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Genetic tools have a long history in fishery management, with the use of genetic “tags” to
distinguish hatchery and wild trout described more than 20 years ago (Taggart and Ferguson
1984). More recently, the use of genetic stock identification (GSI) techniques have been used to
elucidate ocean migration patterns and to estimate stock proportions in a mixed stock fishery
context (e.g. Teel et al. 2004). Such GSI for estimation of stock proportions can occur either
post-season or in-season. An in-season GSI system requires a facility with dedicated staff and
can typically produce stock proportion estimates from fishery or port samples within
approximately one day of delivery (Beacham et al. 2004). Such stock composition estimates can
then be used to adaptively focus fishery effort to avoid stocks of conservation concern, or to best
target abundant stocks.
Because of the current and potential future utility of GSI methods to assist in fishery
management, the Pacific Salmon Commission has recently funded a collaborative effort to
develop a coastwide genetic database for GSI of Chinook salmon. This $1.1 million effort has
resulted in an unprecedented database of 13 microsatellite loci, which have been standardized
across most major Pacific salmon genetics labs, typed in over 105 Chinook salmon populations
(~120 fish per population) from Alaska to California and is capable of accurately distinguishing
most major stocks of Chinook salmon in the northeast Pacific. The Southwest Fisheries Science
Center in Santa Cruz is the California representative to this consortium of collaborating salmon
genetics labs.
The ability of the coastwide genetic database to distinguish Chinook salmon from the
different basins and ESUs in California is straightforward and relatively trivial with this
database, due to substantial genetic differences between CA Chinook salmon populations (Figure
1). These differences are also reflected in the performance of individual assignment tests, which
correctly identify nearly every fish to basin/stock/ESU of origin. This is particularly true with
salmon from the Klamath/Trinity basin, which are correctly distinguished from other California
ESUs with near-perfect accuracy, because of their substantial genetic divergence from all other
California Chinook salmon stocks (Figure 1; Waples et al. 2004). The coastwide GSI database
can also identify individual fish to tributary of origin more than 80% of the time. Additional
microsatellite genes in use by our lab can increase that accuracy to above 95%.
The existence of this database for GSI thus provides a powerful tool for determining and
minimizing fishery impacts on salmon stocks of conservation concern. For example, a welldesigned GSI program can be used to distinguish salmon from the Klamath/Trinity basin from
those of the Central Valley and Coastal ESUs in fishery catches. Such information can be used to
directly measure fishery impacts on fish from the Klamath ESU, as well as provide a much
clearer picture of ocean migration/distribution patterns of all California Chinook salmon stocks.
We believe that such information could be used to design fishing regimes that minimize impacts
on Klamath/Trinity Chinook salmon, while allowing maximum exploitation of abundant stocks,
such as the Central Valley Fall run.
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The current fishery management regime for Chinook salmon is based on cohort
reconstruction, and therefore requires more information than just the stock of origin provided by
traditional GSI. Traditionally, genetic methods have not been able to provide cohort/broodyear
information for salmonids. However, we have developed a novel genetic technique that provides
both stock and cohort of origin for individual salmonids from hatcheries: precisely the same
information provided by a traditional coded wire tag (CWT) system. This method, termed full
parental genotyping (FPG; Anderson and Garza 2005), actually provides more information than
just stock and cohort of origin; it identifies the specific parent pair for a sampled fish.
The basic idea behind FPG is that DNA is an individual-specific “fingerprint” which is
transmitted from one generation to the next in reproduction. Therefore, by collecting genotype
data from all broodstock adults at a hatchery (or theoretically, but not practically, in-stream), one
can identify offspring of particular matings through parentage analysis on fishery samples. By
identifying the particular parent pair, the stock and cohort of origin are then known. Anderson
and Garza (in prep) have shown how this can be done essentially without error using a
surprisingly modest amount of genetic information.
Two other important elements of an FPG tagging system are that its implementation
provides a 100% tagging rate for those hatcheries where it is practiced and that the tagging costs
are much lower than with CWTs or any other tagging system with which we are familiar. Tag
recovery, through determination of the genotype of a fish sampled in the fishery or at
escapement, is currently more expensive than recovery of a CWT, but the overall cost of the two
systems should be roughly similar. Moreover, substantial cost-savings are possible with geneticbased tagging methods; the cost of such work in the human genetics area is several times less
than it is in fishery and wildlife genetics. Implementation of an FPG tagging program at the
Trinity River and Iron Gate Hatcheries could achieved at modest cost and provide the ability to
identify every fish from these facilities in a mixed fisheries context. This would provide a
potentially important improvement to the data used in stock assessment and forecasting for
Klamath Chinook salmon.
One of the greatest advantages of an FPG tagging system is that it is easily and economically
integrated with a GSI system (Anderson and Garza 2005). This allows a staged genetic analysis
to be employed on both marked (adipose fin clipped) and unmarked fish, with GSI yielding stock
of origin for every sampled fish. Those fish that are assigned to “stocks” that are hatcheries
where FPG is performed would then be subjected to additional genetic analysis yielding cohort
of origin. Such an integrated system can also easily accommodate samples from released sublegals and strays from stocks that normally are not detected in fishery sampling.
We suggest that management agencies charged with determining salmon fishery regulations
support a pilot study to evaluate the utility of genetic based methods to help further define ocean
distribution of California’s Chinook salmon stocks and possibly replace CWTs for stock
assessment. We also recommend that they consider whether an in-season rapid response GSI
system might help to best meet both conservation and fishery access goals for California’s
salmon fisheries.
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SUMMARY:
Ocean harvest models aim to quantify impacts of fishing mortality in the marine
environment, with specific mandates to manage the overall resource to minimize impacts on
endangered or threatened populations. This creates a particular challenge for managing salmonid
resources, given that few tools exist to determine the extent of movement or mixing of stocks in
a common marine environment, especially when populations differ significantly in size
(McKinnell et al. 1997, PFMC 2001). Current use of coded wire tags provides limited insight
into the role of individual natal sources to Chinook salmon population dynamics due to small
numbers of tagged fish and even fewer recoveries (<10% of hatchery releases and far fewer wild
fish are tagged).
We developed novel techniques to determine whether otoliths (fish earbones) can be used
as natural population markers to identify individual sources of salmon from the fall-run
California Central Valley (CCV) in adults caught in the ocean fishery. Our research shows that
otolith microstructure and geochemical composition provide discrete tags for determining
production source (hatchery vs. wild) and individual hatchery and stream-of-origin for adult
Chinook salmon. Hatchery and wild individuals can be distinguished with 90% correct
classification based on differences in otolith microstructure (width and variability of daily
growth bands and distinctness of exogenous feeding check) formed during early growth in
hatcheries or wild rearing environments. Growth rates of fish reared in hatcheries are greater and
less variable than those of wild fish resulting in the physical banding pattern in otoliths that is
diagnostic between the two production types. A less distinct exogenous feeding check is
deposited on otoliths of hatchery fish because hatchery fish are fed supplemental food prior to
depleting maternal yolk, which results in a smooth transition to exogenous feeding and no
disruption of otoliths growth. Sr isotopes (87Sr/86Sr) in fish from the ten natural spawning rivers
in the CCV are significantly different from one another and can be used to identify the natal
origin of wild adults with 95% accuracy. In addition, Sr isotopes (87Sr/86Sr) are distinct among
juveniles from each of the five hatcheries and these distinctive markers are identifiable in otoliths
from adults captured in the ocean fishery. This match between natal sources and otolith
signatures in ocean-caught adults was ground-truthed by examining otoliths of adults that had
been tagged with coded wire at their natal tributary.
We are using these techniques to identify the origin of fishes caught in the ocean fishery
to determine whether some river/ hatchery sources are contributing disproportionately to the
fishery, which has direct implications for targeting restoration efforts on critical salmon habitat
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and quantifying the role of hatcheries in supplementing natural populations. A spatial analysis of
our mixed-stock fishery data indicates that fish caught in schools from Bodega Bay south to
Monterey Bay during salmon fishing season are comprised of fish from all potential wild and
hatchery sources. These results confirm current ocean harvest models, which assume that fish
from the 15 potential spawning sources in the Central Valley are mixed in the ocean fishery at
the scale of regions and schools. A similar study can be conducted in the Klamath-Trinity
system to determine if otolith microchemistry and microstructure can be used to identify
individual sources of fish. The results from that study in conjunction with information already
derived for Central Valley Chinook salmon have the potential to identify the stock origin
(Central Valley versus Klamath-Trinity) as well as individual rivers and hatcheries for both
stocks of fish caught in the ocean. Analyses of these data could elucidate movement patterns,
spatial structure, and how different source populations contribute to fisheries distributed along
the coast to aid in sustainable management.
TECHNIQUE BACKGROUND:
The chemical and isotopic composition of the otoliths has been used in a variety of ways
to aid in stock identification of fish populations. Otoliths are formed by the daily deposition of a
layer of a calcium carbonate and protein matrix. Because ninety percent of the calcium
carbonate and trace elements that comprise otolith material is derived from surrounding water,
the chemical and isotopic composition of otoliths provides a signature map of specific water
masses. In California, volcanic rock dominates the Cascade Mountain range to the north, while
older granitic rock is widespread along the western slope of the Sierra Nevada mountain range.
The north-to-south gradient in rock type and age produces a trend of low strontium isotopic
ratios in the north to high values in the south. The watershed of the major salmon-spawning
rivers drain across these different geologic formations, transferring the natural isotopic markers
to the otoliths of the fish in the rivers. Otoliths serve as a permanent record of the natal rearing
environment. To identify hatchery fish from wild fish that co-occur on the same rivers and
therefore are predicted to reflect similar isotopic chemistry, we developed additional population
markers using otolith microstructure.
Otolith microstructure, the pattern in concentric bands in otoliths has also been used in
stock identification especially when growth rates among populations are known to occur. Like
tree rings, otoliths provide a record of age and growth in fishes and therefore can be used in
juvenile salmon to record growth rates during the life of the fish. Environmental factors that
effect fish growth such as temperature, photoperiod, stress, developmental changes and food
resources have been demonstrated to influence otolith microstructure (Campana and Neilson
1985). Otolith microstructure was used to discriminate between hatchery and wild Chinook
salmon in British Columbia based on wider and less variable increment widths found in hatchery
produced individuals (Zhang et al. 1995). The potential differences in rearing environments
between hatcheries and natural rivers, with hatcheries providing a more constant and abundant
feeding environment, may contribute to differences in microstructure between production
sources.
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