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Outline

• Background

• Chum results

• Pink results
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Alaska Hatchery Research Program

1) What is the genetic structure of pink and 
chum in PWS and SEAK?

2) What is the extent and annual variability of 
straying?

3) What is the impact on fitness (productivity) 
of natural pink and chum stocks due to 
straying hatchery pink and chum salmon?
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Understanding Genetic Structure

• Differences between populations:
• Influenced by: selection, mutation, genetic drift, 

migration
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Understanding Genetic Structure

• Differences between populations:
• Influenced by: selection, mutation, genetic drift, 

migration

• Measuring the balance between these within a species 
across an area

• Measured by quantifying pairwise genetic differences

• Visualize using genetic trees 
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genetic drift  ~  homing

migration  ~  straying



Population Structure: An example

6

1
2

3

4

5

6

7

8



Population Structure: An example
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Population Structure: An example
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Population Structure: An example
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Population Structure: An example

10

1
2

3

4

5

6

7

8

1
2

4
5

6

7

8

3

Difference between 1 and 4:

Difference between 2 and 7:



Population Structure: An example
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Chum salmon in Prince William 
Sound and Southeast Alaska

12

Sara Gilk-Baumer and William D. Templin
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Life History of Chum Salmon

•Migrate as juveniles 
to ocean

• Typically 2-4 years 
spent at sea

• Two run timings: 
summer & fall
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Distribution of Chum Salmon
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http://www.salmonnation.org/fish/meet_species.html



Previous work (a sampling)
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Chum salmon in the Gulf of Alaska

16

198 populations
93 markers



Chum salmon in the Gulf of Alaska
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198 populations
93 markers

PWS to SEAK



Chum salmon in PWS and SEAK
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52 populations
93 markers



Chum salmon in PWS and SEAK
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52 populations
93 markers

PWS

Yakutat

Chilkat

S SEAK



Chum salmon in PWS and SEAK
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52 populations
93 markers

Late run timing



Conclusions: Chum salmon structure 
in PWS and SEAK

•Generally correlated with geography 

• Some differentiation by run timing

• Similar to other studies
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Population structure of pink 
salmon in Prince William Sound
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Life History of Pink Salmon

• Two-year life cycle

• Odd year

• Even year

• Limited freshwater 
life history

https://www.n-sea.org/pink-salmon
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Distribution of Pink Salmon

http://www.salmonnation.org/fish/meet_species.html
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PWS Pink Salmon

• Number of streams in 
Prince William Sound 
(PWS)
• Over 800 streams

• Variation in run timing 
across streams

26



Swanson Creek

Duck RiverRocky Creek

McCleod Creek

Variability in spawning habitat
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Previous Studies: 
Pink Salmon in PWS
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Study Design
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Contemporary Historical

Odd Year Natural

Hatchery

Even Year Natural

Hatchery



Study Design
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Contemporary Historical

Odd Year Natural  (pending)

Hatchery  (pending)

Even Year Natural

Hatchery



Hatchery

West

East

Prince William Sound
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Odd Year



Population Structure Analyses

• Calculate genetic differences among 
collections

• Test for significance of these differences

• Visualize the relationships among 
collections
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Odd Year



PWS Pink Salmon 

Odd 

Even

Odd Year
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GOA Chum Salmon PWS Chum Salmon 
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PWS Pink Salmon 

Odd 

Even

PWS Chum Salmon 
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Odd Year
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Population Structure Analyses

• Calculate genetic differences among 
collections

• Test for significance of these differences
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Odd Year



Testing for Differences:
among Prince Willian Sound

38

p = 3.05 x 10 -70

( = 0.05)

Significantly different

Odd Year



Population Structure Analyses

• Calculate genetic differences among 
collections

• Test for significance of these differences

• Visualize the relationships among collections
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Odd Year



Visualizing the Relationships 
among Collections

Snug Harbor

VFDA

KRAA

Totemoff

Lagoon

Odd Year
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Visualizing the Relationships 
among Collections

Snug Harbor

VFDA

KRAA

Totemoff

Lagoon

Odd Year
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Visualizing Relationships 
among Collections – Zooming in

Paulson

Coghill

Totemoff

Lagoon

Canyon

Odd Year

East vs. West

42



Study Design
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Contemporary Historical

Odd Year Natural  (pending)

Hatchery  (pending)

Even Year Natural  (pending)

Hatchery  (pending)



Hatchery

West

East

Prince William Sound
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Even Year



PWS Pink Salmon 

Odd 

Even

Even Year
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Even Year



Testing for Differences:
among Prince Willian Sound
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p < 10 -6 ( = 0.05)

Even Year

Significantly different



Testing for Differences:
Between Early and Late Collections
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p < 0.05 ( = 0.05)

Even Year

East: Genetically different for 3 of 5
West: No significant differences



Visualizing the Relationships 
among Collections
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Conclusions to date: Pink salmon 
structure in PWS

➢Genetic variation among pink salmon populations in 
PWS is very small
✓Odd year – small 

✓Even year – even smaller

➢Kodiak vs. Prince William Sound (PWS) [data not shown]

✓Significantly different in both lineages
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➢Genetic difference within PWS
✓Significantly different in both lineages

➢Within lineage patterns
✓ Odd year: 

✓East vs. West

✓Early vs. Late?

✓ Even year: 
✓Early vs. Late (eastern side only)

Conclusions to date: Pink salmon 
structure in PWS
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Future Work

➢Historical samples
✓1991 – 1997

✓No otolith information

➢Investigate the mechanisms 
driving the structure
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What is the extent and annual 
variability of straying?

C. Habicht and W. D. Templin
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PWS: Stream results, district averages

0.1% - 89.9% 0.0% - 84.6%
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Overall PWS hatchery fractions in 
spawning streams

Species 2013 2014 2015
Pink 4.4% 14.8% 9.5%

Chum 2.8% 3.2% 3.1%
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2013  2014  2015

2013  2014  2015

2013  2014  2015

SEAK: Hatchery 
fraction by 
stream: 
1.5% - 12.7%
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Overall SEAK hatchery fractions in 
spawning streams

Species 2013 2014 2015
Chum 7.3% 5.4% 9.2%
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PWS: Run Size and Harvest Rates

C. Habicht and W. D. Templin

Alaska Department of Fish and Game Gene Conservation Lab

Alaska Board of Fisheries, Hatchery Committee Meeting

March 8, 2019
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Ocean Sampling: PWS 
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Ocean sampling 2013–2015 (PWS only)
• Proportions of hatchery fish in run
• Results (7,800 samples):

• Pink salmon: 55 - 86% 
• Chum salmon: 51 - 73%

61Knudsen et al.  (2016).  Interactions of Wild and Hatchery Pink Salmon and Chum Salmon in Prince 
William Sound and Southeast Alaska.



Wild and Hatchery run size estimates
• Preliminary PWS run size estimates; 2013-2015 

(Thousands)

Knudsen  et al. (2016).  Interactions of Wild and Hatchery Pink 
Salmon and Chum Salmon in Prince William Sound and Southeast 
Alaska.
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Natural and Hatchery harvest rate estimates: 
PWS pink salmon
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AHRP Fitness Study:
PWS Pink Salmon
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1) What is the genetic structure of pink and 
chum in PWS and SEAK?

2) What is the extent and annual variability of 
straying?

3) What is the impact on fitness (productivity) 
of natural pink and chum stocks due to 
straying hatchery pink and chum salmon?

Alaska Hatchery Research 
Program
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Hatchery/Natural Fitness
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Hatchery/Natural Fitness

67

• No pinks and only one chum study

• No studies in Alaska

• Different hatchery objectives

• Local + large brood stock population size

Hatchery residencyYear
season



AHRP Streams in PWS

68Figure 1 – Lescak et al. in prep

VFDA = Valdez Fisheries 
Development Association
PWSAC = Prince William 
Sound Aquaculture 
Corporation



Fitness = Reproductive Success

Parent

69



Measuring Reproductive Success
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Measuring Reproductive Success
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Parent



Measuring Reproductive Success
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Measuring Reproductive Success

Male
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Measuring Reproductive Success
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Measuring Reproductive Success

Hatchery-origin
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Measuring Reproductive Success
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Natural Hatchery
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Measuring Reproductive Success
P

O
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Measuring Reproductive Success
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Measuring Reproductive Success
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Measuring Reproductive Success
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Measuring Reproductive Success
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P
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Male
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Male

Female

Natural Hatchery Hatchery-origin fish are not genotyped in the offspring generation 
because they have a known origin. 



Measuring Reproductive Success

O

P

298 
markers
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Figure 1 – Campbell et al. 2015
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Measuring Reproductive Success

O

P
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FRANz

Figure 1 – Campbell et al. 2015

Male

Female

Male

Female

Natural Hatchery

Riester et al. 2009

298 
markers



Genetic markers for parentage 
analysis

CTATGTAATAAATGTTAATAATAATAACTAGCTAACC
CTATGTATTAAATGTTAATAATAATAACTAGCTAACCFish 1

CTATGTAATAAATGTTAATAATAATAACTAGCTAACC
CTATGTAATAAATGTTAATAATAATAACTAGCTAACC

CTATGTATTAAATGTTAATAATAATAACTAGCTAACC
CTATGTAATAAATGTTAATAATAATAACTAGCTAACC

CTATGTATTAAATGTTAATAATAATAACTAGCTAACC
CTATGTATTAAATGTTAATAATAATAACTAGCTAACC

T allele
A allele

A allele
A allele

A allele
T allele

T allele
T allele

Fish 2

Fish 3

Fish 4
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Genetic markers for parentage analysis
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Genetic markers for parentage analysis
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Genetic markers for parentage analysis
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Genetic markers for parentage analysis
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Measuring Reproductive Success
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Measuring Reproductive Success
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Measuring Reproductive Success
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Measuring Reproductive Success

94

O

P

Male

Female

Male

Female

Natural Hatchery



Measuring Reproductive Success
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Measuring Reproductive Success
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Measuring Reproductive Success
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Analyzed Samples: Even-Lineage

98Figure 2b – Lescak et al. in prep



Analyzed Samples: Even-Lineage
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Analyzed Samples: Even-Lineage

100Figure 2b – Lescak et al. in prep

N = 653

N = 4,295

8-13% esc.

54% esc.



Pedigree Results: Even-Lineage

• 451 offspring (11%) assigned to 184 parents
• 208  natural-origin parents
• 265  hatchery-origin parents

• 202 – AFK
• 41 – WNH
• 22 – CCH
• 0 – SGH

101
Figure 1 – Lescak et al. in prep



RS Distribution: Even-Lineage

102Figure 3b – Lescak et al. in prep



RS Distribution: Even-Lineage

103Figure 3b – Lescak et al. in prep

RS = 0.46



RS Distribution: Even-Lineage

104Figure 3b – Lescak et al. in prep

RS = 0.46
RS = 0.97
RRS = 0.47*



RS Distribution: Even-Lineage

105Figure 3b – Lescak et al. in prep

RS = 0.46
RS = 0.97
RRS = 0.47*

RS = 0.84
RS = 0.97
RRS = 0.87 (NS)



Proportion Test: Even-Lineage
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67%
33%
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Proportion Test: Even-Lineage
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Parent-Offspring Duos
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Parent-Offspring Trios
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Analyzed Samples: Odd-Lineage

112Figure 2a – Lescak et al. in prep

N = 777

N = 1,920

2-10% esc.

11-21% esc.



Pedigree Results: Odd-Lineage

• 48 offspring (2.3%) assigned to 20 parents
• 45  natural-origin parents
• 3 hatchery-origin parents

• 2 – AFK
• 1 – WNH
• 0 – CCH
• 0 – SGH

113
Figure 1 – Lescak et al. in prep



RS Distribution: Odd-Lineage

114Figure 3b – Lescak et al. in prep

RS = <0.01
RS = 0.19
RRS = 0.02*

RS = 0.01
RS = 0.10
RRS = 0.12*



Proportion Test: Odd-Lineage
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Proportion Test: Odd-Lineage
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Proportions for Both Lineages
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2013 2015



How robust are our pedigrees? 
• Simulations

• No incorrect or missed assignments

• Sensitivity analysis for FRANz parameters
• Results robust to changes in genotyping error rates and 

maximum numbers of potential parents

• All parentage assignments unequivocal
• No split pedigrees
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Results from 1 generation of Hogan 

• Pedigree in natural system possible
• Even-lineage

• 451 offspring to 184 parents
• Offspring assignment rate 11.0%
• RRS = 0.47 (significant) for females
• RRS = 0.87 (not significant) for males

• Odd-lineage
• 48 offspring to 20 parents 
• Offspring assignment rate 2.5%

• Under-representation of offspring assigned to 
hatchery-origin parents in both lineages
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Conclusions from Hogan Bay

• Hatchery-origin fish spawned and produced adult 
offspring that were sampled 

• Hatchery-origin fish spawned with both other 
hatchery-origin fish as well as natural-origin fish

• On average, hatchery-origin fish produced fewer 
adult offspring that returned to Hogan Bay and 
were sampled than their natural-origin conspecifics

• There are potentially important differences in RS 
between male and female hatchery-origin fish
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Future Analyses

121



Future Analyses
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Map of SEAK Chum fitness 
streams
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Study plan

128

F0 – parents

F1 – offspring

F2 – grand-offspring

Adult

Alevin

Adult + Alevin

Species 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Chum (BY1) F0 F1 F1

Chum (BY2) F0 F1 F1 F1

0.2 0.3 0.40.2 0.3 0.4



Statistical power of study plan

• Need minimum ~100 parents of each sex/origin
• Ideally a high proportion of parents

• Hogan Bay 2013/2015
• Low sampling rate = few parent-offspring assignments

• Sample high proportion of offspring
• Consistent proportion for all return years
• Differences in age at return?
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Samples by origin, stream, and 
year
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Samples by origin, stream, and 
year
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Samples by origin, stream, and 
year
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