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EXECUTIVE SUMMARY 
For many generations in western Canada, five species of Pacific salmon have provided a defining role to native and 

non-native peoples. As a reflection of this cultural importance, there has been a long-standing tradition of 

communities and governments taking action to help salmon cope with both natural and human pressures on their 

survival. Recently, the Intergovernmental Panel on Climate Change has clearly indicated that humans, by burning 

fossil fuels and changing the landscape, are responsible for unnatural changes in the world’s climate. In turn, 

these changes are leading to significant effects on our continents, in our oceans, and in freshwater streams and 

lakes. Pacific salmon have always responded to past changes in climate and are vulnerable to the types of changes 

in freshwater streams and lakes being discussed today. Thus emerges another challenge threatening salmon 

survival which once again requires action by local communities and governments. 

Recognizing that Pacific salmon face significant hurdles in the future and that society can take action to help them 

survive, this report presents an approach and research around key elements to help government decision makers 

and local communities decide upon appropriate actions. This approach involves four steps: 

STEP 1: Identify Issues of Concern 

STEP 2: Assess Vulnerability 

STEP 3: Summarize Assets 

STEP 4: Describe Adaptation Strategies 

The first step involves clarifying the local setting within which governments or communities are pursuing actions 

to help salmon. What is the region, watershed, or stream of interest? Are there competing resource uses—among 

salmon, freshwater supplies, and hydropower generation, for instance? Who are the decision makers? Although the 

general issues of interest discussed in this report relate to changes in freshwater flows and water temperatures, 

we recognize that local issues of concern may be more varied. A companion report, “Helping Pacific salmon 

survive the impacts of climate change on freshwater habitats: Case study perspectives from the Okanagan, Nicola, 

Quesnel, Cowichan, Nass, and Englishman River watersheds”1, presents a sample of issues in a local context of 

geography, people, and salmon at three interior and three coastal basins in British Columbia. 

The second step requires describing the sensitivity of Pacific salmon to expected changes in their freshwater 

habitats. Across the globe, the effects of a warming climate are consistently predicted to change freshwater flows, 

especially in snow-dominated regions. In British Columbia, a variety of measurable changes in air temperatures, 

precipitation, snow pack, streamflows, and water temperatures are expected. For instance, in the Okanagan, 

predictions suggest noticeable increases in winter air temperatures (from 1.5 to 4.0°C) and precipitation (5–20%) 

by the 2050s, as well as decreases in summer precipitation (by 20%). By the 2050s in the Georgia Basin, climate 

models predict general warming (1.5–2.0°C), a reduction in snowpack (by 50%), and a possible increase in 

December runoff (by 60%). On the coast, these predictions mean little change in the total amount of water flowing 

through our watersheds, though increases in the number and size of floods are likely. 

For Pacific salmon, the effect of such changes in freshwater flows and temperatures are fundamentally linked to 

their survival. Warming of Fraser River water temperatures can delay sockeye salmon migration and reduce en-

route survival. Low water flows in the late summer can block access to spawning grounds. Winter flooding can 

wash eggs out of the gravels. Parts of B.C. are also uniquely vulnerable. Although incomplete, this report identifies 

                                                           
1 Nelitz, M., C.A.D. Alexander, and K. Wieckowski. 2007. Helping Pacific salmon survive the impacts of climate change on freshwater 

habitats: Case study perspectives from the Okanagan, Quesnel, Nicola, Cowichan, Nass, and Englishman River watersheds. Final report 
prepared by ESSA Technologies Ltd., Vancouver, B.C. for Pacific Fisheries Resource Conservation Council, Vancouver, B.C. 
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thirty-two areas that have warm water temperatures or low / high freshwater flows that currently affect salmon 

survival. These areas are centered in the Southwestern, Southern Interior, and Central Interior of the province. 

Management agencies and local communities have a wealth of knowledge about salmon watersheds and 

experience working with local partners. This knowledge and experience is an asset because it can be used to help 

plan and implement feasible actions most likely to be successful in the future. The third step of the approach 

requires accounting for existing assets. Several planning efforts are currently being developed that could help 

identify freshwater streams and lakes most vulnerable to climate change. These efforts include identifying the 

status of salmon populations under Fisheries and Oceans Canada’s Wild Salmon Policy, designating “Fisheries 

Sensitive Watersheds” and “Temperature Sensitive Streams” by the BC Ministry of Environment, as well as 

developing tools to help governmental and non-governmental agencies prioritize areas for conservation and 

restoration. There is also a long history of taking action to help a variety of fish species and their habitats, 

including salmon. In British Columbia, Public awareness and education, Instream restoration / enhancement, and 

Fish culture activities (e.g., release of hatchery raised young salmon) have been the most common. Fish projects 

are most numerous in the Vancouver Island, Lower Mainland, and Skeena regions. 

The final step describes strategies or actions that could be implemented in the short or long-term to help reduce 

Pacific salmon’s vulnerability to climate change. A first group of actions includes “hard infrastructure” strategies; 

engineering or technology-focused innovations that can be implemented on-the-ground to either help salmon 

adapt to climatic changes, mitigate the effect of changes in habitats, compensate for climate-induced losses to 

salmon, or restore habitats affected by past deterioration in habitats. Strategies can be aligned with four types of 

actions: (i) flow-focused, (ii) temperature-focused, (iii) fish-focused, and (iv) fish habitat-focused. 

Flow-focused actions are likely the most effective to help salmon in the context of anticipated climate-driven 

changes in precipitation and snowpack. Maintaining sufficient instream flow at appropriate times of year can 

protect natural river-forming processes, enable upstream migration of adult salmon, improve availability of 

spawning and rearing habitats, reduce vulnerability of salmon to disease, and help downstream passage of 

juvenile salmon outmigrating to the ocean. Water use efficiency can be implemented today to increase the amount 

of water available for instream needs. For instance, drip irrigation technology has the potential to double 

agricultural crop yield per unit of water. Water use efficiencies and recycling are also possible in other industries 

(e.g., pulp and paper, mining, etc.). 

Building additional storage capacity (e.g., new dams and reservoirs) is a controversial, but potentially invaluable 

solution in the context of climate change. Storage provides decision makers with the ability to store water at times 

of the year when water resources are plentiful and release it when water supplies are limited. Dams can, however, 

have significant impacts by posing barrier to salmon passage (both adults and out migrating juveniles), and 

impose unnatural flow patterns which change river processes. Thus, to be effective, operating rules for storage 

facilities must explicitly recognize ecosystem rights to water and entrenchment of this principle in water 

management. It is not enough to provide token recognition that water supplies are managed for salmon needs, 

because too often human needs over-ride ecological needs. There are challenges in developing appropriate 

operating rules given that it is not always clear what ‘environmental flow regime’ will optimize flow releases across 

all necessary fish species and ecological values. Analytical and participatory methods are available to help resolve 

such problems. 

Salmon survival, reproduction, and growth are fundamentally linked to water temperatures in freshwater 

environments. In some locations, infrastructure can be used to maintain cool or reduce warm water temperatures. 

Water storage facilities can draw deep cold water for surface water release. Protecting groundwater supplies can 

help maintain cool temperatures in summer and warm temperatures in winter at locations where groundwater has 
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a direct influence on stream temperature. Riparian vegetation provides shade to tributaries and mainstem 

habitats, which helps maintain cool stream temperatures. Thus, actions to maintain or restore streamside 

vegetation can also benefit water temperatures and salmon. 

Some scientists, however, believe actions to protect water temperatures cannot be applied across a large enough 

geographic scale to mitigate against the effects of climate change. Ranges of salmon distribution have changed 

over their evolution responding to changes in habitat conditions, such as water temperatures. Therefore, shifts in 

their distribution may be unavoidable, resulting in the loss of salmon in some areas where habitat conditions are 

close to tolerable limits. While such losses may have grave consequences in some areas, salmon populations in 

British Columbia inhabit central latitudes in the north Pacific. British Columbia may provide an important 

stronghold for salmon and thermally suitable habitats in the context of climate change. 

Managers can also directly manipulate salmon distribution, abundance, and diversity. Range expansion has been 

tried with some success in British Columbia (e.g., upper Adams River). Re-introductions are also being considered 

in other areas such as the Coquitlam and upper Columbia Rivers. Through hatcheries and harvest management, 

there may be opportunities to experimentally develop stocks with traits that are less vulnerable to the effects of 

climate change (e.g., temperature tolerance). Use of hatcheries, however, is not without controversy and scientific 

uncertainties. Release of hatcheries-raised salmon may have adverse effects on genetic diversity and overall 

population fitness in the long-term. 

Manipulations of physical habitats have historically received a lot of attention in fisheries management. Such fish 

habitat manipulations have included: (i) adding large woody debris or boulders to increase the channel complexity 

and quality of rearing habitat; (ii) restoring connectivity among habitats blocked by past development activities; or 

(iii) restoring connectivity between the floodplain and river channel by removing channel armouring structures. 

These options can be effective in the short term if they respond to historic degradation in habitats, but they do 

not represent appropriate long-term solutions for managing salmon, in part because of criticisms that monitoring 

and evaluation of restoration actions has not been sufficient to help managers understand what actions are 

working and which are not. Although not directly affecting water temperature or water flows, the intention of 

using these strategies would be to improve other habitat conditions limiting salmon so as to offset additional 

mortality imposed by climate-induced changes in freshwater habitats. 
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The complete list of flow, temperature, fish, and fish habitat focused strategies includes: 

 Transplanting stocks or species 

 Reintroducing salmon to extirpated areas 

 Introducing salmon to new areas 

 Conserving pristine habitats 

 Implementing low impact irrigation practices 

 Recycling water in industry 

 Installing water meters 

 Building additional storage capacity 

 Diverting water from other locations 

 Decreasing surface water runoff 

 Managing water storage 

 Releasing cold water 

 Manipulating surface water / groundwater 

interactions 

 Transporting fish manually 

 Improving fish passage 

 Implementing low impact forestry practices 

 Implementing low impact grazing practices 

 Engineering streams 

 Enhancing instream habitat 

 Enriching streams / lakes with nutrients 

 Enhancing production with hatcheries 

 Creating off-channel habitat 

 Creating deep pools 

 Cleaning gravels 

 Restoring connectivity 

 Restoring slope stability 

 Restoring riparian ecosystems 

 Moving dykes back from rivers 

A second group of actions to help salmon are termed “soft infrastructure” strategies—those changes in local 

governance, regulations, policy, or agency management approaches that might encourage innovation and more 

efficient / effective use of society’s hard infrastructure. The intention of using such levers would be to encourage 

positive human behaviour, innovation, and technological changes to help mitigate the effect of human and 

climate-induced disturbances on salmon and their freshwater habitats. 

One example includes “Requiring effective operating licenses”. Operating licences can help ensure sustainable use 

of natural resources, such as water. In B.C., however, there are several weaknesses in the way water use rights are 

apportioned through water licenses under the Water Act. Licenses for conservation of water for fish and wildlife 

have lower precedence than licenses for other purposes—e.g., domestic, waterworks, mineral trading, irrigation, 

mining, industrial, power, hydraulicking, and storage uses. Even though the provincial Water Act explicitly 

recognizes that “the minister may consider concerns related to fish, fish habitat, and other environmental 

matters”, fish are not formally recognized as rights holders and do not have their beneficial uses legally 

entrenched. Orders can be issued under a water license requiring development of Water Management Plans, but 

there is neither a formal recognition of instream flow values nor consideration of the amount of water needed to 

maintain ecological health prior to applications being received and licenses granted. To be effective water licenses 

and water allocations should be based on a formal assessment of water supplies and water demands within a 

watershed. Such an assessment would help reduce the potential for oversubscription of water licenses. These 

considerations will be increasingly important in the context of climate change and expected changes in freshwater 

supplies. 

Another major weakness with B.C.’s Water Act and its use of water licenses is that there are no regulations 

controlling siting and quantities of groundwater extraction within ecologically sustainable limits. Groundwater is 

inextricably linked to the hydrological cycle and salmon. Reductions in groundwater supplies resulting from 

human pressures, climate change, and natural variation in the frequency and magnitude of floods and droughts 
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can have a direct influence on surface water flows. In particular, groundwater withdrawals can exacerbate low base 

flows. In spite of its ecological importance, groundwater takings are almost entirely unassessed and unregulated 

in B.C., and groundwater management rarely considers effects on Pacific salmon. British Columbia is the only 

jurisdiction in the Canada that does not have licensing requirements for use of groundwater above defined 

thresholds. 

A second example includes, “Adjusting fisheries management practices” which can enable salmon to better cope 

with changing freshwater and ocean environments by better protecting natural genetic diversity. Inherent in 

maintaining stock diversity is a need to allow sufficient number of salmon escaping fisheries (i.e., escapement) 

across strong and weak stocks. In a world of variable marine and freshwater conditions the ability to set and 

achieve adequate escapement targets across individual stocks is difficult because contributions of en-route and 

pre-spawning mortality cannot be measured until after most harvesting occurs. Current trends suggest that 

environmental conditions, including increased water temperatures, extreme flows, and increased rates of disease, 

are becoming more unfavourable for salmon survival, particularly at the southern end of their range. Harvesting or 

climate-induced variation in salmon returns can also affect productivity of nursery lakes, further complicating our 

understanding of juvenile production. Therefore, sustaining viable salmon populations in the future may require 

decreases in harvest (e.g., subsistence, recreational, and commercial fisheries) or changes in the management 

approaches used to set locations, timing, and quantities of harvest. The degree of success in how alternative 

approaches protect diversity and abundance across stocks ultimately depends on how well each sets and meets in-

season escapement goals. 

 “Entrenching ecosystem rights to water” is another example where legislative changes could benefit salmon. 

Freshwater and riparian ecosystems are entitled to water, as are people. Thus, a portion of the available water 

supplies should be allocated to freshwater ecosystems, including salmon. Entrenchment of these rights can then 

allow for water licenses to be bought from existing owners to help ensure water availability for salmon. In the U.S., 

the Nature Conservancy has purchased water rights to protect environmental flows. Taking a more extreme view, 

water rights could even be expropriated, though this option is generally viewed as unlikely. Entrenchment of 

ecosystem rights can also help ensure that water gains resulting from water conservation and use efficiency are 

allocated to instream needs instead of enabling increases in human demands on water. Currently, federal and 

provincial water policies don’t explicitly acknowledge ecosystem rights or allow for assurances in ecosystem 

protection. South Africa’s national Water Act guarantees water for basic needs—drinking, cooking and sanitation—

as well as for the ecosystem. 
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A complete list of the identified “soft infrastructure” strategies includes: 

 Compensating for unavoidable / non-mitigated 

impacts 

 Requiring effective operating licenses 

 Using demand-side management tools and pricing 

signals 

 Providing financial incentives 

 Providing financial disincentives 

 Implementing results-based management 

 Implementing prescription-based management 

 Designating environmental aspects for special 

management consideration 

 Coordinating / implementing planning 

frameworks 

 Ensuring protection of critical habitats 

 Encouraging partnerships for water / habitat 

stewardship 

 Developing a water budget 

 Entrenching ecosystem rights to water 

 Recognizing Aboriginal rights to water and 

salmon 

 Adjusting fisheries management practices 

While implementing the hard and soft infrastructure actions mentioned above, seven fundamental principles 

should also be considered. Following these principles will help ensure strategies are effective in achieving their 

intended outcome. 

Consider social values implied by adaptation strategies: No strategies to help salmon will be free of human 

values. Strategies discussed above need to be considered in the context of society’s willingness to help salmon 

because it would not be fruitful to pursue one action if local watershed users or political decision makers do not 

value salmon enough to motivate change. Soft and hard infrastructure solutions lie along a continuum of values. If 

society values salmon very highly we would be willing to make any necessary sacrifices, and to take any and all 

actions to help salmon. If valued highly, the range of options available would be much greater and the list 

different than if society values salmon very little. 

Embrace an ecosystem approach to managing water resources: The ultimate goal of reforming water 

governance should be to ensure sustainable use of water for all users, not just people. Inherent in developing a 

comprehensive approach is the need to deal with the difficult challenge of balancing ecological and human 

interests. Existing regulatory frameworks are not well structured to deal with the complexity, uncertainty, and 

increasing vulnerability of both natural and human systems. To help address some of these limitations, integrated 

water resources management is widely touted as a process to better coordinate development and management of 

water. Implementation of such a process would improve management of water allocations for environmental needs 

within limits of ecological availability. A more holistic approach would also work towards a desired state of the 

ecosystem, rather than simply managing individual components to benefit people. Inherent in this type of 

approach should be requirements to prioritize, establish, and enforce conservation objectives that are binding 

through legislation, bilateral agreements, land / watershed plans, and municipal bylaws. 

Align energy policies with fish and water management objectives: In British Columbia the goal of becoming 

energy independent and interest in developing energy sources with low carbon emissions has lead to a situation 

where Independent Power Producers are pursuing a large number of projects that could potentially affect salmon. 

Concerns about carbon emissions and climate change are increasing attention on clean energy, energy 

conservation, energy efficiency, co-generation, as well as small and large hydroelectric developments. For salmon 

dealing with a heightened vulnerability from climate change, an increased focus on hydro options suggests that 

B.C.’s energy policy (and specific development options) should have greater consideration of energy impacts on 
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Pacific salmon. For instance, small hydro projects may not necessarily be free from incremental and cumulative 

impacts on salmon and their habitats. 

Implement proactive strategies before reactive strategies: Priorities for taking action should focus on proactive 

strategies before reactive ones. In the context of climate change, proactive strategies represent those actions 

considering a long-term perspective to help avoid impacts on salmon before they limit productivity  

(e.g., conserving high quality habitats before they are degraded), while reactive strategies represent those being 

taken to respond to immediate impacts on salmon survival (e.g., restore degraded riparian zones or stabilize 

exposed slopes). A focus on proactive strategies is based on the notion that environmental and financial costs 

associated with managing an ecosystem are minimized in the long-run. There are two reasons for believing that 

proactive strategies will reduce total costs. First, the past cycle of watershed degradation and restoration has been 

an expensive endeavour with a questionable record of effectiveness. Second, decision makers often underestimate 

the true value of natural resources, or economic benefits of conservation. Given Pacific salmon’s vulnerability to 

climate change and their inherent value to society, we cannot rely on the past approach of reactive management. 

Learn from others: Given the complexities and challenges facing Pacific salmon, managers in British Columbia 

and the Yukon must learn from the successes and failures in other jurisdictions. Other areas of the world (e.g., 

California, Australia, or South Africa) are more advanced by having a greater vulnerability to increases in water 

temperatures and reductions in water supplies, greater population pressures, greater demands on water 

resources, and/or more advanced technologies / institutional frameworks for resolving human-water conflicts. In 

the continental U.S., over one-third of rivers are already listed as impaired or polluted, and many salmon 

populations are listed under the Endangered Species Act. Not all insights will be transferable to B.C., but it is 

certainly sensible to take lessons from other regions. 

Implement adaptive management: Implementing adaptive management implies both: (i) a recognition of 

uncertainties, and (ii) a commitment to learning. The use of models to improve management decisions and 

monitoring of population abundance and habitat status are key considerations. Models can be a cost-effective way 

to help decision makers understand the implications of alternative strategies without investing in actions that 

aren’t effective on-the-ground. Models can also integrate best available information, recognize uncertainties, test 

likelihood of implementation success, and help ensure that decision-making is transparent and objective. 

Monitoring is an essential component to adaptive management that helps “close the loop” between what is 

happening in the environment and how decision makers respond to that information. Baseline and effectiveness 

monitoring of both policy options and technological innovations will be important. 

Consider both ecosystem features and functions: Ideally, restoration and conservation strategies need to take a 

holistic view of the ecosystem by considering both the functional processes being targeted by restoration and the 

relevance of restored habitat features in addressing limitations to salmon productivity. Typically restoration 

managers tend to focus on restoring habitat features, not ecosystem functioning. Such a focus is a failure of 

ecosystem restoration because it does not recognize that if habitat forming processes are not functioning 

properly, a restored habitat feature will have a limited life-span or will have to be periodically maintained. 

As highlighted by the long list of adaptation strategies described above, governments and local communities are 

not limited by creative approaches to helping Pacific salmon in freshwater habitats. Instead, barriers to helping 

salmon may be centred on a lack of political will at a regional level or a lack of appropriate planning and 

implementation at a local level. Helping salmon survive the impacts of climate change on freshwater habitats will 

require smart assessment, design, implementation, and evaluation of alternative strategies to identify successes in 

the short and long-term. 
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LIST OF ACRONYMS 
AFS Aboriginal Fisheries Strategy  NAFTA North American Free Trade Agreement 

BCWWA British Columbia Water and Waste Association  NCC Nature Conservancy Canada 

CCME Canadian Council of Ministers of the 
Environment 

 NFCP Nechako Fisheries Conservation Program 

CDP Community Development Program  NNL No Net Loss 

CEAA Canadian Environmental Assessment Act  NOAA National Oceanic and Atmospheric 
Administration 

CH Chinook salmon  OPRD Oregon Parks and Recreation Department 

CM Chum salmon  OPS Major hatcheries 

CO Coho salmon  ORRI Okanagan River Restoration Initiative 

COSEWIC Committee on the Status of Endangered Wildlife 
in Canada 

 PIP Minor Public Involvement Programs 

CU Conservation Unit  PK Pink salmon 

DFO Fisheries and Oceans Canada  PSF Pacific Salmon Foundation 

DPI Designated Public Involvement Program  ROD Record of Decision 

FRAP Fraser River Action Plan  RSER River specific exclusive ownership rights 

FREMP Fraser River Estuary Management Program  SARA Species at Risk Act 

FSW Fisheries Sensitive Watershed  SK Sockeye salmon 

GAR Government Action Regulation  TAC Total Allowable Catch 

GCM Global Climate Model  TMDL Total Maximum Daily Load 

HADD Harmful Alteration, Disruption or Destruction  TRRP Trinity River Restoration Program 

HVT Hoopa Valley Tribe  TSS Temperature Sensitive Stream 

IPP Independent Power Producer  UNBC University of Northern British Columbia 

ITQ  Individual Transferable Quotas  USBR  US Bureau of Reclamation 

IUCN The World Conservation Union  USFWS  US Fish and Wildlife Service 

IWRM Integrated Water Resource Management  UVic University of Victoria 

MOE Ministry of Environment  WLAP Ministry of Water, Land and Air Protection 

MW Megawatt  WUP Water Use Plan 
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1. INTRODUCTION 
For many generations, five species of Pacific salmon on the west coast have provided cultural and economic 

benefits to native and non-native peoples. As a reflection of this cultural significance, there has been a long-

standing tradition of communities and governments pursuing actions to help salmon overcome challenges—

natural and human-induced stressors—affecting their survival in freshwater and marine environments. Prior to 

European contact, First Nations fisheries selectively harvested salmon recognizing the potential consequences of 

their actions on upstream communities and future generations. Since the late 19th century hatcheries have 

released billions of salmon to help re-build weak stocks or provide fishing opportunities. For 25 years, thousands 

of children have gained an appreciation for the salmon life cycle by incubating salmon in classrooms. Federal and 

provincial government restoration initiatives, such as the British Columbia Watershed Restoration Program of the 

1990s, have allocated millions of dollars to restore salmon habitats resulting from past degradation. Although 

their effectiveness has been questioned, these actions reflect society’s inherent value of salmon and desire in 

sustaining abundance for future generations. 

Awareness about climate change has recently heightened in the public consciousness even though it is not a new 

issue in the minds of scientists and resource managers in the Pacific region. The fourth in a series of assessment 

reports by the Intergovernmental Panel on Climate Change has powerfully communicated that the weight of 

evidence clearly indicates that human actions, through greenhouse gas emissions, are responsible for unnatural 

changes in the world’s climate2, and that these changes are leading to significant adverse effects on terrestrial, 

freshwater, and marine environments3. Pacific salmon have always responded to past climate-induced changes in 

the environment—changes in freshwater supplies or sea surface temperatures, for instance—and are vulnerable to 

the human-induced climatic changes discussed today. Thus emerges another challenge threatening salmon 

survival which once again requires action by local communities and governments. 

Prior to pursuing actions to help salmon survive the effects of climate change, managers need to strategically 

think about and intelligently plan for feasible and effective solutions. As a first step, federal and provincial 

government agencies have recognized the threat of climate change on salmon survival. In 2005 with the release of 

the Wild Salmon Policy, Fisheries and Oceans Canada explicitly recognized the need to integrate climate change 

considerations into management4. In a report, “Indictors of Climate Change for British Columbia 2002”5, the 

Government of British Columbia used Fraser River water temperatures / flows and the associated stresses on in-

river migration of Pacific salmon as one measure of British Columbia’s vulnerability to climate change. Next steps 

require focused attention on developing and implementing adaptation strategies to help salmon survive into the 

next century. However, using history as a guide, the pace of environmental policy changes is slow6. Time is an 

unaffordable luxury given that climatic changes are occurring faster than originally predicted. Smart decision-

making and smart decisions should not be sacrificed for the sake of expediency. Public and political commitments 

around the environment and the cultural importance of Pacific salmon emphasize that the time to take concerted 

action is here. 

                                                           
2 Intergovernmental Panel on Climate Change. 2007. Climate Change 2007: The Physical Science Basis–Summary for Policymakers. 

Available at: www.ipcc.ch/ 
3 Intergovernmental Panel on Climate Change. 2007. Climate Change 2007: Impacts, Adaptation and Vulnerability–Summary for 

Policymakers. Available at: www.ipcc.ch/ 
4 Fisheries and Oceans Canada. 2005. Canada’s policy for conservation of wild Pacific salmon.  
Available at: http://www-comm.pac.dfo-mpo.gc.ca/publications/wsp/default_e.htm 
5 Ministry of Water, Land, and Air Protection. 2002. Indicators of Climate Change for British Columbia, 2002. Available at: 

www.env.gov.bc.ca/air/climate/indicat/pdf/indcc.pdf 
6 Scheffer, M., F. Westley, and W. Brock. 2003. Slow responses of societies to new problems: causes and costs. Ecosystems 6: 493-502. 
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The overall purpose of this report is to facilitate development of feasible actions to help salmon by proposing a 

framework for developing adaptation strategies and summarizing preliminary research around its four steps. 

Section 2. Framework for pursuing adaptation strategies, briefly summarizes the framework and its four steps. 

STEP 1: Identify Issues of concern. This report focuses on issues related to climate change impacts on freshwater 

habitats (e.g., water temperature and flows) even though climate-induced changes in the ocean and estuaries will 

also critically affect salmon. 

STEP 2: Assess Vulnerability (e.g., sensitivity, adaptive capacity) of salmon to climate change. Section 3. Issues 

and vulnerabilities, summarizes the broad range of issues facing salmon, biological and physical mechanisms of 

vulnerability, as well as some regions of concern in British Columbia. 

STEP 3: Summarize Assets (e.g., existing infrastructure) that could be used as a basis upon which to develop 

strategies to help salmon adapt to climate change. Section 4. Assets, summarizes some management and 

restoration strategies that have already been implemented in British Columbia or will be developed in the near 

future that could be leveraged to help salmon. 

STEP 4: Describe Adaptation Strategies that could be implemented in the short or long-term to help reduce 

Pacific salmon’s vulnerability to climate change. A list of potential hard infrastructure (i.e., engineering or 

technology-focused changes) and soft infrastructure (i.e., regulatory changes, policies, management approaches) 

strategies are summarized in Section 5. Adaptation strategies. 

This work and the proposed framework could be supported by DFO’s Wild Salmon Policy, specifically “Action Step 

3.2 Integrate climate and ocean information into annual salmon management processes”, which suggests that “A 

more comprehensive view of salmon production and its determinants, from egg to spawning adult, is necessary to 

direct management actions more accurately and effectively conserve Pacific salmon resources in an uncertain 

future.” Salmon in the Pacific region face a variety of freshwater habitat conditions and management approaches 

across their distribution. No single strategy or set of management actions will necessarily be appropriate across all 

situations. Thus, future stages of work should evaluate the effectiveness and feasibility of implementing 

adaptation strategies in specific regional or local contexts. This report provides a first step to more detailed 

evaluations by summarizing the range of potential issues and approaches that could be implemented. 

This report is intended for a technical audience as it provides a review and synthesis of technical concepts to help 

salmon in the context of climate change. It does not provide a comprehensive scientific or policy review that would 

satisfy research scientists or policy analysts. Thus, this report is intended for informed stakeholders, First Nations, 

fish and fish habitat managers, and to a certain extent policy makers. A companion document, “Helping Pacific 

salmon survive the impacts of climate change on freshwater habitats: Case study perspectives from the 

Okanagan, Nicola, Quesnel, Cowichan, Nass, and Englishman River watersheds”7, integrates the general ideas (not 

the framework) from this one into a local context of geography, people, and salmon at six locations across British 

Columbia: three interior and three coastal basins. 

                                                           
7 Nelitz, M., C.A.D. Alexander, and K. Wieckowski. 2007. Helping Pacific salmon survive the impacts of climate change on freshwater 

habitats: Case study perspectives from the Okanagan, Quesnel, Nicola, Cowichan, Nass, and Englishman River watersheds. Final report 
prepared by ESSA Technologies Ltd., Vancouver, B.C. for Pacific Fisheries Resource Conservation Council, Vancouver, B.C.  
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2. FRAMEWORK FOR PURSUING ADAPTATION 
STRATEGIES 
Spittlehouse and Stewart (2003) developed a framework to help forest managers adapt to climate change. This 

framework has been slightly modified here to facilitate design, planning, and implementation of strategies that 

could help Pacific salmon. Table 1 provides a sample of how information from each step could be summarized. 

STEP 1: Identify Issues: The first step involves clarifying the specific context within which decision makers are 

trying to develop adaptation strategies. What is the location of interest? What are the multiple resource 

management objectives (e.g., related to water resources, other fish species, economic activities, etc.) within the 

region, watershed, or stream of interest? Who are the relevant management agencies, decision makers, and/or 

stakeholders? What are the physical habitat conditions affected by climate change? What are the salmon species 

and life stages that will likely be affected? The main issues of interest in this report relate to changes in freshwater 

habitat conditions (e.g., water temperature and flows). Section 3.1 briefly summarizes some of the physical drivers 

of vulnerability. 

STEP 2: Assess Vulnerability: The second step requires describing the sensitivity of relevant salmon species and 

life stages to expected changes in habitats. Section 3.1 and Figure 1 provide a brief summary of salmon 

vulnerabilities. Section 3.2 provides a preliminary list of regions of vulnerability where current observations of 

water temperatures and flows may be constraining salmon production. An assessment of vulnerability may also 

consider the flexibility of management systems to respond to future changes. For example, management systems 

that are informed by limited data or sampling at few locations may have a limited capacity to respond to climate-

induced changes in habitats and population responses. This step may also consider how climate vulnerability is 

either exacerbated or mitigated by other factors affecting salmon survival (e.g., pollution, invasive species). 

STEP 3: Summarize Assets: Management agencies and local communities have a wealth of experience working 

with local partners and knowledge about salmon watersheds. This experience and knowledge is an asset because 

it can be used to help inform managers about which adaptation strategies are likely to be the most successful. 

Individuals involved in developing adaptation strategies at the local or regional level will also have existing 

resources at their disposal, which can be leveraged to help salmon (e.g., existing network of volunteers, funding 

sources). Thus, the third step requires accounting for existing assets with the goal of implementing the most 

feasible adaptation strategies. At a broad-level, Section 4 summarizes some assets available to salmon managers 

in British Columbia. 

STEP 4: Develop Adaptation Strategies: Given the information gathered in the preceding steps, decision makers 

can then look to develop relevant, effective, and feasible adaptation strategies that will help reduce salmon’s 

vulnerability to climate change. Such planning should look to take action in both the short and long-term 

recognizing that the future will hold many uncertainties about how climate, habitats, and salmon will respond to 

change. A monitoring and evaluation program with high statistical power to detect biologically meaningful 

changes should accompany implementation of adaptation strategies so managers can best learn from successes 

and failures. Section 5 provides a relatively comprehensive, though not exhaustive, list of potential adaptation 

strategies—hard infrastructure (i.e., engineering or technology-focused changes) and soft infrastructure (i.e., 

regulatory changes, policies, management approaches) strategies. 
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TABLE 1. Example of how the proposed framework could be used to identify appropriate and feasible 
adaptation strategies to help Pacific salmon survive the impacts of climate change on freshwater habitats. 

Step 1: 
Identify Issues 

Effect of reduced summer base flows on chinook 
salmon migration, spawning, and / or rearing in 
watershed X 

Effect of increased late summer / early fall water 
temperatures on coho salmon migration, 
spawning, and / or rearing in stream Y 

Step 2: 
Assess 
Vulnerability 

Blocked access to upstream spawning habitats 

Stranding of juveniles in mainstem rearing habitats 

Limited natural capacity for water storage  
(i.e., snowmelt, glaciers, lakes, groundwater) 

Increased vulnerability to temperature-dependent 
diseases 

Increased growth rates of juveniles 

Thermally-induced stress and mortality of juveniles 
and adults 

Changes in egg hatch date 

Step 3: 
Summarize 
Assets 

Existing storage capacity on Lake Z 

Abundant precipitation over the year 

Local watershed volunteers engaged in riparian 
planting 

Existing and functional riparian zone protected 
within Provincial Park 

Agricultural operators actively engaged in 
watershed stewardship activities 

Hydrogeology allows for strong influence of 
groundwater on stream temperatures 

Step 4: 
Describe 
Adaptation 
Strategies 

Increase height of dam / weir on existing reservoir 

Adjust operating rules for water storage facility, 
prioritize water management for releases during 
salmon migration, spawning, and rearing 

Restore riparian zone to maintain shading along 
affected reaches 

Recharge groundwater aquifers near stream 
reaches important to salmon 
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3. ISSUES AND VULNERABILITIES 

3.1 PHYSICAL AND BIOLOGICAL MECHANISMS OF 
VULNERABILITY 
At a global-scale, effects of a warming climate are consistently predicted to lead to changes in the timing and 

magnitude of flows (Milly et al. 2005), especially in snow-dominated regions which are expected to see less winter 

accumulations of snow and earlier melting of snowpacks (Barnett et al. 2005). Predictions of such potential broad-

scale changes in future climate are obtained from global climate models (GCMs). Application of these models at 

large spatial scales can be “downscaled” to regional scales which are necessary to provide better regional forecasts 

of changes in climate. Uncertainties are inherent in such regional-scale predictions. For instance, local patterns of 

precipitation and changes in hydrology are much more difficult to predict than changes in air temperatures (Paul 

Whitfield, Environment Canada; Dan Moore, University of British Columbia, pers. comm.). Regardless, regional-

scale trends in climate are clear. 

In British Columbia, it is expected that changes in global and regional climate patterns will lead to a variety of 

measurable changes in air temperatures, precipitation, snow pack, streamflows, and water temperatures. For 

instance, in the Okanagan Basin, available models predict an increase in winter temperatures of 1.5–4.0°C and 

precipitation increase of 5–20% by the 2050s (Merritt et al. 2006). Likewise, several GCM scenarios suggest a 20% 

decrease in summer precipitation. In the Georgia Basin, climate predictions suggest warming of 1.5–2.0°C by the 

2050s and little change in total annual run-off, though other hydrologic changes are expected—a 50% reduction in 

snowpack and a possible 60% increase in volume of December runoff (Leung and Qian 2003). These regional 

predictions are supported by relationships developed between past climate and hydrological observations (Jakob 

et al. 2003; Leith and Whitfield 1998; Mote 2003; Walker and Pellatt 2003; Wang et al. 2006; Whitfield and Cannon 

2000). In general, local hydrological predictions suggest an earlier onset of spring snowmelt and peak flows, a 

tendency towards more rainfall dominated hydrographs and considerable reductions in annual snowpack and run-

off volumes by 2050 in modelled interior watersheds (Merritt et al. 2006; Merritt and Alila 2004). Watersheds that 

are currently rainfall dominated are predicted to show an increase in overall flood magnitude and frequency 

(Whitfield et al. 2003). Given the demonstrated and known linkage between air and water temperatures (Caissie 

et al. 2001; Cluis 1972; Foreman et al. 2001; Nelitz et al. 2007a; Poole and Berman 2001; Stefan and 

Preud’homme 1993), a warming of stream environments would also be expected. 

For Pacific salmon, changes in timing and magnitude of flows and thermal regimes are fundamentally linked to 

behavioural and physiological responses at each life stage, which ultimately lead to population-level effects. These 

types of effects are well documented (select references provided in Appendices A and B). Figure 1 illustrates the 

linkages between freshwater habitat drivers and mechanisms of salmon survival for generalized life stages 

(pathways A-F). 
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Each life stage can potentially be affected by changes in water flows and temperatures. For instance, timing of 

salmon migration (Figure 1, pathway A) has been linked to in-river water temperatures so adults can avoid 

conditions that are bioenergetically demanding or favourable for diseases (Goniea et al. 2006; Hodgson and Quinn 

2002; Hyatt et al. 2003; Macdonald et al. 2000a; Naughton et al. 2005; Rand et al. 2006). In the Fraser River, 

elevated water temperatures is one hypothesis that may explain recent behavioural shifts in timing of peak 

migration for late-run sockeye salmon and associated increases in enroute and pre-spawning mortality (Cooke 

et al. 2004; Lapointe et al. 2003). Once adults have reached their spawning grounds (Figure 1, pathway B), 

elevated water temperatures or reduced water levels can increase rates of holding, delay spawning, or block 

access to suitable habitats. During egg incubation (Figure 1, pathway C) elevated fall-winter water temperatures 

can reduce egg survival rates or shift emergence timing (a potential benefit or detriment depending on ecological 

requirements). Low late-summer and winter base flows can lead to stranding of eggs in the spawning gravels. 

Elevated flows in coastal streams during the winter, or movement of anchor ice in interior streams can lead to 

scouring of redds, thereby increasing egg mortality. During juvenile rearing (Figure 1, pathways D and E) water 

temperatures are an important driver of growth rates, macroinvertebrate production, dissolved oxygen content, 

and disease transmission rates. Finally, during smoltification elevated water temperature can affect predation rates 

(Petersen and Kitchell 2001) and peak flushing flows assist with juvenile outmigration. Across all life stages, the 

above relationships are supported by a variety of empirical studies that relate salmon survival indices to various 

measures of freshwater flow and temperature conditions (e.g., Anderson and Hinrichsen 1996; Crozier and Zabel 

2006; Jager et al. 1997; Lawson et al. 2004). 

Beyond the general salmon life stage-specific responses summarized above, each species will have different 

vulnerabilities based on their specific uses of freshwater habitats. For example, pink and chum salmon only use 

freshwater environments for a limited portion of their life cycle (spawning and incubation) and will therefore only 

be vulnerable to freshwater habitat changes during these life stages. Sockeye salmon can rear for up to several 

years in freshwater lakes and will be most vulnerable to climate-induced changes in lacustrine habitats. Stocks that 

migrate in freshwater during the summer months will be more vulnerable to exposures to extreme water 

temperatures and low flows than those species and stocks migrating at other times of year. In consideration of 

such differences, Table 2 reorganizes the potential vulnerabilities in Figure 1 by species and life-stage responses. 

Figure 1 also accounts for climate-induced changes in the physical marine environment and associated salmon 

responses (pathways G-H). Although not the focus of this report, marine-induced effects on salmon populations 

are important to recognize because they have the potential to confound or distort understanding of the effects of 

changes in freshwater environments. For instance, increased ocean temperatures can lead to changes in ocean 

productivity (i.e., food availability) which can result in changes of size at maturity. Under such conditions, smaller 

sized salmon returning to spawn may not have sufficient energy reserves to endure upstream migration in harsh 

freshwater conditions (e.g., increased temperatures). Moreover, smaller adult salmon are not as fecund as larger 

salmon, producing fewer and smaller eggs, which could ultimately affect egg survival in the freshwater 

environment. Therefore, survival at any life one stage is dependent and linked to the stages preceding it, including 

transitions from marine to freshwater environments. 
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In addition to life stage and species-specific responses, changes in habitat conditions can also affect population-

level abundance and distribution (e.g., Dunham et al. 2001). In the past, genetic diversity has allowed for 

evolutionary adaptations (Benhke 2002). Some predictions under future climate regimes predict losses in salmon 

habitats (Eaton and Scheller 1996; O’Neal 2002). Recent observations of salmon at the limits of their distribution 

suggest adaptations and changes are happening. In the south, there is evidence that chinook in the Klamath River, 

California and steelhead in southern California are tolerating warmer temperatures (Nina Hemphill, Trinity River 

Restoration Program, pers. comm.). In the Arctic, salmon have been colonizing new habitats and are expected to 

continue expanding their range (Al von Finster, Fisheries and Oceans Canada, pers. comm.). All five Pacific salmon 

species have now been documented in the Mackenzie River, Northwest Territories (Mcleod and O’Neil 1983; 

Babaluk et al. 2000). Expansion into new habitats in British Columbia (e.g., Chilko River) and the Yukon  

(e.g., Alsek River) could also be expected as glaciers melt, thereby affecting existing flows and temperatures so 

they are more favourable for salmon production (Timber Whitehouse and Al von Finster, Fisheries and Oceans 

Canada, pers. comm.). For instance, if the Tweedsmuir glacier melts, exposing an accessible river channel in the 

upper Alsek River, ~ 16,000 km2 of lake and river habitats suitable for sockeye, chinook, and coho could become 

available (Al von Finster, Fisheries and Oceans Canada, pers. comm.). 

3.2 REGIONS OF VULNERABILITY 
There is no doubt climate-induced changes in flows and temperatures will affect salmon habitats across the Pacific 

Region. The effect and significance of these future changes on salmon will be driven, in part, by the current status 

of freshwater habitats. For instance, watersheds where thermal regimes are currently close to upper tolerable 

limits for salmon migration and spawning will likely be the most vulnerable to future changes and adverse effects 

on salmon. Similarly, areas with low late-summer / winter base flows or high winter flooding flows today will likely 

experience increased egg / juvenile mortality and reduced population-level production given future climate 

conditions. In other habitats where water temperatures are sub-optimal for growth, conditions may improve for 

juvenile rearing. 

Several previous efforts have been completed to identify or rank watersheds with management concerns (Angelo 

2006; FRAP 2000; Lill 2002; Precision 1998). These efforts, however, were completed for a variety of purposes. 

They were not intended to identify areas of vulnerability to climate-induced changes in freshwater habitats. They 

consider a limited geographic area (e.g., Fraser River Basin, Georgia Basin), a wide variety of effects on habitats 

(e.g., forestry activities, urban development, mining activities, pollution, etc.), and more watershed values than 

just salmon (e.g., steelhead). Based on a review of available reports and expert knowledge, Table 3 represents a 

partial list of watersheds where current hydrologic (low late-summer / winter, or high winter floods) and thermal 

conditions (elevated temperatures) are known to adversely affect salmon and may therefore be most vulnerable to 

the effects of climate change. 

Table 3 identifies thirty-two areas where water flow or temperature related concerns have been identified. These 

areas are centered in three regions of British Columbia: Southwestern (Figure 2), Southern Interior (Figure 3), and 

Central Interior (Figure 4). These areas are consistent with areas where future climate-induced changes in salmon 

habitats are expected: west coast of Vancouver Island, Georgia basin (including east coast of Vancouver Island and 

Lower Mainland), and southern interior (Kim Hyatt and Heather Stalberg, Fisheries and Oceans Canada, pers. 

comm.). This list does not sufficiently represent areas where temperature and flow data are limited, however  

(e.g., Central or North Coast). Anecdotal observations of low summer flows and temperature concerns during 

salmon migration in these areas have also been documented (Tom Pendray, Fisheries and Oceans Canada, and 

Misty MacDuffee, Raincoast Conservation Society, pers. comm.). 
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FIGURE 2. Map of the Southwestern British Columbia showing watersheds with water flow and/or 
temperature related habitat concerns as identified in Table 3. 

 
 

FIGURE 3. Map of Southern Interior of British Columbia showing watersheds with flow and/or temperature 
related habitat concerns as identified in Table 3.  
See Table 3 for locations with number references on the Fraser, Thompson, and South Thompson Rivers. 
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FIGURE 4. Map of Central Interior of BC showing watersheds with flow and/or temperature related habitat 
concerns as identified in Table 3. 

 
 

Developing a list of areas as presented in Table 3 is helpful for identifying areas most vulnerable to climate 

change and highest priority areas requiring management action. However, it is important to recognize that salmon 

distribution changes over time. Presence within an individual watershed may change over time, but not singly 

affect overall population status. Thus, a more informative and robust approach would be to consider habitat status 

across all watersheds occupied by a distinct population—by using DFO’s Conservation Units (DFO 2005) or 

NOAA’s Evolutionary Significant Units (Waples 1991), for instance. Conservation Unit (CU) designations for British 

Columbia are available (Table 4), though currently under review (DFO 2007). Using Conservation Units as the 

currency for identifying regions of vulnerability, the following CUs have the greatest number of areas with habitat 

concerns (Table 5): Chinook (08)—Lower Thompson spring (57% of watersheds), Chum (03)—Georgia Strait (3% of 

watersheds), Coho (04)—South Thompson (12% of watersheds), Pink odd year (01)—Fraser River (9% of 

watersheds), and Sockeye ocean (01)—Interior Fraser (17% of watersheds). 

There are, however, several critical limitations in identifying regions of vulnerability using the approach applied 

here. For instance, this list: 

 was not developed using an objective analysis of all watersheds in the Pacific Region (i.e., British Columbia 

and Yukon) to identify areas with flow and temperature related concerns for salmon; 

 does not consider salmon status, trends, or productive capacity of those watersheds, which would affect 

management importance; 

 combines information from a variety of objective and subjective sources that have used different criteria to 

identify watersheds of concern; 

 does not account for differences in intensity of monitoring across the province, implying that some areas may 

be over-represented simply because they are more well studied than others; 
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 does not include systems (i.e., lakes and rivers) where flow or temperature changes might lead to positive 

effects on salmon; and 

 does not explicitly consider interaction of flow-temperature related concerns with other stressors on habitats 

(e.g., sedimentation, pollutants). 

Therefore, Table 3 does not represent a comprehensive evaluation of areas of vulnerability across the entire 

distribution of salmon in western Canada and should not be used on its own to prioritize management action. 

To develop a credible list for management purposes, a more defensible analysis would need to consider the 

following minimum information: 

 current observations and future predictions of air temperatures (and thermal regimes where available); 

 classification of watersheds into distinct hydrological types (e.g., Wade et al. 2001); 

 general predictions of flow related changes (e.g., timing and magnitude) for these watershed types (such 

predictions would be highly uncertain given that detailed hydrological predictions are not possible at a broad-

scale due, in part, to the geographic diversity across BC, high variation in land use activities, and poor ability 

to predict future changes in precipitation); 

 expert-driven rules for describing how existing and predicted future flow and temperature related changes 

would affect salmon; 

 status and trends of Conservation Units at greatest risk (e.g., Slaney et al. 1996); and 

 natural and human disturbance pressures on habitats (e.g., human population growth and demands on water). 

Another limitation is that the above list does not acknowledge climate change impacts on Pacific salmon habitats 

beyond British Columbia. Yukon and the north face four unique responses to climate change. First, reductions in 

flow, particularly in tributaries, are a concern in southwestern Yukon. A recent study in northern B.C. and 

southwestern Yukon (Fleming and Clarke 2003) found that glacier fed rivers grew larger and snowpack-driven 

streams progressively smaller over the study period under a regional warming trend. Such changes may be a 

concern to salmon because reductions in flows can cause juvenile chinook rearing streams in the north to dry 

during the winter (Bradford et al. 2001; von Finster 2006). Second, a recent assessment of post-fire growth and 

succession in southwestern Yukon found a shift from white spruce to aspen parkland forest ecosystems (Hogg and 

Wein 2005). These types of changes will likely be associated with hydrological alterations due to changes in forest 

cover and changes to forest species (e.g., aspen) that use more water than spruce (Al von Finster, Fisheries and 

Oceans Canada, pers. comm.). As well, the abundance of beavers and beaver dams has been increasing with the 

increasing dominance of aspen in the forest community, thus affecting fish passage in tributary streams (Al von 

Finster, Fisheries and Oceans Canada, pers. comm.). Third, as the permafrost melts, nutrient contributions to 

streams are increasing significantly (Al von Finster, Fisheries and Oceans Canada, pers. comm.). Premafrost 

melting coupled with increasing incidence of forest fires / hot weather events is triggering more slope failures 

(e.g., detachments between upper soil layers and underlying frozen materials (van Everdingen 1998 as cited in 

Lipovsky et al. 2006)). The long-term effects of permafrost melting and associated changes on salmon are not yet 

clear. Fourth, stream temperatures are hypothesized to be increasing in large rivers like the Yukon due to the 24 

hours of daylight and high turbidity (affecting absorption of solar radiation). Although long-term temperature data 

sets are not available for the Yukon River, values of 18°C have been measured for extended periods (Al von 

Finster, Fisheries and Oceans Canada, pers. comm.). Warm temperatures are not currently a concern in smaller 

streams. 
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4. ASSETS 

4.1 MANAGEMENT STRATEGIES 
Broad-scale planning tools currently being developed by governmental and non-governmental organizations in 

British Columbia are assets to decision making because they can help decision makers identify freshwater areas 

vulnerable to climate change. These efforts include (summarized in Table 6): 

 prioritization of Conservation Units and development of habitat indicators under the Wild Salmon Policy by 

Fisheries and Oceans Canada; 

 designation of Temperature Sensitive Streams and Fisheries Sensitive Watersheds by the BC Ministry of 

Environment; 

 development of a Watershed Decision Support tool through a multi-agency partnership under the Living Rivers 

Program (Fisheries and Oceans Canada, BC Ministry of Environment, Nature Conservancy Canada, Pacific 

Salmon Foundation, and the Fraser Basin Council); and 

 assessment of Eco-Regional Units within the Central Interior by Nature Conservancy Canada. 

Although not designed for the specific purpose of identifying regions of vulnerability, these efforts represent the 

leading decision support technologies being developed to identify known / emerging areas of concern for fish and 

water resource management in BC. Information sources from these efforts could be leveraged to help salmon in 

the context of climate change. 

In identifying areas of management interest, it is also important to consider how this information will be used (i.e., 

what objectives guide management actions in identified watersheds?). Depending on the intended purpose, 

different watersheds could be identified. For instance, will the information be used to identify areas where 

managers should focus restoration (restore areas that are currently degraded) or conservation (protect critical 

areas to maintain diversity)? Table 3 is focused on identifying areas where current hydrologic and thermal 

regimes may be constraining salmon production. Given the large expenditures on river restoration, limited 

ability to determine biological effectiveness of these actions (e.g., Bernhardt et al. 2005), and continued 

declines of wild salmon, some have advocated for conservation-oriented approaches to helping salmon  

(e.g., Rahr and Augerot 2006). 

Existing federal, provincial, municipal, and private protected areas are other assets that may benefit Pacific 

salmon. In British Columbia more than 12% of the provincial land base is dedicated to protected areas (WLAP 

2002). It is uncertain how these areas overlap with salmon habitats. For instance, a review by Raincoast 

Conservation Society found that 20% of salmon watersheds on the North and Central Coast will be protected under 

the Great Bear Rainforest9. Protection of individual watersheds ranged from 0 to 100%. Maintaining and expanding 

protected area assets for Pacific salmon could help conserve genetic diversity. Such an approach is consistent with 

the principles around managing Conservation Units under the Wild Salmon Policy (DFO 2005). Recent evidence 

suggests that salmon stocks may cycle through strong and weak periods (Hilborn et al. 2003), underlying the 

importance of protecting diversity in supporting long-term viability of salmon populations. Maintaining genetic 

resilience through conservation is also more proactive than restoration because it provides salmon with the 

evolutionary tools to adapt to a changing climate. Changes in salmon distribution in the Yukon and Northwest 

                                                           
9 Raincoast Conservation Society. 2006. News release: “Less than 20% of salmon watersheds to receive full protection on the central and 
north coast under Great Bear Rainforest deal” http://www.raincoast.org/publications/news/salmonGBR20060831.shtml  
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Territories, as well as shifts in migration timing of Fraser River sockeye suggest that salmon may already be 

adapting to environmental changes. 

4.2 RESTORATION STRATEGIES 
Local watershed stewards and government agencies have a history of experience implementing a variety of 

strategies to improve productivity of salmon habitats in the Pacific region. This experience represents an 

additional asset that can be leveraged to help develop future adaptation strategies. Table 7 summarizes projects 

from the federal-provincial Fisheries Project Registry that have been implemented for the benefit of all fish species 

and habitats across British Columbia. Among the types of project listed, “Public awareness and education” are the 

most numerous (17%), followed by “Instream restoration / enhancement” (13%), and “Fish culture activities” (11%). 

Vancouver Island (28%), Lower Mainland (22%), and Skeena (10%) are the regions with the greatest number of 

projects. The dominant action also varies across regions. “Riparian restoration / enhancement” is the dominant 

action in the Okanagan (14%), while “Restoring fish passage / barrier modification / obstruction” actions are 

dominant in the Thompson-Nicola (14%). Given the range of hard infrastructure strategies discussed in Section 5 

Adaptation Strategies, it is likely these priorities will also benefit salmon in the context of climate change. The 

emphasis on “Public awareness and education” in several regions (e.g., Vancouver Island, Mower mainland, and 

Cariboo) will not likely mitigate climate-induced impacts on freshwater habitats as directly. In the Skeena region, 

“Fish culture activities”, have received the greatest attention among actions. 

Fish culture / enhancement activities have been an important management tool for salmon in British Columbia. In 

Table 7, these activities represent the third most common strategy across the province (11% of all projects). As 

well, government and local hatchery programs have released billions of salmon since the 1950s (Figure 5). In 

2006, 181 million sockeye, 107 million chum, 40 million chinook, 20 million pink, and 10.8 million coho were 

released through all hatchery programs (Figure 5). DFO’s major hatchery programs have provided the bulk of 

releases for each species, with less significant contributions from community development and other release 

programs. 

Previous investments in hatchery infrastructure may be an asset that can be leveraged to help salmon in the 

context of climate change. The focus and implementation of hatchery efforts would likely be different, however. 

The primary purpose of existing hatchery programs has been to augment fishing opportunities and supplement 

wild stocks for conservation reasons (MacKinlay et al. 2004). Given future changes in freshwater habitats, there 

may be a greater emphasis on using hatchery releases to assist in reintroduction of salmon to extirpated areas, 

introduction to new areas, or transplantation of temperature-tolerant stocks to watersheds with thermally 

vulnerable habitats, for instance (discussed further in Section 5 and Appendix C). A critical pre-cursor to using this 

management tool, though, is to have a better scientific understanding of physical attributes (i.e., genotype and 

phenotype) of existing salmon stocks (Tony Farrell, University of British Columbia, pers. comm.). Currently, the 

research hasn’t been completed to reliably use this strategy as a tool to help salmon adapt to changes in 

freshwater habitats in the future. 
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FIGURE 5. Summary of hatchery releases (in thousands of individuals) across B.C. by year, salmon species, 
and type of release program.  
Note differences in range of values along axes for each graph. Program types include: AFS=Aboriginal Fisheries  
Strategy; CDP=Community Development Program; DPI=Designated Public Involvement Programs; OPS=major hatcheries; 
PIP= minor Public Involvement Programs. Data provided by Don MacKinlay, Fisheries and Oceans Canada. 
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5. ADAPTATION STRATEGIES 
Clearly, human actions have a direct influence on salmon and their habitats. Changing government regulations, 

policies, environmental guidelines, and restoration actions by stewardship groups can either exacerbate climate-

induced changes in habitats, or help mitigate the effects of hydrologic and thermal alterations. Based on 

interviews with a variety of habitat managers, scientists, First Nations, and watershed stewards from across 

western North America, as well as a review of available literature, this section synthesizes ideas around two types 

of actions: hard infrastructure and soft infrastructure alternatives. Changes to hard infrastructure relate to 

engineering / technology focused actions that can be implemented to either help salmon adapt to climatic 

changes, mitigate the effect of changes in habitats, compensate for climate-induced losses to salmon, or restore 

habitats with reduced productive capacity due to past degradation. Soft infrastructure strategies include targeting 

shifts in governance, regulations, policy, or management approaches. In other words, hard infrastructure 

strategies describe the direct actions we can take to change salmon’s natural environment, while soft 

infrastructure strategies relate to direct actions we can take to change our social environment. 

The purpose of presenting the alternatives below is to be solutions-oriented—to present a breadth of options that 

could be used to help salmon in the context of climate change. The intention is not to describe these alternatives 

in depth. Citations and examples have been provided where interested audiences can explore these options 

further. Also, the intention is not to advocate for one approach over another. Local challenges for building on-the-

ground infrastructure or regulatory barriers to seeing changes in legislation / policy will ultimately govern 

implementation success. Strategies must be implemented effectively to ensure success—a good strategy, 

implemented poorly, will not necessarily lead to good outcomes. 

5.1 HARD INFRASTRUCTURE STRATEGIES 
“The image of a broken chain helps explain how so much money could be spent on salmon restoration 

over the past couple of decades with such little result. Restoration programs have been fixing individual 

links in the life history chain. Little attention has been given to the restoration of whole life histories. A life 

history-habitat chain is a living system. It must be 100% complete—all the links habitable—or the system 

dies.” Jim Lichatowich, 2002 

This section describes engineering or technology-based solutions, such as transplanting stocks, managing water 

releases, or restoring instream habitats (see Figure 6 and Table 8). Successful implementation is driven, in part, by 

the policy-oriented levers discussed in Section 5.2 which would ideally encourage on-the-ground innovation and 

change. Appendix C provides examples where strategies have been applied, a scientific basis for recommending 

actions, and considerations for implementation. Actions are organized into four categories: (i) adaptation / 

avoidance, (ii) mitigation, (iii) compensation, and (iv) restoration. Strategies have also been aligned with their 

anticipated effect on water flows, temperatures, individual fish, or physical habitats (Figure 6). Many actions relate 

to how we can mitigate for climate-induced changes in freshwater habitats by increasing water storage, reducing 

water consumption, or managing timing, volume, and temperature of water releases. Other actions can directly 

affect salmon by manipulating genetic diversity / abundance or indirectly affect salmon by enhancing productive 

capacity of habitats. While these other actions do not relate directly to climate-induced change in freshwater 

environments they can be effective by offsetting associated increases in mortality (Ward et al. 2006). 
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FIGURE 6. Summary of hard infrastructure strategies (i.e., engineering / technology oriented approaches) to 
help salmon in the context of climate change 
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TABLE 8. Description of hard infrastructure strategies (i.e., engineering / technology oriented approaches) 
summarized in Figure 6. 

Strategy Description 

Transplant stocks or species Transplant stocks or species to take advantage of differences in physiological 
characteristics (e.g., temperature tolerance). 

Reintroduce salmon to extirpated 
areas 

Reintroduce salmon to areas where they have been extirpated (e.g., due to barriers to fish 
passage). 

Introduce salmon to new areas Introduce salmon into regions where they were previously unable to survive, but with 
changing climate may be suitable (e.g., streams that were previously too cold or were not 
accessible) 

Conserve pristine habitats Conserve habitats that currently support or could support salmon. 

Implement low impact irrigation 
practices 

Implement irrigation practices that minimize water loss and direct impacts on fish due to 
entrainment. 

Recycle water in industry Implement technologies to increase industrial water use efficiency. 

Install water meters Measure individual water consumption. 

Build additional storage capacity Build storage capacity, thereby providing a greater ability to manipulate instream flows 
(e.g., timing, volume, temperature). 

Divert water from other locations Diversions across or within basins can be used to enhance water flows and decrease water 
temperatures at a recipient location. This action could be associated with decreased water 
flows and possible increases in temperature at the donor location. 

Decrease surface water runoff Forest harvesting and changes in the amount of impervious surfaces due to urban 
development increase surface water runoff / water yields, which can adversely affect 
hydrologic regimes for salmon. 

Manage water storage Manage the timing and volume of water releases to meet salmon habitat requirements 
(i.e., establish environmental flow regimes). 

Release cold water Use cold water releases from lakes or reservoirs to reduce water temperatures. 

Manipulate surface water / 
groundwater interactions 

Use groundwater injection to cool surface waters, thereby moderating temperatures and 
providing flows in rearing channels. 

Transport fish manually In locations where flows are excessively low, spawners can be captured and trucked to 
upstream spawning areas. 

Improve fish passage Fish passage devices can improve survival of adults migrating upstream to spawning 
areas, and juveniles outmigrating to the ocean. 

Implement low impact forestry 
practices 

Use forestry practices that minimize impacts on watersheds. 

Implement low impact grazing 
practices 

Use cattle grazing practices that minimize impacts on rivers and riparian zones. 

Engineer streams Engineer streams to create artificial habitats that replace lost or degraded rearing habitats. 

Enhance instream habitat Use large woody debris (LWD), boulders, or gravel to improve fish habitat and compensate 
for the loss of habitat complexity. 

Enrich streams / lakes with 
nutrients 

Add nitrogen and phosphorous to freshwater environments using salmon carcasses. 



H E L P I N G  P A C I F I C  S A L M O N  S U R V I V E  T H E  I M P A C T  O F  C L I M A T E  C H A N G E  O N  F R E S H W A T E R  H A B I T A T S  S E P T E M B E R  2 0 0 7  

5 .  A D A P T A T I O N  S T R A T E G I E S  

 

P A C I F I C  F I S H E R I E S  R E S O U R C E  C O N S E R V A T I O N  C O U N C I L   4 1   

Strategy Description 

Enhance production with hatcheries Use hatcheries to aid conservation of depressed salmon stocks or enhance catch for 
fisheries. 

Create off-channel habitat Create side channel spawning and rearing habitats. 

Create deep pools Dig deep pools for adult holding, or juvenile rearing, thereby providing thermal refuges. 

Clean gravels Remove silt and sand from spawning gravels, both of which reduce egg survival. 

Restore connectivity Restore connectivity to high-quality fish habitats by removing perched culverts or other 
artificial obstructions. 

Restore slope stability Restore slope stability to prevent slides, erosion, and/or sediment deposition in streams. 

Restore riparian ecosystems Restore riparian zones that contribute sources of large woody debris and help maintain 
cool stream temperatures. 

Move dykes back from rivers Setting dykes back allows rivers to meander naturally, restoring connectivity of the river 
channel to the flood plain. 

 

5.1.1 FLOW-RELATED ACTIONS 
Increasing instream flow is probably one of the most effective actions to help salmon. Increased flow maintains 

natural alluvial processes, enables upstream migration of adults, increases area of spawning and rearing habitats, 

reduces vulnerabilities to disease, and aids downstream passage of smolts. So how do we increase river flows 

while we face changes in patterns of precipitation combined with reduced water storage through changes in 

snowpacks? Postel (2000) recommends increasing water use efficiency and changing policies to enhance water 

productivity. Efficiency improvements can occur immediately without government regulations. As well, policy 

considerations are important to ensure renewable water sources are equitably shared among environmental, 

agricultural, industrial, and residential needs. 

Excluding power generation, agriculture, industry / mining, and residential are the top three water users in British 

Columbia. In each sector, water use efficiencies can be implemented today to increase productivity of our water 

supplies. For instance, drip irrigation technology has the potential to double crop yield per unit of water (Postel 

2000). A pilot project on the Nicola River at Quilchena uses a number of mini-irrigation monitoring stations that 

track soil moisture and weather conditions, thus providing an innovative way of conserving water (Angus MacKay, 

Pacific Salmon Commission, pers. comm.). Water use efficiencies and recycling are also possible in other industries 

(e.g., pulp and paper, mining, etc. Lens et al. 2002). 

Building additional storage capacity is another way to ensure sufficient water is available throughout the year for 

instream needs. Building new dams is a controversial though potentially invaluable solution in the context of 

climate change. Storage provides water and salmon managers with the ability to store water at times of the year 

when water resources are abundant and release it when water supplies are limited. Obviously, dams can have 

significant costs on fish, however; they can pose barrier to fish passage (both adults and out migrating smolts), 

and impose unnatural hydrographs which change fluvial geomorphology processes. 

In places where there is sufficient water storage, it is important to manage the timing and volume of releases so as 

to match fish needs as much as possible (Martin 2003; Connor et al. 2003). BC hydro applies this approach 

through their Water Use Planning (WUP) process. With varying degrees of success, other rivers in the western U.S. 

also work to manage water supplies in a similar way (e.g., the Columbia, Snake, Trinity, and Sacramento Rivers). 
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To ensure that new and existing storage capacity meet salmon needs in the future, operating rules for storage 

facilities must be governed by recognition of ecosystem rights to water and entrenchment of this principle in 

water management (see Section 5.2). It is not enough to provide token recognition that water supplies are 

managed for salmon needs, because too often human needs over-ride ecological needs. There are challenges in 

developing appropriate operating rules, however, given that it is not always clear what ‘environmental flow regime’ 

will optimize flow releases across all necessary fish species and ecological values. Though analytical and 

participatory methods are available to help resolve such problems (e.g., Richter et al. 2003; Pahl-Wostl 2007). 

Reducing surface water run-off can also increase natural water storage capacity within a watershed. In urban areas 

such an approach could include building green roofs, installing porous pavement, and significantly increasing 

proportion of vegetative cover in a watershed. In wilderness areas this approach could include implementation of 

low impact forestry practices, such as more selective logging and development that minimizes runoff and soil 

disturbance on steep slopes (Chamberlain et al. 1991). 

5.1.2 TEMPERATURE-RELATED ACTIONS 
Salmon survival, reproduction, and growth are fundamentally linked to the thermal regime of freshwater habitats. 

In rivers that are thermally vulnerable, infrastructure could be installed to maintain or reduce water temperatures. 

However, some scientists believe actions to protect / maintain water temperatures cannot be applied across a 

large enough geographic scale to mitigate against the effects of climate change. Ranges of salmon distribution 

have changed over their evolution responding to changes in habitat conditions, such as water temperatures. Shifts 

in distribution may be unavoidable, resulting in the loss of salmon in some areas where habitat conditions are 

close to tolerable thresholds (Dave Levy, consultant; Mike Bradford, Fisheries and Oceans Canada; Nina Hemphill, 

Trinity River Restoration Program, pers. comm.). While such losses may be a concern in some areas, salmon 

populations in British Columbia inhabit central latitudes in the north Pacific. Distribution of sockeye, chum, and 

pink salmon extend into Washington and northern Oregon, while chinook, coho, and steelhead survive as far 

south as California (Behnke 2002). British Columbia may provide an important stronghold for salmon and 

thermally suitable habitats in the context of climate change. 

Water storage facilities can also be used as a source of cold water, particularly in snow dominated watersheds. 

Cold-water releases are used extensively in California where they are considered a success (Zedonis 2007; Nina 

Hemphill, Trinity River Restoration Program, pers. comm.); while in British Columbia (e.g., Horsefly) cold water 

releases have been tried and are viewed as having questionable effectiveness. When managing flow releases, 

another consideration is that higher flows can reduce travel time of water, leading to less stream heating from 

atmospheric exchanges (e.g., Skins Lake Spillway on the Nechako River). Groundwater can also be used to 

moderates water temperatures in rearing channels, maintain cool temperatures in summer and warm 

temperatures in winter. Groundwater fed side-channels are less prone to winter scouring of eggs / juveniles, and 

can maintain water supply throughout the summer. Locally, groundwater is being used as inflow to side-channel 

habitats in the Pundledge, Nicola, Coldwater, Englishman, Clearwater and Cowichan Rivers (Howie Wright, 

Okanagan Nation Alliance; Angus McKay, Pacific Salmon Commission; Tom Rutherford, Fisheries and Oceans 

Canada, pers. comm.). 

Riparian vegetation provides shade to tributaries and mainstem habitats, which helps maintain cool stream 

temperatures. Thus, actions to maintain or restore streamside vegetation—maintenance of riparian buffers or 

exclusion fencing for grazing animals—can also benefit water temperatures and salmon. Riparian re-vegetation is 

critical in areas that have already been affected by development activities. Restoring riparian shading and function 

is generally considered an important and effective strategy (Roni et al. 2002; USFWS and HVT 1999; Pamela Zevitt, 

The Como Watershed Group; Dave Patterson, Fisheries and Oceans Canada; Jeff Jung, Fisheries and Oceans 
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Canada, Howie Wright, Okanagan Nation Alliance; Craig Orr, Watershed Watch Salmon Society; Nina Hemphill, 

Trinity River Restoration Program, pers. comm.). To maintain cool temperatures, some believe riparian planting 

should occur in tributaries where riparian shading is a critical driver (i.e., the influence of shading on large rivers is 

relatively minimal). Riparian restoration should also consider the level of connectivity among the riparian zone, 

river, and floodplain because meandering channels can inundate and scour recently replanted riparian areas. 

Two other relatively unique temperature-related strategies have been applied in California, a region struggling to 

maintain habitats that are thermally suitable for salmon (Nina Hemphill, Trinity River Restoration Program, pers. 

comm.). First, the Yurok Tribe is restoring access to high elevation tributaries to help endangered coho in the 

Trinity River. Higher elevation habitats are being targeted because they provide cool refuges during times of the 

year when water is warmer at lower elevations in the mainstem. Second, the San Joaquin River Restoration Program 

has implemented a strategy to dig deep pools, providing cool water holding areas for adults. 

5.1.3 FISH-RELATED ACTIONS 
In addition to the above categories of actions, managers can directly manipulate salmon distribution, abundance, 

and diversity. Range expansion has been tried with some success in British Columbia. Reintroduction attempts of 

sockeye to the upper Adams River have persisted in spite of many failed efforts, while chinook populations into 

the same area have proven successful (Doug Lofthouse, Fisheries and Oceans Canada, pers. comm.). Re-

introductions are also being considered in other areas such as the Coquitlam (Perrin et al. 2006) and upper 

Columbia Rivers (Nelitz et al. 2007c). Beyond B.C., Pacific salmon have been successfully introduced—New 

Zealand, Chile, and the Great Lakes (Behnke 2002). Through hatcheries and harvest management, there may be 

opportunities to experimentally develop stocks with physiologically preferable traits (Tyedmers and Ward 2001). 

For instance, stocks selected on the basis of a preferred run-timing or tolerance to temperatures. In the past, 

fisheries managers in B.C. were able to shift the timing of lower Fraser River chum stocks by 3–4 weeks within 

several generations (Doug Lofthouse, Fisheries and Oceans Canada, pers. comm.). Use of hatcheries is not without 

controversy and scientific uncertainties, however. Although there are benefits associated with enhancing fisheries 

in the short-term, there may be adverse effects on genetic diversity and overall population fitness in the long-term 

(e.g., ISRP and ISAB 2005). 

5.1.4 FISH HABITAT-RELATED ACTIONS 
Manipulations of physical habitats have historically received a lot of attention in fisheries management. For 

instance, in the 1990s the Watershed Restoration Program invested heavily in restoring fish habitats across British 

Columbia (Slaney and Zaldokas 1997; Slaney and Martin 1997). Such fish habitat manipulations have included:  

(i) adding large woody debris or boulders to increase the channel complexity and quality of rearing habitat;  

(ii) restoring connectivity among habitats blocked by past development activities; or (iii) restoring connectivity 

between the floodplain and river channel by removing channel armouring structures. These options can be 

effective in the short term if they respond to historic degradation in habitats, but they do not represent 

appropriate long-term solutions (Roni et al. 2002). There has also been some criticism that monitoring and 

evaluation of restoration actions has not been sufficient to help managers understand what actions are most 

successful (e.g., Bernhardt et al. 2005). Although not directly affecting water temperature or water flows, the 

intention of using these strategies in the context of climate change would be to improve other habitat conditions 

so as to offset climate-induced mortality on various salmon life stages. 
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5.2 SOFT INFRASTRUCTURE STRATEGIES 
“The choice between more government and less government is a false choice. What Canada really needs is 

better governance, which will probably require more government intervention (including, though not 

necessarily limited to, more regulation) to achieve superior environmental protection.” David Boyd, 2003 

“Whiskey is for drinking, water is for fighting over.” Mark Twain  

This section summarizes the legal, regulatory, policy, and/or management-oriented levers (e.g., providing financial 

incentives / disincentives, using pricing signals and demand-side management, implementing results-based or 

prescription-based management procedures) that are available to policy makers (Table 9). The intention of 

applying these levers would be to encourage positive human behaviour, innovation, and technological change to 

help mitigate the effect of human and climate-induced disturbances on freshwater habitats. These categories of 

approaches represent a broad range of resource management options being implemented in different jurisdictions 

around the world. These categories have been developed, in part, on the basis of an evaluation of the strengths / 

opportunities and weaknesses of federal-provincial legislation in Canada (see Appendix E), which focused on the 

federal Fisheries Act and provincial Water Act. 

It is also important to recognize that strategies in Table 9 are not independent. Multiple strategies could be used 

in combination to design effective water / fish habitat legislation, regulation, policy, or management approaches. 

For instance, the Australian state of Victoria’s $300 million Victorian Water Trust11 uses multiple strategies for 

restoring ecological capacity of streams: water licence transfers, reallocation of water rights, more conditional 

licences, water metering, and allocating water based on highest value uses (Jon O’Riordan, Pacific Salmon Forum, 

pers. comm.). The State is buying back water licences at market value, and is taking aggressive action to put water 

back into streams. Rivers have been given a legal share of water for the first time under a new Environmental 

Water Reserve. Water that is set aside is legally protected through legislation. Moreover, the State is applying a 

holistic approach to watershed management through Catchment Management Authorities and the development of 

Catchment Management Plans and Stream Flow Management Plans. 

                                                           
11 State of Victoria. Department of Sustainability and Environment. Victorian Water Trust. See: 
www.dse.vic.gov.au/DSE/wcmn202.nsf/LinkView/F2FC43C535683C3FCA256FFE00091C20F8BDECC858787AFCCA257003001BFFE1 
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TABLE 9. Description of soft infrastructure strategies (i.e., legal, regulatory, policy, or management oriented 
approaches) to help salmon in the context of climate change. 

Strategy Description 

Compensate for unavoidable 
/ non-mitigated impacts 

Implement policies to ensure protection, restoration, or compensation for losses to habitats 
due to development activities, or other climate-induced changes in habitats. 

Examples include: (i) Habitat compensation as specified by No Net Loss requirement under DFO 
Policy for the Management of Fish Habitat; (ii) No Net Loss of Wetlands as applied to US Army 
Corps of Engineer projects; (iii) Mitigation / compensation banking. 

Require effective operating 
licenses 

Require operating licenses that specify best management practices, rates of resource use, or 
desired environmental outcomes associated with resource use activities. 

Examples include: (i) Water licenses that specify practices / outcomes for surface water users; 
(ii) Stream flow protection licenses for community-based organizations; (iii) Habitat-related 
license surcharges; (iv) Water licenses regulating groundwater extraction, research, and 
monitoring as applied in Ontario. 

Use demand-side 
management tools and 
pricing signals 

Ensure resource consumption better reflects true costs by accounting for environmental 
externalities. 

Examples include: (i) Water use fees (e.g., water metering and pricing); (ii) removal of water 
subsidies, (iii) Water cap and trade system (e.g., groundwater pumping credits for trading such 
as the system for the Edwards Aquifer in Texas) ; (iv) Remove energy subsidies. 

Provide financial incentives Encourage good behaviour by providing financial incentives supporting actions that benefit 
salmon habitats. 

Examples include: (i) Conservation bonuses (e.g., covenants / easements) for protection of land 
and salmon habitats; (ii) Differential tax rates; (iii) Recognizing good public behaviour 
dependent on level of protection of ecosystem values. 

Provide financial 
disincentives 

Discourage actions having impacts on salmon habitats by imposing financial penalties to 
individuals pursuing destructive behaviour. 

Examples include: (i) Fines associated with unauthorized Harmful Alteration, Disruption, or 
Destruction of fish habitats as specified in the Fisheries Act, (ii) Fines associated with impacts 
on species or critical habitats under the Species at Risk Act, (iii) Collection of municipal taxes 
for water management initiatives (e.g., Okanagan Basin Water Board is legally constituted to tax 
for water management initiatives agreed upon by the 3 Regional Districts), (iv) Fines for 
damage to fish and fish habitat under the Private Managed Forest Land Act, (v) Tax penalties 
for ecologically-destructive forms of land use. 

Implement results-based 
management 

Specify desirable management targets or environmental standards which must be met when 
undertaking development having impacts on salmon and their habitats. 

Examples include: (i) Water quality guidelines for temperature (e.g., British Columbia or 
Canadian Council of Ministers of the Environment standards);(ii) Hard caps on the number of 
water licenses or rate of water extraction; (iii) Requirement for Forest Stewardship Plans under 
the Forest and Range Practices Act; (iv) Description of indicators and benchmarks for habitats 
and conservation units under the Wild Salmon Policy; (v) Loads based water quality standards 
as applied by the US Environmental Protection Agency. 

Implement prescription-
based management 

Establish Best Management Practices or Codes of Practice associated with development having 
impacts on salmon and their habitats. 

Examples include: (i) Operational Statements for regulatory review of low-risk activities as part 
of DFO’s habitat modernization process and development of a risk management framework, (ii) 
Instream flow guidelines (e.g., assessment methods; instream flow thresholds) for Independent 
Power Producer projects as required by the Fisheries Act / Water Act; (iii) Standards and Best 
Practices for Instream Works; (iv) Guidance on preparing agricultural drainage management 
plans through the Agricultural and Rural Development Subsidiary Agreement; (v) Municipal by-
laws regarding riparian set-backs as provided under the Fish Protection Act and associated 
Riparian Areas Regulation. 
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Strategy Description 

Designate environmental 
aspects for special 
management considerations 

Designate environmental aspects (e.g., species / habitats) requiring special management 
considerations. Special management considerations could then include application of 
prescription or results based management procedures discussed above. 

Examples include: (i) Species / habitat listings as specified by Committee on the Status of 
Endangered Wildlife in Canada and enforced by the Species at Risk Act; (ii) Designation of 
Fisheries Sensitive Watersheds or Temperature Sensitive Streams in B.C. (iii) Local bylaws 
protecting riparian areas under the Riparian Area Regulations of the provincial Fish Protection 
Act. 

Coordinate / implement 
planning frameworks 

Salmon and habitat management are increasingly multi-disciplinary in nature. Thus, 
coordination among stakeholders, communities, government agencies, and non-governmental 
organizations is essential to effectively managing limited resources. 

Examples include: (i) Water Management Plans as specified under Part 4 of the BC Water Act; (ii) 
BC Water Stewardship Policy/ Action Plan; (iii) Integrated Watershed Management Plans 
developed by regional planning authorities (e.g., Capital Regional District); (iii) Forest 
Stewardship Plans as required under the Forest and Range Practices Act; (iv) Water allocation 
plans. 

Ensure protection of critical 
habitats 

Protect instream flows from excessive water withdrawals and physical habitats from 
development pressures. 

Examples include: (i) orders by DFO to maintain instream flows for fish (e.g., Bridge and 
Nechako Rivers), (iii) Oregon’s Instream Water Rights Act to protect flows for fish. 

Encourage partnerships for 
water / habitat stewardship 

Similar to above, salmon and habitat management are increasingly multi-disciplinary in nature. 
Thus, there is a need to strengthen the feeling of stewardship or sense of responsibility in 
those individuals impacting salmon and their habitats. 

Examples include: (i) BCWWA’s Water Bucket Program and other Water Sustainability Committee 
initiatives as described under the Water Sustainability Action Plan for British Columbia; (ii) 
Living Rivers Trust Fund, a multi-stakeholder trust fund initiative funded by the provincial & 
federal governments; (iii) Levies on hunting/fishing/trapping licences as applied through the 
Habitat Conservation Trust Fund in B.C.; (iv) Framework for cooperation with 
provinces/territories regarding conservation, development and use of water; (v) Oregon’s Put a 
Salmon on Your Plate fees are used to fund habitat enhancement initiatives. 

Develop a water budget Water is a finite resource with a limited amount of year-to-year and long-term renewal. Water 
use needs to fit within constraints of annual and long-term yields within a watershed. If water 
managers make decisions with a sense of certainty about the abundance of water resources, 
they need to be informed by quantitative water budgeting exercises. 

Examples include: (i) Accounting for surface water—groundwater interactions to identify 
availability of water supplies for groundwater withdrawal. 

Entrench ecosystem rights to 
water 

A clear recognition of ecosystem rights to water in government policies is fundamental to 
ensuring healthy communities and freshwater ecosystems (salmon and other freshwater reliant 
species) into the future. 

Examples include: (i) South Africa’s national Water Act guaranteeing basic human and 
ecosystem needs for water. 

Recognize Aboriginal rights 
to water and salmon 

Court actions by First Nations in Canada and Tribes in the U.S. have lead to the recognition of 
Aboriginal rights to water and salmon. In some cases these actions have helped address some 
historic impacts on salmon and their habitats. 

Examples include: (i) Restoration of instream flows for salmon and other fish species  
(e.g., Trinity River, California). 

Adjust fisheries management 
practices 

Adjust management procedures / harvest rates which have direct effects on salmon mortality. 

Examples include: (i) River specific exclusive ownership rights, with cooperative ownership on 
the Fraser; (ii) Individual Transferable Quotas with harvesters allocated a fixed share of 
allowable catch. 
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5.2.1 COMPENSATE FOR UNAVOIDABLE / NON-MITIGATED IMPACTS 
Given the potential for increases in salmon mortality imposed by climate change impacts on freshwater habitats, it 

will be important to ensure that human development activities contribute as little additional mortality as possible. 

Thus, to ensure no net loss of fish habitat in the face of development activities, one strategy is to create new 

habitats to offset expected losses. Across Canada, habitat compensation initiatives are designed to offset habitat 

losses authorized by DFO (i.e., under a HADD authorization). Compensation is guided by DFO’s habitat policy and 

the goal of ensuring “No Net Loss” (NLL) of productive capacity. This approach, however, has been insufficient and 

ineffective, largely because of inadequate enforcement and monitoring (Auditor General’s assessment, as cited in 

Young and Werring 2006). A weakness is the difficulty in determining how to measure productive capacity and 

determine whether replacement habitats have sufficiently compensated for what was lost. In many cases footprint 

area of losses is the only measure used to evaluate whether new areas are sufficient replacements for lost 

productive capacity. Such a measure is limited because it does not describe biological effectiveness or how well 

the habitat functions at supporting salmon productivity. As well, evaluating success of compensation habitats 

should be considered over a longer time frame than is currently the case. Beyond a compliance period as set forth 

in the HADD authorization, proponents are not responsible for successful maintenance of habitat structures. 

Ideally replacement habitats should demonstrate proper ecological function before affected habitats are lost. To 

achieve this outcome, in some cases, proponents can purchase “credits” from other developers of privately or 

publicly owned land who have restored or created habitats for compensation purposes (Environmental Law 

Institute 1993). Mitigation / compensation banks have seen fairly limited use in B.C. and Canada, yet are 

recognized as being effective in ensuring no net loss of functional ecosystem values at regional scales. The North 

Fraser Port Authority, in collaboration with the Fraser River Environmental Management Program (FREMP), has been 

a leader in applying this strategy in B.C. (Dale Desrochers, Fisheries and Oceans Canada, pers. comm.). In the U.S., 

a mitigation banking program within Section 404 of the Clean Water Act has the intention of promoting wetland 

restoration, enhancement, creation and preservation. In 2005, 450 approved mitigation banks were open in the 

U.S. including ones in California, Washington and Oregon. Another 198 banks were in the proposal stage  

(US Environmental Protection Agency 2006). In Bend, Oregon, the Deschutes Resources Conservancy operates the 

innovative Deschutes Water Exchange Groundwater Mitigation Bank (IUCN 2004). 

A comprehensive policy for wetlands with a goal of “no loss of wetlands” and a “net gain in the productive capacity 

of wetlands” is required in B.C. (Nowlan and Jeffries 1996). Such a policy could reduce vulnerability of salmon 

habitats to climate change by maintaining natural storage capacity in watersheds, thereby moderating the effects 

of flooding events that could become more prevalent. These twin goals could help to address the cumulative effect 

of many losses of small wetlands. A cumulative erosion of wetland habitats has been observed in the U.S. and 

Washington State in spite of a “no net loss” of wetlands policy for some activities. Thus, a formal wetland policy for 

B.C. must be accompanied by appropriate legal reforms. For example, ensuring the Fish Protection Act provides a 

statutory basis supporting a goal of “no loss of wetlands”, and requiring that this goal be given priority in 

decisions made under the Land Act, Local Government Act, Environmental Assessment Act and the Water Act. 

5.2.2 REQUIRE EFFECTIVE OPERATING LICENSES 
Operating licences can be effective at ensuring resource users adhere to sustainable use of natural resources, such 

as water. In B.C., however, there are several weaknesses in the way water use rights are apportioned through water 

licenses under the Water Act. Although section 62 (2) of the provincial Water Act explicitly recognizes that “the 

minister may consider concerns related to fish, fish habitat, and other environmental matters”, fish are not 

formally recognized as rights holders and do not have their beneficial uses legally entrenched. Orders can be 

issued under a water license requiring development of Water Management Plans, but there is neither a formal 

recognition of instream flow values nor consideration of the amount of water needed to maintain ecological health 
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prior to applications being received and licenses granted (Dean Watts, Fisheries and Oceans, pers. comm.; Cohen 

and Neale 2003; Nowlan and Jeffries 1996; Christensen 2007). Under the B.C. Water Act, licenses for conservation 

of water for fish and wildlife have lower precedence than licenses for other purposes—e.g., domestic, waterworks, 

mineral trading, irrigation, mining, industrial, power, hydraulicking, and storage uses. When reviewing new water 

licence applications, and when existing permits are up for renewal, water managers should give greater attention 

to protecting instream flow requirements and defining the minimum amount of water needed to maintain 

ecological health. These considerations will be increasingly important in the context of climate change and 

anticipated changes to hydrologic regimes (Tydemers and Ward 2001). 

Another major weakness with B.C.’s Water Act and its use of water licenses is that there are no regulations 

controlling siting and quantities of groundwater extraction within ecologically sustainable limits. Groundwater is 

inextricably linked to the hydrological cycle and salmon (e.g., Douglas 2006). Reductions in groundwater supplies 

resulting from human pressures, climate change, and natural variation in the frequency and magnitude of floods 

and droughts can have a direct influence on surface water flows. In particular, groundwater extraction can 

exacerbate low base flows. In spite of its ecological importance, groundwater takings are almost entirely 

unassessed and unregulated in BC (Christensen 2007), and groundwater management rarely considers effects on 

Pacific salmon (Douglas 2006). British Columbia is the only jurisdiction in the Canada that does not have licensing 

requirements for use of groundwater above defined thresholds (Nowlan 2005). 

In the context of the BC Environmental Assessment Act, the Ministry of Environment has identified that 

groundwater extraction can have the following impacts on fish and fish habitats (as cited in Christensen 2007): 

 reductions in streamflow and surface water availability, including adverse effects on low flows, lakes, springs, 

and streams especially spawning habitats; 

 interception of groundwater flow is critical for forest and grasslands habitats, wetlands, and fish habitats, 

specifically spawning areas; 

 sea water intrusion in coastal areas can result in water quality degradation and impacts on fish habitat; and 

 non-sustainable extraction or aquifer mining where rates of extraction exceed rates of replenishment, thereby 

reducing water availability for other users of groundwater supplies (e.g., fish). 

Such impacts are only considered for the few relevant projects that trigger reviews by the Environmental 

Assessment Office. While the necessary regulations do not currently exist, B.C.’s Water Act could be expanded to 

include licensing for groundwater12: 

“BC remains the sole jurisdiction in Canada that has no general licensing requirement for groundwater extraction 

above a defined threshold level. The BC Water Act contains licensing provisions which could apply to all or 

designated areas of BC, but they will apply only if and when cabinet makes such a designation. In 2004, a 

Groundwater Protection Regulation was introduced, but it does not mandate licensing, instead focusing on 

standards for well construction and groundwater quality protection.” (Nowlan 2005) 

Without modifications, extension of the current water licensing system to groundwater is not advisable given that 

existing legislation does not sufficiently protect environment users of water and does not encourage sustainable / 

efficient use of water (Christensen 2007). New groundwater regulations and licensing requirements must ensure 

                                                           
12 B.C.’s 2004 Groundwater Protection Regulation, promulgated under the Water Act, focuses on well construction standards and 

groundwater quality protection only. A proposed 3rd phase will focus on implementing water management plans in designated areas and 
other protection for aquifers (Christensen 2007). 



H E L P I N G  P A C I F I C  S A L M O N  S U R V I V E  T H E  I M P A C T  O F  C L I M A T E  C H A N G E  O N  F R E S H W A T E R  H A B I T A T S  S E P T E M B E R  2 0 0 7  

5 .  A D A P T A T I O N  S T R A T E G I E S  

 

P A C I F I C  F I S H E R I E S  R E S O U R C E  C O N S E R V A T I O N  C O U N C I L   4 9   

that sustainable use of groundwater supplies protect instream flows requirements (Young and Werring 2006). A 

groundwater regulatory framework should provide mechanisms for addressing habitat-related concerns, such as: 

 potential effect of groundwater usage on aquatic ecosystems, the environment, and the long-term use of the 

aquifer; 

 hydrologic relationship between groundwater sources and aquatic systems; 

 salt water intrusion in coastal areas; and 

 changes to groundwater quality and quantity due to siting. (Christensen 2007). 

At a municipal level, regulation of groundwater can be strengthened using by-laws that restrict development 

activities affecting groundwater water quantity (e.g., size and location of subdivisions, restrictions on amounts of 

impervious surfaces, designation of groundwater recharge areas as environmentally sensitive) (Nowlan 2005). 

To be effective water licenses and water allocations should be based on a formal assessment of the water supplies 

available to support water demands within a watershed. Such an assessment would help reduce the potential for 

oversubscription of water licenses. Following completion of a Water Management Plan, Alberta has decided to no 

longer accept water license applications for the Bow, Oldman and South Saskatchewan Rivers (Fekete 2006). The 

province, however, retains the right to allocate water, through Crown reserves, for specific purposes such as 

storage of peak flows and water conservation objectives. Alberta Environment is suggesting that companies 

purchase water license rights from industrial or municipal users. The community based watershed management 

process in the Nicola has proposed a cap and trade mechanism as a way of managing water supplies (Dean Watts, 

Fisheries and Oceans Canada, pers. comm.). Such an approach would recognize a total cap on the amount of water 

available for human demands. While water licence buy-backs are common in such places as Australia, South Africa, 

Nevada and California, their effectiveness may be limited because many streams are already overallocated, and 

rates of water extraction are not monitored closely enough. 

5.2.3 USE DEMAND-SIDE MANAGEMENT TOOLS AND PRICING SIGNALS 
A strong and effective strategy for changing water consumption patterns is to ensure that the markets better 

reflect the value of water and value of the ecological services this resource provides. In British Columbia, water 

rental fees vary according to the purpose of the water use, and are charged for water licenses under the Water Act 

(Christensen 2007). However, water license consumption is generally not metered meaning that fees are based on 

user estimates not licensed quantities. For example, small run-of-river generating facilities (<20 MW) pay a 

minimal $5,000 while larger facilities are capped at $10,000. Water rental fees for generating electricity do not 

reflect anywhere near the value of the energy generated from that resource (Dobbin 2006). 

Implementation of universal water metering and charges for water use (i.e., consumption based pricing) can lead 

to significant reductions in water consumption when compared to flat rate pricing (Environment Canada 2007a). 

Experience from larger communities, like Kelowna, suggest that a reduction of 20 to 30% in domestic water use is 

reasonable when water meters and a usage based price are implemented. In 1999, Kelowna’s residential 

customers began paying for water using volume-based rates. Since that time average per capita July water 

consumption has decreased by 23% (Neal Klassen, pers. comm. as cited in Cohen and Neale 2003). In British 

Columbia, water rental fees for surface water use help offset costs borne by provincial water agencies (Christensen 

and Magwood 2005). In Seattle, Washington seasonal pricing has been implemented where water is priced higher 

during peak periods from mid-May to mid-September13. Water pricing is also widely applied in California, South 

Africa, Israel and Australia. Water pricing has an additional benefit of encouraging water conservation and use 

                                                           
13 Seattle Public Utilities. Commercial Water Rates. See www.seattle.gov/util/Services/Water/Rates/COMMERCIAL_200312020910213.asp 
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efficiency. Revenues can then be used to fund water and/or habitat conservation initiatives (Wilkie 2005). In spite 

of the clear benefits there are concerns around using water-pricing strategies. Some argue they may constrain 

economic growth, be difficult to implement (e.g., How to decide upon appropriate rates for different water users?), 

or open the door to water being traded as a resource under NAFTA by assigning a monetary value. 

In arid areas it is common practice to sell / transfer portions of annual water allocations to other users (i.e., trade 

water rights, Nowlan 2005). British Columbia currently allows water licences to be transferred from one party to 

another (e.g., South East Kelowna Irrigation District). In Alberta, the only province that allows for the sale of water 

licences through a transfer scheme, has introduced this strategy in only one area—the South Saskatchewan 

Basin—and the Basin Management Plan does not apply to groundwater (Nowlan 2005). Water trading is also 

practiced in Australia (e.g., Murray-Darling Basin), California (Water to Water program), and South Africa (Wilkie 

2005). While water trading may provide an incentive to encourage conservation and water use efficiency, total 

water use can still increase. Moreover, there is currently no marketplace supporting the sale and trade of water 

allocations (Wilkie 2005). 

5.2.4 PROVIDE FINANCIAL INCENTIVES 
Positive measures, such as tax breaks, credits, grants, low-interest loans, and conservation-based pricing, are 

designed to encourage good behaviour and protection of the environment. Such tools are increasingly recognized 

as being effective mechanisms to protect fish habitats. Typically, such measures are easier to implement than 

pricing instruments (both practically and politically), and they are often perceived more positively than pricing 

(Wilkie 2005). Funding financial incentive programs with public funds, however, may be problematic. 

In Oregon, the Conserved Water Program14 provides incentives to water rights holders to conserve and use water 

more efficiently. The Program allows water users who voluntarily conserve water to retain control over a portion of 

the saved water. Water users have several options for reallocating 75% of conserved water supplies, including 

irrigation of additional lands, lease or sale of the water, or allocation to instream uses. In exchange for granting 

water users the right to reallocate a portion of conserved water supplies, 25% is allocated by law as an instream 

water right. As another example, the “Cash for Grass” programs in many US states where water supplies are 

limited (e.g., California, New Mexico) encourage xeriscapic landscaping. 

5.2.5 PROVIDE FINANCIAL DISINCENTIVES 
Section 35(1) of the Fisheries Act provides a good example of how this strategy has been applied in Canada. This 

section has a requirement that “no person shall carry on any work or undertaking that results in the harmful 

alteration, disruption or destruction (HADD) of fish habitat”. Violations can result in fines to responsible 

individual(s). HADD’s under Section 35 of the Fisheries Act are often difficult to prove, however, and even harder 

to enforce. For instance, Fisheries Officers often use Section 32 (fish kills) instead of Section 35(1) HADDs because 

fish mortality is easier to link to an offender (Dean Watts, Fisheries and Oceans Canada, pers. comm.). A concern 

with this strategy, as demonstrated by the Fisheries Act, is that enforcement can become increasingly difficult with 

reductions in enforcement personnel. 

5.2.6 IMPLEMENT RESULTS-BASED MANAGEMENT 
Implementation of results-based management requires setting clear targets / thresholds for resource users 

without specifying the methods needed to achieve the target / remain below a threshold. The Forest and Range 

Practices Act is an example of how the Government of British Columbia is using a results-based approach to 

environmental management. Another example is the use of loads-based water quality standards in the U.S., Under 

                                                           
14 Oregon Water Trust. Improving Streamflow - The Tools We Use. See: www.owt.org/solutions.html 
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the U.S. Clean Water Act (sections 303 and 404) provides for development a Total Maximum Daily Loads (TMDL) 

program and association regulations. Designed to protect water quality, the TMDL program can be applied to 

stream temperatures (as it is, for example, on the Columbia and Snake Rivers). In Washington State, lands subject 

to the Forest Practices Act require TMDL strategies implemented through the Forest Practices Program. 

In considering implementation of TMDLs in B.C., a constraining factor may be the need for monitoring, given 

current trends towards reduced monitoring capacity by government agencies. Another consideration is whether 

TMDLs are appropriate given interest in moving towards ecosystem-based management approaches. For example, 

it may be preferable to consider nutrients, water temperature, and flow conditions, because lower flows and 

higher temperatures can lead to a greater risk of eutrophication. Given these kinds of interactions and linkages 

among water quality parameters, it may be worthwhile to review water quality objectives in B.C. if results-based 

strategies are considered appropriate strategies to help salmon in the context of climate change. 

One difficulty associated with results-based management is that it is not always possible to determine when / if 

desired results are achieved. A results-based framework must be accompanied by a monitoring program that is 

capable of detecting biologically meaningful changes in the environment with a sufficient level of statistical power 

(e.g., Sit and Taylor 1998). Some regulatory initiatives (e.g., the Private Managed Forest Land Act) include both 

results-based initiatives and provide for mitigation requirements and/or fines if damage to fish and/or fish habitat 

occurs. 

5.2.7 IMPLEMENT PRESCRIPTION-BASED MANAGEMENT 
Prescription-based approaches to management would describe the best management practices or guidelines for 

operating in a particular environment. A weakness with many of these strategies is that they are unenforceable 

(i.e., voluntary) and will only be effective if truly implemented. Therefore, a solution may be to marry requirements 

for best management practices with enforceable legislation. As well, financial incentives can often encourage 

adoption of best management practices (e.g., irrigation practices). These mechanisms are often difficult to sustain, 

however, even when there are long-term economic benefits of doing so. 

5.2.8 DESIGNATE ENVIRONMENTAL ASPECTS FOR SPECIAL MANAGEMENT 
CONSIDERATION 
A number of federal and provincial instruments already allow for designation of environmental aspects for special 

management considerations (e.g., species or critical habitat designations under the federal Species at Risk Act, 

designation of Fisheries Sensitive Watersheds / Temperature Sensitive Streams by provincial Government Actions 

Regulation). Such tools can be effective if accompanied by a scientifically defensible basis for designation, strong 

political will, and strong measures to protect environmental aspects. For instance, the U.S. Endangered Species Act 

is widely acknowledged as one of the strongest environmental laws in the world, while failure of the Canadian 

Species at Risk Act to list Sakinaw and Cultus Lake sockeye salmon populations has been cited as a lost 

opportunity for protection (Temple 2005; Ashley 2006; Dean Watts, Fisheries and Oceans Canada, pers. comm.). 

5.2.9 COORDINATE / IMPLEMENT PLANNING FRAMEWORKS 
The B.C. Water Act and water licenses allow for development of Water Management Plans to better manage water 

resources. Consequently, numerous multi-stakeholder water management planning frameworks have been 

implemented in the province. BC Hydro’s Water Use Planning process has been the most comprehensive, 

consistent, and broadly applied example to-date15. A non-trivial challenge in coordinating such planning 

frameworks is (i) acquiring funding to complete and implement the planning framework, and (ii) developing 

                                                           
15 BC Hydro. Water Use Planning. See: http://www.bchydro.com/environment/wateruse/wateruse1775.html  
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management outcomes that satisfy many potentially competing objectives among resource users (e.g., Samp-

Somass water use planning process16). 

5.2.10 ENSURE PROTECTION OF CRITICAL HABITATS 
Existing legislation can be used to protect salmon habitats. In the context of water management, protection of 

critical habitats implies protections of instream flows. Under Section 22(3), the Fisheries Act has been used as the 

basis to issue flow orders to water users on the Nechako, Bridge, and Columbia River below Keenleyside Dam. In 

Oregon, instream flows were legally recognized in 1987 as being a beneficial use of water, with passage of the 

Instream Water Rights Act. The Act provides two ways to ensuring instream rights are recognized. First, instream 

water rights with junior priority dates (relative to other users) can be created by (i) converting minimum perennial 

streamflows adopted under the 1955 Act, or (ii) allowing select state agencies apply for new instream water rights. 

Second, the Oregon Water Trust (see Section 5.2.11), allows private parties to purchase, lease, or accept donations 

of existing water rights for conversion to instream rights with the same priority date as the original right holder. 

Of these options, acquiring instream rights with older priority dates is the only way to effectively restore instream 

flows. The Trust uses a process of Converting Existing Out-of-Stream Water Rights to Instream Flows under the 

Instream Water Rights Act, which involves negotiating a private agreement with a water right holder and then 

applying to Oregon Water Resources Department for approval of water right transfer. 

Another consideration here is that physical habitats can be protected by creating network of salmon sanctuaries 

that protect habitats from spawning grounds to the ocean. For selected stocks and populations, land and water 

license ownership could be transferred to non-profit publicly accountable salmon societies (Rahr and Augerot 

2006). 

5.2.11 ENCOURAGE PARTNERSHIPS FOR WATER / HABITAT STEWARDSHIP 
The Living Rivers Trust Fund, established by the Province of British Columbia in 2002, represents a governmental 

and non-governmental initiative that seeks to improve quality of water and life in B.C. by supporting river and 

watershed research, encouraging sustainable use of water supplies, and helping undo past damage. The Trust 

Fund builds on existing partnerships across the province that fund projects related to watershed protection and 

restoration, increased public awareness of the conservation and sustainable use of water, management and 

restoration of river flows in systems susceptible to periodic droughts, and implementation of recovery plans to 

restore priority fish populations (e.g., steelhead in the Georgia Basin). With a current endowment of $21 million, 

the Trust is administered by the Vancouver Foundation, a philanthropic, non-government community foundation. 

The Fraser Basin Initiative (one of the main Living Rivers projects) involves a $20 million partnership between the 

Government of B.C. and Government of Canada (split evenly between cash and in-kind contributions) to support 

four key areas of work: (i) improved science for decision making; (ii) stewardship and habitat; (iii) fisheries 

management; and (iv) collaboration and relationship building. 

B.C.’s Habitat Conservation Trust Fund17 was created in 1996 through an amendment to the Wildlife Act and is 

funded through hunting, angling, trapping and guiding license surcharges. Among many activities, collected 

monies are used, in part, to acquire ranches with significant water licenses, and support fish habitat enhancement 

projects. 

Oregon has also developed a “Put a Salmon on Your Plate” program, whereby vehicle owners can pay a small 

surcharge when obtaining/registering vehicle license plates. Since its creation, the Oregon Parks and Recreation 

                                                           
16 Times Colonist. Saving Salmon from the Weather. See: 

http://www.canada.com/victoriatimescolonist/news/sports/story.html?id=316c2c5d-9830-4b39-b527-0216a9ad18d1 
17 Habitat Conservation Trust Fund. See www.hctf.ca 
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Department (OPRD) has received more than $2.5 million in revenue from plate sales (about $650,000 in the last 

fiscal year). OPRD has invested tens of thousands of dollars each year in park projects in each management area to 

improve salmon habitat, even though the guiding legislation does not require the department to earmark these 

funds for salmon restoration. Supported projects include efforts to restore salmon-friendly stream flows and 

increase public awareness about what is being done and what needs to be done to improve salmon runs. The 

salmon plate purchases also provide funds to the Oregon Watershed Enhancement Board grant program which 

supports projects that remedy road-related impacts on fish and wildlife, including salmon. Past projects have 

included road improvements to reduce sediment delivery to nearby waterways, replacement of culverts blocking 

upstream migration, and bridge construction to improve fish passage18. 

The Oregon Water Trust’s19 mission is to restore surface water flows for healthier streams in Oregon by using 

cooperative, free-market solutions (e.g., income from marginally productive areas, replacement feed for lost 

production, funding for irrigation efficiency projects, tax breaks for permanent donations of water rights, and 

flexibility in managing water rights). Founded in 1993 by a group with diverse water interests, it was the first 

water trust in the US. With its transactional approach, it focuses on streams where small amounts of water provide 

significant ecological benefits. The Trust restores streamflow by compensating willing landowners to leave all or a 

portion of their water right instream in lieu of using it for out-of-stream purposes. The Trust can also receive 

donations of water rights. These measures can range from short-term to permanent transactions. It focuses on 

water rights with early priority dates and uses existing laws to put water back into Oregon’s rivers and streams. 

5.2.12 DEVELOP A WATER BUDGET 
Given that water resources are finite and its abundance in the context of climate change is uncertain, a water 

budget can help ensure that water demands are set within natural limits of supply. Water budgeting estimates all 

water inputs (e.g., precipitation, subsurface contributions, storage) and outputs (e.g., irrigation, diversions, 

discharge, evapotranspiration, evaporation, run-off, groundwater recharge). This information can then be used to 

guide decision making around human water withdrawals (e.g., magnitude and timing of availability) and how 

human uses can best fit within ecological constraints of the system. 

5.2.13 ENTRENCH ECOSYSTEM RIGHTS TO WATER 
To be effective, many of the soft infrastructure strategies discussed here require that ecosystem rights to water be 

entrenched in legislation. Freshwater and riparian ecosystems are entitled to water as are humans, suggesting that 

a portion of the mean annual water yield should be apportioned to freshwater ecosystems. Entrenchment of these 

rights can then allow for more effective implementation of a number of adaptation strategies—e.g., water rights 

could be purchased from existing owners to help ensure water availability for salmon20. In the U.S. the Nature 

Conservancy has purchased water rights to protect environmental flows (Christensen and Lintner 2007). Taking a 

more extreme view, water rights could even be expropriated, though this option is generally viewed as unlikely 

(Christensen and Lintner 2007). Entrenchment of these rights can also help ensure that water gains resulting from 

water conservation and use efficiency are allocated to instream needs instead of accommodating for increases in 

human demands on water. Currently, federal and provincial water policies don’t explicitly acknowledge these 

rights or allow for assurances in protection. South Africa’s national Water Act guarantees water for basic needs—

drinking, cooking and sanitation—as well as for the ecosystem. 

                                                           
18 Oregon Plan for Salmon and Watersheds. See www.oregon-plan.org/OPSW/ 
19 Oregon Water Trust. Cooperative Solutions, Healthy Streams. See: www.owt.org 
20 To a certain extent, purchasing water rights also implies there is some way of controlling water storage / use so as to allow releases for 
use by fish at critical times of year (i.e., regulated through operations of dams / reservoirs). 
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5.2.14 RECOGNIZE ABORIGINAL RIGHTS TO WATER AND SALMON 
The Canadian constitution and court actions have recognized Aboriginal rights to natural resources. For instance, 

“In 1990, the Supreme Court of Canada released its landmark decision in R. v. Sparrow which held that, after 

conservation and other ‘valid legislative objectives’, Aboriginal rights to fish for food, social and ceremonial 

purposes have priority over all other uses of the fishery. The Court also held that infringements of Aboriginal 

rights must be justified and that part of the justification analysis involves an assessment of whether adequate 

consultation has occurred.”21 Similarly, U.S. courts have implied tribal access to water in association with reserve 

lands (WSTB & BEST 2004). Trust responsibilities of the U.S. government obligate them to provide services that 

protect and enhance Indian lands and resources, which includes the need to maintain harvestable stocks of 

anadromous fish and claims to water. Given this legal context, recognition of Aboriginal rights can benefit First 

Nations, water resources, and Pacific salmon. 

5.2.15 ADJUST FISHERIES MANAGEMENT PRACTICES 
A fundamental way of enabling salmon to better cope with changing freshwater and ocean environments is to 

protect their natural genetic diversity (Mantua and Francis 2004). Inherent in maintaining stock diversity is a need 

to allow sufficient escapement across strong and weak stocks. In a world of variable marine and freshwater 

conditions, however, the ability to set and achieve adequate escapement targets across individual stocks is 

difficult given that contributions of enroute and pre-spawning mortality cannot be measured until after most 

harvesting occurs. Current trends suggest that environmental conditions, including increased water temperatures, 

extreme flows, and increased rates of disease, are becoming more unfavourable for salmon survival, particularly in 

the southern end of their range (Rand et al. 2006; Tops et al. 2006). Harvesting or climate-induced variation in 

salmon returns can also affect productivity of nursery lakes, further complicating our understanding of juvenile 

production (Finney et al. 2000). Therefore, sustaining viable salmon populations in the future may require 

decreases in harvest (e.g., subsistence, recreational, and commercial fisheries) because adjusting harvest 

management practices is one of the most effective strategies for protecting individual stocks diversity in 

freshwater habitats. Below we consider the pros and cons of three harvesting alternatives and their ability to 

maintain stock diversity (Table 10). 

The degree of success in how these approaches protect diversity and abundance across stocks ultimately depends 

on how well each sets and meets in-season escapement goals. To meet these goals, active adaptive management 

needs to be integrated into harvest management so managers can sensibly respond to changing environmental 

conditions (Levy 1992; Healey 1990; Mantua and Francis 2004). Management decisions need to consider 

implementation uncertainty (i.e., the difference between realized escapement and target escapement goals 

resulting from imperfect control of harvesting outcomes, Holt and Peterman 2006) and changes in freshwater 

conditions / marine productivity. Management adjustment models are being developed for Fraser River sockeye 

which consider changes in environmental uncertainty (e.g., in-river temperatures). Currently adjustments to 

escapement targets focus on abundance of dominant stocks, thereby increasing vulnerability of weaker stocks to 

overharvesting pressures; though adjustments to harvest levels of dominant stocks can be used to better protect 

weak stocks (e.g., harvest of sockeye salmon in the Skeena River). Moving towards smaller management units, as 

done with delineation of Conservation Units, under the Wild Salmon Policy may also help in maintaining diversity 

and abundance in the context of climate change and future salmon fisheries in the Pacific region. 

                                                           
21 Fisheries and Oceans Canada. Food, Social and Ceremonial (FSC). See: www.pac.dfo-mpo.gc.ca/tapd/fsc_e.htm 
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TABLE 10. An evaluation of three alternative harvesting regimes and their ability to maintain genetic 
diversity. 

Approach Status Quo River specific exclusive ownership 
rights (RSER) 

Individual Transferable Quota Scheme 
(ITQ) 

Description Under this framework salmon harvest 
is dominated by the commercial 
sector (with Aboriginal and 
recreational fishing opportunities) in 
which vessel licenses are assigned to 
a management area with separate 
licenses required for each area 
coupled with restrictions on gear type 
per license. Each geographic area is 
allocated a total allowable catch (TAC) 
and harvesters try to maximise their 
catch within their respective areas. 

Under this system the right to catch all 
salmon entering a river would be 
allocated / leased for a period of ‘x’ 
years to a single owner. The use of a 
‘single owner’ does not preclude 
corporate ownership with multiple 
stakeholders. 

Under this system harvest quotas could 
be allocated to Aboriginal, recreational, or 
commercial fisheries in the ocean or in-
river. Harvesters within a designated area 
would be allocated a share of the 
allowable catch that is proportional to 
their quota holdings prior to the start of 
the fishing season. 

Pros Reduction in aboriginal, recreational, 
and commercial catch can minimize 
impacts on vulnerable stocks. 

Limited entry access allows managers 
a greater control over the fleet based 
on in-season updates on run-timing 
and abundance 

Rights holders have a vested interest in 
seeing high returns in subsequent 
years, thus helping ensure adequate 
escapement reach the spawning 
grounds. 

Fishing within individual rivers allows 
runs to be managed for abundance and 
diversity at the local population level 
removing the pressure on weaker and 
less productive small stocks exerted by 
the mixed stock fisheries. 

Will benefit weaker stocks and facilitate 
closures for severely depressed 
systems. 

More selective fishery providing the ability 
to catch fish at the time that best suits 
harvester, rather than a limited entry to 
acquire share of TAC (i.e., reduced 
vulnerability on weaker stocks). 

No incentive to overinvest in vessels and 
gear to increase share of total harvest. 

Can allow for transfer of licenses from 
high to low cost harvesters, thus reducing 
excess capacity and increasing net returns 
from the fishery. 

Can be used to shift harvest to different 
sectors (e.g., commercial, recreational, 
Aboriginal fisheries). 

Cons Maintaining stock diversity made 
more difficult because it is a multi-
stock fishery that includes smaller, 
more vulnerable stocks as well as 
dominant stocks. 

Smaller stocks co-migrate with large 
healthy stocks potentially leading to 
overexploitation and possibility of 
being driven to extinction at harvest 
rates that larger stock can sustain. 

Reductions in catch impact the fishery 
economically. 

Conflict under the current 
management regimes between 
maintaining biodiversity and the 
economic pressures to maximize 
profits. 

Degree to which RSER will be effective 
dependent on individual rights holders 
allowing for sufficient escapement as 
well as ensuring the scale at which 
rivers are leased and managed is 
compatible with the stock level. 

Quality considerations would invariably 
lead to some offshore harvesting 
defeating the point of terminal fishing 
(Schwindt et al. 2003). 

RSER framework is not likely to be 
effective for salmon conservation on 
the Fraser River because politically 
infeasible to sell the rights to the Fraser 
to a single owner (Schwindt et al. 
2003). 

Multiple stocks migrate up main stem 
of the Fraser on route to distant 
spawning grounds. Harvesting salmon 
at the terminals of the Fraser’s 
tributaries would decrease the quality 
of fish making it an unappealing option 
for commercial fisheries. 

ITQ management regime can also result in 
a mixed stock fishery that is unable to 
exclusively target dominant stocks. 

ITQs in the salmon fishery may be 
inappropriate due to the nature of salmon 
biology and the composition of the fleet 
(Grafton and Lane 1998). 

Salmon migration to spawning grounds 
focuses management on ensuring optimal 
escapement rather than taking a 
sustainable portion of the biomass 
(Schwindt et al. 2003). 

Run size highly variable, therefore 
managers constantly having to update 
allowable catch estimates in season to 
ensure escapement targets are met. 

Fishermen not guaranteed access to the 
resource despite holding an ITQ if total 
number of returning spawners is not 
higher than escapement target. 
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5.3 PRINCIPLES OF IMPLEMENTATION 
Below we present a set of fundamental principles that should be considered when implementing the hard and soft 

infrastructure actions described above. Following these principles will help ensure strategies are effective in 

achieving intended outcomes. 

1. Consider social values implied by adaptation strategies; 

2. Embrace an ecosystem approach to managing water resources; 

3. Align energy policies with fish and water management objectives; 

4. Implement proactive strategies before reactive strategies; 

5. Learn from others; 

6. Implement adaptive management; and 

7. Consider both ecosystem features and functions. 

5.3.1 CONSIDER SOCIAL VALUES IMPLIED BY ADAPTATION STRATEGIES 
One of the most fundamental principles of implementation is that strategies to help salmon will not be free of 

social values (e.g., Lackey 1999). Thus, strategies discussed above need to be considered in the context of 

society’s willingness to help salmon because it would not be fruitful to pursue one action if local watershed users 

or political decision makers do not value salmon enough to motivate change. 

Soft and hard infrastructure solutions lie along a continuum of values (Figure 7), where the value of salmon to 

society defines the alternative ends of the spectrum. If society values salmon very highly we would be willing to 

make any necessary sacrifices, and to take any and all actions to help salmon. If valued highly, the range of 

options available would be much greater and the list different than if society values salmon very little. Different 

perspectives will line up differently along this continuum. For instance, some First Nations may be more willing to 

pursue any and all actions necessary to maintain salmon given their cultural, spiritual, and economic importance. 

Most feasible actions, however, will likely reflect values near the middle of the spectrum, where a fine balance 

among trade-offs is necessary. This concept is not to intended to suggest that strategies to help salmon are pitted 

against human development. Some will provide win-win outcomes that benefit both salmon and people—e.g., 

improvements in water use efficiency / water conservation can benefit both salmon and people. 

FIGURE 7. Conceptual representation of how actions that affect salmon lie along a continuum of human values.  
Actions can tend to favour human interests or salmon interests. This representation is an over-simplification of reality, 
however, because it does not consider how actions may affect other interests (e.g., other species, natural resources uses, 
etc.) 
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5.3.2 EMBRACE AN ECOSYSTEM APPROACH TO MANAGING WATER RESOURCES 
The ultimate goal of reforming water governance should be to ensure sustainable use of water for all users, not 

just people. Governments must therefore adopt a “comprehensive regulatory approach that integrates the 

political, economic, administrative and social processes and institutions by which public authorities, communities 

and the private sector take decisions on how best to develop and manage water resources” (Christensen 2007). 

Inherent in developing a comprehensive approach is the need to deal with the difficult challenge of balancing 

ecological and human interests. 

Although the Wild Salmon Policy embraces an ecosystem-based approach to management, most legislation in 

Canada is still sectoral (Jon O’Riordan, Pacific Salmon Forum, pers. comm.). Consequently, existing regulatory 

frameworks are not well structured to deal with the complexity, uncertainty, and increasing vulnerability of both 

natural and human systems (Christensen 2007). To help address some of these limitations, integrated water 

resources management is widely touted as “a process which promotes the coordinated development and 

management of water, land and related resources, in order to maximise the resultant economic and social welfare 

in an equitable manner without compromising the sustainability of vital ecosystems”22. Implementation of such a 

process would improve management of water allocations for environmental needs within limits of ecological 

availability (Christensen 2007). A more holistic approach would also work towards a desired state of the 

ecosystem, rather than simply managing individual components to benefit people. Inherent in this type of 

approach should be requirements to prioritize, establish, and enforce conservation objectives that are binding 

through legislation, bilateral agreements, land / watershed plans, and municipal bylaws (Young and Werring 

2006). 

In some instances, watershed management authorities are being tasked with managing ecosystems as a whole. 

Integrated water resources management, mostly focussed on watershed-level planning and management, is 

underway in B.C. (e.g., Nicola Water Use Management Plan developed by the Nicola Watershed Community Round 

Table; BC Hydro’s Water Use Planning process; Okanagan Similkameen Boundary Fisheries Partnership; community 

watershed round tables), although there is currently no consistent approach for managing watersheds proactively 

and holistically. In Ontario, conservation authorities have regional government responsibilities to manage 

freshwater systems. Since 1993, the Ontario Ministries of Environment and Natural Resources have been fostering 

the use of an ecosystem/ watershed basis for local and regional land use planning. In the European Union, 

adoption of the Water Framework Directive requires that river basins are the management unit as opposed to 

political or other administrative boundaries (Christensen 2007). 

5.3.3 ALIGN ENERGY POLICIES WITH FISH AND WATER MANAGEMENT OBJECTIVES 
In British Columbia the goal of becoming energy independent and interest in developing energy sources with low 

carbon emissions has lead to a situation where Independent Power Producers (IPPs) are pursuing a large number of 

projects that could potentially affect salmon. Concerns about carbon emissions and climate change are increasing 

attention on clean energy, energy conservation, energy efficiency, co-generation, as well as small and large 

hydroelectric developments. For salmon dealing with a heightened vulnerability from climate change, an increased 

focus on hydro options suggests that B.C.’s energy policy (and specific development options) should have greater 

consideration of energy impacts on Pacific salmon—the fate of salmon are inextricably linked to human 

development and choices around energy options (e.g., Ashley 2006). 

                                                           
22 Global Water Partnership. Why & How IWRM. Definition available at: http://www.gwptoolbox.org/index.cfm/site/465EBFAD-C0A3-9DDA-
589E7C3A28B5B62E/pageid/46F480C6-9E54-8194-64583214C91B3114/index.cfm 
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Micro-hydro projects may not necessarily be free from impacts on salmon habitats. For instance, water 

temperatures downstream of micro-hydro projects may increase because of a reduction in water quantity. 

Minimum water levels and water fluctuations in the tailrace and reaches being bypassed can be a concern for 

salmon, instream habitats, and riparian zones. In general, BC Hydro’s Green Criteria (BC Hydro 2003) consider 

these concerns. First, the criteria state that a micro-hydro facility must preserve the ability of anadromous fish to 

migrate. In practice facilities will usually be located above gradient barriers to anadromous fish. Second, these 

criteria state that facilities must preserve resident fish communities, and adhere to DFO’s goal of “No Net Loss” in 

productive capacity of fish and fish habitats. Third, flows in bypassed reaches and downstream of the tailrace 

must conserve freshwater habitats and riparian communities as they were prior to development. Fourth, a 

minimum wetted channel perimeter must be maintained at all control structures with a constant in-river flow 

throughout the year. Fifth, facilities will avoid designated “sensitive streams”, and will not threaten / harm habitats 

of species of conservation concern (i.e., threatened, endangered, or of regional concern). Finally, written 

statements by ‘reputable scientists or regulatory agencies’ are required to comply with these conditions. 

A concern with these criteria, however, is that impacts on fish and fish habitat may not be sufficiently monitored. 

There are no standards or guidelines for defining “minimal impacts” on water quality, what minimum flows are 

needed in bypassed reaches, or how to monitor impacts on fish communities and their habitats. Written 

statements of compliance will discuss the nature / degree of impacts and describe how conservation measures are 

adequate, but they will not be prepared in a way that allows for comparisons to objective standards. A compliance 

assessment by regulatory agencies could address this concern, but such follow-ups may not necessarily occur. 

Regional and provincial strategies for IPP projects must be developed so areas with high ecological values are 

adequately protected and cumulative effects avoided (Douglas 2005). Regional considerations of development will 

also be more important in the future as DFO shifts towards management of salmon Conservation Units (CUs). 

Currently, there is a lack of planning to identify optimum locations and numbers of run-of-river IPP projects from 

the perspective of minimizing impacts. If regional strategies are developed they should consider the cumulative 

effect of IPP projects in the context of other development activities such as roads, transmission lines, and other 

development. There is only one provision for Low Impact Hydroelectric Facilities in BC Hydro’s Green Criteria that 

potentially addresses cumulative effects. This provision requires that “facility operations are coordinated, to the 

extent commercially reasonable, with any other hydroelectric facility on the same stream to reduce impacts and 

protect indigenous species and habitats”. As well, this provision is voluntary and does not address cumulative 

effects of roads, transmission lines, penstocks, and other industrial activity on salmon and their habitats. 

5.3.4 IMPLEMENT PROACTIVE STRATEGIES BEFORE REACTIVE STRATEGIES 
Priorities for taking action should focus on proactive strategies before reactive ones (Roni et al. 2002). In the 

context of climate change, proactive strategies represent those actions considering a long-term perspective to 

help avoid impacts on salmon before they limit productivity (e.g., conserving high quality habitats before they are 

degraded), while reactive strategies represent those being taken to respond to immediate impacts on salmon 

survival (e.g., restore degraded riparian zones or stabilize exposed slopes). 

A focus on proactive strategies is based on the notion that environmental and financial costs associated with 

managing an ecosystem are minimized in the long-run. There are two reasons for believing that proactive 

strategies will reduce total costs in the long-run. First, the past cycle of watershed degradation and restoration is 

an expensive endeavour with a questionable record of effectiveness (e.g., Bernhardt et al. 2005). Second, decision 

makers often underestimate the true value of natural resources, or economic benefits of conservation (Kroeger 

and Manalo 2006). Given Pacific salmon’s vulnerability to climate change and their inherent value to society, we 

cannot rely on the past approach of crisis (i.e., reactive) management. 
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5.3.5 LEARN FROM OTHERS 
Given the complexities and challenges facing salmon, managers in British Columbia and the Yukon must learn 

from the successes and failures in other jurisdictions. Other areas of the world (e.g., California, Australia, or South 

Africa) are more advanced by having greater vulnerabilities to increases in temperatures and reduced water 

supplies23, greater population pressures24, greater demands on water resources, and/or more advanced 

technologies / institutional frameworks for resolving human-water conflicts. In the continental U.S., over one-third 

of rivers are already listed as impaired or polluted (Bernhardt et al. 2005), and many salmon populations are listed 

under the Endangered Species Act (Behnke 2002). Not all insights will be transferable to B.C., but it is certainly 

sensible and proactive to take lessons from experiences elsewhere in the world. 

California is a place where conflicts between water users and the environment have been taking on a high profile 

for many years. In 1964 the majority (~75%) of flows on the Trinity River were diverted to California’s central valley 

(USFS and HVT 1999). After 16 years of study, the United States Secretary of Interior signed a Record of Decision in 

2000 to restore about 50% of the water to the Trinity River (ROD 2000). The San Joaquin River is a river that once 

had runs of up to 2 million spawning chinook salmon (Behnke 2002). Since 1940, the majority of its water had 

been diverted to California farmers and cities leaving a 96 kilometre section of the river completely dry during the 

summer. Recently, a settlement was reached in the fall of 2006 marking an end to an 18-year legal dispute, and a 

beginning to a massive restoration program (USBR 2006). California restoration managers also have an abundance 

of experience designing and implementing technologies to mitigate the impact of reduced flows and increased 

temperatures. For instance, groundwater banking (i.e., injection and direct recharge) is one strategy being used to 

help maintain subsurface aquifers and reduce threats of saline intrusion25. 

                                                           
23 Salmon in watersheds at southern latitudes are exposed to warmer environments and less natural storage capacity due to differences in 

snowpack. For example, average maximum august temperature in Vancouver, B.C. is 21.9°C (Environment Canada 2007b), and 33.4°C in 

Sacramento, CA (National Weather Service 2007). 
24 Despite having almost half the size, California has almost nine times the population of British Columbia. California’s total area is 

423,999.2 km2 while British Columbia’s is 947,800 km2. The population of British Columbia is approximately 4.3 million people, 85% of 

which live in a few urban centers (Statistics Canada 2006), while California has a population of 36.1 million (US Census 2005). 
25 San Joaquin County Groundwater Banking Authority. See: http://www.gbawater.org/index.html 
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5.3.6 IMPLEMENT ADAPTIVE MANAGEMENT 
“AM is a rigorous approach for learning through deliberately designing and applying management actions 

as experiments. First developed in the 1970s (Holling 1978), it has since been applied to a wide range of 

resource and ecosystem management problems (ESSA 1982; MacDonald et al. 1997; Bouris 1998). AM is a 

problem-solving environmental management approach, not a recipe. It involves synthesizing existing 

knowledge, exploring alternative actions, making explicit predictions of their outcomes, selecting one or 

more actions to implement, monitoring to determine whether outcomes match those predicted, and using 

these results to adjust future plans (Walters 1986; Taylor et al. 1997). In reality, these conceptual steps 

may not occur in this neat order (e.g., baseline monitoring may continue while initial evaluations and 

adjustments are made), but breaking the approach into discrete sequential steps increases the level of 

rigor in management discussions. Of cardinal importance is the circular nature of the AM approach—

evaluation and adjustment (“closing the loop”) are integral parts of a systematically designed learning 

process.—excerpt from Murray and Marmorek, 2003 

Among other considerations, implementing adaptive management implies both: (i) a recognition of uncertainties, 

and (ii) a commitment to learning. The following suggestions can help decision makers with these elements. 

Use Models to Improve Management Decisions 
Adaptation strategies can be assessed using science-based approaches that test their likelihood of implementation 

success, and evaluated in a way that recognizes uncertainties. Models can be a cost-effective way to help decision 

makers understand the implications of alternative strategies without investing in actions that aren’t effective on-

the-ground. Models can also integrate best available information, thereby helping ensure that decision-making is 

transparent and objective. The Okanagan Fish / Water Management Tool (Alexander et al. 2006), discussed in the 

Okanagan River case study (Nelitz et al. 2007b) is a success story demonstrating how modeling tools can be used 

to improve the quality of information available to decision makers when managing water resources for both fish 

and people. 

Monitor Population Abundance and Habitat Status 
Monitoring is an essential component to adaptive management that helps “close the loop” between what is 

happening in the environment and how decision makers respond to that information. Baseline and effectiveness 

monitoring of both policy options (Ferraro and Pattanayak 2006) and technological innovations will be important. 

In the context of climate change, baseline monitoring of salmon escapement and habitat status will be vital to 

providing decision makers with the ability to proactively detect environmental changes, while effectiveness 

monitoring will be important to evaluate success rates for current and future projects. Strategies 1 and 2 of the 

Wild Salmon Policy (DFO 2005) are focused on monitoring population and habitat status. In pristine watersheds, 

collection of good quality baseline data can help managers understand how salmon and their habitats are 

changing. Early detection of changes can help managers identify appropriate policy actions and technologies. The 

Salmonid Rivers Observatory Network project26 is attempting to provide good quality baseline data for a number of 

pristine watersheds including the Taku, Skeena, and Kitlope Rivers in B.C., the Kol and Utkholok Rivers in Russia, 

and the Kwethluk in Alaska. Information on species and stock specific environmental thresholds will also be 

critical to helping managers distinguish among adaptation strategies. For instance, scientists need to understand 

the temperature requirements for particular species and stocks if transplantation or fish culture activities are 

going to be effective. 

                                                           
26 University of Montana. Salmonid Rivers Observatory Network. See: http://www.umt.edu/flbs/Research/SaRON.htm 
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5.3.7 CONSIDER BOTH ECOSYSTEM FEATURES AND FUNCTIONS 
Ideally, restoration and conservation strategies need to take a holistic view of the ecosystem by considering both 

the functional processes being targeted by restoration and the relevance of restored habitat features in addressing 

limitations to species productivity (Roni et al. 2002). Typically restoration managers tend to focus on restoring 

habitat features, not ecosystem functioning. Such a focus is a failure of ecosystem restoration because it does not 

recognize that if habitat forming processes are not functioning, a restored habitat feature will have a limited life-

span or will have to be periodically maintained (Roni et al. 2002; Orr et al. 2006). 

Hydrological and geomorphological processes governing flooding and droughts, sediment and nutrient 

transport, riparian functioning, channel morphology, and water storage are all interconnected. On some large 

rivers recruitment of riparian vegetation is dependent on periodic flooding, inundation, and scouring of the 

floodplain to enable recruitment of seedlings. Peak flows are also important by moving channel substrates and 

eroding channel banks. Bank erosion leads to recruitment of riparian vegetation into stream channels, thereby 

contributing to channel complexity and formation of large woody debris cover for rearing juvenile salmon. Thus 

riparian re-vegetation can be an important adaptation strategy where riparian vegetation is lacking, but only if 

accompanied by strategies to maintain / restore instream flows and lateral channel movement (e.g., maintain a 

natural hydrograph, set dykes back from stream banks, avoid channel armouring, etc). The Okanagan River 

Restoration Program (ORRP) and the Trinity River Restoration Program (TRRP) are examples of restoration 

programs attempting to restore such ecological functioning (USFS and HVT 1999; Howie Wright, Okanagan 

Nation Alliance, pers. comm.). 
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