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Summary 
Cultus Lake sockeye is a priority stock for conservation and, as such, this population can 
severely constrain fisheries that target co-migrating stocks.  A mixed hatchery strategy 
has been applied to increase run sizes and maintain the genetic diversity of this 
population.  A proportion of adult sockeye migrating to Cultus Lake is collected for 
broodstock; a great majority of the resulting progeny is released to the wild as fry or 
smolts; a small proportion of the resulting progeny is reared to maturity in captivity and 
spawned so that their offspring can then be released to the wild.  The goal of this 
Southern Endowment Fund project is to obtain tissue samples from broodstock used in 
traditional supplementation and captive breeding programs.  Genotypes derived from 
these samples can provide information on parentage of antecedent and subsequent 
generations.  This information will be valuable for evaluating the genetic status of Cultus 
Lake sockeye, for assessing and improving hatchery strategies, and for determining 
possible improvements in harvest strategies.  In 2008, 100% of adults spawned for 
supplementation and over 99% of captively reared spawners were sampled.  In addition, 
samples were obtained from approximately 28% of sockeye potentially spawning in the 
wild.  Tissue quality was good (DNA amplified readily) and the quality of matched data 
was also sufficient to permit further analyses.  Data obtained from this project will 
increase in value when the progeny of the sampled fish return at age-4 in 2012, but 
preliminary analyses are already yielding useful information. 
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Introduction 
The sockeye (Oncorhynchus nerka) population at Cultus Lake was among the first 
designated units (DU’s) of Pacific Salmon to be proposed for Endangered listing under 
Canada’s Species At Risk Act (SARA) by the Committee on the Status of Endangered 
Wildlife in Canada (COSEWIC, 2003).  It is still listed by COSEWIC as Endangered and 
is one of only four salmon populations in Canada currently under that designation.  Cultus 
Lake sockeye will be a conservation unit (CU) under Canada’s forthcoming Wild Salmon 
Policy, and it is a population that receives great attention as a member of the Late-run 
sockeye aggregate for the purposes of management under the Pacific Salmon 
Commission’s Fraser River Panel. 
 
Constraints on Late-run harvest due to conservation concerns limit access of both Parties 
to abundant Summer-run sockeye co-migrating through areas managed by the Fraser 
Panel.  Populations within this aggregate have exhibited anomalously early river-entry 
and consequent mortality prior to spawning.  In response to decreasing abundances of 
Cultus Lake sockeye, hatchery propagation was instituted to improve run sizes and 
preserve genetic diversity.  This intervention, combined with low abundance, presents the 
best opportunity among Late-run populations to study the early river-entry and mortality 
phenomena from a population genetics perspective.  The harvest rate limit for Cultus 
Lake sockeye in recent years has fluctuated between 10% and 30%, while the harvest 
rate limit on more abundant Late-run stocks has frequently been less restrictive.  Thus, 
the population most amenable to study is also the one that most limits fishery openings. 
 
Genetic analyses of this population are important also to (a) monitor achievement of 
conservation goals such as preservation of genetic diversity and (b) assess the relative 
merits of hatchery strategies employed to achieve those goals.  This report describes the 
collection of tissue samples and basic data from Cultus Lake sockeye spawned in 
hatcheries during the 2008 spawning season.  The sampling of previous years is also 
summarized.  This tissue sampling project was supported by the Southern Endowment 
Fund for the purpose of facilitating genetic studies in the future.  These later studies could 
determine the hatchery strategies that yield the greatest benefit with respect to numerical 
recovery and conservation of genetic variation of Cultus Lake sockeye.  Genetic results 
regarding fitness and heritability of traits like return timing are also expected to be useful 
in the management of Cultus sockeye and other Late-runs, potentially with applications in 
identifying harvest strategies that increase fishing opportunities without jeopardizing 
conservation objectives.  Some genetic analyses have already been performed.   
 
Material and methods 
Returning Cultus Lake sockeye are enumerated at the Sweltzer Creek fence, 
immediately downstream of the lake’s outlet.  A trap at the fence allows capture, 
inspection, and sampling of the returning sockeye.  Some of the fish are collected and 
spawned at DFO’s Cultus Lake Laboratory (and some of their offspring are taken to 
Rosewall Creek Hatchery for use as captive broodstock), and others are passed through 
the fence to spawn in the wild.  In previous years, the earliest-returning fish have been 
passed through the fence unsampled because of concerns regarding interactions 
between sampling stress and high water temperatures.  This has been corrected more-
recently with the broodstock collections becoming more temporally representative of the 
escapement through the fence.  A high proportion of the returning sockeye in 2008 was 
expected to be hatchery-produced, and attempts were made to obtain a higher fraction of 
individuals passed into the lake than occurred in previous years.  This sampling included 
date of return, presence/absence of adipose fin, and a DNA sample.  
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Most samples were obtained from returning sockeye spawned at the Cultus Lake 
Laboratory and maturing sockeye at Rosewall Creek Hatchery.  These fish were tagged 
with Passive Integrated Transponders (PIT tags) to allow identification of individuals at 
each handling.  Data collected during spawnings was associated with the PIT tag 
identifications of those individuals that were spawned.  Individual males at each location 
were often spawned on multiple dates, whereas each female was only spawned on a 
single date.  A single-hole punch was used to collect tissue from the operculum or 
adipose fin for DNA analysis on the last day that an individual was spawned.  The tissue 
of each individual was preserved in 95% ethanol in a numbered vial.  By matching the 
vial number with the DNA tissue to the PIT tag information, the individual’s genotypic 
information could be matched to data on sex, date of spawn, identity of mates, fecundity, 
and survivorship of eggs.   
 
Results 
In 2008, 161 sockeye returned to Sweltzer Creek fence and were taken for broodstock.  
These comprised 33 individuals that did not contribute to spawnings (according to 
hatchery records) and 128 individuals that were used in crosses.  Of the 128 potential 
parents, 9 were produced via natural spawning in Cultus Lake and 119 were produced by 
artificial spawning at either the Cultus or Rosewall facilities.  At Rosewall Creek Hatchery, 
566 individuals were spawned.  Thus, a total of 694 individuals spawned in 2008 can 
potentially contribute to the returning hatchery-produced offspring that will return at age-3 
in 2011, age-4 in 2012, and age-5 in 2013.  Sampling and recovery of genotypes was 
good in 2008 – genotypes were obtained for 693 of the 694 spawners.  Genotypes were 
also recovered for 101 of the 360 returning sockeye that were passed through the fence 
in 2008.  This sampling represents a higher proportion (28%) of lake spawners than 
occurred in any previous year.  An unknown number of these individuals survived to 
spawn; stock assessment staff estimated spawning success at 14%, but such estimates 
tend to be biased low (Keri Benner, DFO, personal communication). 
 
Hatchery-produced sockeye that returned to Sweltzer Creek fence in 2008 were 
produced in brood years 2004 (age-4 returning “adults”) and 2005 (age-3 returning 
“jacks”).  Context for the 2008 sampling program therefore includes brood years as early 
as 2004, and this context is presented in Table 1.  Not explained in the table is the role 
that milt cryopreservation and transfers played in the hatchery program.  In early years, 
milt from a selection of males spawned at Cultus Lake Laboratory was transferred to 
Rosewall Creek Hatchery for egg fertilization in the same year.  The donor individuals 
typically were sampled for genotyping at Cultus, so their parentage among Rosewall 
progeny could still be detected.  In 2004, however, nine age-2 milt donors to the Rosewall 
captive program were not used at Cultus and were not sampled.  These are among the 
31 individuals not genotyped in 2004 in category E in Table 1 (“Matured at Rosewall, 
survived to spawn”).  Other milt used was collected from males that returned in 2002; this 
milt was cryopreserved and used to fertilize a portion of each of the females that were 
artificially spawned at Cultus Laboratory in 2004.  Some of this cryopreserved milt was 
sampled to allow attribution of resulting progeny to these crosses, and other individuals 
among the donors may have been sampled in the 2002 brood year, but these numbers 
are not exactly known.  In 2004, therefore, there were more than 25 potential parents in 
category B (“Wild Cultus broodstock, survived to spawn”, see Table 1), and less than 
100% of them were likely genotyped.  Such complicated crosses did not occur in 2008. 



 4

 
Table 1.  Success of sampling and data collection for potential parents of Cultus Lake 
sockeye returning to Sweltzer Creek fence from brood years 2004-2008.  Numbers of 
individuals in various categories are shown in 1a;  numbers of individuals for which 
genotypes have been obtained and the percentages these represent of the total are 
shown in 1b.   
1a Fate of individuals      2004 2005 2006 2007 2008

(A)  Passed into lake, survival and spawning unknown 53 226 3521 649 360
(B)  Wild Cultus broodstock, survived to spawn *25 138 175 87 9
(C)  Marked Cultus broodstock, survived to spawn 0 0 0 46 119
(D)  Taken for broodstock at Cultus, died prior to spawning 12 10 93 18 33
(E)  Matured at Rosewall , survived to spawn **702 453 702 743 566
(F)  Matured at Rosewall, died prior to spawning 51 63 13 12 3

total 843 890 4504 1555 1090
* Does not include cryopreserved milt from 2002, incompletely sampled, used in crosses in 2004
** Includes milt from 9 age‐2 captively bred males, not sampled, used in Rosewall spawnings  
 
1b Genotype samples

A 0 0% 12 5% 324 9% 130 20% 101 28%
B 25 100% 138 100% 175 100% 87 100% 9 100%
C ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 46 100% 119 100%
D 12 100% 10 100% 93 100% 18 100% 33 100%
E 671 96% 374 83% 697 99% 738 99% 565 100%
F 49 96% 52 83% 13 100% 12 100% 3 100%

total  757 586 1302 1031 830

2004 2005 2006 20082007

 
 
 
Discussion 
The goal of this project was to obtain tissue samples and matching data from sockeye 
spawned in the hatchery program for Cultus Lake sockeye.  This goal was met.  In 
planning this project, it was hoped that interest in analyzing the samples would develop at 
a later date, when linkages across generations could be investigated using parentage 
analysis.  In fact, this occurred earlier than expected and genetic analyses of the 
collected tissues have been very successful.  Genotypes were obtained for a higher 
proportion of individuals in 2008 than in any previous brood year.  In addition, genotypes 
were obtained for a higher proportion of individuals potentially spawning in the wild than 
in any previous brood year.  This bodes well for understanding the parentage of returning 
Cultus Lake sockeye in 2011, 2012, and 2013 (age-3, age-4, and age-5, respectively). 
 
The excellent recovery of genetic information from the 2008 project also permitted some 
examination of relationships with results obtained from sampling projects in previous 
years.  Results are preliminary (siblings of many sockeye that returned in 2008 should 
return a year later, and these individuals have not been analyzed) and a full description is 
beyond the scope of this report.  Results to-date, however, suggest strong parental 
influence on age of maturity, and possibly on timing of return Sweltzer Creek fence.  
Other discoveries described in previous reports on this work include the existence of a 
distinct Oncorhynchus nerka population resident in Cultus Lake, and a very small 
effective population size in a previous brood year.  Preliminary results should be ready for 
publication in 2010.  
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