Alaska Hatchery Research Program:
Study Question 1:
Population Structure

Sara Gilk-Baumer

Gene Conservation Laboratory
Alaska Department of Fish and Game
BOF Hatchery Committee Meeting
March 23, 2022




Outline

* Background
e Chum results
* Pink results




Alaska Hatchery Research Program

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



Understanding Genetic Structure

* Differences between populations:

* Influenced by: selection, mutation, genetic drift,
migration



Understanding Genetic Structure

 Differences between populations:

* Influenced by: selection, mutation, genetic drift,
migration

genetic drift ~ homing
migration ~ straying

* 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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Population Structure: An example




Population structure of chum sa

in Prince William Sound anc
Southeast Alaska
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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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Previous work (a sampling
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Chum salmon in the Gulf of Alaska
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Chum salmon in the Gulf of Alaska

198 populations

93 markers
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Chum salmon in PWS and SEAK

52 populations
93 markers
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Chum salmon in PWS and SEAK
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93 markers
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Conclusions: Chum salmon structure
in AHRP study area

* Generally correlated with geography
* Some differentiation by run timing
* Similar to other studies






Contemporary Population Structure of Pink Salmon
from Prince William Sound, Alaska
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Life History of Pink Salmon

* Two-year life cycle
» Odd year
* Even year

 Limited freshwater
life history

B R
fEate i

P

''''''

. https://www.n-sea.org/pink-salmon

24



Distribution of Pink Salmon
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PWS Pink Salmon

 Over 800 streams in
Prince William
Sound (PWS)

e Variation in run
timing
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Previous Studies

Genetic Characterization of Prince William Sound

Pink Salmon Populations

Report
to
Alaska Department of Fish and Game
Feb. 15, 1977
by
Jim Seeb
and

Lisa Wishard

INFORMATIONAL LEAFLET NO.

187

SEPARATION OF SOME PINK SALMON (Oncorhynchus gorbuscha Walbaum)
SUB-POPULATIONS IN PRINCE WILLIAM SOUND, ALASKA BY LENGTH-WEIGHT
RELATIONSHIPS AND HORIZONTAL STARCH GEL ELECTROPHORESIS

By
Richard B. Nickerson

Evolugy of Freshwuter Figh 1999 8: 122-140
Printed in Denmark - AN rights reserved

Copyright & Munksgaard 1999

ECOLOGY OF
FRESHWATER FISH

IS5 (906-6691

Allozyme and mitochondrial DNA variation
describe ecologically important genetic
structure of even-year pink salmon inhabiting

Prince William Sound, Alaska

Seeb JE, Habicht C, Templin WD, Seeb LW, Shaklee JB, Utter FM.
Allozyme and mitochondrial DNA variation describe ecologically
important genetic structure of even-year pink salmon inhabiting Prince
William Sound, Alaska.

Ecology of Freshwater Fish 1999: 8: 122-140. © Munksgaard, 1999

Abstract — Allozyme and mitochondrial DNA (mtDNA) data were ob-
tained from pink salmon throughout Prince William Sound, Alaska,

from two hatchery, five upstream, and 20 tidal locations distributed
among five management regions collected during 1994. Screening for allo-
zymes included 66 loci for 92 to 100 fish per sample. Thirty-four loci had
variant allele frequencies =>0.01 in one or more collections and were

used for population analyses. Eight haplotypes were detected after screen-
ing 40 fish per collection for variation at the ND3/ND6 region of mtDNA
using six restriction enzymes. Significant and apparently stable differences
detected by both data sets permit rejecting a null hypothesis of panmixia
and support managing native populations in Prince William Sound at the
regional level. Distinctions between upstream and tidal collections were de-
tected within Lagoon Creek (allozymes) and Koppen Creck (mtDNA).
Significant regional heterogeneity was detected within upstream (allo-
zymes and mtDNA) and tidal {allozymes) collections; however, upstream
collections were more divergent from each other than were tidal collec-
tions. The absence of distinction of Armin F Koernig Hatchery from
almost all regions was consistent with multiple origins of this stock.
Conversely, Solomon Gulch Hatchery in the East Region was distinet
from all regions but East, consistent with a more restricted origin and in-

fluence.

J. E. Seeb’, C. Habicht',
W. D. Templin', L. W. Seeb’,
J. B. Shaklee?, F. M. Utter®

*Alaska Department of Fish & Game,
Commercial Fisheries Divigion, Ancharage,
Plaska, “Washington Department of Fish &
Wildiife, Otympia, *School of Fisheries,
University of Washington, Seettle, Washington,
USA

Key words: allozyme; mtDNA; genetics; pink
salmon

J. E. Seeb, Alaska Department of Fish & Game,
Commercial Figheries Division, Anchorage,
AK 93518, USA

Accepted for publication April 9, 1999

Un resumen en espaiiol se incluye detris del texto principal de este articulo.

28



Study Design

Contemporary| Historical
Odd Year Natural Vv (pending)
Hatchery v (pending)
Even Year | Natural v (pending)
Hatchery v (pending)
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Population Structure Analyses

 Calculate genetic differences among
collections

 Test for significance of these differences

* Visualize the relationships among collections



PWS Pink Salmon
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Population Structure Analyses

 Test for significance of these differences



Testing for Differences:
Among Prince William Sound
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Even Year

Testing for Differences:
Among Prince William Sound
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Testing for Differences:
Between Early and Late

Even Year
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Population Structure Analyses

* Visualize the relationships among collections



Odd Year

Visualizing Relationships
Among Collections
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Visualizing Relationships

Odd Year

Among Collections — Zooming In

East vs. West
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Visualizing the Relationships

among Collections
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Even Year

Visualizing the Relationships
among Collections




Summary to date

* Kodiak vs. Prince William Sound (PWS)

» Significantly different in both lineages [data not shown]

* Genetic variation among pink salmon
populations in PWS is very small
* Odd year — small
= Even year — even smaller

* Within lineage patterns
* Odd year:
- East vs. West
- Early vs. Late?
= Even year:
« Early vs. Late (eastern side only)



Future Work

* Historical samples
*1991 — 1997
* No otolith information

* Investigate mechanisms driving the structure
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