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Pacific Salmon (and Steelhead)
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Source: Augerot 2005 
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Presentation Notes
Anadromous salmonids need both fresh and salt-water habitats to successfully complete their life cycle (Figure 1). Freshwater habitat needs such as pools for summer rearing, gravel for spawning and off-channel habitat for winter refugia are well documented. Perhaps equally important, but less well studied, is the role of estuaries in the life cycle of salmonids. All juvenile salmonids use the transition from freshwater to saltwater in estuaries to shift osmoregulation and thus survive in the ocean. Brackish habitats are particularly important for this physiological change. Research in the Salmon and Elk River estuaries on the Oregon coast has shown that different life histories of Chinook salmon use estuaries as rearing habitat for different lengths of time. 
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Last Ice Age 
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“Most modern populations of salmon likely became established in the last 8-15k years ago. Glaciation prior to this time restricted most salmonids to a limited number of isolated refugia. Following the recession of ice sheets, these refugial populations acted as sources for dispersal, leading to colonization of their current ranges in N. America, Asia, and Europe. Although the refugial lineages may have undergone substantial evolutionary diversification prior to and during the most recent glaciation, a significant component of extant inter-population variation has clearly arisen post-glacially. This scenario of multiple source populations colonizing multiple locations across a diversity of environments allows us to assess whether evolutionary diversification within species is best explained by contingency (vicariance events and colonization owing to glaciation) or determinism (natural selection driving parallel, convergent and divergent evolution). “ (Steams)
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Behavioral Diversity 

Photo: John McMillan 

Bet Hedging 
 
• Adults stray 
 
• Juveniles use different habitats 

 
• Different species use different 

parts of the stream system 
 

• Some juveniles are territorial, 
others are not 



Tidal freshwater rearing habitat Headwater habitat 

Low salt marsh 

Brackish marsh 

Spawning coho salmon 
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Anadromous salmonids use habitats throughout the continuum of a river system (Figure 4). Examples of estuarine habitats include low marshes (Figure 4a), brackish marsh (Figure 4b) and tidal freshwater habitats (Figure 4c). These are linked along the stream network to spawning habitats (Figure 4d), and headwater refuge habitats (Figure 4e). Dynamic natural processes affect habitats at all locations in the stream system. The effect of global climate change may be experienced differently by salmon in different habitats throughout the stream network. We hypothesize that sea-level rise will submerge existing complex habitats in low salt marsh and brackish marsh areas. Higher in the stream system, fish populations may be affected by changes in precipitation that alter flow regimes. For example, increasing stream flows may increase the depth of scour at spawning grounds thereby reducing egg survival. Some salmonid species may be more strongly affected by climate change due to their distribution. Chinook and coho will be strongly affected throughout their distribution while steelhead and cutthroat may experience changes that more directly affect the freshwater portion of a river system.
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Pacific Salmon and Climate 
Change: Options 

Adapt – genetic change 
 

Tolerate – use already existing variation 
 
Move – change their distribution 

 
Die 

Waples 2008 
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These figures show the difference in precipitation and temperature in the US from the time period of 1991-2012 compared to the averages between 1901 and 1960.
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Definition of climate – weather, over about a 30 year timestep.PDO works at decadal timesteps, compared to El Nino or La Nina which applied to a few years at a time. PCO reflects global ocean patterns and circulation that works at this temporal scale. During “warm” or positive periods, salmon production is high. During “cool” or negative periods, salmon production is lower.  El Nino events layer onto PDO. Warm phase El Nino’s such as this year, result in warmer ocean conditions, reducing trade winds and limiting upwelling of cold nutrient-rich deep water, reducing salmon growth and survival.



Source: Committee on SLR in CA, OR, WA – NRC (2012),  
data from Jevrejeva et al. (2008), Vermeer and Rahmstorf  
(2009), and Kemp et al. (2011) 
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Figure 1.5 from Mote et al. 2012Sea-level estimates for the past 2000 years, adjusted for glacial isostatic effects, from proxy (geological) evidence (blue), tide gage observations (green), and modified semi-empirical model hindcasts (red). Dotted redline shows where the model hindcast deviates from the proxy record. The lower panel shows rates of sea-level change in mm yr1 based on the proxy reconstructions. Source : Data from Jevrejeva et al. (2008), Vermeer and Rahmstorf (2009), and Kemp et al. (2011).



Source: Committee on SLR in CA, OR, WA – NRC (2012),  
adapted from Shum et al. (2008), Willis et al. (2010) and  
Shum and Kuo (2011) 
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Figure 1.1 from Mote et al. 2012Estimated, observed, and projected global sea-level rise from 1800 to 2100. The pre-1900 record is based on geological evidence, and the observed record is from tide gages (red line) and stellite altimetry (blue line). Example projections of sea-level rise to 2100 are from IPCC (2007) global climate models (pink shaded area) and semi-empirical methods (gray shaded area: Rahmstorf, 2007). Sources: Adapted from Shum et al. (2008), Willis et al. (2010), and Shum and Kuo (2011).



Source: Committee on SLR in CA, OR, WA – NRC (2012),  
modified from Milne et al. (2009) 

Presenter
Presentation Notes
Thermostatic contributionsDynamic height differences primarily caused by changes in windsGravitational and deformational effects of land ice meltingVertical land motions along the coastFigure 1.4 from Mote et al. 2012. Processes that influence sea level on global to local scales. SOURCE: Modified from Milne et al. (2009).



Source: Committee on SLR in CA, OR, WA – NRC (2012) 
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Figure 5.10 from Mote et al. 2012Committee’s projected sea-level rise for California, Oregon, and Washington compared with global projections. The dots are the projected values and the colored bars are the ranges. Washington and Oregon = coastal areas north of Cape Mendocino; California = coastal areas south of Cape Mendocino.
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in Coos Bay, 
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Chris Goldfinger, C. Hans Nelson, Ann E. Morey, Joel E. Johnson, Jason R. Patton, Eugene Karabanov, Julia Gutiérrez-Pastor, Andrew T. Eriksson, Eulàlia Gràcia, Gita Dunhill, Randolph J. Enkin, Audrey Dallimore, and Tracy VallierWritten by researchers at Oregon State University, and published online by the U.S. Geological Survey, the study concludes that there is a 40 percent chance of a major earthquake in the Coos Bay, Ore., region during the next 50 years. And that earthquake could approach the intensity of the Tohoku quake (severity of 9.0) that devastated Japan in March of 2011.The sequence of 41 events defines an average recurrence period for the southern Cascadia margin of ~240 years during the past 10 k.y. Time-independent probabilities for segmented ruptures range from 7–12 percent in 50 years for full or nearly full margin ruptures to ~21 percent in 50 years for a southern-margin rupture. Time-dependent probabilities are similar for northern margin events at ~7–12 percent and 37–42 percent in 50 years for the southern margin. Failure analysis suggests that by the year 2060, Cascadia will have exceeded ~27 percent of Holocene recurrence intervals for the northern margin and 85 percent of recurrence intervals for the southern margin. Last subduction zone earthquake occurred in 1700 and caused much of the Oregon coast to drop by between 1 and 3 meters all at once.-----------An earthquake of this magnitude is project to drop the coastal shelf by as much as 1.0 m.



Committee on SLR in CA, OR, 
WA – NRC (2012) adapted from 
Cloern et al. (2011) 

Storm Surge, California Coastal Erosion, Neskowin 

Presenter
Presentation Notes
Figure 5.12 Projected number of hours (blue bars) of extremely high sea level off San Francisco under an assumed sea-level rise and climate change scenario. In this exercise, a sea-level event registers as an exceedance when San Francisco’s projected sea level exceeds its recent (1970-2000) 99.99th percentile level, 1.4 m above historical mean sea level. In the recent historical period, sea level has exceeded this threshold about one time (1 hour) every 14 months. Sea-level rise (black line) during 1960-1999 was arbitrarily set to zero, then increased to the committee’s projected level for the San Francisco area over the 21st century (92 cm). SOURCE: Adapted fro Cloern et al. 2011. 



Source: Committee on SLR in CA, OR, WA – NRC (2012) 
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Figure 5.10 from Mote et al. 2012Committee’s projected sea-level rise for California, Oregon, and Washington compared with global projections. The dots are the projected values and the colored bars are the ranges. Washington and Oregon = coastal areas north of Cape Mendocino; California = coastal areas south of Cape Mendocino.
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This contrasts with low gradient, ocean-dominated systems in which the head of tide will move upstream, and we predict estuarine habitats will be flooded near the river mouth (Figures 3a and b).
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Possibly biggest challenge Salmon have not survived through, therefore are not adapted to is the RATE of change.
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Marshes as a Sponge 



MLW = 0.296m 

MHHW = 2.174m 
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Pacific Salmon and Climate 
Change: Options 

Adapt – genetic change 
 

Tolerate – use already existing variation 
 
Move – change their distribution 

 
Die 

Waples 2008 
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Restoration of marsh and freshwater habitats returns to Pacific salmon the ability to express their current diversity of behavior that is constrained when we build roads, levees, remove water for irrigation, build dams for hydropower.



Diversity and Connectivity 

Photo: Institute for Applied Ecology 





Source: Ray Troll – Fishes of the Salish Sea 

Thank You! 
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