
From: Snyder, Caitlin
To: Grizzle, Betty
Subject: Re: Question re previous SSA - AK wolf
Date: Tuesday, March 14, 2017 10:50:19 AM
Attachments: GeneticsOverview_Olsen.pdf

Hi Betty,

I went back and looked at my files from AA wolf.  I didn't participate in any genetics
panel, but I did participate in two meetings: one an internal FWS meeting where we
discussed general AA wolf information, including genetics and a second meeting with
partners where we discussed the wolf population model (this model helped inform our
SSA).  I'm attaching the presentation Jeff & John gave at the internal FWS meeting
on AA wolf genetics.  It might give you a better idea of the type of information they
were analyzing -- as I mentioned, they reviewed the available literature and helped
explain to us the differences between the techniques used by the researchers.

Thanks,
Caitlin

Caitlin Snyder
Unified Listing Team
U.S. Fish & Wildlife Service
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
phone: 703 358 2673

On Tue, Mar 14, 2017 at 12:22 PM, Snyder, Caitlin <caitlin_snyder@fws.gov> wrote:
Hi Betty,

I'm working from home today, but my phone is forwarded (703 358 2673).  I have a
webinar meeting starting at 2:00, but am free beforehand.

Thanks,
Caitlin

Caitlin Snyder
Unified Listing Team
U.S. Fish & Wildlife Service
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
phone: 703 358 2673

On Tue, Mar 14, 2017 at 11:07 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Hi Caitlin - Are you in the office today? (I understand severe weather is hitting the NE)  I
would like to talk to you about the Alex. Arch Wolf effort that (I think) you were involved
in. 
I am teleworking from home so would be easier for me to call you if you are in the office.

mailto:caitlin_snyder@fws.gov
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mailto:betty_grizzle@fws.gov



Brief overview of genetic analyses 
and data relevant to the Alexander 


Archipelago wolf







Forces influencing genetic variation


Selection
a change in allele frequency because of heritable fitness 
differences among genotypes


 Mutation
a change in allele frequency because of change in DNA sequence


 Genetic Drift
a change in allele frequency because only a finite number of gamete 
pairs are created each generation


 Gene flow (migration/connectivity)
a change in allele frequency because of gene flow (introgression) from 
one population to another







Types of genetic studies


Phylogenetics
• the study of genealogical lineages
• define evolutionary relationships
• species, subspecies, population groups


Population Genetics
• genetic diversity within and among populations


Phylogeography
• extension of phylogenetics
• processes influencing distribution of lineages


Time scale/Forces
Longer/mutation, drift


Longer/mutation, drift


Shorter/drift, gene flow







Types of genetic markers


mtDNA
• mitochondrial DNA
• maternally inherited
• Phylogenetics / phylogeography / population genetics


Microsatellites
• Bi‐parentally inherited (autosomal)
• Repetitive DNA, non‐coding
• Phylogenetics / phylogeography / population genetics


SNP
• Single nucleotide polymorphism
• Coding and non‐coding
• Phylogenetics / phylogeography / population genetics







Genetic Analyses


• Coastal wolf genetic studies launched 
in mid-90s, increasing annually


• Several studies comparing coastal 
and interior wolves, but few compare 
within-coastal populations (Alaska 
and BC)


• Researchers used different 
techniques and markers


• Various interpretations of genetic 
results, especially applied to 
subspecific designation


Photo credit: Steve Lewis/ADFG







Study SEAK Coastal BC Type Key findings


Shields 1995 Yes No mtDNA C.l. ligoni distinct, no 
subpopulations


Weckworth et al. 2005 Yes No microsat
Coastal distinct from interior; 2 
clusters within SEAK – POW and 
others


Breed 2007 Yes Yes microsat 3 units – coastal BC, POW, and 
other SEAK


Munoz-Fuentes et al. 2009 No Yes mtDNA Coastal distinct from interior


Weckworth et al. 2010 Yes No mtDNA Independent evolutionary 
histories – coastal and interior


Von Holdt et al. 2011 No Yes SNPs Coastal distinct from interior


Weckworth et al. 2011 Yes Yes mtDNA Coastal distinct from interior; 
SEAK and BC wolves related


Chambers et al. 2012 Yes* Yes* All* Meta-analysis* of NA; coastal
wolves not a subspecies


Cronin et al. 2014 Yes No SNPs
SEAK different from other 
wolves, but not at unprecedented 
levels of variation


Stronen et al. 2014 No Yes microsat Coastal distinct from interior –
genetics and ecology


Genetic Analyses







Phylogenetic / Phylogeographic


Weckworth et al. 2011 Munoz‐Fuentes et al. 2009







Phylogenetics / Phylogeographic
Results support coastal and inland genetic lineages


Weckworth et al. 2011







Study SEAK Coastal BC Type Key findings


Shields 1995 Yes No mtDNA C.l. ligoni distinct, no 
subpopulations


Weckworth et al. 2005 Yes No microsat
Coastal distinct from interior; 2 
clusters within SEAK – POW and 
others


Breed 2007 Yes Yes microsat 3 units – coastal BC, POW, and 
other SEAK


Munoz-Fuentes et al. 2009 No Yes mtDNA Coastal distinct from interior


Weckworth et al. 2010 Yes No mtDNA Independent evolutionary 
histories – coastal and interior


Von Holdt et al. 2011 No Yes SNPs Coastal distinct from interior


Weckworth et al. 2011 Yes Yes mtDNA Coastal distinct from interior; 
SEAK and BC wolves related


Chambers et al. 2012 Yes* Yes* All* Meta-analysis* of NA; coastal
wolves not a subspecies


Cronin et al. 2014 Yes No SNPs
SEAK different from other 
wolves, but not at unprecedented 
levels of variation


Stronen et al. 2014 No Yes microsat Coastal distinct from interior –
genetics and ecology


Genetic Analyses Summary







Population Genetics


Weckworth et al. 2005 Cronin et al. 2014


Sample Locations


GMU 1A, 1B, 1C, 1D, 2, 3


2 = GMU1A
1 = GMU3


4 = GMU1A
3 = GMU2







Population Genetics


Breed 2007 Cronin et al. 2014


Sample Locations


GMU 1A, 1B, 1C, 1D, 2, 3







FST is the fraction of the total genetic variation that is due to 
variation between populations and is most commonly attributed to 
genetic drift and gene flow.


0.90


0.10


Fraction of total genetic variation
in all populations


FST - Fraction of total genetic variation 
between populations


Population subdivision is measurable







Population Genetics


POW versus 3 SEAK:  0.1467
Among 3 SEAK excluding POW:  0.0400


Weckworth et al. 2005 Cronin et al. 2014


Summary of Fst values


Among 3 SEAK excluding GMU2:  0.0512


GMU2 versus 3 SEAK:  0.1173







Breed 2007


• PAK formed most clearly defined 
cluster


Population Genetics
Summary of Fst values







Population Genetics
Cluster analysis


Weckworth et al. 2005


Cronin et al. 2014Breed 2007







Population Genetics


Weckworth et al. 2011


Among‐group (Phi‐ct) structure greatest when pooled into coastal 
and inland groups


Summary of Fst values







Population Genetics


Weckworth et al. 2005 No evidence of isolation by 
distance


• Dispersal distances are large 
and/or


• Barriers to dispersal are more 
important than distance


Gene Flow







• PAK formed most clearly defined 
cluster


• Low levels of immigration into PAK 
from NAK and BC


• BC source to PAK and NAK sink


Breed 2007


Population Genetics
Gene Flow







Population Genetics


Weckworth et al. 2005 Cronin et al. 2014


Lower diversity in SEAK wolves
• But not statistically significant


Population diversity







• BC = coastal British 
Columbia


• NAK = SEAK 
mainland and islands 
without POW


• PAK = POW


Breed 2007


Population Genetics
Population diversity







Final Thoughts
Ecological uniqueness


• Morphology


• Prey specialization


• Other specific behaviors


Genetic uniqueness


• Strong genetic differentiation 
between coastal and interior 
continental populations


• SEAK and BC wolves share 
common and unique haplotypes


• SEAK wolves monotypic; BC 
wolves had multiple haplotypes


• Barriers to gene flow vs isolation 
by distance?


Photo credit: Steve Lewis/ADFG


What is an AA wolf and 
what are its 


distributional limits?







Genetic drift and migration
The most common interpretation of FST is as a measure of 
the genetic variation between populations due to the opposing
forces of genetic drift and migration - the “drift-migration” model.
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Most population genetic studies measure genetic drift and 
migration.


locus populations
selection varies by locus differentiate/homogenize
mutation varies by locus differentiate
genetic drift same for all loci differentiate
migration same for all loci homogenize


impact


Evolutionary forces influencing genetic 
diversity in populations







Population subdivision
Population subdivision exists when a barrier to gene flow prevents random mating 
between two or more populations.  These populations generally display different 
allele and genotype frequencies.
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Quick overview of genetic methods 
and data


Phylogenetics Population GeneticsPhylogeography


Types of studies:


the study of 
genealogical lineages 
in order to define the
evolutionary 
relationships among 
groups of organisms 
(species, subspecies, 
populations).


the study of the 
processes governing 
the geographic 
distribution of 
genealogical 
lineages.


the study of the 
evolutionary forces 
(selection, 
mutation, genetic 
drift, gene flow) 
influencing genetic 
diversity within 
and among 
populations?


Time scale – longer
Forces – mutation, drift


Time scale – longer
Forces – mutation, drift


Time scale – shorter
Forces – drift, gene flow







Selected Wolf Genetic Papers
Study SEAK Coastal BC Type Key findings


Weckworth et al. 2005 Yes No microsat
Coastal distinct from interior; 2 
clusters within SEAK – POW and 
others


Breed 2007 Yes Yes microsat 3 units – coastal BC, POW, and 
other SEAK


Munoz-Fuentes et al. 2009 No Yes mtDNA Coastal distinct from interior


Weckworth et al. 2010 Yes No mtDNA Independent evolutionary 
histories – coastal and interior


Weckworth et al. 2011 Yes Yes mtDNA Coastal distinct from interior; 
SEAK and BC wolves related


Cronin et al. 2014 Yes No SNPs
SEAK different from other 
wolves, but not at unprecedented 
levels of variation


Stronen et al. 2014 No Yes microsat Coastal distinct from interior –
genetics and ecology
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Thanks.
-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax



Brief overview of genetic analyses 
and data relevant to the Alexander 

Archipelago wolf



Forces influencing genetic variation

Selection
a change in allele frequency because of heritable fitness 
differences among genotypes

 Mutation
a change in allele frequency because of change in DNA sequence

 Genetic Drift
a change in allele frequency because only a finite number of gamete 
pairs are created each generation

 Gene flow (migration/connectivity)
a change in allele frequency because of gene flow (introgression) from 
one population to another



Types of genetic studies

Phylogenetics
• the study of genealogical lineages
• define evolutionary relationships
• species, subspecies, population groups

Population Genetics
• genetic diversity within and among populations

Phylogeography
• extension of phylogenetics
• processes influencing distribution of lineages

Time scale/Forces
Longer/mutation, drift

Longer/mutation, drift

Shorter/drift, gene flow



Types of genetic markers

mtDNA
• mitochondrial DNA
• maternally inherited
• Phylogenetics / phylogeography / population genetics

Microsatellites
• Bi‐parentally inherited (autosomal)
• Repetitive DNA, non‐coding
• Phylogenetics / phylogeography / population genetics

SNP
• Single nucleotide polymorphism
• Coding and non‐coding
• Phylogenetics / phylogeography / population genetics



Genetic Analyses

• Coastal wolf genetic studies launched 
in mid-90s, increasing annually

• Several studies comparing coastal 
and interior wolves, but few compare 
within-coastal populations (Alaska 
and BC)

• Researchers used different 
techniques and markers

• Various interpretations of genetic 
results, especially applied to 
subspecific designation
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Study SEAK Coastal BC Type Key findings

Shields 1995 Yes No mtDNA C.l. ligoni distinct, no 
subpopulations

Weckworth et al. 2005 Yes No microsat
Coastal distinct from interior; 2 
clusters within SEAK – POW and 
others

Breed 2007 Yes Yes microsat 3 units – coastal BC, POW, and 
other SEAK

Munoz-Fuentes et al. 2009 No Yes mtDNA Coastal distinct from interior

Weckworth et al. 2010 Yes No mtDNA Independent evolutionary 
histories – coastal and interior

Von Holdt et al. 2011 No Yes SNPs Coastal distinct from interior

Weckworth et al. 2011 Yes Yes mtDNA Coastal distinct from interior; 
SEAK and BC wolves related

Chambers et al. 2012 Yes* Yes* All* Meta-analysis* of NA; coastal
wolves not a subspecies

Cronin et al. 2014 Yes No SNPs
SEAK different from other 
wolves, but not at unprecedented 
levels of variation

Stronen et al. 2014 No Yes microsat Coastal distinct from interior –
genetics and ecology

Genetic Analyses



Phylogenetic / Phylogeographic

Weckworth et al. 2011 Munoz‐Fuentes et al. 2009



Phylogenetics / Phylogeographic
Results support coastal and inland genetic lineages

Weckworth et al. 2011



Study SEAK Coastal BC Type Key findings

Shields 1995 Yes No mtDNA C.l. ligoni distinct, no 
subpopulations

Weckworth et al. 2005 Yes No microsat
Coastal distinct from interior; 2 
clusters within SEAK – POW and 
others

Breed 2007 Yes Yes microsat 3 units – coastal BC, POW, and 
other SEAK

Munoz-Fuentes et al. 2009 No Yes mtDNA Coastal distinct from interior

Weckworth et al. 2010 Yes No mtDNA Independent evolutionary 
histories – coastal and interior

Von Holdt et al. 2011 No Yes SNPs Coastal distinct from interior

Weckworth et al. 2011 Yes Yes mtDNA Coastal distinct from interior; 
SEAK and BC wolves related

Chambers et al. 2012 Yes* Yes* All* Meta-analysis* of NA; coastal
wolves not a subspecies

Cronin et al. 2014 Yes No SNPs
SEAK different from other 
wolves, but not at unprecedented 
levels of variation

Stronen et al. 2014 No Yes microsat Coastal distinct from interior –
genetics and ecology

Genetic Analyses Summary



Population Genetics

Weckworth et al. 2005 Cronin et al. 2014

Sample Locations

GMU 1A, 1B, 1C, 1D, 2, 3

2 = GMU1A
1 = GMU3

4 = GMU1A
3 = GMU2



Population Genetics

Breed 2007 Cronin et al. 2014

Sample Locations

GMU 1A, 1B, 1C, 1D, 2, 3



FST is the fraction of the total genetic variation that is due to 
variation between populations and is most commonly attributed to 
genetic drift and gene flow.

0.90

0.10

Fraction of total genetic variation
in all populations

FST - Fraction of total genetic variation 
between populations

Population subdivision is measurable



Population Genetics

POW versus 3 SEAK:  0.1467
Among 3 SEAK excluding POW:  0.0400

Weckworth et al. 2005 Cronin et al. 2014

Summary of Fst values

Among 3 SEAK excluding GMU2:  0.0512

GMU2 versus 3 SEAK:  0.1173



Breed 2007

• PAK formed most clearly defined 
cluster

Population Genetics
Summary of Fst values



Population Genetics
Cluster analysis

Weckworth et al. 2005

Cronin et al. 2014Breed 2007



Population Genetics

Weckworth et al. 2011

Among‐group (Phi‐ct) structure greatest when pooled into coastal 
and inland groups

Summary of Fst values



Population Genetics

Weckworth et al. 2005 No evidence of isolation by 
distance

• Dispersal distances are large 
and/or

• Barriers to dispersal are more 
important than distance

Gene Flow



• PAK formed most clearly defined 
cluster

• Low levels of immigration into PAK 
from NAK and BC

• BC source to PAK and NAK sink

Breed 2007

Population Genetics
Gene Flow



Population Genetics

Weckworth et al. 2005 Cronin et al. 2014

Lower diversity in SEAK wolves
• But not statistically significant

Population diversity



• BC = coastal British 
Columbia

• NAK = SEAK 
mainland and islands 
without POW

• PAK = POW

Breed 2007

Population Genetics
Population diversity



Final Thoughts
Ecological uniqueness

• Morphology

• Prey specialization

• Other specific behaviors

Genetic uniqueness

• Strong genetic differentiation 
between coastal and interior 
continental populations

• SEAK and BC wolves share 
common and unique haplotypes

• SEAK wolves monotypic; BC 
wolves had multiple haplotypes

• Barriers to gene flow vs isolation 
by distance?

Photo credit: Steve Lewis/ADFG

What is an AA wolf and 
what are its 

distributional limits?



Genetic drift and migration
The most common interpretation of FST is as a measure of 
the genetic variation between populations due to the opposing
forces of genetic drift and migration - the “drift-migration” model.
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Most population genetic studies measure genetic drift and 
migration.

locus populations
selection varies by locus differentiate/homogenize
mutation varies by locus differentiate
genetic drift same for all loci differentiate
migration same for all loci homogenize

impact

Evolutionary forces influencing genetic 
diversity in populations



Population subdivision
Population subdivision exists when a barrier to gene flow prevents random mating 
between two or more populations.  These populations generally display different 
allele and genotype frequencies.
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Quick overview of genetic methods 
and data

Phylogenetics Population GeneticsPhylogeography

Types of studies:

the study of 
genealogical lineages 
in order to define the
evolutionary 
relationships among 
groups of organisms 
(species, subspecies, 
populations).

the study of the 
processes governing 
the geographic 
distribution of 
genealogical 
lineages.

the study of the 
evolutionary forces 
(selection, 
mutation, genetic 
drift, gene flow) 
influencing genetic 
diversity within 
and among 
populations?

Time scale – longer
Forces – mutation, drift

Time scale – longer
Forces – mutation, drift

Time scale – shorter
Forces – drift, gene flow



Selected Wolf Genetic Papers
Study SEAK Coastal BC Type Key findings

Weckworth et al. 2005 Yes No microsat
Coastal distinct from interior; 2 
clusters within SEAK – POW and 
others

Breed 2007 Yes Yes microsat 3 units – coastal BC, POW, and 
other SEAK

Munoz-Fuentes et al. 2009 No Yes mtDNA Coastal distinct from interior

Weckworth et al. 2010 Yes No mtDNA Independent evolutionary 
histories – coastal and interior

Weckworth et al. 2011 Yes Yes mtDNA Coastal distinct from interior; 
SEAK and BC wolves related

Cronin et al. 2014 Yes No SNPs
SEAK different from other 
wolves, but not at unprecedented 
levels of variation

Stronen et al. 2014 No Yes microsat Coastal distinct from interior –
genetics and ecology
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