


alaska 3 tate ^Legislature Rick Halford
St3t« Captcol 

Juneau, A laska 99S0I-1 15 
Phone (907) 465-495S

S e n a t e

Office of The Majority Leader

P.O. Box 670I9C 
Chuijiak . A laska 99567 
Phone (907) 694-4955

O ffic ia l Business

S p o n so r  S ta tem en t

"An A ct re la tin g  to th e  m an agem en t o f  d iscrete  sa lm o n  stocks"

A g re a t d ea l o f co n tro v e rsy  an d  to ta l lack  o f co n sen su s  h a s  s u r ro u n d e d  the 
a llo ca tio n  o f A lask a 's  sa lm o n  stocks. T hese  a llo ca tiv e  b a ttle s  h av e  le ft all 
u se r  g ro u p s  u n sa tisfied  a n d  have b een  to the  d e tr im e n t of the  su s ta in e d  y ield  
o f som e p o p u la tio n  seg m e n ts , a n d  to th e  g e n e tic  d iv e rs ity  o f the  o v e ra ll 
p o p u la tio n .

C u rre n t s a lm o n  m a n a g e m e n t cen te rs  a ro u n d  h e a v y  e x p lo ita tio n  o f m ixed  
stock  fisheries  a n d  d is re g a rd s  the  n eg a tiv e  effects th is  p o licy  h a s  on  d iscre te  
s to ck s o f  all s a lm o n  sp ec ie s . N o t u n til  w e le c o g n iz e  th e  im p o r ta n c e  o f 
im p le m e n tin g  a m a n a g e m e n t p lan  fo r d isc re te  sa lm o n  sto ck s , b a se d  o n  the 
necessa ry  in fo rm atio n , can w e  fulfill o u r  co n stitu tio n a l o b lig a tio n  to p re se rv e  
the  su s ta in e d  y ie ld  o f all s tocks o f the  resource.

T he n eed  fo r th is ch an g e  in  m a n ag em en t p h ilo so p h y  a n d  im p le m e n ta tio n  of 
a d isc re te  sa lm o n  stock  p o licy  is heav ily  s u p p o r te d  b y  in fo rm a tio n  fro m  the 
sc ie n tif ic  c o m m u n ity . T h e  N a tio n a l R esea rch  C o u n c il o f th e  N a t: m al 
A cad em y  o f Science a sse m b le d  the  le a d in g  e x p e r ts  in  th e  fie ld  o f sa lm o n  
m a n a g e m e n t a n d  p u b lis h e d  U p stream : S a lm o n  a n d  S ociety  in  the  Pacific 
N o r th w e s t  in  D ecem ber 1995.

A n ex ten s iv e  re v ie w  b y  le ad in g  ex p erts  to  an a ly ze  d a ta  on  sa lm o n  stocks, 
th e ir decline  a n d  o p tio n s  for in te rv en tio n  su p p o rts  the  n eed  for d isc re te  stock 
m an ag em en t. The fo llo w in g  is excerp ted  from  th e ir fin d in g s:

• B ecause o f th e ir  a n a d ro m o u s  life cycles a n d  h o m in g  b e h a v io rs  
a n d  the  v a rie ty  o f e n v iro n m e n ts  they  occupy , each  sp ec ies  ten d s  to 
d if fe re n tia te  in to  lo ca l b re e d in g  p o p u la tio n s  th a t  a re  in  g e n e ra l 
re p ro d u c tiv ity  iso la ted  from  o th e r p o p u la tio n s  a n d  a d a p te d  to  each  
s tre am . To su s ta in  p ro d u c tiv e  n a tu ra l p o p u la tio n s  o f  sa lm o n , it is 
c ru c ia lly  im p o r ta n t  to m a in ta in  th is  g e n e tic  v a r ia tio n  a n d  local 
a d a p ta tio n .



• W h en  fish in g  o ccu rs  on a m ix tu re  o f p o p u la tio n s  w ith  d iffe ren t 
s to ck -rec ru itm en t fu nc tions and  fish ing  can n o t be re g u la ted  a t a  ra te  
a p p ro p r ia te  fo r each  co m p o n en t p o p u la tio n , th e  s ta g e  is s e t  fo r 
o v e rfish in g  o f th e  le ss-p ro d u c tiv e  com p o n en ts .

T he  c o n c lu s io n  o f th is  re p o r t  p o in ts  o u t  th e  flaw s in  A la sk a 's  c u r re n t 
m a n ag e m e n t p h ilo so p h y  a n d  su p p o rts  the n eed  fo r the  d isc re te  sa lm o n  stock  
m an ag em en t po licy . The ex p erts  conclude:

T he lo n g -te rm  su rv iv a l o f sa lm o n  d e p e n d s  crucially  o n  a d iv e rse  
a n d  r ic h  s to re  o f g en e tic  v a ria tio n s . B ecause o f th e ir  h o m in g  
b e h a v io r  a n d  th e  d is tr ib u tio n  o f  th e ir  p o p u la t io n s  a n d  th e ir  
r iv e rin e  h ab ita ts , sa lm o n  p o p u la tio n s  are u n u su a lly  su scep tib le  to  
local ex tin c tio n 's  a n d  a re  d e p e n d e n t on  d iv e rs ity  in  th e ir  g en e tic  
m a k e -u p  a n d  p o p u la tio n  s tru c tu re . T herefo re , m a n ag e m e n t m u s t 
re c o g n ize  a n d  p ro te c t the  gen e tic  d iv e rs ity  w ith in  each  sa lm o n  
sp ec ie s , a n d  it  m u s t re co g n ize  a n d  w o rk  w ith  local b re e d in g  
p o p u la tio n s  a n d  th e ir  h ab ita ts . It is n o t en o u g h  to  focus o n ly  on  
the  a b u n d a n c e  o f sa lm on .

In o rd e r to  u p h o ld  o u r  C o n stitu tio n a l m a n d a te  to  p ro v id e  fo r su s ta in e d  y ie ld  
w e can n o t affo rd  to  ignore  the biological rea lities a n d  m a in ta in  the  s ta tu s  quo. 
T he p a ssa g e  o f SB 285 is in te n d e d  to re d ire c t o u r  a tte n tio n  from  th e  p a st 
m is tak es  o f a llo ca tio n  d r iv e n  m a n ag e m e n t sy s te m  to w a rd  a sy s te m  w hich  
w ill fu lly  m eet o u r  co n stitu tio n a l responsib ility  to su s ta in e d  y ield .
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SU B JEC T: Sectional Summary o f SB 285; An Act relating to management of
discrete salmon stocks and to a salmon management assessment.

TO : Senator Rick Halford

FRO M : George Utermoh
Legislative Counsel

You have requested a sectional summary of SB 285; An \c t relating to management of 
discrete salmon stocks and to a salmon management assessment.

As a preliminary matter, please note that a sectional summary of a bill is not an authoritative 
interpretation o f the bill. The bill itself is the best statement o f its contents.

Section 1 o f  the bill sets out the legislative purpose underlying the bill.

Section 2 o f the bill adds a new section, relating to discrete stock management o f  salmon, 
to AS 16.05. The Board o f Fisheries shall adopt and implement policies for the management 
o f discrete salmon stocks over the next 15 years in accordance with the schedule set out in 
subsection (a). The Department o f Fish and Game shall determine the stock composition of 
each mixed stock salmon fishery, develop escapement objectives for each discrete salmon 
stock, develop the ability to project escapements for each discrete salmon stock, and provide 
necessary information to the board in a timely manner. The commissioner o f  fish and game 
may establish by regulation that proportion o f the value o f  salmon taken from an area that 
is to be collected under AS 43.76.150 - 43.76.170, added by sec. 3 o f the bill, to cover the 
costs o f the research and data collection required for discrete salmon stock management. The 
terms "discrete salmon stock" and "river o f origin" are defined.

Section 3 o f  the bill adds new sections to AS 43.76 providing for the imposition and 
collection o f  a salmon management assessment.

■Section 4 o f  the bill provides that sec. 3 o f the bill, salmon management assessment, takes 
effect January 1, 1997.
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E x e c u t i v e  S u m m a r y

Pacific salmon have disappeared from about 40% of their historical breeding ranges in 
Washington. Oregon. Idaho, and California over the last century, and many remaining 
populations are severely reduced. Most runs that appear plentiful today are largely composed of 
fish produced in hatcheries. Recreational and commercial fishing for several salmon species has 
been restricted or even prohibited from the coastal waters of the region to the headwaters of 
many streams, and tribal fishing has been much reduced. Petitions have been filed to list several 
populations as endangered or threatened under the Endangered Species Act; a few have been 
listed, and more could be soon.

Salmon have great cultural, economic, recreational, and symbolic importance in the 
Pacific Northwest. As a result, their declines—which have numerous interacting causes—have 
resulted in much concern. The often expensive efforts to reverse ihe declines have been 
controversial and unsuccessful in many cases. Faced with the possibility of dozens or perhaps 
even hundreds of listings of Pacific salmon under the Endangered Species Act, and faced with 
controversies over the effectiveness of proposed actions to slow, halt, or reverse the salmon 
declines, Congress requested advice from the National Research Council (NRC). In response, 
the NRC's Board on Environmental Studies and Toxicology assembled the expert Committee on 
Protection and Management of Pacific Northwest Anadromous Salmonids to review information 
concerning the seven species of anadromous salmonids1 in the Pacific Northwest

The committee was asked to "evaluate options for improving the prospects for long-teim 
sustainability of the stocks, and [to] consider economic and social implications of such changes" 
(statement of task; see Preface). It was asked to perform the following tasks:

• Assess the status o f the salmon stocks.
• A nalyze the causes o f  declines.
• Analyze options for intervention.

The committee was asked to consider all stages of salmon life histories, including the ocean 
phase, and to consider the appropriate roles of hatcheries. Congress did not request advice on 
whether society should make the investments needed to halt and reverse salmon declines. 
However, the committee's analysis of options for intervention and their likely effectiveness 
should help to inform that policy decision.

1 This report with anadromous forms of the seven species of the genus O ncorhynchm . They are chinook. chum, 
coho, pink, and sockeye salmon and the anadromous forms of rainbow and cutthroat trout: steelhead and seaxun cutthroat.
In this report, the general term salmon refers to ail seven species.



STATUS OF SALMON POPULATIONS

The status of many specific saJmon populations in the Pacific Northwest is uncertain, and 
there are exceptions to most generalizations with regard to overall status. Nevertheless, a 
general examination of the e'ddence of population declines over broad areas is helpful for 
understanding the current status of species with different life cycle characteristics and 
geographical distributions, and with some caution, the following generalizations are justified:

• Pacific salmon have disappeared from about 40% o f their historical breeding ranges 
in Washington, Oregon, Idaho, and California over the last century, and many remaining 
populations are severely depressed in areas where they were formerly abundant. If the areas in 
which salmon are threatened or endangered are added to the areas where they are now extinct, 
the total area with losses is two-thirds of their previous range in the four states. Although the 
overall situation is not as serious in southwestern British Columbia, some populations there also 
are in a state of decline, and all populations have been completely cut off from access to the 
upper Columbia River in eastern British Columbia. Even if the estimate of population losses of 
about 40% is only a rough approximation, the status of naturally spawning salmon populations 
gives cause for pessimism.

• C o a s ta l p o p u la t io n s  te n d  to  b e  so m ew h a t b e t te r  o f f  th a n  p o p u la t io n s  in h a b i t in g  
in te r io r  d ra in a g e s . Species with populations that occurred in inland subbasins o f large river 
systems (such as the Sacramento, Klamath, and Columbia rivers)— spring/summer chinook, 
summer steeihead, and sockeye— are extinct over a greater percentage of their range than species 
limited primarily to coastal rivers. Salmon /hose populations are stable over the greatest 
percentages of their range (fell chinook, chum, pink, and winter steeihead) chiefly inhabit rivers 
and streams in coastal zones.

• P o p u la t io n s  n e a r  the s o u th e rn  b o u n d a ry  o f  sp e c ie s ' r a n g e s  te n d  to  b e  a t  g r e a te r  r i s k  
th a n  n o r th e rn  p o p u la t io n s . In general, proportionately fewer healthy populations exist in 
California and Oregon than in Washington and British Columbia. The reasons for this trend are 
complex and appear to be related to both ocean conditions and human activities.

• S p e c ie s  w ith  e x te n d e d  f r e s h w a te r  r e a r in g  (up  to  a  y e a r )— su c h  a s  sp r in g/ sum m e r 
ch in o o k , coho , so ckeye , se a- run  c u t th ro a t , a n d  s te e ih e a d —a r e  g e n e r a l ly  e x t in c t , e n d a n g e re d , o r  
th r e a te n e d  o v e r  a  g r e a te r  p e r c e n ta g e  o f  th e ir  r a n g e s  th a n  sp e c ie s  w ith  a b b r e v ia t e d f r e s h w a te r  
re s id e n c e , s u c h  a s  f a l l  c h in o o k  ch um , a n d  p in k  s a lm o n

• I n  m an y c a se s , p o p u la t io n s  th a t  a re  n o t s m a l le r  th a n  th e y  u s e d  to  b e  a r e  n ow  com p o se d  
l a r g e ly  o r  e n t ir e ly  o f  h a tc h e ry  f i s h .  An overall estimate of the proportion of hatchery fish is not 
available, but several regional estimates make clear that many runs depend mainly or entirely on 
hatcheries.

Chapter 4 discusses some of the difficulties in evaluating the status of wild populations 
and how these difficulties have been addressed in recently published status reports. Regional 
trends are summarized, and the overall conditions of the species are presented.

THE SALMON PROBLEM

The salmon problem is the decline of wild salmon runs and the reductions in abundance

-  UPSTREAM; Salmon and Society in the Pacific Northwest



e x e c u t i v e  s u m m a r y

ot salmon even after massive investments in hatcheries. The declines— largely a result o f human 
impacts on the environment caused by activities such as forestry, agriculture, grazing, industrial 
activities, urbanization, dams, hatcheries, and fishing— are widespread, although not universal. 
They have a variety o f causes, and they are exacerbated by the unusual life cycle o f Pacific 
anadromous salmon, which spawn in freshwater, migrate to sea to grow and mature, and return 
to their natal streams to reproduce. Salmon thus require high-quality environments from 
mountain streams, through major rivers, to the ocean. Economic development and population 
growth have created widespread declines in anadromous salmon abundance in the Pacific 
Northwest. Variations in ocean conditions— especially in water temperature and currents and 
the associated biological communities— also contribute to the rise and fall o f salmon abundance, 
often thwarting the interpretation o f events in freshwater and the surrounding terrestrial systems.

GENERAL CONCLUSION

To achieve long-term protection for a diversity and abundance o f salmon in the Pacific 
Northwest, two general goals must be achieved:

• The long-term survival o f  salmon depends crucially on a diverse and rich store o f 
genetic variation. Because o f their homing behavior and the distribution o f  their populations and 
their riverine habitats, salmon populations are unusually susceptible to local extinctions and are 
dependent on diversity in their genetic make-up and population structure (Chapter 6). Therefore, 
management must recognize and protect the genetic diversity within each salmon species, and it 
must recognize and work with local breeding populations and their habitats. It is not enough to 
focus only on the abundance o f salmon.

• The social structures and institutions that have been operating in the Pacific Northwest 
have proved incapable of ensuring a long-term future for salmon, in large part because they do 
not operate at the right time and space scales. As described in Chapter 13, differences among 
watersheds mean that different approaches are likely to be appropriate and effective in different 
watersheds, even where the goals are the same. This means that institutions must be able to 
operate at the scale of watersheds; in addition, a coordinating function is needed to make sure 
that larger perspectives .ire considered.

As a framework in which to approach its deliberations, the committee chose to focus on 
rehabilitation—a pragmatic approach that relies on natural regenerative processes in the long 
term and the selected use of technology and human effort in the short term—rather than on 
attempts to restore the iundscape to some pristine former stale and rather than on a primary 
reliance on substitution,, i.e., the use of technologies and energy inputs, such as hatcheries, 
artificial transportation, and modification of stream channels. Rehabilitation would protect what 
remains in an ecosystem and encourage natural regenerative processes.

The solutions will not be easy or inexpensive to implement; even a holding action to 
prevent further declines will require large commitments of time and money from many people in 
many segments of society in the Pacific Northwest Therefore, broad-based societal decisions 
are needed to successfully provide a long-term future for natural salmon populations.
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ENVIRONMENTAL FACTORS

Natural and huraan-caused environmental changes affect all aspects of salmon life 
histories. Although humans can do little in the short term to control or even predict large-scale 
changes in environmental conditions, salmon-management programs must expea such changes 
and take them into account. Managers must also recognize that the natural variability in 
environmental conditions and people's desires for large and stable catches of salmon are often 
not compatible. Natural changes in environmental conditions in the ocean, in fre*h water, and on 
land occur continually; sometimes they can lead to increased salmon productivity in an area; at 
other times they can lead to decreased productivity.

The emerging understanding of interdecadai changes in the ocean climate and the related 
mechanisms that affect salmon at sea have implications that art both exciting and disconcerting 
to scientists thinking about resource management. Humans are beginning to understand what 
happens to salmon during the majority of their lives— the portion spent at sea. Although we 
know little of the details, the new insights already demonstrate that variations in salmon 
abundance are linked to phenomena on spatial and temporal scales that human?; and human 
institutions do not ordinarily take into account Consider that the apparent effectiveness of 
hatcheries might have resulted from favorable ocean and climatic conditions in the era when the 
hatcheries were built; what looked like human manipulation of the total number of salmon might 
have been only a reapportionment among different populations. Or consider that the decline of 
some populations might be a dinea result of introducing new hatchery populations into an ocean 
pasture of limited capacity.

The scale of human endeavor often has been incommensurate with the scale of salmon 
ecology. Some of our current policies are based on deep ignorance: it is not reasonable to 
assume that ocean conditions vary in ways that are generally uniform and random in their 
impacts on populations of salmon. Interdecadai variations and the importance of the ocean phase 
should be incorporated into human thought, planning, and actions in response to the effects o f  
and attempts to repair damage that occurred during the freshwater phases of  the salmon lives.
The possible overriding effects of interdecadai changes in ocean conditir _is on salmon, the 
results of freshwater salmon management, and the overwhelming foe's of human attention on 
the more-visible freshwater phases of the salmon history combin'' . j  provide the key ingredients 
for surprises in future.

Recently, natural environmental conditions in the Pacific Northwest appear to have been 
unfavorable to salmon production. As changes continue to occur, environmental conditions will 
probably favor salmon and lead to larger runs in some areas for a time, even without human 
intervention. If such changes do occur, they should be regarded as providing time to develop 
better strategies for rehabilitation of salmon populations. They should not be used as reasons for 
abandoning efforts to rehabilitate salmon, for they will surely be followed by other natural 
changes. Inappropriate short-term responses to large-scale environmental changes at sea or on 
land should be avoided, because there can be long lags between causes and effects.

LIMITS ON SALMON PRODUCTION

The salmon production cycle has three principal components that determine abundance:
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reproductive potential o f  adults returning from the sea to spawn, which is affected by their 
ojowth at sea; production o f offspring from natural reproduction in streams and artificial 
propagation in hatcheries; and sources o f  mortality (including natural mortality, fishing 
mortality, dam-caused mortality, mortality from habitat alterations and changes in environmental 
conditions, and so on). All three components arc affected by changes in environmental 
conditions as well as by human activities. Variation in the three components and their 
interactions ultimately determine the ability to sustain salmon populations and their production. 
These limitations cannot be easily overcome through technology. Although it has been widely 
assumed that a loss o f  natural salmon production can be compensated by enhancement (e.g., by 
increasing hatchery production), chapters 6 , 1 1 , and 1 2  show that such an assumption is 
untenable by explaining the need to conserve sufficient genetic variation in natural populations 
to support the evolutionary and ecological processes needed for sustained salm on production. 
Compensating for salmon loss from any source over the long term therefore requires reducing 
other losses. Furthermore, an increasing appreciation o f the marine environment and its effects 
on the above components is emerging as an essential consideration in salmon management.

VALUES

The salmon problem, like many other environmental issues, has been addressed through 
choices made within economic, political, and individual ethical frameworks. Values and ethical 
positions held by people involved in and affected by the salmon problem encompass a pluralistic, 
pragmatic and evolutionary approach to natural resource m anagem ent Recognizing and 
articulating that pluralism is important because problems in managing and protecting fish 
populations are due in part to the failure to articulate divergent interests, goals, and values and to 
address them explicitly. Chapter 5 describes how the widely varied ways that huuans intervene 
in salmon populations are linked to socially validated values.

From a policy perspective, the salmon problem is one of long-standing and serious 
conflict in fact, interest, and values. People often invoke widely held values to protect particular 
interests, but values are genuine sources of conflict in themselves. Value conflict stems from 
different assessments of the desirable goals of public action. From a scientific perspective, wild 
salmon populations are an example of an ecosystem's natural capital. Our greatest success has 
been in designing ways to use human-food benefits from wild salmon. Our corresponding 
failure has been in protecting indirect and nonhuman benefits.

One way to present the salmon problem is to say that the value of the Pacific Northwest's 
salmon-capital asset has depreciated over time as its productivity has declined. A major problem 
is that the market does not account for the full range of costs and benefits of salmon. That is 
called a market distortion. When such market distortions exist, some resources are underpriced 
and overused, and others overpriced and underused. Many nonmarket values o f salmon are 
underrepresented and are not easy to measure or compare. Thus management decisions often do 
not adequately reflect the importance of salmon to society and decisions about resource use may 
not achieve societal goals. To correct the discrepancy between social values and resource use, 
attempts can be made to design policies that reflect the full range of resource values.

Full value is a  public, not a private, question. Consequently, public choices are central to 
the salmon problem. Public choices have to take into account many owners w ith multiple

e x e c u t i v e  s u m m a r y
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preferences, attributes that are not fully observable and sometimes unknown, and prices that 
reflect only part of the resources' full value to society. The concept of full value points to the 
problem of "externalities''—the problem that some costs and benefits are beyond the accounting 
of the decision-making unit.

Environmental variability creates economic uncertainty, which causes people to discount 
the future more heavily, and this leads to pressures to increase rates of immediate, direct use. 
Environmental variability also creates scientific uncertainty about biological processes, which 
can be perceived to call for a cautious approach and lead to pressures to lower rates of 
immediate, direct use. The resulting tension between economic and scientific responses to 
uncertainty adds complexity to decisions about appropriate rates of resource use. That tension is 
widespread in decisions concerning the salmon problem.

Problems like these emphasize the need to develop more appropriate interdisciplinary 
approaches. The idea of rebuilding the salmon runs of an industrialized ecosystem is heroically 
optimistic—a hope that might not have occurred to anyone except those who had rehabilitated 
the Willamette River basin in Oregon or Lake Washington near Seattle. Those environmental 
successes came through the disciplined execution of the planning paradigm that has been fitfully 
applied to the much larger Columbia basin. The extension of those experiences to the 
multijurisdictional, multifunctional situations of the Pacific Northwest would require coordinated 
action and learning on a new, larger scale— a scale on which planning and action have been tried 
but have not been successful. A more explicit appreciation of the values, interests, and 
institutions involved in this undertaking is required. Chapter 13 explores this further and urges 
constructive change in institutions that include cooperative management, bioregionai 
governance, and adaptive management

GENETICS AND CONSERVATION

Pacific salmon reproduce in freshwater streams. Their progeny migrate to the sea to 
grow and mature, and then return to freshwater streams to reproduce and (nearly always) die.
Ihis pattern of freshwater reproduction and growth at sea is called anadromy. Most of the adults 
actually return to the streams where they hatched. This behuvior—called homing—is an 
essential part o f salmon biology and makes their genetics and conservation unusual. There is a 
great deal of environmental variation among the various streams and lakes where salmon spawn 
and in the rivers through which they migrate. Because of their anadromous life cycles and 
homing behaviors and the variety of environments they occupy, each salmon species tends to 
differentiate into local breeding populations—called demes—ihsl are in general reproductively 
isolated from other populations and adapted to each stream. To sustain productive natural 
populations o f salmon, it is crucially important to maintain this genetic variation and local 
adaptation. Chapter 6 describes examples of such local adaptation.

However, more is involved than only local adaptation to various streams. Natural 
environmental fluctuations, including major disruptions caused by geological activity, can cause 
the extinction of local populations. Because homing is not perfect, fish that stray from nearby 
streams can replenish those populations. Strays are more likely to re-establish a population if the 
environment in the new stream is similar to that in the stream where they hatched. Thus, strays
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into tributaries in the same major river system or into nearby streams are more likely to succeed 
than those that stray into very different environments. This network o f  local populations (known 
as a metapopulation) provides a balance between local adaptation and the evolutionary 
flexibility that results from exchange o f  genetic material among local populations (Chapter 6). It 
likely also explains why artificial attempts to re-establish populations from a captive broodstock 
have often failed— too often, the gene pool of the broodstock has had reduced variation or has 
been derived from a population adapted to a different environment (Chapter 12). The 
metapopulation structure provides a balance between local adaptation and evolutionary 
flexibility; therefore, maintaining a metapopulation structure with good geographic distribution 
should be a top management priority to sustain salmon populations over the long term. Many o f 
the committee's recommendations are based on this crucial conclusion.

There is no "correct" answer to the question of precisely how much biological diversity 
and population structure should be maintained or can be lost to provide a long-term future for 
salmon. Scientific estimates—including uncertainties associated with them—are only part of the 
argument. Society must decide what degree of biological security would be desirable and 
affordable if it could be achieved, i.e., the desired probability of survival or extinction of natural 
populations, over what time and what area, and at what cost Nonetheless, biological diversity 
and the structure of salmon populations are being lost at a substantial rate, and this loss threatens 
the sustainability of naturally reproducing salmon populations in the Pacific Northwest

HABITAT LOSS AND REHABILITATION

The main habitat requirements of salmon in freshwater include a stream or lake, the 
adjacent border of vegetation (riparian zone) that serves as the interface between aquatic and 
terrestrial ecosystems, and the quality and quantity of water (Chapter 7). The water must be 
clean enough and cool enough to support returning adults, for eggs to hatch, and for young to 
survive and grow until they migrate to sea. There must be enough water in the rivers at crucial 
times to make migration possible, to allow fish to escape predators, and to allow fish to find 
adequate food. Well-aerated stream bed gravels are important for spawning. Stiearaside 
vegetation provides shade, whicn keeps the water cool; it provides a buffer against soil erosion, 
which maintains water quality; it provides living space for various animals that provide food and 
nutrients for streams; and it provides a source of large woody debris, which plays a key role in 
the formation of physical habitat and storage of sediment and organic matter and provides habitat 
complexity in stream channels, thus improving the stream environment for salmon. These 
requirements for environmental conditions in streams and adjacent riparian zones depend on the 
condition of the entire watershed in which they occur.

Many human activities—such as forestry; agriculture; grazing; industrial uses; 
commercial, residential, and recreational development; and flood control—have a variety of 
adverse effects on salmoL '.abitats. For example, they can increase soil erosion, reduce the 
amount of woody debris in streams, raise the water temperature, add contain nants to the water, 
affect water flow, and reduce the amount of water available, with resultant loss or degradation of 
riverine and adjacent riparian and near-river habitat Therefore, protection and rehabilitation of 
riverine and riparian habitats and associated watershed processes will be an integral part of



<
rehabilitating salmon populations, although it is a major and difficult undertaking (Chapter 8).
In the past few years, genuine improvements in protecting forested streams have been initiated. 
Nonetheless, for real progress to occur, habitat protection must be coordinated at landscape 
scales appropriate to salmon life histories, and they must be more consistent across different 
types of land use (chapters 8 and 13).

DAMS

Hundreds of dams have been built on rivers of the Pacific Northwest. They range from 
small irrigation dams with a hydraulic head of only a few feet to massive dams at Grand Coulee, 
Dworshak. and Hells Canyon on the Columbia and Snake rivers that are several hundred feet 
high and completely block upstream and downstream passage of anadromous fish. Dams on 
various rivers—some of them impassable—have greatly reduced wild runs. Even smaller dams 
(e.g., those associated with many hatchety operations and inigation-diversion dams) can block 
salmon runs. In addition to their effects on migration, large storage dams affect the quantity and 
timing of water flow in the river as well as flow velocities, water chemistry, and water 
temperatures. Reservoirs behind dams can also inundate extensive areas o f spawning and 
rearing habitat, although in some cases the reservoirs provide new (but different) rearing habitat. 
Many water diversions for irrigation lack protective fish screens of modem design; installing 
such screens would reduce mortality of smolts as they migrate downstream.

Even when fish ladders provide passage for adult salmon, many young salmon (smolts) 
migrating downriver die at dams. Although as many as 90% of young salmon might survive 
passage over, around, and through any single major project on the Columbia-Snake mainstem, 
the cumulative reduction in survival caused by passing many projects has adversely affected 
salmon populations. To counteract these effects, it is essential to improve the survival of smolts 
migrating through hydropower projects, especially in the Columbia and Snake rivers. Serious 
consideration needs to be given to all available alternatives for doing so; even a small 
improvement in survival would be helpful if it were repeated at several dams.

Controversy surrounds the effects of dams and how best to mitigate them. Alternatives 
include removal of dams, modification of turbines and other structural aspects of dams to 
improve fish survival during passage, drawdown of the water during the seaward migration of 
smolts to restore the river's profile to its pre-dam (river-grade) configuration to increase the flow 
rate and diminish the smolts* travel time, drawdown of the river to some level above river grade, 
augmentation of water flows during smolt migration to speed their passage downriver, 
transportation o f smolts around dams by truck or by barge, control of predators in reservoirs and 
below dams, and spilling of water over dams instead of through the turbines. However, there is a 
dearth of good scientific information on which to base evaluations of the alternatives, some of 
which would be very expensive and would cause large losses of hydropower revenues.

Dam removal and drawdown of those rivers to river grade would be enormously 
expensive, would take many years, and probably would have long-term adverse impacts on the 
rivers. However, because the many dams on the Columbia River and its tributaries cumulatively 
have large effects on salmon survival, the addition of any new major dams in undammed reaches 
in the system (e.g., the Hanford Reach of the Columbia River) would make the situation worse;

8 UPSTREAM: Salmon and Society in the Pacific Northwest
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existing dams should have adequate fish-passage facilities where feasible and appropriate before 
being relicenscd. The committee is unaware of any scientific data that unequivocally support 
drawdown to a level above river grade as the best available dam-niitigation option for the 
Columbia River or the Snake River. Based on limited information, transportation appears to be 
the most biologically effective and cost-effective approach for moving smolts downstream. It 
should be continued on an adaptive basis (i.e., in such a way that additional information can be 
obtained about its effectiveness). Additional information is needed on effects of transportation 
on survival to the adult return stage, on homing, on success of natural spawning, and on genetic 
diversity of returning adults. Because any action that could jeopardize all of the fish in a stream 
must be avoided, not all the fish in any stream should be transported.

Research is need-d on the effects of various options on the survival of both smolt and 
adult migration through dam and reservoir systems. Any management option should be applied 
on an adaptive (experimental) basis. The committee is not recommending that the salmon be 
"studied to death," a criticism often leveled at those who urge further studies. Indeed, enough is 
known now to take some actions. In recommending "adaptive" actions, the committee is 
recommending that any mitigative actions be taken in a way that allows their effects and 
effectiveness to be measured and assessed objectively. For example, if some fish in a stream are 
transported downstream, the action should be designed so its effectiveness can be assessed and 
compared with other alternatives. Despite the paucity of information, it is clear that no single 
approach would eliminate the adverse effects of dams on salmon.

HATCHERIES

Hatcheries have been used for more than 100 years in attempts to mitigate the effects of 
human activities on salmon and to replace declining and lost natural populations. As a result, a 
major proportion of salmon populations in the Pacific Northwest now consist largely of hatchery 
fish. These hatchery fish appear to have had substantial adverse effects on native fish 
populations.

For many years, people did not recognize the potential for hatchery fish to affect wild 
fish and did not believe that there was any limit to the ocean's capacity to provide food for 
growing salmon. It therefore seemed that producing more juveniles would result in more 
returning adults. The difficulties and shortcomings of hatchery production did not become 
apparent until fishing pressure and habitat-related mortality increased and marking technologies 
became available. As a result, hatcheries were not part of an adaptive-management program; 
that is, they were not considered as scientific experiments—they were not even adequately 
monitored—so many of their effects were not well known.

It is now clear from synthesis of experience and from consideration of well-established 
biological knowledge that hatcheries have had demjgraphic, ecological, and genetic impacts on 
wild salmon populations and have caused problems related to the behavior, health, and 
physiology of hatchery fish. They have resulted (among other effects) in reduced genetic 
diversity within and between salmon populations, increased the effects of mixed-population 
fisheries on depicted natural, populations, altered behavior of fish, caused ecological problems by 
elim inating the nutritive contributions of carcasses of spawning salmon from streams, and



probably disj. laccd the remnants of wild runs (Chapter 12). Hatchery fish have at times ^
exceeded the capacity of streams and are increasingly being associated with reduced marine 
growth and survival in wild salmon populations (Chapter 12).

Many of the problems stem from purposes to which hatcheries have been put—mainly to 
provide substitutes for natural populations lost or displaced because of human development 
activities. Because of their deleterious impacts, however, hatcheries should no longer be viewed 
solely as factories for producing fish. Hatcheries should also be thought of as laboratories that 
can provide controlled environments for studying juvenile fish and for testing treatments to 
improve our understanding of what happens to juveniles after they leave spawning areas. Seen 
in that light, hatcheries can be a powerftil tool for learning about salmon.

Hatchery planning, management, and operations should be changed so that their goals are 
to assist recovery of wild populations and to increase knowledge about salmon. As described 
above and in many parts of this report, especially chapters 6,11, and 12, precautions must be 
taken to protect the genetic diversity and ecological productivity of naturally spawning 
populations of salmon. Those precautions will include an overall decrease in hatchery-fish 
production and—over the short term— in fishing opportunities. The basic guideline is to ensure 
that any hatchery production for fishing is not detrimental to natural populations. Because 
adaptive-management experiments should be tailored to the circumstances in different 
watersheds of the Pacific Northwest, decisions about use of hatcheries will differ across these 
watersheds. Therefore, decisions about uses of hatcheries should include a focus on the whole 
watershed and its linkage to the region and the ocean pasture, rather than only on the fish.

FISHING

Fishing for salmon is important in the Pacific Northwest It includes commercial, 
recreational, and treaty fishing at sea and in rivers and is an important source of mortality, 
especially for adults returning to spawn. Salmon mortality caused by other human activities and 
structures such at: dams, habitat loss or degradation, pollution, and water diversion and by 
natural factors such as predators, disease, and environmental variability together usually exceed 
fishing mortality. Those causes of mortality have a major effect on the production of adult fish 
and thus influence the rate of fishing that can be sustained. However, fishing is the easiest 
mortality factor to control. Control of fishing has rehabilitated marine and anadromous fish 
populations in various parts of the United States.

Managing salmon fisheries is more difficult than managing many other fisheries because 
of the geographic distribution of salmon, their metapopuladon structure, and the fact that most 
adult fish spawn only once and then die. In the jargon of Pacific salmon fisheries, managers 
refer to groups of salmon populations that are identifiable for management as stocks. Frequently, 
stock refers to a geographic aggregate of populations that includes many local breeding 
populations of varied size and productivity; this is too large a unit for conservation o f  genetic 
diversity and rehabilitation of salmon production. Managing at the stock level obscures critical 
biological complexity. But even managing such large units is difficult because of the complex 
relationships, responsibilities, and obligations among a large number of institutional entities in 
the region (including nations, states, provinces, federal agencies, tribes, interest groups, and

10 UPSTREAM: Salmon and Society in the Pacific Northwest
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other organizations), the mandates of the Endangered Species Act and other laws, and the 
diverse array of interests and values in the region.

For rehabilitation of salmon populations, the aim for fishery management—as for other 
management efforts—should be to achieve long-term sustainability based on maintaining 
diversity of gene pools and population structures. Therefore, a successful fishery-management 
component for protecting natural salmon runs in the Pacific Northwest should explicitly 
recognize the need to maintain and rehabilitate the genetic diversity of salmon and recognize the 
interdependence of genetic diversity, habitat, and salmon production. It must also account for 
the uncertainty in scientific predictions and the inherent variability of biodc and abiotic 
environmental factors.

In general, the aim should be to assure adequate escapements for depleted populations.
To achieve long-term sustainability, which requires sufficient genetic diversity, fishing should 
occur only where the identity (i.e.. the originating population) of the salmon is known, when 
total fishing mortality is consistent with productivity of the fish, and when the catching 
technology ensures minimal mortality in depleted demes. This will require fishing methods that 
allow different degrees of fishing effort on various salmon populations and that allow 
identification of fish taken from depleted demes so that they can be avoided or released alive. 
Two methods of achieving these goals (but not the only ones) are terminal fisheries and live- 
catch fisheries.

In general, the serious declines of wild salmon populations show that not enough fish are 
being allowed to return to spawn. The number of fish returning to spawn (escapements) must be 
substantially increased to conserve genetic diversity within and between demes, use available 
habitats, rehabilitate ecological processes (including the return of nutrients to aquatic 
ecosystems), and increase the sustainable production of salmon. Increasing escapements will 
disrupt fisheries, industry, and communities, but it is necessary for restoring production. As 
salmon abundance increases and fisheries begin operating at lower, but sustainable, catch rates, 
actual catches will gradually increase, although probably not to the sizes o f some historical 
catches, because those were based on excessive catch rates. Implementing this recommendation 
will initially require low fishing effort in many areas, especially in the ocean, and it will require 
cooperation from British Columbia and Alaska, because many salmon that originate in the 
Pacific Northwest are caught at sea in British Columbia and southeastern Alaska (chapters 10 
and 11).

INSTITUTIONAL CHANGE

The long and serious decline of salmon in the Pacific Northwest has been 
promoted— often unwittingly—by human institutions; effective remedies, if  they are to be found, 
will have to involve hanges in those institutions. Growth in human populations and economic 
activity threatens the continued existence of salmon in the Pacific Northwest, Institutions 
developed in different times for diverse purposes have been asked to do things foreign to their 
original objectives and capabilities. Political changes have hindered attempts to take a long-term 
perspective. There has been fragmentation of effort and responsibility.

Changing institutional structures is notoriously difficult, but it is possible. Because the
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problems facing salmon have many aspects, a multidisciplinary approach to their solution is 
essential, Indeed, if the money that has been spent to date on salmon research had been spent 
with a more unified, regional vision, greater progress would have been made in maintaining 
viable salmon populations (Chapter 14). Unless agencies cooperate more effectively, salmon 
populations are unlikely to recover.

One problem is that current institutions and the boundaries of their jurisdictions usually 
do not match the spatial, temporal, or functional scales of the salmon problem. In addition, 
current institutional structures lack both a fine-grained aspect to respond to local concerns and 
variations and a coarse-grained aspect to integrate across small regions and to make sure that the 
interests of a few small areas do not jeopardize larger regional interests.

Because we often do not know what the effects of a management option will be, . 
management must be undertaken with an experimental, adaptive point of view. Flexibility must 
be built into institutional structures to allow for changes in management practices based on 
experience. Institutions must allow and encourage refocusing the energies of salmon 
management to recognize the importance of demes in maintaining genetic processes and to 
maintain and expand their diversity. The goal of management should be to achieve a 
biologically sound escapement (instead of focusing on a "sustainable" or permissible catch) for 
each metapopulation and an explicit adoption of time scales for management and planning that 
are commensurate with the multiyear scale of salmon life cycles.

Beyond those facilitating changes, the formal institutions that manage salmon need to be 
restructured or refocused to reflect three important institutional principles. First, decision­
making authority should be shared among ail legitimate interests (cooperative management); 
legitimate interests that are excluded from decision-making arc likely to block desirable changes. 
Second, the organizational structures and decision-making processes should allow for local 
conditions and variations and the management strategies should vary accordingly. Third, 
systematic learning using appropriate experimental designs (adaptive management) should be an 
essential goal.

As a first step, the relevant agencies in the Pacific Northwest, including the National 
Marine Fisheries Service, should agree on a process to permit the formulation of salmon 
recovery plans in advance of listings under the Endangered Species Act, and the Pacific 
Northwest states, acting individually and through the Northwest Power Planning Council, should 
provide technical and financial assistance to watershed-level organizations to prepare and 
implement these preemptive recovery plans.

A SCIENTIFIC ADVISORY BOARD 
TO ADDRESS SALMON PROBLEMS

A great deal is known about salmon and their difficulties, but a great deal remains 
unknown or controversial despite the expenditure of large amounts of money and time on 
research. Part o f the reason for the lack of knowledge is that people have not agreed on what 
information is needed, have duplicated each other's work, and have been unwilling to fund 
needed research. An independent, multidisciplinary, standing scientific advisory board should 
be established to ensure that the limited money available for research is spent most productively
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10 answer the most critical questions in a timely manner. A standing scientific advisory board 
would also help to ensure that when urgently needed actions are taken, they are designed so that 
their effects and effectiveness can be properly assessed. The board's reports should be public.

AN APPROACH TO SOLVING 
THE SALMON PROBLEM

The salmon problem cook many years to develop, and its solution will require the 
commitment of considerable time, money, and effort. The committee’s analyses of the problems 
and potential solutions lead to the conclusion that there is no "magic bullet." Therefore, like the 
problem itself, solutions will be complex and often hard to agree on; to be successful, they will 
need to be based on scientific information, including information provided by social and 
economic sciences. In addition, to be successful, consensus will be needed about the size of the 
investments to be made in solving the problem and how the costs should be allocated. This 
means that solutions will have to be regionally based, just as the salmon problem has regional 
variations (see Chapter 13).

The committee recommends the following general approach. For each major watershed 
or river basin , the following should be assessed.

• All causes of salmon mortality, including their estimated magnitude and the 
uncertainties associated with the estimates. Factors known to decrease natural production should 
also be listed.

• Ways of reducing those sources of mortality or compensating for them, their probable 
effectiveness, and their drawbacks.

• The probable costs of each method of reducing mortality. To be most useful, the 
estimates should include both market and nonmarket costs. To the degree possible, it is 
important to identify what societal groups would bear the major portion of the costs of each 
method and significant uncertainties in the estimates. (For example, reductions in catch rates 
would primarily affect fishers and tourists; changes in water use could affect agricultural 
interests or ratepayers; changes in riparian management could affect forest-products industries or 
private landowners.)

All the estimates would include substantial uncertainties, due both to lack of knowledge 
and to fundamental environmental, soc4oeconomic, and biological uncertainties. Nonetheless, 
such a process of assessment and evaluation is essential for rational decision making. They will 
provide a basis for evaluating options—for weighing benefits and costs—and for identifying 
areas where research is critical. All the recommendations in this report should be viewed in this 
context: they need to be considered on a regional basis (i.e., major watersheds) and in a 
comprehensive fram ew ork that includes an analysis o f  their costs, probable effectiveness, and  
the ability and  willingness o f  various sectors to bear the costs.

This will be challenging for several reasons. First, in many cases, the desired 
information has not been collated or does not exist Second, considerable time and resources 
will be needed to perform such analyses even for one watershed. But the most important reason



is that estimates of costs and how they might be distributed will require intimate knowledge of 
each watershed and of people's preferences and habits. These essential estimates should be made 
with input from the people involved. The committee believes this approach will lead to 
improved effectiveness and— if not reduced costs—at least increased cost-effectiveness and 
reduced controversy.
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THE FUTURE

The best approach to establishing a sustainable future for salmon in the Pacific Northwest 
is to use currently available information to develop workable, comprehensive programs rather 
than reacting to crises. This report has analyzed many parts of the salmon problem and assessed 
many options for intervention. However, if current trends continue, the Pacific Northwest will 
continue to see the effects of more people, more resource consumption, changing economic 
demands and technologies, and changing societal values. Because the success of programs to 
improve the long-term prospects for salmon in the Pacific Northwest will depend on the societal 
and environmental contexts, it is important to develop ways for improving our ability to identify 
changing contexts and to respond to them. As long as human populations and economic 
activities continue to increase, so will the challenge of successfully solving the salmon problem.
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S a l m o n - F i s h e r y  M a n a g e m e n t  C o n c e p t s

While Pacific salmon fisheries developed rapidly during their early history, our ability to 
manage them did not. M uch o f the basic biological understanding o f  Pacific salm on and 
inform ation that could be used to manage salmon fisheries were being developed as the fisheries 
developed, but their application to management developed much more slowiy. In his review o f 
salmon management during the first century o f Pacific salmon fisheries, Larkin (1970) suggested 
that alm ost from the beginnings o f  the industry two ideas were im plicit in attem pts at 
management: that salmon returned to their home stream to spawn and that catches in each river 
had to be limited. Those continue to be the biological bases for m anagem ent, and we continue to 
struggle with thrir incorporation into a sustainable management concept.

Parers by M cHugh (1970) and Larkin (1970) provided historical perspectives on the 
developm ent o f  fishery science and management o f  Pacific salm on in North A m erica. Initially, 
scientific investigations consisted largely o f  descriptive biology and exam ination o f  the "home- 
stream concept." The scientific basis o f that concept was debated long after its acceptance in 
managem ent (see, for exam ple, Jordan 1925, Moulton 1939). But acceptance, coupled with the 
early recognition that salm on eggs were easily cultured, resulted in hatcheries' becom ing the 
major m anagem ent activity during the first 50 years o f the industry. By the '.ate 1930s, how ever, 
managem ent o f  Pacific salmon was in transition. Larkin (1970:226) reported that "regulations 
for controlling harvest were inadequate, but insufficient information existed on w hich to 
construct better techniques; hatchery practices were fairly advanced but o f  dubious value; 
inroads on salmon production as a consequence o f  the developm ent o f  other resources were 
beginning to cause concern." The 1930s began a period o f  m ore-quantitative assessm ent in 
fishery management (Cushing 1988, McHugh 1970). The quantitative basis o f  salm on 
m anagem ent was provided by Ricker's 1954 seminal paper on stock and recruitm ent. Since then, 
m anagem ent o f  Pacific salm on fisheries has been premised on his stock-recruitracnt theory.

STOCK1 AND RECRUITMENT

Salm on-fishery management assumes that there is surplus production below  some upper 
size o f  the spawning population Surplus in the case o f  salmon m eans that a  g iven num ber o f  
spaw ncrs in an adult generation produces, on average, more progeny than needed to replace the 
parents and overcom e all natural mortality sources from the time fertilized eggs are deposited in 
the gravel o f  natal stream s, through juvenile and immature life phases, to adulthood. The 
num ber o f  surplus anim als varies with the size o f  the population and the natural m ortality rate. 
Sm aller populations tend to have higher productivity than larger populations (i.e., num ber o f

1 The term ino log ica l d if f lc u ln e i u io c u r c d  with the w o rt Jroe* are d i la m e d  in Chapter <i. To perm it com pan ion  o f the d i io u n o n  
tn th u  chapter with much o f the p ub liih ed  literxo jre oo f iih e n e i. we use the term nocJc here, tithough  we tne the term  population in m o it 
o f (he re «  o f the report
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progeny returning per adult spawner). and their ratal production is limited mostly by the number 
o f  eggs deposited. In larger populations, production depends more on the interactions between 
spawners and habitat required for sustaining survival and growth o f  progeny.

Ricker 1 1954) noted that factors that become more effective at high densities, called 
"com pensatory” factors by Neave (1953), control or regulate salmon populations. Compensatory 
mortality factors place more pressure on high-density than on low-density populations. For 
exam ple, when large numbers o f  pink salmon reach their spawning grounds, some adults are 
forced to use less-suitabk gravels at stream margins; in crowded conditions, late spawners might 
even dig out developing embryos deposited by earlier spawners. Those factors decrease the 
num ber o f progeny produced per female. W hen chinook or steeihead spawners are less 
abundant, the resulting fry. fmgerlings. and pre-smolts have more access to feeding positions and 
cover, so they may grow faster and be less vulnerable to predation.

Ricker (,1954) termed the relationship between the num ber o f  spawners (stock or S) and 
the production o f progeny (recruitment or R), the stock-recruitm ent function. The term 
recruitm ent refers to the potential availability o f fish to a fishery or to form the next spawning 
generation. The stock often is referred to as the escapement, because these fish escaped capture 
by a fishery and return to spawn.

Fishery managers have attempted to m axim ize surplus production (i.e., anim als available 
for catch) by maintaining the number o f  spawners at an abundance at which, according to 
Ricker's stock-recruitm ent theory, they are likely to produce the largest sustainable catch. Figure 
I l - l  is an exam ple o f  a hypothetical Ricker stock-recruitm ent function. In reality, the function 
would be fitted statistically through a scatter o f  data points collected over time. The function 
represents the average response expected given an escapem ent under the environm ental 
conditions that existed w hen the data were collected. If escapem ents merely replaced themselves 
in the next generation, those returns would fall along a "replacem ent line" where R = S (line A in 
Figure 11-1). However, if  the function value R, expected for a particular S, exceeds the 
replacem ent value, then a surplus production (R, - S,) could be caught and the population 
m aintained in equilibrium  at the same future S and R numbers. Salm on populations can 
m aintain themselves at several levels o f  abundance, and different salm on populations have 
different stock-recruitm ent curves. In Figure 11-1, curve B describes a  population w ith greater 
productivity than curve C, but one with greater density-dependence at large spawning stocks. 
Populations with greater productivity can sustain their production at higher exploitation rates.

The S num ber that, on average, m axim izes the catchable num ber o f  fish generation after 
generation is referred to as the optim um  escapem ent, and the associated catch is the m axim um  
surplus reproduction or m axim um  sustained yield (MSY). The escapem ent expected to provide 
M SY  is indicated as S ^ y  in Figure 11-1. It occurs where the slope o f  the recruitm ent curve is 
1.0, the tangent to the curve parallel to the replacem ent line. Once Smjy ^  determ ined, the rate 
o f  exploitation that can be sustained by the population to m aintain M SY  can also be determ ined, 
i.e.. (R^sy - SmsyI/Rmsy. In this figure, the surplus production (R, - S ,) is equal to M SY.

O ther stock-recruitm ent models have been proposed. The Beverton-H olt m odel (195?) 
predicts that the num ber o f  recruits increases w ith spaw ning stock ever more slowly and never 
exceeds a particular value (asymptote). This model does not turn dow nw ard at high S, as w ith 
Ricker's model.

Stock-recruitm ent functions, w hether Ricker's or Beverton-Holt's, share several serious 
lim itations for application to salmon m anagem ent. The principal lim itations are related to
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Figure 11-I Hypothetical Ricker siocK-recniitmeru curves relating number o f  animals reproducing (spaw ners) and
production o f  m ature progeny (recruitm ent). O ther letters explained in te x t

• The estimation of the biological production function in a highly variable natural 
environment.

• Differences between populations and change over time within populations.
• The necessity for accurate data on total fishing mortality by age and population over 

all fisheries, on number of spawners by age, and on future production.

An individual data point (i.e., the recruitment from a parental spawning stock) reflects 
biological processes, effects of environmental variability, and random events. Determining an 
appropriate production function in the presence of this variability requires a long series of data 
on returns over a wide range of spawning-stock sizes. The uncertainty about a recruitment 
function is usually high. For example, even in a sockeye population with 41 years of good 
assessment information, a characteristic recruitment function is not evident (Figure 11 -2a). The 
relationship between spawners and juvenile production in freshwater is more evident (Figure 1l- 
2b), but variability in marine survival weakens both the relationship between spawners and adult 
returns (Figure 11-2a) and between downstream migrants (smolts) and adult returns (Figure 11 - 
2c). The latter relationship would already account for variation in returns attributable to 
variation in freshwater survival. Even in the population modeled in Figure 11-2, the estimate of 
SMsy is uncertain; SMSY= 332,000 with a 90% confidence range between 203,000 and one million 
spawners. This confidence range was estimated from 1,000 computer simulations of the
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F igure 11-2 Ricker stock-recruitm ent data and (unctions for Chilko Lake sockeye salm on from  Fraser River. A, 
adult spaw ners and adult recruitm ent; B, adult spaw ners and juvenile dow nstream  migrants (age 1 
sm olts); and C, m igrants and adult returns.

relationship between adult spawners and adult recruitment The distribution of the simulation 
results (Figure 11-3) indicates the uncertainty associated with estimates of the optimal 
escapement value for this population. Furthermore, the scatter plot of alpha versus beta values 
(S/R parameters in the Ricker function) indicates that these parameters are correlated (the oval 
shape of the 90% joint confidence limit indicates correlation). The wide variation in the alpha
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F igure 11-3 Results o f  1,000 bootstrap sim ulations o f  Chilko sockeye Ricker stock-recruitm ent function (top left).
T op-right figure is distribution o f  90%  confidence interval for optim al spaw ning-stock sizes determ ined by 
sim ulations. Lower figure is bivariate scatter plot o f  Ricker stock-recruitm ent param eters determ ined from  

each sim ulation.

value is associated with wide variation in beta; this results in a highly uncertain stock- 
recruitment function for this population. In salmon populations in which recruitment and 
spawning stock sizes have been monitored, annual variation in the ratio o f  returns to spawners 
can vary by a factor o f 10. Recently the marine survival rate o f chinook salmon released from 
Robertson Creek Hatcheiy (on the west coast o f Vancouver Island, B.C.) has been shown to vary 
by a factor of more than 100 (0.1% - 13.7% survival to the second year).

Many years of data would assist in accounting for that variability, but long-term data can
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involve another problem. The function calculated reflects returns per spaw ner under past 
environm ental conditions. If the environm ent changes, the stock-recruitm ent function changes. 
An obvious example is deterioration o f  freshwater environments, as evidenced in increased 
deaths associated with dams, reduction in area available for spawning or rearing because o f 
w ater abstraction, or sedim entation in spawning gravels. Change in marine survival (see 
Beam ish and Boullion 1993) also can alter the stock-recruitment function. Environm ental 
variability makes questionable how representative any stock-recruitment function will be for 
current and future environm ental situations. Limiting data to periods considered to be more 
"typical" o f existing conditions might be possible, but the resulting decrease in data points would 
increase uncertainty substantially.

The m ost com m on concern about managing for MSY in salmon fisheries is that stock- 
recruitm ent functions vary am ong populations. The MSY for a population is determ ined by its 
productivity and sources and magnitudes o f density-dependent mortality rates, which reflect the 
life history o f  the species and the specific habitat in which the population lives. Stock- 
recruitm ent functions are expected to vary, but the paucity o f reliable daia on population-specific 
functions makes it hard to account for the differences. .An obvious exam ple is the com parison o f 
w ild-spaw ned versus hatchery-reared salmon.. A hatchery population can sustain its m axim um  
catch at substantially greater exploitation rates than can a natural population because m ortality 
associated with spawning and freshwater rearing is m uch lower in a hatchery than in natural 
system s. Assuming that after release marine m ortality sources do not com pensate, fewer parents 
are needed to reproduce the recruitm ent from a hatchery population (see Chapter 12). Direct 
com parisons o f  stock-recruitm ent functions for hatchery and wild populations (in the same 
geographic area and period) are rare. One good com parison involves sockeye salm on in the 
low er Fraser River (Figure 11-4), where an artificial spawning channel in W eaver Creek 
enhances the fry productivity o f that population but later rearing occurs in the natural 
environm ent. Two other populations, from Birkenhead and Cuitus lakes, are produced naturally 
and have the same adult run timing as W eaver Creek; all three populations are fished 
sim ultaneously. The catchable surplus from W eaver Creek is greater than that in the natural 
populations. The exploitation rates to sustain these populations at M SY  are 0.76 for W eaver 
Creek, 0.70 for Birkenhead Lake, and 0.62 for Cuitus Lake. The spaw ning channel has 
increased the productivity o f  the W eaver Creek sockeye, but fishing to m axim ize the catch from 
W eaver Creek would mean overfishing returns to both natural populations.

The hatchery-wild dichotom y presents an extrem e example o f  the "m ixed-stock" fishing 
problem . If fishing responds to apparent abundance without consideration o f  the stock 
com position (i.e., the m ixture o f  portions o f  stock from source populations) or if  fishing levels 
are based on hatchery production, the natural population will be overfished and its production 
will, on the average, decline. A lternatively, if  the fishery is managed to sustain the natural 
population, substantial surplus production will return to the hatchery or could be caught in a 
single-population, term inal fishery.

The exam ple o f  m ixed-stock fishing represents a much more general problem .
Differences in productivity between natural populations cause the sam e problem , and by-catch o f  
other species in fisheries thai are directed at a more productive species is an  analogous problem . 
W hen fishing occurs on a mixture o f  populations w ith different stock-recruitm ent functions and 
fishing cannot be regulated at a rate appropriate for each com ponent population, the stage is set
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Figure 11 -4 Rjcker stock-recruitm ent curves for three Fraser River sockeye salmon populations. W eaver Creek 
population is enhanced but Culms and Birkenhead populations are both naturally spawning. Source: d a a  
collected 1946-1990 by International Pacific Salm on Fisheries Com m ission and C anada’s D epartm ent o f  
Fisheries and Oceans.

for overfishing o f the less-productive com ponents (Ricker 1958, 1973; H ilbom  1985). For 
example, extinction o f  wild coho salmon in the lower Colum bia River has occurred as fishing 
pressures at sea and in the low er Colum bia increased to take hatchery returns; catch levels o f  85- 
95% were directed at the returning fish (Cram er et al. 1991). The less-productive stocks are 
referred to as "weak stocks," but that term leads to confusion. "Weak" cannot be equated with 
"small", nor does it im ply anything m aladaptive, inferior, etc., about anim als in the population. 
The "mixed-stock" (or m ixed-population) fishery problem is related to differences in production  
rates, not the relative size o f  populations.

Apart from natural variability and variation among populations or over tim e, estimating 
;he SMSV for ju s t one population raises a serious question. Larkin's (1977) discussion o f  MSY as 
a m anagem ent concept identifies the issue o f  the poor quality o f the data available for use in 
stock-recruitm ent analysis, and recently the jo in t U .S.-Canada com m ittee on chinook salmon 
stated (PSC I993b:87):

At present, com plete inform ation necessary to determ ine stock productivity is not 
available for any individual chinook stock! For a few stocks, enough inform ation 
has been available to apply stock-recruitm ent type analyses to estim ate 
productivity param eters, but even these had to involve som e m ajor assum ptions 
about age structure in catch and/or escapem ent and about the error structure o f  
these data. And none include environm ental factors, which are know n to  produce 
variability in annual production—
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To determ ine stock-recruitment functions is data-incensive, expensive, and statistically 
nontrivial. Data and cost issues are related to accurate determ ination o f a population's mortality 
in each fishery and its spawning escapem ent by age so that production can be related to the 
parental generation. Salm on tend to be caught in many sequential, m ixed-stock fisheries, and 
their escapem ent is not determined easily. There are few cases in which this challenge has been 
met to study salmon population dynamics, and the sensitivity o f  stock-recruitm ent analyses to 
errors in the data is poorly understood. H ilbom  and Walters f 1992) stated that stock-recruitm ent 
analyses can provide ''terribly misleading answers" and that (p. 287)

the types o f  misleading answers produced by stock and recruitm ent analysis are 
alm ost always the same; the answers mistakenly lead you to believe that 
recruitment will not decline very m uch with spawning stock. We think that bad 
stock-recruitm ent analyses have been a significant factor leading to over­
exploitation and stock collapse for som e m ajor fisheries.. . .

Hilbom and Walters reviewed the problems associated with stock-recruitment analyses in greater 
detail than is appropriate here, but the committee has developed an example o f  the consequences 
o f such analyses (Box 11-1). The most common outcome of simple stock-recruitment analyses 
is that the optimum exploitation rate is overestimated and the underestimated. The 
consequence o f  this outcome could be management advice that unintentionally would lead to 
overfishing and contribute to declining production.

A lthough M SY concepts have provided the basic paradigm  for salm on m anagem ent since 
the 1950s, the paradigm has been inadequate, given the fishing pressure and econom ic 
developm ent in the Pacific Northwest. M ixed-population fisheries, habitat change, and uncertain 
assessm ent advice have all contributed to overfishing and loss o f  less-productive populations.
The committee reiterates Larkin's caution about the inadequacy o f the MSY concept for salmon 
management (Larkin, 1977:9):

The foregoing has demonstrated, I hope, that MSY is not attainable for single 
species and must be compromised: (1) to reduce the risk o f  catastrophic decline 
and reduction o f genetic variability; and (2) to accommodate the interactions 
among the species o f organisms that comprise aquatic communities.

Given that the limitations o f  stock-recruitment analyses have been known for many years, why 
are management strategies based on those models? Part o f the answer is that technical 
improvements in analyses has led to unjustified confidence in abilities to compensate for 
deficiencies. Much o f the answer, however, lies in the socioeconomics o f  fisheries and fishery 
management. In the United States and Canada, marine fish are generally viewed as "common 
property" resources, owned by no one— or by the public— until they are caught. Such a situation 
is well known to lead to excessive investments in capital and labor and to pressures to overfish 
resources, particularly when there is open entry (i.e., no limit on the number o f people who can 
fish) (Gordon 1954, Scott 1955, Crutchfield and Pontecorvo 1969). However, salmon fishing in 
the Pacific Northwest is not now (and has not been for a long while) an open-entry fishery. The 
states o f Washington, Oregon, and Alaska and the province o f  British Columbia have limited
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Box 11-1 Stock-Recruitment Simulation

Stock-recruitmcnt functions ore usually noniinear, which means that nanuaJ environment fluctuations can produce 
systematically skewed esnmates o f the long-term response o f saimon populations to exploitation. 7ne direction o f .'.is 
error appears to lead to overexploitation, even when stahsticai procedures generally accepted by fisheries biologists are 
properly applied. In this example, the committee develops ideas suggested by Hilbom and Walters (1992) to show how 
advice to management might produce serious errors.

The simulation begins with a 'known' stock-recruitmept relationship, the values for which art typical for chinook 
saimon in the Pacific Northwest; R, - SM exp (a-bSM) expV  ’vf'cre a " b ° ̂  •Uld '•

Each brood year was fished at a 75% exploitation rate; this is common for many fall chinook populations but 
exceeds the 60% rate sustatnaole at MSY for this stock-rccmitment function.

Each simulation was run for 100 yean, and data from the last 30 years were collected for stock-recroitment 
analysis. At the end o f each simulation, stock-recruitment parameters (a. b. Sw ) were esnmated from the 30 data points.
The effects o f three known error sources were examined:

Tyvt I: Environmental variation in recruitment, normally distributed with mean zero and standard 
deviation a.. The value o f oe was chosen so that production varied by a factor o f 2-4.

Tvpt 2: Environmental varianon plus observanon error in spawning-acspemrat estimation. The error 
about S, was simulated as S, * expV- the random normaJ error has mean zero and standard deviation
»9.57. This value o f Oj was chosen to produce escapemcM-esomaooa error o f a  50% about the trueS..

Typt 3: Environmental varianon. observanon error in spawners. and emor in catch esnmanon. Catch 
error was simply generated by smoothing the catch (three-point moving avenge) to simulate assumed age 
structures or errors ui catch allocation between populations.

One thousand simulations o f each type were conducted, and frequency distributions for parameters a and b were 
compared with values o f the ’ known" function. The solid vertical line in the figures represents the parameter values of 
the "known" runcuon. and the dashed lines encompass 95% o f the estimates.

Both a and b have been rescaled for clarity in presentation. The a values are expressed as the expected recruits per 
spawn (a - exp'), and b as logarithms to spread out the distribution.

The distributions o f results for Type 1 to 3 simulations are presented from op to bottom. In each distribution, the 
most common result o f the simulations is represented by the tallest bar. In every case, the most common result is to the 
right o f the value that wc are trying to estimate (i.e., the values in the original, or "known", stock-recruitment nmcuon). 
Furthermore, for the productivity parameter (a), the effects o f the error types are compounded as the most common value 
progressively deviates from the vertical line. Comparing the means o f tho simulations demonstrates the tendency for 
errors in stock-recruitment analyses to overestimate productivity and underestimate the number o f spawners needed to 
sustain MSY.

RccruiWspawncr __________Sustainable exploitation rate ax MSY__________

’’Known* ftmction 4.95 3.43 0.60
Type 1 results 5.51 1.44 0.63
Type 2 results 6.28 0.98 0.67
Tvpe 3 results_______________ 6.49__________________U J _________ 0.673_______________________________________

These analyses arc clearly very limited and were intended only to denwoume, under realistic assumptions about 
error, the potential for misleading information (sec Hilbom and Walters 1992). Advice baaed on these analyses would 
recommend a sustainable exploitation rate, at MSY, 12.5% greater than could actually be sustained by the populanoa.
While wc thought we were managing correctly, the population would continue to decline.

. . .  co n X im u d  on rm jX p a g i
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Box 11-1 (continued)

Simulation results for Type 1 to j  errors described in this box. Solid vertical lines in each figure are true 
parameter values. Frequency histograms on left show distribution o f estimated returns per spawner. and on right, 
natural logarithm o f beta parameter (natural lags used to spread distribution). Results o f 1,000 simulations for 
Type 1 to 3 errors arc presented from top to bottom.
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entry into the salmon fishery since the 1960s; this has not prevented overcapacity in boats, gear, 
and fishing technology, but it has raised greatly the costs of participating in the fishery and 
reduced overall numbers o f people and boats in it. Higher costs of entry and higher investments 
increase the needs o f fishers to pressure regulatory agencies to allow higher catches at the 
expense o f spawning requirements.

The problem has long been recognized (e.g.. Wright 1981, Ludwig et al. 1993). Wright 
stated (p. 38)

Fishermen make poor management allies due to their perpetual optimism 
about strengths of the salmon runs and their understandable preoccupation with 
short-term economic considerations.

There can be little doubt, however, that the salmon fishery lobbyists are currently 
winning the battle against the spawning-escapement protectors. A team of fishery 
scientists formed by the Pacific Fishery Management Council concluded that 40% more 
chinook salmon and coho salmon were needed to meet spawning-escapement 
requirements, under existing habitat conditions, for the combined areas of California. 
Oregon, and Washington (PFMC 1978:39).

Similar appraisals can be found in Fraidenburg and Lincoln (1985), Walters and Riddell (1986), 
and National Research Council (NRC 1994). The remedies suggested most commonly, besides 
complete but preferably temporary closures o f the fisheries (as occurred in 1994), include 
restructuring managing bodies to remove apparent conflicts o f interest (NRC 1994) and 
privatizing rights o f access to salmon stocks through individual transferable quotas or similar 
devices, perhaps combined with buyouts or other compensations for displaced fishers. A third 
approach, paradoxically, is to strengthen the involvement of fishers in the management process 
so that they are encouraged to take more responsibility as stakeholders in either a common 
property or a privatized fishing situation (cf. Scott 1993). Hanna (1994) suggested that the 
Pacific Fishery Management Council (PFMC) has already moved a long way toward involving 
fishers in the management process, at least for other species o f fish.

The application o f stock-recruitment theory and MSY as the basis o f saimon management 
is complex and of limited applicability. The multitude of populations and habitats, the extent of 
enhancement programs, and the variability and uncertainty in the data make determining an 
accurate optimal escapement goal elusive. However, where the necessary data are available, 
stock-recruitment relations can be clear (sec Box 11-2). The definition o f the relationship 
depends on the degree o f environmental variability, the causes o f density-dependent mortality, 
and data quality. Given the poor quality o f  the data available on almost all Pacific salmon 
populations, we cannot test the stock-recruitment theory rigorously. We have learned that the 
theory is more applicable in freshwater phases o f salmon life history and that environmental 
variability in the marine habitat ultimately can determine the numbcT of returning adults.
Principal lessons are that salmon stock-recruitment relationships are inherently uncertain, that 
the determination o f a specific escapement goal (S ^y ) is seldom justified by available data, and 
that the MSY concept has been inadequate for conserving population diversity or production.
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Box 11-2

A most strik ing example o f stock-recruitment reiations in a salmonid is the detailed study o f  E llio t (1994) on 
anadromous brown trout (Salmo irvtia). The figures bciow  from E llio t’s recent book show a clear curvilinear 
relation between spawning (measured as egg density) and recruitment to later lire phases. Note that 
recruitment is more strongly associated with egg density at the lower ages (R. to R,). The relation becomes 
much more variab le when adult returns (R .. age 3- female returns) are related to egg density. The committee 
read ily acknow ledges, however, that this population inhabits a spring-fed stream not subjected to extremes o f 
climate or high water velocities.

3*2 > carr age 0* 
lake suaaner

E$g <ton*ty (3 • « *  60 m*)
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FISHERY MANAGEMENT IN THE FL'TURE

The committee explored four general options for managing fisheries to help frame the 
process o f developing a new management paradigm: status quo. no fishing, limited entry, and 
terminal fisheries.

The Status Quo

One management option is to continue to use the MSY concept while working to 
improve its predictive powers. The comminee has concluded, however, that the MSY concept 
by itself is inadequate and impractical as a basis for salmon management because the model 
implies the existence of a continued surplus production, which is fundamentally inconsistent 
with historical data. In overfished populations, most stock-recruitment data will be from the 
lower range o f escapement numbers. We can adjust for biases in data, but we cannot correct for 
the absence o f data at larger escapements without actual observations. If we estimated SMSY on 
the basis o f historical data and managed perfectly by annually achieving this value, we would 
leant nothing about the productive potential or dynamics o f a population; we would leam more 
only about natural vanabilitv in recruitment because all the return data would be scattered 
vertically above the S ^ y

The prevailing social acrimony, particularly in connection with listings under the 
Endangered Species Act, argues for change in management objectives and a fuller understanding 
o f the salmon problem. Ac fhe economic return from the salmon resource declines, debates have 
become increasingly d o ’ . u .  because action would increase economic disruption in other 
resource industr.es. The com ittee heard considerable testimony lamenting the inability ;o 
make the changes needed. No .me is willing to accept responsibility; each interest feels that 
another should do more. The status quo in this social environment will perpetuate further 
decline and will not sustain salmon population diversity or production.

The No-Fishing Option

One solution is to stop fishing. In many situations, such as those o f the Chesapeake Bay 
striped bass, and North Sea plaice, populations have rebounded after cessation o f  fishing.
Because o f recent emergency measures taken by the PFMC, this option is in effect for most river 
and most ocean fisheries in Oregon, California, and Washington waters and in federal waters off 
those states. In other cases where fishing was stopped, such as the California anchovy fishery, 
depressed populations have not rebounded. One common argument is that stopping catch 
certainly cannot hurt and that fishing should not continue when threatened and endangered 
species are mixed with salmon targeted for catch.

The major problem with the no-fishing option is that the social and economic hardships 
caused by stopping are substantial, particularly to those who depend on salmon fishing for their 
livelihood. Fishing cessation usually occurs only when the overall benefits from continued 
fishing are so reduced that every party gets little from the population. Furthermore, people 
always expect the factors causing the decline to go away soon and more favorable conditions to 
return.
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Fishers argue that commercial and recreational uses o f salmon constitute an important 
value. They say that fishing is an excellent way of keeping the status o f the populations in the 
public eye. Fishing is a livelihood for professional fishers. Catches are important for economic, 
subsistence, and ceremonial purposes for .American Indians, and the expectation that catches are 
possible drives the recreational fishery. Eliminating fishing makes salmon less valuable 
economically.

Eliminating fishing is not a simple issue. Saimon are caught from southern Alaska to the 
central California coast by nerters. trailers, anglers, and charter boats and by both Indian and 
non-Indian fishers. Should fishing be stopped for Alaska salmon fishers whose runs are 
generally in much better shape than those renaming to the Columbia River? The position of 
Alaska salmon fishers is that salmon problems in the Pacific Northwest are due to choices made 
by people o f the Pacific Northwest and that Alaskans should not be penalized to fix the region's 
problems (Pacific Salmon Commission 1993). Salmon from the Pacific Northwest are also 
caught in Canadian fisheries, and U.S. treaty and nontreaty fishers catch salmon from Canada. 
The position of Alaskan salmon fishermen has prevented the Pacific Salmon Commission (PSC) 
from making progress in protecting threatened and endangered salmon runs.

When elimination or control o f fishing is discussed, people often think only o f 
commercial fishing, but that is too restricted a view; all fishing kills fish. Is it legally possible to 
stop treaty fishing? .As long as any salmon are available, treaty fishing will continue. Thus, the 
no-fishing option is complex; it does not imply just a simple decision to close a fishery. Closing 
one part o f the fishery results in another group's getting a larger catch. Treaties give tribes the 
right to fish in their usual and accustomed places in common with non-Indians. And treaties 
require the United States to maintain the health o f salmon stocks. In a legal sense, treaty fishing 
would be difficult or impossible to stop; and as long as there is fishing, other fishers will demand 
fishing opportunities.

If fishing cannot be eliminated legally for some peoples, such as Canadians and treaty 
fishers, which fishers can be restricted from fishing? Should recreational and charter fishing be 
stopped? Recreational and charter fishers take relatively few fish and contribute substantially to 
the economies o f coastal communities. One variant o f the no-fishing option could be for the 
United States to stop all ocean recreational, charter, and commercial fishing for salmon in Alaska 
and the Pacific Northwest. Such a ban would have favorable effects on negotiations with 
Canada in the PSC. However, it would be fought by all those affected. Another variant of this 
option would be to close all ocean fisheries in the Pacific N orthw est A complete ban of ocean 
fishing is close to being realized. It was proposed in 1993 for coho by the PFMC. It was 
proposed again in 1994 and implemented for coho, leaving only limited fishing periods for 
chinook. That was not the first time a no-fishing option has been proposed. In 1904, J. P. 
Babcock, the British Columbia fisheries commissioner, unsuccessfully proposed closing fishing 
on the Fraser River during 1906 as a conservation measure to build up sockeye stocks. The 
problem with any partial closure is that, although it might allcw  some increased escapement, it 
also redistributes catch among different fishing interests.

Canada and the United States have many points o f complementary and cooperative 
interest that might be negotiated on a smaller, more-specific scale, rather than simple wide-scale 
closures. One point of complementarity is the catches of Pacific Northwest coho and chinook 
o ff the west coast o f Vancouver Island and Puget Sound catches o f Fraser River sockeye.
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Another point ot' complementarity is the possibility of opening ocean fishing areas to a joint 
fishery o f trollers .Tom Alaska. Canada, and the Pacific Northwest.

The L im ited-Entrv Option

If cessation of fishing is too strong an option, limiting the number o f fishers might be 
helpful. All West Coast commercial salmon fisheries have some form of limit on the number of 
gill-net and troil licenses. The underlvinz idea is that the number o f fishers should be limited to•a? •

correspond to the size o f catch that can be taken. The objective o f the license- limitation 
program is to restrict fishing capacity to a level closer to the effort that can be maintained. One 
problem with limited entry is that it has many o f the same elements as the status quo. Limiting 
entry to the degree necessary to produce the needed effect is perceived as a severe step.

A second problem that limited entry does not solve is the natural tendency o f fishers to 
become more effective. New technology, knowledge, and fishing methods make fishers more 
efficient with the gear that they have. Thus, a limited-entry program must continually reduce the 
number o f fishers in accordance with both resource availability and the capacity o f fishing 
vesseis and fishers to catch salmon (Smith and Hanna 1990); a reliable way to do this has not 
been perfected.

A third problem is that, as with open-access fisheries, successful application o f limited 
entry depends on the ability to calculate accurately the quantity available for fishing. People 
want a consistent number, but fisheries are inherently variable; no stable number can be given.
A safe number would have to be conservative, and fishers would probably complain that it is too 
low. The MSY mode of management has continually overestimated the amount available for 
fishing. With management for genetic diversity, as we have been recommending throughout this 
report, the focus is on achieving spawning escapements. That will mean highly variable catch 
opportunities for a much smaller fleet o f  vessels.

The Terminal-Fishery Option

Catching salmon closer to the place where they spawn allows greater separation o f 
hatchery from wild and threatened from nonthreatened populations. A way to achieve that 
separation is to allow only terminal fisheries. The separation can be even better achieved with 
live craps. With live-trap, terminal fishing, salmon needing protection can be released if they are 
identifiable with minimal potential for harm. Because natural mortality in the ocean, after early 
transitions to ocean life, reduces biomass more slowly than body growth adds biomass to the 
population, fishing closer to the spawning grounds would increase salmon yields.

Ocean fishers might question the quality o f  salmon taken in terminal fisheries; the meat 
o f fish caught nearer to their spawning grounds will tend to be less oily and the skin more 
colored, and they will be less preferred by some consumers. Salmon do deteriorate in quality as 
they get closer to spawning, but terminal fisheries in estuaries and river mainstems would not 
necessarily decrease quality and the average size o f the fish would be greater. Two advantages 
o f  live-trap, terminal fisheries are the potential to separate populations from one another and the
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ability to set catch rates for what each population can sustain. For example, salmon from 
threatened populations could be released. The treaty fishery in the middle Columbia would be a 
place to experiment with terminal fishing. Shining to a live-trap fishery also has the potential to 
increase employment. Recreational fishers view set nets as wasteful of the resource and as 
yielding lower-qualitv fish. Live traps would improve the perception o f Indian fishing on both 
conservation and quality grounds.

A major problem with the no-fishing option is at least partially solved by adopting 
terminal fisheries. Alaskan fishers catch salmon destined for Alaska and British Columbia 
streams, as well as for the Columbia River and the north coastal area. Alaskan ocean fishers 
question why their opportunity to fish for healthy Alaskan populations should be jeopardized by 
habitat and hydropower problems in the Pacific Northwest. Canadian fishers who fish mixed 
U.S., Canadian, and Alaskan populations do not see a reason to limit themselves when the 
problem is not theirs. They have not built dams on the Fraser Pdver, and in British Columbia the 
habitat is less altered.

Although the current catch situation— which is unbalanced between areas— will make it 
politically difficult to restrict fishing to locations o f  origin, the committee concludes that it is 
worthwhile and important. Salmon management— especially p^-ulation-specific 
management— is likely only practical if catch were allowed onJ *ar the point o f  origin, and in 
the long run, the salmon and many fishers would benefit once p x tion  increased, although 
which fishers benefit most would involve social factors.

Developing a New Management Paradigm

Given the complexity and scope o f the salmon problem, developing a new management 
concept will be difficult and contentious. The comminee starts by identifying several premises 
based on its experience:

• In Pacific salmon, the presence o f many diverse, spatially distributed spawning 
populations is closely aligned with genetic diversity, maximal use o f available habitat, and 
potential for increasing production from natural spawners.

• The sustainable exploitation rate is a function o f a population's productivity determined 
over all life phases. Catch is only one o f numerous mortality sources and cannot be viewed as 
independent or as an altemarive to other sources over which we do not have control. The 
fishable portion o f a return is determined by the brood-year survival to the time o f the fishery 
and the desired spawning-stock size.

• Salmon are a component o f  ecosystems and they exist in a dynamic evolutionary 
process. Their production is variable and interconnected with the condition o f their communities 
and habitats.

• Catch is a function o f the fishing rate exerted by a fishery and the abundance o f salmon 
recruited to the fishery. A low fishing rate and a high abundance can yield the same catch as 
higher fishing rate and a lower abundance.

• Productivity varies among populations and over time. The projected return from any
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population and brood year is highly uncertain. .Any management process must acknowledge and 
account for limitations and uncertainty in assessment information and management capabilities.

Those premises consider only biological aspects of fishery management. But the sustainability 
o f salmon in the Pacific Northwest also is inextricabiy linked to economic development and 
social values. Society in the Northwest has exchanged natural salmon populations for economic 
development or argued about who was to blame as the resource declined. Figure 11-5, based on 
data from Matthews and Waples (1991), demonstrates the decline in Snake River spring and 
summer chinook saimon since the late 1950s. In spite o f a progressive decline, major corrective 
actions were not taken until 1992. when the chinook were listed as threatened under the 
Endangered Species Act. The greater the decline in the resource, the greater the disruption will 
have to be to correct the problem. The comminee believes that a stronger social commitment to 
the biologicai-resource base must be established if salmon arc to be sustained. For the fishery- 
management process to be effective, a strong commitment to the salmon must be an integral pan 
o f the process.

Figure 11-5 Trend in spawning-escapement index for Snake River spring and summer chinook salmon. Trend in
annual redd counts and 5-year sum (for smoothing) are presented. Data from Matthews and Waples (1991) 
for Snake system minus Grande Ronde returns.

A management cycle for fisheries involves four activities: stock assessment to provide 
the biological advice, development o f management plans, conducting the fisheries, and 
evaluation. The critical elements are sound biological advice, explicit and assessable 
management objectives (biological, social, economic, etc.), an institutional process for 
developing management plans, control o f  fisheries, and accountability in achieving management 
objectives. We consider those elements below, except for institutional processes and 
accountability, which are discussed in Chapter 13.
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Stock Assessment and Biological Advice

Biological advice is only as sound as the information on which it is based. Advice must 
recognize limitations and uncertainties in knowledge and in abilities to predict recruitment. For 
example, the committee suggests that the concept o f "optimum escapement" be replaced with a 
more conservative notion o f a minimum sustainable escapement (MSE). An MSE concept 
avoids a single target escapement value and acknowledges that estimates of S ^ y are often biased 
low and rely on weak historical data. The committee emphasizes that MSE is a minimum and 
that actual escapements would exceed it and not be scattered about it. The comminee's notion 
was based on protecting against the continued decline in salmon production and on concern 
about the use o f an uninformative, possibly mi. leading, statistic.

The concept o f MSE is analogous to minimum viable population size (Shaffer 1981, 
Simberloff 1988) and population viability analysis (Gilpin and Soule 1986, Shaffer 1990). It 
acknowledges that the longer-term sustainability o f salmon populations depends on reducing the 
risk o f extinction due to over-fishing and stochastic events (environmental and demographic 
variability). Howe\ - n assessing these risks, society must determine the level o f security 
desired for salmon populations over what time period (i.e., how confident do we want to be that 
a population will exist in 100 or 200 years).

The MSE level could initially be determined from historical stock-recruitment data, when 
available. Where the data are not available, initial escapement levels may be derived from 
habitat assessments and/or historical escapement trends. This information may then be 
incorporated in demographic or life history models to determine MSE at a particular level o f 
confidence. Uncertainty about the biological basis o f this level must be allowed for when 
assessing the risk o f extinction, but in many cases, the appropriateness o f the initial MSE will be 
unknown. However, under the MSE concept, populations would generally be at less risk than 
under the earlier MSY approach, because escapements should exceed the minimum value (unless 
survival is so poor that the MSE is not achievable even under the absence o f fishing mortality).

Estimates o f MSE should ideally include information about the composition o f spawning 
populations, the maintenance o f connections between salmon demes, the role o f carcasses as 
nutrient sources for freshwater ecosystems, intraspecific competition in reproduction, mate 
selection, and gene flow, but relatively little attention has been given to these factors. The need 
for levels o f escapements that promote competition and fertilization or that maintain niches used 
by salmon is not well demonstrated with direct research.

In summary, the committee recommends the establishment o f  minimum safe levels of 
spawning escapements to reduce the risk o f continued loss o f  salmon populations and 
production. Actual escapements should always exceed this value, with allowances for 
assessment error for abundances near this minimum level. Escapements would vary above the 
minimum depending on the population abundance and sources o f mortalities. Escapements 
substantially above these minima will be needed to maintain salmon productivity (and therefore, 
sustainable exploitation rates) in many more populations than are presently available. These 
increased escapements are also likely to have benefits in expanding the number o f  spawning 
populations, increasing genetic diversity within populations, and enhancing natural ecological 
processes.
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M anagem ent Objectives

The major change in objectives related to the sustainability o f salmon must be to broaden 
the set of biological objectives. That does not imply a priority o f biological objectives over 
socioeconomic objectives, but socioeconomic objectives should complement biological 
objectives. The comminee concludes that the resource base necessary to sustain salmon 
production consists o f genetic diversity (both within and between natural breeding populations) 
and the habitat used by all life stages of the species. Genetic diversity provides for the 
continuing evolutionary process and is the biological basis o f future salmon production. 
Therefore, the comminee recommends managing for the joint biological objectives o f MSE and 
increased diversity in local breeding populations, which will result in increased production in the 
long run. Increasing the size and number of spawning populations will, on average, increase the 
abundance of salmon. The comminee acknowledges that increasing diversity will require initial 
reductions in catch because animals must survive to reproduce. However, catch in future yean 
should increase as salmon production increases, even though fisheries probably would be 
managed at lower catch rates to maintain the diversity within local breeding populations and 
promote the development o f interpopulation diversity.

Figure 11-6 shows what is expected in accordance with MSE. Graphs A, B, and C 
represent what has occurred commonly in the past. Natural or wild (N) and hatchery (H) 
populations have been fished simultaneously, but the hatchery population has higher 
productivity. As total population (N + H) increases, catch often increases to a maximum (Figure 
i 1 -6b), but the catch rate (i.e., the portion of the available salmon abundance that is caught) may 
not be sustainable by N. Consequently, the catch o f N -  H begins to decrease because o f the 
declining production from N. Eventually, management responds to conservation concerns for N 
and reduces the catch to conserve N. If that situation is visualized over many natural 
populations, loss o f population diversity can be characterized by Figure 1 l-fic. Diversity, if 
measured simply by the existence of spawning populations, would be maintained for a longer 
period than the catch (N + H). But under increased fishing pressures, the less-productive N will 
begin to be lost. Diversity would probably stabilize as catch is curtailed to conserve population 
diversity. Under a management policy to increase interpopulation diversity and achieve 
minimum escapement levels, the expected outcomes would be increased habitat use by spatially 
and temporally more diversified salmon populations and an increased catch achieved at a lower, 
sustainable rate o f fishing (Figure 11 -6d). The potential cost o f this plan is an initially decreased 
catch o f N while diversity is increased. The magnitude of initial loss depends on the specific 
situation.

A useful analogy o f this plan is the idea o f salmon runs as a tree. Each stem, branch, and 
twig on the tree is a potential home for a local breeding population, an isolated reproductive 
group adapted to the conditions of that particular stem, branch, or twig. Some salmon climb 
mighty trees like the Columbia and Sacramento with complex branching. Others climb much 
smaller, less-compicx tr?es like coastal streams. Cutting limbs from the dendritic structure of 
these salmon "trees" or placing ouJuUCions on maior Hmbf prevents local breeding populations 
from filling out the evolutionary potentials offered. 1 ii.it reduces the genetic diversity and 
viability o f the salmon population as a whole and reduces habitat use and the potential 
production of salmon. A more holistic approach in salmon management would focus attention
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Figure 1 1 *6 Schematic portrayal o f observed historical trends in salmon populations, caich, and exploitation (plots B 

and C) and the expected outcome o f managing for a minimum safe escapement (MSE) objective and 
rehabilitation ofinterdemic diversity (plot D). Plot A is a stock-recruitment curve showing number o f 
recruits as a function o f the number o f spawners. In plots B - D, the vertical axes represent numbers ot fish 
(for catch curves), numbers o f populations (for diversity curves), and percentages (for exploitation rates). 
The exploitation rate is the total mortality associated with fishing activities, including the landed catch, 
incidental catch, discards, and hooking mortality. See text for further details.

on filling out the trees' foliage so that viable local breeding populations o f salmon inhabit as 
many branches as oossible.

How could those jo int biological and socioeconomic objectives be implemented in a 
management plan? The committee has considered only a general process because details o f 
implementation would involve social values and decisions. For example, how quickly diversity 
increases will be associated with how much social change is acceptable or with die array of 
economic alternatives in a specific area. A possible process would involve the following:

• Identification o f natural populations with the quantitative information needed for a 
credible population assessment and determination o f an MSE and exploitation rate that, on 
average, would be allowable at this level o f spawning-population size. Currently there arc few 
o f these "assessment" populations, but the application o f a safe escapement level will reduce the 
risk o f misapplication to other populations and should provide reasonable starting points in the 
plan development. Total fishing mortality would initially be limited to the exploitation rates at 
the MSE.

• Predictions o f available abundance to fisheries. The methods might vary between 
regions, species, etc., but should account for spawning-population sizes, environmental variation.
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and interceptions in fisheries outside the management zones. Abundance forecasting also might 
prove to be highly uncertain, but methods to incorporate tn-season information with pre-season 
estimates (see Noakes 1989) could be useful in controlling fishing impacts.

• Establishment o f survey designs for estimating diversity within local breeding 
populations. The essential need is :o measure diversity and how it changes over time. Surveys 
would be designed to be repeatable annually and to measure quantitatively the spatial and 
temporal diversity of local breeding populations.

• Conduct of annual evaluations involving quantitatively assessed indicator populations, 
surveys of the spatial and temporal diversity o f local breeding populations within geographic 
areas, and fishery dynamics. The indicator populations would include natural populations on 
which accurate stock-r jcruitmem data can be collected and whose dynamics (e.g., freshwater 
and marine survival rates, productivity, etc. (see Holtbv and Scrivener 1989]) can be studied, 
natural populations that are conducive to repeatable annual estimates of spawning escapement, 
and hatchery populations whose exploitation rates can be determined. Fishery dynamics are 
assessed to understand units of effort, relationships between catch and effort, and effort 
responses to abundance and ultimately to estimate catch levels for a fishery.

• .Assessment of progress toward the biological objectives and incorporation o f what is 
learned from evaluations into future management plans. Given the limitations in our knowledge 
and the inherent variability in the environment, the comminee strongly endorses adaptive 
management (Walters 1986) to achieve sustainability for salmon. For exampie, the response o f 
natural populations to management changes can be confounded by environmental variability. 
Experimental designs can be useful in controlling this interaction (see Walters et al. 1988) and in 
improving detection of changes in diversity over time and under different management plans or 
fisheries. The use of adaptive management, however, emphasizes the need for effective 
institutional processes for communication and participation in the development o f longer-term 
management plans.

Control of Fisheries

Meeting the joint management objectives o f achieving the MSE and increasing diversity 
o f  local breeding populations diversity will not resolve the mixed-population fishing problem or 
settle allocation debates. Without greater control on fishing impacts, meeting the objectives 
could even exacerbate these problems. Furthermore, the sequential alignment o f fisheries in the 
Pacific Northwest, from ocean mixed-population fisheries to more terminal fisheries involving 
fewer populations, could result in inequitable disruption o f fisheries. But sequential fisheries 
also present an opportunity to compensate for fishing impacts among fisheries. Given the 
complex o f fisheries, variations in population size, and the need for social decisions in 
establishing a fishing plan, the comminee felt that it was impractical to comment on any specific 
fishing options. There are only two general kinds o f strategies for meeting the objectives 
through fishing controls:

• Reducing exploitation rates over ail populations in a fishery— fishery-oriented 
strategies.

• Increasing the specificity (in time, area, gear, species, etc.) o f a fishery to avoid or 
minimize impacts on particular populations— population-oriented strategies.
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There are many ways to implement each kind of strategy. Fishery strategies can vary from no 
fishing through allowing exploitation only in specific fisheries to reducing exploitation rates in 
all fisheries. Population strategies can divert fishing etfort to another time or area, develop a 
selective fishery for only marked animals (i.e.. prohibit retention o f unmarked fish), or develop 
selective fishing gear, such as live traps and rishwheels. Strategies can also be combined to limit 
exploitation of some populations while maintaining a fisnerv on others. For example, an ocean 
troll or recreational fishery might be managed at low exploitation rates that are sustainable by 
most populations. Terminal fisheries could then be managed to compensate for these ocean- 
tisherv mortalities by either increasing or decreasing further exploitation on a population.

In developing a fishing plan, managers have to balance fishing capacity (number o f 
vessels, effort, market prices, etc.), availability and quality of biological data (on abundance, 
stock composition, previous fishing impacts, etc.), and social agreements (allocation 
requirements, treaty vs. nontreatv, ocean recreational vs. ocean troll, etc.). Each balance has 
problems. In the Northwest, more people would participate in fisheries if there were more fish. 
The potential for additional fishing pressure is an important source o f uncertainty in how a tleet 
will respond to a particular fishing plan. The quality o f b io logicJ data varies among fisheries, 
but the catch rate is seldom known until after the fishing has ended for the season. Achievement 
o f  allocation agreements is uncertain because population-specific fishing mortalities often are 
unknown or a substantial portion o f the allowable catch might be taken in fisheries outside the 
management region, e.g.. in Canada or southeastern Alaska. The most commcn problem, 
though, is our limited ability to control in-season fishing impacts, especially on a population- 
specific level. In the absence o f reliable pre-season predictions o f populauon and fishery 
abundance, fishery managers have developed in-season estimation procedures to monitor 
abundance and am  timing. These procedures normally compare historical tcst-fishery catches or 
catch-per-unit effort from specific fisheries, with run-size estimates to develop in-season 
prediction models. These models frequently also have large uncertainties due to variation in run 
timing, stock compositions, and environmental conditions; or simply due to measurement error 
in historical data. In summary, the quality o f biological data varies widely between fisheries, 
and exploitation rates in fisheries are seldom known. This uncertainty places the objective o f 
increasing genetic diversity at risk and argues for the continued application o f  conservative 
fishing plans, particularly in the mixed-population ocean fisheries.. Fishers should recall, 
however, that fishing at a lower rate on an increasing population will eventually restore catch 
levels.

Developing fishing plans for each o f  the Pacific Northwest regions will necessitate 
consideration o f specific resource problems, distribution o f fisheries, and social groups.
Choosing a strategy requires establishing priorities and making a number o f difficult social 
choices. But fishing is only one mortality factor. Fishers can enhance the spawning population 
by forgoing catch, but salmon also require habitat for long-term sustainability. The control of 
fishing as a means to approach sustainability in salmon will be only as successful as our ability 
to address the freshwater-habitat issues. We would also expect greater support from fishers if  
they could see a successful return on the spawners invested. Presumably, the same would be true 
o f  Canada's participation in the Pacific Salmon Treaty
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CONCLUSIONS

Since the nineteenth century, in an effort to maximize catch, salmon fisheries o f the 
Pacific Northwest have exploited a mix of wild-spawning and hatcnerv-produced salmon. 
Fishing moved farther into the ocean to catch more and bener-quality salmon earlier in their life 
cycle, but the stream origins o f these fish were unknown. Social pressures pushed catch levels 
toward those which only the most-productive populations could sustain, but they were often too 
high for natural populations. Mixed-stock fisheries developed for human convenience, and 
society watched as local breeding populations of salmon went to extinction or were depressed 
severely. Fishing impacts and the promotion of regional economic growth combined to alter 
salmons' environment to their detriment. The existing technocratic model for fishery 
management, productivity enhancement, and environmental modification has not been able to 
sustain salmon catches or the diversity of salmon populations. The result has been a major 
reduction in economic opportunity for fishers. All fishers have without doubt suffered possibly 
irreparable injury from the status o f salmon and the management prescriptions to deal with it. 
The decline in income is much greater than that in any other major resource industry in the 
Pacific Northwest, and catches by .American Indian fishers are now smaller in numbers o f fish 
than before the Boldt decision.

The comminee concludes that fishery management objectives must explicitly recognize 
the need to conserve and expand the genetic diversity o f the salmon resource. To accomplish 
this, emphasis must be given to minimum sustainable escapements and filling out the dendritic 
structure o f salmon habitats.

A more holistic management approach must recognize the connections between the 
genetic resource base, habitat, and the resulting salmon production; it must also account for the 
uncertainty in our scientific advice and for inherent environmental variability. The comminee 
has outlined a process intended to improve the potential susminability o f salmon in the Pacific 
Northwest. Furthermore, the comminee does not believe that the sustainability o f Pacific 
Northwest salmon can be achieved without limiting the interceptions o f U.S. salmon in Canada 
and obtaining the cooperation o f Alaska. An effective and cooperative Pacific Salmon Treaty is 
necessary. The comminee does not provide specific recommendations about altering specific 
fisheries, because there are numerous options and interactions between fisheries. Achieving 
azreemunt on changes in fisheries will be difficult and necessitates an effective institutional 
process.



March 12, 1996

Senator Loren Leman 
Chairman Senate Resources 
Alaska State Legislature 
Room U5 
State Capitol 
Juneau, AK 99801-1182

Dear Sen. Leman;

1 fie Board of Directors of Kenai River Sportfishing Association, Inc. support SB285 and urges the 
Senate Resource Comminee to support it also.

SB285 will provide the direction and funding needed to uphold our constitutional mandate to pro­
vide for sustained yield of wild salmon. SB285 is also based upon the latest scientific information 
concerning the collapse of salmon runs in the Pacific Northwest.

As stated by the National Research Council of the National Academy of Science in their December 
1995 publication Upstream: Salmon and Society in the Pacific Northwest. "A crucial aspect of the 
recommendations ia the overriding need to focus management goals primarily on genetic diversity 
rather than on biomass production.”

The current management goal of maximum sustained yield for single stocks in a mixed stock fishery 
focuses on biomass production. By attempting to regulate the spawncr-recruit ratio for the maximum 
sustained yield (harvest,) wc arc choosing, as our primary management goal, biomass production.

This bill provides tire framework where science may be gathered in an organized manor so that wc 
can move toward management of genetic diversity of discrete salmon stocks with the minimum 
amount of disruption to commercial fisheries.

(t also places the burden of data gathering on the commercial fisheries. This is only rational.

In the February, Alaska Board of Fisheries meeting in Anchorage, the Board decided to increase the 
in-river allocation of red salmon into the Kenai River based upon a concept of no-net-habitat loss. In 
other words, sport fishermen will be held accountable for their actions (whether it increases habitat 
degradation or leads to improved habitat measures.)

P.O. Box 1228 • Soldotna, Alaska 99669 • 907-262-8588 • Fax 907-262-8582 • 1-800-478-0724
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We see SB285 applying the same measure of fairness on the prosecution of commercial fisheries. 1 
am sure the Committee will agree that, give the best available science, commercial fisheries should 
not be conducted in a manor that threat sustain yield. That would be unconstitutional.

SB285 will allow the continuation of commercial fisheries, as long as data supporting such prosecu­
tion is not at the expense of discrete saimon stocks.

SB285 also calls into question the Department of Fish &. Game's decision to manage on a Maximum 
Sustained Yield (MSY) principle. While MSY neither appears in the state Constitution nor in statute, 
it is used interchangeable in the Department's Escapement Goal Policy with the term sustained yield. 
Sustained yield does appear in both our Constitution and statute.

The most common concern about fisheries management for Maximum Sustained Yield in salmon 
fisheries is that stock recruitment functions vary among populations. As stated in Upstream: “When 
fishing occurs on a mixture of populations with different stock-recruitment functions and fishing 
cannot be regulated at a rate appropriate for each component population, the stage is set for overfish­
ing of the less-productive component... Apart from natural variability and variations among popula­
tions or over time, estimating the MSY for just one population raises a serious question..”

The report says the most common outcome of single species MSY management in n mixed stock 
fishery “has been inadequate for conserving population diversity or production...The MSY mode of 
management has continually overestimated the amount available for fishing."

What SB285 does is move the State of Alaska toward the recommendations by the country’s leading 
scientists. The committee noted that the concept of "optimum escapement" should be replaced with a 
more conservation-related concept of Minimum Sustainable Escapemonc (MSE).

“A MSE concept avoids a single target escapement value and acknowledges that estimates of MSY 
are often biased low and rely on weak historical data."

The committee went on the say that the major change in objectives related to sustainablility of 
salmon must be to broaden the set of biological objections to include MSE and increased diversity in 
local breeding populations, which will result in increased production in the long run.

SB285 will allow the state to gather the data needed to insure sustained yields and protect the impor­
tant discrete salmon stocks. We ask for your endorsement of the Bill and your vote for the bill when 
it reaches the Senate floor.

Sincerely,

Ben Ellis
Executive Director
Kenai River Sportfishing Association, .Inc.
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A L A S K A  S P O R T F IS H IN G  A S S O C IA T IO N  

P.O. BOX 2 4 18 4 7  

AN C H O R AG E, A K  9 9 5 2 4

S e n a to r  R ic k  H a l f o r d  

S e n a to r  L y d a  G re e n  

A la s k a  S ta te  S e n a te  

S ta te  C a p i t o l  

J u n e a u ,  A K  9 9 8 0 1 - 1  1 8 2

D e a r  S e n a to r s  H a l f o r d  a n d  G re e n ,

T h e  A la s k a  S p o r t f i s h I n g  A s s o c ia t io n ’ s  B o a rd  o f  D i r e c t o r s ,  

r e p r e s e n t in g  th e  s ta te 's  la r g e s t  s p o r t  f i s h i n g  g r o u p ,  h a v e  

u n a n im o u s ly  v o te d  to  s u p p o r t  S e n a te  B i l l  2 8 5  "A n  A c t  r e l a t i n g  to  

t h e  m a n a g e m e n t  o f  d is c r e t e  s a lm o n  s to c k s " .

T h is  le g is la t io n  is  a  k e y  d o c u m e n t  In  th e  e v o lu t io n  o f  th e  

m a n a g e m e n t  o f  o u r  s a lm o n  s to c k s .  T h e  r e c e n t  B o a r d  o f  F i s h e r ie s  

m e e t in g  on  U p p e r  C o o k  I n le t  f i s h i n g  Is s u e s  h ig h l ig h t e d  th e  n e e d  f o r  

m o r e  e m p h a s is  on m a n a g e m e n t f o r  g e n e t ic  d i v e r s i t y  o f  o u r  m ix e d  

s to c k s .  T h e  e r a  o f  m a n a g in g  f o r  m a x im u m  y ie ld  ( h a r v e s t )  o f  a s in g le  

d o m in a n t  s p e c ie s  w i t h o u t  r e g a r d  f o r  th e  o t h e r  s p e c ie s  a n d  t h e i r  

n a ta l  s t r e a m s  m u s t  c o m e  to  an e n d  i f  w e  w a n t  to  p r e s e r v e  o u r  

I n c r e d ib le  s a lm o n  r e s o u r c e  f o r  f u t u r e  g e n e r a t io n s  o f  A la s k a n s .

B o th  th e  " U p s t r e a m -  S a lm o n  a n d  S o c ie ty  In  th e  P a c i f i c  N o r t h w e s t !  

r e p o r t ,  t h e  r e p o r t s  b y  D r . P h i l l i p  M u n d y ,  a s  w e l l  a s  s e v e r a l  A D F & G  

s t a f f  r e p o r t s  to  th e  A la s k a  B o a rd  o f  F is h e r ie s  la s t  m o n th  e m p h a s iz e  

t h a t  m o r e  a t t e n t io n  m u s t  b e  p la c e d  on m a n a g e m e n t  o f  t h e  w e a k e r  

s to c k s  o f  f i s h  o r  t h e y  w i l l  ce a se  to  e x is t .

W e  f e e l  t h a t  th e  B o a rd  o f  F is h e r ie s ,  b y  a d o p t in g  a l i s t  o f  f i s h e r y  

m a n a g e m e n t  p r i n c i p l e s ,  h a v e  ta k e n  a g ia n t  s te p  t o w a r d s  b e t t e r  

s a lm o n  m a n a g e m e n t.  S B  2 8 5 ,  b y  r e q u i r i n g  th e  B o a rd  o f  F is h e r ie s  to  

m a n a g e  f o r  th e s e  d is c r e t e  s to c k s ,  a n d  b y  r e q u i r i n g  A D F & G  to  p r o v id e  

th e m  w i t h  th e  I n f o r m a t i o n  to  do so , w i l l  p r o v id e  th e  v e h ic le  to  m a k e  

s a lm o n  m a n a g e m e n t  In  A la s k a  m o r e  c o n s is t e n t  w i t h  o u r  

C o n s t i t u t i o n a l  m a n d a te  o f  s u s ta in e d  y ie ld .

Please call us If we can help work this bill through the process.

P h i l  C u t le r ,  P r e s id e n t  3 / 1 1 / 9 6



Big Fisherman Charters 
P.O. Box 873206 

Wasilla Alaska 99687

Sen. Rick Halford 
Room 508 State Capital 
Juneau, Alaska 99801-1182

Dear Senator Halford,

Your bill on genetic diversity is needed to bring salmon management in Alaska into the 20 
century and will save the salmon runs on numerous creeks and streams in the upper Cook 
Inlet. The science report published by the governors mediation team identified the 
need to develop additional data for managing salmon in the e Northern District of Cook 
Inlet. They have identified a data gaps that must be filled if our salmon are to be 
protected. Additionally the need to reduce or halt the incept or mixed stock, due to fact 
that that the streams of origin can not be determined, and that termawal fisheries allows 
for precise management strategics.

Tho ooncept of genetic diversity will require that the state develop the data needed to 
effectively manage all of our salmoa Currently Cook Inlet salmon management is being 
driven by the Kenai River king and sockeye runs. The mediation science committee 
recommend that the management strategies be change to incomes all of Cook Inlet. I 
am concerned that the current commercial marked will have a detrimental effect on our 
salmon runs. Low prices will increase the pressure on the Department of Fish and Game 
to allow increased commercial fishing periods to allow them to increased their take due to 
low fish prices, the only effect will be lower prices. What will happen to the less desirable 
species caught, and processors do not want to buy?
I know that funding is a problem and must be addressed. I will support cn increase in the 
cost of fishing licenses or a tag such as the king salmon tag. Would it bo possible to 
establish a salmon manage fund were people could donate money and have a check off 
from the permanent fund. Please feel free to contact me for support. Thank you for your 
active support in protecting our resources.
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F e b r u a r y  1 5 , 1 9 9 6

S e n a to r  Pack  H a lfo rd  

S ta te  C ap ito l, R oom  5 0 8  

J u n e a u , AK 9 9 8 0 1 - 1 1 8 2

RE: SB 2 8 5

D e a r  S e n a to r  H a lfo rd :

T h e  A la sk a  C o u n c il o f  T ro u t  U n lim ite d  w is h e s  to in fo rm  y o u  o f  o u r  

s u p p o r t  o f  t h is  b i l l  (SB  2 8 5 ) .

T ro u t  U n lim ite d  in  A la sk a  is  c o m p r is e d  o f  5 5 0  m e m b e r s  in v o lv e d  in  

1 0  c h a p te r s  s t a te w id e . T ro u t U n lim ite d  N a t io n a lly  h a s  o v e r  7 5 , 0 0 0  

m e m b e r s  a n d  I c a n  s p e a k  fo r  th em  a lso  a s s u p p o r t in g  d is c r e t e  s to c k  

f i s h e r ie s  h a r v e s t  m a n a g e m e n t .

S c ie n t if ic  d a t a  (b o th  r e c e n t  a n d  h is to r ic )  in d ic a t e s  th a t  m ix e d  s to c k  

f is h e r ie s  h a r v e s t  h a s  c o n t r ib u te d  to th e  d e c l in e  o f  s a lm o n id  

p ro d u c t iv it y  w o r ld w id e . M ost r e c e n t ly  th e  N a t io n a l R e se a r c h  

C o u n c il’s P a c if ic  S a lm o n  s tu d y  r e c o g n iz e s  th e  p ro b le m s  w ith  m ix e d  

s to c k  h a r v e s t s  w h e n  a t te m p t in g  to m a n a g e  th e  h a r v e s t  o f  in d iv id u a l  

s to c k s .

D is c r e te  s to c k  h a r v e s t  m a n a g e m e n t  w i l l  a d d r e s s  s e v e r a l  c o n s e r v a t io n  

i s s u e s  in c lu d in g :  th e  A la sk a  C o n s t itu t io n a l m a n d a te  fo r  s u s t a in e d  

y ie ld  o f  a l l  s a lm o n id  r e so u rc e s  (n o t  j u s t  c o m m e rc ia l ly  e x p lo it a b le  

s to c k s ) ,  c o n c e rn s  o v e r  lo s s  o f  sp e c ie s  d iv e r s i t y ,  e c o sy s te m  h e a lt h , a n d  

la s t  b u t  n o t  le a s t  t h e  b u rd e n  o f  c o n se r v a t io n  (w h ic h  th e  A la s k a  B o a rd  

o f  F is h e r ie s  a c k n o w le d g e s  to  be d is p r o p o r t io n a t e ly  s h a r e d  a m o n g  

u s e r s )  w i l l  b e  m o re  e q u it a b ly  sh a r e d .

S in c e r e ly  y o u i s  in  c o n se rv a t io n ,

D e n n is  H. R and a , C h a irm a n  

A la sk a  C o u n c il o f  T ro u t  U n lim ite d  

P.O . Box  3 0 5 5  

S o ld o tn a , A k 9 9 6 6 9 - 3 0 5 5



F e b ru a ry  15, 1996

Senator Rick H alford 
State C apitol, Room 508 
Juneau, AK 99801-1182

RE: SB 285

D ear S enato r Halford:

The A laska Council of Trout U nlim ited wishes to inform you of our 
support o f this bill 'SB 285).

T rout U nlim ited in A laska is com prised of 550 m em bers involved in
10 chapters statew ide. T rout Unlim ited N ationally has over 75 ,000 
m em bers and I can speak for them also as supporting d iscrete  stock 
f ish e rie s  h arvest m anagem en t.

S cien tific  data (both  recent and historic) indicates that m ixed stock 
fisheries harvest has contributed  to the decline o f salm onid
p roductiv ity  w orldw ide. M ost recently  the N ational Research 
C ouncil's Pacific Salm on study recognizes the problem s w ith m ixed 
stock  harvests w hen attem pting  to m anage the harvest o f ind iv idual 
s to c k s .

D iscrete  s to ck - h arvest m anagem ent will address several conserva tion  
issues including: the A laska C onstitutional m andate for sustained
yield o f all salm onid resources (not ju s t com m ercially  exp lo itab le  
stocks), concerns over loss o f species d iversity , ecosystem  health , and
last but not least the burden o f conservation (w hich the A laska Board 
of F isheries acknow ledges to be d isp roportionate ly  shared  am ong 
users) w ill be m ore equitab ly  shared.

in conservation , 

Dennis =H. Randa, Chairm an 
A laska  Council of T rou t U nlim ited 
P.O. Box 3055 
S o ldo tna, Ak 99669-3055
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K e n a i Rjv e r  S po r tf ish in g , I n c . 
P.O. Box 1223 • Soldoma. A K  99669 

(907) 262-8588 • Fax (907) 262-8582

February 14, 1996

Senator Rick Halford 
Alaska State Senate 
State Capitol
Juneau, Alaska 99801-1182 

Dear Senator Halford,

As the executive director of Kenai River Sportfishing, I would like to commend you for introducing 
Senate Bill 285, “An Act relating to the management of discrete salmon stocks.”

The future of Alaska’s fisheries will depend upon the passage and enactment of legislation that 
directs the department to protect the genetic diversity of the total salmon population within a drain­
age while providing for sustained yield.

Our sportfishing association’s objectives are to promote responsible angling and habitat protection. 
But unless the Department of Fish & Game changes their focus of maximum sustained yield of a 
single stock species within the Kenai, efforts to preserve this unique resource will fall to overfishing 
of the system’s discrete stocks which could lead to a ecosystem collapse. We can already point to 
what this type of management is doing to discrete salmon stocks in the Northern District rivers and 
streams of Cook Inlet.

You arc correct when you state: “In order to uphold our Constitutional mandate to provide for sus­
tained yield we cannot afford to ignore the biological realities and maintain the status quo.”

I look forward to participating in public hearings to support this measure. If I can be of further 
assistance, please do not hesitate to contact me.

Sincerely,

Ben Ellis
Executive Director
Kenai River Sportfishing, Inc.

Dedicated to Preserving the Greatest Snortfishing River in thp Wnrid rhp Krnni
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Big Fisherman Charters 
P.O. Box 873206 

Wasilla Alaska 99687

Sen. Rick Halford 
Room 508 State Capital 
Juneau, Alaska 99801-1182

Dear Senator Halford,

Your bill on genetic diversity is needed to bring salmon management in Alaska into the 20 
century and will save the salmon runs on numerous creeks and streams in the upper Cook 
Inlet. The science report published by the governors mediation team identified the 
need to develop additional data for managing salmon in the e Northern District o f Cook 
Inlet. They have identified a data gaps that must be filled if our salmon are to be 
protected. Additionally the need to reduce or halt the incept or mixed stock, due to fact 
that that the streams o f origin can not be determined, and that termanial fisheries allows 
for precise management strategies.

The concept o f genetic diversity will require that the state develop the data needed to 
effectively manage all o f our salmon. Currently Cook Inlet salmon management is being 
driven by the Kenai River king and sockeye runs. The mediation science committee 
recommend that the management strategies be change to incomes all of Cook Inlet. I 
am concerned that the current commercial marked will have a detrimental effect on our 
salmon runs. Low prices will increase the pressure on the Department o f Fish and Game 
to allow increased commercial fishing periods to allow them to increased their take due to 
low fish prices, the only effect will be lower prices. What will happen to the less desirable 
species caught, and processors do not want to buy?
I know that funding is a problem and must be addressed. I will support an increase in the 
cost o f fishing licenses or a tag such as the king salmon tag. Would it be possible to 
establish a salmon manage fund were people could donate money and have a check off 
from the permanent fund. Please feel free to contact me for support. Thank you for your 
active support in protecting our resources.

— -  -
Bruce Knowles
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W eak  S to ck  Managemen t  i s  Contrary to  the S ta te 's  ESA Pos i t ion
U nder the  E n d an g ered  S p ec ies  Act, A laska fisherm en have lost fishing time and
56 ,0 0 0  chinook s in ce  1993, to sav e  a  handful of S n ak e  River fall chinook that 
spaw n  1000 m iles away. This is w eak stock  m anagem ent in action. T he S ta te  
o p p o sed  A laska 's  loss of fish adm inistratively and  legally.

S e n a to r Druo P e a rc e  an d  R ep resen ta tiv e  Gail Phillips took issu e  with w eak  
stock  m an ag em en t in their April 24, 1995 testim ony on the  E n d an g ered  S p ec ies  
Act, stating  th a t it is u contrary  to com m on sense"  b e c a u se  it is im possible to 
u p ro tec t every  sp e c ie s  from naturally expanding  or co n trac tin g " . T hey  w ent on 
to a sk  tha t C o n g re ss  con cen tra te  on M species" an d  drop the  term  “ distinct 
population segm ent".

ADF&G Has Much More S e r io u s  R e se a r ch  and A na ly s i s  Need3
ATA d o e sn ’t support re sea rc h  for re se a rc h  sake. W hile we would like to know 
every th ing  abou t the  s tocks w e harvest, this just isn 't practical ir th e  face  of 
declining b udgets. This bill would d em an d  valuable staff time fo’- e sc a p em e n t 
goal analy sis  which m ay not be  critical to the  m anagem ent of our f  sh e ries .

Th rough  Genera l  Fund Con t r ibu t ion s  Commerc ia l  F i sh ing  In du s t r y  Is 
A l ready  a S ub s tan t ia l  P rov ide r  to ADF&G
T he s ta te  collects millions of dollars e a c h  year i.om the com m ercial fishing 
industry. In FY 94, that figure w as $79  million dollars. This m oney provides 
sub stan tia l rev en u e  to a d d re ss  fisheries m anagem ent and  re sea rc h  n eed s , in 
addition to m oney that is u sed  by our com m unities for roads, sch o o ls  an d  other 
n e e d s  they  would otherw ise a sk  the  s ta te  to finance. Still, SB 285 se e k s  to 
im pose  a n o th e r tax  on fisherm en. This s ta te  of affairs is confusing  for an 
industry  that g e n e ra te s  s ta te  rev en u e  a t a  ra te  seco n d  only to oil an d  g as .

In conclusion, I am  am azed  to read  a  sp o n so r s ta tem en t that refers to " experts" 
in the  field of salm on m anagem en t a s  if A laska w as som ehow  lacking in 
techn ica l expertise . I have  sp en t y ea rs  in the p re sen c e  of som e of the  sam e 
“ experts" the sp o n so r qu o tes  and  I a s s u re  you, A laska can  be proud of the  fact 
th a t w e have  th e  finest m an ag em en t team  on the Pacific co ast. As proof 
positive, rem em b er the  s ta te  of our fisheries at sta tehood , look a t tho vibrant 
h ealth  of our salm on re so u rce s  today  an d  com pare this to the  d ec is io n s  and 
su b se q u e n t su c c e s s  ra te  of the  " experts" to the south. A laska know s how to 
m a n ag e  fish, don 't fix w hat's  not brokel

Executive D irector

2
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Test imony of 
Dale Kel ley, Execut ive Director 

Alaska Troliers Assoc iat ion 
Before the Alaska Senate Finance Committee 

on SB 285 
May 1, 1996

G ood a fte rn o o n  Mr. C hairm an and  m em bers o f th e  co m m ittee . The A laska 

Troliers A sso c ia tio n  o p p o se s  SB 2 8 5 , w hich  m a n d a te s  w e ak  s to ck  

m a n ag e m e n t an d  e s ta b lish e s  an  industry  financed  d a ta  co llection  program .

First, I w ould like to  em p h asize  th e  im portance  of recognizing  th a t  few , If 

any , fisheries e x is t in th is  s ta te  th a t  are  n o t m ixed s to ck  in n a tu re .

P erhaps th e  b e s t  re a so n  to  o p p o se  th is  bill is th e  fac t th a t  w e ak  s to ck  

m a n ag em en t h a s n 't  w ork  an y w h ere  Its been  em ployed . A g o o d  exam ple Is 

th e  terrible co n d itio n  o f salm on in th e  Pacific N orthw est. D esp ite  a co u rt 

o rd er m an d atin g  w e ak  s to c k  m an ag em en t 2 0  y ears  ago , h is to ric  fisheries 

h av e  co llapsed  righ t a long  w ith  salm on s to c k s .

This s ta te  h a s  co n s is ten tly  o p p o sed  w eak  s to c k  m a n ag e m e n t in s ta te , 

national and in te rn a tio n a l fo rum s. As a resu lt, w e have sa lm o n  and  salm on 

fisheries. T his w a s  n o t a lw ay s  th e  c a se . Prior to  s ta teh o o d  an d  th o s e  years  

im m ediately fo llow ing, A laska co n d u c ted  ag g ress iv e  term inal f ish e rie s . Our 

s to c k s  su ffe re d . The Taku River Is an  exam ple of a lesson  lea rn ed . In the  

late 1 9 7 0 s  th e  cond ition  of Taku River ch inook w as so  bad th a t  th e  Board of



Fisheries c lo sed  gillnet, sp o rt and troll fisheries In fron t o f th e  river and 

im plem ented  tim e  and  a re a  c lo su res  in o th e r d is ta n t fisheries. T oday , th e  

T aku River is h ea lth y  an d  productive .

“ 'u n d an c e  b a se d  m a n ag e m e n t is w orking  in A laska, a s  exh ib ited  by v ib ran t 

p roduction  in m o s t rivers s ta tew id e . The c u rren t Board o f F isheries p ro c e ss  

and  em erg en cy  o rd er au tho rity  v e s te d  in ADF&G prov ides m axim um  

flexibility to  m an ag e  s to c k s . This includes th e  op tion  o f co n d u c tin g  m ore 

se lec tiv e  fish eries  w h en  ap p ro p ria te . H ow ever, one  p rescrip tion  definitely  

a o e s  no t fit an in sa lm on  m an ag em en t.

W eak  s to ck  m a n a g e m e n t is c o s t prohibitive a t  a tim e o f declin ing s ta tew id e  

re v e n u es . W eak  s to c k  m an ag em en t will d em and  ag g re ss iv e  m a n ag em en t 

and  e n fo rc em en t, tax in g  an  already  s tre s se d  ag en cy . This is o n e  reaso n  our 

p re se n t s y s te m  evo lved  -  it is a c o s t  e ffec tive  and effic ien t m ean s  of 

m anaging  ou r h u g e  sa lm o n  re so u rce .

Further, if SB 2 8 5  Is e n a c te d , th e re  will be a duplication o f d a ta  co llection , 

particularly  in th e  S o u th e a s t  region.

The c o s t of th is  bill is prohibitive and  unfair to  th e  com m ercial flee t. In 

so m e  c a s e s  it will penalize  a u ser group  th a t d o e s n 't  even  h a rv e s t the  s to ck  

in qu estio n , like th e  A lsek River.
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T he salm on  industry  a lready  p a y s  sign ifican t re v e n u es  to  th e  s ta te  w hich  are 

u sed  for re sea rch  and  m an ag em en t. If th e  s ta te  Is go ing  to  Im pose 

add itional tax a tio n  on th e  fishing ind u stry , it shou ld  provide th e  industry  a 

role in th e  se lec tio n  o f p ro g ram s.

W eak  s to ck  m a n ag e m e n t is c o n tra ry  to  A la sk a 's  positions in key  national 

and  in ternational fo rum s, like th e  Pacific Salm on T reaty  and th e  E ndangered  

S p ec ies  A ct. U nder th e  ESA. A laska fisherm en  have los.. fish ing  tim e and

5 6 ,0 0 0  salm on since  1 9 9 3 , to  sav e  a handfu l o f Snake River fall ch inook . 

T his is w eak  s to ck  m a n ag e m e n t a t its finestl

I u rg e  you  to  v o te  no on SB 2 8 5 .




