


ABSTRACT

A working group on stock identification and growth was established in March 1995 to
report to the Commission on methods for stock identification and growth studies. In this
document, previous studies to identify origins of salmonid stocks in the North Pacific Ocean using
tags, parasites, scales and otoliths, and genetics are discussed, and a bibliography for each
technique is included.

INTRODUCTION

In March of 1995, a Working Group on Stock Identification and Growth was formed at
the Research Planning and Coordinating Meeting of the North Pacific Anadromous Fish
Commission (NPAFC). This group, composed of members from Canada, Japan, Russia, and the
United States, was to develop a report on historic methods of stock identification and growth
studies. This document reports on methods of stock identification.

In this document, a stock is defined as a group of fish spawning in a particular river or
lake (or portion of) at a particular season that, to a substantial degree, do not interbreed with any
group spawning in a different place, or in the same place at a different season (Ricker 1972).
Hatchery strains are also referred to as stocks, even though they have limited temporal integrity
and random mating may only be approximated (Ihssen et al. 1981).

Stock identification techniques can be classified broadly as non-biological and biological.
Non-biological techniques involve some form of marking or tagging individual fish including fin
clips, insertion of coded micro-wire tags (CWTs), externally attached metal or plastics tags,
chemically induced marks on bony structures, and, recently, thermally induced marks on bony
structures. Biological techniques can be categorized into population parameters, physiological
and behavioral characters, morpliometric and meristic characters, calcareous characters, and
cytogenetic and biochemical characters (Ihssen et al. 1981).

The following discussion will concentrate on the four most widely and successfully used
methods of salmonid stock identification: tagging, parasites, scale and otolith characteristics, and
genetics. A bibliography, which includes references cited in the text and additional useful
references, was compiled for each method.

METHODS OF STOCK IDENTIFICATION

Tagging

High-seas tagging experiments for stock identification of salmon were initiated in 1955
under the auspices of the International North Pacific Fisheries Commission (INPFC). Recoveries
were reported by the three INPFC national sections in the form of INPFC Documents. Each
country reported recoveries of oniy its own tags. Aro et al. (1971) of Canada created an INPFC
tag recovery computer database by coding all recoveries reported by all nations during 1956-69,



and the database was updated every two or three years (Aro 1972, 1974, 1977, 1980). These
data, through 1976 recoveries, were provided to Japan and the United States on computer tape,
and codings of subsequent recoveries through 1979 documents were provided to the United
States. The Fisheries Research Institute (FRI), University of Washington, has maintained and
updated the database since 1980. An all-agency (Canada, Japan, Russia, and United States) high-
seas tag release and recovery electronic database (1955 to present) is available from FRI upon
request, so that all NPAFC parties can have access to a common database.

High-seas tagging has provided much information on stock origins of Pacific salmon in the
North Pacific Ocean and Bering Sea, and is the standard by which all other stock identification
methods are evaluated. However, the United States found tagging on the high seas to be
prohibitively expensive and has not had funding available for it since 1982. From 1983 through
1991, Russia and the United States cooperated in high-seas tagging operations aboard Soviet
research vessels (Harris, 1983-86a; Kautsky and Harris 1986; Walker et al. 1989-91; Walker and
Myers 1990). Variability in release and recovery effort and the low number of releases and
recoveries for some species limit the usefulness of such tagging in estimating the extent of
intermingling of anadromous stocks in the ocean.

In 1980, three CWT steelhead were recovered from the high-seas catches of a Japanese
salmon research vessel (Dahlberg 1981). This prompted the Pacific States Marine Fisheries
Commission, which coordinates the CWT programs of North American fisheries research and
management agencies, to request INPFC member nations to make special efforts to recover CWT
salmonids in research and commercial operations on the high seas. Subsequently, many CWT fish
have been recovered by research vessels, salmon motherships, and trawl vessels (Dahlberg 1981,
1982; Wertheimer and Dahlberg 1983, 1984; Margolis 1985a; Dahlberg and Fowler 1985;
Dahlberg et al. 1986-96; Margolis et al. 1989; McKinnell et al. 1991).

Most CWT North American salmon and steelhead are also marked by removing the
adipose fin. From 1986 to 1991, Japan examined a sub-sample of the landbased fishery catch
landed at Hanasaki and Kushiro ports, Hokkaido, for salmonids (steelhead in 1986; steelhead and
coho salmon in 1987; steelhead and coho and chinook salmon in 1988-89; and steelhead and
coho, chinook, and sockeye salmon in 1990-91) with missing adipose fins (unpublished data
presented at the 1986 and 1987 annual meetings of the INPFC Sub-Committee on Salmon;
Fisheries Agency of Japan 1988, 1989, 1990, 1991). Fish with missing adipose fins and appearing
to have CWTs were frozen and provided to Canada. Canada reported to INPFC data on CWT
salmonids recovered during port sampling of the landbased fishery (Canada Dept. Fish. and
Oceans 1986; Margolis et al. 1989).

An increasing number of hatchery reared salmonids in North America have been marked
by removal of the adipose fin without tagging the fish with a CWT (e.g., Burgner et al. 1992).
Data on high-seas recoveries of marked salmonids were also reported to INPFC (Dahlberg 1981,
1982; Wertheimer and Dahlberg 1983, 1984; Margolis 1985a; Dahlberg and Fowler 1985;
Dahlberg et al. 1986-92; and Margolis et al. 1989). The Auke Bay Laboratory (ABL), National
Marine Fisheries Service, is the processing center for all high-seas recoveries of CWT salmonids



and salmonids lacking adipose fins; the lab maintains an electronic database of all recovery
information. This database is available on request by NPAFC parties.

The databases of long-term high-seas tags and CWT recoveries continue to provide
fisheries researchers, managers, and enforcement officers with unequivocal information on stock
origins of salmonids in Convention waters (Myers et al. 1990, 1996). The NPAFC forum
provides more opportunity for coordination, planning, and implementation of high-seas tagging
experiments than was possible in the past. Carefully planned tagging experiments, designed to
answer specific questions of interest to NPAFC should be included as a part of the overall
research program to identify salmonid stocks in the Convention area and adjacent waters.

Parasites

Natural parasite "tags" have been used widely to identify stocks of sockeye salmon. Work
begun more than 40 years ago resulted in the discovery of freshwater parasites infecting sockeye
salmon that were specific to certain continents (Margolis 1963); for example, the plerocercoids of
Triaenophorus crassus occur in the muscle tissue of sockeye salmon stocks from western Alaska,
and the nematode Truttaedacnitis truttae occurs only in sockeye salmon from the Kamchatka
Peninsula. Konovalov (1971) developed a key for the identification of North American and Asian
stocks of sockeye salmon based on infection of six fresh-water parasites. Two freshwater
parasites in North American sockeye salmon are useful in stock identification: the brain parasite
Myxobolus neurobius (later identified as M. arcticus) and Henneguya salminicola in somatic
musculature (Margolis 1982).

Margolis (1984, 1985b, 1990), Dalton (1989a, 1989b, 1991), and Myers et al. (1991)
used Nanophyetus salmincola (metacercarial stage) and Plagioporus shawi (adults) to identify
U.S. Pacific Northwest (Washington, Oregon, California, and Idaho) steelhead in the North
Pacific Ocean, including the former Japanese landbased fishing area. These trematodes are found
only in steelhead originating in the fresh waters of the U.S. Pacific Northwest.

Nagasawa and Urawa (1967), Urawa and Nagasawa (1988, 1989, 1991, 1995), and
Urawa et al. (1990) used two brain myxosporean parasites, Myxobolus arcticus and M. kisutchi
(=M. neurobius), to identify continent of origin of chinook salmon taken on the high seas of the
North Pacific Ocean and Bering Sea.

Parasitic infection has not been so useful in other Pacific salmonids, probably because of
their shorter freshwater residency.

Scales and Otoliths

Scales have been used to identify stocks of Pacific salmon since the early 1900s, and scale
pattern analysis is now routinely used by fishery management agencies to estimate stock
composition of catch in mixed-stock fisheries (e.g., Marshall et al. 1987). Major et al. (1972)
outlined the basic principles and procedures of stock identification of Pacific salmon by analysis of
scale characters, and reviewed research conducted for INPFC in the 1950s and 1960s. Davis et



al. (1990) review methodology used for INPFC-related scale studies in the 1970s and 1980s.
Myers et al. (1993) reviewed the results of INPFC-related scale pattern studies conducted from
1978-1991 to determine origins of salmonids migrating the area of the former Japanese landbased
driftnet salmon fishery.

Salmon from different localities grow in characteristic manners because of different
environmental and genetic influences. Because this growth history is recorded by the pattern of
circuli on the scale, a researcher cen obtain and measure scales from all major stock-groups
known to inhabit a high-seas areu, statistically model each stock-group's multivariate scale
pattern, collect and measure scales from the high-seas population of interest, and, by using one of
several statistical techniques, usually classification or maximum likelihood techniques, estimate the
stock composition of the high-seas population.

Scale pattern analysis has advantages and disadvantages relative to other indirect methods
of determining stock composition ("indirect" refers to methods based on statistical analysis of
biological data and stock composition estimation; “direct “methods are based on proof of origin,
e.g., tagging and detection of region-specific parasites). Scales are relatively inexpensive and
easy to collect, store, measure, and analyze, and large samples can be obtained without killing or
mutilating fish. The disadvantage of interannual variability of data is offset by the ready
availability of scale samples, because scales are commonly collected by many agencies for other
purposes.

During the 1978-85 INPFC research program, scale patterns were analyzed to determine
origins of sockeye (Cook 1979, 1€82; Cook et al. 1981; Knudsen and Harris 1982; Harris 1987,
1989), coho (Myers et al. 1981; Walker and Harris 1982; Walker and Davis 1983; Kato 1984;
Kato and Ishida 1985), chinook (Myers et al. 1984; Ito et al. 1985), and chum salmon (Ishida et
al. 1983, 1984, 1985) in high-seas catches, and studies on scale pattern analysis methodology
were conducted (e.g., Kato 1984; Kato and Ishida 1985; Ito et al. 1985; Myers 1985; Knudsen
and Davis 1985; Knudsen 1985). Scientists at the 1985 annual meeting of the INPFC Sub-
Committee on Salmon agreed that high-quality scale samples representing more Asian stocks of
chinook salmon and other salmonid species were needed. A scale pattern analysis working group
was formed within the Sub-Committee on Salmon in 1986 and met on several occasions to
consider the requirements and to develop standards for scale pattern analysis (e.g., INPFC
1987a,b). Following these meetings and the results of additional studies of scale pattern analysis
methodology (e.g., Kato and Ishida 1986; Ito et al. 1986; Myers 1986, Davis 1987, Ishida et al.
1987; Ito 1987; Walker 1987, Wood and Oliver 1987), the Sub-Committee on Salmon made
several recommendations on standardization of scale pattern analysis methodology.

In the late 1980s and 1990s, studies of scale-pattern analysis methodology continued (e.g.,
Knudsen 1988; Millar 1988; Ishicu et al. 1988, 1989; Hiramatsu and Kishino 1989; Kato and
Ishida 1989; Bilton and McKinnell 1990a; McKinnell 1990; Millar 1990; Davis 1994; Bernard and
Myers 1996). Wood et al. (1989) found that scale patterns showed the greatest discriminatory
power of four types of biological markers tested (freshwater age, six scale pattern variables, the
prevalence of the brain parasite Myxobolus neurobius, and five biochchemical genetic



[electrophoretic] traits), but that annual variability in scale patterns may preclude their use where
representative samples cannot be obtained annually.

In the 1990s, scale pattern analysis was used to estimate origins of salmon in mixed-stock
ocean catches. Japanese research vessel samples were used to identify origins of chum, coho, and
chinook salmon migrating in the area of the former Japanese high-seas salmon driftnet fisheries
(Davis 1990; Ishida and Ito 1990; Walker 1990). Scales were sampled directly from the catch of
the landbased driftnet salmon fishery for the first time in 1990 (Fisheries Agency of Japan 1990);
and stock proportions and estimates of catch of Russian and Alaskan sockeye, coho, and chinook
salmon in 1990 were determined (Davis 1991; Myers 1991; Walker 1991). Bilton and McKinnell
(1990b) and Walker (1992) estimated origins of salmon in confiscated Taiwanese catches.
Walker (1992, 1993) estimated origins of coho salmon caught in the Asian high-seas squid
driftnet fisheries. Temnykh (1994) used morphometrics (including scale measurements) to
differentiate populations of pink salmon in the Sea of Okhotsk.

Historically, otoliths were not used extensively for identification of stocks migrating in the
North Pacific Ocean. Otolith microstructure was used only to identify racial (summer- and
winter-run) origins of steelhead caught on the high seas (Light 1987). More recently, Zhang and
Beamish (1994) investigated the use of otolith microstructure to identify hatchery and wild
chinook, coho, and chum salmon. Beamish and Zhang (1996) used otolith microstructure to
identify hatchery and wild chinook salmon in research vessel samples from the Strait of Georgia.
Thermally induced marks on bony structures are being used to identify origins of hatchery fish in
mixed-stock ocean catches (e.g., Carlson et al. 1996). Otolith microchemistry analysis has
potential for future use in high-seas stock identification studies (e.g., Kalish 1989, 1990; Radtke
1989; Toole et al. 1992; Rieman et al. 1994).

Genetic Techniques

Genetic techniques include cytogenetics, allozyme (protein electrophoresis), and DNA
analyses; allozyme analysis has been the standard technique most commonly applied in fisheries
studies. Cytogenetics includes chromosome number, chromosome arm number, chromosome
morphology, and chemically induced banding patterns on the chromosomes. Cytogenetic
characters have not proved usefu! for wide use in stock identification, perhaps because it is
difficult to obtain good chromosome data from large numbers of individuals and stocks. DNA
analysis include a wide range of techniques and is receiving increasing attention.

Historically, genetic techniques were not used extensively for identification of salmonid
stocks migrating in offshore waters, primarily because of the difficulty in obtaining baseline
samples from Russian salmonid stocks. The most successful technique for inshore fisheries has
been allozyme analysis of enzymatic proteins. The development over the last 40 years of
techniques to screen for nearly 100 protein-coding loci has provided a wealth of stock-specific
information. Just as important was the development of statistical methods based on maximum
likelihood to analyze these data and estimate the contributions of individual stocks to mixed-stock
aggregations (Milner et al. 1981, 1985; Fournier et al. 1984; Pella and Milner 1987; Millar 1987,
Wood et al. 1987, Gomulkiewicz et al. 1990; Pella et al. 1994). Genetic stock identification



(GSI) been used successfully on the western coast of North America for managing all species of
Pacific salmon. Unfortunately, electrophoretic analysis requires a large sample size from each
stock, lethal sampling, and specialized handling of the samples (i.e., rapid freezing of tissue
samples). However, the data from a population useful for many years and do not need to be
updated yearly.

In the 1980s and 1990s, large allozyme databases were developed through the cooperation
of numerous international agencies. The most comprehensive database exists for chum salmon
with approximately 200 populations from Washington to Japan (Kondzela et al. 1994; Phelps et
al. 1994; Wilmot et al. 1994; Winans et al. 1994; Seeb et al. 1995). This database is maintained
and distributed by the Alaska Department of Fish and Game, Anchorage. A slightly less
comprehensive database exists for chinook salmon (Reisenbichler and Phelps 1987; Gharrett et al.
1987; Utter et al. 1989; Bartley and Gall 1990, Bartley et al. 1992; Crane et al. 1996), which will
soon include populations from California through Western Alaska; it is distributed by the National
Marine Fisheries Service, Seattle, Washington. Additionally, regional databases exist for pink
salmon (Shaklee and Varnavskaya 1994; Varnavskaya et al 1994), sockeye salmon (Utter et al.
1984; Wood et al. 1994), coho salmon (NMFS, Seattle, 1994); and steelhead (Chilcote et al.
1980; Parkinson 1984; Reisenbichler 1989; Reisenbichler et al. 1992).

Recent advances in the analysis of nuclear and mitochondrial DNA are providing powerful
new data for stock identification (Park et al. 1995). DNA analysis offers not only an almost
unlimited number of potential loci, but also the advantage of non-lethal sampling: only a small
amount of tissue, such as a finclip, is generally required. Also, tissues can generally be collected
in alcohol, without difficulties of storing and transporting frozen tissues. Archived scales and
otoliths can also be used.

DNA analysis is where enzyme electrophoresis was 20 years ago; techniques are being
refined, and little standardization of loci or markers exists. Researchers are exploring a variety of
different regions and techniques, including analysis of mitochondrial DNA (e.g., Cronin et al.
1993; Park et al. 1993; Bickham 1995) and surveys of nuclear genes. Nuclear approaches include
minisatellite (VNTR; e.g., Stevens et al. 1993; Taylor et al. 1994; Taylor 1995; Beacham et al.
1996; Miller et al. 1996; Scribner et al. 1996), microsatellites (STR; e.g., Beacham 1994), introns
(e.g., Park and Moran 1994), as well as coding genes such as MHC (e.g., Miller and Withler
1996). Of these, microsatellites may hold the greatest potential for salmonid stock identification
studies (e.g., Wright and Bentzen 1994), but standardization among laboratories must occur
before any of these technique can be applied on a broad geographic scale, as is possible with
allozymes.

DISCUSSION

Tagging, scale pattern analysis, parasite infection, and allozyme analysis have been the
most widely used methods for large-scale stock identification of salmonids on the high seas. The
use of thermally induced marks on bony structures is a promising new technique for identification
of hatchery stocks. DNA analysis and otolith microchemistry analysis also appear promising.



More accurate estimates of origin of stocks of salmon may result from combining data from all
the above methods into one analysis.

Scale pattern data are currently available over a wide area of the Pacific Rim for chum,
chinook, and sockeye salmon, but only scattered data exist for coho and pink salmon. Parasite
infection data exist for only a few populations of sockeye and chinook salmon and steelhead.
Allozyme data for chum salmon now cover nearly all of the Pacific Rim; those for chinook salmon
are relatively good for North America, but limited for Asian stocks. Allozyme data exist for pink
and sockeye salmon scattered throughout the Pacific Rim, with gaps for certain regions in both
North America (western Alaska) and Asia (Sakhalin Island and the Kuril Islands). Allozyme data
exist for widely scattered coho salmon stocks with major gaps outside of the U.S. Pacific
Northwest and California.
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