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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 fithess
(productivity) of natural pink and chum
stocks due to straying hatchery pink and
chum salmon?



Life History of Pink Salmon

« Two-year life cycle e
—Odd year Teia . |
— Even year <

e Limited freshwater
life history
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Distribution of Pink Salmon
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PWS Pink Salmon

e Number of streams
INn Prince William
Sound (PWS)

— Over 800 streams

e Variation in run
timing across
streams




Previous Studies:
Pink Salmon in PWS

Genetic Characterization of Prince William Sound

Pink Salmon Populations
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Allozyme and mitochondrial DNA variation
describe ecologically important genetic
structure of even-year pink salmon inhabiting
Prince Willham 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 lor 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 NDS/ND6 region of m{DNA
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 Creek (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 Guich Hatchery in the East Region was distinct

from all regions but East, consistent with a more restricted origin and in-
fluence.
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Un resumen en espaiiol se incluye detris del texto principal de este articulo.
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Population Structure Analyses

« Calculate genetic differences among
collections

e Test for significance of these differences

* Visualize the relationships among
collections
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Abstract

Pink salmon (Owoorhynchus gorbuscha) are commercially and ecologically mportant. Lo Prince William Sound

Population structure of odd-broodline Asian pink salmon
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(PWS), Alaska, pink salmon are the most abundant salmon harvested and gencrating the highest total value, An

understanding of their population genetic structure 1s usefil for conservation and management, especially given the
rmmﬂtafﬂrMchmpmmminlhemﬂ‘ﬁemhmiﬂmpopulﬂiongmﬁicmmreofpmksammﬁmu lati
four hatcheries and 19 natural spawning arcas in PWS and one hatchery in Kodiak Management Arca (KMA) by
genolyping 16 microsatellite boci for nearly 3000 pink salmon sampled in 2013. Across all popalations in PWS, the
number of alleles observed per Eocusmged from 11 (Ots7e) to 87 (Oki01), and the total for all boci was 726, The
fixation index (Fyy), a measure of population differentiation, was 0.002 over all loci and the Fy; of individual loci
ranged from 0.001 to 0.003. Significant dafference was detected among those papulations from PWS, which means
that pink salmon in PWS are not from a single large homogenzous population. The KMA collection was the most
divergent. Within PWS, Solomon Guleh Hatchery in the northeastern PWS was distinet from all other collections
and suggested that it had not received many migrants from other PWS areas. Early-run fish from Snug Harbor Creek

were distinet from other samples.
Keywords:  Pink salmon, odd-vear, Prince William Sound, population genatic structure, microsatellte.
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Allozyme and mitochondrial DNA variation
describe ecologically important genetic
structure of even-year pink salmon inhabiting
Prince William Sound, Alaska

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

Ecology of Freshwater Fish 1999: & 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, Screcning 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 wllmmn for wrml;on at the NDS/NDG region of miDMNA
using six ENEYTINES, ifi and Iy stable diffe
detecied by both data sets pﬂ'rllll rejecting a null hypothesis of panmixia
and support managmg native populations in Prince William Soumd at the
regional level. Disui berween and tidal ions were de-
tected within Lagoon Creek (allozymes) and Koppen Creek (mtDNA)
regional WiLs delccled within upstream {allo-
zyraos amd mIDNA) and tidal (all however, upst
collections were more divel it from ench other than were tidal collec-
tions. The abeence of distinction of Armin F. Koernig Hatchery from
almarst all regions was consistent with multiphe origin of this stock,
Conversely, Solomon Gulch Hatchery in the East Region was distinet
from all regrons but East, consistent with a mare restricted origin and in-
Nuence.

Most of the vari

99%) of Asian odd-breodline pink salmen Gueerhynchies gorbuscha,
based on data at iable :4(: total) allozyme loci from 35 populations, occurred within
The lation variation was to: (1) diffe

between northern (the northern Sea of Okhotsk, eastern Kamchatka Peninsula and western
Kamchatka Peninsula) and southern (Hokkaido Island, Kuril Island d Sakhalin Island)
populations; (1) differences between the southern area: b bow vari n among populations
within some arcas. The pattern contrasted strongly with that observed for Asian even-
broodline populations. which had a strong structure. possibly related 1o peographic and
oceanographic influences, Isolation-by-distance analyses of each of the two broodlines showad
a stronger relationship ( = 4-8) among even- than broadl i Allele fraq
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Genetic Interpretation of Broad-Scale Microsatellite
Polymorphism in Odd-Year Pink Salmon
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Absiraci.—We examined genetic variation at five microsatellite loci in 12 odd-year populations
and one even-year population of pink salmon Oncorfivnchus gorbuscha from six geographic regions
of North America. The degree of polvmorphism varied widely among loci. The total number of
alleles in the odd-year samples varied from 4 (Onepd) to 53 (Ssa85). A probability test revealed
significant b g ity in allele fi 1es among all odd-vear samples and among pooled odd-
year samples from six regions. We of a standard index of popul structure
(#) based om variance in allele frcqm.llu with a new index suggested for ||1\r_rm.a!|_1|:h_\ (pst)
based on variance in allele size. Our results snggest 0 is a better estimator of intralineage (odd-
year ¥ odd-year) population structure, whereas psr is best suited for estimating interlineage (odd-
year ¥ even-year) population strucmure. The difference in performance of @ and pgr for estimating

differences between even- and odd-broodlines reflected the n:produ;mc !solallon of the
broodlines, However, there were no fixed [reg dilTy which, lered with the
dilfering population structures, suggests I.IMI. mlgr.:lmn-dnﬂ eqquil m has not yel oblained
in onc or both broodli The also suggest it is likely that the even- and
oddd-broodlines are of d!l'fcrcnl ages and that one is derived from the other. Allozyme data do
not provide a genealogical basis for identifying 1h|. ancestral lineage.

Key words: Oncorfiyachis gorbusclia; pink salmon; population structure; allozyme; isolation by
distance.
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Abstract—Population structure of
pink salmon (Oncorhiynchus gorbus-
cha) from British Columbia and Wash-
ington was examined with a survey
of microsatellite variation to describe
the distribution of genetic variation.
Variation at 16 microsatellite loci was
surveyed for approximately 46,500
pink salmon sampled from 146 loca-
tions in the odd-year broodline and

J. E. Seeb’, C. Habicht', from 116 locations in the even-year
W. D. Templin', L. W. Seeb’, broodline. An index of genetic differ-
:" ¥, blor’, V. M. Witer” entiation, Fgp, over all populations
Alrsia Deparement of Fish & Game. e A
Gommemial Fisheries Division, Ancherage and loci in the odd-year broodline was
Alasia, 3 "'W:'[";"‘ of Feh & 0.005, with individual locus values
Uneurrsity of Whssingtnn, Seattle. Washington ranging from 0.002 to 0.025. Popula-
USA

tion differentiation was less in the
even-year broodline, with a Fg; value
of 0.002 over all loci, and with individ-
ual locus values ranging from 0.001
to 0.005. Greater genetic diversity
was observed in the odd-year brood-
line. Differentiation in pink salmon
allele frequencies between broodlines
was approximately 5.5 times greater

Mwa Allozymes: MEDHA: Qenencs: pnk than regional differentiation within

.I E SEI: Alaska Department of Fish & Game,

Accepeed for publication April 9, 1999

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

intrali and interlineage popul strueiure high rates and possibly recent
low divergence times are domi wfl on genetic popul i odd-year pink
salmon. We showed statistical support lor genetic isolation by d and phically cor-

i 1 1

related allele 1 y clines, s ale gene flow is best described by a linear
stepping-stone model, An ana |lys|s Of molecular variation showed weak but 'ﬂ\!]lLl:lLdlll regional
stmcmlmg under n\o different populati h Our results suggest broad-scale
pop of odd-y pink salmon are temporally stable but that differentiation is

weak, pn:slmn‘nly due to migration.

Population structure of pink salmon
(Oncorhynchus gorbuscha) in British Columbia
and Washington, determined with microsatellites
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Population Structure Analyses

e Test for significance of these differences



Odd Year
Testing for Difference: Even Year

Kodiak vs. Prince William Sound

p <10 (o =0.05)

Significantly different

22



Odd Year
Testing for Differences:

among Prince William Sound
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Even Year

Testing for Differences:
among Prince William Sound
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Even Year

Testing for Differences:
Between Early and Late Collections

Genetically different within three out of
five creeks, all on the eastern side ofE
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Assumed Migration Pathway

26



Estimated Hatchery Pink Salmon Fraction
within Prince William Sound Streams
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Data from Knudsen et al. 2015



Population Structure Analyses

* Visualize the relationships among
collections



Visualizing the Relationships 29 Ye
among Collections
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_ o _ _ Odd Year
Visualizing the Relationships

among Collections — Zooming In

llllllllllllll

A
®
O
@
Aol .
Prince William Sound [ ]
(]
®e
_,_:—'_'_'_'_'_
O

*

: 'eqe'Fn off



Even Year

Visualizing the Relationships
among Collections
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Summary to date

» Genetic variation among pink salmon
populations in PWS is very small

v Odd year — small
v'Even year — even smaller

» Kodiak vs. Prince William Sound (PWS)
v'Significantly different in both lineages



Summary to date

» Genetic difference within PWS
v'Significantly different in both lineages

» Within lineage patterns
v Odd year:
v East vs. West
v Early vs. Late?
v Even year:
v Early vs. Late (eastern side only)



Future Work

»Historical samples
v'1991 — 1997
v'"No otolith information

»Investigate the mechanisms driving the
structure
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