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 Part 1:  General governance issues and 
science-based scoping for effective 
collaborative work to restore Okanagan-
Okanogan salmon.

 Part 2:  Sketch the multi-scalar , salmon, 
ecosystem context that defines  governance 
issues and ecosystem-based management 
(EBM) of Okanagan salmon-water-and-habitat.

 Part 3:  Effective collaborative stock & habitat 
restoration defined by the “art of the soluble” 
and that which is not.

 Part 4:  Conclude with some lessons learned 
from two decades of Okanagan salmon 
restoration and management efforts.
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Guiding Principles: Okanagan Fish and Water 
Governance

 Develop an ecosystem sustainability strategy that 
incorporates a shared vision and basin-wide thinking.

 The sustainability strategy should address conservation, 
water supply, base flows for aquatic ecosystems, water 
quality, protection and restoration of aquatic habitat as 
well as limits to growth.

 From a fisheries perspective, success or failure may be 
assessed by examining factors controlling the fate of 
highly-valued, “sentinel-species” of aquatic biota (e.g. 
salmon) as ecosystem status and trend indicators.

 Given the complex life histories and ecological 
requirements of salmon, DFO’s Wild Salmon Policy 
clarifies that success requires multi-sectoral, science-
based approaches that also establish or reinforce 
multiple-party, collaborative management processes. 



Scoping Science-based Governance Issues

• Salmon life histories involve control processes at spatial 
scales from local to hemispheric & temporal scales 
from hours to years.

• Effective governance for EBM of salmon requires 
science-based information & cooperative management 
processes at space & time scales matched to an issue.

• Success of collaborative governance at a given scale 
(e.g. Okanagan Basin) is only possible for ecological 
and management process issues that are, in principle,  
solvable at that scale.

• Careful scoping is important before committing effort to 
a collaborative governance process and restoration 
initiative of interest.



Scoping: A loss of ecosystem integrity in the Columbia-
Okanagan basin is suggested by historic declines of 

“sentinel species” such as resident or anadromous salmon.
Status as of late 1990s:
• Okanagan origin salmon fluctuating

with time-weighted average
for  continuous decline since mid 
1800s.

• Last anadromous Sockeye
Salmon stock of dozens that 
formerly returned to Canada
through Columbia R.

• ESA listed Steelhead Salmon
migrate to, hold in Osoyoos L
and then spawn and rear in
streams in both Canada and
the U.S.

• Mid-Columbia spring and fall 
Chinook largely extirpated in 
Canada & subject to hatchery 
supplementation in U.S.

< 5000 adults 
spawning in 3 of 5 
yrs from 1994-2000



Ecological context scoping (hemispheric scale)

Ocean: Sockeye salmon range widely & are often “out of sight & 
out of mind.” Ecosystem-based management must consider these 
remote ecosystems, their linkages to local ecosystems and 
production outcomes. Although our view is frequently focused at a 
local level, global effects such as climate variation and change 
have pervasive impacts on salmon in distant aquatic ecosystems.



Ecological context scoping (regional scale)
Freshwater:
• 1200 km riverine migration
through US & Canada portions
of the Columbia R. basin.
• 8 major hydroelectric dams

plus 4 irrigation and flood
control dams slow, impede
or totally block migration.

• Ecosystem based 
management requires “fish
friendly” landscape & water
management.

• Hydroelectric, irrigation,
flood control, industrial and 
recreational interests
constrain this objective.



Status, trend &  cause-effect observations of salmon as 
ecosystem integrity indicators can lead to effective EBM actions & 
tools  given careful space, time & process scoping.

CATEGORY Severe

Urbanization
Erosion/Sedimentation
Channelization
Climate Change
Water Quantity
Physical Quality (temp., O2)
Pollutants
      agricultural
      urban & industrial
Dams & Barriers
Exploitation
      subsistence
      commercial
      recreational

RISK
None Low Medium High

Understanding complex
biophysical mechanisms
controlling ecosystem
structure and key processes is 
essential.

Virtually all portions of valley-bottom 
aquatic ecosystems are now 
moderately to severely degraded 
relative to a reference condition. 
Multiple threats to aquatic systems 
suggests a holistic ecosystem based 
management approach is essential.  



Political and institutional context scoping: EBM of salmon 
requires unprecedented cooperation & collaboration among key 
“institutions” and players but also calls for strategic scoping to 
effectively harness existing governance arrangements.
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Science-based scoping of issues controlling 
status and trends of Okanagan Sockeye 
Salmon identifies local-to-regional scale 

opportunities for effective collaborations to 
restore this population and its’ associated 

habitat 



Okanagan Watershed and Restoration Sites (BC southern interior, 
transboundary watershed, sub-basin of the Columbia R, wild Sockeye, Chinook and ESA 
listed Steelhead return to Osoyoos L.-Okanagan R. but not Skaha or Okanagan Lake due to 
dams).

Scoping at 
local-to-
regional 
scales & 
the “art of 
what is 
soluble”!
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Postglacial Evolution of Okanagan Ecosystems

Ten to12 thousand 
years ago, a breach in 

the  glacial dam at 
MacIntyre Bluff 

created a riverine
corridor for northward 
invasions of biota from 

a rich unglaciated
reservoir of species to 

the south.



Okanagan aquatic ecosystems formed in a rich complex of lakes, 
streams, wetlands & riparian corridors
Natural and human systems developed gradually over millenia until the 
mid-1800s when agricultural and industrial development accelerated 
rapidly with a wave of human population immigration and settlement from 
eastern North America. 

Ok River floodplain 
in Oliver area circa
1930



“Disturbance regimes” imposed by development of human 
systems increasingly dominate both terrestrial and especially 
aquatic ecosystems in the Okanagan and Columbia River basins. 

Irrigation and flood 
control dams block 
migration routes of 
aquatic biota.

Channelization has 
reduced 50% of the 
Okanagan R. length 
plus most of its 
wetlands & flood-plain.

Fragmented river meander

Flood control channel

Penticton Dam



1. Groundwater supplies
2. Nutrients in effluents 
3-4. Contaminants (PCB’s, PBB’s, DDT, 
heavy metals, etc.)
5. Surface water supplies
6. Invisible barriers: temp, O2, NH3
7. Landfills & waste 
8. Climate change impacts on water.
9. Storm runoff and sediments from 
urban and agricultural development

Okanagan aquatic ecosystems are subjected to “disturbance regimes” 
induced by discharge of nutrients, toxins, introduction of invasive 
species, dams, channelization & ongoing development of irrigation, flood 
control & engineered systems where water management represents a 
common interface for  interactions between aquatic and human systems. 
Prudent water management in this arid landscape is key to the 
sustainability of both natural ecosystems (biodiversity in lakes, rivers, 
wetlands, riparian habitat) and human systems (agro-ecosystems, urban 
ecosystems etc...).  

Human “systems” growth continues to threaten water quality, quantity 
and ecosystem integrity in the Okanagan-Okanogan !



The 5-H’s of Okanagan-Okanogan Salmon 
Restoration

• Habitat

• Hydrology

• Hatcheries

• Harvest

• Humanity



1‐ HABITAT LOSS
• 84% River = channelized
• 50% River length = lost
• 90% Riparian vegetation = lost

CHANNELIZED: 30 km
NATURAL: 3 km

H1: Salmon Habitat Restoration Initiatives: ONA and Partners

Rough Cost = $1 
million per km for 
habitat supporting 
< 5000 spawners 
but habitat 
diversification aids 
several species

Meander restoration plan
(ONA - ORRI project)

Dike removal and meander 
connection complete



H1: Passage improvements in Antoine 
Creek, Wa.



H2: Hatchery: Re-introduction Sockeye 
Salmon to Skaha Lake: ONA and Partners

Skaha hatchery program has added as many 
as 10-20 thousand adult sockeye per year to 
the Okanagan run over the past decade.



H2: Chief Joseph Hatchery- a state of the art 
Chinook facility opened in 2013 by CCT .



H3: Okanagan Hydrological Control Structures



Flood Protection

Environmental ValuesRecreation / Tourism

Water Use Demands

Balance competing interests to achieve fish friendly 
water management (FWMT Project - DFO and Partners)
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From 1982-1997 river discharge  
exceeded OBA  fishery flows in:
(a) 13 of 16 yrs for adult migration
(b)  7 of 16 yrs for spawning and
(c)  7 of 16 yrs for egg incubation & 
fry migration (Glenfir 1998)
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OBA preferred flow range

Observed flow range

(a) migration (b) spawning 

(c) incubation
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Formal audit revealed low compliance during 1982-1997.

Need for new “tools” to improve compliance with Canada-BC 
1970’s Okanagan Basin Agreement (OBA) re: flows for fish



Timing of Climate and Life History Events Determines    
Risk to Fish and Property
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H3: FWMT Decision Support System (Hyatt et al, CWRJ 2015)

The FWMT System is a coupled set of biophysical models of key relationships (among climate, 
water, fish & property) used to predict the consequences of water mgt. decisions for fish & other 
water users.

FWMT may be used to explore water management decision impacts in an operational mode 
employing real-time data, a prospective-mode going forward or in a retrospective-mode looking 
back on historic water supply, climate & fish years.

7

Historic Data: Retrospective Analysis
smolt 

production
Current Data: Real-time Analysis



Frequency of non-compliant water management days for 
“sockeye-friendly” flows at Oliver prior to FWMT (<2004) 
versus with FWMT development (>1998) and use (>2003).



H3: Juvenile bypass facilities at Columbia 
River hydroelectric dams



H4: Subsequent to ESA listing of Redfish Lake Sockeye Salmon, traditional  
commercial, recreational  and to some extent tribal fisheries focused on 
Columbia Sockeye (comprised of mixtures of Redfish, Wenatchee and 
Okanagan fish) were severely curtailed even given increased total returns.



Adult escapement to utilize productive capacity of 
habitat in Canada clearly benefitted from changes 

to harvest rules in U.S. (given FWMT control of density 
independent losses of eggs/fry from flood-scour or drought-

desiccation). 

Result of historic 
harvest control 
rules in U. S.



Okanagan Sockeye abundance at Wells Dam 1961-2014 
serves as one example of restoration success

Restoration 
projects

1st ONA 
Workshop

Prior to 2008 Okanagan Sockeye returns had only exceeded 100,000 adults in 2 of  
48 years (<5%) but have exceeded 100,000 adults in all years since 2008.
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Marine Survival of Sockeye Salmon: 2006- 2010 SARs for salmon with 
California Current System sea-entry increased 2-3 fold (Hyatt et al 2016).



H4: Sustained increases in adult returns have restored  fisheries for Tribal, 1st

Nations, commercial groups and have created new recreational fisheries in 
Canada and U.S. Cooperative harvest plans exist among U.S. entities and are 
now part of discussions by Canada and U.S. agencies for PST renewal!



Columbia River Sockeye
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Outcomes: Okanagan projects facilitated by collaborative 
governance since 1994 have contributed to dramatic increases of 
both sockeye ( now 75-80% of all  Columbia R. sockeye) & kokanee.



Conclusions re: governance  principles behind  
COBTWG and Okanagan projects  success 

COTWG

Scoping for success: Space-time constraints on ecological & governance 
processes suggested focus on freshwater spawning & rearing of sentinel 
salmon over 5-10 years. Broader scope carried high failure risk.
Committed participants: 3-parties (ONA, DFO, BC-MOE ) committed by 
statutes, policies, cultural linkages to resource & personal interest. Equitable 
participation assumes parties have nearly “equal” status.
Knowledge-based approach: Knowledge-based rather than opinion-based 
assessments of ecological and management process interactions controlling 
issues and outcomes of interest.
Interpersonal trust: Very important and required 2-3 years of active 
collaboration to achieve. Hard-won and easily lost. Respect for rule of law 
(Canada’s Constitution, Fisheries Act, PST, OBA etc…), TEK and Science.
Sufficient funding: Always a problem but scoping identified range of potential 
sponsors in U.S. with significant interests and funds.
Meaningful outcomes: Capacity building for ONA, use of new knowledge and 
decision support tools by managers, increased abundance of salmon.



H5: Factors contributing to salmon 
restoration successes to date

Strong leadership and champion(s) are keys to success (all displayed 
at times by ONA, DFO, CCT,  BC-FLNRO, U.S. PUD, WDFW 
participants ).
Identification of a common cause (e.g. salmon restoration) that unites 
rather than divides.
Systematic, science-based analysis of limiting factors saves time and 
money at  outset to identify worthy projects (hydrologic, habitat, and 
hatchery initiatives all rely on a firm analytical foundation).
Success depends as much on sociology (“right personal chemistry”) as 
on biophysical science i.e. optimism, energy, persistence and strong 
bonds of  trust among a core group of participants are critical 
ingredients.
Contrast and “experiments” to create it within an adaptive management 
context are your friends.
Salmon are more resilient than we often assume and will continue to 
surprise.



Conclusion: After 20 years of effort , despite  catastrophic losses of 
salmon due to climate extremes of 2015, experience in the multi-year 

salmon opera suggests it’s not over until the fat-lady sings!

Like at the opera, the story of Okanagan salmon restoration is full 
of birth and death, work and play, agony and ecstasy plus some 
lessons learned.  



Questions ?
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