerdelhue et al. 2003, Hoy 2004).  
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Microsatellite analysis of MPB populations will be conducted in collaboration with a research 
group at the USDA Forest Service (Barbara Bentz) and the University of Utah (Mike Pfrender 
and Karen Mock), Logan, UT, that is currently developing microsatellites for the MPB.  We will 
collect MPBs for analysis from a range of geographic locations throughout British Columbia and 
Alberta. Regions will include the current epidemic outbreak in the Central Plateau, areas of 
infestation predating the current outbreak, and newly detected populations in Northeastern BC 
and along the Western slope of the Rockies in Alberta.   Beetles will be stored and analyzed at 
UNBC and genetic data will be freely exchanged with the US group who is conducting a broader 
and less geographically detailed survey of US bark beetle microsatellite variation.  Thus, the fine 
scale analysis of BC and Alberta, yielding detailed information on the relationship of MPB 
populations and insight into current and historic beetle dispersal, will be placed into the context 
of the genetic variation found in MPBs throughout their entire range. 

Target Audience/End Users: 
 
The results of this study will be of interest to both the scientific and government / management 
communities.  These results will be of significance to researchers modeling MPB population 
dynamics (e.g., Dr. Terry Shore, Canadian Forest Service), to those studying population 
movements through other means (e.g., Dr. Peter Jackson, UNBC) and in an analysis of North 
American MPB populations (Dr. Barbara Bentz, USDA-Forest Service).  Other users include 
Provincial and Regional entomologists working for Parks Canada, the Alberta Forest Service, the 
BC Ministry of Forestry and Range and the BC provincial Parks.  Information on current and 
historic beetle movement will be crucial for the management of MPB outbreaks.  
 
Project Start Date, Length of Project and other Funding Sources: 
 
This project started on April 1, 2006 and will continue until March 31, 2008. 
 
In addition to the FSP contributions, this project has been funded by contributions from NSERC-
Discovery Grants and a UNBC Seed Grant (Brent W. Murray and B. Staffan Lindgren), NSERC-
Undergraduate Student Research Awards (Nic Bartell with BW Murray), and an HRSDC-
Summer Career Placement (Brent Shelest with BW Murray).  Additional, in-kind, contributions 
have been made by the USDA-Forest Service, the Alberta Government-Sustainable Resource 
Development, Medi-For Consulting Ltd and West Fraser Timber Co Ltd. 
 
Methodological Overview:  
 
The survey of genetic variation can be divided into three stages: site selection and beetle 
collection, the development of microsatellite markers, and the genetic analysis of the 
populations. 
 
Site selection and beetle collection: 
We will collect MPBs for analysis from 17 regions, including ~40 sampling sites, throughout 
British Columbia and Alberta (Figure 1).  Regions have been identified based on the historical 
range of outbreaks and natural barriers to dispersal (e.g., mountain chains).  Populations 
separated by such natural barriers should be genetically distinct due to reproductive isolation. 
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The sampling effort in 2006 will complement the samples collected in 2005 from 12 sites.  Sites 
will be selected based on access and location, with multiple sites representing most geographical 
region.  Collection permits for the Rocky Mountain National Parks and BC Provincial Parks has 
been approved for the 2006 sample collection.  At each site, 13 to 20 trees separated by at least 
10m will be selected and about 4-8 callow or mature adults from each of up to 4 separate 
locations per tree (i.e., to ensure separate breeding galleries (=different parents) within trees) will 
be collected from each tree. Beetles will be placed alive in 95% ethanol to prevent deterioration 
of DNA. Each vial will be labeled with date, locality data and tree identifying codes. One 
randomly selected beetle per gallery will be used for DNA extraction and analysis in the 
proposed project (40-50 beetles/sampling site). The remaining beetles and resulting DNA will be 
placed in long-term storage at UNBC preserved for other projects. 
 
 
Figure 1: Sampling Regions 
 
1. Whistler area 
2. Manning Park 
3. South Okanagan 
4. West Kootenays 
5. East Kootenays 
6. North Okanagan 
7. Yoho/Kootenay area 
8. Banff/Lake Louise area 
9. West Chilcotin 
10. East Chilcotin 
11. Houston/Burns Lake  
12. Fort St. James 
13. Prince George 
14. Robson Valley 
15. Mount Robson 
16. Willmore Wilderness 
17. Chetwynd/Tumbler Ridge area 
 
 
 
 
Microsatellite markers: 
 
We have access to microsatellite DNA markers being developed for the MPB by Drs. Mike 
Pfrender and Karen Mock, Utah State University, Logan, Utah, for a project on MPB genetic 
structure in the United States led by Dr. Barbara Bentz, US Forest Service, Logan, Utah.  
Additional marker will be developed from existing bark beetle microsatellite primers (e.g. 
Schrey et al 2007).  Existing markers in other bark beetle species will be tested for their utility in 
MPB.  It is anticipated that four to six additional microsatellite markers will be developed for the 
MPB by the summer of 2007.  Thus, six-eight markers will be used to study the genetic 
relationships of individuals and populations.  
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Genetic analysis: 
 
Laboratory: DNA will be extracted using standard techniques, and will be stored frozen in a 
buffered solution as archived stock DNA – all analyses will involve using diluted aliquots taken 
from the stock DNA. We will use the polymerase chain reaction to amplify six to eight 
microsatellite markers for each beetle, combine the reactions, and run fragment analysis on 
Beckman-Coulter CEQ8000 automated DNA sequencers.  UNBC has recently acquired a second 
CEQ8000 to complement Dr Murray’s existing infrastructure.  This doubles the throughput for 
genetic analysis.  Dr Heath, who has extensive experience in microsatellite fragment analysis on 
large-scale population genetic projects with identical equipment, will act as an external advisor.  
 
Analysis: Individual genotypes will be generated for each beetle and analyzed with specialized 
genetic analysis programs (e.g., Arlequin - An Integrated Software for Population Genetics Data 
Analysis, Excoffier et al. 2005).  Each sampling location will be tested for deviations from the 
expectations of random mating (Hardy-Weinberg equilibrium) prior to comparison of sampling 
locations.  Population structure will be determined through analysis of molecular variance 
(AMOVA, analogous to an analysis of variance).  Where appropriate, assignment tests will be 
used to investigate migration.  Significant pairwise genetic distance values will be regressed on 
geographic distance to investigate “isolation-by-distance” effects.  Relatedness will also be 
estimated by assessing allele sharing among and within populations for all loci (Nei’s Standard 
Genetic Distance, Nei 1972).   
 
These data will be used to test a number of hypotheses concerning dispersal and population 
structure in the MPB: 1) gene flow between pairs of adjacent sites does not differ from mean 
gene flow among random sites; 2) source-sink (metapopulation) relationships among sites are 
random; 3) geographic barriers do not affect gene flow; and 4) dispersal, as measured by 
“isolation-by-distance” analysis, is random among all populations.  Further, genetic relationships 
among sampling locations will be used to determine the origins of recent outbreaks in 
Northeastern BC (Peace River area) and Alberta.  Large genetic distances to geographically close 
populations, the occurrence of “private” alleles and high levels of polymorphism are evidence of 
expanding endemic populations, while lack of genetic distinction from possible source 
populations and/or evidence of founder events (i.e., low levels of polymorphism) are evidence 
for recent MPB range expansion. 
 
 
Project Scope and Regional Applicability:  
 
The overall objective of this research is to assess genetic variation in MPB populations over the 
current range of MPB distribution in British Columbia and Alberta by using microsatellite DNA 
markers.  The scope of the project is interprovincial corresponding to the current range of the 
MPB.  Results will have management applications on the local, regional, provincial and with the 
expanding range of the MPB national scales. 
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Preliminary Results: 
 

Sample Collection: 
 

In the summer of 2005 and 2006 MPB beetles were collected from throughout BC and Alberta.  
To date, approximately 50 galleries have been sampled at 37 locations representing most of the 
major geographic zones in the province.  
 
These sites include:  
Nechako Plateau – Telkwa, Houston, Fraser Lake & Fort St. James;  
Fraser Plateau – Norman Lake, Salmon Valley, Prince George, Quesnel, Lac La Hache, Riske 

Creek & Tatla Lake;  
Quesnel Highland – Bowron Lakes PP & Well Gray PP;  
Thompson Plateau – Lillooet, Kamloops, & Princeton;  
Coastal Mountains – Whistler;  
Cascade Mountains – Manning PP;  
Shuswap Highland – Vernon & Kelowna;  
Monashee Mountains – Gladestone PP;  
Selkirk Mountains – West Arm PP & Valhalla PP;  
Purcell Mountains – Purcell Wilderness PP;  
Rocky Mountains – Pine Pass, Willmore Wilderness, Mount Robson PP, Yoho NP, Kootenay 

NP, Banff Townsite & Lake Louise;  
Parsnip Watershed – Kerry Lake; 
Northeast of Rocky Mountains – Tumbler Ridge & Chetwynd;   
Rocky Mountain Trench – McBride, Valemount & Kimberly.   
 
Although no current FSP funds are allocated for collections in 2007, beetle collection will 
continue in the summer of 2007 through ongoing collaborations with other University, Provincial 
organizations and independent researchers.  DNA has been extracted from beetles collected from 
~50 galleries (one beetle per gallery) at 32 locations representing each of the major geographic 
zones listed above.   DNA has been placed at -80˚C for long-term storage.  Remaining beetle 
samples are stored in ethanol at -20˚C for long-term storage. 
 
 Primer Development: 
 
Microsatellite development is ongoing, and at present two marker systems developed by the 
USDA-Forest Service and the University of Utah (MPB012 and MPB017) have been set up at 
UNBC.  Fourteen additional microsatellite markers developed for other bark beetle species (e.g., 
Schrey et al 2007) are being screened for their usefulness as genetic markers in MPB.  Each 
microsatellite marker system is tested against a range of bark beetle species, including MPB 
from various populations, as well as the associated strains of fungi found in MPB.  Fungal strains 
were kindly provided by Dr C. Breuil (UBC).  In this way, cross amplification of fungal 
microsatellites with the reported primers can be tested.  Three of the markers developed in the 
University of Utah have been discarded due to this technical problem. 
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 Preliminary Survey of Microsatellite Variation in MPB: 
 
Analysis of the genetic variation among populations of the MPB fungal symbiont Ophiostoma 
clavigerum has shown evidence for genetic structure.   Fungal samples from five populations in 
BC, Houston, Fort St. James, Williams Lake, Manning Provincial Park and Banff National Park, 
were isolated and assessed for variation using amplified fragment length polymorphisms 
(AFLP).   While the Interior BC samples were genetically similar, the Banff National Park 
samples were genetically distinct from all other populations (C. Breuil, UBC unpublished data). 
 
Based on these intriguing results, a preliminary analysis of genetic variation at two microsatellite 
loci in MPB’s, CAL1-1 and MPB017, on a similar range of populations was conducted: 
 
1. To determine if there is sufficient variability at two microsatellite loci to distinguish 
between MPB’s collected from Banff National Park, Manning Provincial Park, Houston, Lac La 
Hache, and Mount Robson Provincial Park (BC). 
2. To compare the population genetics patterns of MPB’s with its main symbiotic fungus, 
Ophiostoma clavigerum, and consequently gain insights into MPB population dynamics. 
3. To compare the relatedness of MPB’s taken from five geographically disparate regions of 
British Columbia to gain insight into MPB population genetic structure and dispersal dynamics. 
 
The microsatellite markers, CAL1-1 and MPB017, were found to be highly polymorphic with 
seven and eight alleles, respectively, found among the five populations examined (Table 1). 
 

Table 1.  Allele frequency, population size (n), and observed heterozygosity (Ho) at two 
microsatellite loci for 5 populations of mountain pine beetles.    
   

Locus Allele (bp) Mount Robson Banff Lac La Hache Manning Park Houston 

CAL 1-1 203 0.138 0.080 0.056 0.065 – 
 211 – 0.045 – 0.011 0.117 
 212 0.250 0.102 0.278 0.326 0.021 
 215 0.563 0.602 0.478 0.467 0.628 
 216 0.013 – 0.078 – – 
 218 0.038 0.170 0.100 0.130 0.234 
 219 – – 0.011 – – 
 n 40 44 45 46 47 
 Ho 0.575 0.568 0.711 0.587 0.574 

       
MPB 017 242 0.175 0.250 0.111 0.130 0.160 

 243 0.013 – – 0.011 – 
 248 0.750 0.670 0.811 0.750 0.809 
 251 0.038 0.045 0.067 0.043 0.032 

 254 – – – 0.011 – 
 257 0.025 0.011 0.011 0.054 – 
 260 – 0.011 – – – 
 269 – 0.011 – – – 
 n 40 44 45 46 47 
 Ho 0.325 0.545 0.333 0.370 0.340 
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All loci in all populations were found to be in Hardy-Weinberg equilibrium and an AMOVA 
analysis revealed evidence for genetic structure among all populations (PhiPt = 0.05, p = 0.001).  
Pairwise comparisons of populations showed that significant genetic differences existed between 
the Houston and Banff populations and most other populations (Table 2).  Significant genetic 
differences were not observed among the Manning, Lac La Hache and Mount Robson 
populations. 
 

Table 2.  AMOVA analysis of MPB microsatellite variations.  Pairwise population 
PhiPT values and percentage of molecular variance (9999 permutations) across two 
microsatellite loci for 5 populations of mountain pine beetles (bolded paired 
populations have a probability < 0.05). 
 

Population 1 Population 2 PhiPT Population 1 (n) Population 2 (n) Probability 
Lac La Hache Houston 0.112 45 47 0.001 
Manning Park Houston 0.115 46 47 0.001 
Mount Robson Houston 0.102 40 47 0.001 

Banff Lac La Hache 0.070 44 45 0.001 
Banff Manning Park 0.057 44 46 0.005 
Banff Houston 0.031 44 47 0.049 

Mount Robson Banff 0.029 40 44 0.0566 
Mount Robson Lac La Hache 0.007 40 45 0.263 
Mount Robson Manning Park 0.004 40 46 0.311 
Lac La Hache Manning Park 0.000 45 46 0.390 

Percentage of 
Molecular 
Variance 

Among 
Populations 

(5%) 

Within 
Populations 

 (95%) 

  0.001 

 
 
Despite the small number of microsatellite loci examined, evidence for genetic structure was 
found among MPB populations.  This result illustrates the usefulness of this marker system in 
studying genetic relationships in MPB’s.   With the inclusion of additional loci it is expected that 
our ability to resolve population structure, if it exists, will increase. 
 
The Banff and Houston MPB populations were found to be significantly different from most 
other MPB populations examined.  The correlation of fungal and beetle genetic structure in the 
Banff populations is intriguing.  This evidence suggests the unique status of this population and 
argues against the theory that all the MPB outbreaks in the province have originated from a 
single endemic source population.  The genetic distinctness of the Houston population supports 
this statement, however, given the small number of populations and loci examined this 
interpretation should be viewed as preliminary.  As noted, inclusion of additional loci should 
increase our resolution of genetic differences.   Additional populations and loci will also allow 
for a wider range of population genetic analyses to be conducted.  Genetic assignment tests, that 
can be used to detect immigrants, gain power with the inclusion of additional loci.  Isolation-by-
distance analysis also requires a large number of pairwise population comparisons to determine 
meaningful patterns in the data. 
 
In summary, the findings of the preliminary analysis are a proof-of-concept of the usefulness of 
microsatellite analysis in studying population relationships in MPB’s.  Additional loci and 
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populations will be needed however, to draw firm conclusions from the populations surveys 
proposed.   This data will be generated in 2007/08 during the second year of the two-year FSP 
funding for this study. 
 
 
Contact Information: 
 
Proponent Name:   Brent W. Murray 
 
Proponent Organization:    Ecosystem Science and Management Program 

University of Northern British Columbia 
 
Mailing Address:  3333 University Way 

Prince George, BC V2N 4Z9 
 
E-Mail Address:  murrayb@unbc.ca 
Telephone Number:  (250) 960 5638 
Fax Number:   (250) 960 5538 
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