
 SF-2007-E-3 

 

Collection of DNA and matching data for Cultus Lake 
sockeye in the captive broodstock recovery program in 

2007 
 
 

Steve Latham1 
 
 
 

Prepared for: 
 

Pacific Salmon Commission 
600-1155 Robson Street 
Vancouver, BC, Canada 

V6E 1B5 
 
 

November 2008 

 

 
Summary 
Recovery efforts for Cultus Lake sockeye include traditional hatchery supplementation 
and more complex captive broodstock procedures at two hatcheries.  These techniques 
pose potential risks to the genetic diversity of the population; in addition, their relative 
effectiveness as conservation tools is unknown.  To address these issues, tissue 
samples were collected during spawning so that DNA and parentage analyses can be 
performed on successfully returning offspring in future years.  This report gives a short 
description of some characteristics of the 2007 sockeye return to Cultus Lake relevant to 
this project including sex, age, physical marks (indicating hatchery origin), and date of 
arrival  of individuals at Sweltzer Creek fence.  It also provides an assessment of the 
project’s successes and failures.  Over 900 DNA samples with matching data were 
collected in 2007 including 100% of individuals spawned in hatcheries, but wild 
spawners were under-sampled.  Finally, extraction of DNA and derivation of genotypes 
began ahead of schedule and preliminary genetic analyses yielded two results with 
implications for the success of the recovery program in conserving the genetic diversity 
of Cultus Lake sockeye.  These results regarding potential hatchery-mediated inbreeding 
of highly related individuals and potential hybridization with a second Oncorhynchus 
nerka population in Cultus Lake are briefly discussed.   
 
 
                                            
1  Pacific Salmon Commission, Sockeye Stock Identification Biologist, latham@psc.org, 604.684.8081  
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Introduction 
The sockeye population of Cultus Lake, British Columbia, has declined from 
escapements averaging 16,700 until 1975, to averages of 7,900 between 1976 and 1995, 
to 2,600 over the last decade.  The trajectory of this population’s recovery has significant 
and broad social, political, and economic ramifications including implications for fishing 
opportunities in waters regulated by the Fraser River Panel of the Pacific Salmon 
Commission.  Hatchery operations represent an integral component of the Cultus Lake 
sockeye recovery strategy.  Due to higher survival rates in hatcheries compared to those 
in the wild, hatchery-based propagation is viewed as a powerful conservation technique 
with great potential.  This is controversial, however, as several studies suggest that 
compensatory mortality can occur after release.  Further, empirical analyses have 
demonstrated that under some circumstances, hatcheries using traditional techniques 
can have negative effects (often in terms of genetic outcomes such as altered spawning 
dates and feeding behaviour).   
 
The hatchery program for recovering Cultus Lake sockeye is not a traditional 
supplementation program and is incorporating conservation genetics principles in some 
of its practices.  New methodologies (matrix spawning and equalization of family sizes, 
for example) should reduce artificial selection and can theoretically increase the 
genetically effective population size above the actual number of reproducing individuals.  
The importance of these techniques may be underscored because a proportion of 
hatchery-produced fish will be kept in captivity over the course of their entire life cycle.  
Due to limited opportunities for study, these putative improvements remain untested and 
hatcheries represent an unproven technology for conserving and recovering sockeye 
populations.   
 
This report describes the collection of tissue samples from Cultus Lake sockeye spawned 
in hatcheries during the 2007 spawning season.  These tissue samples will facilitate 
comparisons among generations and are a valuable resource for future investigations of 
the efficacy and genetic consequences of the methods employed in this recovery effort.  
There are few analytical results to report at this time, however.  Comparisons between 
parents and offspring will be possible after several cohorts from captively-reared sockeye 
return to Cultus Lake from the ocean.  Extraction and analysis of DNA from tissues 
collected in 2007 and from tissues collected in previous years occurred in 2008 (several 
years prior to expectations), and some results are briefly discussed below.  For illustrative 
purposes, some preliminary exploration of the non-genetic data is also described.   
 
 
Material and methods 
Each year, after stream temperatures have declined such that the stress of capture is 
unlikely to be fatal, a proportion of sockeye returning from the ocean is collected at a fish 
fence on Sweltzer Creek (at the outlet of Cultus Lake) and manually spawned.  An equal 
number of offspring from each full-sibling family is kept as captive broodstock to be 
reared and subsequently spawned at Rosewall Creek Hatchery, but production in excess 
of this is marked by removal of the adipose fin and released as fry or smolts as in 
traditional supplementation.  In the 2007 brood year, 800 sockeye returned to Cultus 
Lake, of which DFO staff captured 151 (19%) that were then taken into Cultus Lake 
Hatchery and spawned.  The captured sockeye were generally temporally representative 
of the returning Cultus run although, like 2005, the earliest-returning individuals were not 
taken into the hatchery.  In 2006, this difference was more severe (Figure 1).   
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Figure 1.  Representation of the Cultus Lake sockeye return to the Sweltzer Creek fence 
with respect to broodstock collection.  The daily passage and distribution of spawning 
fates by return time is shown for 2007 (n = 800, top) and 2006 (n = 3797, bottom) to 
indicate the more representative nature of collection for the hatchery program in 2007.  
 
In 2007, approximately 55% of the sockeye taken into the hatchery as broodstock were 
females compared to just 40% of the fish passed into the lake (Figure 2).  This contrasts 
with 2005, when individuals taken into the hatchery comprised approximately 40% 
females whereas those passed through the fence and to the lake comprised only 25% 
females (a large proportion of the males passed through to the lake were jacks).  Also in 
contrast to previous years, a considerable proportion of returning Cultus Lake sockeye in 
2007 were missing their adipose fins (that is, they were produced by either traditional 
hatchery supplementation or via captive broodstock).  The proportion of hatchery-
produced sockeye was relatively high in younger age classes (Figure 3).  Because a 
large number of sockeye fry from the 2004 brood year was released without marking, it is 
possible that none of the sampled age-3 fish was of wild origin.   
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Figure 2.  Numbers of jacks, adult males, and adult females passed into Cultus Lake 
compared to the numbers taken into the hatchery program.    
 
 

 
Figure 3.  Numbers of returning sockeye unmarked or marked with a missing adipose fin.  
Otoliths were studied for a subsample of the total return, and sampled fish were identified 
to brood year (returning age-5 sockeye were from brood year 2002; returning age-3 
sockeye were from the 2004 brood year). 
 
A higher proportion of hatchery-produced sockeye was taken into the hatchery program 
than was passed into the lake (33% versus 27%, respectively), perhaps owing to a 
slightly (not significantly different) earlier mean date of fence arrival for wild sockeye 
which precluded their inclusion in the hatchery program.  The use of hatchery-produced 
sockeye across multiple generations may increase the efficacy of artificial selection for 
various phenotypic traits that are detrimental in the wild.  That is, with a third of the 
sockeye entering the hatchery program in 2007 being hatchery-produced themselves, 
and potentially contributing to two generations of further hatchery production, it was very 
important to obtain tissue samples from these individuals so that their origin can be 
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evaluated and their impact on the recovery of Cultus Lake sockeye can be tracked over 
time.  How traits evolve in response to selection via the hatchery depends on the 
heritability of the traits and this, too, is important to study.  Thus, highly informative 
samples were available from the broodstock collection program at Cultus Lake in 2007. 
 
Southern Endowment Fund contributions for this project were directed toward the 
collection of tissue samples and data at Cultus Lake, but tissue samples and data 
collected from captively-reared sockeye at Rosewall Creek Hatchery will also contribute 
greatly to the outcome of the study.  At Rosewall Creek Hatchery, 226 males and 525 
females were spawned during egg takes that occurred from early November, 2007, to 
late January, 2008.  The objective of the captive breeding program at Rosewall Creek 
(production of large numbers of outbred offspring) differs from that of the program at 
Cultus Lake (production of 500 full-sib families to be represented in the captive rearing 
and breeding program at Rosewall Creek Hatchery).  Nevertheless, the methods are 
similar, and so are the objectives with respect to the purpose of this study: to obtain 
genotypic and other information for all individuals spawned.   
 
 
Results 
The concept of this project was to do work in 2007 that would facilitate the collection of 
genetic data for analysis in the future when the offspring of these hatchery-spawned 
sockeye return to Cultus Lake.  The success of these analyses (and this project), 
however, depends on whether two objectives and four assumptions are met.  Those 
objectives and assumptions are the focus of this section. 
 
The project requires tissue samples and data indicating which individuals (and traits) 
each tissue represents.  Missing tissues represent lost genetic data; inaccurate records 
represent misinformation.  Tissue and data collection for Cultus Lake sockeye spawned 
at hatcheries in 2007 was complete (Table 1).  Information on these 877 parents 
represents a powerful resource for studying future returns.   
 
Table 1.  Success of sampling and data collection for males and females artificially 
spawned at Cultus Lake and Rosewall Creek hatcheries in 2007 (samples were also 
collected from some individuals that never spawned). 

Measure of 
success 

Females at 
Cultus Lake 
Hatchery 

Males at 
Cultus Lake 
Hatchery 

Females at 
Rosewall Creek 
Hatchery 

Males at 
Rosewall Creek 
Hatchery 

Number 
spawned 74 52 525 226 

Number 
sampled for 
DNA 

77 59 528 227 

Percentage 
sampled for 
DNA and 
matching data 

100% 100% 100% 100% 

     
 
Assumptions that need to be met to maximize the utility of this study are that offspring 
from the 2007 spawning season will return over the next three to five years and that their 
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origins will be reliably identifiable genetically and physically when they return.  Genotypes 
are readily obtained from returning sockeye that are sampled.  Not all sockeye spawning 
in the wild were sampled, however, and distinguishing their offspring from hatchery-
produced fish will rely to some degree on physical marks.  Four returning unmarked age-
3 sockeye were sampled for DNA in 2007, all of which are suspected of being produced 
in the hatchery program because of the very limited amount of effective spawning 
estimated in the wild in 2004.  The release of some unmarked hatchery fry into Cultus 
Lake in 2005 has not been repeated.  All releases are to be marked with an adipose fin 
clip, which is a tried and effective method of marking hatchery-produced fish.  The status 
of all objectives and assumptions is summarized in Table 2. 
 
Table 2.  Status of objectives and assumptions set prior to undertaking sampling project 
(and listed in the study proposal). 
Objective, O, or 
assumption, A Met? Description 

O.   Collection of DNA from 
all hatchery-spawned 
Cultus Lake sockeye 

Yes DNA was collected from all sockeye spawned at 
the Cultus Lake and Rosewall Creek facilities. 

O.   Collection of accurate 
data on sex, date of spawn, 
etc. 

Yes 
Data collected at Cultus Lake have already 
contributed to scientific advice on the conduct of 
crosses in 2008. 

A.   Nearly all spawning 
sockeye can be sampled 
for tissue and data. No 

All hatchery-spawned fish were sampled, but only 
about 10% of sockeye passed into the Lake were 
sampled (spawning success in the wild was 
estimated to be near 50%). 

A.   Phenotypic data for 
individuals can be matched 
to genotypic information. Yes 

Data on size, sex, age, and date of spawn are 
matched to genotypes; data on mating partners 
are yet to be confirmed.  
 

A.   Hatchery-produced and 
released sockeye are 
physically identifiable. No 

The first year in which numerous missing adipose 
fins were noted among returning Cultus sockeye 
was 2007, but some unmarked fish are thought to 
have been produced by the hatchery program. 

 
A.   DNA technology may 
be accurately and 
affordably applied. 

Yes 
Genotypic information was readily obtained from 
samples collected under this project; rates of 
parental identification have yet to be confirmed. 

 
A.   Cultus Lake sockeye 
will continue to return. Yes 

The 2007 return of sockeye to Cultus Lake was 
approximately two thirds smaller than the brood 
year (2003), but preliminary 2008 data indicate a 
500% increase over the 2004 brood year. 

   
 
It should be noted that, with the exception of this report’s completion, the project followed 
the anticipated schedule as samples were collected at Cultus Lake from October to 
January.  The return of Cultus Lake sockeye in 2007, like that of other Fraser River 
sockeye, was lower than forecast, and this reduced the amount of broodstock collection 
and sampling that occurred below expectations.  The project was therefore under-budget.  
The amount requested was $9585 and the amount spent was $7361.  The remainder has 
been returned to the Fund. 
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Discussion 
Genetic diversity, the raw material for future adaptation and persistence of a population, 
erodes as populations decrease in size.  Avoidance of inbreeding, avoidance of 
domesticating selection pressures in the hatchery, reducing variance in reproductive 
success among individuals within the hatchery program, and interbreeding spawners with 
multiple mates are all objectives directed toward preserving genetic diversity.  Analyses 
of parentage and relatedness provide a basis for understanding genetic variance and the 
fundamental biology of phenotypic traits.  Of particular interest in conservation genetics 
are traits that contribute to survival and reproductive success in the wild.  Unfortunately, 
variance in fitness and the traits associated with fitness cannot be fully examined until 
offspring and grandoffspring of spawners in 2007 return and their DNA is compared to 
the DNA of the parental generations.  This discussion focuses on two new findings from 
the genetic data that have consequences for how the hatchery program is conducted or 
for how changes in the gene pool of Cultus Lake sockeye will be interpreted. 
 
The first discovery was that of a genetically differentiated population of resident 
Oncorhynchus nerka within Cultus Lake.  It has been known since at least the 1930s that 
some O. nerka grew to adulthood in Cultus Lake, but the numbers were relatively small 
and it was unclear whether these were residuals interbreeding with the larger sockeye 
population or a separate kokanee population.  (Some kokanee introduced from the 
Kootenay region were thought to have died out.)  Only a few genotypes have been 
obtained from this second Cultus Lake population, but the differentiation from samples 
collected at the Sweltzer fence is great and supported by matched phenotypic differences 
from sockeye sampled on the spawning grounds.  The presence of a distinct population 
of competitors for lacustrine resources is obviously relevant to understanding the ecology 
and other aspects of Cultus Lake sockeye important in their conservation and recovery.  
An example directly related to the hatchery and captive breeding program relates to the 
collection of broodstock and potential interbreeding of these distinct populations.  If 
natural interbreeding is rare or selection acts strongly against hybrids, then manual 
spawning of mature fish and rearing of offspring in protected environments could facilitate 
introgression of kokanee alleles into the sockeye population.  This possibility necessitates 
more care in the selection of broodstock than would be required if the two populations 
were fully allopatric.   
 
The second genetic discovery worth mentioning here is the large contribution to the 
Cultus Lake sockeye population of only a few females artificially spawned in 2001.  Nine 
females were crossed with 11 males and some offspring of each cross were reared at 
Rosewall Creek Hatchery until they could also be spawned.  Many of these individuals 
matured and were spawned in 2004, and their offspring were released and began to 
return in 2007 at age-3 to Cultus Lake.  More than half of these returning three-year-olds 
represented the allelic diversity of just two females and four males spawned in 2001.  In 
2008, a large proportion of the hatchery-produced sockeye returning to Cultus Lake is 
expected to be siblings of these age-3 fish, and they will have few wild counterparts with 
which to spawn.  Work to date indicates that inbreeding risks will be much lower in other 
years, but for 2008, sockeye are being genotyped prior to spawning.  This is so that 
crosses can be planned to limit the amount of inbreeding that occurs and to limit the 
continued hatchery-mediated amplification of this small segment of the original gene 
pool.  (A lower proportion of these individuals among the age-4 sockeye returning in 2008 
would be expected depending on the heritability of age at return, so this genotyping will 
be informative with respect to heritability of this fundamental trait in addition to inbreeding 
potential.)   
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An exhaustive examination of the data and implications regarding these findings is 
beyond the scope of this report.  Rather, the discussion above is meant to demonstrate 
that considerable benefit is already being derived from SEF funded sampling of Cultus 
Lake sockeye.  Quality assurance is ongoing as the data are inspected and now used.  
Future results will yield more complete information on potential selectivity (e.g., on return 
timing) and fitness (migration and breeding success of offspring in subsequent years) and 
are sure to be beneficial to hatchery-mediated recovery efforts for Cultus Lake sockeye 
and other populations. 
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