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A.  Background: 

Canada Geese (Branta canadensis and B. hutchinsii) are the most diverse of the arctic-nesting goose species, exhibiting a high degree of variability in phenotype, ecology, breeding habitats, behavior, and genetic characteristics (Delacour 1954, Palmer 1976, Owen 1980, Baker 1998).  The species’ life history characteristics including strong and long-term associations among familial members and male and female natal philopatry (Anderson et al. 1992, Ely and Scribner 1994) serve to isolate populations reproductively even though populations share common wintering areas and migratory routes.  Accordingly, the evolution of phenotypic and genetic differences among populations, subspecies and species reflects the degree of lineage sorting owing to times of separation, the effects of local environments, and of evolutionary effective population sizes (Scribner et al. 2003a). 
In North America, Canada geese are managed to maintain their diversity (both phenotypic and genetic), to ensure the viability of breeding populations, to keep populations within acceptable numerical limits, and to provide sustainable harvest levels (Scribner et al. 2003a).  Sound management necessitates a fundamental understanding of the geographic distribution of units of management concern.  Unfortunately, the geographic distributions of Canada geese species, subspecies, and populations have not been delineated on the basis of current and scientifically rigorous data within the central region of North America.  

Historically, for management purposes, Canada geese in the eastern and central United States and Canada have been grouped into 3 general size classes each containing >1 subspecies; small (B. c. parvipes and hutchinsii), medium (B. c. interior and canadensis), and large (B. c. maxima and moffitti).  Morphology (principally phenotypic traits correlated with body size) and plumage characteristics have been the principle characters used to divide Canada geese into subspecies (e.g., Delacour 1954, AOU 1957) and populations.  However, these characteristics vary geographically.  Morphometric discrimination techniques are not likely to be useful in discriminating among all currently recognized populations, subspecies, or even species, because of substantial overlap in size and/or color among birds sampled from different geographic locales. 

Molecular genetic technology and statistical methods based on principles of population genetics provide valuable information to wildlife managers.  Genetic data analyzed in a hierarchical spatial context among individuals, and among populations at micro- and macro-geographic scales has been widely used to provide information on the degree of population structure and to estimate rates of gene flow among populations.  Genetic data are currently being collected for Canada geese from other regions of the country, and have been shown to be discriminatory at species, subspecies, and population levels (Scribner et al. 2003a, 2003b, 2003c, Inman et al. 2003).

Importance of knowledge of locations of major genetic discontinuities for Canada geese across North America

Discrimination of small- and large-bodied Canada geese. - The recent AOU listing (Banks et al. 2004) recognizing a large-bodied (B. canadensis) and small-bodied (B. hutchinsii) species brings into question our understanding of systematically recognized taxonomic boundaries and our abilities to manage 2 species of Canada geese.  Currently, genetic methodologies exist to unambiguously differentiate small-bodied geese from large-bodied geese across North America.  Recent genetic work (Scribner et al. 2003a; Fig. 1) has shown that parvipes and hutchinsii (previously both considered “small” Canada geese) belong to 2 lineages of the Canada goose phylogeny (hutchinsii from the small-bodied group, and parvipes from the large-bodies group).  However, sampling and genetic characterization of geese in the currently recognized parvipes, interior, and hutchinsii breeding range has been limited in the areas that contribute geese to the Central and western Mississippi Flyway.   

Differentiating temperate- vs northern-nesting Canada geese. - We lack definitive information on distributions of large-bodied Canada geese of varying sizes that nest widely across the mid-continent area.  Given recent differences in numerical abundance, it will be increasingly important to design harvest strategies that direct mortality based on differential allocation of harvest effort.  Knowledge of population/subspecies boundaries will enable managers to tie migration chronology for different locations and groups to harvest seasons.  Sampling and genetic or morphological descriptions of geese across the breeding range of interior, moffitti and maxima from much of the mid-continent region have been incompletely sampled.  Data from B. c. maxima and B. c. interior from the eastern Mississippi Flyway (MF) have shown that while no fixed differences in allele or haplotype frequency exists, large differences in the frequency of alleles/haplotypes provide the means of identification of individuals or group composition statistically (Scribner et al. 2003b).  We believe sufficient genetic differences will exist between medium- and large-bodied birds in the mid-continent region to allow accurate discrimination.
How knowledge of geographic population structure can be used for management

Harvest derivation. - Information on levels of differentiation and locations of discordance or overlap of Canada geese species, subspecies, and populations across North American can provide numerous direct benefits in addition to the definition of species subspecies, or population boundaries.  Estimates of recruitment and mortality are important for effective management of wildlife populations.  Accordingly, surveys of breeding ground production and harvest are important components of many management programs for migratory waterfowl species including Canada Geese (Branta Canadensis and B. hutchinsii).  Estimation of vital rates for individual populations requires that they be sufficiently distinct geographically, at some time of year, to be monitored independently of other populations (Trost et al. 1990).  If the harvest is obtained from a mixture of populations, the relative contribution of each population must be determined so that estimates of exploitation, mortality, and harvest rates can be apportioned correctly (see recent review of stock identification methods; Cadrin et al. 2005).  

Because of extensive overlap of Canada goose populations and subspecies during migration and in winter, population surveys are often conducted during the spring when breeding populations are geographically segregated (Rusch et al. 1996a, but see Abraham et al. 1999).  However, most harvest occurs in the fall and winter, when Canada Geese originating from multiple populations overlap.  Co-occurrence of birds from multiple breeding populations and subspecies complicates harvest management, especially when management objectives differ among populations (e.g., Lindberg and Malecki 1994, Jarvis and Bromley 1998; Scribner et al. 2003b).  

Several techniques have been employed to estimate harvest composition.  Identification of racial composition of harvested waterfowl has historically relied principally on marking individuals or measuring phenotypic characteristics (e.g., plumage and morphology) that are naturally variable.
  Morphometric discrimination techniques have been used with some success to differentiate among races or populations of Canada Geese (Johnson et al. 1979, Moser and Rolley 1990, Merendino et al. 1994).  However, differentiating between some temperate-nesting and northern-nesting populations (e.g., giant and interior Canada Geese) is not always possible because of geographic variation in size (e.g., B.c. interior-Leafloor et al. 1996, Leafloor and Rusch 1997) and age-related variation (Thompson et al. 1999).  The results of discrimination analyses based on size-related traits can also be influenced by the relative numbers of each population in the measured sample (Moser and Rolley 1990), and by observer experience (Rasmussen et al. 2001).  Recently, genetic techniques have been shown to provide reliable estimates of the proportional contributions of different large-bodied populations to harvest mixtures (Pearce et al. 2001; Scribner et al. 2003a; Inman et al. 2003).

Goals and Objectives

Our intent is to supplement sampling and existing genetic descriptions of Canada geese across the breeding ranges of geese that contribute to harvest in the Central Flyway (CF) and Mississippi Flyways (MF) (the major Canada goose harvest areas of the U.S. and Canada).  We propose to collect data to help resolve several questions of importance to Canada goose management across the mid-continent region of North America where scant data currently exists.  What is the genetic affiliation (exclusively small-bodied, or a mixture of small and large-bodied) of geese breeding throughout the NWT/Nunavut that contribute to the CF and MF harvests (Mackenzie River interior boreal forest, interior Queen Maud Gulf, northwest portion of Hudson Bay)?  Data on which managed populations were delineated are largely historical (e.g., Grieb 1970 for the Short Grass Prairie Population).  Data have not been widely updated since restoration efforts for temperate-nesting large-bodied geese wer initiated and population numbers have expanded.  Systematic sampling across a longitudinal gradient may identify west-east breaks in the distribution of large-bodied parvipes or interior subspecies from small-bodied hutchinsii.  Further, limited information is currently available on low-density nesting populations of Canada geese in non-coastal habitats.  We propose to sample in different habitats (e.g., tundra/coastal plain and boreal forests in the north and prairie in the south).  Findings of concordance between genetic affinities among birds from replicate sites within a habitat relative to genetic differences among populations from different habitats would suggest that habitat could be used as a surrogate indicator of subspecies (or populations) present within a region.
Increased sampling of geese from northern breeding areas, and from the range of temperate-nesting groups should help define the geographic distributions of populations (or presumed subspecies) of both species of Canada geese.  Development and testing of discrimination techniques will have direct potential for use in the refinement of traditional (morphological) and genetic differentiation methods for harvest assessment.  Data will also be used to further our understanding of relationships of Canada geese across their range based on samples currently collected.  Our group currently has data from many populations in all regions except the mid-continent area of North America.  Data from samples collected in the context of the proposed research will represent an important addition to complete a “library” of genetic material for Canada geese.  Data and samples will be preserved, standardized with existing samples, and made available for future use by agency managers and researchers.





B.  Objectives:  

a) To refine geographic range distributions for Canada goose management units in the mid-continent area including latitudinal and longitudinal definition of the spatial distributions of both species of Canada geese (B. hutchinsii and B. canadensis)
b) To estimate the degree of genetic differentiation between northern-nesting and temperate-nesting Canada goose breeding populations along latitudinal and longitudinal gradients in the Central and Mississippi Flyways.

c) To examine evidence for hybridization between B. hutchinsii and B. canadensis longitudinally along the western coast of Hudson Bay and latitudinally through the Queen Maude Gulf region.  We will also examine evidence of hybridization between northern- and temperate-nesting populations.

d) To determine whether populations sampled from different areas across the mid-continent region are sufficiently differentiated genetically to assign individuals to population of origin, or to accurately estimate northern-nesting and temperate-nesting populations in harvests likely to be encountered in the Central and Mississippi Flyways.

C. Methods:

Field collection of samples. – Samples will be collected from breeding regions of the central continent for large- and small-bodied Canada goose species in coastal areas including the Queen Maude Gulf and along western Hudson Bay, and for northern-nesting and temperate-nesting Canada geese across longitudinal and latitudinal gradients in Canada and the United States (Fig. 2).  Sampling protocols will be flexible with regard to sources of material.  Sample preparation and preservation protocols will be consistent with restrictions posed by sampling in remote areas.  Samples will include either feathers from nest cavities, egg tissues from nests and/or blood quills from secondary or tertial feathers of flightless gosling Canada geese.  We will sample these sources, as opposed to adult geese, to avoid inclusion of molt migrants from other populations at all sites (see Abraham et al. 1999).  Sampling will utilize methods routinely employed by our lab (Pearce et al. 1997).
Egg collections will be conducted in conjunction with ground-truthing crews of the Breeding Population and Habitat Survey in MB, SK, and AB, ND, SD, and in conjunction with photo inventory crews and ground crews working in the Queen Maud Gulf region.  Requests will be made for sample collections from agency personnel working in the Yellowknife region and other scaup research program personnel (boreal forest), and state biologists in selected states of the CF and MF which represent substantial breeding populations and areas which have been subjected to little or no sampling (e.g., KY/TN, OK, CO) (Fig. 2A).  

Collections from nests will be geo-referenced with GPS and habitats will be generally typed.  Our intended sampling will provide samples from a wide range of habitats and provide potential to track latitudinal and longitudinal gradients in allele and haplotype frequency.  Decisions concerning specific collection locales will be made in consultation with state and federal agency biologists in both Flyways.  Sampling locations will include representation from all recognized populations of northern-nesting and temperate-nesting geese of the CF and MF including: Tall Grass Prairie Population (TGPP), Short Grass Prairie Population (SGPP), Western Prairie Population (WPP), Hi-Line Population (HP) and Great Plains Population (GPP).  













Genetic Laboratory Analysis – Analyses will be based on genetic markers and scoring nomenclature that have already been used extensively for Canada geese from other parts of North America by our group (e.g., Pearce et al. 2001; Scriber et al. 2003a, 2003b, and 2003c).  Thus, data will be fully integrated into a comprehensive North American data-base.  This will allow for a continent-wide analysis of Canada goose spatial genetic diversity to enable managers to pursue a strategic long-term and range-wide approach to questions that depend upon information regarding geographic structuring of Canada geese.  Analyses will use both bi-parentally inherited nuclear and maternally inherited mitochondrial DNA to facilitate systematic and population-level analyses and to examine questions of hybridization.  

We will obtain genotypic data from 10 bi-parentally inherited microsatellite loci that have previously been described for Canada geese by our group for other populations across North America.  Loci will included TTUCG-1, TTUCG-5 (Cathey et al. 1998) and Bca1, Bca5, Bca(7, Bca(9, Bca(11, and Hhi(1, Hhi3, (Buccholz et al. 1998), and CRG (Baker, unpubl. data).  After electrophoresis on denaturing 6% acrylamide gels, PCR products will be visualized using an FMBIO II laser scanner (Hitachi Software Engineering Co., Alameda, CA).  Genotypes will be scored based on 20 base-pair standards and reference samples of known allelic size.  Approximately 10% of the samples will be run multiple times to ensure scoring accuracy.  We will also sequence a nuclear gene as per our recently published work (the melanocortin 1 receptor locus; Mundy et al. 2004), to better develop a nuclear gene phylogeny that can be compared to the mitochondrial (mt) DNA phylogeny already developed.  


We will also examine mtDNA for each individual.  A ≈ 385 base-pair (bp) fragment of the 5’ end of the Canada Goose mitochondrial DNA control region will be amplified using primers and conditions described in Pierson et al. (2000) and Pearce et al. (2000).  These primers were designed to recognize sites flanking the hypervariable portion of the control region (3’ end of domain; Baker and Marshall 1997), and additionally, to amplify and sequence only mitochondrial DNA sequences and not nuclear DNA sequences originating from transposed mtDNA (Sorenson and Fleischer 1996).  Sequencing will be performed using a SequiTherm Excel DNA sequencing kit (Epicentre, Inc.), following product protocols for use of fluorescently labeled primers.  Sequences will be aligned manually.  We have used this region extensively in other studies (Pearce et al. 2000, Pierson et al. 2000, Scribner et al. 2003a, 2003b, 2003c).  Mitochondrial DNA sequences provide an unambiguous means of classification of any individual as large- or small-bodied.  Estimates of variance in the frequency of different mtDNA haplotype will provide a measure of female-mediated gene flow.


Genetic data and archival material will be made available to managers and researchers.  We envision that these data will be will form the baseline data that could be a resource to be used by agency managers and researchers for management-related activities.
Statistical Analyses 
Estimates of Population Differentiation. – Populations that have been reproductively isolated, or exchange few migrants per generation, will accrue differences in allele or haplotype frequency.  Thus, in the absence of direct observational data on movements, we can use estimates of variance in allele/haplotype frequency as a surrogate measure of degree of reproductive isolation, and concomitantly, demographic independence.  We will estimate degree of genetic differentiation between subspecies and among breeding populations based on variance in allele frequency using hierarchical F-statistics (Weir 1996) using the program F-STAT (Goudet 2000).  Measures of inter-population variance in allele frequency will be summarized as pair-wise estimates of population Fst.  Significance of mean Fst values (across the 10 loci) will be determined by jack-knifing procedures (Weir 1996).  Analyses of population differences in mtDNA haplotype frequency will be conducted using an analysis of molecular variance (Excoffier et al. 1992).

Documentation of evidence for hybridization between large- and small-bodied Canada geese and between temperate- and northern-nesting groups – Hybridization, either between species or genetically differentiated populations often occurs when members of both groups are juxtaposed during the breeding season.  This is particularly evident in situations where one group is numerically more common than the other (Scribner et al. 2001).  Rapid geographic range expansion and increasing population size of temperate-nesting populations and extensive molt-migrations of temperate-nesting birds into northern-nesting habitats provides a vehicle for hybridization events to occur.  We lack information on locations of geographic boundaries of species and temperate- and northern-nesting groups.  Preliminary data from our group for Queen Maude Gulf and Western Hudson Bay shows that small-bodied and large-bodied Canada geese co-occur in the same sampling locale during the summer (Shorey, unpubl. data).

A Bayesian clustering method described by Pritchard et al. (2000) will be used to infer population genetic structure within and across samples of Canada geese, and to detect evidence of hybridization in areas of reported sympatric based on morphology (e.g., western Hudson Bay and Queen Maude Gulf).  The Pritchard et al. (2000) model, implemented using the program STRUCTURE assumes that there were K populations (where K may be unknown), each of which was characterized by a set of allele frequencies for a series of Mendelian loci.  Individuals in the sample will be assigned probabilistically to “populations” or “inferred clusters” or jointly to two or more populations/clusters if their genotypes indicate that they were admixed (i.e., of hybrid origin).  The method can detect the existence of cryptic population structure, identify hybrids, and can be used to assign unknown individuals to population of origin.

Estimates of accuracy and precision of harvest mixture composition. – One novel use of genetics data on degree of geographic population structure is for harvest allocation.  Accuracy and precision of our ability to allocation breeding populations to harvests will be estimated based on simulated harvest mixtures.  We will specify population contributions to simulated mixtures and subsequently generate contribution estimates for breeding populations sampled as a means of evaluating the performance for sampled breeding populations (and those already characterized) at risk to harvest.  

Confidence limits for estimates of relative contributions of each breeding population will be calculated using parametric (Monte Carlo) bootstrap resampling of the baseline characteristic distributions and nonparametric bootstrap resampling of the mixture sample.  Differences between samples will be assessed by measuring the degree of overlap of confidence intervals for each population’s contribution (Ruzzante et al. 2000).  We will employ 100 bootstrap replicates from each sample distribution.  


We will also employ an individual assignment test (Rannala and Mountain 1997, Cornuet et al. 1999) using the program developed by our group (Topchy et al. 2004) to determine the accuracy by which individual birds can be assigned to population of origin.  We will use the leave-one-out (Shao 1993) technique to resample individuals with replacement from each baseline as a means of assessing the accuracy of assignment techniques.  

Genetic methods have been applied successfully to populations of Canada geese in several Flyways in North America (Appendix 1).  We believe that genetic techniques will be useful for purposes of identifying population of origin for Central and western Mississippi Flyway birds because we’ve observed consistently that degree of genetic difference among subspecies and among populations can be predicted by inter-population distances (Pearce et al. 2000, Scribner et al. 2003a, 2003b, 2003c, Scribner et al. unpubl., Appendix 1).  This is due to the species’ high degree of philopatry to natal areas (Ely and Scribner 1994).  
C. Benefits:
Data obtained in the context of the proposed research will fill a large void for central North American breeding populations of Canada geese.  These data can be assimilated into a continent-wide data-base to examine the location of, and factors associated with regions of genetic discordance for both Canada goose species.

The new AOU decision on Canada goose nomenclature has implications for management.  Plans specific to both large- and small-bodied Canada geese are needed.  However, in the mid-continent region little information is currently available on species distribution.  Further, little is known of the geographic limits of temperate-nesting and northern-nesting subspecies.  

Future hunting recreation is likely to be limited by the population status of numerically depressed populations of Canada geese and by our inability to develop harvest strategies that target temperate-nesting Canada geese.  Traditional season frameworks offer little opportunity to simultaneously maintain low harvest of northern-nesting Canada geese and meet temperate-nesting Canada goose harvest goals.  The development of genetic harvest derivation for an under-studied region of North American will provide a tool to assist in this evaluation and to identify novel harvest approaches that emphasize temperate-nesting Canada geese.
Specific Jobs

Job 1.  Collect samples of Canada geese from breeding populations (up to N=50 individuals per sampling location).

Job 2.  Genotype individuals from each population at microsatellite loci and sequence individuals for a region of the mitochondrial DNA genome and for the nuclear MC1R gene.


Job 3.  Estimate degree of genetic differentiation among breeding populations with an emphasis on discrimination between species and between northern-nesting and temperature-nesting populations.  Use simulation analyses to estimate accuracy and bias of harvest allocations to simulated mixtures.

Job 4.  Write report

Budget Justification

Items detailed in the budget reflect actual costs for conducting the laboratory and analytical portions of the study.  We assume that field collections will be conducted within the context of pre-defined activities planned for the 2005 and 2006 field seasons.  The laboratory portion of the project will be divided into 2 years to save costs.  In kind support is based on:

a) moneys (>$350,000 US) that have already been contributed by cooperating federal and state agencies to create the existing base-line data set these data can be compared to,

b) moneys contributed by individuals and agencies involved with the collection of field samples,

c) Co-PI’s salary and fringe during the analysis and reporting portions of the study.
Schedule:  

Year
Planned Work
2005-2006
Jobs 1, 2, 4
2006-2007
Jobs 1, 2, 3, 4
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FIGURE LEGEND

Fig. 1. Phylogenetic tree showing evolutionary relationships and geographic origin for different mitochondrial DNA haplotypes of Canada geese from the Pacific Flyway.  Subsequent analysis (Scribner et al. 2003c) have shown that the same evolutionary discordance between large-bodied (Branta canadensis) and small-bodied (B. hutchinsii) exist across North America.

Fig. 2. Maps showing geographic distributions of major Canada goose populations of management concern and proposed areas of sampling for the proposal.
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