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The Troub e with 

ALM 

Among the issues are 

deciding which salmon are in 

trouble, and in describing just 

what the trouble is. 

BY PATRICIA KOSS AND MIKE KATZ 

F R decades the Pacific Northwest has been 

immersed in debate regarding the state of salmon 

runs in general - and lately, of wild salmon 

runs in particular. Since enactment of the Northwest 

Power Act in 1980, an est imated $4 billion has been 

spent to restore diminished Columbia River fish runs. 

Most observers consider the results disappointing. Except 

for a spasmodic burst of record-level runs last year and 

this year, many species of wild fish continue to decline 

or remain significantly below target levels of recovery. 

Columbia River salmon runs once were reckoned the 

largest in the world. Before 1850, an estimated 10-16 mil

lion wild adult salmon returned from the ocean to the 

ColLUnbia Basin each year. Today's runs are signifi cantly 
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reduced, something on the order of one-fifth to one

eighth of historic levels. Furthermore, only 20 percent 

or so of the present diminished runs are considered "wild 

fish; " the remainder come from hatcheries. 

Declining fish runs in the Columbia Basin are not a 

recent phenomenon. Estimates indicate that 60 to 90 

percent of the decline in salmon runs since the mid-

19th Century occurred before the 1930s when Bon

neville Dam , the first major dam across the Columbia 

River, was constructed. 

There are many stakeholders - Indian tribes, indus

tries, state and federal agencies, cattle grazers, power 

producers, industrial power customers, navigation inter

ests, environmentalists, irrigators, sport and commer-



cial fishers, timber operators, farmers, and recreational 

users - and controversy rages among them as to causes 

and remedies. More, there is debate as to who should bear 

the costs of restoration, full or partial, if indeed restora

tion is feasible. 

Many factors, alone or in combination, have been 

nominated for blame. No t everyone agrees on the causes 

of the diminished fish runs, but no one disputes that a 

partial list of the putative fish kill ers wo uld include: 

forestry, farming, cat rl e 

graz i ng, fishing (sporr, 

commercial, and rribal, 

both in srreams and at 

sea) , industrial activities, 

toad building, logging and 

forest clearing, urbaniza

tion, dams, hatcheries, 

deterioration of culverts, 

predatory birds and sea 

mammals, and variations in ocean conditions. All and 

more have been cited as principal causes of the slump 

in salmon stocks to unsatisfactory levels. Some of these 

"causes" are susceptible to policy intervention; others 

are not. Fishing can be curtailed Ot prohibited; ocean con

ditions are more or less beyond human COntrol. 

There is debate, toO, within the sciencific community. 

Some of this debate stems from the very real uncer

tainties regarding scientific, economic, and social val ues . 

More unsettling is that salmon experts and scientific 

"facts" may be suscepcible to manipulacion by proponents 

of particular policy positions. Some salmon scientists 

candidly admit that it is extremely difficult to obtain 

funding for objective research. 

The Decline and Fall of Salmon 
Populations 

The abundance of the salmon population is deter

mined by three principal factors: the reproduccive poten

tial of adults returning from sea ro spawn; the produc

tion of offspring from natural reproduction in streams 

and artificial propagation in hatcheries; and sources of 

mortality. Each major stock of salmon is made up of 

sub-stocks that display variations in spawning timing, 

feeding behavior, ocean migracion patterns, and so forth. 

A small frac tion of adult salmon do not return to their 

stream of origin but stray (0 neighboring streams. The 

resulting genetic diversity facilitates the species' survival 

of and recovery from disruptive events. Hence, preser

vation of diversity is a key to survival. 

What events associated with the Columbia River 

Basin disrupted the salmon and their environment? We 

can identifY five "encroachments" that impacted Colum

bia River salmon populations. 

First, the advent of the commercial salmon fishery led 

to severe over-exploitat ion of salmon runs prior to the 

20th Century. Second, salmon habitat began to suffer 

early in (he 20th Century, when water diversion dams 

were built in sub-basins of the Columbia in order to 

irrigate agricultural land 

in the Pacific Northwest. 

Fish cou ld no longer 

reach habitat upstream 

of barrier dams, and the 

dams altered the quality 

of habitat that remained 

accessible. A third 

encroachment was the 

introduction of non

native fish species during the 20th Century, which con

tinue to occupy habitat and prey on salmon fry, fin

gerlings, and migrants. 

Hydroelectric development imposes yet another 

adverse impact on native salmon populations. Between 

1931 and 1984, a (Otal of61 major dams were built in 

the Columbia Basin for hydroelectric power and irri

gation systems. 

Hydropower has been successful, and has generated 

the cheapest electric power in the nation for the bene

fit of the Pacific Northwest. However, 60 percent of the 

Columbia Basin watershed became inaccessible to 

salmon and over 64 percent of the remaining main

stem has been changed into reservoirs, altering the migra

tory success of adults and juveniles. The reservoirs also 

changed the temperature profile of the Columbia main

stem corridor. T hese alterations of the river disrupted the 

relatio nship of the salmon with their h'abitat, which 

translated into reduced survival of those yo ung salmon 

in the system unable to adapt. 

T he final encroachment on Columbia River salmon 

was the fisheries management process itself. An entire 

scientific discipline evolved for the purpose of deter

mining the minimum number of fish that should not be 

harvested, bur instead allowed to reach the spawning 

grounds to satisfy the replacement needs of the popu

lation . Management to minimize escape (and therefore 

maximize harvest) compromised the selective mecha

nisms that reinforced the genetic diversity essential to 

sustai n a thriving salmon population. 
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How Many Salmon. and What Kind? 
There have been numerous efforts to restore and 

enhance fish popularions in the Columbia system, start

ing with rhe installation of fish ladders to assist return

ing adulrs when the first main-srem Columbia River 

dams were constructed. The primary respo nse to the 

decline in namral or wild production has been to inten

sify hatchery programs. However, 

a "harchery" salmon is one produced by artificial spawn

ing, usually accomplished in a hatchery. 

At the extremes, rhe difference between "wi ld" and 

"hatchery" is clear. Between the exrremes, there is a very 

large gray area. For example, how are fi sh that use art i

ficial spawning chan nels class ified? How are salmon pro

duced by lake fertili zation class ified? What abour salmon 

stocks which, over many generations, 

these programs were not designed 

around the biological needs of 

salmon. Therefore, the synchrony of 

the salmon with their native habitats 

was disrupted and the hatchery-pro

duced fish did not always adapr to 

the streams into which they were 

released. The result was to further 

speed the decline in popularions of 

wild salmon. At the same time, main

taining healthy stocks of wild salmon 

was not a priority. In fact, one of the 

reasons for the so-called lack of suc-

There are three have been able to adapt and survive in 

highly altered aquatic environments? 

NMFS excludes h atchery fi sh from 

salmon populations considered for lisr

ing wlder the ESA, unless they are crit

ical to the preservation of generic diver

sity. It is generally accepted by scientists 

that interbreeding between hatchery

raised and wild fish will have a negative 

effect on fitness; but there exists no 

reliable prediction of the magnirude of 

dec reased fitness. Moreover, in the 

absence of tagging, we CaJlnOt differ

entiate naturally-spawned second gen

eration hatchery fish from wi ld fish. 

broad,ly-stated 

visions of a desirable 

outcome: (1) more 

salmon . (2) more 

salmon in the right 

places. and (3) more 

wild salmon in the 

cess in salmon recovery is that the 

objective has changed from salmon 

right places. 

in general to wild salmon in particular. 

There are three broadly-s tared visions of a desirable 

ourcome: (1) more salmon, (2) more salmon in the righr 

places, and (3) more wild salmon in the right places. 

The magnitude of the problem and the range of policy 

prescriptions depend in large part upon to the vision to 

which one subscribes. Because the dominant or popu

lar vision has changed over time, the appropriate scien

tific questions have also changed. Moreover, rhe data 

and knowledge requirements to answer these questions 

are also different, depending upon which version of the 

problem is examined . Monitoring programs, and the 

institutions implementing rhese programs, originally 

evolved when the recovery of wild s(Ocks was nor a pri

onty. 

Congress enacted the Endangered Species Act (ESA) 

in 1973 and added amendments through 1996. Under 

the statute, the National Marine Fisheries Service 

(NMFS) has the responsibility to adminisrer the ESA for 

anadromous and marine species. NMFS has focused on 

"natural" or "wild" fi sh. There has been confusion and 

disagreement regarding rhe definitions of the terms 

"wild" and "species," which has, to some extent, led (0 

policy paralysis. Plainly, a "wild" salmon is one pro

duced by narural spawning in fish habitat from parents 

thar were spawned and reared in fish habitat. Conversely, 
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Indeed, NMFS considers those progeny wild fish. 

Each salmon "species" is composed of many stocks

defined as self-perperuaring populations that spawn gen

eration after generation in the same location. Debate 

over the "extinction" of wild salmon is usually focused 

on decline or loss of salmon stocks, not salmon species. 

A sizable par t of the Pacific Northwest no longer sup

portS runs of wi ld salmon , but it is unlikely that any 

species of salmon will entirely di sappear from rhe region 

in the foreseeable future. 

T here are ongoing scientifi c debates about the level 

of genetic di stinctiveness appropriate to define a stock. 

The way in which we do so has major policy ranlifica

tions. Unfortunately, the ESA does not defin e or provide 

a means of assessing population "distinctiveness ." That 

omission has fostered considerable confusion and debate 

in the Act's applicarion to salmon policy. 

Some scientists argue that protecting every stock may 

not be necessary to preserve sufficient generic variation 

to sustain each species. For example, the concept of an 

"evolutionarily significant unit" (ESU) was fashioned 

(0 describe a salmo n population unit whose loss would 

be significant for the genetic or ecological diversity of a 

given salmon species. Using ESUs as the unit of con

cern in salmon preservation has been criticized because 

there is no es tablished amount of signifi cant "differ-



ence" among populations or stocks that is necessary to 

identify ESUs. 

It is clear that the vague objective of "restoration" 

takes a variery of meanings to the assortment of salmon 

scientists, decision officials, and policy advocacy groups. 

At one extreme, restoration may mean the rebuilding 

of wild salmon runs to levels that existed 

prior ro 1850 (i n other words, runs suf

ficiently large ro support intense, but 

sustainable, fishing by commercial, recre

ational, and Indian fishermen). To oth

ers, recovery efforts would be deemed 

successful if we were able to maintain 

stocks at levels where extinction was 

unlikely. Some people argue that most 

salmon habitat has been altered beyond 

rehabilitation , and condone a signifi

cant role for hatcheries. Still others are willing - even 

eager - to eliminate commercial and recreational har

vest, close all salmon hatcheries, and breach major dams. 

Without the articulation of a rational and realistic goal 

for wild salmon in the Columbia Basin, programs funded 

to recover wild salmon and steelhead have li ttle or no basis 

on which to judge success. 

One Thing Is Certain: There Is Much 
Uncertainty 

Which solutions, alone or in combination, will 

enhance fish runs is surrounded by uncertainry. There 

are significant uncertainties as to the benefits of efforts 

to date in the areas of habitat restoration, harvest man

agement, mitigation through hatcheries and modifica

tions to hydropower production. Specifically, there is 

uncertainty regarding the relation between habitat 

restorat ion actions and habitat quality, the relation 

between habitat qualiry and fish production, appropri

ate levels of coordination and enforcement, and the 

appropriate decision-making structure. The key uncer

tainties about harvest management are how to limit the 

effects of mixed-stock fisheries on weak stocks, coordi

nate ocean and in-river harvests, coordinate interstate and 

international management actions, develop mechanisms 

to protect listed stocks, and accommodate scientific 

uncertainry about ocean effects on productiviry, popu

lat ion dynamics, and genetic diversiry. 

The uncertainties underlying the mixed-at-best suc

cess of hatchery programs include incomplete knowl

edge about the effect of interbreeding of wild and hatch

ery fish, the exten t ro which genetic diversiry must be 

protected, and the effect of habitat carrying capaciry 

and numbers of hatchery releases on wild fish recovery. 

Finally, the key uncertainties about the effect of 

hydropower dams on salmon are how ro manage the 

levels of indirect mortaliry induced by upstream and 

downstream passage, the effectiveness of measures taken 

to mitigate the harmful effects of dams, 

and the economic impacts of altering 

dam operations. Major questions sur

round the efficacy, not to mention the 

practicaliry, of dam breaching. 

These uncertainties and the complex 

patterns of human activ ities in the 

Columbia River Basin make clear the 

complexiry of the issue, and the diffi-

, cUlry of the coordination tasks. Actions 

on policy, regulation, and implemen

tation for each of the restoracion opcions are taken in many 

separate decision arenas, each with its own set of objec

tives and priorities. 

Salmon in Sum 
Proposed so lutions to salmon recovery problems 

range over a broad spectrum. Different so lutions impact 

different constituencies differently. The region h as 

become increas ingly polarized, and because no one sees 

how the issues wi ll ultimately play out, stakeholders 

tend to stake out the most extreme positions at (he out

set. This atmosphere has been evident for years but seems 

to be intensifying. 

Even if there was agreement anlOng decision-mak

ers as to the goal of salmon recovery efforts, and even if 

the aforementioned uncertainties were not so prevalent, 

the jurisdictions of agencies and organ izations that are 

charged with making resource decisions are complex 

and fragmented. Decisions about marine salmon har

vests, in-river harvests, power sales, dam operations, irri

gation withdrawals, fish passage, hatchery production, 

and habitat protection are the responsibiliry of entities 

with overlapping boundaries, competing objectives, and 

incomplete authoriti es to accommodate the full scale of 

causes or effects. 

Policy debates over salmon recovery tend to focus on 

narrow, relatively insignificant technical or scientific 

issues. For example, there are over 250 major dams in 

the Columbia Basin. Arguments over removal of a few 

dams, or the options for transporting smolts around 

dams, are interesting and controversial technical debates. 

However, it remains true that aquatic and terrestrial 
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habirars have dras rically changed in rhe Columbia Basin 

over rhe pas r 150 years . Ir is highly unlikely rhar rhe 

hisrorically large runs of wild salmon can be supporred 

in rhis modified environmenr. Sociery may well choose 

ro malce rhe rrade-offs necessary to main

rain a relarively small number of wild 

salmon, assuming such rrade-offs can be 

identified, quan rified and accurarely com

municared, bur scientisrs should be realisric 

and candid abour rhe acrual number of 

wild salmon rhar can be expecred from 

venrures such as dam-breaching and harch

ery programs. 

Adding markedly ro rhe uncen ainry is rhe recenr 

unexpecred robusmess of Columbia River salmon runs. 

Runs in 2000 for several key species broke all records since 

fish counring began in 1937. Runs in 2001 are expecred 

ro be larger sri ll. For example, ad ulr spring chinook 

returning co rhe upper Co lumbia Bas in in 2001 are 

expecred to toral 365,000 compared wirh about 100,000 

when rh e Snake Rive r dams were co m plered in rhe 

1970s. Mosr of rhese fi sh are harchery fish , bur recent 

runs of wild fish are also dramarically improved. 

W hy? Specularion focuses on improved ocean con

dirions, which are nor expecred to pers isr, or to heavy 

spring runoff in 1998 and 1999. No marcer. T he impor

ranr conclusion to be drawn is rhar uncen ain ry and lack 

of agreemenr as ro whar constitures rhe desirable outcome 

wirh respecr to numbers, species, and generic d iversiry, 

are rhe issues, perhaps more rhan any orhers, which 

should dominare rhe Grear Salmon Debare. 

For More Information 
T his ar ricle was based largely on rhe following papers 

presented ar rhe Porrland Srare Un iversiry Salmon 

Symposium, July 7-8,2000: Whar We Don'r Know 

About Pacific Norrhwes r Fish Runs: An Inquiry in to 

Decision Making Under Uncen ain ry. 

Brannon, Ernes r L. "The Salmon 

C risis: A Lesson in Seman rics." 

Goodman, Dan iel. "Managing 

Columbia Basin Salm on: rhe Facrs, 

rhe Quesrions, and rhe Dara." 

Hanna, Susan. "Insritu rional 

Redesign for Pacifi c Nonhwesr 

Salmon Ecosysrems." 

Hupperr, Daniel. "Columbia Ri ve r SaLm on Recovery: 

W here are We Go ing? And How do We Ger There?" 

Karz, Mike, Parricia Koss, and Jenn ifer Shawcross. 

"Address ing Fish U ncerrainry: T he Q uesr for Rarional 

Decision-Making. " 

Lackey, Ro ben T. "Restoring W ild Salmon to rhe 

Pacific Norrhwes r: Chas ing an Illusion?" 

Patricia Koss is Assistant Professor of 

Economics and Program Director, 

Graduate Certificate Program in 

Applied Energy Economics and Policy 

at Portland State University in 

Portland, OR. Mike Katz is Adjunct 

Professor of Economics at Portland 

State University. 
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• Have you been thinking about the economic implications of current issues? 

• Have ideas about how economists can use their analytical tools to advance understand ing of 

those issues? 

• Would you like to communicate with a broad audience of colleagues? 

Please consider a submission to the Review of Agricultural Economics. For details on submis

sions, see the MEA website (http://www.aaea.org/fund/pubs/rae/raesubmissions.cfm). 
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