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Opening ceremony 
Brian Riddell & Rich Lincoln, conference co-chairs 

Riddell welcomed all participants to the second State of the Salmon conference before inviting First 
Nations to offer a traditional welcome. 

Welcome inspirations 

Deanna George (Tsleil’ WaututhFirst Nation) and Bob Guerin (Musqueam First Nation) 

George and Guerin welcomed participants to the traditional territory of the 
Coast Salish, who also call themselves “the Salmon People.” A prayer was 
offered to restore the health of the salmon and the earth, and the elders 
wished participants success in their efforts to save the salmon that are so 
important to the way of life of indigenous peoples. 

Brian Riddell, Pacific Salmon Foundation 

Riddell noted the diversity of the conference participants and the strong 
turnout reflects how many people care about salmon. Everyone is 
concerned about climate change and what is needed to study effects of 

climate change on salmon in the North Pacific, he continued. All five nations of the North Pacific 
Anadromous Fish Commission (NPAFC) have expressed interest in working together on ocean research, 
so it has hoped that by working together and sharing common knowledge, progress can be made. 

Guido Rahr, Wild Salmon Center 

Thanking key sponsors, Rahr noted the State of the Salmon conference is a joint program of Ecotrust and 
the Wild Salmon Center, with the conference goal to strengthen the conservation status of salmon in the 
Pacific Rim. Much work has been done, but threats are mounting, and while some populations are doing 
well, others are not. Salmon conservation is one of the most important issues we face, and the most 
challenging, and it’s up to the people in this room to figure it out. Salmon are trans-boundary species, so 
it’s important for the five nations to work together, and we can accelerate the pace of learning if we work 
together and share, he said. 

Rahr reviewed the conference agenda, noting keynote speakers would lay out the broad challenges and 
stress the need for new thinking. Presenters would discuss strategies that have worked (or not), wild 
salmon conservation principles, opportunities and impediments and attempt to wrap up with a Pacific 
Rim-wide salmon conservation framework – a roadmap to go forward – to try to prevent history being 
repeated in watershed after watershed. Integral to that is the need for a strategy to protect salmon 
strongholds in each region. That’s one piece we need to get right, Rahr stressed, and nations must make a 
commitment to protecting diversity and abundance. 

Come together and save what’s important to us, Rahr urged participants, describing the Pacific as a big 
blue arc – an ecosystem that includes ocean, land and the gift of wild salmon coming back every year. 
This is a key species; in biological and cultural terms, it holds importance for human wellbeing, and we 
are the ambassadors of the salmon nation.  

Rich Lincoln, State of the Salmon 

Lincoln thanked sponsors and encouraged participants to engage in the discussions following each 
plenary. The conference is intended to create a spirit of collaboration and problem solving, he said, 
welcoming candid but respectful comments and a focus on broad issues. We’re here to work across 
borders and to build bridges for a common cause.  
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Keynote plenary:  

Pacific Rim challenges, opportunities and 

leadership 
Co-chairs: Rich Lincoln & Brian Riddell  

Lincoln introduced the keynote speakers who would set the stage regarding key challenges and 
opportunities, noting the urgency to take action in the face of a rapidly changing landscape.  

Politics and economics – imbalance with nature 

David Suzuki, David Suzuki Foundation 

I salute all who are here to work for a future of abundant and diverse salmon 
populations, Suzuki said. You are at the frontlines of the challenges and you 
are the experts. I guarantee the future of salmon is bleak, he added, so long as 
politics and economics are the major drivers of decisions, rather than salmon 
being the central focus. He described salmon as a key link in the “incredible 
interdependence” between forests, oceans and other species. Humans come 
along and see opportunity and subdivide a single interconnected system into 
different departments, ensuring that we will never manage these resources in a 
successful way.  

We were taught that the oceans were filled with limitless fish, but that’s no 
longer true, Suzuki continued. There used to be a salmon derby right here in Vancouver. The oceans 
cover 70 percent of our planet, but as air-breathing land animals, we focus on land. Our knowledge of 
ecosystems and species is unbelievably primitive. We haven’t taken advantage of the incredible 
knowledge that First Nations gathered over thousands of years. How can we manage sustainably if we 
don’t have the knowledge? We may be missing 90 percent of the biodiversity that exists. We have not 
even identified most species and we know very little about those we have identified. Despite the 
enormous effort devoted to studying fruit flies, we still don’t know much about them. One of the most 
important lessons is the extent of our ignorance, Suzuki said. We don’t know enough to manage any 
species. The best we can do is to manage ourselves.  

We are driven by human imperatives of economics or politics, he continued. We try to pump up nature on 
steroids to meet our demands. Nature has had thousands of years to learn how to deal with the basic 
challenges of life. Now we’re in an economic downturn and we immediately ask nature to absorb more. 
In the four billion years that life has existed, never has a species been capable of altering the earth as we 
have done. Just the basic act of living, with 6.7 billion of us, means we have a very heavy ecological 
footprint; and all the technology, consumption and waste add to the impact. We have become a force that 
is altering the planet at a major scale. 

How did we arrive at this point? Man emerged when woolly mammoths were still around, Suzuki noted. 
Our brains made up for our lack of physical attributes. We’re the only animal that considers the future: we 
can look ahead and foresee dangers and opportunity. Foresight was the secret to our success and it 
brought us to this position as the dominant creature on the planet. Now we have computers and scientists, 
and top scientists, including many Nobel laureates, have been warning for years that current practices are 
putting us at risk and that fundamental changes are urgently needed. They warned that only one or two 
decades remain if vast human misery is to be avoided and our home on this planet not horribly mutilated. 
But no major media reported this. Thankfully, there is now a new regime in the U.S., Suzuki said, but I’m 
embarrassed to have a Canadian government that’s still following former U.S. President George Bush.  
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Why are we turning our backs on these challenges? A hundred years ago most people lived in rural 
villages, and farmers knew the importance of the seasons, he said. Now, 75 to 85 percent live in urban 
settings. Nature is not important in the urban setting – the economy is what matters. Even the Minister of 
Environment elevates the economy above ecology. Both economy and ecology come from the same 
Greek root, ecos, which means household or home. A fundamental flaw in our system is that economists 
consider forces of nature as an externality to the economy. Our model is predicated on the unachievable 
notion that the economy must grow forever. But nothing can grow forever in a biosphere. It’s like cancer. 
We need a Bretton Woods II to introduce nature back into our economy, Suzuki concluded. 

Ecosystem breaking points:  turning crisis into creative 

opportunity 

Crawford “Buzz” Holling, University of Florida 

Holling described leaving Vancouver for Florida in 1989 to study the same 
issues Suzuki mentioned. It had become clear to him that new initiatives 
were opening up fundamental new ways for people to interact with their 
environment and economy. 

There are two aspects to his work, Holling noted. The practical side 
includes continuing the work that he and Carl Walters started on adaptive 
management. The other involves fundamental studies that seek to 
understand how complex adaptive systems operate and function to 
maintain persistence and sustainability while maintaining the ability to 
generate novelty. 

In exploring the latter, a series of workshops were held over five years. They were all held on islands and 
sought to attract people who enjoyed wedding their ideas. Perhaps 25 to 30 people of the 400 who 
attended were “good on islands,” Holling noted. But working with this small group that was geared 
towards addressing the issues that Suzuki raised led to wonderful discoveries.  

This resilience project – or resilience alliance – now consists of 17 groups from around the world, all led 
by people who are “good on islands.” They established an internet journal called Ecology and Society, as 
there was no other way to link the work of the different disciplines. From this work emerged four books 
on economics, social organizations, large-scale ecosystems, and a synthesis volume: Panarchy: 
Understanding Transformations in Systems of Humans and Nature. This alliance also led to major new 
institutions focused on complex adaptive ecosystems, including one in Alaska, a coral reef center in 
Australia, a social innovation center at the University Of Waterloo, and the Stockholm Environmental 
Institute, which links social and ecological dimensions of these problems.  

A key purpose was to develop the link between economy and ecology. I think we failed in that, Holling 
said. We got people to agree on other things but the fundamental way that ecosystems are structured is 
very different from how economists still think.  

Ecologists see two basic phases in the life cycle of ecosystems. The first is a period of pioneering and 
growth. At first slow and incremental, ecosystems begin to accumulate capital and rigidity and becomes 
less open to novelty. As resilience is lost, they reach the point at which an accident is waiting to happen 
(like the example of the spruce budworm). Once an ecosystem crosses the break point, novelty can occur 
again, launching a new spin of the cycle. This is the stage of extraordinary importance, Holling stressed. 
It’s much shorter than the long stage of growth and it’s the period of greatest unpredictability. When 
we’re operating in that long growth phase, we believe it means increasing certainty. So on one hand, the 
break point is a crisis, but it’s also creative. It’s creative destruction that opens opportunity.  

That’s where we are now with the current economic crisis, he continued. This is the phase in which the 
individual has the most opportunity to influence the big picture. Political forces are trying harder to 
defend the status quo, but they are increasingly powerless to do so. This is where individuals can begin to 



State of the Salmon – 2009 Conference: Bringing the Future into Focus 

February 2 – 5, 2009 • Vancouver, BC • Proceedings 

10 

 

combine their own enterprise into a synthesis. Inherent in that synthesis must be the recognition that 
uncertainty needs to be part of the plan. Management can be part of the mechanism by which our 
knowledge expands.Climate change in the North Pacific raises opportunities and challenges for us to be a 
voice heard around the world. 

Studies with the resilience alliance each focused on a particular region, Holling said. The ones that 
succeeded in discovery of the unknown shared a common feature – a way of capturing in a few words a 
broad vision of the whole system. In the Everglades, it was the “river of grass.” Here it is the “salmon 
nation” that captures what you’re about.  

You’re at a critical stage, Holling concluded. What happens will influence salmon in this region of the 
world but it will also create an image that can be conveyed more broadly, and a set of regional foci on 
ecosystems and social systems can serve as an integral part of how to join humans and nature. 

Discussion 

Q:  If we’re in the reorganization phase of these cycles of growth and collapse with the current period of 
salmon collapse, the outcome of reorganization may not include salmon. 

• Holling: It would be a shame, but that might be the case. I don’t say we can return to the past but we 
can identify what processes exist to harness in building the new system. Salmon may not persist 
across the whole region, but the majority of the region. Salmon may also provide the focus that breaks 
through the political and economic vice that squeezes out the novelty we need. The time of novelty is 
right now. It’s true globally, with the financial collapse, and also true regionally, in sub-situations as 
with salmon. Salmon should be part of the solution. 

The climate change challenge for Pacific salmon (and salmon 

people) 

Nate Mantua, University of Washington 

The distribution of Pacific salmon around the Pacific Rim is 
bounded to the north by the cooler, shorter growing season, and to 
the south by warm river temperatures and low levels of 
productivity in the. This range changes through time, Mantua 
noted. Climate variability also has a powerful influence on salmon 
productivity. Historical abundance estimates from the past century 
show that shifts in the Pacific Decadal Oscillation (PDO) 
amounting to just 1 to 2º C in ocean temperatures were associated 
with a doubling of salmon biomass. Salmon are not just affected 
by temperature, but by winds, currents, rain and snowfall patterns. 

Underlying cyclical patterns such as the PDO, there has been an overall global warming trend, with the 10 
warmest years on record occurring since 1997. Hydrology has responded to climate trends. Arctic rivers 
are carrying more water into the ocean, partly because of changes in regional wind and weather patterns. 
Runoff in snowmelt rivers has been coming earlier over the last 50 years, driven by a warming climate. 
Glaciers are retreating in western North America and worldwide (Figure 1). This is creating new salmon 
habitat by opening up new streams and inlets. Such deglaciation has happened on a much more dramatic 
scale in the past, Mantua noted, and salmon evolution has been shaped in part by glacial/interglacial 
cycles that occurred about every 100,000 years. We know salmon were able to weather the interglacial 
peak during the Holocene period before the most recent ice age, when temperatures were a couple degrees 
warmer than the present.  

http://www.stateofthesalmon.org/conference2009/downloads/Mantua_Nate.pdf
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Figure 1.  Muir Glacier/Muir Inlet, Glacier Bay Ala ska in 1941-left, and 2004-right 
(http://nsidc.org/data/glacier_photo/special_high_res.html) 

However, atmospheric carbon dioxide levels today, at 386 parts per million, are far higher than at any 
time in at least the last 800,000 years (Figure 2). Scientists have modeled various scenarios of how much 
CO2 we can expect in the future, depending on the societal choices made in the short term, and these 
projections all show CO2 concentration levels responding very slowly, no matter what is done now. This 
makes a very big difference for Pacific salmon, Mantua said. Current emissions are also growing even 
faster than the most pessimistic scenario modeled in 2000. 

We are in the early stages of rapid climate and environmental change, he continued. There is no denying 
that. Models of expected patterns of warming consistently predict more warming than average over the 
Arctic. By the end of this century, average temperatures may be warmer than at any time in the past 
million years.  

Changes in precipitation will also be important. Rainfall will increase in parts of the world that already 
have high rainfall and decrease in places that are already stressed by drought. Projections include more 
rain and less snow in locations that are currently near freezing and also more arctic snow. Stream flows 
will be altered, with higher flows in winter, lower summer flows and longer, dryer summers. Major 
changes in disturbance regimes are expected, with more fires, floods, disease and insect outbreaks in 
stressed forests. Increased conflicts over water are also expected. Mostly negative impacts are expected in 
the southern range for salmon, though in higher, colder latitudes, there will be positive impacts, at least up 
to a point. 

The oceans will also see big changes, some of which are already underway, Mantua said. Salmon feed in 
the cool, nutrient-rich waters of the North Pacific. Most of their growth and mortality happens there, so 
the ocean has big impacts on salmon abundance and growth. In the coming decades, changes in the ocean 
will not occur in a predictable way. Currents and temperature have historically been driven by changes in 
wind patterns. There will be competition between the effects of increased greenhouse gases, oscillations 
such as the PDO and El Niño/La Niña and the forces that cause natural climate variability. However, by 
about 2040 or 2050, climate models predict human-caused warming will overwhelm these other forces to 
shape a new climate. 

Salmon habitat and life history are highly complex, which poses a challenge for scientists trying to predict 
how this will all play out for salmon. A diverse suite of impacts is expected, Mantua said, and this will 
vary for different stocks, watersheds and sub-basins. 
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Figure 2.  Historic and current temperature and carbon dioxide levels (IPCC2007: WG1-AR4) 

 

Perhaps the worst news is that the ocean has been mitigating the impacts to date by absorbing about one-
quarter of the anthropogenic CO2 produced in the past few centuries. This has caused ocean pH levels to 
decrease by about 0.1 units (30 percent more acidic) and ocean pH is expected to decrease by up to 0.5 
units by the end of this century, which would be the largest change to occur in the last 20 – 200 million 
years. Biological implications include risks to critical parts of the food web (like copepods) due to 
reduced calcification rates and reduced tolerance to other environmental stressors. Scientists are just 
starting to study the implications, but there is a high potential for very large changes. Climate change is 
not a mystery to us, Mantua said. We know it is posing a risk. We’re just not clear how far along the road 
we are and whether there is time to change. He concluded by posing two challenges to the “salmon 
people:” First, to reduce the risk of catastrophic climate change, greenhouse gas emissions must be 
reduced by burning less fossil fuel and finding ways to take CO2 from the atmosphere. Secondly, salmon 
will need to adapt in the face of rapid environmental changes, and this lies under our influence. We are 
the drivers of environmental stressors and our actions will shape their potential for adaptation.  

Discussion 

Q: For the southern range, the suite of impacts is largely negative. Can we act in time to sustain abundant 
populations of salmon in the southern part of their range? 

• Mantua: Competition between other climate cycles and the longer-term impacts of increased 
greenhouse gases will have huge implications for whether stocks remain abundant enough to sustain 
fisheries. There is optimism regarding an increasing abundance trend for southern salmon stocks in 
the very near term. If that can persist for a decade, yes, there is a chance. Otherwise, there could be 
rapid depletion and endangered species listings. 
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Q: Salmon adapted over thousands of years. Were these past changes as sudden as what’s expected, in 
terms of the time period required for salmon to adapt?  

• Mantua: The rate of change is a key issue. The changes now occurring are about 10 times faster than 
those that occurred in past glaciation cycles. There have been periods that were rapid in the past but in 
terms of chemistry, atmospheric CO2 levels are rising about 100 times faster now.   

Q: What about theories relating to dimming, which suggest that as we address pollution we will accelerate 
climate change? Also, salmon had access in the past to alternate habitat that no longer exists. 

• Mantua: Pollution and smog have mitigated climate change to date. It is projected that for regions like 
SE Asia, Europe and the eastern United States, as the atmosphere is cleaned up there will be local and 
more rapid warming. But these are mostly places that don’t have salmon. Access to habitat is another 
big challenge, which suggests the need to reopen access. The places that have seen the most change 
are in the southern range, which is at most risk.  

Political aspects of Pacific salmon conservation, the role of 

science in policy & current opportunities 

David Anderson, Guelph Institute for the Environment 

In democratic systems, it is a challenge to get scientific knowledge into a 
policy-making system in which decision makers have little knowledge of 
science. Political decisions, funding and priorities do not automatically 
follow the identification of a problem or opportunity, Anderson noted. 
The process is much more complex and good proposals may not be 
adopted, even when the merits are widely recognized.  

Few people realize just how many players there are, how many people 
want to be involved and how strong “the dead hand of the past” is in 
protecting the status quo. There is competition between an enormous 

number of issues vying for limited attention and resources and only a limited amount gets done. Political 
capital erodes very quickly, so there is limited time to get things done, which is why political leaders 
focus on their first 100 days in office. For leaders trying to establish priorities between competing 
demands and deciding where to allocate resources, evaluation is extremely difficult. Comparisons must be 
made, but how do you weigh the merits of early childhood education against early cancer detection or 
salmon?  

To illustrate the challenges, Anderson described his experience as a former Fisheries Minister, after his 
staff advised that management of Prince Edward Island’s lobster fishery was leading to increasing risk. 
Catch size restrictions were proposed. But the canning industry, which relied on smaller lobsters, argued 
that the population had not yet collapsed. They cited the important social benefits and undertook strong 
lobbying. But the collapse of East Coast cod stocks had made government wary and Anderson was 
supported by the Prime Minister. He made the changes, which turned out to be a success. Nevertheless, 
the stance he had taken was politically risky and shortly later, he lost his Cabinet post.  

This story illustrates the strong opposition to change among constituencies, even when they end up 
benefitting. Those who benefit are often hard to identify and their voices may not be heard. Policy 
decisions create constituencies that make future policy much less flexible. Inertia is a major feature of the 
public policy process: it is so much easier to add a little to an existing program than to create a new one.   

There are major knowledge gaps in salmon management, particularly in the open ocean, and a great deal 
more to be done, Anderson said. Major uncertainties include the impact of the enormous number of 
hatchery-raised fish on wild stocks. Little ocean research has been done because it is expensive. 
Watershed work appears to have more immediate impact and political return.  
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Looking to the future, he noted a major shift in the political climate towards oceans research, with a 
substantial increase in such work beginning. Two major factors will change the policy process in a 
fundamental way and offer significant opportunity to do more oceans research.  

The first factor relates to the quick reaction of governments to the economic downturn, Anderson said. 
The willingness to fund deficits turns on its head the conventional wisdom that has guided policy 
selection in recent decades. President Obama’s Chief of Staff, Rahm Emanuel, has argued that no crisis 
should go to waste: It’s not enough to just spend money to provide fiscal stimulus – such spending should 
offer useful value and long-term results. Ocean research offers those benefits but the first step is to meet 
the economic objectives of the Canadian and U.S. governments: Can we show that fisheries and oceans 
research can quickly lead to achievement of economic stimulus goals? The barriers to ramping up such 
work are not that high, Anderson argued. This won’t require years of preparation. If we can do it for 
Coast Guard vessels, we can also do it for research vessels.  

The second factor is climate change and the marked recent shift in interest in this. While hesitating to 
suggest what specific work was needed, Anderson said that from a political perspective, the ability of 
oceans to handle CO2 is a very important topic. And any study of climate change and the North Pacific 
will inevitably encompass salmon. Indeed, salmon are so integral to our identity that that they could serve 
as the poster species for such efforts, just as the polar bear has come to symbolize global warming effects 
in the Arctic. 

The economic situation and climate change are the important factors to consider, Anderson stressed, and 
the research community needs to exploit a current opportunity not seen in a very long time. In seeking to 
establish such a program, simplicity is a virtue. Anderson cited the international polar year as a successful 
model, with a defined time period and a clear focus to generate public interest. There is enough 
knowledge in this room to put together a proposal very quickly, perhaps even before the end of President 
Obama’s first 100 days. Anderson closed by urging participants to depart from the status quo and to 
recognize and seize these opportunities.  

Discussion 

Q: Would things like basic monitoring, setting up structures to promote adaptive management or marine 
use planning be a higher priority or would they fall under the same umbrella? 

• Anderson: They can all fall under that umbrella. There is an appetite for big ideas, so we can phrase 
the work that people are trying to do under the big idea. 

Q: A major research project is needed, but it would be good to see something that carries on after the 
current crisis. There may also be more traction with research in the Arctic, if that is to be the last 
stronghold. And how do we bring ecology and the environment above economic priorities in policy 
making? 

• Anderson: I’m thinking of a broad program, and such things would come out of it, instead of getting 
too caught up right now in what has to be done over the decades. The funding will go to roads and 
bridges instead if we spend too long discussing a long-term problem. This is the way to sell the 
concerns in the current context. On how to balance economy and ecology, we are moving towards 
recognition of those “externalities” in economics. Having a U.S. president who accepts climate 
change represents a major change and I think Canada will follow the U.S. lead. We need to focus on 
the strengths that we have. 

Q: The coho crisis was exploited to drive changes. SARA (Canada’s Species at Risk Act) was seen as an 
opportunity to drive change, but economic value trumps everything in its implementation. Is there a way 
to make it a more effective tool to protect salmon? 

• Anderson: It took six years to pass SARA and compromises were made. It did provide an opportunity 
for stewardship programs and a focus. Although it does focus on individual species instead of 
ecosystems, it achieved a reasonable amount and could be further strengthened. The dilemma is that 
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you have to change public attitudes. There is a long way to go before the public puts forward the right 
questions. ENGOs need to focus more on public education and put less emphasis on lobbying.  

Q: There is nothing green in the recent (Canadian) Federal budget, so it’s hard to see where we can get 
any money. Maybe there is a way to influence the Opposition leader regarding the need to invest in the 
Wild Salmon Policy and in changing our management structure, but we’re not seeing any green lights in 
Ottawa. 

• Anderson: We may have to tie programs to major government objectives instead of arguing about 
salmon policy from square one. Show government how it achieves their objectives. And we need to 
persuade the public, not just individuals. 

• Riddell: What could be more important in the Pacific Northwest than salmon? Separation of salmon 
and economics would represent false economy.   

Conservation of salmon and creation of Fishery Protected Areas 

in Russia 

Vladimir Belyaev, Director, Department of Science & Education, Russian Federal Agency for Fisheries 

There are many questions for research, including issues like ocean carrying 
capacity and problems in the rivers, Belyaev said. The big picture in Russia 
looks fine, but there are no protected areas for salmon except the one created 
recently, and thus the recent creation of the salmon protected area on the Kol 
River is very important. 

Six species of salmon migrate in the convention area covered by the NPAFC, 
some of which return to Russian rivers. The biodensity, abundance and 
number of salmon populations vary significantly across different regions of 
Russia’s Far East. Some parts have extensive human influence, some are 
doing relatively well, and some, including Chukotka and Kamchatka, are 

doing well. The impacts of human activity vary from area to area. In some cases, it’s about impacts of 
human development and industry, while elsewhere it may be due to commercial fisheries or illegal 
poaching (the latter is a great problem that has been solved on the high seas but not in the rivers of 
Russia’s Far East). The main challenges include conserving the diversity of salmon, conserving the 
number of populations, restoring destroyed river ecosystems and limiting the numbers of artificial 
populations and their impacts on wild salmon.Last year, a new law defined a process to create various 
categories of protected areas, including fully-protected areas and areas that permit fisheries or fish 
farming. Belyaev shared a color-coded map of protected areas in Kamchatka Region, noting that only one 
area (marked in yellow on the map) is a protected area dedicated to salmon, even though Kamchatka is 
one of the richest regions for a variety of salmon species (Figure 3). A second map showed designated 
hunting grounds on a protected river, and Belyaev noted that interaction between hunting grounds and 
protected areas is not contradictory. Our main task is to work on a watershed level to address 
conservation, he added, because the entire watershed must be part of a protected area in order to protect 
and preserve all spawning grounds and all species of salmon.  

http://www.stateofthesalmon.org/conference2009/downloads/Belyaev_Vladimir.pdf
http://www.stateofthesalmon.org/conference2009/downloads/Belyaev_Vladimir.pdf


State of the Salmon – 2009 Conference: Bringing the Future into Focus 

February 2 – 5, 2009 • Vancouver, BC • Proceedings 

16 

 

 

 

Figure 3.  Protected areas in the Kamchatka Region 

The Kol River experimental area is an oblast level protected area (Russian oblasts are roughly equivalent 
to US states and Canadian provinces), though the aim is to make it a federal protected area. Oblast level 
protected areas are subject to decisions of the local governor, but federal protected areas are governed by 
federal laws, including fisheries laws and protected area laws. Lack of financing for regional protected 
areas is a significant problem, whereas federal areas get preferential treatment. So the hope is to make the 
Kol River a federally-protected area in order to protect the entire watershed. 

The global financial crisis has had a serious impact on the ability to finance science in Russia, and it’s 
expected that the U.S. and Canada are facing the same challenges. But if we combine efforts and share 
information, Belyaev said, we can all save money. The more protected areas we create where fishing and 
human influence are limited, the more we can preserve our biodiversity. Kamchatka is now facing 
pressures from oil drilling and mining, which can create issues for the efforts to restore areas that are 
valuable for salmon. We all have to combine forces to solve the problems we face at the moment.  

There has been considerable analysis of the role played by protected areas in supporting salmon fisheries, 
Belyaev said. But there has been very little study on the role of fisheries reserves in supporting 
conservation of biodiversity. This is important, because fisheries reserves are largely discounted from 
assessments of protected area conservation, yet obviously, they do make a contribution. There is some 
knowledge of how salmon fishery reserves contribute to the exploited species, but the broader 
contribution to biodiversity conservation is largely unknown. It will also be important to improve national 
and international reporting systems to incorporate reserves established for salmon fisheries.   

Belyaev closed by thanking the Wild Salmon Center, saying that without their efforts, there would not be 
a salmon protected area in Kamchatka today. This shows the important role that NGOs can play when 
they go after specific objectives within the Russian federation and “put money where their mouth is.” 

 Protection area - 2  

 Nature park - 3  

 Zakaznik (a special form of 
protected area) - 4 

 Wetlands  

 Recreation area  

 Protected area  

 Planning areas  
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Discussion 

Q/A: It was clarified that the reference to farmed salmon and artificial populations was a reference to 
hatcheries. Belyaev said these may be very useful for some regions where abundance is low, but for 
Kamchatka, hatcheries are not useful for conservation. 

Q: It may be better to create an area of limited protection that permits some economic activity, as opposed 
to areas that prohibit all activity. 

• Belyaev: You should go step by step. A combined area provides a good first step, whereas totally-
closed areas could be too limiting. It’s also a challenge to find the right river, as you should choose 
rivers with the least human intervention. 

Q: How important is it to protect salmon from exploitation? 

• Belyaev: Every year, our scientists calculate the number of different salmon populations to give a 
forecast for catch. If the fishermen have a quota, they must not catch more than that. The 1990s were 
a very hard time for Russia, but now the pressure for illegal fishing has been lowered. 

Q: To have protected areas for salmon throughout their freshwater and marine ranges would require 
cooperation through the NPAFC to achieve the objectives. 

• Belyaev: For salmon, it is more important and effective to protect rivers than create protected areas. 

Day 1: Afternoon plenary 

Highlights from around the Pacific Rim 
Co-chairs: Kate Myers, Vladimir Karpenko, Xan Augerot 

Salmonid status in relation to environmental conditions in 

Hokkaido, Japan 

Mitsuhiro Nagata, East Research Branch, Hokkaido Fish Hatchery 

Historical data on run size and hatchery releases show the status 
of Hokkaido chum and stocked juveniles declined around the 
1950s. Commercial catch peaked at 10 million in the 1880s 
before falling to half of that due to overfishing, Nagata 
explained. That led to the introduction of hatchery production a 
century ago but it did not have much impact until hatcheries 
started releasing fed fry in the 1970s. After that, releases 
continued to climb and returns have soared to 60 million. 

Pink abundance was low, with odd-year dominance, until the 
1980s. Abundance increased sharply in the 1990s and shifted to 

even-year dominance, despite consistent hatchery releases. This suggests that wild pinks are contributing 
to the returns, he said. In the past few cycles, the pattern of returns has flipped back to odd-year 
dominance. 

Records for total catch of Pacific salmon since the 1920s show that abundance of pink, chum and sockeye 
– the three major species – varies in 50-year cycles. It has been suggested that these abundance cycles are 
consistent with climate regime shifts. The period of high abundance for Hokkaido pink and chum since 
the 1970s coincides with high abundance of Alaskan wild sockeye and pink, so this is believed to be not 
just due to hatchery releases but also ocean conditions. 
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Recent variations in local chum abundance are thought to relate to coastal water conditions, Nagata said. 
Japanese chum spend their first spring in coastal waters off Japan, moving north to the Okhotsk Sea for 
their first summer and fall and then out into the Western Subarctic Gyre for the first winter. They all 
spend the next few years in summer feeding grounds in the Bering Sea and overwintering in the Gulf of 
Alaska, before returning to their natal stream. So except for their early life and homing period, Japanese 
chum all have the same migration pattern. 

Since the early 1990s, return rates of Honshu and Korea chum have declined markedly, while those for 
Hokkaido chum have increased. Honshu and Korea chum are strongly negatively affected by the 
Tsushima warm current, which could be getting warmer due to global warming effects. For Hokkaido 
chum, recent return rates for systems in the Okhotsk Sea and Nemura Strait were higher than in the 1980s, 
while returns to systems linked to the Japan Sea were very low.  

2005                              2050                              2095 

July

August

September

October
 

Figure 4.  Predicted effect of global warming on chum salmon distribution (Kaeriyama, 2008) 

 

Why such a difference? It is known that high mortality occurs in coastal waters during the early marine 
stages, Nagata said, so this prompted an investigation looking at spatial distribution of chum juveniles and 
growth patterns in relation to sea surface temperature. High abundance was found in waters between 8° 
and 13º C. In cool years (below 8º C), most juveniles were found in freshwater and near shore. Juveniles 
grew faster in the warm years and were able to disperse further offshore. It is thought that this seawater 
temperature-dependent effect on distribution patterns may have affected mortality. A comparison to 
return rates showed that when these coastal waters reached 8º C earlier in the year, chum salmon survival 
was higher. It was also found that in recent years, this critical temperature was being reached earlier in the 
season, a pattern that might be due to global warming. However, projections of future impacts of global 
warming suggest that the area of optimal temperature for chum in the Okhotsk Sea will decrease 
significantly by 2050 and be all but gone by 2095 (Figure 4). 

Meanwhile, masu (cherry) salmon, which are found mostly in northern Japan, have seen a steady decline 
in abundance in recent decades, despite more hatchery releases. This species has a very different life cycle 
from pink and chum. There are two types, one of which spends two years in fresh water and is thus more 
vulnerable to freshwater impacts such as habitat loss and impacts of hatchery activity. Fortunately, he 
noted, wild masu still exist because they inhabit almost all streams around Hokkaido, and adults are very 
difficult to catch by weir. Masu favor spawning in the upper reaches of rivers and tributaries.  
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In summary, Nagata, said, Hokkaido pink and chum have seen higher abundances in recent years, due to 
favorable ocean conditions and hatchery programs, apart from the recent problems for chum that rear in 
the Japan Sea and southern Pacific Ocean. However, global warming poses future threats, even for those 
that rear in the Okhotsk Sea. Hatchery programs alone cannot drive recovery of masu salmon, due to 
deterioration of freshwater habitat and immature hatchery techniques. Thus more urgent attention is 
needed to conserve wild salmon, which have greater biodiversity, and to restore freshwater environments. 

Status review of chum salmon in Korea 

Sukyung Kang, Korea National Fisheries Research & Development Institute 

Korea has only two species of salmon (chum and masu) and is at the southern 
range of salmon distribution. Korea began chum enhancement in 1967, Kang 
noted, and hatcheries have become more active since 1984. The Yeongdong 
Inland Fisheries Research Institute is responsible for 60 to 70 percent of total 
Korean chum releases from three main hatcheries, as well as adult catches.  

Returns since the 1970s show a marked increase starting in 1991, then a drastic 
drop in 2000. The return rate was about 0.4% in the 1980s, but increased to over 
1% during most of the 1990s, until a sudden drop to 0.1% in 1997, which is 
thought to be due to the strong El Nino. 

Mean sea surface temperature in Korea’s coastal waters in 2004 was two degrees higher than in 1981 
(Figure 5). Water temperature has significantly increased at all levels of the water column, and in all 
areas, particularly to the south of the Korean peninsula. Pink salmon catch in Alaska coincides with air 
temperature at Kodiak. Pink salmon catch in North Korea over the same period reflected this same 
pattern, she said, indicating an effect of global climate change. 

A key factor in improving the condition of salmon stocks is increasing the return rate. Anomalies in the 
return rate and in sea surface temperature in coastal areas appear to have an inverse relationship. Warmer 
waters in April when the juveniles migrate to the ocean appear to have affected the return rate of hatchery 
chum salmon. A comparison of return rates by hatchery showed all three were down in 1997 due to the El 
Nino. The most profound drop has been for Uljin hatchery, the most southerly of the three. The hatcheries 
can’t release salmon any earlier, because the rivers are still too cold. 
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Figure 5.  Mean sea surface temperature around the Korean Peninsula in August of 1981 (left) versus 2004 
(right).  

 

http://www.stateofthesalmon.org/conference2009/downloads/Kang_Sukyung.pdf
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Summarizing, Kang noted that Korea’s hatchery program has sought to improve the condition of chum 
salmon stocks for the past 40 years. Recently, the return rates of chum to Korean waters were seriously 
reduced from 1.5% in the 1990s to around 0.5 % in the 2000s. Future climate change is expected to 
reduce production of chum salmon in Korea. 

Climate change & Pacific salmon catch dynamics in Russia: do 

trends cross a ridge? 

Vladimir Radchenko, Sakhalin Research Institute of Fisheries and Oceanography 

This presentation offers a more optimistic view, Radchenko said, 
reviewing a graph of rising Pacific salmon catches for Russia over recent 
decades. Most of the increase has been due to increasing abundance of 
Russian pink salmon, although chum and sockeye abundance is also 
growing. However, pink catch dropped significantly in 2008, following 
historic catches in previous years: the 2006 pink catch for Aniva Bay at the 
southern tip of Sakhalin Island was 5.5 times the historical high recorded 
in 1994 and represented an extraordinary return rate of 20%.  

The chum catch from most regions also increased in the last decade. In 
contrast to pinks, chum increases have accelerated in the past two years, 

reaching more than 60,000 metric tons in 2008. Sockeye harvests have also continued to grow.  

It is believed that environmental factors, not management, are the driving forces behind these changes. 
Increases in ocean heat content since the 1960s correlated with the increases in Russian pink salmon 
catch, but both trends have turned down since 2007. Cyclic fluctuations of total Pacific salmon production 
have been shown to correlate with changes in the PDO. Alternating shifts between warm and cold 
atmospheric processes also influence local conditions in the Bering Sea and the Sea of Okhotsk, and those 
reflect a cooler period in the past two years. Analyses have also shown that pink salmon harvest trends 
correlate with cyclical changes in the solar activity index, and the inception of a new cycle in 2008 bodes 
well for pink abundance in coming years.  

Russian hatchery releases of Pacific salmon have climbed over the past decade (Figure 6) and are 
expected to continue growing. Pink salmon juvenile abundance estimates in the western Bering Sea, 
based on pelagic trawl surveys in fall 2008, estimated a total abundance 1.3 billion fish vs. a previous 
high of 0.6 billion.  

Notable changes of Pacific salmon stock conditions and their harvest remain predictable, he concluded, 
but these could be supported by the rapidly-developing hatchery program, habitat conservation measures 
and realization of the natural potential of Pacific salmon populations. 

http://www.stateofthesalmon.org/conference2009/downloads/Radchenko_Vladimir.pdf
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Figure 6.  Pacific salmon fry released by Russia from 1997-2007, in thousands of fish 

Alaska’s salmon management: 50 years of sustainability 

John Hilsinger, Alaska Department of Fish & Game 

The concept of sustained yield is written into the Alaskan constitution. 
Knowledgeable local managers manage runs in season and have authority to 
open and close fisheries, Hilsinger explained. Escapement goals and other 
management objectives are set to sustain yield over the long term and 
managers have been relatively immune to political intervention. A key aspect 
of the regime is the role of the Alaska Board of Fisheries, a lay board that sets 
fishing seasons, harvest guidelines, methods, regulatory plans, management 
policy and allocation decisions. 

Alaska has policies that guide management of mixed stock fisheries, 
sustainable salmon fisheries and establishment of spawning escapement goals. 

Salmon fishery management plans are developed that can be very specific. Three types of escapement 
goals are used: biological goals based on maximum sustainable yield (MSY); sustainable goals based on 
indices or estimates where there is less data; and optimal goals that balance biological and allocation 
factors. Monitoring is done through aerial surveys, weirs, mark recapture and other programs (Figure 7). 
These provide information used on a daily basis to open and close fisheries. Between 2001 and 2007, the 
average number of goals that were not met was 14%. On average, 38% of goals were met and 48% 
exceeded.  

http://www.stateofthesalmon.org/conference2009/downloads/Hilsinger_John.pdf
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Figure 7.  Salmon monitoring techniques 

Overall, Alaska has seen exceptional salmon runs since the 1970s, Hilsinger said, though this is not just 
due to good management. Elimination of high seas catches, good environmental conditions and diligence 
in protecting habitat have combined to protect runs. Commercial harvest values for all salmon species 
combined peaked in 1980 at over $700 million, with recent catches numbering close to 220 million fish. 

Production is augmented with large hatchery production, he noted. About 95 percent of the sockeye catch 
consists of wild fish, mostly from Bristol Bay. Returns declined in the early 2000s but have since rebuilt 
and remained stable in recent years. Chum has also been bolstered by hatchery production in recent years. 
Coho were very strong in the mid 1980s and early 1990s and have stabilized since then. Chinook have not 
increased, and there have been some very poor runs in western Alaska in recent years. More chinook are 
now being allocated to recreational fisheries. 

Future challenges include increasing management complexity, with more in-season monitoring, genetic 
stock identification, etc. Increasing variability in timing and run size in many runs, which is at least partly 
attributable to climate change, has also increased the difficulty of assessing runs in season. Other 
challenges include dealing with assessment and certification of sustainability, hatchery and wild stock 
issues (especially in Prince William Sound) and high interest in resource development (mining, hydro, 
coal), which will pose real challenges for protecting fishery resources. 

Canadian highlights – Pacific salmon 

James Irvine, Fisheries and Oceans Canada, Pacific Biological Station 

The types of data used to assess the status of salmon stocks includes 
distribution and abundance data, such as catch and spawner escapement, 
and data on survival or recruits per spawner. Irvine noted that status can be 
assessed at various scales: by species, by large geographic areas, by stock 
groupings (fishery management units), or by conservation units (CUs) 
defined under Canada’s new Wild Salmon Policy (WSP). Canada currently 
does an acceptable job at the first three levels, but the future calls for 
assessment at the level of over 400 distinct salmon groups or CUs. Under 
the WSP, Canada is attempting to assess and categorize the biological status 
(not MSY) of each CU, using a rating system based on three levels (zones) 

denoting spawning abundance and distribution, separated by upper and lower benchmarks (Figure 8). 

Canadian commercial catch data for all species of Pacific salmon show that 2008 was the lowest year on 
record in Canadian history. Catch data for sockeye alone show a similar pattern. These data show low 
catches during the most recent climate regime, odd/even year patterns reflective of pink returns and a 
general decline for all species in recent years. Catch data can indicate what’s happening at the species 
level, but for smaller stock groupings or CUs, finer-level information on abundance, distribution or 
survival is needed.  

http://www.stateofthesalmon.org/conference2009/downloads/Irvine_Jim.pdf
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Figure 8.  Rating system from Canada’s 2005 Wild Salmon Policy 

Assessment of sockeye stock groups (the 29 population groupings used currently will expand to over 200 
under the WSP) shows a great deal of variability in status, even within a single watershed. Similar 
analysis for 19 coho stock aggregates shows that stocks in southern British Columbia and Georgia Strait 
are not doing well, Irvine noted, while stocks in northern BC are more mixed. Pinks seem to be doing 
better than other species, though there is a lot of uncertainty due to data gaps. Chum are doing relatively 
well. A number of chinook stock aggregates in the Fraser are doing poorly, though summer-types are 
doing exceptionally well, so there is considerable variability even within one watershed. The same red-
amber-green method of categorizing stock status is also used to denote the overall status of each species 
(Figure 9). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.  Biological status of 93 stock groupings under Canada’s WSP 

 

Unusual climate conditions can help managers to understand, and in some cases, anticipate changes in 
stock status, Irvine said. Canada is shifting to an assessment approach that includes a suite of marine 
indicators as predictors of marine survival. An annual State of the Ocean report pulls together fishery and 
oceanographic information from a number of sources to provide a categorical rating for each marine 
indicator linked to smolt years. He provided examples showing that smolts going to sea in spring 2000 
faced all good indicators. For 2005, all but one indicator suggested poor marine conditions. Since then, 
it’s been a mixed bag, Irvine added, and it’s not clear how to interpret that.  
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Returns for most smolts that went to sea in 2005 reflected poor marine survival, consistent with the poor 
indicators. In contrast to other species, however, chum did not seem to be affected. Subsequent analysis to 
determine the cause of this widespread collapse revealed chlorophyll anomalies for April to June 2005 
compared to previous years. Levels were much lower than average for the west coast of Vancouver Island 
and Juan de Fuca Strait, but much higher than usual for the Strait of Georgia. Managers are now trying to 
incorporate this sort of information into pre-season planning to produce better forecasts, although many 
questions remain, such as why chum did better in 2005. 

Irvine summarized, noting that status indicators are scale-dependent. Catch data show that overall status 
of Canadian salmon is poor, but finer-level information shows much variability in status within areas and 
species. Needs for the future include more ecosystem studies, studies that focus on identifying marine 
mortality and  whole-life studies that help distinguish between mortality that occurs in freshwater and 
marine systems. Canada’s new Wild Salmon Policy recognizes that diversity is key to allowing salmon to 
adapt and thus seeks to conserve diversity within individual populations, habitat and ecosystems. 

Salmon & climate in the western US: recent highlights  

Tim Beechie, National Oceanic and Atmospheric Administration, Northwest Fisheries Science Center 

The story of an Oregon lake where sockeye were extirpated due to dam construction reflects the wider 
story of salmon in the western U.S., Beechie said. Much human impact and change have occurred, with 
most populations at 10 percent or less of their historical levels, plus a large number of extirpated 
populations. The sudden disappearance of chinook in the Sacramento River in 2008 also reflects these 
challenges. Chinook runs in the Sacramento and Columbia had been going up and then both recently 

declined. The Sacramento runs declined precipitously, while Columbia 
sockeye abundance continues to fluctuate. 

Around the Pacific Rim, everything is getting wetter except the western U.S., 
which is seeing a drying trend, with longer fire seasons and more area burned 
in fires since the 1990s. This is not just climate change, Beechie noted, but 
also partly due to a legacy of forest management practices (a strong fire 
suppression mandate that created heavy fuel loads). This results in more and 
larger fires and more frequent landslides and sedimentation (Figure 10). 

A suite of ocean indicators shows conditions mostly in the red in 1998, 
improving between 1999 and 2002, and then back to increasingly unfavorable conditions between 2003 
and 2005, followed by another flip to favorable indicators in 2007 and 2008. So conditions have been 
changing rapidly, though it’s not clear why. 

  
Figure 10.  Effects of large, widespread forest fires 

At the policy level, two important developments relating to the Endangered Species Act (ESA) have 
brought to a head many of the conflicts over how to manage rivers and water for salmon. In the 
Columbia, a decade-long conflict over whether to take out dams or restore habitat in other ways was 
resolved when Native American tribes agreed to suspend legal action and the Bonneville Power 
Administration in return agreed to spend $900 million on salmon habitat restoration. The other 
development related to hatchery/wild fish policy, when the federal court overturned an earlier decision 
that hatchery fish should be included in evaluating population status.  

http://www.stateofthesalmon.org/conference2009/downloads/Beechie_Tim.pdf
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In summary, Beechie concluded, past land and water management constrains salmon resilience in the 
western U.S.. So many life history options have been removed, and when salmon face climate change 
challenges, they’re very poorly situated to accommodate new disturbances. Competing needs for water 
also force political compromises in salmon management. For the future, methods must be found to 
increase salmon resilience to climate change, giving them a greater ability to cope and adapt when 
negative impacts occur. A key question is: When is it time to say “enough is enough,” in terms of 
investing money in small individual salmon populations that are nearly extirpated? We haven’t had to 
deal with that question yet, Beechie noted, but we see it coming down the road. 

Managing, restoring & conserving salmonids: southern Pacific 

Northwest & northern California 

Frank Lake, US Forest Service 

One of the main species of concern is coho, Lake noted, with stocks in southern 
Oregon and northern California generally at or less than about 10 percent of 
levels 100 years ago. Coho are threatened by modification to habitat from a wide 
range of factors, including agriculture, mining, dams, forestry, roads, water 
quality, diseases tied to water temperature and hatchery issues. Chinook face 
similar threats. Dams have blocked spring chinook, once one of the largest runs 
on the Klamath River, from access to most of their historic habitat. Hatchery 
production poses challenges from mixed-stock fisheries. Threats to remnant wild 
populations include in-river migration conditions, mining and habitat 
modification, harvest, poaching, wild fires and invasive weeds. Summer 

steelhead is proposed for a threatened listing and faces threats similar to coho and chinook. The tribal 
perspective is that the whole ecology, including other species, should be protected. 

Climate change implications include hydrology changes, less snowpack, higher winter temperatures and a 
longer wildfire season, he added. Long-term effects of more wildfires are not well understood, but fires 
are expected to increase, with direct and indirect impacts on salmon habitat. This will require more sub-
basin planning and research to link impacts to habitat and populations. 

Monitoring and research efforts that guide restoration and conservation include harvest management and 
monitoring of escapement, spawning success and out-migration, Lake said. This work feeds into other 
studies, such as research on thermal refugia and on disease and density. An example is research linking 
coho life history, migration, thermal refugia and wildfire research (Figure 11). Additional research 
includes flow and temperature modeling (comparing situations with and without dams, looking at the 
benefits of higher levels of cold water to fish downstream, etc), juvenile and adult dive surveys and work 
on river geomorphology and flow conditions. 

Is multiparty restoration and monitoring working? Efforts have included road decommissioning, fish 
passage enhancement, stream flow management, entrapment prevention, riparian improvement and post-
fire repair work. One of the largest political issues is dam removal, which involves political, social and 
ecological tradeoffs. The recent Klamath River Basin Restoration Agreement, whose parties include 
federal, state, county, tribal, agricultural-industry and community organizations, is expected to result in 
major, basin-wide funding to remove four dams and undertake restoration, including work to improve 
water flows and quality.  

http://www.stateofthesalmon.org/conference2009/downloads/Lake_Frank.pdf
http://www.stateofthesalmon.org/conference2009/downloads/Lake_Frank.pdf
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Figure 11.  A schematic linking coho life history migration, thermal refugia, and wildfire research 

Summarizing, Lake noted that coho, chinook and steelhead continue to decline, though it’s hard to 
quantify declines because abundance has not been systematically monitored throughout the basin. Other 
species important to tribal culture are also declining or extirpated from historic habitats that are linked to 
salmon. Climate change is supported by fire frequency and intensity data but effects on salmon are not 
well understood. The Klamath River Basin Agreement and all the collaborative research that has led to it 
hopefully represent a turning point in the fate of this salmon ecosystem. 

NPAFC role in conservation & protection of Pacific salmon 

Vladimir Fedorenko, North Pacific Anadromous Fish Commission 

The NPAFC was established in 1993 by Canada, Japan, Korea, Russia 
and the United States. It is based on recognition of several issues: that 
anadromous stocks intermingle extensively during their high-seas 
migration; that the states of origin have primary responsibility for such 
stocks; that fisheries should only occur within 200-mile coastal zones; 
and that member states invest and forego economic opportunity to 
establish favorable conditions to conserve and manage stocks.  

The Convention covers a huge area of the North Pacific and encompasses 
seven species, Fedorenko explained. Total North Pacific Rim salmon 
catch is about one million metric tons, with a gross value of more than $1 

billion annually. Approximately five billion juvenile hatchery salmon are released per year to augment 
natural salmon runs. Total annual commercial catch of Pacific salmon has grown steadily since 1972. In 
2007 it reached a historic high, representing more than three times the tonnage caught in 1972. 
Comparison of catch composition over time shows that pink salmon is the most abundant species, 
followed by chum and then sockeye. Coho and chinook have declined as a proportion of overall catch, 
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while pink has increased. Comparison of annual commercial catch by country since 1972 shows a bright 
picture for Alaska, Japan and Russia, but not for Canada and the southern U.S.(Figure 12). 

 
Figure 12.  Annual commercial catch of Pacific salmon (in thousand tons) by region, 1972-2007 

The NPAFC has two mandates: research and enforcement. The Committee on Scientific Research and 
Statistics has several working groups that manage programs on stock assessment, salmon marking, stock 
identification, salmon tagging, and the Bering-Aleutian Salmon International Survey (BASIS). BASIS is 
a new coordinated program of cooperative research started in 2002 to clarify the mechanisms of 
biological response by salmon to the conditions caused by climate changes. 

The first phase of research (2002-06) has just finished and preliminary results include the following: 

• The Bering Sea ecosystem is influenced by atmospheric processes that affect primary and secondary 
productivity. 

• In warm years, abundance of salmon is higher in all regions of the Bering Sea, migration pathways 
shift, and salmon are distributed further north  

• The Bering Sea does not appear to be at or near the carrying capacity, despite high abundance of 
salmon during BASIS Phase 1.  

Future international research includes an international strategic research plan that the NPAFC’s long-term 
research and monitoring project team is developing, with funding from the Moore Foundation, to better 
understand climate and marine ecosystem mechanisms that determine salmon production. BASIS (Phase 
II) will also be resumed for further monitoring in the Bering Sea, Fedorenko noted. Future international 
research will also focus on critical periods of ocean salmon life history, such as early ocean life and the 
overwinter period in the North Pacific Ocean. 

The other key activity for NPAFC is enforcement. Huge enforcement operations are conducted on the 
high seas with the support of multiple agencies from the five countries. Surface vessels, aircraft, 
helicopters and satellites are used to prevent illegal high-seas fisheries for salmon (Figure 13). Since 
1993, this resulted in detection of 41 vessels driftnet fishing for salmon, of which 16 were apprehended. 
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Figure 13.  Enforcement vessels of the NPAFC 

In conclusion, Fedorenko said, the Convention for the Conservation of Anadromous Stocks in the North 
Pacific Ocean established a comprehensive international regime for salmon conservation in the North 
Pacific. This includes prohibition of directed fishing for anadromous fish in the Convention area. The 
NPAFC promotes salmon conservation in the North Pacific and adjacent seas and serves as a forum for 
cooperation and coordination of enforcement and research. The Commission’s strength lies in the shared 
purpose and active efforts of the parties to conserve and sustainably utilize salmon resources, and it has 
become a model of positive and successful international cooperation. 

Open Discussion 
Q: It’s a surprise to learn of increasing variability in run size and timing, which makes it difficult to open 
and close fisheries by traditional rules. Are other countries seeing this and if so how are they coping? 

• Hilsinger: For the large sockeye run in Alaska’s Upper Cook Inlet, the last seven years have included 
two of the earliest runs on record, two of the latest and three within the normal range.  

• Lake: Challenges have included conflicts over harvest, related to closure of offshore ocean fisheries 
and opening of tribal fisheries. 

• Irvine: We’re seeing variability at various levels. In 2008, the Columbia did very well, the Fraser did 
poorly, and systems further north did well. Within areas, there is also evidence of more variability in 
survival within and across species. Shifts in timing include runs entering the Fraser much earlier and 
suffering high mortality. There has been some interesting recent work in genomics, in which 
scientists can now tell if an individual fish  sampled out in the ocean is more or less likely to hold at 
the mouth of the Fraser instead of migrating upstream early. 

• Radchenko: Most of the changes that occurred last year (2008) were positive. As with the 
Commission’s efforts, positive changes in management can contribute to positive catches. There are 
interesting processes with natural stocks, including pinks, and there have been management 
improvements in Russia. 

• Kang: Run timing of chum salmon in Korea is getting earlier. Peak run time in the 1980s was mid-
November; now it’s late October. It has become about two weeks earlier in the last 20 years. 
Managers have changed the fishing season in response to this. 

• Nagata: Chum salmon management in Japan is established through a bottom-up process. Recently 
chum salmon abundance was not so good and it was difficult to meet hatchery escapement goals. 

Q: How big a problem is disease in southern U.S. coho and chinook? Is it affecting juveniles? 
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• Lake: Disease outbreaks have been associated with low flows and warm temperatures in-river that 
primarily affect adult fish. There are others that affect juveniles. Some are temperature-dependent. 
But as fish crowd together in refugia, density dependence effects may contribute to transmission to 
other adults or juveniles. 

• Hilsinger: Alaska has had problems with Ich disease. It makes the fish inedible but does not appear to 
affect spawning. Monitoring continues, to try learning more, but it doesn’t appear to affect stock 
status.  

Q: Explain the conclusion about the Bering Sea not being near carrying capacity. How much confidence 
is there that this will be true for future carrying capacity, given climate change? 

• Fedorenko: Those are just preliminary conclusions. A bulletin is being prepared for publication and 
conclusions of Phase 1 BASIS research are still being finalized. 

Q: The BASIS study included two points of view that were diametrically opposed. The situation in the 
Bering Sea is very peculiar. If you look at the Asian and American sides of production, you get two very 
different results. It could be a record level on our side and on the opposite (Alaskan) side you could have 
a below normal return. There will be a poster presentation on this. Perhaps for the first time ever, 
Kamchatka will get half of the Alaska catch. But carrying capacity of the Bering Sea is a tremendous 
enigma. It is good to note that these data are very preliminary and that we need to study more. 

• Radchenko: I support the optimistic view of Bering Sea carrying capacity. Recent discoveries include 
the very wide distribution of pink salmon along the coast in the summer months. As presented earlier, 
there was also the record abundance revealed by the survey of pinks that will migrate this year. I think 
carrying capacity of the Bering Sea is growing now and that this is the main feeding area for all 
common Pacific salmon species. 

Q: In talking about ocean predictors, has consideration been given to factors besides temperature, such as 
spawning success and health of forage fish and factors in the near-shore environment like eelgrass?  

• Beechie: There have been efforts to understand some of those components in Puget Sound, and the 
level of effect on chinook from year to year. Factors found to be important in freshwater include flood 
frequency, which affects survival of eggs in gravel. With the near-shore stage, we’re not sure how to 
relate the ecosystem to survival, though we do know it is an important life stage. We haven’t looked 
at forage fish populations, but freshwater and near-shore habitat factors provide pretty good indicators 
of returns, so we know they’re important. 

• Irvine: A Canadian group meets once a year to pull together all the information available on forage 
fish, ocean indicators, etc. We’re trying to do a better job of forecasting survival, but it’s a challenge 
because climate change can create situations outside the range of known experience. Our annual State 
of the Ocean report includes information on forage fish, salmon survival and other indicators. 

• Lake: Informal stomach analysis can show which prey species salmon are eating. We encourage 
managers to work with indigenous communities to take advantage of that indigenous knowledge. 

• Nagata: I will share actual examples from Hokkaido. Warm and cold currents intermingle in offshore 
feeding grounds. The cold currents have very little plankton. In some years it’s too cold and juveniles 
can’t distribute further away from the shore. Growth is affected by water temperature, but it’s 
complicated. However, warm and cold currents can adversely affect prey supply. 

Q: Has anyone looked at the possibility of species using rivers like the Mackenzie? If salmon abandon 
southern rivers, would federal legislation still protect those rivers? 

• Irvine: I just wrote a report on salmon in the Mackenzie basin that concluded chum are the only natal 
species there, although all five species have been found. There have been episodic events of several 
hundred to a thousand sockeye, and coho and chinook have similarly been reported. Pinks may be in 
the process of establishing, but the main limiting factor is marine winter conditions. There is still a lot 



State of the Salmon – 2009 Conference: Bringing the Future into Focus 

February 2 – 5, 2009 • Vancouver, BC • Proceedings 

30 

 

of sea ice and the young would have to be down at 200 meters’ depth to survive. There are other ways 
that they could persist – perhaps by going out to the Bering Sea. We’re likely to see an expansion of 
salmon in the Arctic but it’s still a long way to swim, especially for pinks that only have 18 months in 
the marine environment. Perhaps it will happen in Alaska and Russia 

• Hilsinger: We’re looking at Alaska’s North Slope. We are seeking funding to do work in 2009 -2010 
and should soon have information on species abundance and distribution. 

• Beechie: Regarding protection for rivers in the southern range, when a population is listed under the 
Endangered Species Act, it is only listed in its current range. Historical habitats don’t receive 
protection. We haven’t had to grapple yet with the question of what happens when they no longer 
exist in a river. It’s hard to tell when they’re no longer present, and it would have to be a policy 
decision to state that they’re gone. 

Q: Given the increasing challenge of making forecasts due to increasing variability in abundance and run 
timing, what has been the experience in convincing harvesters to lower their expectations regarding the 
ability to provide certainty? 

• Irvine: The lousy forecasts themselves are pretty convincing. Forecasts should be more categorical 
than numerical. It must be recognized that in this time of greater uncertainty there are limits to our 
ability to generate forecasts. 

• Radchenko: In Russia, fishery management is based on pre-season forecasts. In the last few years, the 
forecast is translated to TAC (total allowable catch) and that in turn is broken into distributed quotas. 
Sometimes we need to develop additional in-season forecasts. Of course we know there are some 
unformalized factors. We have had some success, but also some failures in forecasting fluctuations in 
the coefficient of return with changing periods. In 2006 we predicted a 1.5 increase in abundance but 
it actually increased by five times. 

• Nagata: For Hokkaido chum we are not forecasting wild runs, just hatchery returns. We try to gather 
daily catch data quickly and compare it to the forecast. Depending on the outcome, we may urge 
fishermen to voluntarily curtail catch if the results are not good. Some experienced fishermen would 
not catch the fish that we rely on for reproduction, but when returns are too low, we must ask 
fishermen to use voluntary restraint. 

• Hilsinger: Alaska uses a variety of forecasts, some based on spawner recruit models, which work with 
varying degrees of success. In Bristol Bay, the fishing industry also hires an expert to do a forecast. 
We may start the fishery based on the forecast, but as soon as we get enough in-season information, 
we manage according to that. The forecast is mainly a planning tool that helps industry decide how 
much they should gear up. We’ve improved the accuracy of forecasting in recent years, but since 
we’re relying on historical data, changing patterns will pose challenges. 

Q: Clearly, climate change is not a good thing for salmon. What can the five countries do in terms of 
disincentives (e.g. carbon tax)?  

• Irvine: We’re not experts in that area. We need to provide advice to resource users on how to adapt to 
the future. It’s not all bad. Some elements of the environment will benefit. The other thing is to 
conserve diversity, which is why we’re starting to manage at the CU level, and also to protect habitat 
diversity.  

• Fedorenko: The five countries are doing much scientific research. One of the new projects is a long-
term monitoring project. We don’t lack ideas; what we lack is funding to conduct studies. For 
example, BASIS Phase II is delayed due to insufficient funds.  

Q: With five billion hatchery fish being released into the North Pacific annually, how does this affect the 
ability of wild salmon to adapt and survive? 
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• Hilsinger: It’s been a pretty significant issue in Alaska. Are poor chum runs related to hatchery 
production? One of the things lacking is better information on where those fish are in the ocean. 
Without that, you can potentially take actions that don’t solve the problem but that come at a cost. 

• Irvine: The impact of hatcheries on wild fish is a very complex issue. It depends on the purpose of 
hatcheries: Is it to produce fish for conservation or for harvest, for public education or for 
employment? It gets into social as well as scientific issues. The jury is out as to whether density-
dependent effects are occurring out in the North Pacific. Asian scientists have one perspective, and 
North American scientists have another.  

 

Day 1: Concluding comments 
Vladimir Karpenko, KamchatNIRO 

These forums are usually convened in response to a crisis, Karpenko said. But there is no obvious crisis – 
nothing is about to blow up. It has taken many years for humans to start thinking about helping Mother 
Nature. So I’m happy that we are here and having this dialogue, not just because we’re afraid of climate 
change or of having salmon for our dinner plates. We’re here to talk because we seek sustainability. We 
don’t want future generations to be robbed of what we have.  

The first few presentations were worrying, he added. I don’t want this for my future. This is the first day 
of our conference and I’m very happy that we are working from the ground up. We have started off by 
explaining what is happening in our countries and discussing what can be done to improve things, moving 
forward very cautiously and responsibly for the sake of the future. Tomorrow we will provide a more 
detailed picture. Our employer is salmon, which are in a bind. There is not much we can do about climate 
change. But we can address the human factor – it’s not about trying to coerce nature but about what we 
can do ourselves.  

Forty years ago we used to know more, but not to the same extent. Human territories have been 
depopulated, with people moving to cities. I’m also working with the Bering project and I used to meet 
with locals and ask about how it was in the past compared to now. For example, the structure of catches in 
western Alaska has changed. We’re at the point where we need to think of strategic efforts, and technical 
issues will follow. We’re not at the point that we need to think about details. We need to think about how 
best to conserve salmon for the children.  

Karpenko closed by wishing success for the conference and for all participants in their endeavors. 
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Day 2: Opening remarks 
Rich Lincoln, State of the Salmon 

Recapping the previous day’s discussion, Lincoln noted the morning keynotes offered important but 
sobering messages about various disconnects: ecosystems with economics, loss of ecosystem resilience, 
accidents waiting to happen and ocean acidification. But it was a call to action, he stressed, despite the 
sobering message. We should take advantage of this sobering time to experiment, to implement 
monitoring strategies, to recognize the opportunities that crises bring, and acknowledge successes such as 
the development of protected areas in Russia. There is reason to be hopeful if we rise to the creative 
challenges. That’s why we’re here: to share creative approaches in an uncertain environment. 

Later we heard highlights from around the Pacific Rim, Lincoln continued, including climate effects at 
different spatial scales. These vary in surprising ways, in some cases offering a hopeful current picture. 
They are not uniform across the landscape. This highlights the need to increase salmon resilience – to 
protect biodiversity by conserving wild stocks and habitat. The audience discussion started to probe the 
response needed and it was noted that we have two more days to explore strategies. 

Reviewing the Day 2 agenda, Lincoln challenged participants to engage in more active dialogue regarding 
solutions to the challenges. 

Morning plenary 

Conservation principles and their integration 
Rich Carmichael & Mark Trenholm, plenary co-chairs 

Principles for proactive conservation of aquatic resources 

Jack Williams, Trout Unlimited 

In the freshwater realm, much is known about causes of salmon decline, 
Williams said, but there is a sense that science alone is not the answer. 
Why hasn’t more progress been made in restoration? Despite significant 
investment in scientific knowledge and strong laws, much of the 
remaining resources remain threatened.  

Bigger things are going on. We have an environmental crisis because we 
have consented to an economy in which by the simple acts of living we 
are destroying the natural world. Can we have sustainable salmon without 
a broader sustainable lifestyle? The predicted future may not be kind to 
salmon: there will be more people, more demands on resources and a 

series of new threats linked to climate change. Williams proposed six principles to respond to these 
challenges:  

1. ‘The first rule of intelligent tinkering is to save all the pieces’ - Aldo Leopold. The Pacific 
Northwest and California have already lost 29% of salmon populations, 27% of genetic diversity, 
15% of life history diversity and 33% of ecological/spatial diversity. Research in Bristol Bay has 
highlighted the importance of bio-complexity in maintaining aggregates of stocks. 

2. Protect and secure salmon strongholds: key questions include how to select and connect a 
network of salmon strongholds and how to manage and fund them. 

3. Protect-reconnect-restore (Figure 14: Take a watershed-scale approach to restoration. Protect the 
headwaters, reconnect headwaters to the mid-stem and restore lower plains most degraded by 

http://www.stateofthesalmon.org/conference2009/downloads/Williams_Jack.pdf
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agriculture and urban development. 

 
Figure 14.  Watershed –scale approach to restoration 

4. Be proactive about major salmon stressors, including increased human population and footprint, 
climate change and related impacts such as exotic species. Action can be taken now to make 
ecosystems more resilient: restore riparian systems and better manage roads and stream crossings, 
for example. 

5. Manage in an ecosystem context: a management strategy that relies on artificial propagation 
without addressing causes of decline is not facing reality. The 1998 Snake River Review found 
hatcheries alone can’t solve the problem. How can we reform hatchery management to better 
support wild stocks? 

6. Improve monitoring and evaluation: key factors include cross-boundary cooperation, long-term 
data sets and being able to distinguish oceanic, estuarine and freshwater responses. 

It’s also important to consider how you do this work, Williams stressed. Solve for pattern by addressing 
primary stressors, not just the symptoms, by working across multiple scales and boundaries and by paying 
attention to context. He quoted Wendell Berry, who said “the whole problem must be solved, not just 
some handily identifiable aspect of it.’ 

Williams also stressed the need to create an ethic for salmon restoration by tackling broader issues such as 
economic models, sustainable lifestyles and the need to foster a land ethic. Quoting Leopold again, he 
said a land ethic changes man “from conqueror of the land-community to plain member and citizen of it. 
It implies respect for his fellow-members, and also respect for the community as such.” 

How do we change public values? The public must be convinced of the need to save salmon, he said, not 
just for the sake of salmon, but for the sake of saving ourselves. 
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Discussion 

Q: In monitoring and trying to separate the different phases, we also need to understand how the different 
phases connect. 

• Williams: Agreed. 

Q: It’s important to also talk about the larger issues – the externalities. Often there is not much we can do 
to address them, but it’s worth spending time on the larger issues as well and paying attention to 
population and climate change as a result of over-population. 

• Williams: We can spend more time on these things. We should be working now to prepare and plan 
communities to meet future challenges. 

Q: I come from the headwaters of the Yukon, where the fish can’t reach the headwaters. Everyone needs 
to get together, including scientists and native people, and we need to use traditional knowledge. 

• Williams: Agreed 

• Carmichael: We need to think of addressing challenges and survival across the whole cycle, not just 
in small pieces. 

Fishery selection: size, age and timing of migration 

Tom Quinn, University of Washington 

Studies have shown the potential for evolutionary change as a result of 
harvest, Quinn said. These changes don’t just affect phenotypes but also 
genetic make-up.  

Ricker pointed out years ago that fishing could cause trends for declines in 
body size. Recent research on gillnet fisheries in Bristol Bay showed that, in 
most years, the fish caught were longer than those escaping to spawn, 
especially females. The nets were not very size-selective for males and 
while smaller females were safer, the very largest fish were not the most 
vulnerable. Exploitation rates have increased in the Nushagak district as 
run-size has gone up. Fisheries have also become less size-selective than 

they used to be, due to a combination of factors. The fisheries operate on a population complex 
(aggregate), Quinn explained, and since length at maturity varies between populations, the exploitation 
rate for each population therefore also differs.  

The evolutionary effects of fishery selection on length at age are mitigated by opposing natural selection 
and strong environmental influences. But fishing is also often selective for migration timing and this trait 
is under strong genetic control. 

Conservation efforts (i.e. allowing only limited fishing until the run shows its true size and thus focusing 
effort on the late part of the run) can make fisheries selective with respect to timing. Comparing catch 
data for 1997 to 2003 against run timing showed that about 80 percent of exploitation happened on the 
back end of the run. Run-timing data also show the runs are shifting their migration timing and arriving 
earlier, as would be predicted from selectively fishing the later part of the run. There are two possible 
mechanisms for the change in migration timing, he noted. Higher exploitation later in the run may reduce 
populations that arrive later, or it may selectively remove late-migrating individuals from each 
population. 

While Bristol Bay sockeye are known for their compressed, unimodal run timing, some systems do have 
bimodal timing (earlier and later runs). This can reflect two populations, whose runs overlap 
considerably. Sometimes, bimodal run timing does not reflect a simple two-population system, but rather 
groups of early and late spawners that overlap. A tagging study of the bimodal sockeye run in the Bear 

http://www.stateofthesalmon.org/conference2009/downloads/Quinn_Tom.pdf
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Lake system found there was actually an overlapping group of several populations, and that harvests that 
consistently hit the middle of these runs hardest were creating the appearance of bimodality. 

Selection on timing can also affect other patterns within populations. Early migrants tend to be older and 
larger than later ones. They tend to spawn earlier and may use different parts of the stream, further 
complicating the effects of fishing. For example, larger Wood River females migrate earlier, though they 
don’t necessarily spawn early. They also differ in habitat utilization, tending to spawn in the upper parts 
of the stream. 

 
Figure 15.  Interactions between size, timing, and evolutionary effects of fishing 

Most salmon fisheries are selective with respect to timing, Quinn concluded, whether this is intentional or 
not. Given interactions between size and timing, it’s important to ask what the evolutionary effects of 
fisheries are on salmon, in terms of population diversity, how they use habitat, etc. Selective fishing 
impacts on timing are widespread and pose challenges for management. These effects may be at least as 
important as selection on size and age (Figure 15). 

Discussion 

Q: Is there similar research on other fish in North America and how can we get hold of that? 

• A: In eastern Canada, extensive work has been done on cod and other species. 

Q: Did you consider selectivity due to high-grading at sea? 

• Quinn: We haven’t looked at that. There will also be fish that were scarred and whose viability may 
be compromised. 

Q: Regarding differential productivity of individuals across the run-timing spectrum, if larger fish migrate 
earlier, they may produce larger eggs and have better survival of juveniles. Are there any data on 
outcomes other than just the number of spawners? 

• Quinn: If we are allowing more of the earlier fish and crowding the front end, this raises a whole host 
of issues. There is typically higher productivity in some subset of the run, but it’s not consistent. 
We’ve had a huge effect on density and shifting it over the run-timing spectrum. 

Q: Are there practical recommendations for fishery managers? 

• Quinn: Managing a fishery is much more difficult than what we do. In Bristol Bay, 100,000 fish are 
caught in a 12-hour opening. It’s very challenging, and the best you can do is to be aware of it, and 



State of the Salmon – 2009 Conference: Bringing the Future into Focus 

February 2 – 5, 2009 • Vancouver, BC • Proceedings 

36 

 

where possible to spread it out. Also bear in mind that there are natural compensatory mechanisms. 
Populations are healthy but we’re still seeing changes, and this is a warning for other areas where 
populations are not as healthy.  

Coordination of harvest, hatchery & habitat management for 

recovery of Puget Sound chinook 

Kit Rawson, Tulalip Tribes 

Puget Sound chinook, which includes 22 populations in 14 
watersheds, was listed as threatened under the ESA in 1999 
Rawson said. A recovery plan was adopted in 2007.  

Historical run-size data for Skagit chinook show a steady 50-
year decline. Causes include offshore mixed stock fisheries, 
though tags show that 80% exploitation rates in the 1980s have 
been reduced to very low levels. Hatcheries have also 
contributed to declines, he added. The assumption that we 
could produce salmon more efficiently than Mother Nature led 
to hatcheries in almost every watershed in Puget Sound. The 

risks and benefits of hatcheries are now well documented. Habitat is the third and key factor in the decline 
of Puget Sound salmon. Between 75% and 90% of estuary habitat in Puget Sound has been lost (Fiugre 
16). Increases in peak stream flows due to land-use changes is also tied to a decline in egg survival 

To better understand what is happening in habitat systems, an Ecosystem Diagnosis and Treatment (EDT) 
model was used. This model looks at a wide range of habitat indicators to produce a spawner recruit curve 
that compares current levels against recovery goals and historic levels (Figure 17). This analysis shows 
that managing harvest alone is not sufficient to achieve recovery. All three factors – harvest, hatcheries 
and habitat – must be managed to reach recovery targets. 

The harvest management approach for Puget Sound chinook is based on a “rebuilding exploitation rate.” 
For hatcheries, a reform program reviewed every hatchery in the state to address risks. A 2005 
Memorandum of Understanding for the Snohomish system called for conversion to indigenous brood 
stock, mass marking and selective fisheries. In the Stillaguamish system, hatchery output supplements a 
low wild population.    

With respect to habitat, the Puget Sound recovery plan is mainly devoted to restoration, Rawson 
explained. It includes detailed plans for 14 watersheds, funding for restoration projects linked to system 
needs, and annual proposals, reviews and grant awards. It is proceeding but slowly. Habitat protection 
remains a gap, however. There are many agencies with varied and overlapping authority, but they are not 
working together. There is little public confidence in the process and continuing degradation is occurring. 
Recent land-use trends analysis compared satellite photos from 1991, 2001 and 2006, showing that 
mature forests continue to decline and development is expanding. 

http://www.stateofthesalmon.org/conference2009/downloads/Rawson_Kit.pdf
http://www.stateofthesalmon.org/conference2009/downloads/Rawson_Kit.pdf
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Figure 16. Loss of habitat in the Stilliguamish basin 

As things currently stand, habitat remains a problem. For hatcheries, there is some uncertainty and 
disagreement as to the level of improvement made and needed. Harvest management has improved, 
though more can be done. Summarizing, Rawson noted that while some improvement has been made, 
much remains undone and improvement is needed in all three areas. Habitat protection is still not 
integrated into the recovery plan and this is an essential piece. Why not launch a similar program for 
habitat protection reform? The steady human population growth in Snohomish County can’t be ignored, 
he added. As Suzuki said, all we can do is manage ourselves. We know what to do; we just need to figure 
out how. 

 
Figure 17.  Spawner-recruit curves for the North Fork of the Stillaguamish River, Washington, US 
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Discussion 

Q: How is the recovery exploitation rate set and is it being met? 

• Rawson: Variability in recruitment and other aspects of variability are factored in developing 
projections of production and risk analysis to set the recovery exploitation rate such that escapement 
exceeds reference points a certain amount of the time. A five-year review is being done and the 
targets have not always been met. Some factors are beyond our control, such as northern fisheries.  

Q: Expand on the surveys about public confidence. 

• Rawson: This was a San Juan initiative in response to a review of the recovery plan that said habitat 
protection was not being addressed adequately. People were asked how that could be improved. They 
did a case study in the San Juan Islands, and interviewed landowners, etc.  

Q: It is assumed in Puget Sound that habitat is the most significant of the three H’s, but are there time 
series that allowed the partitioning of mortality into freshwater vs. marine mortality to determine how 
much of the decline might be due to natural events in the marine environment? Also, how much effort is 
there to evaluate effects of the different programs, in terms of measurements that relate to responses of the 
fish themselves? 

• A: One issue with the ESA listing was the need for more separation of freshwater and marine issues. 
There were independent estimates of marine survival from coded wire tags (CWTs). Monitoring and 
evaluation is a huge part of it, but it’s hard to get it off the ground, so a new bottom-up effort will be 
tested in three watersheds.  

Panel: Obstacles and opportunities for 

implementing wild salmon policies 

Conservation principles of natural spawning of salmonids in 

Hokkaido, Japan 

Mitsuhiro Nagata, East Research Branch, Hokkaido Fish Hatchery 

Wild salmon were protected in the Tanegawa River in the Edo period, 
during the 1700s. Policies were changed in the late 1800s to support 
hatchery production, Nagata said. This has been successful for chum 
salmon, but not for masu salmon, which remain at low abundance 
levels. Now Marine Stewardship Council certification of Alaskan 
salmon has challenged Hokkaido to pursue MSC certification of its 
own set net fishery in order to maintain a competitive edge in export 
markets. Securing full certification will require development of a wild 
salmon policy. 

Currently, commercial and game fisheries are prohibited in all rivers 
around Hokkaido to conserve wild salmon. However, sustainable escapement goals and a management 
plan need to be established. Other requirements include accumulating a separate data set for wild salmon. 

Proposed objectives for the wild salmon policy include conserving wild salmon and biological diversity 
of hatchery salmon and also restoring freshwater habitat. The concept of harmony between ecosystems 
and co-existence of wild and hatchery salmon is to be achieved via a zone management system to 
spatially separate wild and hatchery salmon in freshwater. Weirs would be used on all systems to count 
wild salmon or catch hatchery salmon, he added.  

http://www.stateofthesalmon.org/conference2009/downloads/Nagata_Mitsuhiro.pdf
http://www.stateofthesalmon.org/conference2009/downloads/Nagata_Mitsuhiro.pdf
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There are currently three different types of rivers in Hokkaido: wild salmon rivers that have never had 
hatchery fish; mixed rivers in which hatchery juveniles are released and returning adults are captured in 
river, and rivers where hatchery juveniles are released but returning adults will be left to spawn naturally 
(Figure 18). Under the MSC system, the latter will be considered wild systems if the returning adults 
spawn naturally. Research so far has focused on qualitative assessment of spawning habitat conditions in 
streams around Hokkaido. Work will begin next year on quantitative research and monitoring, Nagata 
said, such as adult counting and biological data to estimate tentative escapement goals for wild chum. 

This concept of ecosystem-based sustainable conservation and management, based on co-existence 
between wild and hatchery fish, will rely on three components:  

• Biological monitoring (evaluating ocean carrying capacity, size and age composition of populations 
and genetic and reproductive characteristics) is already done for hatchery fish and will begin for wild 
fish this year. 

• Separation (zone management) of wild and hatchery salmon in freshwater to protect genetic diversity 
and endemism, and recreational and commercial fisheries. 

• Rehabilitation of wild salmon populations and natural riparian ecosystems. 

 
Figure 18.  Three river types in Hokkaido, Japan 

In Kyushu, which has a salmon shrine, the local people believe chum is a kind of God or messenger of 
God, Nagata noted. There is no custom to separate wild and hatchery salmon among the Japanese people. 
So there is need to establish a new system for these efforts to conserve wild “samurai salmon” as 
following from the principles of wild salmon conservation in the Edo period. 

Wild salmon conservation approaches in Russia 

Alexander Kulikov, Regional Wildlife Fund, Khabarovsk 

Kulikov’s presentation described the development of a system of 
protected areas for Pacific salmon conservation in Khabarovsk, in 
Russia’s Far East. A complicated network of protected areas already 
exists in this region (Figure 19). There are different categories and 
groups of protected areas. Some are managed by federal structures; 
others by the regional government. There is also a special service for 
protecting natural resources at the local government level. 

The current system was developed over many years, with the oldest 
protected area established in 1928. When the system was developed, 
many changes were introduced via legislation. Protection of salmon has 

http://www.stateofthesalmon.org/conference2009/downloads/Kulikov_Alexander.pdf
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Figure 36.  Juvenile counts (left), snorkeling surveys (center), spawning ground surveys (right) 

Fifteen fish species live in or enter the river to spawn, with pink salmon as the most abundant. Masu 
salmon also spawn in all three rivers, but no evidence was found of Sakhalin taimen spawning grounds or 
juveniles. The number of pink spawners ranged from 220,000 to 391,000. Masu numbers ranged from 
1,000 to 10,000 and they occupied about one-quarter of all spawning areas. Salmonid abundance in Aniva 
Gulf rivers is high, with commercial catch averaging close to 20 million individuals. Biological 
differences were observed for pink salmon over the course of the spawning migration period. Threats 
include a growing sport fishery for masu salmon, Semenchenko said. In 2008, about 1,000 were caught in 
the Kura River, compared to about 100–140 spawners. 

Importance of wild & hatchery-reared salmon in commercial 

pink & chum stocks in Sakhalin-Kuril region  

Alexander Kaev, Sakhalin Research Institute of Fisheries and Oceanography 

This region releases some 280 million pinks and 270 million chum from 
33 hatcheries, Kaev said.  

Chum harvests have been increasing but the relationship between 
releases and catch is ambiguous: the relationship is negative in some 
areas and positive in others (Figure 37). Such contradictions may be 
related to plant efficiency, indirect economic impacts and the occurrence 
of wild chum salmon in 1970s catches. However, the chum salmon 
rearing program resulted in catch increases in the last 10 years, due to 
better fry survival. The proportion of hatchery stocks in catch is about 90 
percent. In recent years, that has increased despite the improved state of 

some wild chum populations. 

For pinks, at first glance catches appear to have been higher where there were high numbers of hatchery 
releases, in the southern part of eastern Sakhalin and Iturup Island. But natural pink production is also 
highest in these same areas. Since the 1980s, pink catches increased in all areas. The relative increase in 
catches was lower in areas with increased hatchery culture. When the mean number of hatchery and wild 
fry were compared to adult returns for these generations, in all cases large returns coincided with high 
returns of wild fry. This comparison showed that declines or increases in catches depended in changes in 
abundance for naturally-produced fish for all areas in the region, even in areas where hatchery fry 
represented 40 percent of all fish. The declining trend in pink escapement to spawning grounds in recent 
years is therefore alarming. From 2002 to 2008, escapement declined from 3.9 to 2.6 million. 

Summing up, Kaev said that in light of expected deterioration of salmon marine habitat, measures will 
have to be developed to maintain the fishery. The chum salmon fishery could be maintained based on 
further development of hatchery rearing. However, to support the pink salmon fishery, improving 
spawning conditions are a very important factor. 
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Figure 37.  Dynamics of fry release (a) and subsequent catch (b) of chum salmon:  1) southwestern Sakhalin, 
2) eastern Sakhalin, and 3) Iturup Island 

Discussion 

Q: For Iturup fisheries, in recent years commercial chum catch has increased. Is this due to increased 
fishing effort or increased abundance? 

• Kaev: For chum, we have a very clear situation. This is due to hatchery improvements and more wild 
fish. The pink situation is not as clear. Harvest has increased in all regions. We think this is because 
abundance is up and also because the size of each individual has increased, but we don’t know how 
much is due to the influence of hatcheries.  

Q: You’ve illustrated threats and a potential disaster for the fishery in Sakhalin due to poaching etc. So 
why are pinks doing so well? 

• Tabunkov: This is a very good question: Of course not everything is bad. Pink abundance has been 
growing to 2007 and it indicates this fish can survive under huge fishing pressures. But there are a 
large number of rivers where we can demonstrate that they don’t reach the spawning grounds. The 
picture about poaching is very typical. It happens in hard-to-reach places. Pinks are doing very well in 
the southern region, where measures are enforced to protect them. The fishermen themselves protect 
them. It must be stressed that fishery reforms mean there are far fewer inspectors now, so a lot more 
work is needed to monitor and protect fish. 

Q: You said that 90 percent of chum in southern Sakhalin are from hatchery sources and only 10 percent 
are wild. These data would suggest that the wild population has collapsed. How did you arrive at those 
numbers? 

• Kaev: These are the statistical data that we have from southern Sakhalin. Wild chum are only found 
in a few rivers there. 

Q: Over the last few days, we’ve heard about wild salmon policies being adopted around the Pacific Rim 
that involve efforts to limit impacts of hatcheries on wild stocks. Are such policies also necessary for 
Russia and might they be implemented? 
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• Tabunkov: We don’t have legislation like that yet but I do think we need it. We would also like closer 
cooperation with people elsewhere who work on salmon legislation. Our fishermen would like to see 
that, but our people are not in charge. 

Q: What is being done to compare different monitoring techniques? 

• Semenchenko: There are several ways to describe this system. We are developing new methods and 
trying to look at the whole system. We don’t just focus on salmon, but for example we research 
hydrological parameters that actually reflect the status of salmon habitat. 

Q: It’s great to see in-river fisheries being re-developed on the Skeena. The campaign to remove 
traditional weirs in the early 1900s had more to do with allocating fish to emerging commercial fisheries. 
Is there also interest in marketing, given that the price for pinks has been so low in recent years? Is most 
used for domestic consumption or is it marketed elsewhere? 

• Taylor: Pink is not a primary component of catch, though there is a small pink harvest in Moricetown. 
It commands good prices. Smoked products are produced at a roadside facility that is a popular tourist 
attraction. But the ability to market is affected by inconsistent supply.  

Q: It wasn’t clear whether the in-river Skeena management regime was aspirational or fully in place. Can 
you also comment on challenges in getting provincial and federal governance lined up with traditional 
approaches? 

• Taylor: This was developed and has been evolving since 1992. Local DFO (federal fisheries) staff has 
been great but there are challenges. Higher-ranking officials see the mixed-stock ocean fishery as the 
only thing with economic benefit. We are trying to work with agencies to demonstrate that we can 
achieve more economic benefits by catching fish at different places, while protecting biodiversity. 

Q: What is the impact of MSC certification and what are the challenges? Is the Russian government 
supportive? 

• Tabunkov: The primary evaluation included a list of barriers to achieving sustainable fishing. One of 
the first problems is the impact of hatcheries and administrative issues. Of course, we need a certain 
number of measures to fulfill those demands, but when we do that we can achieve sustainable 
fisheries. It depends on how quickly the local and federal government will respond to our proposals. 
The work is very preliminary at this point, but our administration is supportive.  

Q: I want to compliment you on incorporating traditional knowledge into your plans for the Skeena. We 
need to do more of this. 

Q: What about quality of in-river fish and marketability? 

• Taylor: Certainly it’s a different product and requires different markets as it moves upstream. But roe 
quality also increases. There are challenges, but they are surmountable. Every fish caught was sold to 
market. It may not command the same price as a fish on the coast, but there is no boat or fuel cost, so 
the returns to fishermen are equal, if not better. In the mixed-stock fishery, many of the boats come 
from the south, so the money goes south with them, whereas these earnings stay in local communities. 
But this is all for nothing if we don’t protect habitat and we are now facing some major challenges 
currently with new pipelines and other major projects.  

• Loring: In addition to protecting habitat, it’s also about how to protect the culture and knowledge of 
the people. When we do a traditional harvest, it allows full participation by the whole community, 
including children, who learn important lessons about taking care of these things. 

• Taylor: It was very rewarding to see the effect on individuals who got involved in the fishery, and 
who had been on suicide watch just one winter previously. 
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Afternoon plenary  

Bringing the Future into Focus 
Fran Ulmer & Greg Bock, plenary co-chairs 

Salmon Strongholds and network principles 
Introduction:  Block noted that many see the idea of protecting core centers of abundance and diversity at 
different scales across the Pacific Rim as a foundational piece of a salmon conservation strategy. A 
salmon stronghold is defined as a geographical unit that meets biological criteria of abundance and 
diversity (run timing and life history), habitat quality, and other biological attributes important to 
sustaining viable wild Pacific salmon populations throughout their range. It may refer to a watershed, 
multiple watersheds or other defined spatial units where populations are strong and diverse and where the 
habitat has high intrinsic potential to support a particular species or suite of species.  

A network of strongholds provides sufficient habitat and sustains ecological processes necessary for 
persistence of target species. Such a network is extensive enough to maintain the variability necessary to 
stimulate needed evolutionary changes, to support widely dispersed populations that are less likely to be 
affected by the same disturbance, and to support populations large enough to be self-sustaining. In 
tackling the challenge of how to balance social and commercial interests, Block further noted, the 
importance of involving people who work and interact with all the different interests on the ground. 

A potential process for establishing a network of salmon 

strongholds 

Gordon Reeves, US Forest Service, Pacific Northwest Research station 

Basic concepts must be established in creating a network of salmon 
strongholds, Reeves said. The network must be comprehensive 
enough to capture the biological features we want to protect and 
maintain, but also as efficient as possible in terms of seeking to meet 
the conservation goals in as economical an area as possible. Selected 
sites must complement each other in order to meet overall 
conservations goals, instead of working at cross purposes. Flexibility 
must be built in to allow choices among a number of sites to reach 
the conservation goals. Some parts of the network (strongholds) 

would be deemed essential and irreplaceable in meeting conservation goals. 

With many interests already working towards conservation, this concept can provide a valuable unifying 
framework. The salmon conservation network is a subset of all salmon basins, and the strongholds are a 
subset of that network. 

Marxan is a decision-support system for systematic conservation planning that was designed to help 
develop biodiversity reserves, and is used by many conservation organizations. It uses an iterative 
decision-support process and looks at all possible options to determine the most efficient solutions for 
network design problems. Combined with data on salmon abundance from the Pacific Salmon 
Conservation Assessment database, Marxan can help minimize total network cost, while considering 
suitability, spatial configuration and species abundance and diversity.  

Suitability will be influenced by the level of impact: areas with higher impacts will entail higher costs 
than pristine areas, Reeves noted. A map reflecting relative costs for watersheds around the Pacific Rim 
showed that western U.S. states and Japan had the highest proportion of high-cost watersheds, while 
Russia and Alaska had the most low-cost watersheds.  

http://www.stateofthesalmon.org/conference2009/downloads/Reeves_Gordie.pdf
http://www.stateofthesalmon.org/conference2009/downloads/Reeves_Gordie.pdf
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He illustrated the use of Marxan to identify irreplaceable salmon strongholds needed to conserve existing 
abundance and diversity in each eco-region. Using the model to identify the “cream of the cream” in each 
eco-region (80 percent conservation level) resulted in only a few highly irreplaceable watersheds such as 
those in western Alaska and Kamchatka. After “locking in” these watersheds into a potential network, 
Marxan was iteratively run at the 50% goal level.  The highly irreplaceable areas at the 50% goal level 
were locked in, and re-run at the 30% goal levels.  The resulting network includes centers of high 
abundance and diversity (80% goal) as well as being an efficient and representative selection of the 
diversity of salmon across the Pacific Rim at the 50% and 30% goal levels. 

Summarizing, Reeves said Marxan is a potential tool to use in developing a salmon conservation network. 
Early requirements in such a process include agreement on conservation goals – a way is needed to 
develop a scientific and political consensus on the goals of this network. Other requirements include 
improving a common databases and consideration of other factors such as environmental complexity, 
climate change impacts and economic and social-political aspects. A stronghold strategy must also be part 
of a more comprehensive long-term strategy, he stressed.  

Salmon ecosystem vital signs 

Jack Stanford, Flathead Lake Biological Station 

If salmon strongholds are created, a system will be needed to 
measure how they work, Stanford said. Salmon ecosystems must 
be quantified by routine monitoring, with rigorous statistics and 
adaptive models that demonstrate trends and allow comparison to 
patterns at unaltered reference sites. Vital signs include sustained 
returns of sufficient spawners, density and growth of juveniles, 
habitat connectivity and productivity, hydrology, temperature 
patterns, productive and biodiverse food webs, high salmonid 
biodiversity, minimal water pollution and no cultured stocks.  

Stanford’s research uses remote imaging tools that provide fine-scale information to develop a Pacific 
Rim-wide Landsat database with measurable habitat values. River reaches with the highest habitat 
complexity tend to have the highest salmon productivity, he noted. These metrics are related to on-the-
ground proxies of salmon productivity obtained from the SaRON suite of watershed sites being monitored 
around the Pacific Rim.  

A range of metrics permits ranking of rivers around the Pacific Rim in terms of their physical complexity. 
The next step is conducting analysis of stock abundance to determine coherence with what the stocks are 
doing, he explained. The database allows users to pull up rank maps based on various features or to drill 
down and look upstream and at sub-basins. This provides a systematic and unbiased way to compare one 
river to another. This analysis also shows that rivers in the far north will provide good salmon habitat as 
climate warms (Figure 38). 

Questions include the ability to link fine- and coarse-scale data, Stanford said. The percentage abiotic 
(cobble and water) scales best with the Landsat data, followed by the number of nodes of separation and 
confluence in floodplain reaches. These measures appear to give good coherence with SaRON data on 
average density of salmonid juveniles. However, rivers heavily influenced by glacial outwash have 
biological signals that don’t fit as well with the most complex habitat. 

http://www.stateofthesalmon.org/conference2009/downloads/Stanford_Jack.pdf



