
DEDICATION 

. This work is dedicated to all life on this earth, 
before our time and long after we are gone. 

~ did not inherit this earth or its natural resources from our 
ancestors, we are only borrowing them from our children's 
children; therefore, we are duty bound and obligated to protect 
them and use them wisely until such time that they get here, and 
then they will have the same obligations. 

- Eugene Greene, Sr., Chairman 
Columbia River Inter-Tribal Fish Commission 
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PREFACE 

The salmon's spirit - Wy-Kan-Ush-Mi Wa-Kish-Wit - is sacred life. The salmon was 
provided a perfect world in which to enjoy its existence. For thousands of years, the salmon 
unselfishly gave of itself for the physical and spiritual sustenance of humans. The salmon's 
spirit has not changed; the human spirit has. 

Today the perfect world of the salmon is in total disarray. Even its very existence and worth 
are being debated. Human arrogance has brought the salmon to the brink of extinction. 

Rather than a dignified cultural icon, the salmon is being redefined as a problem, as 
something that makes unacceptable the human laws designed to protect the environment. In 
spite of the state of crisis, crude science and perilous politics have reduced the salmon and its 
habitat to a struggling species living in a polluted and life-threatening home. 

The four Columbia River treaty tribes, who are keepers of ancient truths and laws of nature, 
employ the depths of their hearts and the expanse of their minds to save the salmon. 

Respect and reverence for this perfect creation are the foundation for this plan. 
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It was known that the passage conditions in the 
mainstem Columbia River were inhospitable to 
salmon. Yet changes in river operation were 
minute, especially given the prevailing drought 
conditions. It was also known that many salmon 
runs and stocks had declined to such an extent 
that their best hope was the application of artifi­
cial propagation strategies. But hatcheries were 
eschewed without regard to the best available 
science. Instead some of the stocks that might 
have been helped by enactment of the fish pro­
gram measures became listed under the Endan­
gered Species Act. And it was known that many 
environmental laws have been ignored, exacer­
bating the crisis in the Columbia River Water­
shed. 

Wy-Kan-Ush-Mi Wi-Kish-Wit is the culmination 
of the leadership and wisdom of the Nez Perce, 
Umatilla, Warm Springs and Yakama fish and 
wildlife committees and the technical work of 
reservation fisheries and the Columbia River 
Inter-Tribal Fish Commission staffs. This tribal 
salmon restoration plan outlines the cultural, 
biological, legal, institutional and economic 
context within which the region's salmon resto­
ration efforts are taking place. This long-term 
plan addresses virtually all causes of salmon 
decline and roadblocks to salmon restoration for 
all anadromous fish stocks: chinook, coho, 
sockeye, steelhead, chum, eels (Pacific lamprey) 
and sturgeon, above Bonneville Dam. This area, 
encompassing about three quarters of the Colum­
bia River Basin, is where most of the tribes' 
treaty-reserved fishing places and fish resources 
are located. 

The Columbia River treaty tribes take a holistic 
"grovel-to-gravel" approach to the management 
of the salmon, which differs from approaches of 
many other groups in a variety of respects. This 
approach focuses on the tributary, mainstem, 
estuary, and ocean ecosystems and habitats 
where anadromous fish live. This focus on 
passage, habitat, harvest and production requires 
substantial changes in current practices and 
specific actions to recover from historical de­
structive impacts. 
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Wy-Kan-Ush-Mi Wl-Kish-Wit integrates this 
gravel-to-gravel approach into an adaptive man­
agement framework. The tribes agree with 
others who advocate an adaptive approach that 
requires action even in the face of uncertainty. 
According to adaptive management principles, 
that action must be carefully monitored and 
evaluated so that natural resource managers learn 
and change their actions on the basis of what 
they have learned. Using an adaptive frame­
work, this plan identifies the survival changes in 
current water, land and fish management needed 
to produce the necessary survival rates. The 
actions endorsed in this plan are designed to 
measure whether or not survival levels are being 
achieved. Should the recommended measures 
not attain sufficient rates of survival, the plan 
calls for modifications and additional actions. 

This plan goes far beyond those plans currently 
offered by other sovereign governments - the 
federal plan for endangered Snake River salmon 
by the National Marine Fisheries Service and the 
Idaho, Montana, Oregon, and Washington fish 
and wildlife mitigation plan by the Northwest 
Power Planning Council (NPPC). The plan not 
only makes recommendations, but more impor­
tantly begins to provide a context for decision 
making: scientific and legal justifications, direc­
tions for implementation, and analyses of expect­
ed outcomes are provided. 

Unlike other plans, this plan establishes a foun­
dation for the United States and its citizens to 
honor their treaty and trust obligations to the 
four tribes. If implemented, it would at least 
begin to meet ceremonial, subsistence, and 
commercial needs of tribal members and to 
return fish to many of the tribes' usual and 
accustomed fishing places, as guaranteed in the 
1855 treaties. If these obligations were met, the 
non-Indian public would be a beneficiary, enjoy­
ing its legal allotment of harvestable salmon and 
sharing a healthier, more natural river system. 

What often sets policy development apart from 
other decision-making is the tribal conviction 
that not all societal decisions can be properly 
weighed in terms of costs and economics. The 
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EXECUTIVE SUMMARY 

~. the Indians of the Columbia River Inter-Tribal Fish Commission, recognize 
that our fisheries are a basic and important natural resource and of vital concern 
to the Indians of these states and that the conservation of this resource is dependent 
upon effective and progressive management. And it is further recognized that 
federal court dedsions have specifically established that the tribes have treaty 
rights to an equitable share of the Columbia Basin fishery resource. m, further 
believe that by unity of action we can best accomplish these things, not only for the 
benefit of our own people but for all the people of the Pacific Northwest. 

Preamble to the Constitution and Bylaws of the 
Columbia River Inter-Tribal Fish Commission 

The Columbia River Watershed is world re­
nowned for its salmon populations. Historical 
estimates of average annual salmon runs exceed­
ed 5-11 million fish in the portion of the water­
shed now above Bonneville Dam. When Lewis 
and Clark reached the Columbia River, they 
were amazed by the abundance of the salmon. 
Yet today, fewer than 500, 000 fish return above 
Bonneville and approximately 80 % of these are 
produced in hatcheries. Some stocks have al­
ready been lost, three have been listed as endan­
gered under the Endangered Species Act by the 
National Marine Fisheries Service, and the 
majority of the remaining stocks are declining. 
These reduced runs of salmon are surely cause 
enough for alarm, yet the issue comprises far 
more than salmon. Tribal culture, the identity 
of all the people, and many of the species that 
constitute the Pacific Northwest-essentially the 
integrity of the entire Columbia River Water­
shed-are at stake. 

If salmon are to survive in the Columbia River 
Watershed, we must face the challenges before 
us with our goals clearly in mind, in heart, and 
in spirit. We must now begin to respect, to 
reestablish, and to restore the balances that once 
enabled this watershed to perform so magnifi­
cently. 
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Wy-Kan-Ush-Mi Wa-Kish-Wit: The Columbia 
River Anadromous Fish Restoration Plan of the 
Nez Perce, Umatilla, Wann Springs and 
Yakama Tribes provides a framework to restore 
the Columbia River salmon, simply stated: put 
the fish back into the rivers. Yet making this 
happen has become increasingly difficult because 
of the decades of poorly guided and deeply 
entrenched fish management policies. More than 
science and its limits, the problems have almost 
always involved people and their institutions -
whether government, business or otherwise. 

Much of what is recommended to benefit salmon 
is what has been needed and known for a long 
time. More than 50 years ago, federal biologists 
warned that the consequences of continued habi­
tat degradation and additional hydroelectric 
development would be devastating to salmon 
populations. They were joined by tribal leaders 
and through the years, by government commis­
sions and citizen groups. 

However, until the enactment of the Pacific 
Northwest Power Planning and Conservation Act 
of 1980 and its fish and wildlife program, there 
was no comprehensive salmon restoration pro­
gram for the Columbia Basin. Had the North­
west Power Planning Council's salmon plan been 
implemented, the people of the Northwest would 
not be today facing a salmon crisis. 

Spirit of the Salmon 

EX5022-000005-TRB



Goals and Objectives of Tribal Fish Restoration 

• PUT THE FISH BACK INID THE RIVERS ! • 

GOALS 

• Restore anadromous fishes to the rivers and streams that support the historical 
cultural and economic practices of the tribes. (These are generally areas above 
Bonneville Dam.) 

• Emphasize strategies that rely on natural production and healthy river systems to 
achieve this goal. 

• Protect tribal sovereignty and treaty rights. 

• Reclaim the anadromous fish resource and the environment on which it depends 
for future generations. 

OBJECTIVES 

• Within 7 years, halt the declining trends in salmon, sturgeon, and lamprey 
populations originating upstream of Bonneville Dam. 

• Within 25 years, increase the total adult salmon returns above Bonneville Dam to 
4 million annually and in a manner that sustains natural production to support 
tribal commercial as well as ceremonial and subsistence harvests. 

• Within 25 years, increase sturgeon and lamprey populations to naturally sustain­
able levels that also support tribal harvest opportunities. 

• Restore anadromous fishes to historical abundance in perpetuity. 
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costs of restoration must be at least equated with 
the value of restoration. That value includes the 
spirit of the salmon (Wy-Kan-Ush-Mi WI-Kish­
Wit). Tribal peoples can feel the yearning of 
salmon to serve its life purpose. There is no 
model that can fuctor in spirituality nor the 
ultimate value of living creatures. 

The tribes would hope that those who read, 
study and use this plan, consider it a work-in­
progress and invite readers to join in refining it. 
The tribes believe that the plan's approach can 
help give direction to a region whose salmon 
recovery is floundering without real political 
vision and genuine scientific guidance. 

If the reader can reconcile the truths of the past 
with the dreams for tomorrow, then today's 
work can be found. This plan calls on the col­
lective human spirit to bring cultured and heredi­
tary strengths to bear upon the need for salmon 
restoration. 

Specific Contents of the Plan 

If the actions outlined in the plan are taken, the 
four tribes believe the salmon decline can be 
halted within seven years and salmon populations 
rebuilt to annual run sizes of four million above 
Bonneville Dam within 25 years. Based on adult 
return goals for each subbasin and species (Table 
1.1), and allowing for additional escapement 
needs and anticipated passage losses, over two 
million salmon will be available for harvest in 
mainstem fisheries. Goals in this plan will be 
reviewed periodically as part of the adaptive 
management process. 

To accomplish these objectives, the first volume 
of the plan sets out 10 proposals for institutional 
change, along with 13 scientific hypotheses and 
the recommended actions associated with each. 
The second volume contains subbasin-by-sub­
basin return goals and the restoration actions that 
must be undertaken to achieve them. 
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Tribal Culture and History 

To understand the approach the four Columbia 
River tribes have taken to anadromous fish 
restoration, key aspects of tribal culture and 
history are described, including the importance 
of salmon, tribal governmental structures and the 
traditional tribal management philosophies that 
continue to guide the tribes as they have since 
ancient times. 

Biological Perspective 

Outlined in this section are the survival require­
ments for salmon and measures to improve 
survival of Pacific lamprey and white sturgeon. 
While their requirements, such as cool, clean 
water and complex stream systems, remain 
virtually the same as they have for hundreds of 
years, the conditions under which these 
anadromous fish must now live have been dra­
matically altered in a relatively short time. These 
changes and their consequences are summarized 
here and are the bases for many of the recom­
mendations presented in this plan. The tribes 
have set survival standards by life history stage 
required to meet restoration goals for spring and 
full chinook (Tuble 1.2). 

Legal and Institutional Context 

The tribes in the Northwest have a unique place 
in the legal and regulatory scheme of natural 
resource management. To provide some under­
standing of why this is so, tribal sovereignty, 
treaty-reserved rights, trust responsibility and 
other legal matters pertaining to the governmen­
tal status of the tribes are explained. This sec­
tion also describes the institutional structures 
already in place which recognize the tribes as 
resource co-managers and that can serve as the 
framework for accomplishing most restoration 
actions. An analysis of the successes and fuil­
ures of these institutions and of numerous kgis­
lative initiatives is offered. 
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Table 1.1. Adult return goal to each subbasin. Most goals represent a combination of spawning 
needs plus tributary harvest opportunities; exceptions are footnoted. 

CHINOOK 

SUBMSIN Spring Summer Fall COHO 

WWER COLUMBIA RIVER MAJNSTEM (Bonneville Dam - McNary Dam) 

Wind River 

Little White River 

Big White River' 

5,000 

2,000 

500 

200 

100 

200 

200 

100 

SOCK­
EYE 

STEELHEAD 

Summer Winter 

2,000 200 

4,800 800 

TOTAL 

7,400 

2,400 

6,300 
................................................................................................................................................................................................................................... 
Klickitat River' 20,000 40,000 50,000 25,000 135,000 

Hood Riverb 

Deschutes Riverb 

Fifteerunile Creek' 

John Day River" 

1,700 

10,250 

7,000 

11,000 

M~COLUMBIA RIVER MAJNSI"EM (McNary Dam ~ Chief Joseph Dam) 

Umatilla River" 11,000 21,000 6,000 

Hanford Reachc 

Walla Walla River" 

Yakima River" 

Wenatchee Riverb 

Entiat River 

Methow River 

Okanogan River 

5,000 

26,300 

21,000 

750 

2,000 

1,000 

12,000 

10,000 

3,000 

2,000 

40,000 

4,700 5,000 

5,000 

35,000 

15,000 

LowER-SNAKE RIVER MAJNSI'EM (Ice Harbor Dam ~ Hells Carryon Dam) 

Snake Riverb 

Tucannon Riverb 

Clearwater Riverb 

3,000 

60,000 

2,000 

48,000 

18,300 

6,000 4,500 

8,000 

19,000 

45,000 

9,670 

11,000 

29,700 

6,410 

3,000 

10,000 

10,000 

2,200 

93,100 

5,000 

300 

14,700 

45,250 

300 

52,000 

47,670 

40,000 

16,000 

77,700 

72,410 

3,750 

15,000 

28,000 

18,300 

7,200 

211,600 
................................................................................................................................................................................................................................... 
Grande Ronde River" 16,000 10,000 3,500 2,500 27 ,500 59,500 

Salmon River 

lmnaha River" 5,740 

• 
b 

198,240 

Harvest goal only 

Harvest and spawning goal 

Spawning goal only 

WY-KAN-USH-MI WA-KISH-WIT 

1,150 

77 ,000 152,450 69,500 

vii 

4,315 

57,500 310,695 

NA 

11,205 

6,300 871,685 
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Table 1.2. Survival rates of Snake River spring and fall chinook 
under NMFS and Tribal restoration plans. From Table 5C.2. 

failure of these existing 
mechanisms is a failure 
to act by responsible 
parties. The success of 
these existing institution­
al frameworks requires 
true co-management by 
the tribes instead of 
unilateral decisions by 
the state and federal 
governments . 

LIFE HISIDRY SPRING CHINOOK FALL CHINOOK 
STAGE 

OR Tribal 25-yr Tribal 25-yr 
MORTALITY NMFS Strategy NMFS Strategy 

SOURCE 1995 Plan Option 3 1995 Plan Option 3 

Egg~Smolt .045 .10 .50 . 50 

Juvenile Passage .24 .71 .19 .36 

Early Ocean .16 .16 .20 .20 

Ocean Natural .50 .50 .50 .50 

Ocean Harvest 1.00 1.00 .79 .85 

In-river Harvest .90 .61 .85 .28 

Adult Passage .70 .91 .55 .83 

Pre-spawning .85 .85 1.00 1.00 
............................................................................................................................................................... 

The institutional recom­
mendations propose, for 
the most part, modest 
changes to the 
procedures adopted 
under the authority of 
U.S. v. Oregon and the 
Pacific Northwest 
Electric Power Planning 
and Conservation Act to 
improve harvest and 
production management 
and to coordinate 
policies and resolve 

Lifetime Total (xlO·') 

Spaw11er/Spaw11er 
Ratio 

.46 

1.16 

2.69 

6.74 

Tribal Recommendations 

The tribal plan generally offers three types of 
actions within the recommendations section: 
institutional, technical, and watershed- or sub­
basin-specific. Recommendation descriptions 
and highlights follow. 

Institutional 

The tribal salmon restoration plan urges that 
existing institutional frameworks be used to 
manage and achieve anadromous fish restoration. 
The framework provided by the Columbia River 
Fish Management Plan, Pacific Salmon Treaty, 
Northwest Power Planning Act, and the Federal 
Energy Regulatory Commission provides the 
structure for the sovereign governments of the 
Northwest to plan, coordinate and direct major 
restoration actions. The tribes contend that the 

WY-KAN-USH-MI WA-KISH-WIT 

3.51 

6.04 

3.56 

6.13 

disputes, particularly for 
hydro operations, public 
lands management and 

research. The recommendations attempt to join 
accountability with responsibility for fish restora­
tion by shifting the funding prioritization process 
to the tribes and agencies and transferring certain 
federally funded hatcheries to the tribes. The 
recommendations seek to limit policy barriers to 
the use of artificial propagation as a tool for 
restoration. The institutional changes also ad­
dress private land management by recommending 
support for watershed initiatives and for enforce­
ment of environmental laws. 

viii 

Institutional Recommendations 

1. Rather than create a new federal bureau­
cracy, use the Columbia River Fish Man­
agement Plan, the Northwest Power Plan­
ning Council's Fish and Wildlife Program, 
and orders of the Federal Energy Regula­
tory Commission as a basis for manage­
ment. 
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2. Plan and implement production called for 
in the Columbia River Fish Management 
Plan. 

3. For public lands and water project man­
agement, implement a dispute resolution 
process similar to Columbia River Fish 
Management Plan and Federal Energy 
Regulatory Commission processes. 

4. Establish a new state and tribal fish and 
wildlife entity using Bonneville Power 
Administration funding. 

5. Support ongoing and implement new sub­
basin planning through a Columbia Basin 
watershed trust program. 

6. Base Endangered Species Act listing on the 
status of species throughout a significant 
portion of its spawning and rearing range. 
In the absence of scientific proof, the Na­
tional Marine Fisheries Service should 
withdraw its Evolutionarily Significant 
Unit (ESU) interim policy as a basis for 
Endangered Species Act listings. 

7. Transfer federally funded hatcheries loca­
ted on reservations and at other upriver 
sites to tribal control. 

8. State, tribal and federal fish agencies coor­
dinate and set priorities for research, mon­
itoring and evaluation programs. 

9. Continue development of and make re­
search and monitoring data available 
through a coordinated information system. 

10. Update provisions of the Pacific Salmon 
Treaty and the Columbia River Fish 
Management Plan based on the latest 
survival rate and catch level information. 

11. Continue coordinated harvest law en­
forcement; develop habitat protection law 
enforcement. 

Technical Recommendations 

1. Begin improving in-channel stream con­
ditions for anadromous fish by improving 
or eliminating land-use practices that 
degrade watershed quality. 

2. Protect and increase instream flows by 
limiting additional consumptive water 
withdrawals, using the most efficient ir-
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rigation methods, preventing soil compac­
tion and riparian vegetation removal and 
wetland destruction; where necessary, 
restore soil, restore riparian vegetation and 
re-create wetlands. 

3. Actively restore watersheds where salmon 
populations are in inuninent danger of ex­
tirpation. Use "Coarse Screening Process" 
to develop demonstration projects. 

4. Use supplementation to help rebuild salm­
on populations at high demographic risk of 
extirpation. 

5. Use supplementation to reintroduce salmon 
to watersheds from which they have been 
extirpated. 

6. Use flow, spill, drawdowns', peak effi­
ciency turbine operation, new turbine 
technology, and predator control projects 
to improve inriver juvenile salmon surviv­
al; avoid fluctuations caused by power 
peaking operations. 

7. Protect and restore critical estuary habitat. 

8. Establish Alaskan a.."l.d Canadian ocean 
fisheries based on chinook abundance. 

9. Use stored cold water, additional ladders, 
ladder improvements and ladder mainte­
nance to enhance mainstem adult passage; 
incorporate 24-hour video fish counting. 

10. Improve water quality by eliminating 
sources of toxic pollution that accumulates 
in fish tissue and by reducing discharges of 
other contaminants to meet water quality 
criteria for anadromous fish. 

11. Closely monitor tributary production and 
escapement to improve management. 

12. Conduct research on Pacific lamprey and 
design artificial propagation strategies to 
supplement natural production. 

13. Develop artificial propagation and man­
agement strategies for white sturgeon 
populations above Bonneville Dam. 

Technical 

The tribal technical recommendations are pre­
sented in sets of hypothesis statements that sum­
marize various restoration problems. The 
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hypotheses are organized by salmon life cycle 
stages. Individually, they propose near- and 
long-term actions, identify expected results and 
name the institutional and decisional processes 
required to carry out the recommended actions 

Habitat Restoration 
To protect and recover tributary habitat, the plan 
proposes that land and water users and managers 
meet a series of habitat conditions associated 
with survival rates, for example, 10 % egg-to­
smolt survival for Snake River spring and sum­
mer chinook. The use of the "Coarse Screening 
Process," where applicable, will determine the 
allowable level of watershed impacts. This 
process requires federal and state land and water 
managers to maintain or improve fish habitat. If 
they do not meet the habitat standards - for ex­
ample, water temperatures can be no higher than 
60 • F - land and water managers must take 
action that will achieve compliance. Other 
important Coarse Screening standards include 
limits on the amount of sediment in spawning 
habitat and in streams generally, and the 
establishment of riparian reserves to protect 
vegetation and soils. So that anadromous fish 
are able to again thrive in their natural environ­
ment, other necessary measures are recom­
mended, including reconnecting habitat areas 
that support salmon. Badly degraded habitat 
may be directly downstream or upstream of 
salmon-supporting habitat. As migratory fish, 
salmon require decent habitat throughout their 
life-cycle range. 

Production 
The tribal goal to put fish back in the rivers 
means literally putting the fish back. To do that 
requires returning more of the basin's fish pro­
duction to the rivers and streams where they 
come from. Young salmon, if released at the 
proper time and manner, will return as adults to 
spawn in the same area they were released as 
juveniles. Rather than continuing current 
hatchery rearing and release methods, the plan 
outlines the development of new propagation 
strategies to reestablish naturally spawning sal­
mon runs. With so many Columbia basin stocks 
at such low numbers, supplementation, which is 
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what the tribes call their propagation proposal, is 
now an indispensable part of any restoration 
plan. While accounting for genetic concerns, the 
tribal plan asserts that increasing likelihood of 
further extirpations is in fuct the fur greater 
genetic risk. 

Passage 
In the mainstem Columbia and Snake rivers 
where more than a dozen massive dams domi­
nate riparian habitat, the plan also calls for 
putting the fish back in the river: Young migrat­
ing salmon are now being transported in trucks 
and barges. Stop collecting them for transport, 
the plan urges, and let them swim down the 
river to the ocean on their own. To support 
anadromous fish, mainstem habitat must be 
returned to natural conditions which are linked 
to a 71 % downstream passage survival rate, 
closer to those that existed prior to construction 
of the dams. This can be done by providing 
additional spill and water flows, among other 
measures. The plan recommends actions that 
can begin restoration of mainstem habitat, in­
cluding provisions to address toxic pollution as 
well as provisions for additional spill and water 
flows. The plan also addresses estuary and 
ocean problems. 

Harvest 
Plan recommendations include proposals for 
reducing chinook mortalities in North Pacific 
fisheries and the adoption of abundance-based 
salmon management in ocean fisheries. The 
plan addresses the problem of incidental mortali­
ties and other harvest issues. 

Watershed Actions 

In Volume II of this plan, the subbasin plans that 
were part of the earlier Northwest Power Plan­
ning Council fish and wildlife program have 
been updated and are included as a key part of 
this plan. Detailed recommendations are provid­
ed for 23 major watersheds above Bonneville 
Dam. The measures focus on habitat protection 
and rehabilitation and on returning fish to these 
streams using supplementation techniques. It is 
envisioned that these actions will be accom-

Spirit of the Salmon 

EX5022-000011-TRB



plished through a watershed restoration trust 
fund, under the leadership of the Columbia 
River treaty tribes. 

Economic Context 

In this section, the tribes' plan acknowledges the 
cost of salmon restoration but provides a differ­
ent look at valuation. The tribes contend that 
the people of the Northwest can afford salmon 
restoration and that calculating foregone hydro­
electric cost is not the only measure of the sal­
mon's worth. The annual costs of salmon 
restoration measures are estimated to 

In conclusion, the tribes urge the region to adopt 
a single plan for Columbia Basin anadromous 
fish-one that is mutually acceptable to the four 
tribes, the United States and the states of Wash­
ington, Oregon and Idaho. The tribes ask citi­
zens and their government representatives and 
officials to use this plan and its framework as the 
basis for salmon restoration. 

be half a percent of the region's 
annual personal income. The loss of 
salmon has also meant the loss of 
revenue for tribal economies histori­
cally dependent on salmon with an 
estimated loss for tribal economies of 
billions of dollars so far. The 
estimated annual cost of the plan, 
$195-$325 million, is similar to the 
cost range of the Northwest Power 
Planning Council's Columbia Basin 
Fish and Wildlife Program and the 
National Marine Fisheries Service's 
Snake River Recovery Plan. 

BPA energy-related subsidies. From Table 6.1 

ANNUALSUB-
BPA DISCOUN1S SIDY (1994) 

Bureau of Reclamation irrigation $32. million 
pumping 

Private irrigation pumping $13 .5 million 

Direct Service Industries (primarily $179. million 
aluminum smelting) 

Residential loads of Investor $210. million 
Owned Utilities 

1. Short term: Draw down John Day to minimum operating pool and Lower Granite to 705' mean sea level; 
Long term: Option 1: John Day and Lower Granite to natural river level; 

Option 2: John Day to spillway crest; Ice Harbor and Lower Monumental to natural level; 
Option 3: John Day and four lower Snake dams to natural river level. 
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CULTURAL CONTEXT 

The Columbia River Treaty Tribes 

The Nez Perce Tribe, Confederated Tribes of the 
Umatilla Indian Reservation, Confederated 
Tribes of the Warms Springs Reservation of 
Oregon, and the Confederated Tribes and Bands 
of the Yakama Indian Nation (Figure 2.1) are 
the only tribes in the Columbia Basin to have 
reserved rights to anadromous fish in 1855 
treaties with the United States. 

The people of these tribes have always shared a 
common understanding - that their very exis­
tence depends on the respectful enjoyment of the 
Columbia River Basin's vast land and water 
resources. Indeed, their very souls and spirits 
were and are inextricably tied to the natural 
world and its myriad inhabitants. Among those 
inhabitants, none were more important than the 
teeming millions of anadromous fish enriching 
the basin's rivers and streams. 

Despite some differences in language and cultur­
al practices, the people of these tribes shared the 
foundation of a regional economy based on 
salmon. To the extent the resource permits, 
tribal people continue to fish for ceremonial, 
subsistence, and commercial purposes employing 
- as they always have - a variety of technolo­
gies. Tribal people fish from wooden scaffolds 
and from boats, use set nets, spears, dip nets, 
and poles and lines. Tribal people still maintain 
a dietary preference for salmon, and its role in 
ceremonial life remains preeminent. Salmon is 
important and necessary for physical health and 
for spiritual well-being. 

Today, perhaps even more than in the past, the 
Columbia River treaty tribes are brought togeth­
er by the struggle to save the salmon and by 
shared spiritual traditions such as the first salm­
on feast. 
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The Nez Perce Tribe 

The Nez Perce homeland once consisted of 13 
million acres in what is now Idaho, Oregon, and 
Washington. The original land base included 
significant portions of six different drainages. 
Today, the reservation consists of 750,000 acres, 
of which 13 percent is owned by the tribe. 

The management of land and natural resources 
continues to be paramount for the Nez Perce. 
The tribe is trying to buy back some of the 7. 5 
million acres originally reserved in the 1855 
Treaty with the Nez Perce. The tribe's strong 
fish program employs nearly 50 full-time and 
part-time workers. Nez Perce co-management 
responsibilities extend to the Columbia, Snake, 
Tucannon, Grande Ronde, Imnaha, Clearwater, 
and Salmon drainages. Tribal members fish on 
the Clearwater River, which runs through the 
reservation near its northern and eastern borders, 
and on the Columbia, Rapid, and Selway rivers. 

The General Council, which includes all voting­
age members of the tribe, elects the nine-person 
Nez Perce Tribal Executive Committee 
(NPTEC), the tribe's governing body. The 
tribe's fish and wildlife committee is made up of 
appointed members of NPTEC. The tribe, 
whose enrolled membership is about 3,000, is 
headquartered in Lapwai, Idaho. 

The Confederated Tribes of the Umatilla 
Indian Reservation 

When the leaders of the Walla Walla, Cayuse, 
and Umatilla peoples signed a treaty with the 
United States in 1855, they ceded 6.4 million 
acres of homeland in what is now northeastern 
Oregon and southeastern Washington. Today 
the three-tribe confederation numbers 1,500. 
The 172,000-acre reservation, almost half of 
which is owned by non-Indians, includes signifi­
cant portions of the Umatilla River watershed. 
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Figure 2-1. The Columbia River basin, the four Columbia River treaty tribes and their ceded area. 
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The Umatilla and Grande Ronde rivers have 
been the focus of the tribe's fish restoration 
activities for more than a decade. Under the 
tribe's leadership, salmon were reintroduced in 
the Umatilla river in the early 1980s. The tribe, 
along with the state of Oregon, operate egg­
tak:ing, spawning, and other propagation facili­
ties that are helping restore salmon runs. The 
first fall chinook, spring chinook, and coho 
salmon in some 70 years returned to the 
Umatilla River in 1984. 

In the Grande Ronde watershed, the Umatilla 
and Nez Perce tribes along with state and federal 
agencies developed a state-of-the-art salmon 
habitat restoration plan for the USDA Forest 
Service. Other river basins in which the tribe 
has co-management responsibilities are the Co­
lumbia, Snake, Walla Walla, Tucannon, Grande 
Ronde, John Day, and Imnaha. In recent times, 
tribal fisheries have occurred only on the 
Umatilla and Columbia rivers. 

The Umatilla are governed by the Board of 
Trustees composed of nine members elected by 
the General Council. Tribal headquarters are 
located in Mission, Ort:gon. 

The Confederated Tribes of the Warm 
Springs Reservation of Oregon 

A 640,000-acre reservation in north central 
Oregon is home to a confederation of three 
tribes: the Warm Springs, Wasco, and Paiute 
tribes. The Warm Springs Tribe is made up of 
the Upper Deschutes (Tygh), Lower Deschutes 
(Wyarn), Tenino, and John Day (Dock-spus) 
bands. The Wasco tribe is made up of The 
Dalles (Ki-gal-twal-la) and Dog River bands. 
Several Paiute bands from southeastern Oregon 
were removed to the Warm Springs Reservation 
in 1869. In 1855 the Warm Springs and Wasco 
tribes treated with United States in the Treaty 
with the Middle Oregon Tribes of Oregon. In 
the treaty, l 0 million acres of aboriginal lands 
were ceded to the United States. Today, the 
enrolled membership of all three tribes totals 
nearly 3,000. Most members reside on the 
reservation. 
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The reservation government is led by an 11-
member tribal council. Three are chiefs who 
serve life terms, and the remaining eight are 
elected from reservation districts for 3-year 
terms. The Warm Springs Tribe co-manages the 
Columbia, Deschutes, Fifteenmile Creek, John 
Day, and Hood River watersheds. The U.S. 
Fish and Wildlife Service operates a chinook 
hatchery on the reservation. Tribal headquarters 
are in Warm Springs, Oregon. 

The Cascade Mountains flank the reservation on 
the west, and the Deschutes River forms its 
eastern border. The river now supports spring 
chinook, fall chinook, and steelhead. Tribal 
members still fish with dip nets and set nets 
from wooden scaffolding al the falls near Sherars 
Bridge. 

The Confederated Tribes and Bands of the 
Yakama Indian Nation 

Mount Adams, the Klickitat River, and the 
Yakima River are among the defining features of 
the 1.2 million-acre Yakama Indian Reservation 
in south central Washington. In the 1855 Treaty 
with the Yakama, 14 bands and tribes ceded 
11.5 million acres to the United States. The 
bands and tribes in the Yakama confederation 
are the Kah-milt-pah, Klickitat, Klinquit, Kow­
was-say-ee, Li-ay-was, Oche-chotes, Palouse, 
Pisquose, Se-ap-cat, Shyiks, Skinpah, 
Wenatshapam, Wishram, and Yakama. 

Today, representatives of the 14 bands and tribes 
make up the Yakama Tribal Council. A general 
council includes all tribal members over 18 years 
of age. The tribe, which uses an interdisciplin­
ary and sustainable approach to care for the land 
and natural resources, operates a fisheries pro­
gram with approximately 40 employees. Among 
its fisheries projects is its unique work with the 
US Department of Energy to use abandoned 
intake settling ponds at the Hanford Nuclear 
Reservation to acclimate about 500,000 fall 
chinook juveniles before releasing them into the 
Columbia. (The concrete pools were tested and 
found to have no contamination.) The Yakama 
Indian Nation co-manages the Columbia, Wind, 
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White Salmon, Klickitat, Yakima, Wenatchee, 
Methow, Entiat, and Okanogan rivers. 

The tribe has usual and accustomed fishing 
places in many locations in the Columbia River 
Basin and some outside the basin. Salmon con­
tinue to be the lifeblood of the nearly 8,400 
Yakama tribal members. 

The Importance of Salmon to the Tribes 

• Salmon are part of our spiritual and cultur­
al identity. 

• Over a dozen longhouses and churches on 
the reservations and in ceded areas rely on 
salmon for their religious services. 

• The annual salmon return and its celebra­
tion by our peoples assure the renewal and 
continuation of human and all other life. 

• Historically, we were wealthy peoples 
because of a flourishing trade economy 
based on salmon. 

• For many tribal members, fishing is still 
the preferred livelihood. 

• Salmon and the rivers they use are part of 
our sense of place. The Creator put us 
here where the salmon return. We are 
obliged to remain and to protect this place. 

• Salmon are indicator species: as water 
becomes degraded and fish populations 
decline, so too will the elk, deer, roots, 
berries, and medicines that sustain us. 

• As our primary food source for thousands 
of years, salmon continue to be an essential 
aspect of our nutritional health. 

• Because our tribal populations are growing 
(returning to pre-1855 levels), the needs for 
salmon are more important than ever. 

• The annual return of the salmon allows the 
transfer of traditional values from genera­
tion to generation. 

• Without salmon returning to our rivers and 
streams, we would cease to be Indian 
people. 
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A Tribal Tradition 
of Sound Fish Management 

The native peoples of the Columbia River Basin 
have always revered the way the Creator took 
special care of nature and the way nature obeyed 
the Creator. This was a perfect mystery. For 
that reason, Columbia River tribes found it easy 
to embrace the concept of stewardship. For 
them, stewardship extends respect for life be­
yond the dignity of the human person to the 
whole of creation. That respect involves the 
responsibility to honor what the Creator pro­
vides. As long as nature is taken care of, nature 
will take care of the people. The tribes continue 
to acknowledge this traditional wisdom. 

The tribes developed "gravel-to-gravel" manage­
ment principles from this traditional wisdom. 
Gravel-to-gravel management acknowledges the 
relationship between the biology of the fish, the 
degree of human pressures on them, and the 
condition of their physical environment through­
out all life history stages. It is an ecologically 
sound approach that is at the same time sacred 
and regulatory. 

In non-Indian parlance, traditional wisdom is 
systems thinking. It is a discipline for seeing 
wholes, recognizing patterns and interrelation­
ships, and learning how to structure human 
actions accordingly. 

This way of thinking is the foundation of the 
recommendations for salmon restoration. The 
recommendations are intended to harmonize 
what Indian people know about the basin's 
natural environment, what humans have imposed 
on that environment, and what can be done 
to create a balanced and sustainable existence. 

Tribal management begins with a recognition of 
nature's bounty as a gift from the Creator. 
They are humbled by the salmon's fuithful return 
to the rivers to serve human and other needs. 
Tribal people celebrate nature's preeminence and 
the need for human society to harmonize itself 
with the structures and rhythms of nature. They 
believe that everything in nature has a purpose, 
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whether or not humans know the purpose. 
Today tribal respect for nature is evidenced in 
time-honored ceremonies such as the seasonal 
first-food feasts held each year, when the human 
world stops to honor the return of nature's gifts. 

In the native cultures of the Columbia Basin, 
food and water were never taken for granted, as 
they often are in today's society. Tribal society 
recognized that food and water are al ways mat­
ters of survival and of spiritual well-being. 

Today people are often far removed from the 
sources of their food and drinking water. Very 
few are engaged in growing or gathering food 
for the table, and a growing number are no 
longer even involved in food preparation at 
home. Under such circumstances, it becomes 
difficult to appreciate our place in the natural 
cycles of life. Contemporary society is removed 
from what traditional native thinkers of the 
Columbia Basin called the "connectedness" or 
"connection of all life." 

Indian culture and religion are attentive to the 
human place within nature. A drink of water, 
the aroma of roasting salmon, or a bite of the 
crispy kouse (root) are ordinary reminders that 
all humans are dependents of nature. As we are 
served, we must also serve. 

The complexity of human minds was simplified 
in the indescribable beauty of songs that ex­
pressed a culture based on the fundamentals of 
love, purity, respect, and worship which sus­
tained life for natives before the time of Chris­
tianity, Judaism, or any other of the great world 
religions. This strength should not be lost. 

Many laws and rules were the subject of the 
hundred or more songs that the people knew. In 
them were instructions on how to live, expressed 
in "a way that opens your mind up." Some 
explained that as "the givers of life," the salmon, 
the deer, the roots, and the berries must be 
enjoyed as food and in ceremony. How water 
and the four great foods are to be honored and 
cared for are also prescribed in the songs. 
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Non-Indian attempts to subjugate nature and the 
resulting spiritual bankruptcy are what many 
Indian people and others believe are among the 
root causes for many current environmental and 
social problems, including the salmon crisis. 

Perhaps nowhere are the differences in the Indi­
an and non-Indian ways of relating to nature 
more evident than in the treatment of water. 
The tribes have always regarded water as a 
medicine because it nourishes all of life. Water 
flushes poisons out of humans, other living 
creatures, and the land. Traditional culture 
teaches that to be productive, water must be kept 
pure. When water is kept pure and cold, it takes 
care of the salmon. It takes care of humans as 
well. Water that cannot take care of salmon 
cannot take care of humans. 

Non-Indians, on the other hand, have used the 
water without fully understanding that it must be 
treated with respect to remain powerful. By 
causing the water to warm, by restricting its 
flow and by putting pollutants in it, they have 
made the water sick. It can no longer be used as 
a cleansing agent. The water is so inhospitable 
that at times it can no longer take care of the 
salmon. 

After European-introduced diseases took their 
toll, after treaties and the reservation system 
were finnly installed, and as non-Indian cultural 
domination spread, a great deal of tribal "ency­
clopedic" knowledge of the natural and spiritual 
world was lost. What is known comes from 
tribal elders, from the study of the language and 
culture, from records, and from other analytical 
sources. 

What is known, for example, is that hundreds 
and hundreds of plants, animals, and geographic 
locations were identified. Each of these plant 
and animal species had a particular purpose or 
use. Tribal people knew their characteristics and 
properties, the habitat and environmental condi­
tions in which they could be found, and the 
ritual and practical methods for using and pre­
serving them. For animals, tribal people also 
understood migration, nesting, and mating 
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habits. For plants, they knew when, where, and 
which varieties could be picked. 

Different types of biogeographic formations (of 
water and land) were distinguished. Plants, 
animals, and especially places were also reposi­
tories for historical, social, and spiritual lessons. 
This knowledge and more was transmitted to 
succeeding generations as part of their inheri­
tance. 

With regard to fish, each species was known by 
its shape, size, color, taste, and swimming and 
jumping abilities. Tribal people differentiated 
between anadromous and non-anadromous fish. 
In their taxonomy, steelhead are considered one 
of the salmon (nusux) by virtue of their 
anadromous habits, their size, and other charac­
teristics. 

Traditional tribal experts could distinguish 
among stocks of salmon. That is, they could tell 
for which tributary a run of salmon was des­
tined. Tribal experts could predict the arrival of 
salmon by observing, for example, the new 
growth of grasses and shrubs. 

Within the context of their systems frame of 
reference (i.e., their ecological and spiritual 
values), tribal people applied this extensive 
knowledge to fisheries practices and manage­
ment. Today, tribal people use some of the 
same methods that were used for thousands of 
years. Rules and regulations, management 
areas, law enforcement, and research and analy­
sis (the accumulated observations and interpreta­
tions described above) were all integral parts of 
tribal resource management. The result was that 
for thousands of years, and until the arrival of 
non-Indians, tribal leaders managed their re­
sources successfully. The people fished, and the 
salmon returned. 

The mainstem Columbia River was divided into 
territories, each with its own regulatory body. 
For example, on either side of the Celilo Falls 
fishing area were important territories. Down­
stream were Big Eddy and the Great Cascades, 
and upstream, a fishery was centered around 
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what was later called John Day Falls. Among 
the tribes and bands who fished the river there 
was general recognition of each other's areas, 
who fished there, and when. Although fishing 
rules varied according to area, they were similar 
and were usually enforced by a headman (some­
times referred to as a salmon chief) and his 
committee. 

More is known about the Celilo Falls fishery 
because it was in continuous use until 1957. It 
was the last major fishing area in the Basin to be 
inundated by backwaters from dam construction. 
At Celilo, the headman was responsible for 
conducting an orderly fishery in compliance with 
the traditional laws of his people so that the 
salmon returned year after year. 

Following the traditional law, the headman 
determined when and how long fishing occurred. 
For example, no fishing could take place until 
the first salmon feast was held. The headman 
determined when the feast would occur. To 
prevent over-harvest, fish were caught at their 
prime. A fisherman was to catch only what was 
needed for food or for trade. Wasting fish or 
parts of fish was prohibited. Even the head and 
backbone were used; they were, for example, 
made into a soup. Night fishing was prohibited 
to allow upstream-destined salmon to continue to 
spawning grounds. 

To maintain an orderly fishery, a headman, 
along with his committee, enforced other regula­
tions. They often dealt with matters such as 
property rights, standards of behavior, polluting 
the water, or safety. Fishing sites were individ­
ually owned and were inherited. Owning a site 
did not mean that only one family would benefit. 
Unwritten but understood ethics of sharing dic­
tated an owner allow another the opportunity to 
catch at least one fish or might require that 
preference be given to elders. However, a 
nonowner always sought permission to use 
another's site. For rule breakers, there were 
punishments, often involving banishment from 
the fishing area for a day, a fishing season, or in 
extreme causes, longer. 
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It is important to note that tribal people did not 
rely exclusively on salmon. Such a reliance 
would not have been very practical. Fishing was 
mostly an intermittent spring-to-early-full activi­
ty. Most places were fished only during certain 
times of the year. 

Rather than being permanently located in fishing 
villages, most of the people of the Columbia 
Basin made the seasonal round. At each place, 
they carefully appropriated nature's abundance 
and moved on. Seasonal movement avoided 
overuse of resources and abuse of the environ­
ments that supported them. A typical seasonal 
round took village members from their winter 
lodges near the rivers, to root-digging fields, to 

fishing areas, to the mountains for summer 
recreation and berry picking, to the big river for 
fishing and other activities, and back again to the 
winter lodge. 

During winter, village leaders made what we 
now call resource management plans. Based on 
accumulated knowledge and current observations 
such as weather, water conditions, animal behav­
ior, and other data, they planned for the next 
year's seasonal round. Evolving over thousands 
of years, the seasonal round - with significant 
dependence on fisheries - was a successfully 
managed, sustainable lifestyle compatible with 
the basin's enviromnent. 

Table 2.1. A summary of significant events affecting Columbia River Basin anadromous fish 
resources and the tribes' rights to fish. 

Time Indian people lived in the Columbia River Basin for thousands of years, with salmon as a foundation 
Immemorial for their culture, economy, and religion. 

1800s During this period, the Priest Rapids prophet Smohalla leads a revival of the traditional Indian religion 
in which the salmon feast is a vital part. 

1805 The Lewis and Clark expedition travels down the Columbia River. fudian society comprised at least 
100,000 mostly Sahaptin- and Chinookan-speaking peoples. According to conservative estimates, 
salmon harvest approximated 42 million pounds annually with average yearly run sizes of 10-16 million 
fish. 

1855 Treaties are signed with the Columbia River tribes in which the tribes (Nez Perce, Umatilla, Warm 
Springs, and Yakama) cede most of their lands, but reserve exclusive rights to fish within their 
reservations and the right to fish "at all other usual and accustomed places." 

1872 Congress passes the Mining Laws Act, which leases mining claims on public lands for annual tees of 
$2.50-$5.00 per acre, regardless of the amount of environmental damage incurred or profit made. In 
the John Day, Salmon, and other river basins, mining in the late 1800s so devastated salmon habitat 
that it has still not recovered. 

1877 The first hatchery (of about 100 propagation facilities today) is established in the Columbia River Basin 
on the Clackamas River. 

1905 The first major fishing rights case reaches the Supreme Court. In US. v. Winans, the 
Justices hold that treaty Indians have the right to cross non-Indian lands to fish at 
"usual and accustomed" places, and that the treaties are to be interpreted the way Indians had 
understood them. 

1910 Over two million acres of farmland are irrigated. Missionaries in the early half of the nineteenth 
century were the first to withdraw water for irrigation. Today 28 million acre-feet of water are 
diverted for irrigation each year. 
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Table 2.1. (continued) 

191-8 The Washington/Oregon Columbia River Compact is formed by Congress to regulate commercial 
fishing activities on shared waters of the Columbia River. 

1924 Congress grants Indians United States citizenship and the right to vote. 

1933 Rock Island Dam, the first dam on the mainstem Columbia River, is completed. 

1934 Congress passes the Tuylor Grazing Act in response to extremely poor conditions on Western 
rangelands caused by decades of overgrazing. Sixty years later the Bureau of Land Management and 
the U.S. Forest Service conclude that riparian areas in federal rangelands remain highly degraded, but 
the Clinton administration's rangeland reform is dropped because of political pressure by the cattle 
lobby. 

1938 Bonneville Dam, the farthest downstream dam on the Columbia River, is completed. 

Congress authorizes formation of the Bonneville Power Administration to market power from 
Bonneville and other federal dams on the Colu~bia. Congress also passes the Mitchell Act. which 
promises that fish lost because of the dams would be mitigated with the help of hatcheries. 

1940-60 Passage barriers were installed to prevent lamprey (eels) from using fish ladders at Bonneville Dam. 
However, lamprey continue to migrate upstream through navigation locks. 

1941 Grand Coulee Dam is completed. This structure blocks salmon access to 1,100-miles of spawning 
areas, including most of the areas used by sockeye in the upper Columbia River Basin. 

1942 In Tulee v. WJ.shington, the Supreme Court decides that Indians with tribal treaty rights cannot be 
required to buy state fishing licenses. The state could, however, regulate treaty fisheries for conserva­
tion. 

1944 The Department of Defense begins using the Columbia to cool eight nuclear reactors at the Hanford 
Nuclear Reservation, an area adjacent to the Columbia above the confluence with the Snake. While the 
cooling ended in 1971, the contamination continues as the legacy of accidental spills, intentional 
dumping, and routine discharges from nuclear materials processing facilities. So fur, 1,400 contami­
nated sites, including 120 square miles of groundwater, have been identified. 

1948 State and federal agencies begin implementing the Mitchell Act. In doing so, they place or fund almost 
all the hatcheries (36 of 38) below The Dalles Dam (26 of these are below Bonneville), where 
non-Indians fish, rather than in the upriver areas where Indians fish and where salmon were being 
destroyed by dams. 

1957 The Dalles Dam, which floods the major Indian fishing area on the Columbia - Celilo Falls, is 
completed. 

1963 Affirming the federal district court's ruling in Confederated Tribes of the Umatilla Indian Reservation 
v. Maison, the appeals court found that the state could not restrict off-reservation treaty fishing unless 
the restrictions were indispensable to conservation. 

1964 The last treaty commercial fishery for summer chinook occurs. 
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Table 2.1. (continued) 

1964-65 During a series of winter storms, massive landslides from logging roads and clearcuts inundate the 
South Fork Salmon River watershed with sediment, drastically reducing salmon survival in the South 
Fork, which was until then the single largest producer of summer chinook in the Snake River Basin. 

1967 With the completion of Hells Canyon Dam, it and seven other dams on the upper Snake River b1ock 
600 miles of tributary and mainstem salmon habitat. 

1968 fuurteen members of the Yakama tribe file suit (Sohappy v. Smith) against Oregon's regulation of 
off-reservation fishing. The United States and Yakama, Warm Springs, Umatilla, and Nez Perce tribes 
file a related lawsuit, United States v. Oregon. The federal court hears the two cases together and 
then, in 1978 closes Sohappy v. Smith. The court, however, continues its jurisdiction in U.S. v. 
Oregon to the present day. 

1969 In deciding Sohappy v. Smith!U.S. v. Oregon, Federal District Judge Robert Belloni recognizes the 
rights of the tribes to fish at all usual and accustomed places and rules that the tribes are entitled to a 
"fair shareN of the fish runs. The Belloni decision holds that the state is prohibited from discriminating 
against treaty fishing and that state power is limited in regulating treaty Indian fisheries, i.e., the state 
can regulate only when "reasonable and necessary for conservation. N 

U.S. Army Corps of Engineers conducts its last year of lamprey counts at mainstem dams. At 
Bonneville the count is 380,000. 

1970 With the continuing decline in salmon runs, commercial sturgeon fishing becomes vital to many tribal 
fishers. 

1972 Congress authorizes the Clean Water Act to restore the biological, physical, and chemical integrity of 
the nation's waterways. 

1973 The Endangered Species Act, which defines protection for species that are threatened or endangered, as 
defined by the Act, is passed. 

1974 In U.S. v. Vifuhington (Boldt decision), Judge Boldt mandates that a "fair share" was 50 percent of the 
harvestable fish destined to pass the tribes' usual and accustomed fishing places and reaffinns tribal 
management powers. 

In Settler v. Lameer, the federal court rules that the treaty fishing right is a tribal right, not an 
individual right, and that tribes reserved in treaties the authority to regulate tribal fishing on and off the 
reservations. 

1975 Judge Belloni applies 50/50 principle to Columbia River fisheries in U.S. v. Oregon. 

Anny Corps of Engineers completes the last (Lower Granite Dam) of four lower Snake River dams, 
bringing to 13 the total number of Columbia and Snake river dams that salmon can still pass. The 
dam's completion enabled Lewiston, Idaho to become the most inland port (465 miles) on the West 
Coast. 
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Table 2.1. (continued) 

1976 The National Forest Management Act passes. This requires national forests to develop plans to 
manage forests consistent with protection of soils, vegetation, water quality, and aquatic habitat needed 
to provide viable fish and wildlife populations. 

The Magnuson Fishery Conservation and Management Act asserts exclusive U.S. management 
authority and establishes regional management councils to oversee ocean fisheries 3-200 miles offshore. 

The Lower Snake River Compensation Program authorizes mitigation for losses caused by the 
construction of the four federal dams on the le .ver Snake River. Spring chinook, summer chinook and 
steelhead are the focus of artificial production programs; fall chinook are moved downstream into 
Washington; and coho and sockeye are ignored. 

1977 Under the jurisdiction in U.S. v. Oregon, the federal court orders a five-year plan to set up an inriver 
harvest sharing formula between non-Indian and Indian fisheries. The plan failed, however, because it 
did not include specific controls on ocean harvests or measures to replace runs destroyed by develop­
ment. 

The Nez Perce, Umatilla, Wann Springs and Yakama tribes form the Columbia River Inter-Tribal Fish 
Commission (CRITFC) as a foruin to coordinate their actions and to provide fisheries technical 
services. 

The last treaty commercial fishery for spring chinook occurs. Because of declines, treaty fishing on 
spring chinook has since been limited to ceremonial and subsistence fishing. 

1979 The Supreme Court upholds U.S. v. llbshington. 

Columbia River, Puget Sound, and Washington coastal tribes sue the Secretary of Commerce over 
ocean fishing regulations because a large percentage of treaty fish were being caught in waters 
managed by the Department of Commerce. Columbia River tribes also sued in 1980, 1981, and 1982 
(Confederated Tribes et al. v. Kreps; Yakima et al. v. Klutznik; Hoh v. Baldrige; and Yakima t!t al. v. 
Baldrige). The federal government was shown to have a legal obligation to regulate the ocean fishery 
to ensure that a reasonable number of salmon reached tribal fishing places on· the Columbia River. 

1980 Congress passes the Pacific Northwest Electric Power, Planning and Conservation Act, establishing the 
Northwest Power Planning Council with members from Oregon, Washington, Idaho, and Montana. 
The act requires the Council to develop a fish and wildlife protection and restoration program. 

The Federal District Court issues the U.S. v. Wishington (Phase Il) decision that affirmed a right to 
protection of fish habitat subject to treaty catch and a right to fish produced by artificial production. 

Congress passed the federal Superfund law in response to concerns over abandoned toxic waste sites. 
In the 15 years since, at least 43 sites in the Columbia River Basin have fallen under the act. Other 
pollution problems exist at pulp and paper mills, metals production facilities, lumber mills, food 
manufacturing facilities, and power-generating plants. 

1981 The Nez Perce, Umatilla, Warm Springs, and Yakama tribes establish their own inter-tribal law 
enforcement arm, the Columbia River Inter-Tribal Fisheries Enfurcement, in Hood River, Oregon. 

In their recommendations for the Northwest Power Planning Council fish and wildlife program, the 
Nez Perce, Umatilla, and Yakama tribes propose building their own salmon production facilities. Of 
the three facilities, only the Umatilla project, in partnership with the Oregon Department of Fish and 
Wildlife, has been funded. The Nez Perce and Yakama projects are still being studied and planned 
while at least 20 other hatchery facilities have been built since the tribal proposals. 
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Table 2.1. (continued) 

1982 The Northwest Power Planning Council adopts the Columbia River Basin Fish and Wildlife Program, 
drawing heavily on recommendations made by the four Columbia River tribes. (The program has been 
amended numerous times since its inception, however, and many of the tribes' recommendations have 
been filtered out.) 

1983 Nez Perce, Umatilla, and Yakama tribes initiate challenges to forest plans and timber sales in the 
basin's national forests when those plans and sales threaten to damage fish habitat. Since then, more 
than 30 have been filed. 

1984 Salmon released from Umatilla Hatche1y facilities in 1981 return to the Umatilla River. These are the 
first salmon to return since passage was blocked by an irrigation dam in 1914. 

1985 The United States and Canada sign the U.S.-Canada Pacific Salmon Interception Treaty, which 
Congress later ratified. The treaty sets up a process for managing ocean salmon fisheries according to 
conservation and equity principles and includes the tribes with other government fish managers. fur 
several years, the treaty resulted in reduced Canadian and Alaskan catches of Columbia River chinook. 

1986 Total salmon run size to the Columbia River is 2.9 million. One million upriver salmon are counted at 
Bonneville Dam. 

1988 The Columbia River Fish Management Plan is adopted by the federal court, and includes a detailed 
harvest and fish production process under the authority of U.S. v. Oregon. 

1990 The four tribes and CRITFC P-nter into a cooperative agreement with the Environmental Protection 
Agency to survey tribal fish consumption. The survey, released in October 1994, determined potential 
health impacts to tribal members from. consumption of contaminated fish. A second phase, scheduled 
to begin in 1996, involves sampling fish tissue to detennine the level of toxins in Columbia Basin fish. 

Regional leaders, convening a Salmon Summit to find solutions to salmon crisis, fail to come up with 
.any agreement. 

1991 Sockeye from the Columbia's largest tributary, the Snake River, are the first salmon to be listed as 
endangered by the National Marine Fisheries Service under the Endangered Species Act as a result of a 
petition from the Shoshone-Bannock tribe. 

Umatilla tribe submits first lamprey restoration proposal to Northwest Power Planning Council fish and 
wildlife funding process. 

The Environmental Protection Agency orders eight of the 19 pulp mills in the Columbia River Basin to 
reduce dioxin discharges by 85 percent. The eight, bleach-kraft pulp mills, produce dioxin as a result 
of using chlorine bleach. 

1992 Snake River spring, summer, and fall chinook are listed as threatened under the Endangered Species 
Act. 
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Table 2.1. (continued) 

1993 The U.S. State Department puts the U.S. Section of the Pacific Salmon Commission on notice that it is 
in jeopardy of not meeting its international requirements under the U.S./Canada Pacific Salmon 
Interception Treaty with regard to chinook salmon. This is in response to the failure of the two sides 
to reach a harvest agreement on chinook in 1992. The two sides have failed to reach harvest 
agreements on any species since. 

The Columbia's total salmon run size drops to 9o0,000. The upriver portion, counted at Bonneville 
Dam, amounts to 600,000 salmon. The tribes now have only one remaining commercial fishery: tl:: 
fall season. 

Federal Judge Dwyer holds that Environmental Protection Agency and Idaho Department of Environ­
mental Quality acted arbitrarily and capriciously in failing to list many Idaho streams as "water quality 
limited" under the Clean Water Act. Subsequently, more than 900 streams were added to Idaho's list 
of streams that fail to fully support beneficial uses, such as salmon spawning and rearing. 

1994 In Northwest Resources Information Center, et al. v. Northwest Power Planning Council, the federal 
appeals court rules in favor of the Yakama Tribe's claim that the Council violated the power act in 
developing its Strategy for Salmon and remands the salmon plan back to the Council. 

In Idaho Department of Fish and Game v. National Marine Fisheries Service, the federal court rules 
that the National Marine Fisheries Service's biological opinion of "no jeopardy" regarding hydrosystem 
operations on the Columbia and Snake rivers violates the Endangered Species Act. The judge orders 
the parties to develop appropriate changes in dam operations. 

The Northwest Power Planning Council publishes its 1994 amendments to the Columbia River Basin 
Fish and Wildlife Program. 

At 9,800 fish, the upriver spring chinook run is the lowest on record. None of the tribal longhouses 
(places of traditional Indian worship) have enough salmon for their ceremonies. 

1995 The National Marine Fisheries Service released its proposed Recovery Plan for Snake River Salmon. 
The recommended actions will not result in salmon restoration, according to tribal analysis. 

Nez Perce, Umatilla, Warm Springs, and Yakama tribes release their own fish restoration plan: 
Wy-Kan-Ush-Mi WI-Kish-Wit. 
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BIOLOGICAL PERSPECTIVE 

The Problem 

Before the treaties were signed, the tribes en­
joyed the bounty of a land blessed with abundant 
resources upon which their culture depended. 
Some of the most important were the rich assem­
blage of anadromous fish populations in the 
rivers of the basin. Salmon populations were 
numerous and represented five species: chinook 
(Oncorhynchus tshawytscha), coho (0. kisutch), 
steelhead and rainbow (0. mykiss), sockeye and 
kokanee (0. nerka), and chum (0. keta). The 
Columbia Basin supported the Pacific's largest 
run of chinook, or king salmon, known to weigh 
as much as 125 pounds and measure more than 
five feet in length (Brown 1982). Other impor­
tant native anadromous species included the 
lamprey (Lampetra tridentata) and white stur­
geon (Acipenser transmontanus). Other fish 
species were also utilized. 

This lifestyle, and the fisheries upon which it 
depended, were reserved by the tribes when they 
signed treaties with the United States. While 
yielding control of vast tracts of land, the tribes 
retained ownership of the salmon runs so vital to 
their culture. These treaties, though challenged 
often, have been reaffirmed repeatedly as legally 
binding documents in numerous court decisions. 

Now the salmon are disappearing. The eels 
cannot be found in much of their former territo­
ry. Sturgeon are less abundant and populations 
have become fragmented. What could not be 
done legally in the past, is now being done in 
practice by the widespread mismanagement of 
natural resources. The treaties are being ignored 
and broken. 

Current Status of Anaclromous Fish 
in the Columbia River Basin 

As long as the resources on which salmon, 
Pacific lamprey, and white sturgeon depended 
were maintained - i.e., the cool, clear waters, 
complex stream systems, and the interconnected-
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ness of the parts - these anadromous species 
prospered and enabled the Indians of the Colum­
bia River Basin to prosper as well. As indicated 
below, much of this has changed drastically in a 
relatively short time. 

Salmon 

During the last century in the Columbia River 
Basin, salmon runs, once the largest in the 
world, have declined over 90%. The 7.4-12.5 
million average annual number of fish above 
Bonneville Dam has dropped to 600,000. Of 
these, approximately 350,000 are produced in 
hatcheries (ODFW and WDFW 1990-1994). 

Spawning salmon populations in the Columbia 
River produced enough offspring historically to 
replace themselves fivefold; now, however, the 
magnitude of cumulative mortality impacts is so 
large that these species are biologically unable to 
compensate, and populations cannot replace 
themselves on a consistent basis. Many salmon 
stocks have been extirpated from major portions 
of their historical range (Table 3.1). Further­
more, the majority of Columbia River Basin 
natural salmon populations are on a downward 
trend, and many are approaching extirpation 
(CRITFC 1992a). Snake River chinook and 
sockeye have been listed under the federal En­
dangered Species Act. What is considered to be 
a local population today may simply be a frag­
ment of what was once a larger, continuous 
historical population. Declines in natural pro­
duction are indicated generally by declining 
numbers of redds in tributary streams. 

Pacific Lamprey 

Since the completion of the hydropower system 
in the Columbia Basin, numbers of Pacific lam­
prey have declined dramatically compared with 
historical levels of abundance and distribution. 
For example, the name of the ancestral Nez 
Perce village Hasotino (located on present day 
Asotin Creek), means "the great eel fishery" 
(Spiden 1908). Counts at Bonneville Darn have 
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Table 3.1. Extirpated (111) or badly damaged and declining (D) Columbia River salmon 
populations above Bonneville Dam. Revised from CRITFC 1992. 

SOCK-~~c_H_IN_o~o_K~~ 
SUBBASIN TRIBUTARY EYE Spring Summer Fall COHO CHUM 

LoWER COLUMBIA RIVER MAINSTEM (Bonneville Dam ~ McNary Dam) 

Wind River Wind R. D 

Hood River 

Klickitat River 

Deschutes River 

John Day River 

Hood R. 

Klickitat R. 

Deschutes R. 
Shitike Cr. 
Suttle L. 

Middle Fk J.D. R. 

Ill 

D 

D 
Ill 

D 

D 

D 

MID-COLUMBIA RlvER MAINSTEM (McNary Dam ~ Chief Joseph Dam) 

Walla Walla River Walla Walla R. 

Yakima River 

Touchet R. 

Yakima R. 
Teanaway R. 
Rattlesnake Cr. 
Cle Elum L. 
Keechelus L. 
Kachess L. 
Bumping L. 
Naches R. 

Wenatchee River Wenatchee R. 

Entiat River 

Methow River 

Okanogan River 

L. Wenatchee R. 
Icicle Cr. 
Nason Cr. 

Entiat R. 

Methow R. 
Early Winters Cr. 
Lost R. 
Twisp R. 

Okanogan R. 

Ill 
Ill 
II 
II 

Ill 
Ill 

D 
D 

D 
D 

D 

D 
D 

Ill 

Ill 

Ill 
Ill 

LoWER-SNAKE RIVER MAINSTEM (lee Harbor Dam ~ Hells Canyon Dam) 

Snake R. D 
Asotin Cr. D 
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Ill 

Ill 

Ill 
Ill 

Ill 

Ill 

1111 

Ill 
Ill 

Ill 

Ill 

Ill 

Ill 
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Table 3 .1. (continued) 

SUB BASIN TRIBUTARY 

Clearwater River Clearwater R. 

Grande Ronde 
River 

Salmon River 

Imnaha River 

WY-KAN-USH-MI WA-KISH-WIT 

Selway R. 
Bear Cr. 
Fish Cr. 
Clear Cr. 
Orofino Cr. 

Grande Ronde R. 
Spring Cr. 
Bear Cr. 
Sheep Cr. 
Hurricane Cr. 
Indian Cr. 
Wallowa R. 
Wallowa L. 
Lookingglass Cr. 
Wenaha R. 
Minarn R. 
Lostine R. 
Catherine Cr. 
Prairie Cr. 

Lower Salmon R. 
Little Salmon R. 
Upper Salmon R. 
Upper Yankee Fk. 
Upper Valley Fk. 
Lower Valley Cr. 
Upper East Fk. 
Lower East Fk. 
Herd Cr. 
Panther Cr. 
Rapid R. 
Pahsimeroi R. 
Loon Cr. 
Pettit L. 
Yellowbelly L. 
Stanley L. 
Alturus L. 
Redfish L. 

Imnaha R. 
Big Sheep Cr. 
Lick Cr. 

CHINOOK 
SOCK-~~~~~~-
EYE Spring Summer Fall COHO CHUM 

1111 

Ill 
1111 

1111 

1111 

1111 

3-3 

1111 

D 
D 

D 
11111 

D 
1111 

D 
11111 

D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
Ill 
D 
D 
D 

D 
D 
D 

D 

D 

D 

1111 D 

1111 

1111 

Ill 

1111 

11111 

Ill 
Ill 
Ill 
1111 

1111 
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exceeded 300,000 lamprey in the past (Starke 
and Dalen 1995). These counts include only 
those fish that passed the counting station during 
the 18 hours of counting, i.e., they do not in­
clude lamprey that passed through navigation 
locks or at night. Counts of Pacific lamprey 
returning over lower Snake River dams were in 
the thousands in 1969, but declined to hundreds 
by 1978 (Hanunond 1979) and numbered only 
40 individuals total in 1993 (L. Basham, Fish 
Passage Center, Portland, personal communica­
tion 1994). Although tribal proposals for lam­
prey recovery have been submitted since 1991, 
lamprey were not considered high priority when 
compared to salmon stocks. At this time no 
active studies have been funded for lamprey 
research. 

White Sturgeon 

Colonization of the Columbia Basin by white 
settlers profoundly affected the sturgeon popula­
tions and habitat. Like other North American 
sturgeon populations, Columbia Basin white 
sturgeon were commercially exploited for their 
flesh and eggs (Bajkov 1949; Smith 1990). 
Prior to purposeful commercial harvest, vast 
numbers were simply killed because they dam­
aged gear of commercial salmon fishers. Once 
a market was established, white sturgeon were 
commercially harvested from the lower Colum­
bia River by 1894 (Galbreath 1985). 

White sturgeon populations today are consid­
erably reduced, even though they are still found 
throughout much of their historical habitat 
(PSMFC 1992). Hydroelectric development on 
the Columbia and Snake rivers has created a 
series of reservoirs, which trapped and separated 
the single historical white sturgeon population 
into a number of separate land-locked (reservoir) 
populations (North et al. 1993. Populations 
above Bonneville Dam are characterized by the 
following river reaches: (1) Lower Columbia 
River above Bonneville Dam, (2) Mid-Columbia 
River, and (3) Lower Snake River. 

(1) The area located between Bonneville and 
McNary dams, contains three reservoirs. 
Bonneville Pool has a stable population with 
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good recruitment. The Dalles and John Day 
pools contain depressed populations, with the 
John Day population the poorer of the two. 
The three reservoirs in Zone 6 support tribal 
commercial and subsistence fisheries, and a 
popular sport fishery (Hale and James 1993). 
Annual harvest of sturgeon populations 
between Bonneville and McNary dams 
ranged from 3500 to 4600 for the period 
between 1991 a.'ld 1993; the bulk of the 
harvest came from Bonneville Pool. 

(2) The Mid-Columbia River reach contains 
reservoirs and the longest free-flowing sec­
tion of the Columbia River (the Hanford 
Reach) upstream from Bonneville Dam. All 
reservoirs within this section are subject to 
point and nonpoint source pollution, which 
may affect the reproductive success and 
recruitment of larval sturgeon (Anders and 
Beckman 1993; Glubokov 1990). Tribal 
subsistence fisheries occur within this reach, 
as well as consumptive sport fisheries. 

(3) The Lower Snake River contains three reser­
voirs (behind Ice Harbor, Lower Monumen­
tal, and Little Goose dams), and one reser­
voir with the free-flowing section of the 
Snake River at the upper end. The Lower 
Granite Reservoir appears to be a rearing 
area for white sturgeon, and adults are prev­
alent in the free-flowing Snake River down­
stream from Hells Canyon Dam (Coon et al. 
1977; Lukens 1985). The population in the 
free-flowing section of the Snake River 
appears to be stable. 

Past Attempts at Restoration 

Past attempts to maintain or restore declining 
salmon numbers all made, and relied upon, the 
assumption that technology could "fix" the 
damage caused by disregard for the underlying, 
interconnected processes of nature which gave 
rise to and sustained the great salmon runs of the 
Columbia Basin - that a relatively simple 
solution could replace the complexity of nature. 
Naturally these attempts failed. 
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As the Columbia Basin was progressively devel­
oped to reap the full benefits of hydropower, 
agriculture, forestry, mining, and urbanization; 
periodic attempts were made to ameliorate the 
resultant declines in salmon production. Dams 
were equipped with fish ladders for returning 
adult salmon, and bypass facilities for 
outmigrating smolts. Large scale hatchery pro­
grams were funded to replace production lost 
from areas flooded or blocked by dams. Screens 
were required on irrigation diversions. Laws 
were promulgated, but not enforced, to restore 
and maintain water quality and quantity and to 
protect ecosystems on which imperiled species 
depended for survival. Additional water was 
spilled to assist smolts over dams. Smolts were 
collected and barged around dams. Billions of 
dollars have been spent over the years to main­
tain salmon production in the Columbia River 
Basin. 

Nevertheless all these efforts have proven inade­
quate to maintain anadromous fish numbers and 
productivity. The lesson is inescapable: techni­
cal solutions cannot maintain salmon populations 
in the face of massive disregard for, and destruc­
tion of, the ecosystems within which salmon 
evolved. If the remaining salmon are to be 
preserved and restored to tribal goal levels, the 
natural structure and functions of the salmon's 
ecosystems, combined with wise use of technical 
expertise, must be foremost. Accomplishing this 
requires a common understanding of habitat 
requirements of salmon relative to the present 
conditions they face in the Columbia River 
Basin. 

Toward a Solution 

The various salmon species pass through vast 
expanses of geography during the course of their 
life cycles (Figure 3 .1, 3. 2). A typical salmon 
starts life as an egg in the gravel of a stream, 
often hundreds of miles from the Pacific Ocean 
where they graze and gain the majority of their 
adult size. Between stream bed and ocean, 
salmon need a wide variety of quality habitats in 
order to grow and develop from a small fresh­
water fish into a large marine feeder. Because 
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salmon depend on the health of several different 
ecosystems for their survival, and because so 
many different cultures in the Pacific Northwest 
hold them in such high esteem, the salmon are 
both a bellweather and a lightening rod in the 
struggle which now rages to retain the ecological 
and cultural integrity of this vast region. The 
biological context for the tribal recovery plan 
consists of the habitat within which the salmon 
live, the rich collection of biological strategies 
which the salmon have evolved to prosper in 
these habitats, and the connections of land, 
water, plants, and animals which scientists cal! 
the ecosystem. 

Habitat of Anadromous Fish 
in the Columbia River Basin 

The Columbia River Basin 
The Columbia River Basin encompasses nearly 
260,000 square miles. The river drains most of 
Washington and Idaho, half of Oregon, Montana 
west of the Continental Divide, small portions of 
Wyoming, Utah, and Nevada, and 40,000 square 
miles of British Columbia (Figure 2.1). The 
1,214-mile-long river begins at Columbia Lake, 
high in the Rocky Mountains of British Colum­
bia, Canada. It initially flows northwest for 218 
miles, then turns south for the next 280 miles. 
After. crossing the United States-Canada border 
into northeastern Washington, the Columbia 
River flows south, west, and south again across 
central Washington in a broad curve commonly 
known as "Big Bend." Just below the mouth of 
the Snake River, the Columbia turns west for its 
remaining 210 miles. It cuts through the heart 
of the Cascade Mountains, thus forming the 
Columbia River Gorge; flows into the Columbia 
River Estuary; and finally empties into the Paci­
fic Ocean at Astoria, Oregon. 

The Columbia's largest tributary, the Snake 
River, begins in Wyoming, Utah, and Nevada 
and flows westward through the southern part of 
Idaho. It then turns north and forms the bound­
ary of today's Oregon and Idaho. Near 
Lewiston, Idaho, the Snake River turns west-
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Figure 3.1. Habitat and range of Columbia Basin anadromous fishes. 
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Figure 3-2. Life cycles of salmonids, Pacific lamprey, and white sturgeon in the Columbia River Basin. 
White sturgeon above Bonneville Dam are no longer anadromous. 
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ward and flows through eastern Washington until 
it enters the Columbia River near Pasco, Wash­
ington. 

The land mass over which much of the Colum­
bia River now flows did not exist until the Ter­
tiary period (30-60 million years ago). Although 
the Columbia River Basin is relatively young in 
terms of geologic time, it comprises portions of 
eight physiographic provinces: Northern Rocky 
Mountains, Columbia Mountains/Okanogan 
Highlands, Cascade Mountains, Columbia Pia' 
teau/Columbia Basalt Plain, Snake River Plain, 
Blue Mountains, Willamette Lowland, and Coast 
Range. This rich variety of landforms has been 
detertnined by geology, past and present climate, 
and such processes as erosion and sedimentation. 

Regional differences in climate and elevation 
have created a unique range of environmental 
conditions. For example, annual precipitation 
averages 10-20 inches in central Washington, 
eastern Oregon, and southern Idaho, and 40-140 
inches between the Columbia River Gorge and 
the mouth of the Columbia River. 

Periodic massive disturbances are an integral 
part of the natural environment that forms the 
basis for the ecology and evolution of 
anadromous fish in the Columbia River Basin. 
Natural events of large magnitude, such as the 
Mount St. Helens eruption which impacted 
steelhead runs on the Toutle River in Washing­
ton have often occurred in localized regions. 

' 

Climatic cycles, such as El Nifio which results in 
below-average snowpack and rainfall are a part 
of the North Pacific region to which the salmon 
have adapted. The distribution pattern of warm 
and cold ocean currents and associated nutrient 
upwellings, which affect salmon production, are 
also cyclical in nature. Salmon populations 
(coho and tule fall chinook) which rear primarily 
south of Vancouver Island appear to have lower 
natural survival during El Nifio events; whereas 
populations (bright fall chinook, upper Columbia 
summer chinook, and sockeye) that rear in the 
Gulf of Alaska seem to have better than average 
survival (PFMC 1985). 
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Columbia River Subbasins 

Numerous subbasins compose the Columbia 
River Basin east of the Cascade Range. These 
watersheds share many hydrologic features 
including snow as the dominant form of precipi­
tation, dry summers punctuated by thunder­
storms, seasonal peak flows in the spring during 
snowmelt, and seasonal low flows during the 
summer. Both seasonal peak and low flows are 
a function of climate as mediated by soils, geolo­
gy, vegetation, and terrain as modified by land 
and water uses. Salmon have evolved to migrate 
downstream during high springtime flows that 
facilitate downstream movement. The effects of 
major flooding and/or peak flows on channels 
vary with stream conditions, soils, vegetation, 
geology, and terrain as modified by land and 
water use. The quantity and quality of summer 
low flows, the period when most salmon popula­
tions spawn, is determined by climate and 
groundwater inflow as mediated by stream con­
ditions, soils, vegetation, geology, and terrain as 
modified by land and water use. 

Salmonids and Pacific lamprey, similar to other 
anadromous species, have evolved with high 
spring flows as a mechanism to facilitate passage 
to the ocean for the adult phase of the life cycle. 
Although the frequency and magnitude of rain­
fall-dominated stream peak flows in any part of 
the Columbia River Basin is a function of the 
long-term climatic regime of that locale, their 
effects in stream channels (e.g., sediment loads, 
and frequency and intensity of channel scouring) 
vary according to topographic and geologic 
structure of the watersheds and channel morphol­
ogy. Soils and topography also determine the 
inherent ability of a given watershed to provide 
stable, cool summer flows during the low-flow 
period. 

3-8 

The primary subbasins of interest to the Colum­
bia River treaty tribes are those located upstream 
from Bonneville Dam. The tribes share manage­
ment responsibilities in these basins with state 
and federal governments. These subbasins 
(Figure 3. 3; descriptions provided in Appendix 
A) are numbered from 1 to 20, beginning at the 
point furthest downstream, in the order in which 
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Figure 3.3. 
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Major subbasins above Bonneville Dam for which the tribes have co-management responsibilities. 
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their major tributaries enter the Columbia, and 
then the Snake river mainstems. The number of 
stream miles historically utilized by salmon 
species in each subbasin compared to the amount 
of habitat currently suitable for salmon species is 
provided in Table 3.2. 

The Columbia River Estuary 

The Columbia River Estuary is a variable mix­
ture of fresh and salt water and sediments at the 
coastal end of the Columbia River Basin. The 
estuary, which now has a surface area of ap­
proximately 41,200 hectares (101,750 acres), has 
been formed over geologic time by the forces of 
volcanism, g;aciation, hydrology, and the ero­
sion and deposition of sediments. Circulation of 
sediments and cycling of nutrients within the 
estuary are driven by river hydrology and coastal 
oceanography. Sea levels have risen since the 
late Pleistocene, with the result that coarse and 
fine sands have been deposited in submerged 
river channels. 

The Pacific Ocean 

Three major current systems in the North Pacific 
Ocean affect Columbia River Basin salmon: the 
Alaska Gyre, Subarctic Current, and California 
Current (Ware and Thompson 1991). Upwelling 
events off the Oregon and Washington coasts are 
correlated with coho survival rates (Nickelson 
1986). In addition, periodic El Nino events 
bring in warmer water with fewer nutrients, and 
negatively affect salmon production (Pearcy 
1992). 

Environmental variation in the ocean has always 
been a feature of the salmon life cycle. Salmon 
have been able to survive through these varia­
tions by natural compensatory survival mecha­
nisms that act as a buffer (Foerester 1968). 
Increased stress in other aspects of the life cycle 
has reduced buffering capacity and the salmon's 
ability to cope with environmental variation. 
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Fluctuations in the ocean environment must be 
evaluated in order to understand the entire life 
cycle. Indices of ocean surface temperature, 
coastal upwelling, and weather patterns provide 
insight to changes in ocean productivity. Ocean 
growth patterns as recorded in salmon scales will 
provide biological measurements of the changes 
in ocean productivity. However, the best way to 
restore the buffering mechanisms and thus in­
crease the probability of long-term survival of 
naturally reproducing populations is to reduce 
the stresses in the other stages of the life cycle. 

Adaptation of Anadromous Species 

Anadromous fish have developed a complex set 
of behaviors that are useful in adapting to 
change in the Columbia River Basin, as well as 
to the individual watershed conditions under 
which they have evolved. The salmon's life 
history can be described as a series of biological 
functions (e.g., spawning, feeding, and migra­
tion) that are carried out in a series of temporal­
ly and geographically connected environments 
(Thompson 1959; Rothschild 1986). Within 
each of these physical environments, individual 
fish from a single population may exhibit differ­
ent patterns of use of available habitat to express 
different biological functions, such as feeding, 
resting, and avoiding predators. A population 
may produce some fish which smolt in their first 
year and others which smolt in their second or 
even third year of life. Salmon parr may use 
both upper and lower portions of watersheds to 
rear prior to smolting. These kinds of life stage­
habitat interactions are more fully discussed by 
RASP (1992). 

The characteristic anadromous life cycle and 
strong tendency for homing to streams and rivers 
of origin have contributed to the evolution of 
numerous stocks of salmon (Groot and Margolis 
1991). 
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Table 3.2. Change in the amount of habitat available to anadromous fish in Columbia River subbasins upstream of Bonneville Dam. 

ANADROMOUS FISH HABrD\T' (stream miles or % ) SPECIES PRESENT 

Lost to Development Chinook Steelhead 

SUBBASIN 
Available 
Pre-1855 Blocked' Degraded' Remaining 

3 
Lost ! Spring Summer Fall Summer Wmter Coho Sockeye Chum 

LoWEl/. COLUMBIA RIVER MAINSI"EM (Bonneville Dam - McNary Dam) 

Wind R. 83.7 0.0 19.4 64.3 23 ./ ./ ./ ./ 

Little Wht. Salmon R. 2.0 1.5 0.0 0.5 75 f ./ ./ ./ ./ ,/ 

Big Wht. Salmon R. 104.9 101.6 0.0 3.3 97 ! ./ ./ ./ ./ ,/ ./ 
·ii~;;d-·R":·· · ····························9-s:0·············- ·-s:0·····················i<J:0·············-····11:·a········· .. ·····25·····r···;-························;;·················;-············;-····-·····;-·································· 
Klickitat R. 132.0 12.0 15.0 105.0 20 l ./ ./ ./ .t ./ 
Fifteenmile Crk. 141.0 0.0 56.0 85.0 40 l .! 

........................................................................................................................................................ • ............................................................ 9 .......................................................................... . 

Deschutes R. 605.0 220.0 95.0 290.0 52 ! ./ ./ ./ .! 

John Day R. 1551.1 NIA' NIA NIA NIA j .! ./ ./ 

Umatilla R. 543.0 50.0 179.0 314.0 42 j .! ./ ./ .t 

MID-COLUMBIA RIVER MA!NSIEM (McNary Dam ~ Chief Joseph Dam) 

Walla Walla R. 207 .9 NIA NIA NIA NIA ./ .! 

Yakima R. 1006.0 317.0 408.0 299.0 72 ! .! ./ ./ ,/ ./ 

Wenatchee R. 203.3 37.9 21.7 143.7 29 \ .! .! ./ ,/ 
···········································································-····················································-······················· ............................................................................................. ~··········································· 
Entiat R. 50.5 1.0 4.0 46.0 10 i ./ ./ 
Methow R. 257 .0 45.0 11.0 201.0 22 ! ./ ./ ./ ./ .! 

Okanogan R. 290.0 175.0 100.0 15.0 95 ! ./ ./ ./ ./ .t ./ 

SNAKE RlvER MAINSI'EM (lee Harbor Dam ~ Hells Carcyon Dam) 

Tucannon R. 55.0 NIA NIA NIA NIA ./ ./ ./ 

Clearwater R. 1975.0 627.0 NIA NIA j NIA j ./ ./ ./ 

Grande Ronde R. 647.0 NIA NIA NIA j NIA J ./ ./ ./ 
"s~i;;;~~-·R····························19·9i0········· .. ··-··3-g:0·······················NJA ................... N'iA"""""""T""l.i/A:"··r···;-··········-;··········i"···············;-················ ··-············-······· ······················ 
!mnaha R. 223.0 0.0 NIA NIA i NIA l ./ ./ ./ 

a Adequate habitat conditions for spawning and/or rearing. 

b Habitat los due to blocked passage (e.g., construction of impassable dams). 

c Habitat lost due to degradation (e.g., Joss of instream flows, high temperatures). 

d NIA = data not available. 
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The evolution of different life history types has 
occurred in part because of the characteristic 
differences in individual streams to which the 
animals have homed as well as the capacity of 
these organisms to stray and thus colonize (or 
recolonize) new areas after disturbance. Thus, 
salmon have inherent resilience as a result of 
their anadromy, life span, and life history char­
acteristics that help compensate for environmen­
tal fluctuations in freshwater habitats. 

Such characteristics take advantage of spatial and 
seasonal variations in resource availability, 
lessen the risk that all populations would be 
extirpated by a single disturbance, or would 
react identically to the same set of environmental 
conditions (Reiman and Mcintyre 1993). This 
has helped tc buffer salmon populations against 
catastrophes (Steward 1993; Stearns 1976; 
Wootton 1990; Healey 1991). For example, 
large numbers of Toutle River fish strayed to the 
other streams and fish migrations were delayed 
after the 1980 Mount St. Helens eruption (Mar­
tin et al. 1984). Subsequently, recovering vege­
tation helped to create the physical, chemical, 
and trophic base necessary for the recovery of 
salmon stocks impacted by Mount St. Helens 
eruptions (Martin et al. 1986; Bisson et al. 
1988). The behaviors which are important in 
colonization and recolonization are influenced 
substantially by habitat quality and quantity. For 
example, chinook introduced to New Zealand in 
1905 from a single population in California have 
successfully colonized different river basins, and 
now exhibit differences in life history traits 
which could be the result of environmental 
factors. 

Information about homing and straying behaviors 
is not available for Pacific lamprey (Beamish 
1980). Because lamprey are a primitive species 
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with fossil records dating back nearly 300 mil­
lion years (Bardack and Zangerl 1968) and wide 
distribution throughout the northern hemisphere, 
they have no doubt been resilient to changing 
environmental conditions. 

Anadromous Fish of the 
Columbia River Basin 

The anadromous species of particular interest to 
the Columbia River treaty tribes are salmon and 
steelhead, Pacific lamprey, and white sturgeon. 
These species share a common anadromous life 
cycle, yet differ in specific life history character­
istics and requirements. 

Salmon 

The evidence available suggests that salmonids 
appeared between 20 and 100 million years ago, 
and have evolved in the Pacific Northwest over 
the last 10 cycles of glaciation (Stearly 1992). 
There are five species of salmon prevalent in the 
Columbia River Basin. These include chinook 
( Oncorhynchus tshawytscha), coho ( Oncorhyn­
chus kisutch), sockeye and kokanee ( Oncor­
hynchus nerka), chum (Oncorhynchus keta), and 
steelhead and rainbow (Oncorhynchus mykiss). 
Chinook, coho, sockeye, chum, and steelhead 
are anadromous species (Figure 3 .2); kokanee 
and rainbow are resident - i.e., do not migrate. 
Adults of all Columbia River salmon species die 
after spawning, except for steelhead which may 
spawn more than once. Predominant life history 
characteristics, such as areas required for spawn­
ing and rearing, timing of adult migration back 
to spawning grounds, and number of eggs pro­
duced for each of these species are provided in 
Table 3.3. 
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Table 3.3. Comparative lifecycle characteristics of Pacific salmon species (genus Oncorhynchus) found in the Columbia River Basin. 
Sources: Olsen et al. 1992a, 1992b; Hymer et al. 1992a, 1992b; Kiefer et al. 1992. 

AGE ADULT 
SPAWNING REARING OCEAN RETURN 

SPECIES AREA AREA FW Ocean DISTRIBUTION TIME Age Size (cm) FECUNDITY 

Chinook 

Spring tributaries mains tern, 2 1-3 ? Apr-Jul 3-6 25-40 4700-6000 
tributaries 

Summer 

Mid-Columbia R. mainstem, mainstem, 0-1 1-4 AK-WA May-Jul 3-5 41-92 4900 
tributaries tributaries 

Snake R. mainstem, mainstem, 0-1 1-3 ? Jun-Jul 3-5 24-36 3500-4300 
tributaries tributaries 

........................................................................................................................................................................................................................................ , .............................................. 
Fall mainstem mains tern 0 1-5 AK-WA Aug-Sep 2-6 42-101 4400-5200 

Coho small tributary I 1-2 WA-OR Aug-Oct 2-3 40-99 2500-3500 
tributaries 

Steelhead 

Sununer tributaries tributary 1-3 1-5 Gulf of AK May-Sep 3-5 61-73 5000-6400 

Winter lower river tributary 1-2 1-5 Gulf of AK Nov-Jan 3-5 45-70 2200-4000 
tributaries 

Sockeye streams cold lakes 1-2 1-3 Gulf of AK May-Jun 3-5 35-57 2600 
above lakes 

Chum lower river estuary 0 3-5 ? Oct-Nov 3-6 63-75 2200-2300 
tributaries 
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All of the salmon species, including steelhead, 
may be divided into three basic life history types 
for the purposes of description. The life history 
types of salmon are stream, lake, and ocean, 
referring to where the young reside at the end of 
the first year of life. Chum salmon and the fall 
race of chinook salmon are ocean type, in which 
the young enter salt water some time during the 
year following their deposition as eggs. A typi­
cal ocean type, taking the fall chinook salmon 
for example, starts life as an egg in the gravel of 
the Columbia River above Richland, Washington 
in October of the year, emerges from its gravel 
nursery the following calendar year in February 
or March, moves down river, and enters the 
Columbia River estuary, in the vacinity of 
Astoria, Oregon from June through September. 
The typical'y ocean type fall chinook spends its 
second, third, and sometimes fourth, winters of 
life in the ocean and returns to spawn on its 
fourth or fifth birthday. 

The stream and lake types of salmon have the 
same basic life cycle, except that the second 
winter of life is spent in stream or lake, respec­
tively. The coho salmon, the spring race of 
chinook salmon, and steelhead are all stream 
types, while sockeye salmon are lake types. As 
is the case with any teaching model, this "three 
types" life history explanation can not capture 
the rich diversity of ages and types which are 
present in most healthy salmon populations. For 
example, some chinook populations may have 
both stream and ocean types within the same 
race. But the basic concept is that most biologi­
cal species (e.g chinook, coho, sockeye, chum, 
steelhead) exhibit a diversity of strategies which 
allow them to adapt to different biological and 
physical circumstances, and these strategies are 
shared across species. 

Life history strategies of salmon are often identi­
fied by the season of the year in which the adults 
return to freshwater on their way to the spawn­
ing grounds. Prior to the entry of western cul­
ture in the early 19th century, adult salmon were 
likely to have entered the Columbia during all 
seasons of the year. It is probable that human 
development, in conjunction with harvest, acted 
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to reduce the number of life history types of 
salmon in the Columbia River Basin; hence, 
there are now times of the year when practically 
no adult salmon can be found in the mainstem 
Columbia River. 

Salmon once occupied nearly 13,000 miles of 
Columbia River Basin streams and rivers. Ac­
cording to conservative estimates, the Columbia 
River Basin, both above and below Bonneville 
Dam, once produced between 10 and 16 million 
salmon annually (NPPC 1986). Historically, 
salmon runs in the Columbia River Basin con­
sisted of 16 % fall chinook, 12 % spring chinook, 
30% summer chinook, 11 % coho, 23% sockeye, 
8 % steelhead, and less than 1 % chum. These 
runs extended from March through October 
generally (Figure 3.4), though steelhead runs 
extended through the winter. 

Habitat Requirements of Salmon 

Tributary 
Tributary habitat for salmon must be available 
for adult migration from the ocean, as well as 
holding and spawning, egg incubation, juvenile 
rearing and overwintering, and smolt migration 
to the ocean. Salmon, in general, spawn in 
gravel beds in rivers, streams, or lake shores in 
late summer and early winter. Watersheds 
tributary to the mainstem Columbia and Snake 
rivers are the primary nursery and rearing areas 
for anadromous fish. Juvenile fish production is 
a function of the quantity and quality of available 
habitat. Factors that contribute to high-quality 
salmon habitat include: well-oxygenated cold 
water; spawning and rearing areas with low 
levels of surface fine sediments in the stream 
bed; abundant amounts of large woody debris in 
the channel; frequent large pools greater than 1 
meter in depth; off-channel aquatic habitats fed 
by groundwater; stable stream beds; banks that 
overhang stream margins; and natural levels and 
types of riparian vegetation occupying the flood­
plain area. 

Deep pools in streams supplied by cool ground­
water shelter returning adults until they are 
ready to spawn. Clean, stable gravel beds with 
continuous subsurface flow protect developing 
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eggs through the winter months. As juveniles 
hatch, emerge from the gravel, and grow, they 
use a succession of habitat types, but prefer 
areas with both protective cover and access to a 
reliable food supply. Intact adjacent wetlands 
and subsurface aquifers cool and maintain flows 
during hot summer periods of reduced rainfall. 
Undisturbed floodplains with numerous side 
channels expand the amount of available rearing 
area and provide shelter during cold winter 
months. 

Mainstem 

Mainstem Columbia and Snake Rivers provide 
critical adult holding, spawning, incubation, and 
rearing habitat, and are migration corridors for 
migrating and emigrating salmon. Over time, 
the Columbia basin streamflow has largely de­
fined freshwater salmon productivity and has a 
major influence on ocean survival, which is 
largely dictated by the quantity and quality of 
smolts that enter and mature to adults in the 
ocean. Successful completion of salmon life 
history stages is dependent on critical physical 
and chemical habitat factors, including 
hydrological regimes driven by routine 
meteorological sequences, maintenance of 
hydraulic geometry factors, and continual or­
ganic and inorganic nutrient cycling (Hynes 
1970; Heede and Rinne 1990). 

Specific requirements include temperature rangeJ 
from 7.2-15.6°C (EPA et al. 1971), dissolved 
oxygen normally saturated at levels greater than 
7 mg/I (Reiser and Bjomn 1979), turbidity rang­
es from 10-25 nephelometric units (Lloyd 1987) 
and nitrate-nitrogen ranges from 0.02-0.03 mg/I. 
Also critical for different life stages are diversity 
in river velocities, which range from 15-100 
emfs, and diversity in substrate size and river 
depth (Groot and Margolis 1991). 

Large, small, and particulate organic matter 
provide structure and diversity to channel mor­
phology (Maser et al. 1988). Large debris traps 
organic and inorganic sediment, which in tum 
provides niches for primary and secondary 
producers and provides habitat diversity for 
anadromous salmon (Lisle 1986). In order for 
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salmon populations to proliferate, diversity in 
secondary production is important. Rearing 
salmon depend upon different populations of 
macroinvertebrates at different times (Waters 
1969), and drift insects provide high levels of 
nutrient levels necessary for successful growth 
and migration. 

Estuary 

The importance of estuary residence for rearing 
juvenile salmonids and for adults preparing to 
migrate upstream is crucial (Healy 1982; Mc­
Donald et al. 1987; Wissmar and Simenstad 
1988). Juvenile salmon spend days or weeks in 
the estuary gradually acclimatizing themselves to 
increasing concentrations of salts and adjusting 
to new food supplies. During this period they 
use aquatic vegetation and channel structures as 
cover from predators. Adults use estuary areas 
to readjust their body chemistry to a freshwater 
environment. 

Ocean 
An area of marine waters off the mouth of the 
estuary has been identified as an important tran­
sition habitat used by juveniles before they mi­
grate further into the ocean (Figure 3.2). All 
free-ranging anadromous fish use the ocean as a 
feeding ground, where they grow to maturity. 
The ocean habitat provides feeding opportunities 
and conditions necessary for salmon to attain 
adulthood. Salmon are generally distributed 
over the northern Pacific Ocean and Bering Sea 
(some populations or subpopulations remain in 
coastal waters or freshwater), where they stay 
for 1-7 years until they mature. Rates of growth 
and mortality for populations caught in ocean 
fisheries (e.g., fall chinook and coho) are rea­
sonably well known (Groot and Margolis 1991). 
Less is known, however, about spring chinook, 
sockeye, and steelhead. 

Pacific Lamprey 

Pacific lamprey (Lampetra tridentata) or "eel" 
are restricted in North America to the Pacifk 
Coast and coastal islands from the Aleutians to 
Baja, California. Pacific lamprey were once 
widely distributed throughout the Columbia 
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River Basin, in the present-day states of Oregon, 
Washington, and Idaho (Kan 1975; Wydosk:i and 
Whitney 1979). Distribution was likely a func­
tion of access to suitable spawning and rearing 
areas (Kan 1975). 

Estimates of predevelopment populations of 
Pacific lamprey runs are not available, but some 
counts at Bonneville Dam have exceeded 
300,000 lamprey annually (Starke and Dalen 
1995). These counts include only those fish that 
passed the counting station during the 18 hours 
of counting, i.e. , they do not include lamprey 
that passed through navigation locks or at night. 
Night time passage can be equal to or greater 
than the numbers migrating during daylight 
hours. Data from the conunercial harvest of 
Pacific lamprey at Willamette Falls indicate that 
116.6 tons on average were harvested from 1943 
to 1949 (Mattson 1949). An indication of 
predevelopment abundance of Pacific lamprey in 
the Snake River Basin is reflected in the name of 
the ancestral Nez Perce village, Hasotino, (near 
present day Asotin Creek) which means "the 
great eel fishery" (Spiden 1908). 
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Habitat Requirements of Pacific Lamprey 

Tributary 

The life cycle of Pacific lamprey is similar to 
that of salmonids {Figure 3 .2). Although they 
reach the spawning grounds in mid-summer {Kan 
1975; Beamish 1980), Pacific lamprey generally 
spawn the following spring. Thus, adult lam­
prey spend approximately 1 year in freshwater. 
Spawning generally occurs in small tributary 
streams, where both sexes construct a crude redd 
(Scott and Crossman 1973), generally located in 
the center of the stream near the tailout of a 
pool, and immediately upstream of shoreline 
depositional areas (Beamish 1980). Mating is 
repeated se,·eral times in the redd, with each 
mating followed by actions that move substrate 
over newly laid eggs. Water temperatures of 
!0-15'C have been measured in Clear Creek, a 
tributary of the John Day River, during spawn­
ing {Kan 1975). Adults die soon afterwards, and 
provide valuable nutrients to small tributaries 
where salmon fry rear (Kan 1975). 

Eggs typically hatch into ammocoetes in less 
than 2 weeks; these newly hatched larvae, which 
are filter feeders, then drift downstream and 
bury themselves in silt, mud, or fine gravel 
along the margins and backwaters of streams and 
rivers (Scott and Crossman 1973; Hammond 
1979). Ammocoetes generally spend 5-6 years 
in freshwater (Scott and Crossman 1973); they 
metamorphose into the adult form -
macrophthalmia - in the fall of the last year of 
this period. This transfonnation process is 
generally completed by early winter. 

Mainstem 

Downstream migration of macrophthalmia ap­
pears to be stimulated by and dependent on late 
winter and early spring floods (Hammond 1979; 
U.S. ACE, unpublished data). Because they are 
not strong swimmers, lamprey appear to be 
dependent on spring flows to carry them to the 
ocean (Kan 1975; Beamish 1980). The up­
stream, spawning migration of adults generally 
begins in early spring. Adult lamprey use the 
mainstem in returning to their spawning 
grounds, but do not feed during this period. 

They were once an important food source for 
juvenile and adult sturgeon (Kan 1975). 

Estuary 
Pacific lamprey appear to travel directly into the 
open ocean, rather than feed in the estuary of 
nearby coastal waters {Kan 1975; Beamish 
1980), as do other lamprey species. 

Ocean 
Pacific lamprey primarily rear in the ocean 
habitat for an average of 3. 5 years (Beamish 
1980), and range in excess of 100 km offshore, 
often in areas of considerable depth (up to 800 
m) {Kan 1975; Beamish 1980; Figure 3.2). 
Adult lamprey in the ocean are parasitic on 
many fish species, including salmon. They 
attach themselves to fish and other animals and 
feed on blood and body fluids through a hole 
rasped in the flesh of the host. 

White Sturgeon 

White sturgeon (Acipenser transmontanus) are a 
large, long-lived species, commonly reaching 70 
years of age and weighing in excess of 1,000 
pounds (Bajkov 1949; Scott and Crossman 1973; 
Beamesderfer et al. in press). Today the only 
population in the Columbia River Basin that 
migrates to the ocean is downstream from 
Bonneville Dam. Darns have effectively trapped 
and separated the historical single population of 
white sturgeon into a number of separate reser­
voir populations, and thus created a number of 
functionally isolated nonanadromous populations 
upstream from Bonneville Dam {North et al. 
1993). Remaining populations are thus consid­
ered to be landlocked or resident in the reser­
voirs upstream from Bonneville. They do not 
migrate to the ocean. Rather, they complete 
their life cycle in the mainstem Columbia River 
(Figure 3.2). 

Historically abundant populations of white stur­
geon occup:ed the Columbia River Basin and 
millions of pounds were harvested commercially 
during the turn of the century (Craig and Hacker 
1940; Reiman and Beamesderfer 1990). Prior to 
hydroelectric development white sturgeon were 
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semi-anadromous throughout much of the Co­
lumbia and Snake river basins, with the excep­
tion of the geographically isolated Kootenai 
River population (Northcote 1973). 

Habitat requirements of White Sturgeon 

Mainstem 

White sturgeon spawn in areas of high water 
velocities (greater than 0.8 mis) over areas of 
bedrock, rubble, and large boulders (Anders and 
Beckman 1993). Historical spawning areas were 
probably located at the downstream end of falls, 
cascades, and rapids. Today these conditions 
are met in the tailrace areas immediately down­
stream from hydroelectric dams. Sturgeon begin 
spawning when water temperatures are 10-18°C, 
with optimal temperatures between 13 and l 5°C. 
White sturgeon are broadcast spawners, and thus 
spawn in small groups consisting of a single 
female and several males. Newly laid eggs are 
extremely sticky, and drift to the river bottom 
where they adhere to bottom substrates. Hatch­
ing generally occurs within 7-12 days (Anders 
and Beckman 1993). Eggs can be killed if 
temperatures rise above 18°C. Newly hatched 
white sturgeon have an internal yolk sac. These 
yolk sac larvae disperse by swimming vertically 
into the current and drifting downstream. The 
larvae metamorphose within a 25- to 30-day 
period, after which they grow rapidly. Females 
require an average of 23 years before they 
spawn. These fish continue to grow throughout 
their life cycles. 

Estuary 

Although reservoir populations do not have 
access to the Columbia River Estuary, the estu­
ary is an important rearing area for juvenile and 
adult white sturgeon downstream from 
Bonneville Dam (DeVore et al. in press). The 
estuary provides access to the ocean, other 
drainages, and a variety of seasonally abundant 
prey. In addition, the estuary facilitated restora­
tion of white sturgeon after commercial fisheries 
decimated populations at the turn of the century 
(DeVore et al. 1993; McCabe and Tracy 1993). 
Salinities greater than 16 parts per thousand are 
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known to be lethal to larvae and fry (Brannon 
1985). 

Ocean 
White sturgeon use the ocean for rearing and as 
a migration route to other drainages along the 
Pacific Coast (Scott and Crossman 1973; 
DeVore and Grimes 1993). White sturgeon 
residing in the ocean have been found to be in 
superior condition relative to those in the estuary 
or freshwater (DeVore and Grimes 1993). 

Changes in Habitat 
in the Columbia River Basin 

The varied habitats required by anadromous fish 
have been altered extensively since European 
settlement of the region, and attempts to manage 
these habitats have become increasingly complex 
(see, e.g., Figure 3.5). Generally, the impacts 
of these alterations are experienced in more than 
one habitat - e.g., impacts of altered flow 
regimes, blocked access, and water quality and 
quantity - beginning in the tributaries and 
continuing in the mainstem, estuary, and poten­
tially the ocean. For example, mainstem dams 
and their operation have created a series of 
reservoirs along the mainstem, and led to altered 
flows, higher temperatures, and related changes 
in habitat conditions in the estuary. 

Destruction of habitat required by anadromous 
species has occurred in a variety of ways 
throughout the Basin. For salmon, human im­
pact in the Columbia River Basin is often catego­
rized as the "4 Hs" - those related to the 
Hydrosystem, Habitat, Hatcheries, and Harvest . 
Because the needs of anadromous organisms 
encompass habitats in different ecosystems, any 
break in the habitat chain becomes a problem for 
these species. Weakening of a given link simi­
larly reduces the ability of these organisms to 
cope with environmental stress. Among the 
major changes addressed by this plan for restora­
tion in the Columbia River Basin are those in­
volving reductions in available habitat, habitat 
degradation, water quality impacts, mortalities 
related to passage, and harvest. 
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Figure 3.5. Modem society's impacts on anadromous salmon, by lifecycle stage, and tools 
available to control those impacts. 
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