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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,

»1

Quesnel, Cowichan, Nass, and Englishman River watersheds”', 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

' 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

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 3
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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.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 4
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The complete list of flow, temperature, fish, and fish habitat focused strategies includes:

= Transplanting stocks or species = Improving fish passage

= Reintroducing salmon to extirpated areas = Implementing low impact forestry practices
= Introducing salmon to new areas = Implementing low impact grazing practices
= Conserving pristine habitats = Engineering streams

= Implementing low impact irrigation practices = Enhancing instream habitat

=  Recycling water in industry = Enriching streams / lakes with nutrients

= Installing water meters =  Enhancing production with hatcheries

= Building additional storage capacity = Creating off-channel habitat

= Diverting water from other locations = Creating deep pools

= Decreasing surface water runoff = Cleaning gravels

* Managing water storage =  Restoring connectivity

*= Releasing cold water = Restoring slope stability

= Manipulating surface water / groundwater = Restoring riparian ecosystems

Interactions =  Moving dykes back from rivers

=  Transporting fish manually

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

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 5
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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.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 6
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A complete list of the identified “soft infrastructure” strategies includes:

= Compensating for unavoidable / non-mitigated = Coordinating / implementing planning
impacts frameworks

= Requiring effective operating licenses = Ensuring protection of critical habitats

= Using demand-side management tools and pricing =  Encouraging partnerships for water / habitat
signals stewardship

=  Providing financial incentives = Developing a water budget

= Providing financial disincentives =  Entrenching ecosystem rights to water

= Implementing results-based management = Recognizing Aboriginal rights to water and

salmon

= Implementing prescription-based management

= Designating environmental aspects for special *  Adjusting fisheries management practices

management consideration

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 NFCP Nechako Fisheries Conservation Program
Environment
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
Cco Coho salmon ORRI Okanagan River Restoration Initiative
COSEWIC  Committee on the Status of Endangered Wildlife PIP Minor Public Involvement Programs
in Canada
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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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 climate?, and that these changes are leading to significant adverse effects on terrestrial,
freshwater, and marine environments?. 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 management®. In a report, “Indictors of Climate Change for British Columbia 2002, 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 slow®. 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/

* 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

° 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
¢ 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”’, 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: Blocked access to upstream spawning habitats Increased vulnerability to temperature-dependent
Cslsess bilit Stranding of juveniles in mainstem rearing habitats | diseases
ulnerability : :
Limited natural capacity for water storage Increased growth rates of juveniles
(i.e., snowmelt, glaciers, lakes, groundwater) Thermally-induced stress and mortality of juveniles
and adults
Changes in egg hatch date
Step 3: Existing storage capacity on Lake Z Local watershed volunteers engaged in riparian
Summarize Abundant precipitation over the year planting
Assets 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: Increase height of dam / weir on existing reservoir | Restore riparian zone to maintain shading along
D;:scrlbe.z Adjust operating rules for water storage facility, affected reaches
?t a{otaFlon prioritize water management for releases during Recharge groundwater aquifers near stream
rategies

salmon migration, spawning, and rearing

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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HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
3. ISSUES AND VULNERABILITIES

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 km? 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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HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
3. ISSUES AND VULNERABILITIES

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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HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
3. ISSUES AND VULNERABILITIES

FIGURE 4. Map of Central Interior of BC showing watersheds with flow and/or temperature related habitat
concerns as identified in Table 3.

B T |
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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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4.1 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 Rainforest®. 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

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 31



HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
4. ASSETS

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).

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 38



HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS

5. ADAPTATION STRATEGIES

SEPTEMBER 2007

FIGURE 6. Summary of hard infrastructure strategies (i.e., engineering / technology oriented approaches) to
help salmon in the context of climate change

Flow | Temp. | Fish | Habitat
Transplant stocks or species v | v |
Adaptation/ Range i_l Reinfroduce salmen to exfipated areas = |
avoidance exlensan L] Introduce salmon to new areas v |
— E:Esgt\raﬁm —— Conserve pristine habitats v |
— [ implement low impact imigation practices v |
e ["Recycle water inindustry 7 |
—{ Install water meters v |
—_Build addiional storage capacity v v | v |
—{ Divert water from other locaions v |
Miigation o —— Decrease surface water runoff v |
management — Manage water siorage v |
— Release cold water v |
—{ Manipulate surface waterigroundwater interactions | v | v |
_IE Transport fish manually v v |
sage ﬂ Improve fish passage v |
e —{_Implementlow impact foresty practices v | v v |
'—I Implement low impact grazing practices v v |
— Engineer sreams v |
—{ Enhance instream habitat v |
Compensation [ Enrich streams and Iakes with nurents v |
Enhance production with hatcheries v |
[ Create off channel habitat v |
— Creale deep pools v |
[ Clean gravel v |
Restoration Habitat —{ Resbore connectivity v |
—{ Restore sicpe stability v |
| Restore riparian ecosystems v | v v |
L[ Move dykes back fromrivers v |

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL

39



HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
5. ADAPTATION STRATEGIES

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 Reintroduce salmon to areas where they have been extirpated (e.g., due to barriers to fish
areas 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 Implement irrigation practices that minimize water loss and direct impacts on fish due to

practices 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 / Use groundwater injection to cool surface waters, thereby moderating temperatures and
groundwater interactions 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 Use forestry practices that minimize impacts on watersheds.

practices

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

practices

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 Add nitrogen and phosphorous to freshwater environments using salmon carcasses.
nutrients
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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 Trust'' 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.

' State of Victoria. Department of Sustainability and Environment. Victorian Water Trust. See:
www.dse.vic.gov.au/DSE/wcmn202.nsf/LinkView/F2FC43C535683C3FCA256FFE00091C20F8BDECC858787AFCCA257003001BFFET
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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 DFQ’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; (i) 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 DFQ’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 groundwater'?:

“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 3™ phase will focus on implementing water management plans in designated areas and
other protection for aquifers (Christensen 2007).
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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;
Ll 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-September'3. 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

'3 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 Program'“ 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

“ 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-date'. A non-trivial challenge in coordinating such planning
frameworks is (i) acquiring funding to complete and implement the planning framework, and (ii) developing

s 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 process’®).

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 Fund'’ 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

'* Times Colonist. Saving Salmon from the Weather. See:
http://www.canada.com/victoriatimescolonist/news/sports/story.html?id=316c2c¢5d-9830-4b39-b527-0216a9ad18d1
'7 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 passage'®.

The Oregon Water Trust’s'® 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 salmon?. 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.

'® Oregon Plan for Salmon and Watersheds. See www.oregon-plan.org/OPSW/
'* Oregon Water Trust. Cooperative Solutions, Healthy Streams. See: www.owt.org

2 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.”™ 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.

' 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 Individual Transferable Quota Scheme

rights (RSER) (ITQ)

Description |Under this framework salmon harvest | Under this system the right to catch all | Under this system harvest quotas could
is dominated by the commercial salmon entering a river would be be allocated to Aboriginal, recreational, or
sector (with Aboriginal and allocated / leased for a period of ‘x’ commercial fisheries in the ocean or in-
recreational fishing opportunities) in | years to a single owner. The use of a river. Harvesters within a designated area
which vessel licenses are assigned to | ‘single owner’ does not preclude would be allocated a share of the
a management area with separate corporate ownership with multiple allowable catch that is proportional to
licenses required for each area stakeholders. their quota holdings prior to the start of
coupled with restrictions on gear type the fishing season.
per license. Each geographic area is
allocated a total allowable catch (TAC)
and harvesters try to maximise their
catch within their respective areas.

Pros Reduction in aboriginal, recreational, |Rights holders have a vested interest in [ More selective fishery providing the ability
and commercial catch can minimize seeing high returns in subsequent to catch fish at the time that best suits
impacts on vulnerable stocks. years, thus helping ensure adequate harvester, rather than a limited entry to
Limited entry access allows managers escapement reach the spawning acquire s.h.are of TAC (i.e., reduced
a greater control over the fleet based grounds. vulnerability on weaker stocks).
on in-season updates on run-timing Fishing within individual rivers allows No incentive to overinvest in vessels and
and abundance runs to be managed for abundance and | gear to increase share of total harvest.

diversi.ty at the local population level Can allow for transfer of licenses from
removing th? pressure on weaker and high to low cost harvesters, thus reducing
less productlve small S_tOCkS exerted by excess capacity and increasing net returns
the mixed stock fisheries. from the fishery.

Will benefit weaker stocks and facilitate Can be used to shift harvest to different
closures for severely depressed sectors (e.g., commercial, recreational,
systems. Aboriginal fisheries).

Cons Maintaining stock diversity made Degree to which RSER will be effective ITQ management regime can also result in

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.

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.

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.)

Salmon-focused actions Human-focused actions
Any and all actions Mo Actions that have
regardless of cost Actions that action adverse effects

balance frade-offs
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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’. 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-COA3-9DDA-
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
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 (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 intrusion®.

2 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).

2 Despite having almost half the size, California has almost nine times the population of British Columbia. California’s total area is
423,999.2 km? while British Columbia’s is 947,800 km>2. 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).

2 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 project® 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.

% 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.).

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 61



HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
6. REFERENCES

6. REFERENCES

Alexander, C.A.D., B. Symonds and K. Hyatt (eds). 2006. The Okanagan Fish/Water Management Tool (v.2.0.000):
Guidelines for Apprentice Water Managers. Prepared for Canadian Okanagan Basin Technical Working Group,
Kamloops, BC. 127 pp.

Anderson, J.J., and R.A. Hinrichsen. 1996. Climate indicators of salmon survival. Paper presented Oct 18, 1996 at
the PICES Meeting, Nanaimo, BC. Available at: www.cbr.washington.edu/papers/jim/ draft.pdf

Angelo, M. 2006. 2006 BC Endangered Rivers List Backgrounder. Prepared by Outdoor Recreation Council of
British Columbia. Available at: www.orcbc.ca/pro_endangered.htm

Ashley, K.I. 2006. Wild Salmon in the 21st Century: Energy, Triage, and Choices. Pages 71-98 in R.T. Lackey, D.H.
Lach, and S.L. Duncan (eds). 2006. Salmon 2100: The Future of Wild Pacific Salmon. American Fisheries
Society.

Babaluk, J.A., J.D. Reist, J.D. Johnson, and L. Johnson. 2000. First Records of Sockeye (Oncorhynchus nerka) and
Pink Salmon (O. gorbuscha) from Banks Island and Other Records of Pacific Salmon in Northwest Territories,
Canada. Arctic. 53:161-164.

Barnett, T.P., J.C. Adam, and D.P. Lettenmaier. 2005. Potential impacts of a warming climate on water availability
in snow-dominated regions. Nature. 438 (17): 303-309

BC Hydro. 2003. Green Criteria. Available at: www.bchydro.com/rx_files/info/info4793.pdf
Behnke, R.J. 2002. Trout and Salmon of North America. The Free Press. New York, NY.

Bernhardt, E.S., M.A. Palmer, J.D.Allan, G. Alexander, K. Barnas, S. Brooks, J. Carr, S. Clayton, C. Dahm, J. Follstad-
Shah, D. Galat, S. Gloss, P. Goodwin, D. Hart, B. Hassett, R. Jenkinson, S.Katz, G.M.Kondolf, P.S. Lake, R. Lave,
J.L.Meyer, T.K. O’Donnell, L. Pagano, B. Powell, and E. Sudduth. 2005. Synthesizing U.S. river restoration
efforts. Science 308: 636-637.

Bocking, R. and M. Gaboury. 2001. Englishman River watershed recovery plan. Prepared for: Pacific Salmon
Endowment Fund Society, Vancouver, BC. 46 pp. plus appendices.

Boyd, D.R. 2003. Unnatural Law: Rethinking Canadian Environmental Law and Policy. UBC Press. Vancouver, BC.

Bradford, M., J.A. Grout, and S. Moodie. 2001. Ecology of juvenile chinook salmon in a small non-natal stream of
the Yukon River drainage and the role of ice conditions on their distribution and survival. Canadian Journal of
Zoology. 79: 2043-2054.

Caissie, D., N. El-Jabi, and M.G. Satish. 2001. Modeling of maximum daily water temperatures in a small stream
using air temperatures. Journal of Hydrology 251: 14-28.

Carlson, P. 2006. Low Flow Restoration and Fish Screening Improvements on Tributaries to the Lower Shuswap
River. PSC Southern Boundary Restoration & Enhancement Fund 2006 Application Form.

Chamberlin, T.W., R.D. Harr and F.H.Everest. 1991. Timber Harvesting, Silviculture, and Watershed Processes.
Pages 181-205 in Meehan, William, R. (Editor) Influences of Forest and Rangeland Management on Salmonid
Fishes and Their Habitats. American Fisheries Society Special Publication Bethesda, Maryland.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 62


http://www.cbr.washington.edu/papers/jim/ draft.pdf�
http://www.orcbc.ca/pro_endangered.htm�
http://www.bchydro.com/rx_files/info/info4793.pdf�

HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
6. REFERENCES

Christensen, R. 2007. Review of British Columbia’s Groundwater Regulatory regime: Current Practices and Options.
Prepared for Watershed Watch.

Christensen, R., and A.M. Lintner. 2007. Trading our common heritage? The debate over water rights transfers in
Canada. Pages 219-241 in K. Bakker (ed). Eau Canada: The future of Canada’s water. UBC Press.

Christensen, R., and S. Magwood. 2005. Groundwater Pricing Policies in Canada. Prepared for Sierra Legal Defence
Fund.

Cluis, D. A. 1972. Relationship between stream water temperature and ambient air temperature.
Nordic Hydrology 3: 65-71.

Cohen, S. and T. Neale (eds.). 2003. Expanding the Dialogue on Climate Change & Water Management in the
Okanagan Basin, British Columbia.

Connor, W.P., R.K. Steinhorst, and H.L. Burge. 2003. Migrational Behavior and Seaward Movement of Wild
Subyearling Fall Chinook Salmon in the Snake River. North American Journal of Fisheries Management
23(2):414-430.

Cooke, S.J., S.G. Hinch, A.P. Farrell, M.F. Lapointe, S.R.M. Jones, J.S. Macdonald, D.A. Patterson, M.C. Healey, and G.
Van Der Kraak. 2004. Abnormal migration timing and high en route mortality of sockeye salmon in the Fraser
River, British Columbia. Fisheries 29(2): 22-33.

Cooper, A.C. 1973. Temperature Control during Sockeye Spawning Period in McKinley Creek in 1969.
IPSFC Prog. Rept. No. 27. New Westminster, BC.

Crozier, L., and R.W. Zabel. 2006. Climate impacts at multiple scales: evidence for differential population
responses in juvenile Chinook salmon. Journal of Animal Ecology.

Dobbin, M. 2006. Flogging our water. Georgia Straight. Publish Date: March 16, 2006. Available at:
http://www.straight.com/article/flogging-our-water?#

Douglas, T. 2005. Preliminary Analysis of the Sustainability of Run-of-River Independent Power Producer Projects in
British Columbia. Report prepared for Watershed Watch Salmon Society.

Douglas, T. 2006. Review of groundwater-salmon interactions in British Columbia. Prepared for Watershed Watch
Salmon Society and Walter and Duncan Gordon Foundation.

Dunham, J., J. Lockwood, and C. Mebane. 2001. Salmonid Distributions and Temperature. Issue Paper 2 Prepared
as Part of Region 10 Temperature Water Quality Criteria Guidance Development Project. US Environmental
Protection Agency.

Eaton, J.G., and R.M. Scheller. 1996. Effects of climate warming on fish thermal habitat in streams of the United
States. Limnology and Oceanography 41(5): 1109-1115.

Environment Canada. 2007a. The Management of Water: Metering. Available at:
www.ec.gc.ca/water/en/manage/effic/e_meter.htm

Environment Canada. 2007b. Vancouver Weather Data. Available at: worldweather.wmo.int/056/ c00266.htm

Environmental Law Institute. 1993. Wetland Mitigation Banking. An Environmental Law Institute Report. Publ.
Environmental Law Institute, Washington DC.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 63


http://www.straight.com/article/flogging-our-water?�
http://www.ec.gc.ca/water/en/manage/effic/e_meter.htm�
http://worldweather.wmo.int/056/c00266.htm�

HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
6. REFERENCES

Fekete, J. 2006. Province cuts off water licenses. Calgary Herald, Aug. 31, 2006.

Ferraro, P.J., and S.K. Pattanayak. 2006. Money for Nothing? A Call for Empirical Evaluation of Biodiversity
Conservation Investments. PLoS Biology. 4 (4). Available at:
http://biology.plosjournals.org/perlserv/?request=get-document&doi=10.1371%2Fjournal.pbio.0040105

Finney, B., |. Gregory-Eaves, J. Sweetman, M. Douglas, and J.P. Smol. 2000. Impacts of climatic change and fishing
on Pacific salmon abundance over the past 300 years. Science 290 (5492): 795-799.

Fisheries and Oceans Canada (DFO). 2005. Canada’s policy for conservation of wild Pacific salmon. Vancouver, BC.
Cat. No. Fs23-476/2005E. 57 pp. Available at:
www-comm.pac.dfo-mpo.gc.ca/publications/wsp/default_e.htm

Fisheries and Oceans Canada (DFO). 2007. Wild Salmon Policy (WSP) Conservation Units List with Stream Names.
Available at: www.pac.dfo-mpo.gc.ca/species/salmon/wsp/CU/CU27 Sept06.htm

Fleming, S.W., and G.K.C. Clarke. 2003. Glacial Control of Water Resource and Related Environmental Responses to
Climatic Warming: Empirical Analysis Using Historical Streamflow Data from Northwestern Canada. Canadian
Water Resources Journal. 28(1): 69-86.

Foreman, M.G.G., D.K. Lee, J. Morrison, S. Macdonald, D. Barnes, and L.V. Williams. 2001. Simulations and
retrospective analyses of Fraser Watershed Flows and Temperatures. Atmosphere-Ocean 39(2): 89-105.

Fraser River Action Plan (FRAP). 1999. Lower Fraser Valley Streams Strategic Review. Habitat and Enhancement
Branch, Fisheries and Oceans Canada, Vancouver, British Columbia. 442 pp. & appendices.

Fraser River Action Plan (FRAP). 2000. Fish habitat, water quality and quantity issues in the Fraser Basin: Human
impacts on Fraser River habitat. Poster prepared by Department of Fisheries and Oceans.

Goniea, T.M., M.L. Keefer, T.C. Bjornn, C.A. Peery, D.H. Bennett, and L.C. Stuehrenberg. 2006. Behavioral
Thermoregulation and Slowed Migration by Adult Fall Chinook Salmon in Response to High Columbia River
Water Temperatures. Transactions of the American Fisheries Society. 135: 408-419.

Grafton, R.Q. and D.E. Lane. 1998. Canadian Fisheries Policy: Challenges and Choices. Canadian Public Policy 24
(2): 133-147.

Healey, M.C. 1990. Implications of climate change for fisheries management policy. Transactions of the American
Fisheries Society 119(2): 366-373.

Hilborn, R., T.P. Quinn, D.E. Schindler, and D.E. Rogers. 2003. Biocomplexity and fisheries sustainability.
Proceedings of the National Academy of Sciences 100(11): 6564-6568.

Hodgson, S., and T.P. Quinn. 2002. The timing of adult sockeye salmon migration into fresh water: adaptations by
populations to prevailing thermal regimes. Canadian Journal of Zoology. 80: 542-555.

Hogg, E.H. and R.W. Wein. 2005. Impacts of drought on forest growth and regeneration following fire in
southwestern Yukon, Canada. Canadian Journal of Forest Research 35: 2141-2150.

Holt, C.A. and R.M. Peterman. 2006. Missing the target: uncertainties in achieving management goals in fisheries
on Fraser River, British Columbia, sockeye salmon. Can. J. Fish. Aquat. Sci. 63:2722-2733.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 64


http://biology.plosjournals.org/perlserv/?request=get-document&doi=10.1371%2Fjournal.pbio.0040105�
http://www-comm.pac.dfo-mpo.gc.ca/publications/ wsp/default_e.htm�
http://www.pac.dfo-mpo.gc.ca/species/salmon/wsp/CU/CU27 Sept06.htm�

HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
6. REFERENCES

Hyatt K., M. Stockwell, and P. Rankin. 2003. Impact and Adaptation Responses of Okanagan River Sockeye Salmon
(Oncorhynchus nerka) to Climate Variation and Change Effects During Freshwater Migration: Stock Restoration
and Fisheries Management Implications. Canadian Water Resources Journal. 28 (4): 689-713.

Independent Scientific Review Panel (ISRP) and Independent Scientific Advisory Board (ISAB). 2005. Monitoring and
Evaluation of Supplementation Projects.

Jager, H.l., H.E. Cardwell, M. Sale, M.S. Bevelhimer, C.C. Coutant, and W. Van Winkle. 1997. Modelling the
linkages between flow management and salmon recruitment in rivers. Ecological Modelling. 103: 171-191.

Jakob, M., I. McKendry, and R. Lee. 2003. Long-Term Changes in Rainfall Intensities in Vancouver, British
Columbia. Canadian Water Resources Journal 28 (4): 587-604.

Kosakoski, G.T. and R.E. Hamilton. 1982. Water requirements for the fisheries resource of the Nicola River, BC.
Can Man. Rep. Fish. Aquat. Sci. No. 1680

Kroeger, T., and P. Manalo. 2006. A Review of the Economic Benefits of Species and Habitat Conservation.
Conservation Economics Working Paper # 4. Prepared for the Doris Duke Charitable Foundation.

Lackey, R.T. 1999. Salmon policy: science, society, restoration, and reality. Environmental Science and
Policy 2: 369-379.

Lapointe, M.F., S.J. Cooke, S.G. Hinch, A.P. Farrell, S. Jones, S. Macdonald, D. Patterson, M.C. Healey, and G. Van
Der Kraak. 2003. Late-run sockeye salmon in the Fraser River, British Columbia are experiencing early
upstream migration and unusually high rates of mortality: what is going on? In Proceedings of the 2003
Georgia Basin/Puget Sound Research Conference pp. 1-14.

Lawson, P.W., E.A. Logerwell, N.J. Mantua, R.C. Francis, and V.N. Agostini. 2004. Environmental factors influencing
freshwater survival and smolt production in Pacific Northwest coho salmon (Oncorhynchus kisutch).
Canadian Journal of Fisheries and Aquatic Sciences. 61: 360-373.

Leith, R.M.M., and P.H. Whitfield. 1998. Evidence of climate change effects on the hydrology of streams in south-
central BC Canadian Water Resources Journal. 23 (3): 219-230.

Lens, P., L. Hulshoff Pol, P. Wilderer and T. Asano. 2002. Water Recycling and Resource Recovery in Industry,
Analysis, Technologies and Implementation. IWA Publishing. ISBN: 1 84339 005 1

Leung, L.R. and Y. Qian. 2003. Changes in Seasonal and Extreme Hydrologic Conditions of the Georgia
Basin/Puget Sound in an Ensemble Regional Climate Simulation for the Mid-Century. Canadian Water
Resources Journal 28 (4): 605-631.

Levy, D.A. 1992. Potential impacts of global warming on salmon production in the Fraser River watershed.
Canadian Technical Report of Fisheries and Aquatic Sciences. 1889.

Lichatowich, J. 2002. Pacific Salmon beyond the crossroads: A strategy for the conservation of Pacific Salmon.
Report prepared for the Gordon and Betty Moore Foundation, 32 pp.

Lill, A.F. 2002. Greater Georgia Basin steelhead recovery action plan. Prepared for: Pacific Salmon Foundation,
Vancouver, BC. 107 pp. plus appendices. Available at: www.bccf.com/steelhead/about-steelhead.htm#ap

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 65


http://www.bccf.com/steelhead/about-steelhead.htm#ap�

HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
6. REFERENCES

Lipovsky, P.S., J. Coates, A.G. Lewkowicz, and E. Trochim. 2006. Active-layer detachments following the summer
2004 forest fires near Dawson City, Yukon. Pages 175-194 in D.S. Emond, G.D. Bradshaw, L.L. Lewis and
L.H. Weston (eds.). Yukon Exploration and Geology 2005. Yukon Geological Survey.

MacDonald, J.S., I.V. Williams, and J.C. Woodey. 2000a. The effects of in-river conditions on migrating sockeye
salmon (Oncorhynchus nerka). In J.S. Macdonald (ed.) Mortality during the migration of Fraser River sockeye
salmon (Oncorhynchus nerka): a study of the effect of ocean and river environmental conditions in 1997.
Canadian Technical Report of Fisheries and Aquatic Sciences. 2315. pp. 39-57.

MacDonald, S., M. Foreman, T. Farrell, I. Williams, J. Grout, A. Cass, J. Woodey, H. Enzenhoffer, C. Clarke, R.
Houtman, E. Donaldson and D. Barnes. 2000b. The Influence of Extreme Water Temperatures on Migrating
Fraser River Sockeye Salmon (Oncorhynchus nerka) During the 1998 Spawning Season. Canadian Technical
Report of Fisheries and Aquatic Sciences. 2326.

MacKinlay, D.D., S. Lehman, J. Bateman, and R. Cook. 2004. Pacific salmon hatcheries in British Columbia.
American Fisheries Society Symposium. 44: 57-75.

MacNutt, M., S.G. Hinch, C.G. Lee, J.R. Phibbs, A.G. Lotto, M.C. Healey, and A.P. Farrell. 2006. Temperature
effects on swimming performance, energetics, and aerobic capacities of mature adult pink salmon
(Oncorhynchus gorbuscha) compared with those of sockeye salmon (Oncorhynchus nerka). Canadian Journal
of Zoology. 84: 88-97.

Mantua, N.J., and R.C. Francis. 2004. Natural Climate Insurance for Pacific Northwest Salmon and Salmon Fisheries:
Finding Our Way through the Entangled Web. In E.E. Knudsen and D. MacDonald (editors). Sustainable
Management of North American Fisheries. American Fisheries Society Symposium 43:127-140.

Marmorek, D.R. and C.A.D. Alexander. 2003. Defining “Significant Fisheries Watersheds” and “Temperature
Sensitive Streams” for the New Results-Based Forest Practices Code: Results of a Workshop held Feb. 5th and
6th, 2003. Draft Report. Draft report prepared by ESSA Technologies Ltd., Vancouver, BC for Ministry of Water,
Lands and Air Protection, Victoria, BC. 89 pp.

Martin, K. 2003. Water Supply Forecast Correction Curves. Presentation to the Oregon Chapter of the American
Meteorological Society. Portland, Oregon. Available at: http://www.critfc.org/tech/03-forecast_report.html

McLeod, C.L., and J.P. O’Neil. 1983. Major range extensions of anadromous salmonids and first record of chinook
salmon in the Mackenzie River drainage. Canadian Journal of Zoology. 61: 2183-2184.

Merritt, W.S., and Y. Alila. 2004. Chapter 7. Hydrology. Pages 63-88 in S. Cohen, D. Neilsen, and R. Welbourn
(eds.) Expanding the dialogue on climate change and water management in the Okanagan Basin, British
Columbia.

Merritt, W.S., Y. Alila, M. Barton, B. Taylor, S. Cohen, D. Neilsen. 2006. Hydrologic response to scenarios of climate
change in subwatersheds of the Okanagan basin, British Columbia. Journal of Hydrology 326: 79-108.

Milly, P.C.D., K.A. Dunne, and A.V. Vecchia. 2005. Global pattern of trends in streamflow and water availability in a
changing climate. Nature. 438 (17): 347-350.

Ministry of Environment. 2006. Evaluating and Designating Fisheries Sensitive Watersheds (FSW): An Overview of
BC’s New FSW Procedure. Available at:
www.env.gov.bc.ca/wld/documents/fsw/FSW%202006%20Information%20Paper%20v1.1.pdf

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 66


http://www.critfc.org/tech/03-forecast_report.html�
http://www.env.gov.bc.ca/wld/documents/fsw/FSW 2006 Information Paper v1.1.pdf�

HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
6. REFERENCES

Ministry of Environment. 2007a. Temperature Sensitive Streams. Available at: www.env.gov.bc.ca/wld/frpa/tss/
(limited information currently available).

Ministry of Environment. 2007b. Fisheries Sensitive Watersheds. Available at: www.env.gov.bc.ca/wld/frpa/fsw/

Ministry of Water, Land and Air Protection (WLAP). 2002. Environmental trends in British Columbia. Available at:
http://www.env.gov.bc.ca/soe/

Mitchell, C., C.B. James, and J.E. Edinger. 1995. Analyses of flow modifications on water quality in the Nechako
River. Journal of Energy Engineering. 121 (2): 73-80.

Morrison, J., M.C. Quick, and M.C.G. Foreman. 2002. Climate change in the Fraser River watershed: Flow and
temperature projections. Journal of Hydrology 263: 230-244.

Mote, P.W. 2003. Twentieth-Century Fluctuations and Trends in Temperature, Precipitation, and Mountain
Snowpack in the Georgia Basin-Puget Sound Region. Canadian Water Resources Journal. 28 (4): 567-585.

Murray, C. and D.R. Marmorek. 2003. Adaptive Management and ecological restoration. Pages 417-428 in
Ecological Restoration of Southwestern Ponderosa Pine Forests. P. Friederici, ed. Ecological Restoration
Institute, Flagstaff, AZ.

National Weather Service. 2007. Sacramento Weather Data. Available at: worldweather.wmo.int/093/c00820.htm

Nature Conservancy Canada. 2006. Watershed Assessment and Evaluation Decision Support Tool Fraser River Basin
Pilot. Prepared for the Pacific Salmon Foundation

Nature Conservancy Canada. 2007a. The BC Interior Project Website. Available at:
science.natureconservancy.ca/centralinterior/

Nature Conservancy Canada. 2007b. Conservation Blueprints. Available at:
http://science.natureconservancy.ca/initiatives/ecoregmap.php

Nature Conservancy Canada. 2007c. The Conservation Process. Available at:
www.natureconservancy.ca/site/PageServer?pagename=ncc_work_science_process

Naughton, G.P., C.C. Caudill, M.L. Keefer, T.C. Bjornn, L.C. Stuehrenberg, and C.A. Peery. 2005. Late-season
mortality during migration of radio-tagged adult sockeye salmon (Oncorhynchus nerka) in the Columbia River.
Canadian Journal of Fisheries and Aquatic Sciences. 62: 30-47.

Nechako Fisheries Conservation Program (NFCP). 2005. Nechako Fisheries Conservation Program Technical Data
Review 1988-2002 Summary. Prepared by Ministry of Environment, Alcan, and Fisheries and Oceans Canada.

Nelitz, M.A., E.A. Maclsaac, and R.M. Peterman. 2007a. A science-based approach for identifying temperature-
sensitive streams for rainbow trout. North American Journal of Fisheries Management. 27: 405-424.

Nelitz, M., C.A.D. Alexander, and K. Wieckowski. 2007b. 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.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 67


http://www.env.gov.bc.ca/wld/frpa/tss/�
http://www.env.gov.bc.ca/wld/frpa/fsw/�
http://www.env.gov.bc.ca/soe/�
http://worldweather.wmo.int/093/c00820.htm�
http://science.natureconservancy.ca/centralinterior/�
http://science.natureconservancy.ca/initiatives/ecoregmap.php�
http://www.natureconservancy.ca/site/PageServer?pagename=ncc_work_science_process�

HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
6. REFERENCES

Nelitz, M., M. Porter and D.R. Marmorek. 2007c. Scoping Document to Assess the Feasibility, Impacts, and Benefits
(FIBs) of Restoring Anadromous Salmon to the Canadian Reaches of the Upper Columbia River. Prepared for
Upper Columbia Aquatic Management Partnership (UCAMP) by ESSA Technologies Ltd., Vancouver, BC. 86 pp.

Nelson, T., R. Bocking, and M. Gaboury. 2001. Coldwater River Watershed Recovery Plan. Prepared for Pacific
Salmon Endowment Fund by LGL Limited, Sidney, BC.

Nowlan, L. 2005. Buried Treasure: Groundwater Permitting and Pricing in Canada. Prepared for the Walter and
Duncan Gordon Foundation.

Nowlan, L. and B. Jeffries. 1996. Protecting British Columbia’s Wetlands: A Citizen’s Guide. West Coast
Environmental Law Research Foundation and BC Wetlands Network.

O’Neal, K. 2002. Effects of Global Warming on Trout and Salmon in U.S. Streams. Prepared by Abt Associates.
Prepared for Defenders of Wildlife and Natural Resources Defense Council. 46 pp.

Orr, B., P. Baker, R. Real de Asua and J. Stella. 2006. Tools for Riparian-Floodplain Restoration Planning Along
Large River Corridors: Examples from the San Joaquin River. Presentation at CALFED.

Pahl-Wostl, C. 2007. Transitions towards adaptive management of water facing climate and global change. Water
Resource Management. 21:49-62.

Perrin, CJ., KJ. Hall, D. Marmorek, M. Nelitz, and P. Troffe. 2006. Potential risk of change in water quality in the
Coquitlam Reservoir from re-introduction of sockeye salmon. Draft report prepared by Limnotek Research and
Development Inc. and ESSA Technologies Ltd. for Bridge Coastal Fish and Wildlife Restoration Program.

Petersen, J.H., and J.F. Kitchell. 2001. Climate regimes and water temperature changes in the Columbia River:
Bioenergetic implications for predators of juvenile salmon. Canadian Journal of Fisheries and Aquatic Sciences.
58: 1831-1841.

Poole, G.C., and C.H. Berman. 2001. An ecological perspective on in-stream temperature: Natural heat dynamics
and mechanisms on human-caused thermal degradation. Environmental Management 27: 787-802.

Postel, S. 2000. Entering an Era of Water Scarcity: The Challenges Ahead. Ecological Applications 10 (4): 941-948.

Precision Identification Biological Consultants. 1998. Wild, threatened, endangered and lost streams of the lower
Fraser Valley—summary report 1997. Prepared for: Fraser River Action Plan, Habitat and Enhancement Branch,
Vancouver, British Columbia. 28 pp. & appendices.

Quadra Planning Consultants Ltd. 1995. The Salmon River watershed an overview of conditions, trends, and
issues. Pubic summary report prepared on behalf of the: Salmon River Watershed Roundtable.
DOE-FRAP 95-19

Rahr, G. and X. Augerot. 2006 A proactive sanctuary strategy to anchor and restore high prority wild salmon
ecosystems. Pages 465-489 in R.T. Lackey, D.H Lach, and S.L. Duncan (eds.). Salmon 2100: The future of wild
Pacific Salmon. American Fisheries Society, Bethseda, Maryland.

Rand, P.S., S.G. Hinch, J. Morrison, M.G.G. Foreman, M.J. MacNutt, J.S. MacDonald, M.C. Healey, A.P. Farrell, and
D.A. Higgs. 2006. Effects of River Discharge, Temperature, and Future Climates on Energetics and Mortality of
Adult Migrating Fraser River Sockeye Salmon. Transactions of the American Fisheries Society. 135: 655-667.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 68



HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
6. REFERENCES

Record of Decision (ROD). 2000. Trinity River Restoration Program. Summary of the United States Secretary of the
Interior Record of Decision, December 19, 2000.

Regnier, R. 1999. Water Quality Trends of Selected Variables in the Salmon River at Salmon Arm. Prepared for
Environment Canada and BC Ministry of Environment, Lands and Parks. Available at:
www.env.gov.bc.ca/wat/wg/trendstuff/salmon/index.html

Richter, B.D., R. Mathews, D.L. Harrison, and R. Wigington. 2003. Ecologically sustainable water management:
Managing river flows for ecological integrity. Ecological Applications. 13(1): 206-224.

Roni, P., T.J. Beechie, R.E. Bilby, F.E. Leonetti, M.M. Pollock, and G.R. Pess. 2002. A review of stream restoration
techniques and a hierarchical strategy for prioritizing restoration in Pacific Northwest watersheds.
North American Journal of Fisheries Management 22: 1-20.

Roos, J.F. 1991. Restoring Fraser River Salmon: A History of the International Pacific Salmon Fisheries
Commission1937-1985. Published by the Pacific Salmon Commission. Vancouver, BC.

Rosenau, M.L. and M. Angelo. 2003. Conflicts between People and Fish for Water: Two British Columbia Salmon
and Steelhead Rearing Streams in Need of Flows. Prepared for the Pacific Fisheries Resource Conservation
Council.

Schwindt, R., A.R. Vining, and D.Weimer. 2003. A Policy Analysis of the BC Salmon Fishery. Canadian Public Policy.
29 (1): 73-94.

Sit, V., and B. Taylor (eds). 1998. Statistical Methods for Adaptive Management Studies. Prepared by Ministry of
Forests—Research Branch. Victoria, BC. Land Management Handbook No. 42. 157 pp.

Slaney, P. and D. Zaldokas (eds). 1997. Fish Rehabilitation Procedures. Watershed Restoration Technical Circular
No.9. Report for the Ministry of Environment BC Watershed Restoration Program.

Slaney, P.A., and A.D. Martin. 1997. The Watershed Restoration Program of British Columbia: accelerating natural
recovery processes. Water Quality Research Journal of Canada 32(2): 325-346.

Slaney, T.L., K.D. Hyatt, T.G. Northcote, and R.J. Fielden. 1996. Status of anadromous salmon and trout in British
Columbia and Yukon. Fisheries 21(10): 20-35.

Spittlehouse, D.L., and R.B. Stewart. 2003. Adaptation to climate change in forest management. BC Journal of
Ecosystems and Management. 4 (1). Available at: www.forrex.org/publications/jem/jem.asp

Statistics Canada. 2006. British Columbia Quarterly Population Estimates 1951-1971. Available at:
www.bcstats.gov.bc.ca/DATA/pop/pop/BCQrtPop.asp

Stefan, H. G. and E. B. Preud’homme. 1993. Stream temperature estimation from air temperature. Water Resources
Bulletin 29(1): 27-45.

Swain, L.G. 1986. Ambient water quality objectives for the Bonaparte River. Resource Quality Section,Water
Management Branch, Ministry of Environment. Accessed Feb 12th, 2007.
www.env.gov.bc.ca/wat/wg/bonaparte/bonaparte.html

Swain, L.G. 1991. Ambient water quality objectives for Bessette Creek. Resource Quality Section,Water
Management Branch, Ministry of Environment. Accessed Feb 12th, 2007.
www.env.gov.bc.ca/wat/wqg/objectives/bessette/bessette.html

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 69


http://www.env.gov.bc.ca/wat/wq/trendstuff/salmon/index.html�
http://www.forrex.org/publications/jem/jem.asp�
http://www.bcstats.gov.bc.ca/DATA/pop/pop/BCQrtPop.asp�
http://www.env.gov.bc.ca/wat/wq/bonaparte/bonaparte.html�
http://www.env.gov.bc.ca/wat/wq/objectives/bessette/bessette.html�

HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
6. REFERENCES

Temple, N. (ed). 2005. Salmon in the Great Bear Rainforest. Raincoast Conservation Society, Victoria, BC. Available
at: http://raincoast.org/publications/report/Salmon-in-the-GBR.pdf

The World Conservation Union (IUCN). 2004. Flow. Chapter 4: Covering the Cost.
www.iucn.org/themes/wani/flow/p43.html

Tops, S., W. Lockwood, and B. Okamura. 2006. Temperature-driven proliferation of Tetracapsuloides
bryosalmonae in bryozoan hosts portends salmonid declines. Diseases of Aquatic Organisms. 70: 227-236.

Traxler, G.S., J. Richard, and T.E. McDonald. 1998. Ichthyophthirius multifiliis (Ich) Epizootics in spawning sockeye
salmon in British Columbia, Canada. Journal of Aquatic Animal Health. 10: 143-151.

Tyedmers, P. and B. Ward. 2001. A Review of the Impacts of Climate Change on BC’s Freshwater Fish Resources
and Possible Management Responses. Fisheries Centre Research Reports, Vol. 9(4).

U.S. Bureau of Reclamation (USBR). 2006. Agreement Signals Start to Historic San Joaquin River Restoration.
Available at: www.usbr.gov/newsroom/newsrelease/detail.cfm?RecordID=13681

U.S. Census. 2005. State & County QuickFacts—California. Available at:
http://quickfacts.census.gov/qfd/states/06000.html

U.S. Fish and Wildlife Service and Hoopa Valley Tribe (USFWS and HVT). 1999. Trinity River Flow Evaluation Study—
Final Report. A report to the Secretary, US Department of the Interior, Washington, D.C.

van Everdingen, R. (ed). 1998. Multilanguage glossary of permafrost and related ground-ice terms. Revised 2002.
International Permafrost Association Terminology Working Group, Boulder, CO: National Snow and Ice Data
Centre/World Data Centre for Glaciology, 88 pp.

von Finster, A. 2006. Utilization of Habitats by Chinook, Chum and Coho Salmon in the Yukon River Basin in
Canada.

Wade, N.L., J. Martin and P.H. Whitfield. 2001. Hydrologic and Climatic Zonation of Georgia Basin, British
Columbia. Canadian Water Resources Journal 26(1): 43-70.

Walker, I.R., and M.G. Pellatt. 2003. Climate Change in Coastal British Columbia—A Paleoenvironmental
Perspective. Canadian Water Resource Journal. 28 (4): 531-566.

Walthers L.C. and J.C. Nener. 1997. Continuous Water Temperature Monitoring in the Nicola River, BC. 1994:
Implications of high measured temperatures for anadromous salmonids. Can. Tech. Report. of Fish. Aquat.
Sci. No 2158.

Walthers L.C. and J.C. Nener. 1998. Continuous Water Temperature Monitoring in the Nicola River, BC. 1995:
Implications of Measured Temperatures for Anadromous Salmonids. Can. Man. Rep. Fish. Aquat. Sci. No 2443.

Wang, T.L., A. Hamann, D.L. Spittlehouse, and S.N. Aitken. 2006. Development of scale-free climate data for
western Canada for use in resource management. International Journal of Climatology 26:383-397.

Waples, R.S. 1991. Definition of “Species” Under the Endangered Species Act: Application to Pacific Salmon. NOAA
Technical Memorandum NMFS F/NWC-194. Available at:
www.nwfsc.noaa.gov/publications/techmemos/tm194/waples.htm

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 70


http://raincoast.org/publications/report/Salmon-in-the-GBR.pdf�
http://www.iucn.org/themes/wani/flow/p43.html�
http://www.usbr.gov/newsroom/newsrelease/detail.cfm?RecordID=13681�
http://quickfacts.census.gov/qfd/states/06000.html�
http://www.nwfsc.noaa.gov/publications/techmemos/tm194/waples.htm�

HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
6. REFERENCES

Ward, B.R., P.A Slaney, and D.J.F. McCubbing. 2006. Watershed Restoration to Reconcile Fisheries and Habitat
Impacts at the Keogh River in Coastal British Columbia. American Fisheries Society Symposium.

Water Science and Technology Board (WSTB) and Board on Environmental Studies and Toxicology (BEST). 2004.
Managing the Columbia River: Instream Flows, Water Withdrawals, and Salmon Survival. National Research
Council. Washington, D.C.

Westland Resource Group Inc. 2005. Cowichan Basin Water Management Plan: Water Issues. 110 pp.

Westland Resource Group Inc. 2007. Cowichan Basin Water Management Plan. A partnership of Cowichan Valley
Regional District, BC Ministry of Environment, Fisheries and Oceans Canada, Catalyst Paper Corporation,
Cowichan Tribes, and Pacific Salmon Commission. 54 pp + Appendices.

Whitfield, P.H. Wang, J.Y., and Cannon, A.J. 2003. Modelling Future Streamflow Extremes—Floods and Low Flows in
Georgia Basin, British Columbia. Canadian Water Resources Journal. 28(4): 633-656.

Whitfield, P.H., and A.J. Cannon. 2000. Recent variations in climate and hydrology in Canada. Canadian Water
Resources Journal. 25 (1): 19-65.

Wilkie, K. 2005. Balancing Act: Water Conservation and Economic Growth. Canada West Foundation.

Williams, I.V. 1973. Investigation of the Prespawning Mortality of Sockeye in Horsefly River and McKinley Creek in
1969. IPSFC Prog. Rept. No. 27. New Westminster, B.C

Williams, V., U.H.M. Fagerlund, J.R. McBride, G.A. Strasdine, and H. Tsuyuki. 1977. Investigation of Prespawning
Mortality of 1973 Horsefly River Sockeye Salmon. IPSFC Prog. Rept. No. 37. New Westminster, BC.

Young, J. and J. Werring. 2006. The Will to Protect: Preserving BC’s Wild Salmon Habitat. David Suzuki Foundation.

Zedonis, P.2007. Meeting water temperature objectives in the Trinity River—A post ROD review. Presentation at the
Trinity Science Symposium. U.S. Fish and Wildlife Service.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 71



[

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

*191em ysaly ul sbbd
40 AlljIqeIA 3Y) S1D9)4e dunlesadwal sbbH3 uo aunjesadwal €661
9oeJINns ©ds 1eyl bunssabbns Apnis X |euolbay | ueadQ dij1ded 90BLINS B3S JO 109449 . dway sbb3 uinoqgelg
*(Smo[} bulinods pue sainjesadwal
J31em yb1y ploAe 0} "3°1) SUOIIIPUOD
J3AL [BD0| 01 paidepe aAeYy YydIym uolbulysep | sa1ed ymouab ul sabueyd . dway 1002
padul| Ajbuoais aue dudbIdW PEVN awdo|ansp / pue uosuapuy
A1y pue Buiumeds jo swi| X| X X 1e207 MOYI3\ [ uondnpoadas ul ssbueyd . MO|4 A4 9 1399
*sadA) A1oasiy
9411 UNSIP yum suolyeindod 13643
AU JI pa1dayje Ajasianpe aq Aew
S1J0443 UOIIBAI9SUOD UOIIRIDOSSE Ag
‘uolssaidxa A101s1y 91| 139)4e Aew Burwiy uni ul sabueyd .
sawbas moj uo abueyd aewl|d buiwn
40 S129443 "uolssatdxad A1oisly uonesblwino ul sabueyd .
9}1] 491316 MO||e Aew Swep dA0qe asea|al / uolbulysem uswdo|ansp / 9002
S1eliqey 0) UOWIES JO UOIIeI01SY X| obeI01S J91EM . |[e2o7 | ‘punos 19bnd | uondnpoidas ul sabueyd . mo|4 IV | /v 12 31yd93g
*suolbal
paleUIWOP MOUS Ul Jjo-unu yead jo
Buiwiy J31j4ed ‘uonenddaad Jalum 9|qeddde 5002
SS3| 0} Pe| ||IM dIBWI|D JSUWLIBM X| X[ x| x| X 1eqo|n d|qedidde 10N MO|4 10N | /v 12 BNauJeg
1S9MY1ION abueyd €002
|euolbay d141de( 9SeISIP ShoI1ddYul o | d1eWID s}ows | */p 12 Ysooduy
‘Arenisa syl
01Ul |[BAILIE Y)IM PR1B|3LI0D [BAIAINS $S241S
1jnpe-1jows "Yyd3ied pue |eAIAINS Ybiy J0/pue Alljeyiow [ewJayl . 9661
UMM PIIRIDOSSE I9M SUOIIPUOD 1S9MYLION Buiwn abueyd U3SYdLIUIH
19M / |00D ey} pajesisuowaq X |euolbay Jly0ed | uoneibiwino ul sabueyd o | 1eWID 1\ ® UOSJI3pUY
ifa(df(q|v
(1 94nb14 993s) ?eds s9duanbasuo) jedisAydoig | J9ALIQ
S910N Alewwng Aemuyied Juens|dy uolPy uewnH | |eneds uoned’o / Alljeliop uouwjes | yeliqeH | abeis aji uoneid

MAIATY FINLVHILIT 40 AYVINNNS 'V XIAN3ddV

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV
SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H

£00C ¥439W3ILd3S




€L

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

‘uolInquisip Jaumeds pue ‘bBuiwiy
9duUdbIBWR ‘uolIegNIUl 1I344e oyep| uswdo|ansp / BEQ0Z
saJnyeladwal Ja1em moy saquiasag X | x| x |e207| ‘4aAry djeus| uondnpoidas ul sabueyd . dwaj sbb3| /v 12 JoUU0)
*SUOINPUOD PAAIRSCO AjJuadal
U1IM 1U1ISISUOD dJIdM Ssuoldipald
|9POW "dduinoad Y3 ul SpaysIarem 20072
| Z 104 mojjweans sabeiane Aep-g eiquinio) 9|qedijdde pIRIYM
111paad 03 yseoudde ue padojansg X| X X|X]|X leuolbay ysnug 9|qedijdde 10N MO|4 10N ® uouue)
epeue)
‘|9AeIb pagIaALl ul dinjesadwal ul “2Imsunag
9SBAIDUI YUM dbuURYD d1BWI|D WOl M3N “joo.g 1002 yshies
131eM punoub ul saseadul syul X |e207] uelewele) 91e4 ymmouab ul sabueyd . dway sbb3 9 dIssie)
*sawibal
|eWJBY] UO S3dUBN|JUI UBWINY pUB
‘saydeosdde buijjspow ‘Aljigeriea
ainlesadwal bul|josuod sassadoud
‘swa1sAs0d9 uaremysaly buideys 9|qeddde
ul d4njesadwal Jo 3|04 Jo Alewwing X x| xIx|x 9|qedijdde 10N dwa] 10N | 000¢ dIssied
Ya1msunig
MBN “J9AIY
IYd1wedin
1S9MY3Inos SuoI3deIUI
X [e307 3N onijo1q ul sabueyd e dway A4 002 neaig
JnolAeyaq ul sabueyd .
uonduny
|eso1bojoisAyd ui sabueyd .
S9JUINOId uoneluswbeuy 9|qeddde #002 00D
X| X[ X]|X [e207] dluepy [ Jo/pue uolleldlje Jelqdey e dway 10N ® piojpe.g
1uswdo|aAdp
*Buiysly J9A0 pue ‘uonesslje pue| .
1e1IqRY J91eM ysaly ‘(3bueyd bulysiy Jano .
91BWI[D "3°1) SUOINPUOD UBIIO AlIsusp peou .
ul sabueyd 03 duepunge Jaumeds |emMeapyHm g ‘4anry abueyd | siaumeds 0002 dUIAI|
0yo0d Ul SaUIIIP SAINQLNY X 191eM . |e307 uosdwoy] Alljeriow ueado o | v1ewD / SNpy ® plojpe.g
ifa(d(a|v
(1 94nb14 993s) ?eds s9duanbasuo) jedisAydoig | J9AlIQ
S9I0N Atewwing Aemyied 1ueAs|ay uolPy uewnH | |eneds uonedo / Ajelniop uowjes [ 1eliqey | abeis a7 uonein

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




VL TIDNNOD NOILVAYISNOD IDIN0OSIY SII¥IHSIA4 DI4I1DVd
*(SMo[} pue sainyesadwal
yb1y “*6°3) SUOINPUOD DAL
Buipuewap Ajed119643Ud YyUM Siedh
ul 9A30s J3seuq ul Ajljeriow 3inol
ud pue bulumedsaud 03 91nql4IU0d
01 A|j)|1| 2. S|9A3] ABJaud SS9U1S Pl MO|} .
313BWOS MO "UOW|eS A3 I0S SSaJls U0 / pue dwal
1npe ul ABJaud D11eWOS JO |9AI| ol Aljerow ainjesadway . pue| sisumeds 002
03} pdjul| sem AjiAldNnpoud ueadQ X 1207 | ‘49A1Y J3SeU4 $s341s d11abhJdud0Iq . MO|4 / synpv | ‘p 12 uissos)
*3Jnjeladwal paseaJdul Jo }nsal e
Se 9A9D0S JO olles X3S ul sabueyd g uswdoansp / 9661
BuluiadU0d Sy Nsa4 bulisatalu| X |e307 ‘9)eq epel | uondnpoadal ul sabueyd . dway sbb3 ‘Ib 12 Bresd
uopbury|
"'2002-6%6 1 WwoJj poliad syl wouy pauun dwa)
sjjows JedA + | jo uonuodoud sy dsed|ad / ‘Salem Buiwn pue 900¢ 'Iv 12
ul SseaUdUul JuedIJIUBIS PaAIasqO X abel01s Ja1em . |ed07 ‘99 J9AIY | uonesblwino ul sabueyd . mol4 syows duIH-bbel)
'S9|BW) pUB SI|BLW UIIMId]
paJayip Aluniew 1e 3zis ul sauldap
JO suOBAISSAQ "uow|es A0S
ul sJedA g4 1sed ayi Jano Ajuniew g slaumeds /661
1 9ZIS Ul SaUI|Ddp palesisuowaq 1207 | ‘JaAry Jasedq | sa1es ymmoub ul sabueyd . dwaj / synpv | youiy ® x0>
‘Aleniow umeds-aud / 91nod ud
U] S9SBIJIDUI PIIBIDOSSE pUBR UOWES
9A9D0s jo suonesbiw bulumeds
J0 UnolAeyaq ul sabueyd bulure|dxa g slaumeds 002
sasaylodAy bunadwod ssndsiq X 18207 | ‘43AIY J3SeI4 Buiwiy uni ul sabueyd . dway / Synpy ‘|p 12 900D
saseb
sainiesadwal P3A|OSSIP JO S[9AJ| [BYI9| .
J31eM paseasdap o1 ‘ued ul ‘anp AJleyiow wep .
uowi[es ooulyd 3]IU3AN[ JO [BAIAINS uonepaud paseaudul .
paseaudul uolleiuswbne moj} abessed dwa
1Byl papn|puo) "uoneluswbne moyy 9sea|al / uiseg 110AJI9S3U paAe[ap . pue qs£002
Jawwns Jo AJed14d 3yl sassndsig X | X 9be.01s Ja1EeM . |e207|  J49AIY djeUS AJID0|3A J31EM MO| . MO|4 syjows | °/p 12 Jouuo)
D(4|3|A|D|9|V
(1 94nb14 993s) ?eds s9duanbasuo) jedisAydoig | J9AlIQ
S9I0N Atewwing Aemyied 1ueAs|ay uolPy uewnH | |eneds uonedo / Ajelniop uowjes [ 1eliqey | abeis a7 uonein

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




S/

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

*sa1dads ysiy

}0 A1314BA B UO S1D9Y49 JO SISAjeue
119Y3 Ul papn|dul aJe uow|es
‘uonNquasip ysiy ul sabueyd pue
$9550| 1elgey Ysl} ul 3nsas Aew
saJnjesadwal J93em 03 sabueyd
953yl moy sJaju| “saunjesadwal
1B Ul S9SEIIDUI PIdNpPUI dBWID

_uonejuswbeuy
10/pue uoljeJdlje 1elqey

03 anp sainiedadwal Jalem ul SS241S d|qedidde | 9661 49[|2YdS
sabueyd 3|eIS-|RIUIUIIUOD SPIPAId X[Ix] x| x|x|x |euolleN vsSn| Jo/pue Ayjerow jewaayy dwaj 10N ® uoley
uonouny
|ea1bojoisAyd ul sabueyd
suolldeIUI
1ISOMYMION Dljided Jnoiq ul sabueyd
9yl Ul spluoLw|es Jo uoningLisip Alsuap Aaid ul sabueyd
buildayye se Ajurew ‘suonendod uoneluswbeuy
piuow|es uo ainjesadwal Jo S123)4d uiseg| Jo/pue uoljesale 1eliqey 1002
9y3 buissndsip Jaded Arewwng XX X|X|X]|X jeuol1bay elqWN|0D) uonepatd paseasdul dway IV | 7p 12 weyung
*S}elgey uow|es pue
‘Smo|} ‘seanlesadwal ul suonelalje Apeded
1UB)NSAI pUB S|eMeIpYIM bulAiied paseaudap dw?al
uewny o3 123dsaJ yym abesn |emelpyum elqwinjo) uonejuswbely pue
J91eMpUNOUb JO S129443 sassndsIg X| X x| x| X 191BM o | jeUOIDaY ysnug | 1o/pue uonessye 1enqey MO|4 IV | 900z se|bnog
“J9AIY BlqWIN|0D
9yl ybnouyl awil |9AeI} J31eM
10 31BWI|D YUM P3IB[31I0D J0U BIdM
S109}J9-4BIA "S109443 JedA-UOWWO0d
papn|aul Alljeliow snosuejueIsul
Hundipaid sjapow 1539 *(UdAI UMOP
pue JaAldn) eiquinjo) syl jo sued
1UDJ3J4Ip OM] WIOJJ SHI01S uow|es J9AIY deUS
3ooulyd jo Alljeliow snoauejuelsul ases|as / pue JaAlY Aljeriow ueado 1002
121paid 03 sjapow padojansQg X X| 9beiI01S J91EM . |e207] elqwinjo) Aleriow wep MO|4 v | /v 12 osuaq
uoleluswbeuy
"SMO[} WEaJls ||} wnwiujw pue 10/pue uoljeale 1elqey dwal
saJnjesadwal JSWWNS 01 payjul]| oyep| ‘4aAry SS41S pue 9002 |99eZ
9J9M SIJIPUI |BAIAINS }jOWS-LIed X | x |e307 uow|es| Jo/pue Ajljeniow [ew.ayl MO|4 sjjows 9 J31Z04D)
D(4|3|A|D|9|V
(1 94nb14 993s) ?eds s9duanbasuo) jedisAydoig | J9AlIQ
S9I0N Atewwing Aemyied 1ueAs|ay uolPy uewnH | |eneds uonedo / Ajelniop uowjes [ 1eliqey | abeis a7 uonein

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




97 TIONNOD NOILYAYISNOD IDYNOSIY SIIYIHSIY D1410Vd
'S93ed uiniad
ul UOIlelIBA 3y} JO Buowe 1s31ea1b
uie|dxa pad|ay JUSWUOIIAUD
J91eMYSa4) Ul (uonegndul
Bbulinp spoojj Jo spniubew) uolyeqnoul
SUOIIPUOD [BIUBWUOIIAUT 663 uo SPoO|} JO S o dway
*uowi|es >ooulyd JO S31eJ uJnial uoilbuiysem uonejuswbely pue 5002
11paid 01 [9pow e padojaAasQg X[ X X|X]| X |e207| ‘49Ary UBENS | J0/pue uolleIY|E JRYIqRY . MO|4 W | °/p 12 susain
SS3UIS
‘uowies ooulyd |[e} Jo buiwn i0/pue Alljeliow [BWIBYl e
unJ Ayl ul SPYIYS Yyum paleidosse uoilbuiysem susaned
u3aq SeY JIAIY BlquInjod ‘I9AIY uonesbiw ul sabueyd . siaumeds 9002
941 Jo Burwuem eyl pajesisuowsq X |ed07 eIqWN|0D Buiwiy una ur ssabueyd . dwsl| /synpy| ‘/p 12 esuon
‘uiseq
J9A1Y 43Skl 9yl ybnouayy bunesbiw
UOWI|eS 10J JUBAS|DJ SB SMO|} pue dwa
saunjesadwsal 1d1paud 01 sjspow g SS?U1S pue 1002 Ip 12
aJ4niesadwal pue Mol padojansqg X |eD07| ‘49AIY J3Seuq| Jo/pue Alljeriow |ewidyl e Mmo|4 sjows uBW?I.104
‘uiseq
J3AIY J9sei4 3yl ybnouy) bunesbiw
UOWI|ES 10J JUBAS|DJ SB SMO|} pue SEYIN| dway
saunjesadwal 1d1paud 01 sjspow asesad / uosdwoy] $S3.1S pue| sisumeds 9661 ‘Ip 12
aJniesadwal pue mojy padojansQg X | obeisois sorem e |ed07 pue J3sesq | Jo/pue Ajjjeliow jewidayl e Mo[4 / synpy uBW?a.I04
"sabueyd d13ewl|d 01 pare|ald
9 01 paJeadde yoiym aduepunge
uonendod ul sYIYs paaIasqo
"siedaA Q€ 1Se| 3yl JOAO dduepUN(ER
uowes 3A3320s 12NJ1sU0d3. B)Se|y abueyd 0002
01 SPJ0d3J JUBWIPIS 3B| PasN X| x |ed07 ‘Aeg |01s1ug | SJUSLIINU 3 B| Ul 3SBIIDBP e | @1eWID ‘| 12 Asuul4
100¢
Jspwnzep
X [euoibay BSe|y 91eJ ymoub ul sabueyd . dwa) syows | ® uospunwp3j
j|ajdfafv
(1 94nb14 993s) ?eds s9duanbasuo) jedisAydoig | J9AlIQ
S9I0N Atewwing Aemyied 1ueAs|ay uolPy uewnH | |eneds uonedo / Ajelniop uowjes [ 1eliqey | abeis a7 uonein

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




LL TIONNOD NOILYAYISNOD IDYNOSIY SIIYIHSIY D1410Vd
‘24njesadway
9DBJINS BIS Ul S9SBAIDUI 3NNy JO
suondwnsse buisn palewils? am
abueyd a1eWI|D JO 5109} "d|gELIEeA
Jo11pasd e se aunjesadwal deins
-e3s Buisn uow|es 3A3)D0S JIAIY
J9sed4 Jo 1ybam uesdo 1d1pald 01 B! oabueyd | sssumeds S661
|opow sa11abiausoiq e padojansg |euolbay | ‘4aAry Jaseud 9z1s Apoq ul sabueyd e [ orewnd / Snpy ‘Ip 12 YdulHy
's1eliqey J91eMysaly
01 sabueyd asay jo suonedijdwi
Buipnjpul ‘saunjesadwal Ja1em pue
saunjesadwsal Jre uo abueyd ewl|d 9|qeddde 0661
40 S103y43 pajedidiiue ay3 sassndsiq X[ x| x[x]X [euolreN a|qedi|dde 10N mo|4 10N plaAsbuaH
'9z1S A4} pue uonesbiws Ay uow|es
Nuid jo Buiwil uo aunjesddwal o}:| awdo|ansp / S661 v 12
191eM JO 1234J3 3y) pairen|eAl X | x |e207| ‘49Ary J9sesq| uononpoudau ul ssbueyd . dwaj A1 uoSJIapuUdH
‘uowi|es 3A3>20s JaAlY
swepy jo uoipnpoad Ja1emysaly
9yl dnpad ARy Buiw.aem
|eqo|b 1eyy apnjpuo) “uow|es
9A93205 JO [eAIAINS pue ‘ymolb suol1deIdUI
‘AbojoisAyd uo sainiesadwal onoiq ul sabueyd e
191eM JO 3dUdN[Jul Y UIAIB susaned
syjnpe bulumeds pue s3|iuaAn( jo buipasy ul sabueyd .
9dUdPISAI Ae| uo dbueyd drewid o}:| $S9.1S U0 2661 v 12
jo spedwi [enualod syl sassndsig X| x X 18207 | “49Ary swepy | / pue Aljenow [ewdayl . dwajy v uoSJIapuUdH
juswdo|ansp / 86 | d2€|[eM
X qel| uononpoudas ul ssbueyd . dway sbb3 | ® 19b19qbbHaH
Ansasoy
[eMeIpYUM suol3deIUI
J91eM onoiq ui sabueyd .
1udwWdo|dA’p uswdoaasp /
*SW1SAS0I9 Ud1eMYSDU) pue| uolnpoudal ul sabueyd . dwa
urelunow Axd04 uo sbueyd arewi|d S9AISEAUL JO sulelunop uonejuswbesy pue | s|qedijdde 1661
4O S129JJ9 91 JO MIIAIDAO [BIBUID X[ x| x|x]|x uondnpouul |euolbay AX20y [ J40/pue uonessle 1elqey . Mo[4 10N ‘|p 12 J9ney
j|ajdfafv
(1 94nb14 993s) ?eds s9duanbasuo) jedisAydoig | J9AlIQ
S9I0N Atewwing Aemyied 1ueAs|ay uolPy uewnH | |eneds uonedo / Ajelniop uowjes [ 1eliqey | abeis a7 uonein

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




8/ TIDNNOD NOILVAYISNOD IDIN0OSIY SII¥IHSIA4 DI4I1DVd
awdo|ansp /
uononpoidau ul sabueyd .
Og “43Ary SS941S
X | x| x |ed07 abpajiung | 10/pue Aljelow [ewsayl . dwaj V| +002 uasuaf
"B3JB UIDANODUBA
91 Ul SIUDAD ||ejures Alsuaiul ybiy B! 9|qeddde €002
ul puaJl buiseatdul pajesisuowsq X| X| X |e207 ‘J9ANODUBA d|gedidde 10N MO|4 10N ‘Ib 12 qoxef
*(SMO[} mo| Jo ybly snosuelnwis)
SMO|} JO A1DIUOIYDUAS
3} Ul 3SBIIDUI PUB ‘MO|JWEDIIS
ul uolelieA JeaA-01-1eah
1918346 s15966nS jey) (opesojo)
13ddn ‘uinbeof ues-ojusawetdes
‘elquin|o?) ‘4asel{) edlIawy YuoN
UI91S9M Ul SI9ALI 9bae| Buowe 9|qedidde 5002
puaJl buibisws ue pajuswndoqg X | x| x|[x]x |euoneN 3|qedidde 1oN Mmo|4 10N ‘| 12 uref
Buiwin
uonesblwino ul sabueyd .
jooulyd uoneuswbely
|Ie} 40} uondnpoud jjows uo eluJojljeD | Jo/pue uoneisyje 1elqey . dway
SJI0AI9SDJ Wedllsdn wouy ases|a. ases|al / PELN] Aljeyow 3jiuaAnf e pue
WBJISUl JO 109443 dY) palen|en] X | x| x abel01s Ja1em |ed07 auwnjon} Avjeriow ppas . Mmo|4 sjows /66| 19bef
‘uoljedbiw uo arewl)d 1sed
JO 5109}49 3yl 91BN|BAS 01 SISAJeue
9A1303dS0J319J B Ul [9pOowW SIYy) pasn
uayl sioyiny ‘sainyesadwal arem
po1eA3|? 01 3Np uow|es 3Aa3d0s Jo
sAe|ap uoneabiw Ipasd 03 [Spow Jg ‘49A1y siaumeds €002
Buiwil una uoneibiw e padojaasQg X |e307] uebeueQ buiwil una ul sabueyd . dwa] / Synpy ‘Ip 12 11eAH
‘uolnyesbiw pue buiumeds buLnp
sawba4 aunjesadwal 01 paje[au
sem uonelbiw jo buiwil eyl
PaAIRSQ "sddudN[jul saunjesadwal
191BMUSD14 JO 10343 Syl d1BN|BAD
01 buiumeds pue uonesbiw 1S9MYLION siaumeds 200z uuinp
40 Buiwi 3y uo eyep pasn X jeuoibay J1410ed Buiwil uni ui sabueyd . dwa] / Synpy ® uosbpoH
ifa(d(a|v
(1 94nb14 993s) ?eds s9duanbasuo) jedisAydoig | J9AlIQ
S9I0N Atewwing Aemyied 1ueAs|ay uolPy uewnH | |eneds uonedo / Ajelniop uowjes [ 1eliqey | abeis a7 uonein

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




6L

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

*SWISAS0ID
J31emysa4j uo abueyd ewi|d jo
$1939}49 3y1 pueisiapun djay o3 pasn
3¢ p|N0d 1Byl BILISWY YLION J0j sbueyd | s|qedrdde /661 v 12
saliepunogq [euolbal 1yb1a paulyaqg XX X XIX]X |euolyeN d|qedijdde 1oN | 21eWI|]D 10N A3|saAeRT
SUOIIpUOD duleW
poob yim paieldosse AjjesidAy
9JB SUONIPUOD J31EMYSS4) JBL) swdo|ansp /
pajeJlsuowsp os|y "uononpoud JemelpyUM uononpoudau ui sabueyd
1jows Yim paie|allod Alybry asam 191eM uoneuswbely
uolleJbiWINO 1jows BulNp Moy} wswdo|anap 10/pue uoljeJalje 1elqey dwaa
pue ‘19YysaJy [|4 151} JO d1ep ‘SMO|4 pue| uoibuiysem uonepaud paseatdul pue $00¢
JR1uIM ‘saunjesadway Jre [enuuy XXX X|X]|X A11sal0y |jeuolbay | pue uobaiQ Aljeriow ueado mol4 syjows | ‘/p 12 uosmel
‘uowwod
aJow bulwodaq si Ajjeriow
Bulumeds-aid pue anosus ybiy
Ing ‘urenadun si asne) ‘suoyepald
pue ‘saysesed ‘sjueulWweIUOD
‘SUOIIIPUOD [BIUSUUOIIAUD Alljeniow
‘AbojoisAyd Buiajoaul g ‘uiseg umeds-aud / 31noJud slaumeds €002
01 9np 3q Aew uonesbiw [ewiouqy X |e307] e161090 | bulwiy uonesbiw ul SYIys dwa] / synpy | \/p 12 s1ulode]
‘aunjesadwsay Jre
ul S3SERJIDUI PIdNPUI dBWID 01 BNP
sieliqey 3|qe[leAe ul sso| bunnsali
33 91BWIISd UdY1 01 Snsau SS3UIS
953yl pasn "sa4njesadwal Jre BulwoAm | 10/pue Ayjjeow ewJayl
Jwwns Agq pawipald se spluowes ‘surejunopy uonejuswbely 9|qeddde 9661 |Pyey
J0 uonnquasip paiebiisau| XXX X|X]|X |euolbay AX20Y [ 10/pue uoinresaye 1elqey dwsa) 10N LIEIETE)N
'S|[e43N0 MO|4
ybiy Jeau sa11d0|3A 13[ pue uow|es
d[tudANn( jo Ainfur / Ayjeriow 9sed|ad / S||ejino wep e €002
ulam1aq diysuonre|as ay3 pasojdx3 X | X 9be.01s Ja1EeM |e207| uoilbuiysem | smojy 13f 01 anp Ayjeriow MO|4 syjows | ‘v 12 uosuyof
D|d|3|a|d(a|Vv
(1 94nb14 993s) ?eds s9duanbasuo) jedisAydoig | J9AlIQ
S9I0N Atewwing Aemyied 1ueAs|ay uolPy uewnH | |eneds uonedo / Ajelniop uowjes [ 1eliqey | abeis a7 uonein

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




08

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

*s|opow 30ddns uoISIIAP JIAL-UL

JO $SBUINJISN 3Y] PIl1eN|BAd SIOoyIne Ayjerow dway
Yl ‘/66 1 Ul uonelsbiw 3A3D0S o]l umeds-aud / 91noaus pue| sisumeds 0002 ‘|b 12
JO SUO1BAIDSQO |eJnOIARY3( Bulsn X jeuo1bay | ‘49A1Y 49sedd | Burwiy uoneabiw ul SIYS MO|4 / Synpy pleuopaep
uonnquasip ysuy paJtsije
/ SJ110X3 JO UOISeAUl
Aljeriow / ssalis [ewayl
AJJeriow / sS9.1s pale|al
*abueyd ewd pue uold|dap usbAxo
40 S129449 ay1 01 1depe 01 suondo |eAlnIns BH3 padnpau
1UdWabeUBW SWOS SISSNISIP ‘9duabJawa ainyewaid
0S|y ‘sabe1s 341| / sa103ds uowes Alljeow dw?al
uo $123443 |enualod syl pue dUAIIS g umeds-aud / 91noJud pue
abueyd ajew|d sazuewwng X[ x| x| x| x| x |[e207| ‘49Ary Jaseuq | buiwin uonesbiw ul sYiys MO|4 1\ 2661 AnaT
Jawwins Apges ul
MO[JWE3IIS PIdNpaJ e pue ‘Buipooly
J91UIM pasSeaJdul JO dueYd
1918346 B 9ABY SPAYSIdIBM |[BLIS
1Byl pa1dIpald "SOLIRUIIS sabueyd
9lewl|d JO Al3LIBA B U3pUN JjO-und
pue ydpedmous uo sainjesadwsal Jie 0g ‘ulseg 9|qedi|dde €002
ul sabueyd Jo S129449 3yl pare|nwis XX X|X|X]|X leuolbay e1b103n d|qedijdde Jo0N MO|4 10N | ueip ® buna
*d1BWI[D JAWIBM YIIM
SMO|} J91UIM JaybIy pue ‘smoy} ||e}
AlJed-13WwWns 33e| JAMO| ‘4jo-uni
Buiids J91|4ed Jo spual [esdaudb 866 L
pa1}13uadp! ‘g [B4IUD-Y1N0S Wouy 09 ‘[esauad d|qedidde PIRYIYM
SpJod3J |ed1bojoipAy buizAjeue Ag XX X|X|X]|X leuoibay -yinos d|qedidde 10N Mo|4 10N B Y19
‘uowl|es oyod pue A0S Jo
s3)eJ dljogeldw pue dduew.oad ssaJls d11abuausolq
Bujwwims uo ainyesadwal o]l SS3I1S siaumeds €002
4O S129}49 3Y) paulwexy X |e207| ‘49AIY Jaseuq| Jo/pue Alljeriow [ewsayl dwa]) / Synpy ‘Ib 12 997
D(4|3|A|D|9|V
(1 94nb14 993s) ?eds s9duanbasuo) jedisAydoig | J9AlIQ
S9I0N Atewwing Aemyied 1ueAs|ay uolPy uewnH | |eneds uonedo / Ajelniop uowjes [ 1eliqey | abeis a7 uonein

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

"SJ191BM J3WIBM Ul
uolelBlwiINo pae|ap aney eyl ysiy

9soy1 ul (Ayuljes buisealdoul 31ela|ol aJlysdwey
01 Ajijige "9°1) SoisideIRYD MIN ‘49A1Y uonduny 6661 Jv 12
1JOWS JO SSO| dY3 Sluawndop Apnis X |e207| 1nd1d3uuo) | |ea1bojoisAyd ul sabueyd . dwa] sjjows M21IWI0DdN
9dUBJI|0)
'SW)SAS0dd pluow|es |es1wayd ul sabueyd .
ulysm ainyesadwal 01 pajre|al Aupigany uj sabueyd .
sa1adoud jesjwayd pue ‘jedisAyd $S9J1s d119busudolq .
‘leo16ojo1q smalAal Jaded anssi Siy | XX x| x|x|x |euolleN vsn 9SBISIP SNOIdJ}YuI . dwa) v | 1002 euamiepy
*UOW|BS >o0ulyd JO UOIIedI4}|owWs
pue YIMoIb Uo S133}4d uonepatd paseatdul .
1e bupjoo| Aq Ajurew ‘saunjesadwal elutojifed [ so1es ymmoub ul sabueyd .
191eM PRIBAJ|d 0} UOW|es JO BEVN uoneluswbeuy £002 4 Y29)
S9DUEBII|0) [ELLIBY)I BY) paIebIISIAU| X | x |e207| OluBWEIDES | JO/pUE UOIIRID)E JBlIgRY . dwa) sjjows 9 duULep
'Uo1IR||1DSQ |eped3 (U=1ul) dijIded
01 uondNpoud uow|es 3ie|al 01
BIEP SILIBYSIY [BIDIIWWOD Uow|es abueyd | siaumeds 1661
9A)D0s pue yuid ueyse|y sasn X X leuoibay BSe|y ?rewi|D / synpv | /v 12 emuep
‘suolye|ndod uowjes
3|gBIA INSUD 0) SIUBWUOIIAUD
SULIBW pUB I91BMYSDIS
ul sad1desd yuswasbeuew sbueyd
0} suolepuawWwWwodaJ sapiroid
pue sabueyd 3rewl|d JO 1X3U0d
9y1 u1 sapijod yuswabeuew 1S9MYLION abueyd 002 Sslhuely
S31I3YSI} UOWIES SIIPISUOD) X[ x| x| x|x|x |euolbay J1410ed {rewlD 1\ 9 enluep
uonesblwino ul sabueyd .
suJaned
buipasy ul sabueyd . dwa
Burwiy uni ul sabueyd . pue
X|[X] XX X[ X |euonieN salel yimolb uy sabueyd . Mmol4 V| +v661 |9buen
D(4|3|A|D|9|V
(1 94nb14 993s) ?eds s9duanbasuo) jedisAydoig | J9AlIQ
S9I0N Atewwing Aemyied 1ueAs|ay uolPy uewnH | |eneds uonedo / Ajelniop uowjes [ 1eliqey | abeis a7 uonein

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




8

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

200¢
uo12910.4d
BIqWIN|OD) Yysilig Joj abueyd Alljenow dwaa SI\VA
91BWI[D JO JOIBDIpUl U SB $532DNS eIqWN|0D umeds-aud / 91noJus . pue| sisumeds| ‘pue] ‘ud1em
uoljesbiw butumeds uow|es sasn X leuoibay ysnug | butwiy uoneabiw ul syys . MO|4 / Synpy Jo Ansiuipy
‘Jjounu pasnpads bupuadxs
BJLI3WY YLON SpNIIe|-pIl YIm
‘All|Iqe|IBAR 131EM PUB MO[JLUBDIIS s|gedidde 5002
Jo suuaned |eqo|b s1d1pald XX X! x[x]|Xx 1eqo|n 9|qedijdde 10N Mo|4 10N ‘Ib 12 AIINN
'SIWN|OA
buiids pue jenuue sy ul suondNpaJ
pue ‘ydesboipAy pareuiwop
|[Bjules SI0W B ‘SWMOUS
burids Jo 19su0 J314es ue padipald
SOLIBUDDS ||V "SOLIBUDDS abueyd
91BWI[D SNOLIBA J3pun sasuodsau
|ed160j04pAy 11paud 03 [spow
paysJ4arem Dg Jo AlISISAIUN Byl pue g s|gedidde 9007
S[9pOW d1BWI[D PI[BISUMOP PasN XX x| x| x| Xx Jeuolbay ‘uebeueyQ 9|gedijdde 10N Mo[4 10N| /v 12 I
ssaJ1s d11abuaus0Iq .
s9les ymoub ul sabueyd .
uswdodAsp /
"Sabe1S 31| UBIIP uonpnpoudal ul sabueyd .
uo saJniesadwal J91eM JO S1D3)43 SS3U1S 1002 Ip 12
931 JO M3IARL dAISUydwo) XXX XIX]X |euolnreN VSN | 4o/pue Ayjenow ewuayl . dwa) ybnoj NN
awdo|ansp /
uononpoJidau ul sabueyd .
Buiwil uni ui sabueyd .
S9SEISIP SNOoIdB}YuUl .
$S3.1S
‘uowi|es oouiyd 10/pue Alljeliow |[ewiayl .
uo SI SNJ04 "Sabe1S 3}I| JUIBYIP Alljerow wep . dway
uo saJ4niesadwal J91eM JO S1D3443 asesas / uiseg uonejuswbesy pue 6661
91 JO M3IARJ dAISURYIdwOo) XX x| X|x|Xx]| sbeio01s uarem e | |euoibay elqwn|o) | J0/pue uoljesayje Jelqey . Mo|4 v ybnoj NN
D|d|3|a|d(a|Vv
(1 94nb14 993s) ?eds s9duanbasuo) jedisAydoig | J9AlIQ
S9I0N Atewwing Aemyied 1ueAs|ay uolPy uewnH | |eneds uonedo / Ajelniop uowjes [ 1eliqey | abeis a7 uonein

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




€8

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

'SO0S6 L3yl 3dUIs paul|dsp

Sey SUOI1eA’|d MO| 1e pue buids
QY3 bunnp ydedmous urejunow
18yl BulIdA0ISIP ‘uiseg eibioan 3y}
ul SpuaJl AeWI|D SI1BN|EAS Jaded

leuoibay

uiseq
e1b61090

9|gedidde 10N

Mol

9|qedidde
10N

€00¢ @10N

"SpaysJaiem paidayse
ul AlAdNpoud uowes padnpal
9ABY SuUOIIBID)|E 1BUgRY PIRIDOSSE
10 Aduanbauy pooyy ul sasealdul
buninsas pue uoneziueqin

1Byl 9dUIPIAS saplrold Apnis

j1udwabeuew

|]auueyd
/ uenedu .

s|emelpyim

J91em .

|ed07

uoibulysem
‘punos 19b6nd

SSJ1S pale|al MOj} e

MO|4

siaumeds
/ sunpy

/661
Aldwobiuop

® dudsop

*sauniesadwal

131eM U] saseasdul 3a46ap

Z~ pue smoj} dead jo bujwiy Jajues
1s96b6ns suol133[0.d "Ssuolpuod
J3ALI-UI UO SdbuRYD dBWID

34NNy JO S1934J3 Y31 3leN|eAd

01 sbuipulj 931 95N 01 JSAIY
J3sea4 3yl ul sainjesadwal Jarem
puUB MO[} D1103SIY pazAjeue sioyiny

leuoibay

od
‘J3AIY Jasel

9|gedidde 10N

dwa)
pue
MO|4

9|qedidde
10N

2002 '|v 12
UOSI1ION

"S9|qelIeA d1eWI|D
pue |9A9|-adedspue| buisn suiened
aJnjesadwal wealls 1d1pald

01 [9pow |eduidws ue padojaaag

|jeuoibay

eIqwin|od
ysnug

d|gedijdde 10N

dway

9|qeddde
10N

900¢ °100N

‘uonedyijows

Jo 3be pue saies ymoub

ul sabueypd [enuyod o3 sabueyd
959Y1 paie|aJ uayl pue ‘abueyd
31eW||> 01 anp 3bJeydSIp pue Yyipim
pa1am ul sabueyd ybnouyl sieliqey
150| Ajjennualod Jo eaJe ayl ewilsi

Jeuoibay

epeue)
uiase]

uoneyuswbelsy
10/pue uoneJalje 1eliqey .
sa1ed ymoub ul sabueyd .
SS9J41S
J0/pue Alljeliow [ewiayl .

dwa
pue
MO|4

syjows

S661
‘Ib 12 SuuIp

S9I0N Atewwing

D|d|3|a|d(a|Vv

(1 94nb14 993s)
Aemyied 1ueAs|ay

uolPy uewny

9Jeds
[eneds

uoned’oT

s9duanbasuo) jedisAydoig
/ Aljeuiop uouwjes

J1RALQ
1e21qeH

abe1s 3y1

uoneld

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




¥8

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

‘sawbal [ewsayl
1294 UBD 1Byl S3I1IAIIDE UBWNY
pue sassad0.d |edisAyd |ednjeu 1udWdo|dA3p 1S9MYLION 1002
9y buiqudsap uaded Arewwng XXX XIX]X pue| jeuoibay Jl1ded dwa] I\ ‘|b 12 3]00d
BETIN
BIqUIN(OD 3yl Ul Uow|es 3[1udAnf uoilbuiysem
uo sa1ed uonepatd 1d94je Aew sYIys BEVN uonepaud paseasdul 1002 [1I3Yd1y]
w634 d1rewld Moy paieblisanu| X[ x| x |e307 eIqWIN[OD) $s341s d11abhJdud0Iq dwa) syows 9 U3S4919d
wawdo|anap uol1deJalul
pue| Jnoiq ul sabueyd
SN uonnjjod uonepa.id paseasdul
9yl 1noybnoJyl sielgey uow|es uo UOISJIIAIP SS341S
sbueyd padnpul 31eWID JO S1I9J)9 191eM J0/pue AlljeyIow [ewJayl
9yl bunebiisaaul Apnis uonenwis dses|al / uoneluswbeuy
B WoJj s3ynsaJ syuasaid Jaded X[X| x[x]|x]| x| °6ei01s 191EM |euolieN VSN | Jo/pue uoljessye jelqey dway 2002 [e3N,0
‘uow|es 3|1udAn( Jo ymmoub pue aJysdwey dwa
saJnjesadwal U31eM / MOJ4 JAWIWINS MIN ‘JALY pue 002
udaM1aq diysuolie|a4 syl pajen|ead X| x 1e207| Ind1dauuo) | s9res ymoub ul sabueyd MO|4 A4|  Ip 12 MO|SIN
‘uonesbiw-ino buuds BIUIO4IBD
burinp sasesed oml Aq uondajul BEVIN| 1002
4O 2dudpIdUI Byl parebiisanul X |e207 yrewey S9SEISIP SNoIdBYul dway syows | /v 12 S|OYdIN
suJoned
*J9AIY BIqWN|oD 3y) ul uolbulysem uolyesbiw ul sabueyd dwa
Po103}4B 3I9M SINOIABYDQ uoleIBIW asea|al / BEVN $S241S pue | sisaumeds 5002 v 12
pue $5322Nns uoleIbIW pIren|jeal X| obei01s 493eM |ed07 elqwnjo) | J0/pue Alljeyiow [ewJayl MO|4 / Synpy uolybneN
“elquin|o) ysiyig pue uoibuiysem
ul S9JBJ |[BAIAINS PISEBIIIBP pue
BYSB|Y Ul S)D01S 10} S3eJ [BAIAINS
pPaseaudul YIIM PIIBIDOSSE UM
saJnjeladwa)l [BISLOD U] S3leWOU.
wiJem Jeyl puno4 "saldads uow|es
994Y1 JO [BAIAINS UO Ssaunlesadwa) 20072
90BJINS BIS JO 103443 Y3 palew sy X X jeuoibay v | ‘/pi12 139Ny
D(4|3|A|D|9|V
(1 94nb14 993s) ?eds s9duanbasuo) jedisAydoig | J9AlIQ
S9I0N Atewwing Aemyied 1ueAs|ay uolPy uewnH | |eneds uonedo / Ajelniop uowjes [ 1eliqey | abeis a7 uonein

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




S8

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

‘spluowes
40 uondnpoud uo sbueyd arewl|d Jo
5129449 31 BuISSISSE 10) YJOMdWIELY
e dojaAsp 01 Mo[} pue sainiedadwal
191em 03 sabeyul| |esibojolq

pue |es1sAyd a1esbalul suoyiny

dwa
pue

9|gedijdde 10N MO|4

9|qeddde
10N

0661 J9USIDN
9 19619y

*9durwWI0NRd

uollesbiw uowjes aAdd0s

uo 3bueydsip pue sainjesadwy
J9AIY J9sea4 ul sabueyd auniny pue
1sed JO 193443 3yl 31BN[eAd SIoyiny

|e207

od
‘J3AIY J3sel

SSI1S PIIB|DI MO} ®

SS3I1S dwa)

J0/pue Alljeliow [ewidayl . pue

ssalis dnabisuaolq e mo|4

siaumeds
/ synpy

900¢
‘b 12 puey

‘peys uedLwy
pue uowjes 9A3D0s jo bulwil
uoneJBIW UO JIATY BIqUIN[OD
9yl uo sabueyd auniesadwal
pue MOJJ JO 103}43 3yl 21eNn|eA]

asedjal /

X| obeiois yarem

[e207

uoibulysem
BEVN
elquin|od

suJaned dwa)

uolyesbiw ul sabueyd . pue
Bulwiy uni ul sabueyd .

mol4

slaumeds
/ synpy

966 | swepy
B uuIND

*$9S$920.4d duleWw U S3le|IWIS
|euoiBbal 01 NP S| UOIIRIIBAOD
|euoibal eyl asodold "$)201s
juelsip Buowe uoleIIeAOD OU

pue ‘s)@201s AgJeau Buowe [eAIAINS
ul UuoIIeLIBAOD dANISOd punoS

leuoibay

v

L00¢
‘Ip 12 19dAd

a4nesadwan

weaJtis ul suoljeltea jeiodway
pue |eneds uoj} siseq |ea1sAyd
QY1 buiqrossp s1aded Asewwing

|euolbay

1SOMY1ION
d1ed

9|qedijdde 10N dwa]

9|qeddde
10N

1002 uewuag
7 9]00d

el
ainjesadwal endosdde buias
pue uowjes uo ainjesadwal Jo
S129449 0) paie|dJ SANSS] JIJIIUIIDS
9yl buiqudsap uaded Arewwng

|jeuoibay

1SOMY1ION
J110ed

9|qedijdde 10N dwa]

9|qeddde
10N

q100¢
‘b 12 31004

S9I0N Atewwing

D|d|3|a|d(a|Vv

(1 94nb14 993s)
Aemyied 1ueAs|ay

uolPy uewny

9Jeds
[eneds

uoned’oT

s9duanbasuo) jedisAydoig

1AL

/ Aijeuio uouwjes | 1elqey

abe1s 3y1

uoneld

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




98

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

‘abueyd
91eWI|D> WoJj Bunnsas sauUNWWOod dway
131eMYSa4) ul sabueyd padadxs pue | 3|qedidde 1661
jo abuel peouq a3yl saziewwns |euolbay vSn| Auenb iayem ul sabueyd mol4 10N I9|pulyds
‘uowlfes
3O0UIYD JBATY I BUS JO |BAIAINS
ueld0 Ul sabueyd PIpasd 03 o]l obueyd | sssumeds | 00z Swel||IM
Buijomdn |e1se0d JO SIIpUl Pasn X jeuolbay | ‘49A1y deus AlljerI0W Ue’d0 ?rewi|D /synpvy | ® |249nayds
suJoned
dses|al / Bbuipasy ul sabueyd
‘saunjesadwal J91em ul sabueyd abel01s Ja1em . ssaJls d11abuausolq
0} paiejal sabueyd [einoiAeYydq |emelpyum 1S9MY1ION Suol1deIUI 1002
9y buiqudsap uaded Arewwng X x| x|x]|X 131eM e | |euoibay J140ed Jnoiq ul sabueyd dwa] v ‘Ip 12 191neS
*InolAeyaq uonesbiw bundipaad
ul JuedIUBIS 10U UM SMO|4
ybnoys ‘sauniesadwa) 01 paiefal SS341S paIR|at MOJ}
949M sAe|ap uonelbiy "uow|es uoibulysem Burwiy uni ul sabueyd dwa 9002
ooulyd JO uolleabiw uo Moyl pue BEVN SS341S pue | sisumeds uosJapuy
9J4n1esadwial JO 103443 BY3 S91BN|BA] X 18207 elqwnjo) | Jo/pue Alljeriow [ewJayl MO|4 / Synpy ® J9bules
'SpayYsJa1em JaAlY uewyst|bul buipuesis
pue BJ|0dIN 3yl Ul S3IMAIDE |emMelpyum uonesblw—uweansdn
uo siseydws [e123ds © YylIm I91em JO 191eM . D9 ‘SIdAIY paiualdud Jo paAeap
S9SN YSI} pUB SISN UBWINY UIIMISQ ases|as / uewysl|bul uoneuswbely €00¢Z o|3buy
S101]}U0D 3y saziewwns uoday X| X|X|X| X| °6bei01s u51eM o | |eUOIbaY pue ejodIN | J0/pue uolleIdl|e JRYIqRY MO|4 v 9 NeUISOY
SS341S
10/pue Alljeliow [ewdayl
‘udyenspun si buiuueld suJoned
A13A0234 uowjes ul jenuslod uonesbiw ul sabueyd
113Y3) pue el4a114d dinlesadwal 9dUeI3|0)
JlJ3WNU JO UOIIBN|BAS UR UOIlIppEe |ed1wayd ul sabueyd
uj "uow[es p|IM JO dUl|IIP dY3 JO S9SBISIP SNOIdJ}YuUI
SwJ9) Ul Aunjesadwal Jo sadudNjHuL Buiwiy una ul sabueyd
|9A3]-uolre|ndod Jo |edibojoisAyd 1udWdo|dA3p 1S9MYLION uswdo|aAsp / S00Z Saw|o)
931 JO MIIAISAO UB SIPIAOIG X| X[ x| x| X pue| e | |euoibay Jided | uondnpoudal ul sabueyd dwa) v B 191yd1y
ifa(d(a|v
(1 94nb14 993s) ?eds s9duanbasuo) jedisAydoig | J9AlIQ
S9I0N Atewwing Aemyied 1ueAs|ay uolPy uewnH | |eneds uonedo / Ajelniop uowjes [ 1eliqey | abeis a7 uonein

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




L8

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

‘Ayauenb pue
Allenb Jia1em e19p J9AIY J9SBI4 UO B9p abueyd | s|qedydde 002
spedwi abueyd s1ewl|d sassndsiq |Jeuolbay | JaArY Jaseld {1ewl]D 10N '3 “JojAe
$S2U1S
10/pue AlljelJow [ewIdy} e
*s9123ds uow|es s9les ymoub ul sabueyd .
91UdAN[ UO S123443 d4niesadwal uonouny
swiuswwns azAjeue o1 ydeoudde 1samyuioN | |ea1bojoisAyd ul sabueyd . 0002
paseqg-ysi e sdojansp Jaded X| x| x |euolbay ol40ed 9SE3SIp Snondajul . dwsa) sjows | v 12 ueAlnNS
ases|al /
a4nesadwan 96®.101s J91EM
J91BM S1D94J8 SIIIAIIDR 3Sh pue| S|emMeIpyIM 9|qedijdde 8661 v 12
1Byl 9DUIPIAD dANRYI|eND SIPIAOId 191eM leuolbay opeso|o0) 9|qedijdde 10N dwa] 10N uaubjyois
‘Adad jo
B|IBAB PAseaJdul woJy bulynsal
(s1e31gRY JaALI-U] 01 paJedwod se) SS?U1S
sJ91em ule|dpooy ul ued jo sajed elulO4l|eD | J0/pue Alljeliow [ewidyl .
yimmolb paseatdul pajesisuowap SEYIN| susaned 1002
‘saunyesadwal Joybiy sudssq X |e207| ojuswWeIdES buipasy ul sabueyd . dwa] aed | /v 12 Jswwios
"MO[JWEI]S Ul SUOIIBLIBA
0] UOIIB[3J Ul UOW|ES Yooulyd pue eIqWN|0D
0yod Ag 3sn 1elgeyoJdiw saqliasaqg X |euolbay ysnuig SS9J1S pPIB[DJ MO} e Mo[4 sjjows | +661 |[PMIYS
'SI9ALL pUR S| JR1BMYSIS UO
$9SS9.1S 01 BuIpe3d| 34 SMO[} J9ALL S3IAIDR 9002
pue ‘uonenddaid ‘sainjessadwal 1uswdo|aA3p epeue) 9|qeddde anyeuoq
dIe ul SpuaJ) moy saleaisnj| uewny |euolbay UIISIM d|qedijdde 10N Mo[4 10N 1 I3|puUIydS
1swdo|aAsp
pue|
sanads
dAleU-UOU
bulysiy 1an0
abueyd |emelpyum
d1BWI|> WOy Bunnsal saUNWWOod 191eM susaned dway
J91eMYSad) ul sabueyd pe1dadxs 9sed|ad / uonesbiw ul sabueyd . pue | 3|qedidde 1002
Jo 3buels peOoIq Y} SAZISBWWNS 9be.01s Ja1EM leuoibay epeue) | Aljenb usyem ul sabueyd . MO|4 10N 13|puiyds
j|ajdfafv
(1 94nb14 993s) ?eds s9duanbasuo) jedisAydoig | J9AlIQ
S9I0N Atewwing Aemyied 1ueAs|ay uolPy uewnH | |eneds uonedo / Ajelniop uowjes [ 1eliqey | abeis a7 uonein

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV
SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




88

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

*AlljerIow uB3d0 paseatdul
01 SPEd| SIUSWUOUIAUD JI1BMYSDIS
ul ainsodxa AN 18yl 3z1saylodAH

Jeuoibay

eIqWIN|OD
ysnug

Alljeriow ueado .
insodx? AN .

abueyd
{rewlD

syjows

8661 PieM
19 SI1eM

‘uone|nwnie ydedmous

pue 3b4eYISIp MO| :IIUIM
}]Wwmous pue sbueydsip ybiy
2J3WWNG SeaJy J0LIdU| (2) “|[ejules
Aneay pue abaeydsip ybiy uaiuim
‘uleJ JO SluUNowe Mo| pue abieydsip
We3J1S MO| I3WWNS "Sealy
|B1SBOD () "SUOIIBUOZ dIlBWI|D pU®
|e3160(04pAy Buimo||o4 s9ZIIeWwWNS

leuolbay

D49 ‘uiseg
elbioan

9|qedijdde JoN

MO

9|qedi|dde
10N

Looz
‘Ib 12 3pem

'PIYSIIEM JDAIY BUIMS
9yl ul suoseas bulumeds G661 pue
661 @Y1 bulinp uowjes aAad0s
ul S)B3.gIN0 3SEBISIP SIudWNd0Q

[e207

D9 49y
EENN

9SEasIp snondsjul e

dwa]

siaumeds
/ synpy

8661

I 12 J3|Xed]

‘ubis bulusem |ed3160]03d

ue se pamalA 9q Aew dj1404d
9J4niesadwal weals [euipniibuol
ay1 ul Axsusbousiay ybnoya

U3A3 ‘S3DUBID|0] [BIUSWIUOIIAUD
11941 jo uibrew syl 1e

buiisixa sa1dads 104 1e1IqeYy 3piroad
01 |enualod |ea1bojoiq sil 10y
paziubodaa 3q p|noys os|e swealls
ul ssaulydied |ewIdYl 1Y) [BIAI
uowi|es yoouiyd Ag asn 41yl pue
eibnyaJ [eWISY] JO SUOIIBAISS]O

1uswdo|aA3p
pue| °

[ed07

uobauQ
‘uiseg JaAry
Aeq@ uyof

uoneluswbeuy

Jo/pue uoneidlje Jeliqey e

dway

siaumeds
/ sunpy

6661 /v 12
uasiabio]

*abueyd d1eWI|d JO S1I3Y43

uaAIb sabexul| pajedidilue aney
[[1M Yd1ym ‘sainiesadwial Jayem pue
9SeISIP plUOW|eS e o saduderdtd
uaMm13q diysuolle|at ayl sassndsia

[eqo|D

9SEaSIP SNOIDAUI

dwa]

siaumeds
/ sunpy

900¢
‘Ip 12 sdo]

S9I0N Atewwing

D|d|3|a|d(a|Vv

(1 94nb14 993s)
Aemyied 1ueAs|ay

uolPy uewny

9Jeds
[eneds

uoned’oT

s9duanbasuo) jedisAydoig
/ Aljeuiop uouwjes

J1RALQ
1e21qeH

abe1s 3y1

uoneld

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




68

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

*s9dAy paysarem

95331 SSOUDB AJBA |[IM SIUDAD

MO} MO| pue Bulpoolj Jo Adusanbauy
pue apnyubew ul sabueyd
15966ns sabueyd d160|04pAy

Jo suondipaid aining “(|[esmous
pue [[ejures paxiw) plgAy pue
‘UALIP [SWIMOUS ‘UBALIP ||BjUIRL

:s91406331ed 934y buisn uoibas g ‘uiseg 9|qeddde €002
Y1 UIYHM SpaysJalem aiesedas X[x] x| x| x| x Jeuo1bay eIb109D 9|gedidde 10N MO|4 10N PIRYIYM
"3bueYd S1BWI[D 01 B3NP SMOJ}
ead jo spniuubew pue Aduanbaiy
3Y3 ul saseaJdul Juedubls
1Ipald sioyiny "JaARY uewyslbul
9yl uo apniubew pue Aduanbauy g ‘49Ay 9|qedidde €00¢
pooy} ul sebueyd paiebisaaul XX x| x| x| X |e>o7| uewysibul d|qedidde 10N Mmo|4 10N | /v 12 uoisam
‘uonnqlasip
PIpasd pad|ay eyl s|qelrea
uenodwi ue sem ainyesddwl
191\ “SaJnyeladwal Jsawwns elUlOyl|ED
pue uowjes oyod jo Iduasaid BEVN SS241S 1002
ulaIM1aqg diysuolle|aJ ay3 pauljwexy X| X| X 18207 901k | J0/pue Alljeriow [ewJayl . dwa]y syows ‘Ib 12 YS|9IM
"UOMNA Y3
Ul J0U 3J3M pue Dg JO JOLIRIUI Y}
ybnouya ‘sabueyd 0dd 01 aalsuodsau
9J9M SJBAL D |BISROD Ul SMOJ} MO
*SJUDAD UOIE[[12SO UJaYylInos / OuUIN
|3 pue (OAd) uone||13sO [epelaq Uo3NA pue
J1415ed 03 UOXNA 3Y3 pue Dg ul elquinjod s|qedi|dde 900¢
SJ9ALI JO 3SUOASIAI MO|J-MO| 1e|DY XX X XIX]X Jeuoibay ysnug 9|qedijdde 10N MO|4 10N ‘Ip 12 Buem
D(4|3|A|D|9|V
(1 94nb14 993s) ?eds s9duanbasuo) jedisAydoig | J9AlIQ
S9I0N Atewwing Aemyied 1ueAs|ay uolPy uewnH | |eneds uonedo / Ajelniop uowjes [ 1eliqey | abeis a7 uonein

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




06

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

U340 SSI| JNdd0
SIUDAD MO} MO| SWEIIIS UIALIP
1J3WMOUS Ul MO} MO| SBIYM 3w}
J0 pouiad J91e34b U490 INQ J3qUInU
pue Aduanbauiy swes uieyurew
SWEIIIS USALIP [[BJUIRI U] SMO|4

MO "apnliubew 10U INg SasEIIDUI
pooj4 Jo Aduanbauiy swealls usaup
|[BJUlBJ Ul SBRJYM ‘S3SEBIIDUI POO|}

J3WwWInNS Jo uoljeanp pue apniubew D9 ‘uiseg d|qedidde €002 Ip 12
SWEdJIS UDALIP }[DWMOUS U] XX x| x| x| x jeuoibay e161030 $S41S paie|ad MOJ} . MO|4 10N PIRIYM
D(4|3|A|D|9|V
(1 94nb14 993s) ?eds s9duanbasuo) jedisAydoig | J9AlIQ
S9I0N Atewwing Aemyied 1ueAs|ay uolPy uewnH | |eneds uonedo / Ajelniop uowjes [ 1eliqey | abeis a7 uonein

£00C ¥439W3ILd3S

MIIATY FINLVITLIT 4O AIVWWANS 'V XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
APPENDIX B. REFERENCES CITED IN APPENDIX A

APPENDIX B. REFERENCES CITED IN APPENDIX A

Anderson, J.J., and R.A. Hinrichsen. 1996. Climate indicators of salmon survival. Paper presented Oct 18, 1996 at
the PICES Meeting, Nanaimo, BC. Available at: www.cbr.washington.edu/papers/jim/draft.pdf

Arkoosh, M.R., A.N. Clemons, A.N. Kagley, C. Stafford, A.C. Glass, K. Jacobson, P. Reno, M.S. Myers, E. Casillas, and
F. Loge. 2003. Survey of pathogens in juvenile salmon Oncorhynchus spp. migrating through Pacific
Northwest estuaries. Journal of Aquatic Animal Health 16(4): 186-196.

Barnett, T.P., J.C. Adam, and D.P. Lettenmaier. 2005. Potential impacts of a warming climate on water availability
in snow-dominated regions. Nature. 438 (17): 303-309

Beechie, T., E. Buhle, M. Ruckelshaus, A. Fullerton, and L. Holsinger. 2006. Hydrologic regime and the conservation
of salmon life history diversity. Biological Conservation. 130: 560-572.

Beer, W.N., and J.J. Anderson. 2001. Effect of spawning day and temperature on salmon emergence:
interpretations of a growth model for Methow River chinook. Canadian Journal of Fisheries and Aquatic
Sciences. 58(5): 943-949.

Blackbourn, D.J. 1993. Sea surface temperature and the subsequent freshwater survival rate of some salmon
stocks: A surprising link between the climate of land and sea. In K.T. Redmond and V.L. Tharp (eds.),
Proceedings of the Ninth Annual Pacific Climate (PACLIM) Workshop, April 21-24, 1992. California Department
of Water Resources, Interagency Ecological Studies Program, Tech. Rep. 34, pp. 23-32.

Bradford, M.J., and J.R. Irvine. 2000. Land use, fishing, climate change, and the decline of Thompson River, British
Columbia, coho salmon. Canadian Journal of Fisheries and Aquatic Sciences. 57: 13-16.

Bradford, R.G., and A.M. Cook. 2004. Assessing direct effects of temperature on growth and survival of temperate
freshwater dependent fishes under a climate change scenario. Climate Change Impacts and Adaptation: Water
Resources and Fisheries in New Brunswick Proceedings. Moncton, New Brunswick, March 15-16, 2004, Gulf
Fisheries Centre, Fisheries and Oceans Canada, 343 rue de I’Université. Available from
www.umoncton.ca/climat/

Breau, C. 2004. The effects of high water temperatures on the ecophysiology and the behaviour of juvenile
Atlantic salmon (Salmo salar). Climate Change Impacts and Adaptation: Water Resources and Fisheries in New
Brunswick Proceedings. Moncton, New Brunswick, March 15-16, 2004, Gulf Fisheries Centre, Fisheries and
Oceans Canada, 343 rue de I’Université.

Caissie, D. 2000. The thermal regime of rivers: a review. Freshwater Biology. 51: 1389-1406.

Caissie, D., and M.G. Satish. 2001. Modelling water temperatures at depths within the stream substrate at
Catamaran Brook (NB): potential implication of climate change. Canadian technical report of fisheries and
aquatic sciences.

Cannon, AJ., and P.H. Whitfield. 2002. Downscaling recent streamflow conditions in British Columbia, Canada
using ensemble neural network models. Journal of Hydrology. 259: 136-151.

Connor, W.P., C.E. Piston, and A.P. Garcia. 2003a. Temperature during incubation as one factor affecting the
distribution of Snake River fall chinook salmon spawning areas. Transactions of the American Fisheries
Society. 132:1236-1243.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 21


http://www.cbr.washington.edu/papers/jim/draft.pdf�
http://www.umoncton.ca/climat/�

HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
APPENDIX B. REFERENCES CITED IN APPENDIX A

Connor, W.P., H.L. Burge, J.R. Yearsley, and T.C. Bjornn. 2003b. Influence of flow and temperature on survival
of wild subyearling fall Chinook salmon in the Snake River. North American Journal of Fisheries Management.
23:362-375.

Cooke, S.J., S.G. Hinch, A.P. Farrell, M.F. Lapointe, S.R.M. Jones, J.S. Macdonald, D.A. Patterson, M.C. Healey, and G.
Van Der Kraak. 2004. Abnormal migration timing and high en route mortality of sockeye salmon in the Fraser
River, British Columbia. Fisheries 29(2): 22-33.

Cox, S. and S. Hinch. 1997. Changes in size at maturity of Fraser River sockeye salmon (Oncorhynchus nerka)
(1952-1993) and associations with temperature. Canadian Journal of Fisheries and Aquatic Sciences. 54:
1159-1165.

Cragg-Hine, D., D.C. Bradley, and K. Hendry. 2006. Changes in salmon smolt ages in the Welsh River Dee over a 66
year period. Journal of Fish Biology. 68: 1891-1895.

Craig, J.K., C.J. Foote, and C.C. Wood. 1996. Evidence for temperature-dependent sex determination in sockeye
salmon (Oncorhynchus nerka). Canadian Journal of Fisheries and Aquatic Sciences. 53: 141-147.

Crossin, G.T., S.G. Hinch, A.P. Farrell, D.A. Higgs, and M.C. Healey. 2004. Somatic energy of sockeye salmon
Oncorhynchus nerka at the onset of upriver migration: a comparison among ocean climate regimes. Fisheries
Oceanography. 13(5):345-349.

Crozier, L., and Zabel, R.W. 2006. Climate impacts at multiple scales: evidence for differential population
responses in juvenile Chinook salmon. Journal of Animal Ecology.

Deriso, R.B., D.R. Marmorek, and I.J. Parnell. 2001. Retrospective patterns of differential mortality and common
year-effects experienced by spring and summer chinook salmon (Oncorhynchus tshawytscha) of the Columbia
River. Canadian Journal of Fisheries and Aquatic Sciences. 58: 2419-2430.

Douglas, T. 2006. Review of groundwater-salmon interactions in British Columbia. Prepared for Watershed Watch
Salmon Society and Walter and Duncan Gordon Foundation.

Dunham, J., J. Lockwood, and C. Mebane. 2001. Salmonid Distributions and Temperature. Issue Paper 2 Prepared
as Part of Region 10 Temperature Water Quality Criteria Guidance Development Project. US Environmental
Protection Agency.

Eaton, J.G., and R.M. Scheller. 1996. Effects of climate warming on fish thermal habitat in streams of the United
States. Limnology and Oceanography 41(5): 1109-1115.

Edmundson, J.A., and A. Mazumder. 2001. Linking Growth of Juvenile Sockeye Salmon to Habitat Temperature in
Alaskan Lakes. Transactions of the American Fisheries Society 130: 644-662.

Finney, B., I. Gregory-Eaves, J. Sweetman, M. Douglas, and J.P. Smol. 2000. Impacts of climatic change and fishing
on Pacific salmon abundance over the past 300 years. Science 290 (5492): 795-799.

Foreman, M.G.G., C.B. James, M.C. Quick, P. Hollemans, and E. Wiebe. 1996. Flow and temperature models for the
Fraser and Thompson Rivers. Atmosphere-Ocean 35(1): 109-134.

Foreman, M.G.G., D.K. Lee, J. Morrison, S. Macdonald, D. Barnes, and L.V. Williams. 2001. Simulations and
retrospective analyses of Fraser Watershed Flows and Temperatures. Atmosphere-Ocean 39(2): 89-105.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 92



HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
APPENDIX B. REFERENCES CITED IN APPENDIX A

Goniea, T.M., M.L. Keefer, T.C. Bjornn, C.A. Peery, D.H. Bennett, and L.C. Stuehrenberg. 2006. Behavioral
Thermoregulation and Slowed Migration by Adult Fall Chinook Salmon in Response to High Columbia River
Water Temperatures. Transactions of the American Fisheries Society. 135: 408-419.

Greene, C.M., D.W. Jensen, G.R. Pess, E.A. Steel, and E. Beamer. 2005. Effects of Environmental Conditions during
Stream, Estuary, and Ocean Residency on Chinook Salmon Return Rates in the Skagit River, Washington.
Transactions of the American Fisheries Society. 134:1562-1581.

Hauer, F.R., J.S. Baron, D.H. Campbell, K.D. Fausch, S.W. Hostetler, G.H. Leavesley, P.R. Leavitt, D.M. McKnight, and
J.A. Stanford. 1997. Assessment of climate change and freshwater ecosystems of the Rocky Mountains, USA

and Canada. Hydrological Processes. 11: 903-924.

Heggberget, T.G., and J.C. Wallace. 1984. Incubation of the eggs of Atlantic salmon, Salmo salar, at low
temperatures. Canadian Journal of Fisheries and Aquatic Sciences. 41(2): 389-391.

Henderson, M.A., D.A. Levy, and J.S. Stockner. 1992. Probable consequences of climate change on freshwater
production of Adams River sockeye salmon (Oncorhynchus nerka). GeoJournal. 28(1): 51-59.

Henderson, M.A., R.E. Diewert, J.G. Stockner, and D.A. Levy. 1995. Effect of water temperature on emigration
timing and size of Fraser River pink salmon (Oncorhynchus gorbuscha) fry: implications for marine survival.
Page 655-664 in R.J. Beamish (ed). Climate Change and Northern Fish Populations. Can. Spec. Publ. Fish.
Aquat. Sci. 121.

Hengeveld, H.G. 1990. Global climate change: implications for air temperature and water supply in Canada.
Transactions of the American Fisheries Society. 119: 176-182.

Hinch, S.G., M.C. Healey, R.E. Diewert, and M.A. Henderson. 1995. Climate change and ocean energetics of Fraser
River sockeye (Oncorhynchus nerka). Page 439-459 in RJ. Beamish (ed). Climate Change and Northern Fish
Populations. Can. Spec. Publ. Fish. Aquat. Sci. 121.

Hodgson, S., and T.P. Quinn. 2002. The timing of adult sockeye salmon migration into fresh water: adaptations by
populations to prevailing thermal regimes. Canadian Journal of Zoology. 80: 542-555.

Hyatt, K.D., M.M. Stockwell, and D.P. Rankin. 2003. Impact and Adaptation Responses of Okanagan River Sockeye
Salmon (Oncorhynchus nerka) to Climate Variation and Change Effects During Freshwater Migration: Stock
Restoration and Fisheries Management Implications. Canadian Water Resources Journal. 28 (4): 689-713.

Jager, H.I., H.E. Cardwell, M. Sale, M.S. Bevelhimer, C.C. Coutant, and W. Van Winkle 1997. Modelling the linkages
between flow management and salmon recruitment in rivers. Ecological Modelling. 103: 171-191.

Jain, S., M. Hoerling, and J. Eischeid. 2005. Decreasing Reliability and Increasing Synchronicity of Western North
American Streamflow. Journal of Climate. 18: 613-618.

Jakob, M., I. McKendry, and R. Lee. 2003. Long-Term Changes in Rainfall Intensities in Vancouver, British
Columbia. Canadian Water Resources Journal 28 (4): 587-604.

Jensen, J.0.T. 2004. Puntledge River High Temperature Study: Influence of High Water Temperatures on Adult Pink
Salmon Mortality, Maturation, and Gamete Viability. Canadian Technical Report of Fisheries and Aquatic
Sciences 2523.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 93



HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
APPENDIX B. REFERENCES CITED IN APPENDIX A

Johnson, G.E., B.D. Ebberts, D.D. Dauble, A.E. Giorgi, P.G. Heisey, R.P. Mueller, and D.A. Neitzel. 2003. Effects of
jet entry at high-flow outfalls on juvenile Pacific salmon. North American Journal of Fisheries Management
23(2): 441-449.

Keleher, CJ., and Rahel, F.J. 1996. Thermal limits to salmonid distributions in the rocky mountain region and
potential habitat loss due to global warming: A geographic information system (GIS) approach. Transactions of
the American Fisheries Society.

Lapointe, M.F., S.J. Cooke, S.G. Hinch, A.P. Farrell, S. Jones, S. Macdonald, D. Patterson, M.C. Healey, and G. Van
Der Kraak. 2003. Late-run sockeye salmon in the Fraser River, British Columbia are experiencing early
upstream migration and unusually high rates of mortality: what is going on? In Proceedings of the 2003
Georgia Basin/Puget Sound Research Conference pp. 1-14.

Lawson, P.W., E.A. Logerwell, N.J. Mantua, R.C. Francis, and V.N. Agostini. 2004. Environmental factors influencing
freshwater survival and smolt production in Pacific Northwest coho salmon (Oncorhynchus kisutch). Canadian
Journal of Fisheries and Aquatic Sciences. 61: 360-373.

Leavesley, G.H., K. Turner, F.A. D’Agnese, and D. McKnight. 1997. Regional delineation of North America for the
assessment of freshwater ecosystems and climate change. Hydrological Processes 11: 819-824.

Lee, C.G., A.P. Farrell, A. Lotto, M.J. MacNutt, S.G. Hinch, and M.C. Healey. 2003. The effect of temperature on
swimming performance and oxygen consumption in adult sockeye (Oncorhynchus nerka) and coho
(O. kisutch) salmon stocks. Journal of Experimental Biology 206(18): 3239-3251.

Leith, R.M.M., and P.H. Whitfield. 1998. Evidence of climate change effects on the hydrology of streams in south-
central BC Canadian Water Resources Journal. 23 (3): 219-230.

Leung, L.R. and Y. Qian. 2003. Changes in Seasonal and Extreme Hydrologic Conditions of the Georgia
Basin/Puget Sound in an Ensemble Regional Climate Simulation for the Mid-Century. Canadian Water
Resources Journal 28 (4): 605-631.

Levy, D.A. 1992. Potential impacts of global warming on salmon production in the Fraser River watershed.
Department of Fisheries and Oceans, Vancouver, BC (Canada). Fisheries Branch 94pp + iii.

Macdonald, J.S., .V. Williams, and J.C. Woodey. 2000. The effects of in-river conditions on migrating sockeye
salmon (Oncorhynchus nerka).In ).S. Macdonald (ed.) Mortality during the migration of Fraser River sockeye
salmon (Oncorhynchus nerka): a study of the effect of ocean and river environmental conditions in 1997.
Can. Tech. Rep. Fish. Aguat. Sci. 2315. pp. 39-57.

Mangel, M. 1994. Climate change and salmonid life history variation. Deep-Sea Research Part Il-Topical Studies in
Oceanography 41(1): 75-106.

Mantua, N.J., and R.C. Francis. 2004. Natural Climate Insurance for Pacific Northwest Salmon and Salmon Fisheries:
Finding Our Way through the Entangled Web. In E.E. Knudsen and D. MacDonald (editors). Sustainable
Management of North American Fisheries. American Fisheries Society Symposium 43:127-140.

Mantua, NJ., S.R. Hare, Y. Zhang, J.M. Wallace, and R.C. Francis. 1997. A Pacific interdecadal climate oscillation
with impacts on salmon production. Bulletin of the American Meteorological Society. Available from:
http://www.atmos.washington.edu/~mantua/REPORTS/PDO/pdo_paper.html

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 94


http://www.atmos.washington.edu/~mantua/REPORTS/PDO/pdo_paper.html�

HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
APPENDIX B. REFERENCES CITED IN APPENDIX A

Marine, K.R., and J.J. Cech Jr. 2004. Effects of high water temperature on growth, smoltification, and predator
avoidance in juvenile Sacramento River chinook salmon. North American Journal of Fisheries Management.
24:198-210.

Materna, E. 2001. Temperature Interaction. Issue Paper 4 Prepared as Part of Region 10 Temperature Water Quality
Criteria Guidance Development Project. US Environmental Protection Agency.

McCormick, S.D., R.A. Cunjak, B. Dempson, M.F. O’Dea, and J.B. Carey. 1999. Temperature-related loss of smolt
characteristics in Atlantic salmon (Salmo salar) in the wild. Canadian Journal of Fisheries and Aquatic Sciences.
56(9): 1649-1667.

McCullough, D.A. 1999. A Review and Synthesis of Effects of Alterations to the Water Temperature Regime on
Freshwater Life Stages of Salmonids, with Special Reference to Chinook Salmon. Prepared by the Columbia
River Inter-Tribal Fish Commission.

McCullough, D.A., S. Spalding, D. Sturdevant, and M. Hicks. 2001. Summary of Technical Literature Examining the
Physiological Effects of Temperature on Salmonids. Issue Paper 5 Prepared as Part of Region 10 Temperature
Water Quality Criteria Guidance Development Project. US Environmental Protection Agency.

Merritt, W.S., Y. Alila, M. Barton, B. Taylor, S. Cohen, D. Neilsen. 2006. Hydrologic response to scenarios of climate
change in subwatersheds of the Okanagan basin, British Columbia. Journal of Hydrology 326: 79-108.

Milly, P.C.D., K.A. Dunne, and A.V. Vecchia. 2005. Global pattern of trends in streamflow and water availability in a
changing climate. Nature. 438 (17): 347-350.

Ministry of Water, Land, and Air Protection. 2002. Indicators of Climate Change for British Columbia, 2002.
Available at: http://www.env.gov.bc.ca/air/climate/indicat/pdf/indcc.pdf

Minns, C.K., R.G. Randall, E.M.P. Chadwick, J.E. Moore, and R. Green. 1995. Potential impact of climate change
on the habitat and population dynamics of juvenile Atlantic salmon (Salmo salar) in eastern Canada.
In Climate Change and Northern Fish Populations. Edited by R.J. Beamish. Can. Spec. Publ. Fish.
Aquat. Sci. 121 pp. 699-708.

Moore, R.D. 2006. Stream Temperature Patterns in British Columbia, Canada, Based on Routine Spot
Measurements. Canadian Water Resources Journal. 31(1): 41-56

Morrison, J., M.C. Quick, and M.C.G. Foreman. 2002. Climate change in the Fraser River watershed: Flow and
temperature projections. Journal of Hydrology 263: 230-244.

Moscrip, A.L., and D.R. Montgomery. 1997. Urbanization, flood frequency, and salmon abundance in Puget
Lowland streams. Journal of the American Water Resources Association 33(6):1289-1297.

Mote, P.W. 2003. Twentieth-Century Fluctuations and Trends in Temperature, Precipitation, and Mountain
Snowpack in the Georgia Basin—Puget Sound Region. Canadian Water Resources Journal. 28 (4): 567-585.

Mueter, F.J., R.M. Peterman, and B.J. Pyper. 2002. Opposite effects of ocean temperature on survival rates of 120
stocks of Pacific salmon (Oncorhynchus spp.) in northern and southern areas. Canadian Journal of Fisheries
and Aquatic Sciences 59: 456-463.

Naughton, G.P., Caudill, C.C., Keefer, M.L., Bjornn, T.C., Stuehrenberg, L.C., and Peery, C.A. 2005. Late-season
mortality during migration of radio-tagged adult sockeye salmon (Oncorhynchus nerka) in the Columbia River.
Canadian Journal of Fisheries and Aquatic Sciences. 62: 30-47.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 95


http://www.env.gov.bc.ca/air/climate/indicat/pdf/indcc.pdf�

HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
APPENDIX B. REFERENCES CITED IN APPENDIX A

Nichols, K., T. Kimberly, E. Wiseman and J.S. Foott. 2007. Incidence of Ceratomyxa shasta and Parvicapsula
minimicornis infections by QPCR and histology in juvenile Klamath River chinook salmon. Prepared by US Fish
and Wildlife Service, California-Nevada Fish Health Center, Anderson, CA.

Nislow, K.H., A.J. Sepulveda, and C.L. Folt. 2004. Mechanistic Linkage of Hydrologic Regime to Summer Growth of
Age-0 Atlantic Salmon. Transactions of the American Fisheries Society. 133(1):79-88.

O’Neal, K. 2002. Effects of Global Warming on Trout and Salmon in U.S. Streams. Prepared by Abt Associates.
Prepared for Defenders of Wildlife and Natural Resources Defense Council. 46 pp.

Petersen, J.H., and J.F. Kitchell. 2001. Climate regimes and water temperature changes in the Columbia River:
Bioenergetic implications for predators of juvenile salmon. Canadian Journal of Fisheries and Aquatic Sciences.
58: 1831-1841.

Poole, G., J. Dunham, M. Hicks, D. Keenan, J. Lockwood, E. Materna, D. McCullough, C. Mebane, J. Risley, S. Sauter,
S. Spalding, and D. Sturdevant. 2001a. Technical Synthesis: Scientific issues relating to temperature criteria
for salmon, trout and char native to the Pacific Northwest. Prepared as Part of Region 10 Temperature Water
Quality Criteria Guidance Development Project. US Environmental Protection Agency.

Poole, G., J. Risley, and M. Hicks. 2001b. Spatial and temporal patterns of stream temperature (Revised). Issue
Paper 3 Prepared as Part of Region 10 Temperature Water Quality Criteria Guidance Development Project. US
Environmental Protection Agency.

Poole, G.C., and C.H. Berman. 2001. An ecological perspective on in-stream temperature: Natural heat dynamics
and mechanisms on human-caused thermal degradation. Environmental Management 27: 787-802.

Pyper, B.J., F.J. Mueter, R.M. Peterman, D.J. Blackbourn, and C.C. Wood. 2001. Spatial covariation in survival rates
of Northeast Pacific pink salmon (Oncorhynchus gorbuscha). Canadian Journal of Fisheries and Aquatic
Sciences 58: 1501-1515.

Quinn, T.P., and D.J. Adams. 1996. Environmental changes affecting the migratory timing of American shad and
sockeye salmon. Ecology. 77 (4): 1151-1162.

Rand, P.S., S.G. Hinch, J. Morrison, M.G.G. Foreman, M.J. MacNutt, J.S. MacDonald, M.C. Healey, A.P. Farrell, and
D.A. Higgs. 2006. Effects of River Discharge, Temperature, and Future Climates on Energetics and Mortality of
Adult Migrating Fraser River Sockeye Salmon. Transactions of the American Fisheries Society. 135: 655-667.

Reiger, H.A., and J.D. Meisner. 1990. Anticipated effects of climate change on freshwater fishes and their habitat.
Fisheries. 15 (6): 10-15.

Richter, A., and S.A. Kolmes. 2005. Maximum temperature limits for chinook, coho, and chum salmon, and
steelhead trout in the Pacific Northwest. Reviews in Fisheries Science. 13: 23-49.

Rosenau, M.L., and M. Angelo. 2003. Conflicts between People and fish for water: Two British Columbia salmon
and steelhead rearing streams in need of flow. Prepared for the Pacific Fisheries Resource Conservation
Council. Vancouver, BC. Available from:
www.fish.bc.ca/reports/pfrcc_conflicts_between_people_and_fish_for_water.pdf

Salinger, D.H., and J.J. Anderson. 2006. Effects of Water Temperature and Flow on Adult Salmon Migration Swim
Speed and Delay. Transactions of the American Fisheries Society. 135:188-199.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 926


http://www.fish.bc.ca/reports/pfrcc_conflicts_between_people_and_fish_for_water.pdf�

HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
APPENDIX B. REFERENCES CITED IN APPENDIX A

Sauter, S.T., McMillan, J., and Dunham, J. 2001. Salmonid Behavior and Water Temperature. Issue Paper 1 Prepared
as Part of Region 10 Temperature Water Quality Criteria Guidance Development Project. US Environmental
Protection Agency.

Scheuerell, M.D., and J.G. Williams. 2005. Forecasting climate-induced changes in the survival of Snake River
spring/summer Chinook salmon (Oncorhynchus tshawytscha). Fisheries Oceanography. 14 (6): 448-457.

Schindler, D.W. 1997. Widespread Effects of Climatic Warming on Freshwater Ecosystems in North America.
Hydrological Processes. 11: 1043-1067.

Schindler, D.W. 2001. The cumulative effects of climate warming and other human stresses on Canadian
freshwaters in the new millennium. Canadian Journal of Fisheries and Aquatic Sciences. 58: 18-29.

Schindler, D.W. and W.F. Donahue. 2006. An impending water crisis in Canada’s western prairie provinces.
Proceedings of the National Academy of Sciences of the United States of America. 103 (19): 7210-7216.

Shirvell, C.S. 1994. Effect of changes in streamflow on the microhabitat use and movements of sympatric juvenile
coho salmon (Oncorhynchus kisutch) and chinook salmon (O tshawytscha) in a natural stream. Canadian
Journal of Fisheries and Aquatic Sciences. 51(7): 1644-1652.

Sommer, T.R., M.L. Nobriga, W.C. Harrell, W. Batham, and W.J. Kimmerer. 2001. Floodplain rearing of juvenile
chinook salmon: evidence of enhanced growth and survival. Canadian Journal of Fisheries and Aquatic
Sciences. 58(2):325-333.

Stohlgren, T.J., T.N. Chase, R.A. Pielke Sr., T.G.F. Kittel, and J.S. Baron. 1998. Evidence that local land use practices
influence regional climate, vegetation, and streamflow patterns in adjacent natural areas. Global Change
Biology 4: 495-504.

Sullivan, K., Martin, D.J., Cardwell, R.D., Toll, J.E., and Duke, S. 2000. An Analysis of the Effects of Temperature on
Salmonids of the Pacific Northwest with Implications for Selecting Temperature Criteria. Sustainable
Ecosystems Institute.

Taylor, E. 2004. Impacts of future climate change on the Fraser River delta and its urban estuary. Pages 99-110 in
Fraser River Delta, British Columbia: Issues of an Urban Estuary B.J. Groulx, D.C. Mosher, J.L. Luternauer, and
D.E. Bilderback (eds). Geological Survey of Canada Bulletin 567.

Tops, S., W. Lockwood, and B. Okamura. 2006. Temperature-driven proliferation of Tetracapsuloides
bryosalmonae in bryozoan hosts portends salmonid declines. Diseases of Aquatic Organisms. 70: 227-236.

Torgersen, C.E., Price, D.M,, Li, H.W., and McIntosh, B.A. 1999. Multiscale thermal refugia and stream habitat
associations of chinook salmon in northeastern Oregon. Ecological Applications. 9(1): 301-319.

Traxler, G.S., J. Richard, and T.E. McDonald. 1998. Ichthyophthirius multifiliis (Ich) Epizootics in spawning sockeye
salmon in British Columbia, Canada. Journal of Aquatic Animal Health. 10: 143-151.

Wade, N.L., Martin, J., and Whitfield, P.H. 2001. Hydrologic and climatic zonation of Georgia Basin, British
Columbia. Canadian Water Resources Journa 26(1): 43-70.

Walters, C., and Ward, B. 1998. Is solar radiation responsible for declines in marine survival rates of anadromous
salmonids that rear in small streams?. Canadian Journal of Fisheries and Aquatic Sciences. 55(12):2533-2538.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 97



HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
APPENDIX B. REFERENCES CITED IN APPENDIX A

Wang, J.Y., P.H. Whitfield, and A.J. Cannon. 2006. Influence of Pacific climate patterns on low-flows in British
Columbia and Yukon, Canada. Canadian Water Resources Journal. 31(1): 25-40.

Welsh, H.H., Hodgson, G.R., Harvey, BC, and Roche, M.E. 2001. Distribution of juvenile coho salmon in relation to
water temperatures in tributaries of the Mattole River, California. North American Journal of Fisheries
Management.

Weston, S., R. Guthrie, and J. McTaggart-Cowan. 2003. The Vulnerability of Lower Englishman River to Modelled
Climate Change. Canadian Water Resources Journal 28 (4): 657-672

Whitfield, P.H. 2003. Modelling future streamflows in mountainous terrain—Georgia Basin, British Columbia. Pages
133-158 in V.P. Singh and R.N. Yadava (eds). Advances in Hydrology Proceedings of the International
Conference on Water and Environment. December 15-18, 2003. Bhopal, India.

Whitfield, P.H. Wang, J.Y., and Cannon, A.J. 2003. Modelling Future Streamflow Extremes—Floods and Low Flows in
Georgia Basin, British Columbia. Canadian Water Resources Journal. 28(4): 633-656.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 98



66 TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

(2002 ‘/p 12 As|pul) sbueyd arewl|d> usAlb 1eliqey 3|qelns urewsas 01 pa1dadxa aJe 1Byl SeaJe uo sndoy .
(0002 ‘/p 12 13b6ing) UOIIBZIUO|OD |NJSSIIINS 01 [BIDIJIUIQ 3G UBD S3I0ISIY 41| 3|dnjnw bBudnpoulul .
UOI1BZIUO|023. 10} SHD01S dINOS JO 3dI0Yd .

abessed ysiy buimoje o sonsibo| bursauibus .

(93ue0y 69) sa1dads JaYy10 Yum suoldesalul jenuslod .

:13pISuo0d 01 sbuiyy

(286 L J3]YMNM) P3Jie} dARY S1043 Auew pue A[3S0D S| UOIIDINPOIIUI-Y "(Z00Z ‘[P 12 YdSOg) JAIY BWIBA Sy} Ul OYod

pue (£00Z /v 12 AS|pulT) uiseq uinbeofues-01UdWEBIIES Y1 Ul PEIY|331S PUB }00Ulyd 10j palapisuod Buiag aJe s1afoid uondnpoliul

-9 SN 3y} Ul ((£00Z '[P 12 ZM|3N) A1y elquinjo) Jaddn ayl JO saydeay ueipeur) 3y} 0} UOW|eS Snowolpeue Buli0lsal pue (€002
YHWS pue ybLIA) d¥eT BYedS 01 9ASHD0S JO JUsWYSI|qeIsa-aJ Bulpn|dul Dg ul paJapisuod buiaq Ajaua.ind s3dafoid uoldNpoJul-a4
|B49ARS BJB 3J43Y] *(£00Z [P 12 WnJIeN) uni 3ooulyd |[e4 3yl ysi|qeisa o1 sydwaiie alow Auew 3001 11 ybnoyije ‘oyep| ‘IdAIY Ja1emiesd|d
3Y1 Ul pPadNPOJIUIRI A[INSSIIINS 319M dooulyD) 2dA) WeaJls pue uesdQ "(‘Wwod siad ‘epeue) sueadQ pue saudYysl4 ‘@snoyyo bnoQ)
€661 9d2UIS P4INdD0 Sey JUIWIDUBYUD Ou ‘Bululeisns-j|3s aq 01 Jeadde uowes 3say] "(sioumeds 00Z-00 [~) SIdqWNU J3[[eWS Ul
ybnoyje ‘(z00zZ 9SN0Y0T) JaAY swepy Jaddn syl 01 PIdONPOIIUL USR] OS|B dABY YOoulyd "ulebe 1uaId1}yns-§|3s awodaq ||im uolrejndod
ay1 wisiwndo s 243yl ybnoyl|y “(‘wwod ‘siad ‘epeur) sueadQ pue SsLIBYSI{ ‘9snoylo Bnoq) JaARY J9sel4 dY) Ul sainyesadwal

yb1y 4o 3nsai e se 00 Ul siaumeds 000‘S-000°E 03 PUIIIP UNJ Y) “JSAIMOH "€56 |-€ 16 | WOLy 9AD0S ou BulAey Jdyje

(L00Z 04Q) 2A9320S 0000/ 4O SUINIBL YIM Q00Z Ul [N4ssaIdns paleadde Hg ‘IsAlY swepy Jaddn 3yl 01 3A33D0S JO UOIIINPOIIUI-3I BYL

‘(abessed ysij 01 siaLeq

01 anp “*6°9) paredinnxs
u?aq aAeY A3yl duaym

Se3Je 0] UOW|BS 3dNPOoJIulY

seale
paredinxs
01 uowyjes
adnposuly

(9002 /P 12 INNDB) 9AXD0S uey)

9bue. ddUBID|0] d4niesadw] JIPIM B dAeYy Aew uow|es juid 3jdwex?a 104 *(‘wwod ‘siad ‘elquin|o) ysiiug Jo AUSIdAIUN ‘||244e4 Auo])
$)201S pue $3129dS 1UDJRJIP 1098 SUOIIDL IS MOY PUBISIIPUN 01 PIBU M JBlIqRY pue MO} ‘dinjesadwal abeuew pue Al 01 9Je am
31 "suonde Juswebeuew buiwaojul 01 [e2111D SI ABO|0Jd pue sabuel ‘SPIOYSaJY] [RIUSLIUOIIAUD J1J1D9dS 3D01S % S2129dS UO UoIBeW.IoU|

“Juswa|dwi 03 3 NdIIp 3q Aew AB1eJIs SIY) OS ‘SSIDNS PAWI| PeY Sey JUSWIDUBYUS Joj $X203s Buljuejdsuely y3im adualiadx]
"A}ISISAIPOIQ Ul 3SBAIDSP B U] 3|NS3J P|NOD pue $3D031S dnbiun Bujuleurew sySi il Se [eISISA0JIU0D 3] P|Nod ABa1eas SIyL

(‘wwod "s1ad “epeued) SUBIIO pue SAIBYSIH ‘@snoyljo Bnoq) suonelausb Jo 3|dnod e ul S3PM H-¢ AQ wnyd Jaseld
J3MO] 10} uJn3aJ jo dead a3yl parow Aay) ‘Sjdwexs 104 *$3201s Jo Bulwiy uni ayl Bulidyje siabeuew salIaYsl) Jo sajdwexs aJe ausy L
*sainyesadwa) dead proAe 03 Bujwii-uni syl arejndiuew o3 si AB3els 3|qIssod JaYIouy "SWealls JoWwiem 0} s3129ds JO SHD03s JUeID|0}

"(92uUe43]0} d4Nnyesadws)
“69) solIsuRdBIRYD

a4nlesadwa) Juejdsuesy 01 SI saunjesadwal wealls buiseasdul usalb Abalesls a|qissod e 1eyl s1sabbns siyl (9002 ‘/p 12 NNNde [ea1bojoisAyd ul saduaiaIp salads
{€002 /v 12 997) Sa1dads uow|es 1udJa4Ip Buowe 3dULI3|0] d4N1eIDdWD] Ul SIDUDIYIP JO IDUBPIAD S| 313yl Ajjeuonippy (€002 Jo abeiueApe el 0} 10 $D01S

b 12 937) S)201s 9A3D0s Jases] Buowe suayyip uondwnsuod usbAXo wnwixew Joj sunjesadwsl wnwildo syl 1Byl JUSPIAS SI U3y | Sa129ds Jo s$d01s juejdsued] we|dsues]
uonejuswa|dwi 10 suollesapisuod pue sajdwexa ‘@duapiAg uondunsag uomy

SNOILDV
FANLONYLSVHAINI AdVH 40 SNOILdIEOS3A dIT1vVLId DO XIdN3ddV

SNOILDOV FdNLONILSYIINI AdVH 40 SNOILLIdDS3IA d31Ivi3id "D XIAN3IddV

£00C ¥439W3ILd3S SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




001

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

"duI[dPIND udUIS Ysi4 adid-Jo-pul xeiu] Ja1emysat4 04a a2y Aq papiaoad si syuswaainbas buiusauds buipiebas uoiew.ojul [euolIppy
" DA11D3UIQ BuluaaudS Ysi4, 04d dYl pue 10V SalIdYsi{ syl Jo 0 uo11I3S Ul pareindils se pauaatds Aluadoad aq 1snw saxeIul J91eM ||
‘wa1sAs uonebrLul syl olul pajnd 1,uate ysiy os sadid yeiul J1vy) uaauds Aluadoud 03 siayduerl pue SISWIR) SINSUT SUIBIDS uolebII|

(9002 supjua() saydup

1I0YS SABY M 2J3YM SBIJB UBQJIN SWOS Ul 3[qelINS 3¢ AR\ "J9ALI % 24n1nd1Ibe J0j J91eM 310W OS PUB [I0S SU1 O] SSO| JIBM JO UOIIdNPAI
B Ul pa3InsaJt uobauQ ul uolebiuil 104 SaYDUP ueyl Jayled sadid spriojyd JAuirhjod Jo asn :sadid spliojyd JAuirAjod yim saydiip de|day
‘uonebru dup jo Aljigelns ayy 1edwi [[Im aan3ndiibe syl Jo 9|eds ayi pue umosb sdoud

Jo sadA1 ay3 1Byl M3IAIRIUL 00T B Ul In0 paulod UONIBIDOSSY S133[04d UolIebLL| BLRq|Y ‘1032341Q dA1INI3XT ‘|IIH pIAeQ (0002 19350d)
%0S-02 J0 saseaudul p|alA [ed1dAl pue %09-0€ JO SUOIIDNPaAJ BSN J31eM 01 Spead| uoneblul dup punoy sAey S91NISUI YDJBSS3I UBIpU| JO
Jaquinu y/ *(0002Z [9150d) 491eMm Jo 1un uad p|alA doud syl s|gnop 1ses| 1e 01 [enualod syl sey Abojouydal uonebrul duqg :uonebrur dug

*(Cwwod -suad ‘uolssiwwo))

uowies d1j1oed ‘Aeydey Snbuy) 11 91| 01 WIS SISWIR) PUR Jd1EM BUIAISSUOD JO ABM dAITBAOUUI UB SI SIYL "ybnous pey aaey Asyl usym
pue pa1eblidl 3 01 pasu Sp|al BYI UaYym moud| A3yl os auoyd s a3wJe) 3yl 03 UoIIels Bulioyuow Yyl yul] ASY] "SUOIIPUOD J3YIeam
pue 3Jn3siow [10S 3JeJl 1Byl Ssuollels burioyuow uonehLUl IUlW JO Jaquinu B pajjeisul Asyl auaym euayd|iyl 1e ejodIN 3yl uo 1dsfoud
10]1d v "ures Bunnp a1sem pue spoliad waem Bulnp uoneisodeAs aziwiuiw 01 uonebiul Jo buiwn Ajrep syl sbeuepy :buiwi rewndo

JUSWUIRIIUD 0] ANP YSI} Uuo
syedwi 19341p pue SSoO| J31em
9Z|wjulw Jeys sadndeid
uonebril yuswa|dwy

sad130ead
uonebLL
edwi

MO| JudwWwRdw|

(‘wwod *siad ‘epeur) sue’Id) pue SIIBYSIH ‘4]1SUl4 UOA
|V) 49A14 3Y3 Buluredisuod dn pud AjqenAsul am sure|dpool) do[3ASP 9M DU "PIdO[IASP 10 PIUMO 3 0} PIMO||e 3] 10U p|noys
A3y3 pue JaAl 33 Jo Med se pajeadl 3q pinoys Adyl “4ndd0 01 uoIdUNY JBAL Buimo|je 03 A3y pue Jeliqey A3y aJe surejdpool .
(‘wwod *si1ad ‘epeue) sueadQ
pue Sa1I3YsSI4 ‘491SuUl4 UOA |y ‘epeuB) SUead pue saluaysi4 ‘bunf jjaf ‘epeue) suesd pue ss14aysi4 ‘Uosialied aaeq ‘dnoun
PAYSIa1eM OWOD) YL ‘NIASZ BldWERd ‘6661 LAH PUB SMASN 12002 '/ 12 1UOY) UoIIDUNS PAYSIDIBM dY] dAIISUOD 0} Jueniodwl S| 1| .
;s1edwl abueyd a1ewl|d Jo 3snedaq Jo Jo ds ul uowes Jo4 1eliqey poob ag 01 1Dadxd
9M Jey) seaJe 1039104d am op Jo ‘Dbueyd d1ewidD AQ pa1d344e 1sow 3q 03 A|D31] 2J4e Jeyl seale Hu11D3104d UO SNDO4 IM Op :UOI1Bd0T] .

:J19pIsuod 01 sbulyl

*(S00T /v 12 pieyuaag) JeaA 4ad sue|jop uolj|iq | SI UOIILI0ISDI

J9AL JO 150D 3DHBIDAR Y] JO 1BWIISD DAIIBAIISUOD B puk pain|jod 4o paiiedw| Se paisi| 948 SIIAL JO PIIYI-3UO JBAO 3I3YM "SN
|eIURUIIUOD BY] 1jun ‘yeuqey Bururews. 139104d AjpAnoeoad 01 Aylunuoddo syl yum sn sapiaoad siyl (002 Aejuiydepy) sia1uad ueqln
M3J B Ul 3AI| 3]doad uoljjiw € H~ JnO JO %58 ‘s1dedwil UBWNY M3 A[DAIIR[DJ DJB 343Ul 2J9YM SBIJR [BIIURISONS SARY []11S 9M 1Byl Dg ul
91eUN1I0) AJIIA 3B I\ "PIA0IISIP U] Sy 1l DUO Jelgey BulI01SII UBYL DAIIDYD dJ0W pue dAISUdXd SS3| 9q Aew Jeliqey BulAIdSUOD)

‘uow|es uoddns
p|nod 4o uoddns Ajjuadind
1By S1elIgRY dAIISUOD)

sieMqey
aunsud
dAIASUOD)

§31 91eJ3[3d0' 03 AJ} 9Mm pnoys Jo Ajjednieu uaddey 03 UOIIRZIUO|OD MO||B dM P|NOYS

suaddey siy j1 ‘Cwwod ‘siad ‘epeue) SUBIdQ pue SIIBYSI ‘13ISUIJ UOA |) J3AIY Y3S|V Yl BIA UOYNA UISISIMYINOS Ul JBUJRY JO 2y
0009 L~ 01 ssaddk dn uado Aew J31de|b JINWSP3IdIM] 31 JO UOISSIIAI 3y} ‘Sjdwexa Jo4 "abueyd a1ewi|d 01 anp sduepunde pue sabuel
ul siIYs Aja1| a1epowwodde 0} ydwalie 1eyl pansind ag pjnoys suonndo |eiuswiadxa eyl 1s9b66ns (0002) PLeM pue sudwpaAl (2002
UYIG) Aj3UBIdI}NS pIaULIBM JDIBM BY) UBYM AB|\ Ul UMEBS 03 SYIUOW 9 [BUOIIIPPE UB SAIAINS 0} 3|JE JIM J3CWIS( 40 JIqUIIAON

ul paumeds 1eY] $3D01S WO} PIALIBP JoladNng 3>e7 01 PedNPOoJIUl UoW|es Jooulyd (Z00Z ZIdUID) 31YD Ul sunt buluieisns }|as

M3} B paysl|qelsa aney Aew 0yod) (966 | /P 12 UuIND) pue|eaz MaN Ul paysl|qelsa AJ|njssaddns usaq aAeY elUIOIRD) WOy pajue|dsuesy
jooulyd (200 uyag) abued dAIIBU JI3Y] SPISINO SBIIR JO JIQUINU B Ul PIdNPOIIUL A||NJSSIIINS U] IABY UOWES d1jIded

‘(3]q1ssadde

10U 343M IO p|0d 00}
A|Snoinaid 319m eyl sweauls
“69) 9|qeins aq Aew
?1ewl|d bulbueyd yum ing
‘9AIAINS 0] 3|geun Ajsnolasud
949M Ady3 duaym suolbau
01Ul UOW|eS 3dNPOoJIU|

Seole
MdU 0] uowjes
9dNpoJiu|

uonejudwsa|dwi 10§ SUOIIBIIPISUOD pue s3|dwexd ‘DIU3PIAT

uondinsag

uondy

SNOILDOV FdNLONILSYIINI AdVH 40 SNOILLIdDS3IA d31Ivi3id "D XIAN3IddV

£00C ¥439W3ILd3S

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




1ol TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

"Buissndasip yuom eapl ue aq Aew sJaAL Bulwwep ‘Qou Jo [einjeu) a6eI01S J91BM 1UBIDINS INOYLIM SPIYSISIeM U] "auniny

3y3 ul abeJ01s Ja1em 31enbape aAey jou ||Im uowjes uoddns Ajpuasind yoiym seate eyl aq Aew siyy jJo aduanbasuod auo pue (5002
‘Ip 12 1_uIeg (5007 /P 12 A|IIN (2002 |Yels) uoneudidaud Jo swnjoA pue Buiwil a3yl 12948 031 pa1dadxa S| abueyd d1ewi|d pauoiuaw
A|snolaaud sy *(s9129ds 1eym J0) JeaA Jo swil 1eym 1e 196Jel 01 MOj4/ain1esadwal 1BYM) aanleu ueyl 49119q wolsAs syl sbeuew

01 Moy moud| am saljdwi 11 snid “49AL 3y) Jo Abojoydiowoab syl uo syoedwi 3yl ‘uowes sapisaq saldads uo pedwl syl ‘(syows

‘(34mesadwa) ‘swnjoa

bulyesbiw-1no pue synpe yioq) abessed ysiy 01 Jaliieq syl :buipnpul swep asow bulp|ing isurebe syuswnbie Auew aJe auay "uowjes [ ‘bBuiwn “*H°9) SMo|} weallsul Adeded
JO Spaau 9y 1INS 153( 01 (4n1edadwa) ‘BWn|oA ‘Buiwil) SMOJ) J9ALL beUBW pue U31eM 3101S 01 AlljIge 9yl yum siabeuew apiroad Aew 91e|ndiuew 03 Aujige 9beiols
ASy L "(‘wwod *suad ‘weaboud uollel01say JIALY Aluli] ‘[[lydwaH BUIN) uoIlnN|os 3yl Jo Med os|e aJe Ayl 1ng ‘wa|qoid syl jo 1ed auam|  Jd1eaub e bulpiroad Agalayl |euonippe
SWep 3yl ‘SnoJaWnu aJe SWep 3I3YM BluJojie) 31| sede|d u] "3dedu0d [eIsiaA041u0d e sI sasodind uolIeAIaSUOD 10} SIALI Bulwweq ‘Apeded abelols pjing piing
'S3JeJ PASe SWN|OA UBY) J3yled saied 1ej4 Aed siasn uaym Jaybiy %0/ ‘uondwnsuod sialpwW
SBM 9SN J91EM 1BY] PUB 3SN JSJBM Ul SUOIIDNPAJ MeS Ajjeaauab spjoyasnoy paJalsaw Jeyl punoj epeue) ‘JusWUOIIAUT JO AIISIUIN SYL J91BM [BNPIAIPUL INSEIN J91eM [[e1su|
(2002 *Jp 12 Sua7) 24Ny nd1uoy

pue buluiw ‘Jaded pue dind ‘9|11xa1 :bulpn|dul ‘S914ISNPUI JUDILIP Auew Ul 3|qISSOd U 3SN-3J PUB SIIDUDIDILD J91eM .

9sn uoneblidl 10) P3DAIDL 9 UBD US1BMIISEM @

S9SN J31EM BUPULIP-UOU JO AJBLIBA B J0j PISN puU® PAISIAIBY 3] UBD J31eMUlel .

9Sh J91em BupjulIp-uOU J0J J191eM d1Sem Bul|dAdaa pue bulyeas .

(0002 [3150() 491eM HBu1j00d pue ssad04d bBulPAd .

:9)dwexs 1o} ‘491em jo uondwnsuod Jjayl 3dnpaJ 01 SI13Y10 pue Ailsnpul Joj Aepol sisixa Abojouyds] A
"Aduaidle

‘AlAndnpoud usrem buiignop jo [eob e spaemol Buom spuswiwodal (000Z) [9150d "dbueyd a1ewid Jo | 3sSn J31em [eLISNpul 3seaudul Ansnpui ul

S109443 dY3 01 NP BPEURD PUB g Ul ANSS| UE JO I0W WO 0} PIdAAX3 S| pue plIom ayl punote wa|qod e Apealje si A)dIeds Ja1epm

0] sa1bojouydal Juawd|dwy

191eMm 3dAIDY

uonejudwsa|dwi 10§ SUOIIBIIPISUOD pue s3|dwexd ‘DIU3PIAT

uondinsag

uondy

SNOILDOV FdNLONILSYIINI AdVH 40 SNOILLIdDS3IA d31Ivi3id "D XIAN3IddV

£00C ¥439W3ILd3S

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




¢0l

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

pue| paaed jo junowe 3yl bulziwiuiw pue WalsAs |BD0]| Y] Ul PAJ0IS J91BM dY] dZIWIXew 0] saaJ) bunueld .
|IOS 3Y3 01Ul S3|I1 BY} USAIMIS(] (J0Sqe 01 ules Buimolfe

AeMBALIP 3yl J9A0D AJ219]dw0d J0U Op 1N S3|13 Yl Junowe Buimoub ssedb saey Jou Aew 10 Aew ydiym ‘SABMIALIP U346 10 pa|IL .
]10S 3Y1 0jul paglosqe

90 AJMO|S UBD U31EM BY] 343YM MO|3(] JI0AIDSDI BUOIS B 01Ul 3JBLINS 31 Ybnoayl ssed 01 ules Smojje ydiym ‘yuswaned snotod o
(0Y=pPIWPQ Z=PIPMIIA=>SBIPIUIUO0D"WOod=uo11do;dyd-Xapul/19u’S}00IUIH MMM)
129449 pue|s| 183y uequn 3yl bunebiiw dinjessadwal 1eIapowW NS B Se pue jjouns 3yl Jo buiwn

pue JUNOWE 3yl 3dnpaJt ASY] "INdD0 S0P 1Y) Jjount Aue Ja1jl} pue pases|as AJMO|S 9q 01 J3lemuled Ulelal YdIym ‘Sjood uasin o

:9pn|pul sajdwex3 "Sa1ID Ul JJoUn. J131BM dDBJINS SZ|WIUIW 0} d|ge|IeAR s3160jouyda) Auew aJe aIdy |

‘(1661 */p 12 urelaqweyd) bunindies)d ueyl Jayles buluuiyl pue sado|s dasis uo Auejndilied aduequnisip |10s bulziwuiw

SB YdNS jjouns azjwiuiw eyl sadidesd Aisaio) 1dedwi mo| bunusws|dwi suesw Aj[esausb siy) Sease Ssaulap|im Ul “(‘wwod

*s19d ‘epeue)) sueadQ pue sauRYysl4 ‘bun( j43() sawabeuew Ja1em wi01s dnoadwi 01 Juenodwi 1 X ew os|e sainssasd uonendod pue
juswdo|aAsp Buiseaudu| Sulesp WI01S Y1 01Ul JJO unJ Aj91eIpawWwW] 11 9ARY UBYL JBYIRJ Aj|BDO]| J91BMUIRS BY] 3401S 0] Jueliodw] aJow

‘uow|es

10} sawibai 2160]01pAyY 139)4e
A|9s49Ape Ued YdIym ‘spIalA
J91BM / JjOound J91eM 3DBLINS
9seaudul Juawdo|daAIp ueqin

UDAS 1l S BW SIY[ "JSWLWNS dY] Ul SSI| PUB JIIUIM Y] Ul UIBJ 2JOW YlM SWI01S Juanbaiy ssow ur 3nsas 01 paidadxs si sbueyd arewl|d 01 aNp $9JeINS snoialdwl Jjounu
*A|[ed0] J31eM 3Y3 2401S 03 3|gE dJe YdIym S3aJ1 pue sjueld ‘|10S 3yl 0lul pagJosqe Hbulag Jo peaisul ueado Yyl 03 INO PUB SuleJp WI0IS JO Junowe ay) ul sabueyd | Ja1em IdelNS
3y1 o1ul Ajpdadip suns uoneyddaud ausym ‘sbulpjing Jo JuswaAed Jo ease abie| Syl 01 SNP ‘U91EM 3101S 01 d|Je SS3| 3JB SEIIR URQI() pue Bunssatey 152404 9seaJdag
(9002 ¥gsn) buluuibaq s wesboid UOIILI0ISDI SAISSEW B pUE UINbeO[ UBS 3Y) UO SMO[} J91BM J3AO0 3)NndsIp
|eb3] JesA-g | ue pud 01 9OOZ 4O ||B) SY1 Ul P31} SEM JUSWI|IISS B INg ‘SWOIINO0 SIYl 01 P3| J91BM JIAO SIDI|JU0D) “Jdwwns 3y bunnp
dn saup A|919|dw0d J3AII Y1 JO YD13J1S d[IW 09 B MON "S9111D PUB SIDLLIB) BILIOJI[BD 01 PILIDAIP J31em S)I Jo Aliofew ayl pey sey (2002
AUYag) uowes ooulyd bulumeds uol|jiw g 01 dn JO sunJ pey aABY 3dUO0 AW YdIYm JAIY uinbeol ues ay) :vD ‘4aAly uinbeof ues
(6661 LAH pu® S4SMN)
uouwi|es 1o} sainjesadwal/sMmoly a1enbapeul pue JUsWIPIS Uy JO uole|nwndde ‘Ajddns Juswipas 3SJe0d JO SSO| ‘SIUdAd pool} buideys
|]ouueYd JO SSO| ‘Wep Syl SA0GE Jeliqey JO SSO| :3pn[dul JIARY Alluli] Syl 01 s1oedwi "3sn [ednyndiibe 1oy AS||eA |ealudd BlUJoI|BD) 3Y)
031 uayy pue sjue|d yamod 3dinw YbNoaYl JUSS pue JIAIY ANULIL DY) WO PIMIAIP SBM JBIBM S J3AL Y] JO %06 01 dn 1D “JaAry Auun]
‘lway e~y bs/b6s/deds/ys/edxdb oeul-oure'mmm//:diy ‘epeue) sileyy
UJYLION pUB UBIPU| WOJJ UMBIP ‘. SOS6 | AlJED Y1 Ul PAYSIDIBM JDATY J9SBI4 DY) UO 1jIng ‘133f0ad d11123|904pAY OUBLUDY S,UBD|Y WO
S191eM poO|} AQ Aj[ed11SBIp paJdlje Sem 3)l| JO Aem 3SOYM BIqUIN|OD YSIllig [eJlusd-yriou wody sjdoad Jsiiie) aue us,] ene|sayd ayl,
"€ [ L=AI¢/SI9ALI /WO _IqUIN|ODYSIILG MMM/ /:d11Y WOL) uMelp ‘ J9ALI 3yl 01Ul Wep 3yl wodj Ajjenuue pases|al
J91BM JO JUNOWE 1U31SISUODUI PUB JUBIDIJNSUl U 01 aNp Led Ul ‘Bul|dap Ul UdI( SABY OXBYISN dYl Ul $D01s ‘weq Asuud)y| 3yl Jo
Buip|ing sya 9duIS "eIqUIN|OD YSIllig ul SunJ uow|es 1s96u0.1s 9yl JO BUO PIISLO( SDUO 1D111SIJ 1S90 ST Y] Ul JAIY ONeydaN 3yl ‘uo13ed0]
"PAYSIUILIP 49M JIAIY JDSBI{ PUB UIAIY OXBYISN Yl 01 MOJ4 3yl pue Bujuiem 3111 YlIM papoo|} a49m AI0114139]1 suoleN Jouop dyi 1e aunlesadwal
15414 JO seaJe 3bJe| ‘U9ARY OBYISN JO 95BD dY) U] "|duunl punolbispun w9 | e elA Jue|d Jomod ouewIY S,UBd|Y O] JUSS MOU S| pue ul saseadul 9|qissod pue
uolda41p 31soddo 3yl smoj oxeyd3N 3yl uo weq Asuuay 3yl Aq pa31eaud JI0AISSII 34BIIAY 00026 Y WO J91BM 1DF ‘USAIY OeYdIN SMO|} J191BM PISEIIIBP YlIM
:SUOISJISAIP JO sajdwex] PIIBIDOSSE 9 p|n0d Uone
Syl "uonedo| uaiddal e 1e
*0) PAMIAAIP SI J91BM Y] 3J3YM BIIE 3]} PUB PIAOWIAI | Sd4njesadwal J91em 3seadap
S| J91eM 3] d43YyM BaJe 3yl Y10 01 s1oedwl Jolew aJ4e 3U3Y] JSASMOH "UOW[BS JO SPIaU 3yl UNS 153q 01 (4n1esadwal ‘swn|oA ‘bulwill) pUB SMO[} J91BM DUBYUD Suonedo|
SMO|} J9AIJ SbeUBW pue J31eM 3101S 01 AlljIge Byl Yyum siabeuew apinoid ABw SUOISISAIP ‘SWEP 31T "UOIINED SWIIIXD YIIM Suop 01 pash 3 ued suiseq J9410 wouy

aq Ajuo pinoys 1ey3 BulyldWos s| Jayjoue 03 3 BUIAOW pUE BIIB SUO WO 191eM BUIdje] *|eISIDA0IIU0D AIDA dJB SUOISIBAIP ‘SwWwep 1]

UIY1IM 10 SSOJDB SUOISIBAIQ

191BM LIBAIQ

uonejudwsa|dwi 10§ SUOIIBIIPISUOD pue s3|dwexd ‘DIU3PIAT

uondinsag

uondy

SNOILDOV FdNLONILSYIINI AdVH 40 SNOILLIdDS3IA d31Ivi3id "D XIAN3IddV

£00C ¥439W3ILd3S

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H



http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.britishcolumbia.com/rivers/?ID=113�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.ainc-inac.gc.ca/ch/rcap/sg/sg40_e.html�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�
http://www.greenroofs.net/index.php?option=com_content&task=view&id=26&Itemid=40�

€01 TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

s9ssad04d |ed1bojoydiowoab
BuiALIp se [|]am se uoeaban ueledls bulinods pue bulysijqeisa Yyioq Joj Jueniodwl S| OS|e SMO|} paseatdul Jo bulwi] e
s9|1uaAn( pue sHHd UN0ODS UBD SMO|} paseatdu| .
(€002 /p 12 JOUUOD) S|qBJINOAR) IO SUOIIIPUOD UOIIBIBIW-1NO 3 BW O] SISEI[3J WEP 3sh ue) .
Je3A 3Y3 JO SBWII JUIBYIP
18 wInial YyaIiym ‘sarbareuis Aoisiy 941 pue sa123ds snoliea Jo sisumeds Joj sainiesadwal ybnous mo| pue Mojj USID14NS PIsN .
(‘wwod
"s4ad ‘epeue) suBadQ pue SIBAYSI{ ‘PJOJIBYINY WO]) JSWWNS Yl Ul 1elIgey Pallam YiuMm sa|iusAnf oyo) apiroid 01 yueriodw o

:J9pISu0d 03 sbulyl

‘(‘wwod

‘siad ‘epeue) sUBIdQ pue SIIBYSIH ‘PJOoIRYINY WO ) weaisdn 1erigey Hulumeds ojul WesIISUMOP WOJY Sooulyd 1ded1le pouad Jnoy
2/ 01 9€ JIAO B UBYDIMOD UO SII9M WOI) PISEI|3J J91BM JO S3S|Nd "(£00¢ UILB) 3]2AD 9)I| S,UOW|BS BY] YlM SnoluowIey 40W S|
18yl 3wibas mojy bupjead |eanleu 310w e $31e3JD ‘||1494 JI0AISAI J3I4ed sn|d ‘suolledado [041U0d Poo|) PRIy “(‘Wwod siad ‘welboid
uo11e10153Y J9AY Alluli] ‘|[IydwsH BUIN ‘UOISSILIWIOD UOWES JIjIded ‘AB)DER Snbuy ‘epeue) sUBIdQ pue S3IdYSI4 ‘pJogiayiny

WO ‘€002 UIJBI) JSAIY OIUSWERIDES PUR IIAIY AlULIL “UBAIY BUS UIAIY BIqUIN|OD :BUIpn|dUl SN UISISIM dY1 Ul SISAL AUBW SB ||9M Se
ssa304d (dNM) Ueld SN 491 M Y1 Yybnouyl saiu|ides oupAy Dg ||e 01 paljdde buisq si 1dadu0d SIY| "uow|es d1jIded 10} pash Ajapim bulaq
S11ey1 ABa1e.1S |NJSSIIONS B S| SPIdU YSiy 10J Junodde 01 suuaiied ases|aus pue abeaols ayl buibueyd Ag ‘Jsuuew AjpusLy ysiy, e ul
sa111[12.) 96..I01S 491eM BuntesadQ (‘wwod ‘si1ad ‘UoISSILIWOD UOW|eS JIjIded ‘AR DR Snbuy ‘epeue) sueadQ Pue SaIAYSI4 ‘pJogiayiny
WO ) J91BM 3JOW UIBICO 01 J3PJO Ul 3|qel J91BM 3Y] UlBJP 01 10U |NJaJed 3¢ 01 PIsU IM ‘JSAIMOH “(‘wwod "siad ‘weibold uolelol1say
J9ARY Alua] ‘|liydwiasH eUIN) ApP2Inb 3J0W WESJISUMOP S1OWS SAOW ‘ISBISIP JO S1I3443 A1N|Ip ‘Ieiiqey buleas pue Huiumeds

4O eaue 3sealdul ‘abessed ysiy 9|geud (666 L LAH PUB SMASN) S95S9204d [BIAN|[R [BANIBU DY) 9J01SDJ P|NOYS MO|} PaseaJdU] *(‘lWWod
‘s4ad ‘A19120S uoweS Yd1ep pPaystalem ‘140 BieaD) 9.1 UBD am UOIIDE 3AI1I9Y43 1sow 3yl Ajqeqoud si s1aAld 01 mojy Buiseasdul Aldwis

*(SSWIB34 MOJ} [BIUSWIUOIIAUD

ysi|geisa “*a°1) syuawalinbau
1e1igeYy Uow|es 193w

01 S9SEJ[9J J91BM JO SWN|OA
pue bulwil syl abeuep

9beiols
191eMm abeuepy

uonejudwsa|dwi 10§ SUOIIBIIPISUOD pue s3|dwexd ‘DIU3PIAT

uondinsag

uondy

SNOILDOV FdNLONILSYIINI AdVH 40 SNOILLIdDS3IA d31Ivi3id "D XIAN3IddV

£00C ¥439W3ILd3S SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




0l TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

(£661 se2Q)
110AJ3S3J Y1 SWJBM JB) 00] |[9A3] 3Y) Buliamo| se AJessadau ag p|noM (JI0AISSDJ Y1 Ul [9AS] Jo1em wnwiuiw) 3beiols JanoAlied
1918346 1BY) UBSW PINOM PIYSIDIBM JIAIY AJULI] dY) Ul }DWMOUS JO uolldnpal e ‘didwexs 104 "Ajddns Ja1em p|od e ulejuiew
0} Pasn SpPoyIaW Y3 pUe 3IINOS JIIBM PO Y3 1I34JB ||IM (UleJ SIOW PUE 3| MOUS SS3| "3°1) Sabueyd 3sayl (£L00Z [Yels)
pP31BUIWOP UlBJ JO MOUS O} PIIBUILLIOP MOUS J0 pazlialde|b woly Bulyiys swaisAsods ul 3nsat 01 paidadxa si abueyd arewl|d) .
(£66 1 UdASwIaA) uonediyirells
|BLUJIBYY YIM JIOAIDSDI B WOIJ JDIEM 13]00D BUIMBIPYIM A|AIIDD]3S JO ABM DAI1D3443 150D B 9q ABW SUIBMND |041U0D dinmesadwa] e
924n0S Ja1em p|od Hulssadde pue Bululeiulew Jo s1s0d 7 sabus|eyd buussuibul .
19119 SAem|e 10U S| J9p|0d ‘W1SAS0ID Byl UO 123443 .
94n1esadwa) uo 139)43 |Bd0| B 3 Ajuo Aew U3y e

:J9pISu0d 03 sbulyy

(966 L ‘[P 12 UBLIDIOL) J9AIY 19514 3} S199W O BYDIIN SY1 DUO 10343 Pallll] SARY P|NOM 1IN OXBYISN PUB JIAIY 1ems
9y Ul SaJnjesadwia) dY3 dNPAJ PINOM e LeniS Ul da3p WoJ) SISeI[a] J93em plod eyl s1sabbns 3s124axa buljapow Y :0g ‘e Menis

(966 | /v 12 UeW?I04) J3sel4 dY} Joj Bulwiem
40 $924Nn0s 1s3bJe| OM] 3Y3 JO UO S| O3BYISN YL "(‘(WWOd "siad “epeue) sueadQ pue SaLIBYSI ‘U0SIS1Ied dABQ ‘JUBINSUOD ‘AT
dAR(Q) Wep 3yl JO dSeq Y} WOJ) SB[ J91eM PO MO||E 03 11J0J13J B 10} PAIAPISU0d Bulaq S| :Dg ‘I9AIY OdeYdaN ayl uo weq Asuuay

"(Jpd-jeuly—0 L Yd/sdop/inoge/didq/wod 04pAydq mmm :3e S|qe|leAe Welbold uoiielolssy 4[PIIM @ Ysid [eIseod-abplig
wwod 'siad ‘epeue) sUBIdO pue SALIBYSIH ‘UOSINE] dABQ) ABM dAIIEBAU B Ul padedwl sem uondnpoad pue uonelbiw ysiy 3sed siyd
Ul INQ ‘Wep e 1 SISB3[2J J9IBM P|OD JO 3NS3J B SB A|[BUOIIUSIUIUN PISBAIIDP SeM dinjesadwal 9yl aIaym 3jdwexs ue s| :Dg ‘9eT] uolss

‘("wwod *suad ‘uolsSSIWWOoD) uow|es dijIded ‘Aeydep
snbuy) uow|es 01 3|geJa|0] dJoW 3Je Jeyl saunlesadwa) J91eM JSWWNS Ul pa1nsal Ajjnyssaddns sey siyl “sawil bulumeds [ed11d
Burinp papasu se .| 3yl UO JI9M Y] WOJJ J91BM SISEI|3J pue dunjeadwal J9AL Si0luow WwIsAs Jaindwod v :Dg ‘dfe| uosswe)

(/66 1 USASWIBA) UOIIBDIHIIRILS [BLUISYL YIM JIOAIDSDI B WOI) J91eM

19]002 BuiMeIpylIM A|SAI1D9]9S JO ABM DAI1D9443 150D B 3 ABU pUB "D ‘JIOAISSDY J9AIY Alluli] Syl ul pasnh Bulsq sJ4e pue uolledl1IeIlS
|BWISY] YIM JIOAISSDI B WOUY JDJBM J3|00D JO [EMEIPYIIM 3] 3|JBUD 0} [00] B 3JB SUIBLIND [0J1U0D dJnjesadwa] “(‘wwod "siad ‘weiboid
UO0I1BI01SY JBAIY ANuLI] [[IydwsH BUIN) |[9M SB D “J3AIY uinbeofues syl Jo uolleso1sal syl ul Abajesis syl asn o3 uejd Asy] "(‘wwod
s19d ‘weabold uoi1ea01SaY JIAY AluL] ‘[[Iydway BUIN 2002 SIUOPIZ) SI9AL 3y Ajddns 01 (S110AI9S9Y BISBYS pue AJuli]) SIIOAIDSDI
J191eM p|0d 3bue| buisn Ag AjaA11D3443 d1inb pabeuew aJe sainijesadwal JSAY OIUSWERIDES pue Alluli] 3Y) BIUIOI|ED U] (BIUIOJI|BD

*Jg Ul $S920NS JO S32463p BulAreA yum
pal41 U33Q SBY PUE BIUIOI|BD Ul A|]DAISUBIXD Pasn S| Jeyl ABa1eJ1s e S| sainjesadwial JaAL 13]00d ulelulew o3 sjood Jajem pjod buisn

"saunjesadwal Ja1em
9JNpaJ 0] SIIOAIISII JO SE
W04 SISBIU J91BM P|OD 3S()

J91eMm
p|od dses|ay

uonejudwsa|dwi 10§ SUOIIBIIPISUOD pue s3|dwexd ‘DIU3PIAT

uondinsag

uondy

SNOILDOV FdNLONILSYIINI AdVH 40 SNOILLIdDS3IA d31Ivi3id "D XIAN3IddV

£00C ¥439W3ILd3S SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H



http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�
http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�
http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�
http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�
http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�
http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�
http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�
http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�
http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�
http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�
http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�
http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�
http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�
http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�
http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�
http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�
http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�
http://www.bchydro.com/bcrp/about/docs/ch10_final.pdf�

S0l

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

‘shemysiy [ed1ueyd3W (IIA) pue ‘sAemysty pligAH (1A) ‘S|auueyd pauaybnoy (A) ‘10|S [BIIMIA (A1) ‘AM\M pue |00d ‘ubISap WBAIND
panoaduwi (11) ‘saappe| ysid4 (1) :¢pd-pinbysiy/bye/qey/Arobem mipm//:diy) spndul Abojouydal sbessed ysi wealisdn jo sajdwex3

*(/saulgany~AjpusiiyTysiy/491uad~Abojouyda)~auiqinl/siaiulad"Abojouydal/swoy /=1IppNI=pl|aben

bue|idyd-NI 0zzZ/S2ulgqiniA|pualiyTysiy/191uad~ABojouyd31auIqanl/Sia1uad~Abojouyda1/awoy /wod woils|e amod oapAy mmm//:d1y)
auigany 3yl ybnoaya buissed ysiy 01 Ainful 3dnpaJ 01 ,3ulgdnl XSMOA, 3yl paubisap—oIpAH J9MOd WolS|y

“(ub1S3@~auIg4N 214123904 PAH/SIDIAIRS /WD XdPUl/WOd qe|udp|e:mmm//:d1ay

10002 /v 12 »00D) Aduaidiyye Jamod dijneapAy aAniedwod e bulaslyde 3jiym ‘Jsauunt ayl ybnoayl ysiy jo sbessed ajes mojje

pInoys eyl auig4ni mau e paubisap aaey—((30Q) Abaaug jo uswiiedaq 'S N Yl Aq patosuods) 133(0id duiqin] 1amodolpAH padueApy
(4pd-aadsolg-juud/sjpd/sauigini/aob-aop-priemodoapAy//:dny) sbessed

2Uu1gaN1 dAIAINS 01 YS1) 10} BLISID [eD160|01q 3Y) apIAoad 01 S3Ipn1s ubISIp duIgqIN1—s1SIIUBIDS AlOJeIOgeT [RUOIIBN 1SIMULION D1jIded
"(Jpd-900 2UOISIN0IPAH(Q Z%UO01IRIUDSAIdQ Z%AI PURLIS-YSI4/ipd/Ipue] /| 02190/2193/419/S3 /@2 D6 uediummm//:dny)

'3U1g4Nn} U1 Ing Ajpudlij-ysi e dojaAsp 01 bupjiom Ajjusiin)—epeur) $324n0say |eanieN 343ud) Abojouyda] Abisug J1JANYD
:Abojouyd9l sbessed ysij weasisumop Jo ssjdwex3

‘(JwayodjTinoge/bio ddymmm//:diay) erep abessed ysiy Jo SisAjeue pue

suollepuawwodal sapiroad uobalQ ul J91uad abessed ysij ayl (291 L=plixdse:1onpoid/o1j0j110d/wod udammm//:dny) uonedijddy
311109]904pAH 104 sa160j0UYIF] UOI11D04d pue abessed Ysi4 wealisumod pue weasisdn JO |enuejy e Us1lLIM Sey 91N1Isu| YdIeasay
19MO( |e214109]3 9y “paAosduil g ued SaIASp JamodolpAy Jano sbessed ysiy moy buiqidssap aduaplAd Jo Apoq abue| e S| auay L

*ue’d0

9yl 01 bunesbiwino ssjiusAnl
pue ‘sease bujumeds

0} weaJisdn bunesbiw
S}npe Jo |eAIAINS dAoadwl
ued SIIASP abessed ysi4

abessed
ysiy snoiduw|

‘(‘wwod 'siad ‘epeur) SUBIIQ PUB SIIBYSIH ‘PJOIRYINY WO]) spunolb Buiumeds syl 01 dn ysiy 006 [BUOIIIPPE UB >DNJ] 01 3|(e J9M
ASy1 ‘smo|} mo| 01 anp spunoub Bulumeds syl ydeal 01 9|ge a1aM Jo0ulyd 000 L L JO 00Z AJuo ‘9002 D “49AIY UBYDIMOD) U "SIA[ISWIYL
AQ 3949Y1 196 ued M3} dJIaYM SJedA Ul ‘punosb Bulumeds syl olul 196 YsiJ JO JdqUINU pIYWI| B 1Sed| 18 1ey] sainsud ABaleuls siy|

‘seaJe bulumeds wealisdn 01
pa%onJ1 pue painided aq ued

siaumeds ‘Mo| A|9AISSIIXD
9B SMOJ} 9J3YM SUOIIBIO| U]

Ajjenuew
ysi odsuea]

Ajadoud dnias I buluieisns J|9s 2404349yl pue paj J|9s aJe sjauueyd YILYMANNOYD .
(31dom 10U Op 1Is ‘pues ‘Ae|d {|aAelb) 31B4ISONS .

9do|s 1ybis ay1 pue deds JU3IYNS .

924N0S J31eMpunoJn .

j4om 0} Bulob SI eyl [duueyd dPIS P} 193BMPUNOIB B pliNg 0} BLISID JO JaqUINU B SJe 3Idy |

“Jwuwns 3y ybnoayl Ajddns aarem
B 9ARY pue s3[IudANn[ pue sbH3 Jo BuliN0dS J1UIM 01 duoud SSI| B8 S|SUUBYD IPIS P4 JBIBMPUNOID "IBIUIM Ul SaUNJesadwal wiem pue

‘s|auueyd bunea.
ul smoy} buipinoad pue

SsuoldeIBUI

Jawwins ul sainjesadwal |00d HBululelurew sjauueyd buliess Jo aunjesadwal sY3 S9IBISPOLW JIIBMPUNOID “("WWOD "suad ‘epeue) SUB’dQ saJnielsadwal bulyesapow J31empunolb
pue S31I3YSI{ ‘PJOJIBYINY WO ‘UOISSILILWOD) UoWeS dijIded ‘AR snbuy ‘Sduel||y uoleN uebeueyQ ‘WYBLIA SIMOH) D Ul SI9AIY [ AgaJayl ‘sis1em adejuns 00D | / us1em adepins
UBYDIMOD) pue J31emied|) ‘uewysi|bul ‘4aremp|o) ‘e|odIN ‘9bpajpund 3yl ul pasn buiaq ABaleJis e aJe S|auueyd 3pIs paj Jarempunoln | 01 uoldaful Jarempunolb asn ae|ndiuepy
uonejusaw|dwi 10j suoneIdPISUod pue sajdwex ‘DIU3pIAT uondinsag uondy

SNOILDOV FdNLONILSYIINI AdVH 40 SNOILLIdDS3IA d31Ivi3id "D XIAN3IddV

£00C ¥439W3ILd3S

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H



http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.epri.com/Portfolio/product.aspx?id=1167�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.fpc.org/about_fpc.html�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://www.nrcan.gc.ca/es/etb/cetc/cetc01/TandI/pdf/Fish-friendly Presentation Hydrovision2006.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://hydropower.id.doe.gov/turbines/pdfs/pnnl-biospec.pdf�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.aldenlab.com/index.cfm/Services/Hydroelectric_Turbine_Design�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://www.hydro.power.alstom.com/home/technology_centers/turbine_technology_center/fish_friendly_turbines/7220.EN.php?languageId=EN&dir=/home/technology_centers/turbine_technology_center/fish_friendly_turbines/�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�
http://wdfw.wa.gov/hab/ahg/fishguid.pdf�

9201

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

*9durUUleW Bulobuo d4inbas pue w 43d 000‘05$ 03 0000 L $ WOL) 150D Swedlls palaaulbul

(9007 uouueug) sbba Jo |eAIAINS %0/ Ueyl 240w Bunuasaidal ‘Ja1aw asenbs uad sbuldabuly Q| se ybiy se saduaidiyye

uondnpoud pey sey JIAIY SSauabung syl Uo weaJls paJaaulbud 10(id v (Dg ‘uiseg e UOSIIIBH Y3 Ul [duueyD) X334D) JaABIM “"H°9)
ANAdNpoud Buiseasdul pue Jeliqey bulumeds Buipiroad ul [nyssaddns uaaq aAey syuld pue ‘wnyd ‘9AD0S 104 sjauueyd bulumeds

‘sielqey
Bulieas papesbap 10 150|

‘(spuod dasp ‘suni ‘sajyji4 ‘sjood) 1eqgey buliess uow|es jo syusuodwod [einleu 3yl UIBIUOD 1By} SYIPIM WEedJ1S d|qelieA Yim ‘eate | ade|dal 18yl sieliqey |eidijile swealls
90BJINS WEDJIS [BUOIIDUNS SSIWIXEW 0} UOIIEDO0| B JSAO J3PUBSW JBy] S|ouueyd 3dA] [einleu Se paldnJisuod aJe sweatls paJasulbul 91B3.D 0} SweaJls Jaauibul J3u1bul
uolelo1sal sselb |ejuuaiad sAneN .
buluing pajjosiuo) .
uolel01sal ueledry .
ue|d Juswabeuep Aljenp J91ep puejabuey .
|eAOW 1 /|0J1U0d uone1abhan Apoom pue ysnig .
(49A14 Y3 $S3I0® Aj10341p 01 BuIpa3u WO4) 3]11ed S1udA3.d) JUSWAO[IAIP J91eM WEBIISHO .
buizeib [euoneioy .
buiduay ueredry .
:dpnpul ued sanbiluyda) buizeib 1dedwi mo
‘(1ep OU UODBN)
abuey) 40} Buizedn ‘19300q dY3 ul Sease ueliedld pue SISALI Y3 139104d 0} SAUNSEIW SAIIBAOUU] U BY DABY UDIYM SBYDUERI JUIBYIP 6
paziubodaJ UOIIBIDOSSY S,UBWS|NIEBD) BIUIOH|ED dYL "("WWOD *siad ‘UoISSILIWOD) uow|es d1jded ‘Aedydep snbuy) ssuoz ueledld
JO JuaWYysl|qelsa-a4 01 bulpes| pajuaAaid aq ued ain|ie) ado|s ‘Syue( JIALI PUB SWESJ1S 01 SSIIIE 1214153 SISYDUBL ISYM SUOIIBI0| U] 5307 ueLIedl U SIAAL saonded

‘saunjesadwa) wealls |00d ulelulew djay
01 wuenodwi Apendiied s| uonelsbaa uelredls bulureiurep -duoz ueledl 9yl pue SISALL 12948 A[9SI9APE UBd sjewlue buizelb dnsswoq

uo syedwl Aziwiuiw eyl
s9d11oead bBulzelb 3ned 3sn

buizeab 1pedwi
MO| JudwWwRdw|

uollIpuod |eulblio S11 03 pue| Buliolsas snyi speos buibbo| pjo 3reAdeIq .
sBUISSOUD WEedJls pue sa4n1dnJls abeulelp alenbape |[eisu] e

(2002 /P 12 1UOY) UOISOJD dIBYINS SIINPIJ D04 PAYSNId asn e

indui Juswipas aziwiuiw o1 ubisag e

Juswabeuey peoy buibbo

s[ediwayd jo asn ay3 buiziwiuip .
sado|s do31s bulploay .
si9yjng ueedu bulurejurepy .

:apnpdul ss|dwexy

(1661
UBYII 93BpP OU 11B|0S /66 | SeXop|ez pue Asue|S 6 ) SWalsAS0dd Ja1eMysal) uo sidedwi dziwuiw Jeyy sadndeld Juswabeuew

159q SSNJSIp sadUdIR)aJ AUy “SslIgap Apoom ab6.e| Jo A|ddns uj uoldNPaJ B pue swalsulew ul bujleay o1 pes| ued saleInglil
9y} Ul dpeYS Pasealds "SuJIdU0D Jeliqey S91eaJd WAlsulew Yy} 03 salieIngll wody Ajddns Juswipas sulj pue jjound pasealdu|
*PaYSI21BM BU1IUD BYI 103448 1BY] S3LIBINGI4) 3Y) 01 SaBuBYD Ul PaNsaJ sey (SJa4ng ueriedls Juadlnsul) Juswabeuew A11saio) 100d

‘SpaysJaiem
uo spedw! szZiwiuiw
1eY1 Sad110ed AI1S2404 IS

sad110ead
A1rsasoy pedwi
MO| udwW|dw|

uonejudwsa|dwi 10§ SUOIIBIIPISUOD pue s3|dwexd ‘DIU3PIAT

uondinsag

uondy

SNOILDOV FdNLONILSYIINI AdVH 40 SNOILLIdDS3IA d31Ivi3id "D XIAN3IddV

£00C ¥439W3ILd3S

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




401

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

(S00Z 'Ip 12 11eAH) Alj p[IM JO 1BY] SDWIl 3.yl Buiaqg Ay Aisydiey Joj 9184 [BAIAINS DY YUIM [NSSIIINS PRIIPISUOD

9J9M paYsIa1eM dUPIIS AgJesu 3yl Jo e uejiye] ayl ul sydwaiie buipuodsaliod ‘USASMOH “(‘wiwod “siad ‘uoneN 1sii4 subulj] ALY
nye] ‘4auuo) U (5002 /Y 12 NeAH) |NySSI0dNSUN 319M 3ADD0S YUIM 3BT SlUsWESIE] 3D01S 01 S1dWa1Ie U3 ‘PaYSIa1em JaATY
nyel 9yl uj "(Cwwod "si3d uoneN 1s4i4 suBuUl|] JSARY NYBL ‘43Uu0D) JUBW (|66 | SOOY) SS9IINS JO D[ Y1 01 NP PI||IJULD U] dARY
sweaboud 1sow 1ng ‘Og ul SAWIl Auew pall udaqg Sey S)01s p|Im 3yl budueyus Jo 3sodund Syl 1O} JUSWUOIIAUD MAU B 01Ul SI|IUANS
10 sbba pazi|1uay pasies Asaydiey bunue|dinQ ‘abueld JuaLINd JI9Y) IPISINO SIUSWUOIIAUD 01Ul ysiy Jo bunueldino jeyuswadxs 3|qissod
9yl pue s3123ds paualeatyl JO UOIIBAISSUOD dY) 01 AI3ysiy 3yl Bujureiurew wodj sndoy syl Bullylys J9PISUOd pue saLIBYDIRY JO 9|0J 3Y]
91eNn|eAd-2J 01 S| abueyd d1ewi|d 01 asuodsas Juswabeuew 3|qissod e 1eyl 1s366ns (1002) PLeM pue sisWpaA] (4002 v 12 Aejuiydep)
S1|ows p|IM Se awll pue siybiam Jejiwis 1e syjows buises|as pue porad bulumeds ayi 1noybnoayl woudy sbH3 urerqo ‘AlsiaAlp d11ausb
ulelulew Jeyl sainpadoud bunew P01spoouq [ed0] buisn {(Z00Z UPjUBH) UOIIIR|IS d1BW [eAnieu Bupdlwiw Ag uow|es pjim uo 1eduwl
9yl dziwiulw 01 pabeuew aqg ued sadndesd AIydieH (900 ||9A0T PUB SI114ND) JUSWIDUBYUD dABY 01 PIdU dM AJdYsl) [BIDISWWOD

pue |eUOIIBRID3I B|qRIA Ulelsns 01 ybnous abie| suolrejndod uow|es Juem am §| "UOIIBZIUBGIN PUE SWEP WOJ) UolIepeIHIP JALI 01 anp
uow|es p[IM Ul uoldNpPaJ 3yl 404 uonesusdwod apinoid ASy] "Aels 01 39y 24k S9LIBYDIRY ‘Uowes pjim 01 wuey [enuslod syl sudsap

‘Seldaysly 40} ydlyed
@dUeyuo 10 S$>D01Ss uowjes

sauaYdIRY YyUM

‘I9AIMOH *("ww0d 'suad ‘weaboud uoiled01say JaAIY Aluli] ‘[iydway euiN) sadAlousab pasied Alaydiey maj e JO SSIIDNS pIjre|jul 3yl 01 passaJdap JO uolIeAIdSUOD uoipnpoud
anp AlsiaAIpolq 92npaJ pue S1IYS AJeuollinjoAs Jofew asned ued Asyl Se UOWeS p[IM 03 1BaJyl e 3q 01 ybnoyi Ajjessusb sie ssiisydieH pie 01 sal3YdIeY 3S( ?dueyul
SIUSLIINU JO JUSLWIADUBYUD [BID1}11e 03 Jolid 1S9AIBY Ul SUOIIDNPIJ JBPISU0) .
92U0 1k ||B UBY} J3YIed uoseas bulumeds ayl ybnoayl sawil [eJaA3S 31IS B 0) S9SSEIIed AIaydley jo uonediddy e
ybiy Ajeniyiue Apeasje Aew sbuipeo| Jualilnu 3J3YM Sease ueddn Jo aduanjju| .
weasisumop pue uonedjdde jo julod 18 SUOIIBIIUIIUOD JUSLINN .
:13pIsuod 03 sbuiy
(€002 */p 12 dwinH Ui pa1Id Sk [|e 000¢ /b 12 piojpeig 19661 /P 12 SWNH ‘$86 | 11BAH pue J3udD01S) SaXe| A0S
Jo Jaquinu e ul AlIAIDNpoud Alellal pue Alepuodas ‘Arewrid paseasdul ul payjnsal uoseas buimoub ayl buunp 4 pue N Jo uolppe ay|
(2002 /v 12 1uOY Ul PaID SB 966 L PIeM PUB 0661 /P 12 UOISUYO() JIALI BUY) 01 PIPPE UM d PUB N USYM SIBIA BULIND PIIGNOpP PIRIA [ . (occby by uowjes Asaydiey
1JOWS pue 431ea.b P|0J-0'Z-+" | 2419M ‘BIqUIN|OD) Ysillug ‘UaArY ybnoay ay3 ul Ay peay|asls pue uow|es oyod Jo Siybiam Jawwns 31e 10 S13Z1|1113 [BDI1IE
(2002 °/p 12 1uoy buisn Aq siuswuoliAud sjuaLINu
ul pa1d se /66 | Asue|S pue upaeT) uolde HBulrebiiw J3ylo 4o ‘sjpuueyd bujumeds Jo UOIIDNIISUOD ‘UoIeZI|113) ‘uonteluswsa|ddns J91eMYSa44 01 snotoydsoyd yum saxe| /

AJaydrey Aq padueyud U] J0U dARY suollejndod SJ9YM SPIYSIDIBM Ul SIUSLIINU JO SISBRIDIP dbJe| paiedipul sAIAINS ‘Og U]

pue uabouiiu djuebioul ppy

swealls youug

(6661 LAH Pue SM4Sn) Aixa|dwod [auueyd

pue s326png JUAWIPSS UlRIURW 03 UNDJ0 S3SSID0.4d [ed160]0IpAY [BINIRU 3Y) SINSUD 0} SMO|} d1enbape BulINsUS pue sligap Apoom oy
924n0s w3l Buo| e apiroad 01 uolrerabaa uenedls bunueld ‘s|dwexs 104 "AIRSSIIBUUN BJB SIUBWIIUBYUD WEdIISUl 3Y) 1By} OS UolduUNy
|e2160]029 Bul101S3J ‘W) BUO| Y3 Ul papaau si ydeosdde d11SI|0Y 3J0W Y (ZOOZ /P 12 1UOY) PIPI3U S| JUSWSDUBYUS WId) 1OYS

aJ1aym Ajuo pakojdws aq pjnoys Asy3 pue adudlsisiad pajiwi| dAeY 03 pudl ASY3 JIASMOH (9002 [ 12 pIeM ‘$00Z ‘Ip 12 A3deT 12002 /P
12 1U0Y) Sa123ds aWos 104 ANAIINPOId J121EMYSI) BUISERIDUL 10} BAIIIDYD 9 ABW JUBLISDUBYUS 1RIIGRY WEIISUl JBY) 9DUIPIAD S| dI3Y L

‘Ayxajdwod ieyqey
}0 sSO| 3y3 40} dresuadwod

pue 1eliqey ysiy snosdwi 1e1IqRY

‘Cwwod "s1ad ‘weiboid uo1IeI01SAY JBARY ANuli] ‘|IydwaH BUIN ‘9002 /v 12 piep) abueyd alewi|d dAIAINS uowes d|ay 01 Abajesys| 03 |aAesb Jo ‘siapnoqg ‘(aml) weaJisul
QU0 S| abueyd 31eWID 03 NP All[RIIOW PISEIIDUI 195440 03 [BAIAINS BUISEIIDUI 3DUSY pUE Jeliqey J31emysady Jo Alljenb Buiseatdu| slgap Apoom abue| asn ?dueyu]
uonejusaw|dwi 10j suoneIdPISUod pue sajdwex ‘DIU3pIAT uondinsag uondy

SNOILDOV FdNLONILSYIINI AdVH 40 SNOILLIdDS3IA d31Ivi3id "D XIAN3IddV

£00C ¥439W3ILd3S

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




801

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

(9661 *|p 12 uRWLIRH)
[SuueYD ulew 3yl ul syuswanoidwi Jelgey bulliels 91049g uollIsodap JUBWIPSS duly ‘UoISOId ‘saplls JuaAaad 01 Alljigels ado|s 310159y

SwieaJls ul
uonisodsap Juswipas J0/pue
‘UuolsoJd ‘sapl|s Juanaid

01 Aljiqels 2do|s 240159y

Avjigers
9do|s 240159}y

(2002 /v 12 1UOY) WEBAIISUMOP puB dn SIUBLIINU JO JUSWSAOW 3Y] 1948 SLIBAIND
(2002 /v 12 1uoy)
MOJ} YdNW S 10U S| J3Y] IYM SWEI1S JI|[BWS dSN 01 pudl ASYl asnedaq Jendiuied ul 0Yyod 1294 Aew SLISAIND
(2002 *p 12 U0y Ul Pa1D SE 666 | UOSIqOY) "sado|s
Mmo| AJaA 1e 1dadxa abessed ysiy djiuaAn( sredwi Ajjewou sajyeq 10 ssauybnou bBuide| sUIAIND yroows (1661 ‘[P 12 ssiuind)
seaJe Bulieas Jueriodw bBuiydeas wouy ysiy dj1usAnf 1uaAsid pue sailjige Bulwwims uowes 9|1UdAN[ PaRIXd 1BY] SDIUDO0|IA J91eM
91eaJd U3o abessed ynpe 1o) paubissap SUIBAIND *s3|IudAN( pue sinpe yiog Jo abessed mo||e 01 paubisap aq 01 Paau SLIBAIND e

:uBISaPaJ 10 [BAOWAI MBAIND

(‘wwod "su3d ‘weiboid uo11eI01SY JIAIY AUl

‘Iydwsy euIN) “(Juiyased/buixysly/sn*paj sy Wealls mmm 99s) weal 1dafoud Buixysi4 e Agq paddeul aJe s1oafoid [enpiAipul aisym
BIUIOJI|RD Ul pUB 1SIMYLION JI}IdBd 3yl 1noybnouyl pasn si Abareais siyl "Ajsnoiraid uow|es pey aAey J0u Aew 1ey) SeaJe 01 Se ||9M Se
seaJte pazi|iin A|snoiAsid 01 S$932B MO||e 01 (SPAIND *6H°9) sualiieq Bulrowal Ag S| S1eligey J91eMYSal) JO JUNOWER 3SBaIdUl 0] AeM dUQ
(9002 /v 12 psem) ABo1euls suo S| abueyd d1ewl|d 01 aNP AlljelIOW PISeaIdul 19540 01 1BlIgRY J91BMYSJ4 JO JUNOWe 3yl buiseaudu]

'SUO0119NIISqO [BID1JIME J3Y10
10 SMIAIND paydJad bulrowu

Aq siyenqey ysiy Aijenb
-yb1y 01 AUAIIDRUUOD 310159y

ANAIDBUUOD
9101593y

*SI9AIY BUIPEN PUB A}9SIOH 3yl Ul DF Ul $S3IONS pPaliwl]|
YuMm pall uasq sey Abaieuls siyl “smoj ybiy Js1e| yum palisodsp aq Aew JusWIPS Ysady pue AIsuadxa S| Ing ‘paues|d aq ued |aAelb
bulumeds *sbb3 ay1 01 usbAxo buibuligq sppas syl ybnoayl s1ejodiad ued J91em 0S pues pue 1jIs JO 33l) SI [9AeID Bulumeds Ajjeap|

‘leAlaIns 663 adnpas yoiym
40 yloq ‘s|aAesb buiumeds
W01 PUBS PUB 1[IS AOLLIDY

s|9AeJb UBd|D

*Ajjesipoliad 1no bnp 3q 01 aAey Aew S3|0Y dY3 S uoIIn|os siy3 o ued

Jayloue S| Juswabeurw JUSWIPIS U OS JUILWIPIS UL JO SSIIXS UB 03 NP Ul P3||I§ 3196 UdY0 Ing ‘Ajjeanieu unddo Aew Aay] “Appinb
se dn wJem jou |[Im s3joy Jadasp 3say] (‘(wwod ‘siad ‘welsboid uoi1es01say JIARY Aluli] ‘|iydwaH BUIN) Ul pjoy 03 Ysiy 104 JALI 3Y3 Ul
sjood 43daap BIp 01 S| MOUS Ydhw Se dABY 1,U0p ASYl 243YM YD “U9AIY uinbeof ues syl 94031534 01 1dwanle ue ul 3sn Aew Asyl d11del 3uQ

*sabnyau

|Jewayy buipiroad Agasays
‘butaeas sj1uaAnf 1o ‘buipjoy
1npe Joj sjood daap b1Q

sjood
dasp 91eas)

abueyd arewi|d uaAlb Juelodwi Ajaejnoiued aq Aew sielgey uoileAs|s ybiH .
yidoap pue azis puod jewndo .

AJp unJ 1,Us30p DUBJIIUD dJNSu] .

JIA0D WEBJISUl JO SIDINOS JBYI0 pue SLIgap ApOOM JUdId14NS o

:J9pISu0d 03 sbuiyl

‘(‘wwod siad ‘weibold uolIeI01SaY

J9AIY ANula] ‘IydwaH euIN) JedA Y3 Ul J33e| 49]00d 3q P|NOoYs 1eliqey UolleAd|d JaYBIH “JaARY Ajuld] dyl ul oyod palabuepus djay o}
ABajelis e se jeuqey uonead|d ybiy Alenonded ‘Jeqey Ateingll apiaoid 03 BuJOM S| IUIOJI[ED Ul 914} YOINA YL (2002 ‘P 12 1Uoy
ul pa1Id Se 686 | SBUIAST pue S3|BMS) SIBlIqRY WIS-UleW Ul UBY) Sal4eInqlil [edawayds juaipesb-mo| pue spuod |suueyd-}jo ul Jaybiy
aJe UOW|BS 0YOD JO YIMOJB pue [BAIAINS JSIUIMIBAQ (2002 ‘P 12 1UOY Ul P3lID SB £86 | UewleH pue pjsuljdeyds| pue zge | U0SIa1dd)
s1eliqey [duueyd-}J0 Ul 36NJaJ 39S SPIUOW[ES JDYIO UIeIISD pue UOW|eS OYOd J[IUSAN[ ‘ISIUIM pUR [[B} Ul 3SBIIDU] SMOJ} Wedlls

SV (9002 ‘/p 12 pJep) ABaieJis auo S| abueyd WD 01 NP AM[RIIOW PISBAIDU| 19540 01 1elIqRY J9IBMY SIS JO Junowe ayl buisealdu|

‘sieliqey
bureas pue buiumeds
|]auueYd dpIS eI

jelIqgRY [dUURYD
-4Jo @181

uonejudwsa|dwi 10§ SUOIIBIIPISUOD pue s3|dwexd ‘DIU3PIAT

uondinsag

uondy

SNOILDOV FdNLONILSYIINI AdVH 40 SNOILLIdDS3IA d31Ivi3id "D XIAN3IddV

£00C ¥439W3ILd3S

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H



http://www.stream.fs.fed.us/fishxing/case.html�
http://www.stream.fs.fed.us/fishxing/case.html�
http://www.stream.fs.fed.us/fishxing/case.html�
http://www.stream.fs.fed.us/fishxing/case.html�
http://www.stream.fs.fed.us/fishxing/case.html�
http://www.stream.fs.fed.us/fishxing/case.html�
http://www.stream.fs.fed.us/fishxing/case.html�
http://www.stream.fs.fed.us/fishxing/case.html�
http://www.stream.fs.fed.us/fishxing/case.html�
http://www.stream.fs.fed.us/fishxing/case.html�
http://www.stream.fs.fed.us/fishxing/case.html�
http://www.stream.fs.fed.us/fishxing/case.html�
http://www.stream.fs.fed.us/fishxing/case.html�
http://www.stream.fs.fed.us/fishxing/case.html�

601 TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

“1adeayd yonw aq pjnom ade(d 1S4} Y3 Ul SI9AL Yum Buoje surejdpoolj Buiaiasuo)

"SI9UMO Bwoy
wouJj 1eyqey urejdpooyy [edannld aseydund o1 1uads Buiaq sI 11049 pue Asuow Jo [esap 1ea.b e ‘U9Ary Alluli] Syl uj "bulpool} Ylm SuladU0d
J9MB} D4 I3Y] PUB SISUMO deALId AQ paumo 1ou S| pue| urejdpoojy 3yl aym ‘suoibal padojaAsp ssI| ul J3ISed yonw st Abareals siy |

‘uolPdUNy W1sAs0dd ulejulew

01 AJessadau aJe pue s3103ds Jo abuel e 10j 1eIqRY oW AjpuediIUbIS dARY S|dUURYD J3ALL X3|dw o)) (666 1 LAH PUe SMASN "wwod
sJad ‘@duel||y uoneN uebeuedQ ‘WYBLIA IMOH) INJD0 01 S3SS9I04d [BIAN||B [BINIBU DY) MO||B 01 J3PJO Ul YD ‘UdAIY ANulil 9yl ul pue|
uiejdpooyy dn bulAng pue sa3Ap bulrowal pue Dg ‘UaAry uebeuedQ ayl ul xydeq sadAp buiies aue Asyl (6661 LAH pue SM4SN "wwod
*s19d ‘Sduel||y uolleN uebeuedQ ‘WYBLIM SIMOH) J9AY ANULIL Yl pue JAIY uebeueO 3yl buipn|dul SI9AL 3|dwis pazijauueyd 33eald
pue 1iodsuesl Juswipas pue buipooyy ‘burinods ‘bulspuesw Buipndul sassad04d [eIAN|je [eunleu JusAl4d SAP Se Uydns Sslulesisuo)

‘ure|d

poO|4 3yl 01 [SUUBRYD JSAL
9Y3 JO AJIAIIDBUUOD BuUlI0ISDI
‘Aj[eanieu Jspuesw 01 SIaAL
SMO|[e deq sa)Ap bulnss

SI9AL
woJj xdeq
SAP A0

‘bunue|d uenedid JO S109449 1e1IGRY 39S 01 SUBIA 0Z-G | SE1 Y
buiwi

"(Cwwod "siad ‘welboid UoIIeI01SIY JIAIY AUl

‘IlydwaH euiN) ease bulumeds s1elidoidde ue puly 01 J9PJO Ul 3SIY] USIMIIQ dAOW UeD AdY) pue seale Bulpjoy se ysij bunesbiw

1npe Aq pasn aJe 3say | "walsulew 3yl ul sabnjau Ja1em pjod buipiroid waisurew syl oul Mojy ||IM SIYl pue buipeys JusIdINS Ylm
J3]00D ulew?ad [|IM SalJeINgld] "("Wwod "siad ‘epeur) SUBIIQ PUB SILIBYSIH ‘43ISUI{ UOA |Y) [BWIUIW S| SISAL 3bJae| uo buipeys jo 1dedw!
9YL "(Cwwod "siad ‘wesboid uol1rI01SIY JIAY Aluli] ‘|[IydwisH eUIN) SSLIBINGLI] SY) Ul g pinoys bunue|d ueledis 10j snd0j sy

&313ym

"A|9A11D3443 ISOW SMO|4 3y} dbeUBW 01 MOY pue 3|gelINS Isow aJte sjue|d Yyaiym
SUIWIDIAP 1S3 01 JPIO Ul PAPIJU S| SIUBWIINDAI JUBWIINIDDI pue [estadsIp paas Jo Bulwiy 3yl Jo Buipueisiapun pajielsg o
‘(‘wWwod *siad ‘UoISSILIWOD SAIIBYSIH [BqLI1-11U] J3AIY
BIQWIN[OD ‘U3 |[1g) 4INbaJ A3y J93eM dY) pue apirold A3yl Speys dyl JO SWII) Ul SI1D3ds UDIMID] Sjjodpel) 3q Aew Iy e
(2002 °[p 12 1U0Y) S11gdp APOOM 4O 924N0S W) HUO| 19119q dPIN0Id SIDJIUOD ‘SIDUBCINISIP J9IJE SBUOZ Ueliedld Ul SIJUOD Jueld

:s9123ds Jo dd10y)

(9002 '/p 12 110) Buipesb urejdpoojy

SE dNs SUOI1Dk SAISUSdXd SB |[9M SB UOIUdAIR1UI dIpoliad aiinbas Aew paso1sat uoldUNy WI1SAS0D3 INOYUM UONBI0ISaI UeLedry o
(9002 v 12 110) Bulwn pue Adusnbauy [ednieu Syl diWiw Jey) sawibal MOJ} pue SadBLINS

|BIAN|[B M3U JO UOIIBWIO) YUM Bulidpueaw [suueyd aJinbai pjnom sa1d3ds Jaauold 10} $3553304d [BUOISSIIINS BUIYSI|qRISS-DY .
‘("wwod suad ‘Pduel||y uolleN uebeuedQ ‘Wb SIMOH) d[ay Aue 1noyim [|9m se 1snf moub pjnom uoielaban ji Jo bunueld

Aq sbuiyl snoadwi am Jayisym o1 se uonsanb swos si 313y "ysijqeiss o1 uone1sbaa ueledl 196 01 paey Si 31 SEIJB SWOS U] .
(‘wwod "suad ‘uonepunod uow|es d1yded ‘qgam Ad®1S) poojy pue

abueyd ‘YIys ued pue pauleJISUOd 10U S| AL BY] 3snedaq ‘sbuiiss padoaasp ssa| ul 9M AjjeaJ SyJom uonelolsad uelsedry o

:uo1dUNY WIisAs03d bulioIsay

:J9pISu0d 03 sbulyl

"BIUJOJI[BD PUB 1SBMULION D1}1DBd 3yl 1noybnoayl 109443 ul S| ABaieais siy] "sa1dads a41|p|im J3Y10 JO Jaquinu © Joj Jelqey sapiaoid
pue 1eliqey bureas Jo Aljenb ayi ssAosdwl ydiym suigap Apoom abue| Jo 33unos e sapiroad uollelaban uenredl uonippe u| “sslieingLl
1003 01 sd|ay yd1ym apeys sapiroid uoneiabaa uerredis duls ‘dbueyd arewld usAlb Juenodwi Aejndiied si wa1sAs0d9 ueliedid sy

*sainjesadwal

WeaJl1s |00d ulejulew

d[ay pue sugap Apoom
obJe| JO s92uN0S 91INqIIIUOD
1By} SaU0z ueledld 910159y

SWI91SAS0dd
uepedu
210159y

uonejudwsa|dwi 10§ SUOIIBIIPISUOD pue s3|dwexd ‘DIU3PIAT

uondinsag

uondy

SNOILDOV FdNLONILSYIINI AdVH 40 SNOILLIdDS3IA d31Ivi3id "D XIAN3IddV

£00C ¥439W3ILd3S

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
APPENDIX D. REFERENCES CITED IN APPENDIX C

APPENDIX D. REFERENCES CITED IN APPENDIX C

Behnke, R.J. 2002. Trout and Salmon of North America. The Free Press. New York, NY.

Bernhardt, E.S., M.A. Palmer, J.D.Allan, G. Alexander, K. Barnas, S. Brooks, J. Carr, S. Clayton, C. Dahm, J. Follstad-
Shah, D. Galat, S. Gloss, P. Goodwin, D. Hart, B. Hassett, R. Jenkinson, S.Katz, G.M.Kondolf, P.S. Lake, R. Lave,
J.L.Meyer, T.K. O’Donnell, L. Pagano, B. Powell, and E. Sudduth. 2005. Synthesizing U.S. river restoration
efforts. Science 308: 636-637.

Bosch, W.J., T.H. Newsome, J.L. Dunnigan, J.D. Hubble, D. Neeley, D.T. Lind, D.E. Fast, L.L. Lamebull, and J.W.
Blodgett. 2007. Evaluating the Feasibility of Reestablishing a Coho Salmon Population in the Yakima River,
Washington. North American Journal of Fisheries Management 27:198-214.

Bradford, M., B. Pyper, and K.S. Shortreed. 2000. Biological responses of sockeye salmon to the fertilization of
Chilko Lake, a large lake in the interior of British Columbia. N. Am. J. Fish Manage. 20: 661-671.

Brannon, E.L. 2006. Engineering the Future for Wild Salmon and Steelhead. Pages 175-192 in R.T. Lackey, D.H.
Lach, and S.L. Duncan (eds). Salmon 2100: The Future of Wild Pacific Salmon. American Fisheries Society,
Bethesda, Md. 629 pp.

Burger, C.V., K.T. Scribner, W.J. Spearman, C.0. Swanton, D.E. Campton. 2000. Genetic contribution of three
introduced life history forms of sockeye salmon to colonization of Frazer Lake, Alaska. Canadian Journal of
Fisheries and Aquatic Sciences. 57: 2096-2111

Chamberlain, T.W., R.D. Harr, and F.H. Everest. 1991. Timber harvesting, silviculture, and watershed processes.
Pages 181-205 in W.R. Meehan (ed). Influence of Forest and Rangeland Management on Salmonid Fishes and
Their Habitats. American Fisheries Society. Bethesda, Md. 751 pp.

Connor, W.P., R.K. Steinhorst, and H.L. Burge. 2003. Migrational Behavior and Seaward Movement of Wild
Subyearling Fall Chinook Salmon in the Snake River. North American Journal of Fisheries Management
23(2):414-430.

Cook, T.C., S.A. Cain, P. Fetfatsidis, G.E. Hecker, and P.S. Stacy. 2000. Final Turbine and Test Facility Design Report
Alden/NREC Fish Friendly Turbine. Prepared for U.S. Department of Energy by Alden Research Laboratory, Inc.
Available at: http://hydropower.id.doe.gov/turbines/pdfs/doeid-10821-pt1.pdf

Curtis, J. and K.L. Lovell. 2006. Lasting wild salmon recovery versus merely avoiding extinction. Pages 207-231 in
R.T. Lackey, D.H Lach, and S.L. Duncan (eds.). Salmon 2100: The future of wild Pacific Salmon. American
Fisheries Society, Bethseda, Maryland.

Deas, M. 2007. Thermodynamics of Trinity and Lewiston Reservoir. Presentation at the Trinity Science Symposium.

Fisheries and Oceans Canada (DFO). 2001. Remarkable Rebuilding of Upper Adams Sockeye Run Continues.
NR-PR-01-054E.

Foreman, M.G.G., C.B. James, M.C. Quick, P. Hollemans, and E. Wiebe. 1996. Flow and temperature models for the
Fraser and Thompson Rivers. Atmosphere-Ocean 35(1): 109-134.

Furniss, M.J., T.D. Roelofs, and C.S. Yee. 1991. Road Construction and Maintenance. Pages 297-323 in W.R.
Meehan (ed). Influence of Forest and Rangeland Management on Salmonid Fishes and Their Habitats.
American Fisheries Society. Bethesda, Md. 751 pp.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 110


http://hydropower.id.doe.gov/turbines/pdfs/doeid-10821-pt1.pdf�

HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
APPENDIX D. REFERENCES CITED IN APPENDIX C

Ginetz, R. 2002. On the risk of colonization by Atlantic Salmon of BC waters. Available at:
www.salmonfarmers.org/pdfs/colonization.pdf

Hankin, D. 2007. Influences of hatchery mating, rearing and release practices on life history traits of Chinook
salmon at Trinity River Hatchery. Presentation at the Trinity River Science Symposium.

Hartman, G.F., J.C. Scrivener, and M.J. Miles. 1996. Impacts of logging in Carnation Creek, a high-energy coastal
stream in British Columbia, and their implication for restoring fish habitat. Canadian Journal of Fisheries and
Aquatic Sciences 53(Suppl. 1): 237-251.

Hyatt, Kim D., Karin L. Mathias, Donald, J. McQueen, Brian Mercer, Patrick Milligan, and D. Paul Rankin. 2005.
Evaluation of Hatchery versus Wild Sockeye Salmon Fry Growth and Survival in Two British Columbia Lakes.
North American Journal of Fisheries Management 25:745-762.

Jenkins, M. 2006. A river once more. Feature Article in High Country News. October 16, 2006.

Lacey, R.W.J. and R.G. Millar. 2004. Reach Scale Hydraulic Assessment of Instream Salmonid Habitat Restoration.
Journal of the American Water Resources Association 40(6):1631-1644.

Lee, C.G., A.P. Farrell, A. Lotto, M.J. MacNutt, S.G. Hinch, and M.C. Healey. 2003. The effect of temperature on
swimming performance and oxygen consumption in adult sockeye (Oncorhynchus nerka) and coho
(O. kisutch) salmon stocks. Journal of Experimental Biology 206(18): 3239-3251.

Lens, P., L. Hulshoff Pol, P. Wilderer and T. Asano. 2002. Water Recycling and Resource Recovery in Industry,
Analysis, Technologies and Implementation. IWA Publishing. ISBN: 1 84339 005 1

Lindley, S.T. R.S. Schick, E. Mora P.B. Adams, J.J. Anderson S. Greene, C. Hanson, B.P. May, D. McEwan, R.B.
MacFarlane, C. Swanson, and J.G. Williams. 2007. Framework for Assessing Viability of Threatened and
Endangered Chinook Salmon and Steelhead in The Sacramento-San Joaquin Basin. Vol. 5, Issue 1 [February
2007]. Article 4: repositories.cdlib.org/jmie/sfews/vol5/iss1/art4

Lofthouse, D. 2002. Chinook Introduction to the Upper Adams River. Report prepared for the Department of
Fisheries and Oceans Enhancement Support and Assessment Unit.

MacKinlay, D.D., S. Lehman, J. Bateman, and R. Cook. 2004. Pacific salmon hatcheries in British Columbia.
American Fisheries Society Symposium. 44: 57-75.

MacNutt, M.J., S.G. Hinch, C.G. Lee, J.R. Phibbs, A.G. Lotto, M.C. Healey, and A.P. Farrell. 2006. Temperature
effects on swimming performance, energetics, and aerobic capacities of mature adult pink salmon
(Oncorhynchus gorbuscha) compared with those of sockeye salmon (Oncorhynchus nerka). Canadian Journal
of Zoology. 84: 88-97.

Macon, D. no date. Grazing for Change. Published by the California Cattlemen’s Association and the High Sierra
Resource Conservation and Development Council. Available at:
www.calcattlemen.org/1%20Industry%20lssues/1%20Producer%2Olnformation/Grazing%2 0For%20Change%20Book.pdf

Martin, K. 2003. Water Supply Forecast Correction Curves. Presentation to the Oregon Chapter of the American
Meteorological Society. Portland, Oregon. Available at: http://www.critfc.org/tech/03-forecast_report.htmil

Meehan, W.R. (ed). 1991. Influence of Forest and Rangeland Management on Salmonid Fishes and Their Habitats.
American Fisheries Society. Bethesda, Md. 751 pp.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 111


http://www.salmonfarmers.org/pdfs/colonization.pdf�
http://repositories.cdlib.org/jmie/sfews/vol5/iss1/art4�
http://www.calcattlemen.org/1 Industry Issues/1 Producer Information/Grazing For Change Book.pdf�
http://www.critfc.org/tech/03-forecast_report.html�

HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
APPENDIX D. REFERENCES CITED IN APPENDIX C

Milly, P.C.D., K.A. Dunne, and A.V. Vecchia. 2005. Global pattern of trends in streamflow and water availability in a
changing climate. Nature. 438 (17): 347-350.

Narum, S.R., W.D. Arnsberg, A.J. Talbot, and M.S. Powell. 2007. Reproductive isolation following reintroduction of
Chinook salmon with alternative life histories. Conserv. Genet.

Nelitz, M., M. Porter and D.R. Marmorek. 2007. Scoping Document to Assess the Feasibility, Impacts, and Benefits
(FIBs) of Restoring Anadromous Salmon to the Canadian Reaches of the Upper Columbia River. Draft Report
prepared for Upper Columbia Aquatic Management Partnership (UCAMP) by ESSA Technologies Ltd.,
Vancouver, BC. 72 pp.

Orr, B., P. Baker, R. Real de Asua and J. Stella. 2006. Tools for Riparian-Floodplain Restoration Planning Along
Large River Corridors: Examples from the San Joaquin River. Presentation at CALFED.

Postel, S. 2000. Entering an Era of Water Scarcity: The Challenges Ahead. Ecological Applications 10 (4): 941-948.

Quinn T.P., J.L. Nielsen, C. Gan, M.J. Unwin, R. Wilmot, C. Guthrie, and F.M. Utter. 1996. Origin and genetic
structure of chinook salmon, Oncorhynchus tshawytscha, transplanted from California to New Zealand:
allozyme and mtDNA evidence. Fish B-NOAA. 94:506-521.

Roni, P., T.J. Beechie, R.E. Bilby, F.E. Leonetti, M.M. Pollock, and G.R. Pess. 2002. A review of stream restoration
techniques and a hierarchical strategy for prioritizing restoration in Pacific Northwest watersheds. North
American Journal of Fisheries Management 22: 1-20.

Roos, J.F. 1991. Restoring Fraser River Salmon: A History of the International Pacific Salmon Fisheries
Commission1937-1985. Published by the Pacific Salmon Commission. Vancouver, BC.

Slaney, P. and D. Zaldokas (eds). 1997. Fish Rehabilitation Procedures. Watershed Restoration Technical Circular
No.9. Report for the Ministry of Environment BC Watershed Restoration Program.

Solari, K. No date. Forestry Best Management Practices, a poster developed by the USEPA and the American Forest
and Paper Association. Available at: www.epa.gov/watertrain/forestry/

Stahl, K. 2007. Streamflow changes in BC: impact of climate change and glacier retreat. Presentation at the
Fisheries and Oceans Canada: Workshop to determine research priorities for eulachon.

Stockner, J.G., and K.D. Hyatt. 1984. Lake fertilization: state of the art after 7 years of application. Can. Tech. Rep.
Fish. Aquat. Sci. 1324. 33 p.

Tyedmers, P. and B. Ward. 2001. A Review of the Impacts of Climate Change on BC’s Freshwater Fish Resources
and Possible Management Responses. Fisheries Centre Research Reports, Vol. 9(4).

U.S. Bureau of Reclamation (USBR). 2006. Agreement Signals Start to Historic San Joaquin River Restoration.
Available at: www.usbr.gov/newsroom/newsrelease/detail.cfm?RecordiD=13681

U.S. Fish and Wildlife Service and Hoopa Valley Tribe (USFWS and HVT). 1999. Trinity River Flow Evaluation Study—
Final Report. A report to the Secretary, US Department of the Interior, Washington, D.C.

Vermeyen, T.B. 1997. Modifying Reservoir Release Temperatures Using Temperature Control Curtains Proceedings
of Theme D: Energy and Water: Sustainable Development, 27th IAHR Congress, San Francisco, CA,
August 10-15, 1997.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 112


http://www.epa.gov/watertrain/forestry/�
http://www.usbr.gov/newsroom/newsrelease/detail.cfm?RecordID=13681�

HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
APPENDIX D. REFERENCES CITED IN APPENDIX C

Ward, B.R., P.A Slaney, and D.J.F. McCubbing. 2006. Watershed Restoration to Reconcile Fisheries and Habitat
Impacts at the Keogh River in Coastal British Columbia. American Fisheries Society Symposium.

Withler, F.C. 1982. Transplanting Pacific salmon. Can Tech Rep Fish Aquat Sci 1079:1-27.

Zedonis, P.2007. Meeting water temperature objectives in the Trinity River—A post ROD review. Presentation at the
Trinity Science Symposium. U.S. Fish and Wildlife Service.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 113



vil

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

‘(‘wwod
s19d ‘snepn) Al 1,uom A1 Ing ‘suoisiaoad Bunddl uo
U IIM SI9UONIIDRI{ *(BUOP 10U S| uolresuadwod Jelqey
}1 9S4n023J OU S| 3I3Y3 ‘QQVH ® 104 UdAIB S| uolreziioyine
ue jI mou 1yb1s “*679) SU0I1IIS A UO JBdW, SI0W SIPN|IU| .
*$9ss320.d |edulA0Ld P [eIdpR)
uaM13q uonedijdnp pue deJaA0 SdAOWI pue ‘ssadoid Jano
1uspadaid el 1eIIgRY YSI} % YSI} 0O WBY [BNIDE JBY) S2INSUD
‘s1o9foad 9[eds |jews B 3eds abue| usamiaqg saysinbuiisiq .

(L¥-D 11'9) 12V sauaYysi4 mdau pasodoud

4ELY]]

|eduiAod e [Suu0siad JUBWIDI0UD padnpat Aq papunodwod
|[uuOosJad JUBWIIIOLUD Ul SUOIIINPAI ‘JUBWIII0LUS JO dIe] .

(9002 bulsm

pue BunoA ul pa11d) bulioliuow % JU3WIDI04Ud denbapeul

J0 3snedaq Ajabue| ‘9A112343Ul pUB JUIIDINSUI USI( dABY SISSO|
1e11gey panoJdde 195440 01 paubisap saAnenul uonesusadwo) .

(2002 ussuaisuyd

Swwod "siad ‘s1ep) Ja1empunolb uo spuadap Jawwns ul

MO[} WEIIIS |BDIIID I3YM ‘JOLISIU| DF BYI Ul % PUB|S| JSANODUBA

UJ3YINoS UO DUBAI|DJ Je|ndiuied JO) uol1deIIXD Ja1empunolb

01 3np S, J| AQVH © 3Aoud 01 3 ndiyIp Ajjerdadsa si 3| *(s4asn

+00¢ Je 2431 B|ODIN 3Y3 uo *H6°3) 1 pIp OYym pue sem wuey

9yl 2J3YMm JO u011SaINb—asn J31em JO SINSSI DAIIBINWIND SSAIPPE

1,US?0p G€ S *(UoldeIIXd “*H’3) waey 3yl aAoud Isnw usyy

‘9nss| 1e1IgRY SB J31BM 3Y] YlIM [BSp 1SN 15414 "1eliqey SI Jo1em
S91e1S MB| 9SBD Ybnoyl usAs ‘anoad 01 1ndIp SI AavH SE S .

‘(Cwwod "suad ‘Aeipudd) (A|UO SIS 31IISIP

1e sjuswadinbau 12y salsysi4 jo uonedidde pue malnal " 3°1)

paz1|ed0| Ajdie) S1 40 (*219 ‘9DIAPE D1J1IUSIDS ‘SIUSWWOD

apinoid ued 1nq ‘(A11sa104 “6°3) AlAIDR Jendiued e |04lU0d
1,Usa0p 04 “"9°1) ,19941pul, JBYL Ajulew S| du3anjul 5,040 .

‘(Cwwod

*suad ‘Aeipudd) buluue|d piemio) 01 PalINS [|9M 10U dJe pue
sbewep dA110e04184 Yum |esp Ajurew suamod Aloreinbas s,04a .

‘(Cwwod "siad ‘s1ep) ddVH B SI Uey) J9SN/I3UMO Ue 01 31}
01 J31Se3 SI 1 SB (1)SE °S JO peaIsul (|| Ysl) Z€ °S asn usyo
SJ19214JO S9143YSIH :Sauly /audwadioud ddvH (1)SE 'S "9y .
*s1o9(oud uonesuadwod bulubisap / builen|eas Jo sndoy 3y st
eaJe ud1o0) AjJuslin) s34n1dnJ1s uollesuadwod JO sSaJNS
Bunenjeas usym pasinbai 9g 0S|e p|NOYS SSSUDAIIILRYD
|ed160ojolg () ") pjingaJ 01 spaau Juauodoud 3y ‘aunidniis
1e1Igey B SA0J1SBpP 9DUBQUINISIP [BJNIBU B J| "S34NIDNIIS 1RlIqRY
JO 9dUBUSIUIBW [NJSSIIINS dY) 104 3|qisuodsai aJe syusuodoud
1By} 24Inbay "dwely swl) 136UO| B JISAO PaJIIPISUOD
9 p|noys saJ4n3dnJais uollesuadwod JO SSIIINS J0J BLIdIID (])
:saunseaw |eipawsaJ / uonesusdwod (QAvH) 1elqgey ysi4 9y .
‘Cwwod "siad ‘sem)
sbbo pue ysij Jo Alajes syl 104 J191eM 3Sed|a4 01 0UPAH Dg
paJ4ap4o sey 044 ‘|edntjod AJdA st syl (‘wwod “siad ‘Bunoi
‘o)eydaN 3ay3 uo 1d3foid weq ouewayl S,ULI|Y JO UOIIE||DUEBD
*6°9) smo[j 199104d 01 pasn aq ued 1Y ‘(€)ZZ 'S J9pun o

swep Jo s/p sisp.io

MO :(£)2Z °S "A1essadau 1 SWIdpP JASIUIN
9yl aJ9ym ‘weasisumop sbba ysiy pue ysiy
40 A19jes 91 J0j pue uo1dNIISUOd Bulnp
ysiy Aloreabiw JO JUSLWBAOW 33U} Y]

104 ‘suol11dnJ1sqo 1sed ysij JO 1u3ISIP vy}
10J 191eM JO MO[} JUBIDIYNS Salinbal :Zz °S

JID Jo J3ISIUIN 3Y3 A pazLioyine
ssajun Bulysiy ueyl JaYl1o sueaw
Aq ys1y Jo uondnIIsap ayl suqiyoad :zg °S

Aessadau

11 SWISP JSISIUIN 3Y) I3YM SUOISIIAIP
10 S{BIUI J9IBM UO SUIIIS/spaenb
ysij JO dduBUUIRW B UOIIR|[BISUl :0€ 'S
SDIIIAIIDE Y SII-MO]| JO MIIAII Alore|nbal
(1)S€ S 40} syudwelS [RUONRIRAQ
(uonesuadwod

1e1iqey ‘sauly/1uswWwadiojus sapnjdul)
1eliqey ysiy Jo AAvH ul ynsai jeyl
sbupjelsspun/syiom suqiyoad (1)S€ 'S

1Y saLaYysl4

S9SSauwjea\

saniunyioddo pue syibuansg

sapijod
10 ‘suonejnbaa ‘uone|siha| JueAI|Y

£00C ¥439W3ILd3S

SY3IAIT ADIOd ANV
‘AdOLVYINDIY “1VDIT TVIDNIAOYUL-TVEIAT4 40 MIIATY "I XIANIddV

SYIAIT ADITOd ANV "AJOLVINDOIY "1VOIT TVIONIAOAL-1VIIAId 40 MIIAIY "3 XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




Sl

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

'(900¢ BuLsm pue BunoA) uowes Jo AlSISAIp pue sduepunge
12310.4d 01 paJinbai sielqey jo sbuel ||Nj UO SND0J 3,UOP SIIOHD
uol132930.4d JR1IqEH "1RMCRY UOW|ES JO SSO| 3|qRIIAdUI O) SPEJ|
pue Adijod ay) jo uoned|jdde Jua1sIsuodUl ue 01 $31NgLIIU0d
yoeousdde A1euol124osIp SIYL "pI1saniey Ajjedisawwod
94e 1Byl $3D01S UOW|eS 10} 1eliqey 4O uol13d3104d ‘SPJOM U310 Ul
—,924n0SsaJ salIaysly e sednpoud 1eyl 1euqey, jo uoidaload syy
1e Ajliewrid pawie si 11 (2) pue ‘AJoyepuew jou S| uonedijdde (|)
94k sbujwod10ys JuedIubIS OM] "SWe)s J3|jews
s3109104d A[400( (9002 BulLIBM pue BunoA) uswabeuew
100d pue Adijod aA1129)49ul ‘(sanljiqisuodsal Jo uoniuap
Jo0d pue ‘bulyers » buipuny sood ‘uolre|nbaIIp JO 3sNedq)
1UBLWIDI0JUI JO XIB| ||BISAO 0} NP (JB1IGRY JO SSO| PaNulIu0Dd)
SS9UDAIIIDYYD pariwl] ‘palou Ajpaleadas sey [essauan Jolpny Sy .
*M3IA3J 133[oad-Ag-103(0ad
uo Ajewrid pasnooy aAey INN, Bulasiyde soy saibalens .

(9002 buliIdM pue BUNOA) PaYsI|qelss 3q p|NoyYs ‘sainsesw
9duew.oad 3|qelynuenb o3 panl ‘saAIID[qO UOIIBAIISUOD
J14129ds pue Buibues apIm ‘9A1123[0 TNN Yl dA31Yde 0 .
‘Jelqey jo yyesy syl
JO}JUOW PUB SSISSE 01 SI0IBJIpUl JO ISN Ud3eIH djeW Isnw
043d ‘yoeoudde pajesb3iul s10wW € 03 BUIA|OAS U] "Apawal
DAI129449 1sow 3yl yum 1deduwi Jo 3dAy pue 32469p ay3
dduejeq pue ‘sIseq WI3IsAS0d3 Uk uo jeliqey Jo duenodwl
91 $S3sSE 1snw NN A31Yyde 01 yoeoidde dA1109)49 alow Y .

‘Judwade|dad Jeliqey Agq palesuadwod

9q ||BYS S35S0| ‘4a1SIUIN 3yl Aq
paziioyine S| 1eligey JO UOoIleIlje |njwiey
B 219yMm Jeyl sareindnis osje Adijod 044
*$S0| 1eligqey Jo uolludAlid S| yoeosdde
pa.iajaud pue sy syl ((S00¢ o[abuy pue
neuasoy) ielqey jo Aldeded sA1dnpoad
JO INN UO paseq Sl % ‘S324nosal

S91I9YSl4 J0J 1e1IgReY JO Uleb 19U S91BI0APY
—(986 L 04Q) (Ad110d (INN) SSOT 19N ON)
1elgeH Yysi4 Jo Juswabeuepy syl Joj Adijod

elqey [ednHd

Buluiyap ul sanndIIp J1o/pue (9002 A31Ysy) saunssaud jedijod

® DIWOUO0I3 01 aNp aq Aew sa123ds Jo Hunsi-uou—("WWod

suad ‘snep (G002 9|dwa]) sio1de) buniwi| A9y aJe asayl se

sainjesadwa) pue Mo[j J91eM UO PISNI0) dABY P|NOM S31631e.1S

bujuue|d A1daA0d34 ‘paIsI| UIIQ peY 0YOoD J3Sei J0LIdIU|

3U1 JI "DIMISOD Y1 Aq Z00Z Ul pasabuepud se paisi| 34am Jeyl
suone|ndod ‘9A3>20s e SNIND pue Meulyes 1si| 03 anjie4 .

(9002 /b 12 Ade) suonendod 1DullSIp “SA S3129dS 2413Ud
Bunsi| {paisi) aJe sa1d3ds JI USAS pamojje BullsaAIey uow|es .

‘d]qe|leAe 3q ddualds dlelidoidde pue
|I!m |ednijod syl pjnoys ‘uoiysey Je[lWwis e ul pasn ag p|nod
VHVS "MNd @Y} ul Jeligey J1ayl pue uow|es JO UOIIBAIISUOD
104 |00} |nyiamod e uaaq sey 1Y saldads passbuepul SN YL .
‘uoialoud 1oy pareubisap aq ued 1eligey [ed1Ld
se ‘uodalodd 1eliqey B sa1dads Joy saniunuoddo sapiroid .

(200?2) 1V sty 1e sapads

S9SSaudea\

saniunyioddo pue syibuansg

sapijod
10 ‘suone|nbaa ‘uone|siba| JueAd|Y

£00C ¥439W3ILd3S

SYIAIT ADITOd ANV "AJOLVINDOIY "1VOIT TVIONIAOAL-1VIIAId 40 MIIAIY "3 XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




2Ll

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

(5002 UBJMON) pue| 3AI9SaJ UO Ssed ued spueq
18yl smejAq J91em Jo sadAl syl Buipsebas suoisianoad payiwi

1DV uelpu|

"VYVID J9pun SIUSWISSISSY [RIUBWIUOIIAUT
10} 1966113 ,1S1| Me|, SB 3]0J S JO dsnedaq ‘uoiidaloid
1eligeY pUR UOIIBAIISUOD U] PIsn |00) [ejuduepuny

1DV UO011D310.4d SJ21eM d|qebineN

214139ds 133foud-uou 3q [|IM AVH

B PIOAE 01 U3 E] SUOIIPUOD % saunseaw [[e ‘s1dedwi 1d3foud
|ENPIAIPUI UO SNJ04 SIAOWDI SBUIUIDIIS SSB|D JO SN Paseadu| .

(V3D 4366111 3, uom snyi pue ‘uonreziioyine ue

241nbaJ 1,uom sydafoad IS14-MO|,) ddoMawelq Juswabeuey sy

s,04@ 01 anp s1366111 UOIEZIIOYINE DY SILIBYSI JO ISNeIdq
VV3ID J9pun jusawssasse bulinbau aie s1dsfoid pasodoud sama4 .

'sQAVvH ssaJppe 01
suollebniw 104 sapiaoad ‘ajdidulid Areuoiinesasd uo st sndo4

(s661)
1DV 1UBWISSISSY |BIUBWUOIIAUT UBIpRURD

'pasn udaq JIAdU Sey
Alljenb Ja1em yum buijesp || 1ed—a3ep o1 uonedijdde paywi] .

*S9AIIRINUI WRISAS0DD

pa3le|aJ pue S324N0SIJ J31BM S, BpRURD JO UOIIBZI|IIN pue
‘JUBWO|IASP “‘UOIIBAIBSUOD AISUBYRIWOD Y3 Ul S311011443)
1 saduln04d YIIM UO01IeISd00D 104 SIoMIWel) SIPIAOI]

(0£61) LV J21M BPRURD

(9002 ButLdm
pue BUNOA) S|9A3]| [BDI1ILID S3YDBJ 0 BUIIBP Ul S| D031S d11dads
B USYM Jeliqey 3109304d 03 3NUKUOD 01 O4d HWWOD JoU S90q  »

(9002 BuldM pue Buno,A) 1uswabeuew
paseq-walsAsods Jo 1daduod syl bupnpouiul ul Juelodwi
SS3]3Y1auUou SI 1l ‘SIYyl Op 01 MOY JO S[Ie13p UO anbeA sjiym

‘(0s bulop 01 JWWOD 10U S0P INg) JusWabeuewW UOW|eS

01Ul SaN|eA W1SAS0dd a1el10di0duUl 01 pasu 3yl sazIuboday
(9002 Buliadam pue bunoa) (uonrejosi ul syafoad Juswdo|aAsp
buibeuew ‘6°3) AlSI9AIp uow|es 3ziubodal/1d9104d
Aj3yenbape 1,uop 1eyl s1dsaduo0d /suolde SMOAeSIp ‘0s bulop
ul ‘pue A1ISu9AIp uow|es buibeuew jo ddueyodw] s9zIUHOIIY
‘SpJepuels pue sauljapinb se yons swisiueydaw 43yio ybnoiyy
YlM 1[eap 3q |[IM ‘poo1stapun [|am dJe syoedw] s1ebiiw

JO PIOAE 0] S2UNSEIW J3YM ‘SSNIAIDE dSII MOT “(f AB31eIIS)
JUSWISSISSE UOW|BS puUe 1S3AIBY 0} Sa1balells Juswabeuew
1e1IgEY Ul J19119q pue BuRW-UOISIIBP AlIE[D |[IM

ND ' ul st 1e Jo ‘buniwi] ‘sAdnpoad 1sow si 1eyl 1elqey
uowi|es 3y} U0 SNJ0j MU Y "34NINJ JBSU 3Y] Ul SPUdI] / SNIBIS
JOJUOW puU® 3AIISUO0D 01 3de|d U] aJe s3d3ld 3yl ‘19A sbulyy
9s9y1 pai1uswsa|dwi 1,usAey Asyl ybnoyijy "suun UOIIBAISSUOD
SNOLIBA 3y} 10} S|BOD UOIIBAIISUOD pUB SINSEIW
9duew.oIad 3uljIN0 01 sdd1s Je3|d 34 3I3Y] "JUN0IIE

01Ul AJISJISAIP 2113U36 31 YdIYM S1UN UOIIBAISSUOD UO paseq

(5002 040Q)
(Ad1]0d uowies p|IM) uow|es d1ided PlIM
4O UOIIBAI3SUOD) dY3 104 dJomaweld Adljod

S9SSaudea\

saniunyioddo pue syibuansg

sapijod
10 ‘suone|nbaa ‘uone|siba| JueAd|Y

£00C ¥439W3ILd3S

SYIAIT ADITOd ANV "AJOLVINDOIY "1VOIT TVIONIAOAL-1VIIAId 40 MIIAIY "3 XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




L1

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

(1e1IgeY Ysi % ysiy 40y SMOJ} weasisul 109104d 01 pash aq ued
Uoiym) sue|d Juswabeuey J91ep 01 bulie|al suoisiroid ¢ ued

(966 L sauysf

pue UBJMON) "SPUB|1aM JO SadA] J9Y10 SIpN|IX pue ‘molieu

S| Weas, Jo uoniulag 12y syl Japun suolisidIp [eaosdde pue
Buisuadi| 4o1em ul Aylaorid usaAlb Jou S| SPUR|I9M JO SSO| ON,,
"(£00C 3|eaN pue

uayo)) suolledrjdde asuadi| Mau Bullen|eAd USYM UOIIBIIPISUOD
01Ul 9S3y1 e) Aew 11 JI9AIMOY ‘siseq Jejnbaus e uo asn
[e1d1y2udq 40 uondwNSUOd [BN1DE J0JIUOW 10U S0P ANSIUIN YL
(€00 2[e3N pue uayod)

1UB1ISUOD SUIBLUAJ 924N0S dYl UO dSUDI| Ja1em a3yl jo Ajuond
9U1 91043J3Y] 9SUIDI| J9IBM B JO UOISIAIP JO JdjSue.l ylim abueyd
10U SD0P ddUIPIIId JO d1ep By "PIJI9jSuURI] SIMIBYIO U0
papiaIpgns ‘plos si yueuanndde aue Asyl yoiym o1 bupjenspun
10 pUB| dY] UBYM PIPIAIP JO PILIDJSUBI] dUB SISUDIT

(2002 uasud1suyD) (jemaud. Jo siybis buouis saney Asya
J9A9MOY ‘S3SUDI| JIMBU S| UOIIdIIXD) |[emMauad auinbau uo audxs
1,uop Asya {jen1adiad aue 3SudI| B YUM panssi s1ybl 1arem
*S3IDUBIDIYYD SN I91BM JOJ SIAIIUIDUI OU

94 3J9Y] {I91BM JO dN|BA 1339|43J 1,UOP SIDUIII| JO S1S0D dAoadwl
01 SPa3U SJUIDI| JO JUBWIIIOJUD pue BulIoIUOW ‘W)

-buo| 001 pa1edOo|[e BUe SIOUII| (£00Z UISUDISLIYD) (SN Jd1eM
9yl 1oddns 01 924n0s J91em a3yl Jo Aldeded syl JO JUSWISSISSE
|BLJIO) OU) S9IUIDI| JO UOIIdIIISGNSIIAO 10} [RIIUDIOd

‘(Cwwod *siad ‘uepuory,Q)

1DV 9yl Aq padsojulad st desayd ® |njnusd si darem jeyl spniny
(‘wwod "suad ‘s1ep) "1dY Yl ul J91empunoub

01 UDAIB uoIlud1Ie OU {Su91eM 3deNs 01 Ajuo saljddy

"(£00¢ uasua1suYD 19661

S914443[ pue UBIMON ‘€002 /P 12 U3YOD "lwod "siad ‘S11ep)
paluelb sasudd|| pue paAIddal bulaq suonyeddde o) sond
yyjeay |ed3160|039 ulejulew 01 PIPIBU J91eM JO Junowe 3yl Jo
UOI1BJIPISUOD JOU SIN|BA MO} WEIISUI JO UOIIUBOII JBYIIdN
*191em 01 s1ybiJ |eId1yausg Aue aAeY 10U Op 3104343Y) pue

191BM JO SJ3SN 10U dJe YSIJ 10V 9yl Japun—ysly JO uollusaw oN

(€002

9JB3N pUB UBYOD) dSN |BIDIJIUIQ SINIISUOD 1BYM SUIWIDIBP
01 Jamod 3y 1uswudA0b ay1 Aq paiojdws Su9d14)0

pue sia3ulbua, saAIb (3)(1) 6E 'S ‘49AIMOY {12y S Ul paulydp
10U S 3SN [BID1JUdg "dSUIDI| Y] JO SWIS) dY] Ul pauljIno

SE U91EM 3Y3] JO 3SN [BIDIJUD( I BW 10U S0P 33SUIDI| dY3I JI
P9>0A34 10 papuadsns g 01 3SUIDI| J9IEM B SMO[|B 1DV J31eM
93 JO (B)(Z)EZ UO0I1IS "dsn |eId1yauaq o 1daduod 3yl suoddns
pasn aq J91eM ydIym Joy sasodiand jo uolnediydads
'pPa4undd0 j0U

Sey SIY} JaAamoy ‘Jarempunoub 01 1oy ayi Ajdde 01 suonenbal
dojaasp Aew [12UN0) Ul JOUJISAOD JUBUSINGIT 3Y] SIS € °S
"(LO0Z paem pue siawpaAl)

(suone|ndod ysi uo sainssaid bunnsai pue abueyd

91BWI|D 01 3NP SWEIIIS/SISALI AUBW Ul SMOJ} JBWWNS padnpal
Joj [enuslod “6°9) yijeay |ed160]039 uleIUIEW O] PIpPA3U

S1 1BY) J91BM JO Junowe 3yl pue (syuswalinbas mojy Ajyauow
wnwiuiw “6°3) SMOJ} Wealisul Jo uoilda104d syl 01 uaAalb

9 P|NOd UOIIBJIIPISUOD 1DI[dX3 ‘|emauaJ 1o dn dJe sasuddi|
BulIsIxa usym % suonyedijdde asuadi| mau BUIMIIAL USYM
19V 3Y3 Ul 3 Ul pa1saA Jamod sy

Buisn sweauls Inoge pue ul sabueyd 12111S3J UBD JUSWUIIA0D

sueld uswabeuey Ja1e 01 S31B[34 4 Med

S9OU3I| J93ep\

Jpd-uolnrepijosuodum/iauiged/s
1Yb1i~191eM/PSM/eI°0q A0B AU MMM/ /:d 1Yy
995—'sJasn

J91eM 4310 JOo S1ybii ayi pue 1eligey
9J1|p|IM % ysiy ‘Alijenb Jo1em asiwoadwod
1,US90p wealls e ynoge B ul auop bulsq
3}40M dinsse eyl siuswadinbas Ajpads B
191BM JO UOISIDAIP / 3Sh 9yl Yy1Im |eap—(/
1ed) uonenbay Ja1eM pue (6 °S) 1V J91eM

‘?|geadJojuaun

suadjew Adijod 01 9duaids bunybiybiy oy Alluniioddo
|ennualod—saAneniul Adijod ul 9ouads o duenodwi
syuoddns (31n13su] YoJeasay Jaiep [euonreN ybnoayl) JnID
*341] d11enbe jo uondaloud

9y1 J0j (Siuswipas papuadsns ‘Alpigqany ‘aunjessdwan
J3yem Buipnpoul) sauljapinb Alljenb usyem ureiluod

abedj0do | #|wiyxapui/ysadwal/sauld
pinbHg/bm/rem/eddq-rob Ausmmm//:dny
99s—SsauldpInn

aJnjesadwa] Ja1ep DF |edulroid pue
saul[apInn Aljen [eauswuodiaug JNID

S9SSaudea\

saniunyioddo pue syibuansg

sapijod
10 ‘suone|nbaa ‘uone|siba| JueAd|Y

£00C ¥439W3ILd3S

SYIAIT ADITOd ANV "AJOLVINDOIY "1VOIT TVIONIAOAL-1VIIAId 40 MIIAIY "3 XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H



http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/temptech/index.html#TopOfPage�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�
http://www.env.gov.bc.ca/wsd/water_rights/cabinet/wrconsolidation.pdf�

8l

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

"(L00Z p4eM pue siawpaA]) siebuel swibal [ewisyl
Alpusny ysiy, weasisumop dojaAIp 01 pasdu ‘syuswadinbau
3J4njesadwial J91EM JIPISUOD A[JUILIND J,UOP SUB|d IS JDIBM\  ®
(‘wwod “suad ‘Bunop) 10y J91BM Yl YUm
1D1]4U0d ul 3¢ ABW YSIJ JOJ SMOJJ WNWIUIW SIIBI0|[R 1Byl dNM  ©

‘uol139930.4d JelIgRY 40} sanunuoddo Jo uoniuboda
pue ‘bunss-Aluond ‘||im sasinbau os|y “(49Aed-a1es Aq 10y
pred—s19s)40 1amod 1oy (JedA/uol|jiw 0zZ$) buipuny quediyubis
sa4inbas 1ng ‘(Cwwod *suad ‘uepaory,Q) dA1144 AIDA .
‘(Cwwod *siad ‘bunop) uolle|siba| Aq panwi| 10N .
(1002 pJem pue siswpaA]) (uowjes buipn|dul) siasn
WeaJ1SUMOp JO Spaau Buiwil mojy 03 buipaodde Juswabeuew
10} smoj|e butuue|d 01 yoeosdde paseq-SwaISASOID dAIIDLOI .
"10Y J91BM 5,09 Japun
PaMIIARJ {spadu Jamod [ed141039]9 pue abellay ‘uoleasdal
‘411 pIm pue ysiy ‘Ajddns 1a1em d11S3WOP SB YdNS J31eM
40 sasn Buadwod usamMIa(g due[eq Yl pulj 01 1I0Yd ue
ul $s320.4d 9ANBINSUOD Jap|oyaels-ijnw ybnoiyl padojaasqg .

buluueld asn 191eM

*42>33dS UOUYL BY) Ul O} PIIDJI JUSBM @

diyspiemais
paysaalem () pue ‘(buidiid ‘Bulia1aWLU—UuUOIIBAIISUOD
9b6'IN0dUD 0} $|00) JUBWIBRURW IPIS-PUBLIAP *3°1) J1EM
JO 95N 3SIM () :UOW|BS 0] BIUBAI|DJ DABY SINSSI 934Yl JO OM] .
‘(‘wwod "siad ‘s1ep) PIsIARI S| 1DV J31BA 34049 panosdde
9q 1snw pue papasu s Adljod siyl ‘audwdo|A3p Japun .

ue|d uoly / Ad1jod diyspiemals Ja1em

(2002 udsua1siYyD) (924Nn0S Jdrem

SWES 9Y) JOJ SISUIDI| JOIBM YLIM SI9Y10 PUB SISUMO ueliedu
Ajuo) suonedijdde asuadl| Jo pailou aq 01 syybus d1ignd oN .

(2002 uasuaisyd) (ybua asn [eba| e ureurew

01) POPI3U 10U UIYM dsn Jd1em bunowoud Ag uo1eAIdSUOD

01 DAIIUDUISIP B SB 108 ABW 11 ‘S9SN J3Y10 01 Pa1ed0||Bdd

9 ued J31em 1eyl ul aAIsod SI SIYl dIYM "dSN-uou 1oy
pa119)40) 9q Aew S1ybu Agaiaym aunieay 11 9S0| JO 1l dsn, B SeH .

(2002

uasuUISHYD "wwod *suad ‘uepuory,O) (As|bueq ul uonesedaud

Japun Ajpuaaind s1 suo ybnoyije) paruswa|dwi uaaq 1,usaney

S9SSaudea\

saniunyioddo pue syibuansg

sapijod
10 ‘suone|nbaa ‘uone|siba| JueAd|Y

£00C ¥439W3ILd3S

SYIAIT ADITOd ANV "AJOLVINDOIY "1VOIT TVIONIAOAL-1VIIAId 40 MIIAIY "3 XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H




611

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

*Aldeded bulioliuow auow salinbay
"(;S@4n1eaadwal weasls Jo buoliuow ‘spaepuels
9J3Y1 3JB) PIASIYDE 3B SINSaJ jI/usym buluiwaalsp ul Ayndig

(A1abR1ul 9A1IRIS6IA
J0 ddueUUIEW ‘*63) Paseq-s}nsal SI Vdyd ay3 ‘paseq
-uondudsald sem Yydiym ‘9po?d) SadI1deid 159404 Yl jun

(wiy-aeb/1oerob/sbaseduy/ed
1)/sbaisba|/qser/eddq-aob ioymmm//:dny
995—MoO|3q A|a1esedas

pa1s1| SlUSWNJISUl YD) suole|nbay
sadideld B buluue|d 153104 B abuey
pa1e|aJ B 10V SadI1deI{ dburY pue 153404

*UOI1DBJ1IXD J91BM dIBYINS J0) palinbau

AJUO 3JB S3SUIDI| BSNEBIDY UOIIDBIIXD Jd1empunolb jo spedwl
woJj 1elqey ysiy/ysiy 199104d 01 paxoAul 3¢ 1,ued ((1dY J91eM
91 J3pun paieatd si uejd JusWIbeUBW JI1BM B 2I3YM) SISUDI|
J91eM 3deJINS 03 Juensind pasn ualem uj suondnpas bulinbai
S9JNSEIW J0) SMO||B PUB SUOISIISP BUISUIDI| J9IBM Ul SUIIDUO0D
1e1IgReY YSI) PUB YSij JO UOIIBIIPISUOD 10} SAPIA0Id YdIym) § °S
(966 L Salj3( pue UB|MON)

.SPUB[19M JO SSO| ou, 10} Siseq Aloiniels e apiaoad 1,ussoQ
(‘wwod "siad ‘snep) -aunyesadway 03 bune|as diydads BulyloN
‘(Cwwod "suad ‘S1BAN) 90UBISANS YdNw Jou ‘anbep

‘(91ep OU ‘uonepuNO4 PINZNS

3ang 1 ‘2002 Ul % A|UO) pa1eubiSap uI3q IABY SMO[} J191eM
31enbapeul aaey 01 aduiroad 3yl p 044 Aq paulwialap Swealls
M3 "uolleubisap ,SwWealls SAISUIS, Jo uoledljdde ayenbapeu|
'(S00Z O]9buy pue neudsoy) 32404 Ul 10U AjJuaund e

san|eA 1eyiqey buildajoad 03 |11 12y 3yl Jo suolnod awos

*Alljedidrunw 10 1D141ISIP Y UIYUM Spue|

UMOJD) Uo 10 spue| a1eAld uo bulbbo| 10141534 Ajjednnewelp
ued sjuswuIdA0b eddiunNwW 12y Syl Ul WAY] Ul PIIsSIA siamod
9y3 buisn Ag "(UOISIDDP Y1 djeW 01 PIPIIU UOIIBWLIOUI

31 aABY 1Snw 1nq) Jabeuew Jarem |[euoibas Aq paziioyine

99 ued paualeatyl si ysiy jo Aljiqeureisns syl usym ybnoup
40 spouiad burinp syybid 3sn ua1em Ul uoidnpal Aresodwa
‘(Cwwod "siad ‘snuem

{6002 o]abuy pue neussoy) (11 punoJe Blep /uoilew.ojul
91enbape s| 249yl Buiwnsse) ysiy 104 SMO| d1enbape

9JNSUd 01 11043 UB Ul suolezjuebio paseq-Alunwwod

01 panss| 3q 01 S9SUID|| UOI1D3104d MO} WEIIIS SMO||Y

"(S00Z o[3buy pue

neuasoy ‘wod ‘siad ‘uepiory,Q) suonejndod ysij aAISUIS

10} pOPa3U SMOJ4 J9A0IDJ 0] saJnsesw Juswa|dwi 03 ,‘sweasls
QAISUIS, 104 PRdO[dA3P 3¢ 01 sue|d AIDA0DU 10) SMO||e /£ °S
‘(Cwwod "siad ‘uepiory,0

‘21ep 01 pareubisap G [) YSM 1e S 1elqey ysiy aisym

,SWEBdU1S DAINISUDS, UO SIDUIDI| J91BM O] UOIIB[dJ Ul S3|NJ
|e1>ads saysi|ge1sa ‘uonesuadwod Jeliqey ysiy 10y sapinoid

‘UOIIDIND3Y SVaAY UblADdry
pa31e|aJ JO UOISSNISIP 10} MO|D] 33§

w1y 0002~ 68/129104dY
s14/4/631/6311e315 /€3°2q A06 db mmm//:d1ay
995—"(S49A11 JuedIIUBIS AjjeIdDUIAOCId

uo swep Jueqg-oi-dueq suqiyoad “6°3)
salepunog |eddiunw JI3Y1 UIYIM SIDAL
pue sweasls 01 Aliwixouad ul Sa1lAIDe
|elIISNpul pue [B[dJ3WwWod ‘|eruapisal
]043u0D 0] Sd31S J3Y10 Y e) pue sSmel-Aq
1>eUd 01 sanijeddiunw smoj|je uolne|siba|
bulgeus siyl—suonenbay buisuadi]
‘uolreubisag SWeaJlS dAIISUS ‘U011DR104d
dpISWedS pIIe|aL PUB 1Dy U010 YSI4

‘(‘wod suad

S11BA) SAIIBAIDSUOD 00) 3JB Saul|apIinb 3yl se salpnis

pa|ieiap 01 Aj3daaip bulob syusuodoud Auew ‘uopedjdde paywi]
*UMO 4131 U0 Y31aa) Aloje|nbal oN

*(‘fwwod siad

‘s1ep) wbipesed DIN Yum paubije {(Uoljewojul MOjJ J1401sIYy
uo paseq) All|IgeLIBA MOJ} |BINIBU DWW 01 Sdd| Sabeanodu]
*04pAyY 1snf1ou ‘uondesIxs

J91eMm Aue jo s1oedwi Buissasse 01 Alljigedrjdde aneH

*(‘wwod 'siad

‘s11eM) Yoaeasad/salpnis [edibojoipAy buibeinodus 10y poon
'04a yum Ajpanesoqe|od padojansg

sanss| mojy buissaippe

uaym s1dsfoad ssoude Adua1sisuod
buibeinodus B (QQVH © 2IniIsuod sabueyd
MOJ} J1 “*9°1) 1DV Sal42YSI4 BY) B 1OV

42101 Yl U3IM13Q SId1)juod Buissaippe
Ajlennualod ‘sanssi mojy ysiy 01 109dsal

yum siuauodoud dd| 10} (poyiaw a3y
954802) Saul|apInb JO 195 paljiun B SapInoid

WY YIpBIM-MoO|jwealisul
/dING/PIM/BD" D] A0B AU MMM
995—SaUI|apIND MO|4 Weaisu|

S9SSaudea\

saniunyioddo pue syibuansg

sapijod
10 ‘suone|nbaa ‘uone|siba| JueAd|Y

£00C ¥439W3ILd3S

SYIAIT ADITOd ANV "AJOLVINDOIY "1VOIT TVIONIAOAL-1VIIAId 40 MIIAIY "3 XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H



http://www.env.gov.bc.ca/wld/BMP/�
http://www.env.gov.bc.ca/wld/BMP/�
http://www.env.gov.bc.ca/wld/BMP/�
http://www.env.gov.bc.ca/wld/BMP/�
http://www.env.gov.bc.ca/wld/BMP/�
http://www.env.gov.bc.ca/wld/BMP/�
http://www.env.gov.bc.ca/wld/BMP/�
http://www.env.gov.bc.ca/wld/BMP/�
http://www.env.gov.bc.ca/wld/BMP/�
http://www.env.gov.bc.ca/wld/BMP/�
http://www.env.gov.bc.ca/wld/BMP/�
http://www.env.gov.bc.ca/wld/BMP/�
http://www.env.gov.bc.ca/wld/BMP/�
http://www.env.gov.bc.ca/wld/BMP/�
http://www.env.gov.bc.ca/wld/BMP/�
http://www.env.gov.bc.ca/wld/BMP/instreamflow_wkgdrft.html�
http://www.env.gov.bc.ca/wld/BMP/instreamflow_wkgdrft.html�
http://www.env.gov.bc.ca/wld/BMP/instreamflow_wkgdrft.html�
http://www.env.gov.bc.ca/wld/BMP/instreamflow_wkgdrft.html�
http://www.env.gov.bc.ca/wld/BMP/instreamflow_wkgdrft.html�
http://www.env.gov.bc.ca/wld/BMP/instreamflow_wkgdrft.html�
http://www.env.gov.bc.ca/wld/BMP/instreamflow_wkgdrft.html�
http://www.env.gov.bc.ca/wld/BMP/instreamflow_wkgdrft.html�
http://www.env.gov.bc.ca/wld/BMP/instreamflow_wkgdrft.html�
http://www.env.gov.bc.ca/wld/BMP/instreamflow_wkgdrft.html�
http://www.env.gov.bc.ca/wld/BMP/instreamflow_wkgdrft.html�
http://www.env.gov.bc.ca/wld/BMP/instreamflow_wkgdrft.html�
http://www.env.gov.bc.ca/wld/BMP/instreamflow_wkgdrft.html�
http://www.env.gov.bc.ca/wld/BMP/instreamflow_wkgdrft.html�
http://www.env.gov.bc.ca/wld/BMP/instreamflow_wkgdrft.html�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.qp.gov.bc.ca/statreg/reg/F/FishProtect/89_2000.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�
http://www.for.gov.bc.ca/tasb/legsregs/frpa/frparegs/govact/gar.htm�

0zl

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

"SaAIRIIUI J9Y10 Ag papiroad aJe saniAlde
9S9Y31 404 uoldoud uepedry ‘sash pue| pare|a4-Al1saloy

40 Buruiw ‘aunyndiibe o1 Ajdde 1ou ssop uonenbau sy .
Py
1SNJ| SPU®|S| Y] JAPUN BAJE 1SNJ] dY) pue BjOdIN-Uuosdwoy |
‘1SB0D) AUIYSUNS ‘1900][17-YSIWenbs ‘UaAlY [|[9MOd ‘usawey|iwis
-uebeuedQ ‘uebeuedQ YLON ‘OwleueN ‘(JSANODUBA
40 A11D 9yl 1d20X3) J9AN0DURA 431D ‘Ad||BA J3SBIH ‘Ad|IBA
UBYDIMOD) ‘BUODYIBIIS-XOWO0)) ‘demsnys-eiquinjo) ‘uebeuedQ
Jeaiua) ‘jended :wayl ulyum sanifedidiunw e pue s1d11SIp
|euoibas Buimo||o} 3yl sapndul Siyl "Yyimoub uequn pided
1sow 3y3 bupuaadxa Hg o syed 3yl aJe 3sayl Se ‘Joldu|
uJaYylnos a3yl pue puejulep JOMOT Yl ‘puB|S| JIANODUBA

JO 9PIS 1583 3Y) UO PIILIO| SIUWUIAA0D [eD0| 01 Ajuo s3ljddy .

*(‘wwod *siad

‘6unoA) Moj4 pue Buipeys weaJls yim |eap Apdiidxa 1,usaog .
‘uolnjjod jjounu 3de4INS pUe 1|IS DAISSIIXD WO} SWEIIS 10}
S194JNq pue UOIIEBZ||IGe]S dUB] WEdJIS ‘WEdIIS Yl 01 Janlew
J1uebhlo pue sjualINu ‘pooy Jo uolsinoad ‘ainyesadwal Jarem
91eJapow d|ay 01 J9A0D 3AINBIBHIA ‘uoleIBIW [UUEBYD WEBS
104 SseaJe ‘(S1004 931 pUB S33J1 US||BY) S1Igap diuebio sbue)
40 $32un0s se sbulyl Yydns apn|dul pue palieA pue snoJawnu
9Je SUOIIPUOD BIJE SPISWEIIIS PUB SUOIIDUNY ‘SBINIEIY
|elA 353y "AlAIDNpoad % yijesy wesJls JO dueululeW
|ednieu 3yl ul |[BUA S4B JBY] SUOINPUOD 7 Suollduny

‘saunieay ay} jo uoidaload sy Joj ‘A1oay) ul ‘sapinoid .
‘|euolssaj0.d
|eIUSWUOIIAUT PaljIeND ® AQ Pa1ONPUOD JUISSISSE Paseq
9dUaI2s e 01 103[gns aJe salAlde pasodoud 1eyy buunsus
AQ 1uBWIdO[AIP [BLISNPUL 7§ ‘[BIDJWWO0D ‘[elIudPISA

Burinp sease ueledi 199104d 03 SJUBWIUISAOD [BIO| UO S||BD .

12V U011223044 YSI{ Y} 4O Z| °S Japun
pa1deUd (002) Uole|NbaY Ssealy ueredry

"(wods4ad ‘uepiory,Q) Ajdde 113s Dd4 49pun suolreubissp
SS1 19ASMOY Yd¥4 Japun 13A pajeubissp swealls oN .

((wwod "si1ad ‘siem)

(e]0dIN “*6°3) sainjesadwal Aleingli) pue Wlsulew 3Insua
01 Buipeys 3sin0dJ31eM BulUIBIUIBL Ul BAIDRYD A[|RD13RJ03Y] e

‘papinoad 3SIMIBYIO 10U S| dinjeladwal ay) Jo Juswabeuew

41 pue ysi4 Jo uondy0id Joj dinjesadwa) abeurw 0) WeIS
01 1uddelpe pasinbai aue s34 J1 uNdJ0 Aew uoneubissg e

Wiy xapul
/ss1/eduy/pim/eddq A0b AU MMM/ /:d11y
995—(§ 1

'S VD) SWeaslS dANISUIS aunesddwa ]

‘suonye|ndod

ysi Ayyjeay ureisns o1 Alessadau (a4niesadwal i Moy

Buipn|our) suonpuod d11enbe Hululeulew UO ddudN|HUL J1IdBY]
pue suonipuod puejdn usamiaq sabexul| |edbajul saziuboday .

(Jway xapul/msy/eday/pim/ed:dq A06 AU MMM)

san|eA saudysly buidsloud

$91INQII11R |9AS| PaYSIa1em jueriodul SAIBSUOD 1Y) SUOIDe

1uswWabeuew Ajlauspl 1eyl sue|d diyspremals 159104 J1dya

ul S9A11D3[QO 1N0 135 1SNW SI3P|oY JudWIIbe Ydy4 ‘(31ep 01

€) pa1eubIsap SI pays4alem e 2duQ "AlAILISUIS PaysSialem pue
SON|BA S91I9YSI) JUedIJIUBIS dARY 1SNW paysialem ‘Ajljenb o] e

Wy xspul
/Msy/ediy/pim/eddq Aob AU mmm//:diy
995—(8 'S uonenbay

Buluue|d pue sadl1deId 159404 pue

¥ 1 °S¥VD) SPaYsiaie\ dAISUSS S3LI3YSIY

S9SSaudea\

saniunyioddo pue syibuansg

sapijod
10 ‘suone|nbaa ‘uone|siba| JueAd|Y

£00C ¥439W3ILd3S

SYIAIT ADITOd ANV "AJOLVINDOIY "1VOIT TVIONIAOAL-1VIIAId 40 MIIAIY "3 XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H



http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/�index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/fsw/index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�
http://www.env.gov.bc.ca/wld/frpa/tss/�index.html�

Lzl

TIONNOD NOILVAYISNOD 30dN0OS3Id SIIdFHSI4 DI410Vd

‘PUB| UMOJD UO SPUB|IaM BUIA|OAUL SUOISIDRp 3sh pue|

ul Ayorad uaAIb 3q p|nod spuejlam Jo ,SSO| 19U ou, Jo Adijod .
*(buibbo| apnppul Aew ‘Juswabeuepy

92.N0S9Y paieiBalU| JOJ SMO|[B) SDAIDSII PIYSIDIBA  ®

(91 °s) PV pue]

*S9XB] JO UO0I13[|0d
3Y3 J0J pue 333 ‘sainpad04d uoISIAIpgns pue Buluoz ‘seale
SAIISUDS A|[RIUBLIUOIIAUD JO uoleubISap Yybnoiyl spuejam

1093104d 01 sani[eddIUNW 10} SI9MOd PIdUBYUD SIPIACL] @

Y
|pdid1unpyy Aj4aWi0)) 19V JUSWUIIA0D [B107]

*S|9A3| BIIDIDEB( Ul S9SEIdU] uedw sdwal
paseaJdul 3asnedaq ainjesadwal 0) S1B|Y “Id1eM BupjulIp se
J1emMpunolb Jo 3sn uo si sndoy se ‘13foad 01 dui| 1da41pul Assp .

1DV U0I13310.d J91BM

*sa1>9ds pasabuepus Jo uoneubissap 10} SIPIAOIY .

DV 3J1PIIM

"Jeliqey ysiy pue ysij ol abewep 4o} saulj/uoirebniw
10j sapiaoud ‘1eliqey ysiy B Alljenb usrem 10j s9A11D3[qO S19S .

uolenbay
pue 12y pue 153104 pabeuely 1eAlld

‘yoeoudde Juswabeurew paseq-walsAsodd (SydD) seale
uonoaloud epipued ‘uondaloud paysislem/ieliqey ueledry .

$$920.d
(dWYT) ue|d udWabeUR 92IN0SY B pue

‘A11sai10) 01 Ajdde 1,ussoQ .

(£002 UdSU3SIIYD) JUBISSISSE
ue bulsbbLy 139foud Jabue| e Jo 1ed S 1l JUBYM UOIIDRIIXD
J1eMpunoub pasodoud 0S|y "Juswssasse ue ua3bbL S/7G/

< Alpeded uondesixs ue yum s1dafoid uoidesIxs Ja1empunosn .

uolle|nbay 123[04d d|qemaINdY
puE 1Dy JUSWISSISSY |RIUBIUOIIAUT

‘s1oedwl Moy % aunjesadwal ul 3nsaa 01 AjPj1| bulbbo| sbeAajes
*UMO S11 UO Y139] AJole|nbal ou ‘1eligey 01 JUJd)3J [RWIUIN .

‘(uonouny

|ed160]04pAy ‘Ieliqey a41p[IM 6°3) sanjeA Jaquiil-uou

9401534 01 sanbluydal 40 ‘sv34nos Buipuny s|qissod buipnjoul
‘s1502 B sanjunuoddo aulwex3 :1eligey 01 $d1B|AJ UOIIDE dUQ .

@pd-ueld
~uol1dy3]199g/9002/ue|duonde/s193qau
id"urelunow/djy/e33q-A0b6 104mmm//:dny

99S) UB|d UOIIDY 9|199g duld Ulenop

's1eliqey puejiam juadelpe ojul sbessed ysiy ajiusanf o1 uslieq
B SE 10® 0S|e ued ASy) paluswsa|dwl aJe elIa11dd 359yl USYM
(Mo|4 Jo 91e4) AbojoupAy syl bulndnisip se ||9m Se ‘uolleddisap
pue bulAip ybnouayy ssydiip abeuielp 10 SAemialem pazijauueyd
‘swealls 01 Juddelpe swalsAs0dd pue|iam dilenbe o1 sbewep
3sned suolledl4dads 3sayl 03 PaIdINIISUOD SWIsAs abeulelq
"S3YD1Ip 13]3N0 Ul pJeoqgaal) 341dW Z° | B dARY S|auueyd abeurelp
1ey1 AJ1D9ds saAI129((0 YSAYY "(Se4nlesadwal weadls buisealdul
‘Yymoub uoielaban asned Aew bulydes| Jualiinu (SAUAIDE
9dueuuUIew ybnoayl “69) 1e1gey ysiy 139)4e Aew (sasodind
uoneblill 10/pue sbeUIRIP 104 PISN) SIYDUP |BINNDLIBY .

‘sue|d Juawabeuepy
9beureaq |esnynduby asedasd 01 moy uo duepinn .
‘abeureap [eanyndube 1oy
BLI9114D pue (Jeddiunw-[eUIA0CId-|BISPIY) WisiueydSawW buipung .

(S?143YSI4 pue poo4 ‘@4nlnduby
40 Ansiuiiy) (VSayv) uswaaiby Areipisqng
1UBWdO|2A3( [eany pue |eanyndliby

S9SSaudea\

saniunyioddo pue syibuansg

sapijod
10 ‘suone|nbaa ‘uone|siba| JueAd|Y

£00C ¥439W3ILd3S

SYIAIT ADITOd ANV "AJOLVINDOIY "1VOIT TVIONIAOAL-1VIIAId 40 MIIAIY "3 XIANIddV

SIVIIGVH ¥31VMHS3I¥d NO IONVHD ILVWITD 40 LOVJIWI JHL JAIAINS NOWIVS DI4dIDOVd ONId13H



http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/actionplan/2006/Beetle_Action_Plan.pdf�

HELPING PACIFIC SALMON SURVIVE THE IMPACT OF CLIMATE CHANGE ON FRESHWATER HABITATS SEPTEMBER 2007
APPENDIX F. REFERENCES CITED IN APPENDIX E

APPENDIX F. REFERENCES CITED IN APPENDIX E

Ashley, K.I. 2006. Wild Salmon in the 21st Century: Energy, Triage, and Choices. Pages 71-98 in R.T. Lackey, D.H.
Lach, and S.L. Duncan (eds). 2006. Salmon 2100: The Future of Wild Pacific Salmon. American Fisheries
Society.

Christensen, R. 2007. Review of British Columbia’s Groundwater Regulatory regime: Current Practices and Options.
Prepared for Watershed Watch.

Cohen, S. and T. Neale (eds.). 2003. Expanding the Dialogue on Climate Change & Water Management in the
Okanagan Basin, British Columbia.

Department of Fisheries and Oceans (DFO). 1986. The Department of Fisheries and Oceans Policy for the
Management of Fish Habitat.

Fisheries and Oceans Canada (DFO). 2005. Canada’s policy for conservation of wild Pacific salmon. Vancouver, BC.
Cat. No. Fs23-476/2005E. 57 pp. Available at: www-comm.pac.dfo-mpo.gc.ca/publications/wsp/default_e.htm

Lackey, R.T., D.H. Lach, and S.L. Duncan (eds). 2006. Salmon 2100: The Future of Wild Pacific Salmon. American
Fisheries Society.

Nowlan, L. 2005. Buried Treasure: Groundwater Permitting and Pricing in Canada. Prepared for the Walter and
Duncan Gordon Foundation.

Nowlan, L. and B. Jeffries. 1996. Protecting British Columbia’s Wetlands: A Citizen’s Guide. West Coast
Environmental Law Research Foundation and BC Wetlands Network.

Rosenau, M.L. and M. Angelo. 2005. Conflicts Between Agriculture and Salmon in the Eastern Fraser Valley.
Prepared for the Pacific Fisheries resource Conservation Council.

T. Buck Suzuki Environmental Foundation. no date. Results-Based Forestry: A Proven failure in the Protection of
Salmon Streams. A joint submission from the United Fishermen and Allied Workers’ Union-CAW and the T.
Buck Suzuki Environmental Foundation to Prof. George Hoberg, Faculty of Forestry, University of British
Columbia.

Temple, N. (ed). 2005. Salmon in the Great Bear Rainforest. Raincoast Conservation Society, Victoria, BC.
Available at: http://raincoast.org/publications/report/Salmon-in-the-GBR.pdf

Tyedmers, P. and B. Ward. 2001. A Review of the Impacts of Climate Change on BC’s Freshwater Fish Resources
and Possible Management Responses. Fisheries Centre Research Reports, Vol. 9(4).

Young, J. and J. Werring. 2006. The Will to Protect: Preserving BC’s Wild Salmon Habitat. David Suzuki Foundation.

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL 122


http://www-comm.pac.dfo-mpo.gc.ca/publications/ wsp/default_e.htm�
http://raincoast.org/publications/report/Salmon-in-the-GBR.pdf�

PACIFIC FISHERIES RESOURCE CONSERVATION COUNCIL
Conseil pour la conservation des ressources halieutiques du pacifique

PREPARED FOR
Pacific Fisheries Resource Conservation Council
Suite 290, 858 Beatty Street, Vancouver, BC V6B 1C1

www.fish.bc.ca




	TABLE OF CONTENTS
	TABLE OF FIGURES
	TABLE OF TABLES
	ACKNOWLEDGEMENTS
	EXECUTIVE SUMMARY
	LIST OF ACRONYMS
	1. INTRODUCTION
	2. FRAMEWORK FOR PURSUING ADAPTATION STRATEGIES
	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.

	3. ISSUES AND VULNERABILITIES
	3.1 PHYSICAL AND BIOLOGICAL MECHANISMS OF VULNERABILITY
	FIGURE 1. Conceptual diagram illustrating linkages among freshwater physical habitat factors altered by climate change (e.g., water flows and temperatures), freshwater biological mechanisms affecting survival, and life stages.
	TABLE 2. Species and life stage-specific summary of potential biological vulnerabilities to climate-induced changes in water flows and temperatures. 

	3.2 REGIONS OF VULNERABILITY
	TABLE 3. List of areas with currently observed habitat concerns (i.e., high water temperatures, low base flows, and/or high winter flows) in British Columbia. 
	TABLE 4. Definition of Conservation Units listed in Table 3.
	TABLE 5. Conservation Units with the greatest number of watersheds with flow and/or temperature related concerns (see Table 3).
	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. 
	FIGURE 4. Map of Central Interior of BC showing watersheds with flow and/or temperature related habitat concerns as identified in Table 3.


	4. ASSETS
	4.1 MANAGEMENT STRATEGIES
	4.2 RESTORATION STRATEGIES
	TABLE 6. List of potentially relevant prioritization initiatives in B.C.
	TABLE 7. Projects in British Columbia’s Fisheries Project Registry from 1955 to 2006. 
	FIGURE 5. Summary of hatchery releases (in thousands of individuals) across B.C. by year, salmon species, and type of release program. 


	5. ADAPTATION STRATEGIES
	5.1 HARD INFRASTRUCTURE STRATEGIES
	FIGURE 6. Summary of hard infrastructure strategies (i.e., engineering / technology oriented approaches) to help salmon in the context of climate change
	TABLE 8. Description of hard infrastructure strategies (i.e., engineering / technology oriented approaches) summarized in Figure 6.
	5.1.1 FLOW-RELATED ACTIONS
	5.1.2 TEMPERATURE-RELATED ACTIONS
	5.1.3 FISH-RELATED ACTIONS
	5.1.4 FISH HABITAT-RELATED ACTIONS

	5.2 SOFT INFRASTRUCTURE STRATEGIES
	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.
	5.2.1 COMPENSATE FOR UNAVOIDABLE / NON-MITIGATED IMPACTS
	5.2.2 REQUIRE EFFECTIVE OPERATING LICENSES
	5.2.3 USE DEMAND-SIDE MANAGEMENT TOOLS AND PRICING SIGNALS
	5.2.4 PROVIDE FINANCIAL INCENTIVES
	5.2.5 PROVIDE FINANCIAL DISINCENTIVES
	5.2.6 IMPLEMENT RESULTS-BASED MANAGEMENT
	5.2.7 IMPLEMENT PRESCRIPTION-BASED MANAGEMENT
	5.2.8 DESIGNATE ENVIRONMENTAL ASPECTS FOR SPECIAL MANAGEMENT CONSIDERATION
	5.2.9 COORDINATE / IMPLEMENT PLANNING FRAMEWORKS
	5.2.10 ENSURE PROTECTION OF CRITICAL HABITATS
	5.2.11 ENCOURAGE PARTNERSHIPS FOR WATER / HABITAT STEWARDSHIP
	5.2.12 DEVELOP A WATER BUDGET
	5.2.13 ENTRENCH ECOSYSTEM RIGHTS TO WATER
	5.2.14 RECOGNIZE ABORIGINAL RIGHTS TO WATER AND SALMON
	5.2.15 ADJUST FISHERIES MANAGEMENT PRACTICES
	TABLE 10. An evaluation of three alternative harvesting regimes and their ability to maintain genetic diversity.


	5.3 PRINCIPLES OF IMPLEMENTATION
	5.3.1 CONSIDER SOCIAL VALUES IMPLIED BY ADAPTATION STRATEGIES
	FIGURE 7. Conceptual representation of how actions that affect salmon lie along a continuum of human values. 

	5.3.2 EMBRACE AN ECOSYSTEM APPROACH TO MANAGING WATER RESOURCES
	5.3.3 ALIGN ENERGY POLICIES WITH FISH AND WATER MANAGEMENT OBJECTIVES
	5.3.4 IMPLEMENT PROACTIVE STRATEGIES BEFORE REACTIVE STRATEGIES
	5.3.5 LEARN FROM OTHERS
	5.3.6 IMPLEMENT ADAPTIVE MANAGEMENT
	5.3.7 CONSIDER BOTH ECOSYSTEM FEATURES AND FUNCTIONS


	6. REFERENCES
	APPENDIX A. SUMMARY OF LITERATURE REVIEW
	APPENDIX B. REFERENCES CITED IN APPENDIX A
	APPENDIX C. DETAILED DESCRIPTIONS OF HARD INFRASTRUCTURE ACTIONS
	APPENDIX D. REFERENCES CITED IN APPENDIX C
	APPENDIX E. REVIEW OF FEDERAL-PROVINCIAL LEGAL, REGULATORY, AND POLICY LEVERS
	APPENDIX F. REFERENCES CITED IN APPENDIX E



