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Plenary Session 

36th Annual Salmonid Restoration Conference held in Fortuna, California from 
April 11 – 14, 2018. 



+ 
Session Overview 

n Master of Ceremonies: 

n Thomas Williams, PhD, 
NOAA Fisheries, Southwest 
Fisheries Science Center 



+ 
Presentations 
Video Recording of Complete Plenary Session Located at 
https://vimeo.com/salmonidrestoration 

(Slide 4) Thinking Outside the Channel — Learning from History and  Working with 
Nature to Restore Riverine-Floodplain Connectivity 
Colin Thorne, PhD, Nottingham University, UK 

(Slide 38) Evolutionary Enlightened Management Strategies for Conserving 
and Restoring Pacific Salmon and Trout 
Stephanie Carlson, PhD, University of California, Berkeley, Carlson Lab 

(Slide 80) Fish and Fires — Integrating Traditional and Western Knowledge Systems 
with Landscape Restoration Strategies to Address, Adapt to, and Confront Large-scale 
Wildfires in an Era of Climate Change 
Frank Kanawha Lake, PhD, US Forest Service, Pacific Southwest Fire and Fuels Program 

(Slide 108) Revitalization in Native Country 
Wendy Poppy Ferris-George Hupa/Karuk/Yurok/Chameriko, Klamath River 
Renewal Corporation 



Thinking Outside the Channel 

Colin Thorne University of Nottingham UK 
Brian Cluer NOAA-NMFS, Santa Rosa CA 
Janine Castro USFWS, Vancouver WA 



“Advancing the Art and Science of 
Watershed Restoration” 



Parana     Japura   Brahmaputra    Orinoco 



Mical Tal: Interactions between vegetation and braiding leading to an anastomosed channel 

“Fight the enemy where he isn’t” 

General Sun Tzu - ‘The Art of War’ (512 BC) 

Presenter
Presentation Notes
Plants and animals work tirelessly to improve their own life chances and those of their species. We should not be surprised that life in rivers is both well adapted to the riparian and aquatic habitats the stream provides, and adept at maintaining and enhancing those habitats.  Pictures of river plants, diatoms, periphyton, inverts, crustaceans, fish, birds, mammals. 



  1828 1872  1963 
Historical evidence - River Rhine 



Walter, R.C. and Merritts, D.J., 2008. Natural streams and the legacy of water-powered mills. Science, 319(5861), pp.299-304. 

 
Historical evidence - US East Coast 

“…before European settlement, the 
streams were small, anabranching 

channels within extensive, 
  vegetated wetlands”



      Geological Evidence 
Gibling, M.R. and Davies, N.S. 2012. Palaeozoic landscapes shaped by plant evolution. Nature Geoscience, 5(2), p.99. 

 

“…expansion of tree habitats led to 
the crossing of a threshold in 

  vegetative control of floodplain 
and river morphology.” 

 
Davies, N.S. and Gibling, M.R., 2011. Nature Geoscience, 4(9), pp.629-633 

Presenter
Presentation Notes
Prior to vegetation, most rivers BRAIDED. After plants appear they start to MEANDER & become ANASTOMOSED after modern trees & log jams evolve (Gibling & Davies 2012).Prior to vegetation, most rivers BRAIDED. After plants appear they start to MEANDER & become ANASTOMOSED after modern trees & log jams evolve (Gibling & Davies 2012).



, 

Wider recognition of anastomosing 
streams in the Western USA 

Photograph by Brian Cluer. 

Presenter
Presentation Notes
England: David Sear found broad network channels and wetlands underlying deposits of alluvium holding single-thread channels in valleys.PNW – Puget Sound: David Montgomery and Brian Collins found broad networks of interconnected channels and wetlands in historic studies.Eastern US:  Dorothy Walter and Bob Merrits detailed and ongoing work found ‘rivers of grass’ broad network channels underlying anthropocene alluvial deposits in valleys where Leopold and his colleagues devised the channel geometry concepts that dominate river restoration approaches today.California: historic ecology reconstructions (e.g. Grossinger et al) typically reveal vast wetland complexes with network channels where now there are modified or incised single thread channels.Today we have to visit undisturbed valleys to observe ‘non single-thread channels’.This is not a complete list of literature.





1984 Channel Evolution 
Models… 
 
INCISED CHANNELS 
Morphology, Dynamics, 
and Control 
 
Schumm, Harvey & Watson 
 
Water Resources Publications,  
Littleton, Colorado 



2013 

Presenter
Presentation Notes
SEM developed by Cluer and Thorne (2014), with additions to the model by Pollock and others (2014) that include the effects of beaver on stream evolution, expand the range of potential channel-floodplain configurations and restoration tools to be considered when designing restoration projects.



Cluer and Thorne, RRA, 2013 
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Presenter
Presentation Notes
Problem, restoration practice is actually keeping incised streams locked into their low habitat and ecosystem benefits condition.My review 2008 of restoration projects records in CA found that majority of projects were a form of property stabilization (banks or roads); stabilization of banks prevents evolution to high benefit attributes.  Second most common projects were barrier removal/modification; often accessing more low benefit habitat.  Little emphasis on restoring space, within which the floodplain processes, associated with sediment deposition and sorting, groundwater recharge, can function to create high benefit habitat, resilience, and ecosystem benefits.Growing body of literature on failure to restore ecosystem, in part explained by emphasis of adding complexity in simple channel forms rather than restoring processes that create ecology and valuable habitat attributes.



Johnson Creek, Portland, OR 

Presenter
Presentation Notes
Problem, restoration practice is actually keeping incised streams locked into their low habitat and ecosystem benefits condition.My review 2008 of restoration projects records in CA found that majority of projects were a form of property stabilization (banks or roads); stabilization of banks prevents evolution to high benefit attributes.  Second most common projects were barrier removal/modification; often accessing more low benefit habitat.  Little emphasis on restoring space, within which the floodplain processes, associated with sediment deposition and sorting, groundwater recharge, can function to create high benefit habitat, resilience, and ecosystem benefits.Growing body of literature on failure to restore ecosystem, in part explained by emphasis of adding complexity in simple channel forms rather than restoring processes that create ecology and valuable habitat attributes.
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BENEFITS OF RECONNECTING  
RIVER-FLOODPLAIN WETLAND SYSTEMS 

  This and next slide courtesy of Mark Beardsley – EcoMetrics, Colorado 



Modified from Hogervorst et al., 2017 



 Incised stream (G, F) 

 2-year bankfull stream (C, E) 

 Anastomosed stream (DB) 

Recreate ‘flood pulse advantage’, 
recharge groundwater,  

maintain base flow, 
promote hyporheic exchange.  

Presenter
Presentation Notes
Restoration to DB condition/stream type is a worthwhile goal



Fish on 
Floodplains 

Jacob Katz, 2013 

“juvenile salmon 
on day zero are 
tiny compared to 
fish that have 
spent 40 days on 
the Knaggs Ranch 
rice fields” 



Slide courtesy of Paul Powers, Deschutes NF Regional Restoration Team 



Slide courtesy of Paul Powers, Deschutes NF Regional Restoration Team 



Methow Beaver Project photo 

Presenter
Presentation Notes
Beaver ecology



brightsea.co.uk 

Flood 
plain 

Reconnection 

Born to manage wood in streams 

Presenter
Presentation Notes
Website



2014 



Beaver in   
incised streams 

“can reduce 
Stage 1 to 

Stage 7-8/0 
recovery 

times by 1-2 
orders of 

magnitude” 
 
 
 

27 Pollock et al., 2014. using beaver dams to restore 
incised stream ecosystems. Bioscience, 64(4).  

“Recovery 
possible in 

years to 
decades 

instead of 
decades to 
centuries” 



Five 
Mile 
Bell  

Restoration to ‘Stage 0’ of a  
Coastal/Estuarine Stream System 



Incised channel prior to restoration 

  This and next 2 slides courtesy of Paul Burns – US Forest Service, Oregon 



Reconnected channel-floodplain 
system following restoration 



“Monitoring shows 2,300 adult 
coho per mile, compared to 

mainstem systems like Siuslaw and 
Alsea which have 40-60 adults per 

mile in good years and  
10-20 adults per mile in most years” 



Achieving Future Resilience 
Alluvial channels have 9 Degrees of Freedom* 

 

1.  Width 
2.  Mean depth 
3.  Maximum depth 
4.  Bed grain size 
5.  Bed gradation 
6.  Bedform wavelength 
7.  Bedform amplitude 
8.  Meander wavelength 
9.  Meander bend arc angle 
 * Richard Hey (1997) Stable River Morphology, in ‘Applied Fluvial Geomorphology for River Engineering and Management’ 
Thorne, Hey and Newson (eds), Wiley, UK, pp 223-236. 

Presenter
Presentation Notes
Hey, R D (1997) Stable River Morphology, in ‘Applied Fluvial Geomorphology for River Engineering and Management’ Thorne, Hey and Newson (eds), Wiley, UK, pp 223-236.



The Stream 
Evolution 
Triangle 

 

Wet Meadow 

Single Thread Multi Thread 

Alluvial                              Bedrock 

Modified from Pollock et al. 2014 

 

Janine Castro  &  
Colin Thorne 
2018, in prep 

Dam  
Removal 

Stage 0 

Flow 
Enhancement 

Eel R Ecology 

Cool 
Water 

Model 
Salmon 

Infrastructure 

Alluvial Fans 

Biological  
Responses Streamlined

Permitting 



Think Outside the Channel 



Evolutionary enlightened management 
strategies for conserving and restoring               

Pacific salmon & trout 

Stephanie M. Carlson
Environmental Science, Policy & Management

UC Berkeley
@fishteph



“Humans may be the world’s dominant 
evolutionary force” – Palumbi (2001)

Trout! 
(stocked by plane 

into lakes in 
California’s Sierra 

Nevada)

Photo credits: sockeye salmon (N. Kendall); Shasta Dam (usbr.gov); L.A. River (http://you-are-here.com/location/la_river7.jpg); trout stocking (P. Pister)



Median 
Arrival Date





2008. Evolutionary Applications 1: 300-318.





Habitat 
diversity

Trait 
diversity

Intraspecific diversity

Photo credits: N. Kendall, T. Quinn, A. Hendry
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Population diversity gives rise to a “portfolio effect”

Aggregate 
returns to 
Bristol Bay 
were 41-77% 
more stable 
than individual 
stocks 

Hilborn et al. 2003. PNAS 100: 6564-6568.
Schindler et al. 2010. Nature 465: 609-612.





Three main criteria necessary for meta-population dynamics to 
emerge are satisfied in salmonids:
• Breeding habitat is discrete and populations are separated 

by unsuitable habitat;
• Straying (i.e., dispersal) links populations 
• Some asynchrony is present in the dynamics of populations;





Bakshtansky, E.L. 1980. The introduction of pink salmon into the Kola 
Peninsula. In Salmon Ranching. Edited by J.E. Thorpe. Academic Press, 

London. pp. 245-259. 

• "Almost all pink salmon become mature at age 1+. If the 
whole population of eggs or young in a river dies, as has been 
observed in the Pacific, the area of pink salmon habitation 
would be reduced and the species would disappear. In such a 
situation other salmons are protected by a complex age 
structure and repeated spawning. As opposed to char, trout 
and several other salmons which may be characterised as 
having "protection in time", pink salmon has "protection in 
space", through an enormous abundance of small 
downstream migrants, large spawning and feeding areas, and 
an imprecise homing instinct, allowing it to reoccupy lost 
spawning areas." -page 257 



Dispersal through space or time?

Shapovalov and Taft 1954 
• Semelparous coho salmon dispersed at a 

higher rate than iteroparous steelhead

Westley et al. 2013. CJFAS 70: 735-746.
• Semelparous Chinook salmon dispersed at a 

higher rate than iteroparous steelhead



Management strategy

• Identify, conserve, and restore natural risk 
spreading mechanisms
– Life history diversity
– Dispersal and spatial structure



Management contexts

• Hatchery management
• Flow management
• Habitat restoration



Management contexts

• Hatchery management
• Flow management
• Habitat restoration
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Huber and Carlson, 2015. San Francisco Estuary and Watershed Science.

> 2 billion 
hatchery fish 

released 
between 1946-

2012

(A) Coleman 
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Trend towards off-site releases of hatchery fish

Merced River

http://www.fisheryfoundation.org/

San Pablo Bay



Trend towards off-site releases of hatchery fish

Huber and Carlson, 2015
Satterthwaite and Carlson, 2015



Spawning 
Adult

Eggs

Fry

Smolt

Ocean 
Sub-
Adult

Mature 
Adult

Slide courtesy of C. Phyllis, artwork by J. Moore



Ocean conditions vary among years

Satterthwaite, Carlson et al. 2014. Marine Ecology Progress Series.



Migration date

Timing of ocean entry:
Match-mismatch dynamics

Prey availability



Release 
month

Proportion 
of total 
release

Huber and Carlson. 2015. San Francisco Estuary and Watershed Science.

Eric 
Huber



Stray 
Index

y = 0.1617x + 8.5805
R2 = 0.8743

0

20

40

60

80

100

0 100 200 300 400 500 600

Distance (km) of Release Location from Coleman Hatchery

Influence of release location on tendency to stray 

CDFG/NMFS. 2001. Final report on anadromous salmonid fish hatcheries in California. 



Trend towards a general increase in mean pairwise correlations

Satterthwaite and Carlson, 2015. Canadian Journal of Fisheries and Aquatic Sciences.



Why are populations 
without hatcheries 
behaving like the rest of 
the system?

Trend towards a general increase in mean pairwise correlations

Satterthwaite and Carlson. 2015. Canadian Journal of Fisheries and Aquatic Sciences.



Habitat diversity

Trait diversity

Population 
diversity

Resiliency 

Both habitat loss and hatchery 
practices have contributed to a 
loss of resilience

X
X

X

Unstable 
resource 

flows
X



Management contexts

• Hatchery management
• Flow management
• Habitat restoration



Reduced f low magnitude and var iance

Following slides courtesy of Anna Sturrock
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www.science.calwater.ca.gov/images/
scinews_0610_tags_04_lg.jpg

Juvenile salmon express diverse life history strategies. Most typically 
leave the natal stream as early dispersing fry (Williams 2006), which we 
know very little about. Our data shows that all strategies are viable.
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Management contexts

• Hatchery management
• Flow management
• Habitat restoration



• Goal of habitat restoration often to maintain or to 
promote population growth of some focal population

• Allocation of resources to different types of 
restoration projects has the potential to influence 
phenotypes of focal population

• Phenotypic management entails restoring specific 
habitats to manage for phenotypic diversity

Watters et al. 2003. Biological Conservation 112: 435-445.

Phenotype management:                                                                
a new approach to habitat restoration



Directing Phenotypes: Habitat Restoration

• In an experimental stream setting, a riffle treatment promoted greater 
variation in  growth rates and age at maturity than the pool treatment

• This result supports the idea that streams with higher riffle:pool ratio 
produce more fast growing individuals

Watters et al. 2003. Biological Conservation 112: 435-445.

Habitat restoration may influence growth rates and 
life history expression



Yolo Bypass Sacramento River
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Directing Phenotypes: Habitat Restoration

Salmon grow faster in floodplain habitat

Cosumnes
river 
floodplain

Cosumnes
river 
mainstem

Picture from Jeffres et al. 2008. 
Environ Biol Fish 83: 449-458. 



“Humans may be the world’s dominant 
evolutionary force” – Palumbi (2001)

Trout! 
(stocked by plane 

into lakes in 
California’s Sierra 

Nevada)

Photo credits: sockeye salmon (N. Kendall); Shasta Dam (usbr.gov); L.A. River (http://you-are-here.com/location/la_river7.jpg); trout stocking (P. Pister)
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Take home messages 

• Recognize that different species spread-risk in 
different ways (e.g., “protection in time” vs 
“protection in space”)

• Proactive management strategy is to identify 
and conserve natural risk spreading 
mechanisms
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Karuk subsistence fishing and monitoring 



Photo: Kroeber, UC Archives 





Map sources: Heizer 
1978 Smithsonian 
Inst. Vol. 8 Cal.  



Map: NOAA 2010, Graph: Taylor et al. 2016 

Native American Spanish Suppression Am. 



Fires, Vegetation response, Transpiration, Hydrology, Aquatic Habitat 

Stewart, eds. Lewis and Anderson  
2002, -Forgotten Fires: Native 
Americans and the Transient 
Wilderness 





Historical photos: UC Archives 



Figure Source: Gresswell 1999, Vol. 128, No. 2, 
Fire and Aquatic Ecosystems in Forested 
Biomes of  North America, Transactions of  the 
American Fisheries Society.  



MODIS-RSAC: 
Oct. 1, 2008, 
1500hrs 

MODIS Image: http://activefiremaps.fs.fed.us/fireplots/cgb2008275_1500.jpg 



Figure [bottom-left]: Distribution 
of the vegetation classes 
simulated for the Historical 
(1961-1990) [left] and PCM1-A2 
[right] future period (2070-2099). 
The vegetation class mapped at 
each grid cell is the most frequent 
class simulated during the time 
period. Source: Lenihan et al. 
2008. Climate Change Journal 



Suggested Reference: Kirkland, J., Flitcroft, R., Reeves, G. and Hessburg, P., 2017. 
Adaptation to wildfire: A fish story. Science Findings 198. Portland, OR: US Department 
of  Agriculture, Forest Service, Pacific Northwest Research Station. 5 p., 198, pp.1-5. 



Traditional burning 

Traditional fishing, 
Spring management Traditional phenology & indicators 

Subsistence/Stewardship 
Traditional gathering & fishing 



Fire suppression and 
repair activities? 





Seavy, N.E., Gardali, T., Golet, G.H., Griggs, F.T., Howell, C.A., 
Kelsey, R., Small, S.L., Viers, J.H. and Weigand, J.F., 2009. Why 
climate change makes riparian restoration more important than 
ever: recommendations for practice and research. Ecological 
Restoration, 27(3), pp.330-338. 



Highest valued areas 
for geographic “Zones 

of Agreement” 
reflecting multiple 

values and interest on 
the landscape 

depicted in red to 
lower ranked area 
with yellow-green 

color. Moving forward 
with Principles in 

Practice 

Zones of Agreement to 
Principles in Practice 
which align with areas 
of the landscape that 

tribes formerly 
managed with fire, 

and have 
contemporary interest 
for reintroducing fire 

today with fire 
adapted communities 



Landscape 
Restoration 

Climate 
Change 

National 
Cohesive 
Strategy 

Key science papers:  
Hessburg et al. 2015: Restoring Fire 
Prone…Seven Core Principles 
Hessburg et al. 2016: Tamm Review: 
Mix Severity Fire Regime Forests… 



Harling 

USFS 





Agee et al. 2000. The use of shaded fuelbreaks in landscape 
fire management. Forest Ecology and Management Vol. 127.  

Haypress Fire Aug. 2017, Upper Rogers Creek-Trib. 
To Klamath River 



Photos: USFS, 
MKWC, Yurok Tribe 



Photos: Mid Klamath Watershed Council 





Thanks to Salmonid Restoration Conference 
Organizers and Volunteers  



 NATIVE AMERICAN TRIBES IN  
 NORTHWESTERN CALIFORNIA 

Wendy Poppy George 
Cultural Resources Specialist 



This Photo by Unknown Author is licensed under CC BY-SA 

ROOVERVIEW 



uKARUK    
uYUROK 
uHUPA 
uCHALULA 
uWYOT 
uBIG LAGOON 

RANCHERIA 
uBLUE LAKE RANCHERIA 
uTSUNUGWE 
uCHAMERIKO 

 

 
► TRINIDAD RANCHERIA 
► KLAMATH MODOC 

 YAHOOSKIN 
► REDWOOD CREEK  
► SHASTA 
► RESIGINI 
► ELK VALLEY 
► BEAR RIVER 
 
 





► Block access to over 350 miles of historic spawning habitat 
► Degrade water quality 
► Host algae blooms 
► Create opportunities for fish disease causing parasites to flourish 
► Dams cause decline in salmon & other species 

 

 
NATIVE AMERICANS WORK TOWARDS THE LARGEST DAM 

REMOVAL PROJECT IN THE WORLD 



LAND AND WATER MANAGEMENT 





Culture is defined as an 
integrated system of beliefs, 
traditions, and customs that 
govern or influence a 
person’s behavior. Culture is 
learned, shared by members 
of a group, and based on the 
ability to think in terms of 
symbols. 



RELIGION  
A specific set of beliefs about one’s relation 
to the supernatural; a society’s mechanism 
for relating supernatural phenomena to the 

everyday world.   



SOCIETY 
SOCIETIES ARE POPULATIONS OF PEOPLE 
LIVING IN ORGANIZED GROUPS WITH 
SOCIAL INSTITUTIONS AND EXPECTATIONS 
OF BEHAVIOR. 





This Photo by Unknown Author is licensed under CC BY-SA 

WINTER 

FALL 

SPRING 

SUMMER 



  

  

WINTER 

SUMMER 

SPRING FALL 

WOODPECKER 

BIRDS HARVESTED FOR 
CEREMONIAL PURPOSES  

QUILLS 

SPRUCE/DIFFENT SEASONAL 
GATHERING 

WILLOW ROOTS 
EEL 

SPRING 
SALMON 

ABALONE 

HAZEL STICKS 

WILLOW STICKS 

SEAWEED STURGEON 

MAPLE BARK 
NATIVE TEA AND 
HERBS 

MEDICINAL PLANTS 
OF ALL KINDS 

BEAR GRASS 

WOODWARDIA 
FERN ALDER/ALDER 

BERRIES 

FIR BOW JUNIPER 
BERRIES 

HUCKLEBERRIES 

CEDAR BERRIES 

MAIDENHAIR 
FERN 

FALL 
SALMON 

DEER 

MANZANITA 
BERRIES 

ELK 

WILD GRAPE 

MUSSELS ACORNS 

ELDER 
BERRIES PINE NUTS 

SUBSISTENCE 
GATHERING 



CALIFORNIA NATIVE AMERICANS 
STRIVE TO PRESERVE THEIR 

TRADITIONAL WAYS 







RESTORING OUR SACRED LAND 



“Every generation of Tribal 
People on the Klamath River, 
since European contact, has 
experienced dramatic declines 
in our fisheries over the course of 
their lifetime.  What removing 
dams on the Klamath River 
means to Tribal People is that, 
WE will be breaking that cycle of 
passing down our most 
treasured resource (Salmon) to 
future generations in worse 
shape than we received it.   I 
am confident that we will be the 
first generation since contact to 
change that reality.” 
                                  Leaf Hillman 
                      Karuk Tribe Spiritual Leader 
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