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ABSTRACT 

This is the first report of research for an ongoing study to evaluate the 

genetic effects of using hatchery-reared fish to supplement natural populations of 

chinook salmon and steelhead in the Snake River Basin. The study plan involves 

yearly monitoring of genetic and meristic characteristics in hatchery, natural 

(supplemented), and wild (unsupplemented) populations in four different drainages 

for each species. This report summarizes the first year of electrophoretic data for 

chinook salmon; electrophoretic data for steelhead and meristic data for both species 

will be presented in a subsequent report. 

Important results include the following: 1) Genetic variation was detected at 

35 gene loci, a considerable increase over previous electrophoretic studies of Snake 

River chinook salmon. A tentative conclusion is that Snake River spring and 

summer chinook salmon may have somewhat lower levels of genetic variability than 

are found in lower Columbia River stocks, but the difference may not be as large as 

suggested by earlier studies. 2) Based on a combined test over all gene loci, 

statistically significant (P c 0.001) differences in allele frequency were found 

between every pair of samples. Thus, there is genetic evidence for restricted gene 

flow between streams in the same drainage. However, the differences between 

populations in this study were relatively small compared to levels of differentiation 

that have been reported for major groups of chinook salmon throughout the 

Columbia River Basin. 3) Comparison with data collected in earlier studies for some 

populations provides insight into genetic changes that have occurred over a 4-8 year 

period. A much more complete picture of genetic structuring in these chinook 

salmon populations should emerge as data for the second and third year of samples 

become available. 
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INTRODUCTION 

In spite of concerted management efforts, the abundance of most Pacific 

salmon species has been substantially below historical levels in recent years (Fredin 

1980; Fraidenburg and Lincoln 1985; Nehlsen et al. 1991). The Columbia River 

Basin Fish and Wildlife Program (NWPPC 1987) has an  interim goal of doubling the 

abundance of anadromous salmonids in the Columbia River Basin. The program 

calls for improvements in a variety of areas, including mainstem passage, habitat 

restoration, and control of disease, but a centerpiece of the program is 

supplementation--that is, the use of artificial propagation to increase the abundance 

of naturally-spawning salmon and steelhead. A number of supplementation 

programs are already underway throughout the basin. 

A recent review of supplementation research (Miller et al. 1990) indicates that 

there are still substantial gaps in our knowledge of how to supplement natural 

populations effectively. Among the most important, yet least understood, factors to 

consider are the genetic consequences of releasing hatchery-reared fish into the wild. 

This is an important consideration because the genetic makeup of native wild stocks 

mas presumably shaped by hundreds or thousands of years of adaptation to local 

conditions. Transplanted fish may be less well suited to local conditions, and 

hybridization may cause a reduction in fitness of the native stock through 

outbreechg depression. Emlen (1990) reviewed some of the evidence for outbreeding 

depression in other organisms and suggested a model that may be applicable to 

Pacific salmon. These possibly adverse effects can be reduced by using a stock for 

outplanting that  is genetically similar to the local stock. However, unless the 

hatchery stock used for outplanting is genetically identical to the natural stock being 

supplemented, a successful supplementation program will entail some genetic change 

to the local stock. It is important, therefore, to have a means of assessing the 
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nature and extent of genetic changes that occur as a result of supplementation. 

Unfortunately, traditional monitoring methods are not well suited to 

determining whether outplanted fish are having any permanent genetic effect on the 

target stock. Physical tags may indicate whether a fish returns as an adult, but not 

whether it produces offspring that survive and contribute to subsequent generations. 

It is possible, for example, to release large numbers of juvenile fish in a stream over 

a period of many years and, in the end, not know whether a) the natural population 

has been entirely replaced, b) the current population contains genetic material from 

both the original population and the outplanted fish, or c) the outplanted fish have 

had no permanent genetic impact on the natural population (Fig. 1). Hindar et al. 

1991) reviewed data from a number of studies of salmonids that show each of these 

outcomes is possible. 

A genetic monitoring program provides the best opportunity for determining 

which of these scenarios has occurred. Because genetic markers are heritable, they 

reveal information about the reproductive success of transplanted fish and the 

degree to which the native and transplanted gene pools have been integrated. 

Furthermore, the same approach can be used to evaluate the genetic effects of 

outplants on nearby wild stocks that are not intended to be supplemented. 

The current study focuses on the genetic effects of using hatchery-reared fish 

to supplement natural populations of chinook salmon and steelhead. The I 

experimental design capitalizes on supplementation programs already underway in 

several areas of the Snake River Basin. The study plan calls for yearly monitoring 

of genetic and meristic characteristics in hatchery, natural (supplemented), and wild 

(unsupplemented) populations in four different drainages for each species. Study 

sites were selected after consultation with personnel from Idaho Department of Fish 

and Game (IDFG), Oregon Department of Fish and Wildlife (ODFW), and 
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Figure 1.--Schematic diagram of three possible outcomes for a supplementation 
program in which hatchery fish are outplanted into the wild each year for 
several years. A: replacement of native gene pool with hatchery stock; 
B: integration (coexistence or hybridization) of native and hatchery gene 
pools; C: persistence of native gene pool with little or no permanent 
genetic effect of hatchery stock. Monitoring genetic markers provides the 
best means for determining which of these possibilities has occurred. 
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Washington Department of Wildlife (WDW). Efforts were made to select systems in 

which supplementation was just beginning or the past effects of supplementation 

were thought to be minor. After analysis of data for the first 3 years of sampling, 

an evaluation will be made for each supplementation program of the power to be 

expected in measuring genetic impacts on the selected naturallwild populations. The 

ability to measure these genetic effects depends on the existence of sufficient genetic 

differences between the outplanted hatchery fish and the naturallwild stocks. 

Results of the evaluation will help to determine the nature and scope of the 

long-term phase of the monitoring program; in particular, the sampling plan may be 

modified to concentrate efforts in those programs with the greatest probability of 

successful resolution. 

The species and areas to be studied (chinook salmon and steelhead above 

Bonneville Dam) were singled out by the Columbia River Basin Fish and Wildlife 

Program (NWPPC 1987) for highest priority for research. The current research 

directly addresses a number of concerns in the plan: Section 204(d), monitoring the 

potential effects of outplanting on natural gene pools; Section 703(e)3, studies to 

ensure that genetic integrity of spawning stocks is maintained; Section 

703(0(5)(A)(vii), biological monitoring of supplementation programs in the Grande 

Ronde and Imnaha drainages; and Section 703(h)(l), studies of the best methods for 

supplementing wild stocks in the upper Snake and Columbia Rivers. 

The research will provide information relevant to Major Question I1 of the 

Supplementation Technical Work Group Five-Year Work Plan, "What are the effects 

of supplementation on indigenous populations?" In particular, results from the 

study will help answer Specific Question 7 from the work plan, "What are the 

long-term effects of supplementation programs on the genetic characteristics of 

indigenous stocks?" Specific activities in this area called for by the Five-Year Work 
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Plan include use of standard genetic techniques to monitor changes in supplemented 

and non-supplemented populations through a serial sampling program. 

Major long-term goals of the study include monitoring the nature and extent 

of genetic change over time in supplemented and unsupplemented populations and 

correlating the genetic changes with measures of productivity such as adult-to-adult 

survival of naturally spawning fish. Because this research focuses on genetic 

changes that occur over periods of one to a few generations, the primary objectives 

can only be realized in a multiyear study. This report summarizes the first year of 

electrophoretic data for chinook salmon. Electrophoretic data for steelhead and 

meristic data for both species will be presented in a subsequent report. 

METHODS 

Study Areas 

The study involves four supplementation units, or drainages. Chinook salmon 

in the Grande Ronde and Upper Salmon drainages are generally regarded as 

spring-run fish, whereas those in the Imnaha and the South Fork drainages are 

considered to be summer-run fish. In general, each supplementation unit includes a 

hatchery used in supplementation, a naturally-reproducing population that is 

supplemented, and a wild population that is not intended to be affected by hatchery 

releases (Table 1). Exceptions to this pattern are use of the Lostine River as both 

the wild (pre-1991) and natural (after 1991, when supplementation is scheduled to 

begin) populations for Grande Ronde spring chinook salmon, and Imnaha River 

chinook salmon, for which a wild stream has not been identified. Also, Marsh Creek 

was included to allow comparison with a chinook salmon drainage (Middle Fork of 

the Salmon River) that is managed entirely for wild fish. A map of the study areas 

is shown in Figure 2.  




























































































