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Web	  of	  Science	  search:	  	  
“climate	  change”	  and	  “salmon”	  

2013:	  753	  
2012:	  657	  
2011:	  597	  



History	  of	  my	  literature	  review	  

•  303	  in	  2007-‐2010	  
Supplemental	  Report	  

•  227	  in	  2010	  
•  135	  	  in	  2011	  
•  224	  in	  2012	  
•  202	  in	  2013	  
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
!  1091	  papers	  summarized	  

Reports	  available	  at	  	  
hEp://www.nwfsc.noaa.gov/trt/lcm/freshwater_habitat.cfm	  

NOAA-‐Fisheries	  2010:	  
2.2.1	  Climate	  Change	  and	  Ocean	  
CondiSons	  	  	  
Annual	  updates	  of	  new	  informaSon	  
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SpaSal	  and	  biological	  	  
variability	  in	  impacts	  

Hamlet	  et	  al	  2013	   Beechie	  et	  al	  2013	  	  
River	  Research	  and	  ApplicaSons	  



Major	  threats:	  	  
Temperature	  stress	  and	  new	  flow	  regime	  

Wade	  et	  al	  2013	  Journal	  of	  Applied	  Ecology	  



Most	  relevant	  ocean	  impacts	  not	  as	  simple	  

Yool	  et	  al	  2013	  

Gruber	  et	  al	  2013	  
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Results:	  
PopulaSon	  persistence	  depends	  on	  

Growth	  
Survival	  



Survival	  –	  compeSSon	  and	  predaSon	  
invasive	  species,	  bass	  and	  shad,	  various	  trout	  



LIFE	  HISTORY	  AND	  PHENOLOGY	  

Age	  at	  smolSng	  
Age	  at	  return	  migraSon	  
Residency	  in	  steelhead	  
Precocial	  males	  
Probability	  of	  repeat	  spawning	  

Timing	  of	  juvenile	  
and	  adult	  migraSon,	  
spawning,	  etc.	  



Evidence	  of	  	  
evoluSonary	  or	  plasSc	  responses	  to	  

recent	  climate	  change:	  	  
literature	  review	  

Crozier,	  L.	  G.	  and	  J.	  A.	  Hutchings	  (2014).	  	  
"PlasSc	  and	  evoluSonary	  responses	  to	  climate	  change	  in	  fish."	  
EvoluSonary	  ApplicaSons	  7(1):	  68-‐87	  



Trait	  representaSon	  
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25	  species	  of	  fish,	  	  
but	  mostly	  salmon	  

Crozier,	  L.	  G.	  and	  J.	  A.	  Hutchings	  (2014).	  	  
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Sockeye	  migrate	  ~10.3	  days	  	  
earlier	  than	  in	  the	  1940s	  

Quinn	  and	  Adams	  1996	  
Crozier	  et	  al	  2008	  
Crozier	  et	  al	  2011	  



Model	  predicSon	  
plasScity	  +	  evoluSon	  

r2 = 0.80 
h2 = 0.49 
β = -0.011 

0.031 haldanes 



AddiSonal	  topics	  

•  Sex	  determinaSon,	  sex	  raSos	  
•  Skeletal	  and	  muscle	  morphology	  –	  swimming	  	  

•  Various	  behaviors	  
– Avoidance	  of	  predators	  -‐-‐	  boldness	  
– Habitat	  use	  
– AcSvity	  levels	  
– MigraSon	  blockages,	  straying	  



InteracSng	  stressors	  
•  Hypoxia	  
•  Contaminants	  

•  Handling/intercepSon	  by	  fishery	  
•  Change	  prey	  availability,	  energy	  density	  
•  Disease	  

– Ceratomyxa	  shasta	  
– myxozoan	  parasite	  Parvicapsula	  minibicornis	  
– proliferaWve	  kidney	  disease	  	  



Traits	  
measured	  
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Behavior:	  	  
MigraSon/spawn	  Sming	  
Performance	  (e.g.,	  swimming	  ability)	  
Life	  history	  (age	  at	  smolSng,	  age	  at	  maturaSon)	  
Habitat	  usage,	  movement	  data	  



Ocean	  
acidificaSon	  
primarily	  affects	  
calcifying	  
organisms,	  
but	  responses	  
very	  idiosyncraSc	  

Kroeker	  et	  al	  2103.	  Global	  Change	  Biology	  



Ocean	  acidificaSon	  

Busch,	  Harvey	  and	  McElhany,	  	  
PotenSal	  impacts	  of	  ocean	  acidificaSon	  on	  the	  
Puget	  Sound	  food	  web	  
Ices	  Journal	  of	  Marine	  Science,	  2013	  

“Impacts	  of	  OA	  were	  imposed	  on	  all	  
heterotrophic	  funcSonal	  groups	  dominated	  
by	  calcifiers	  (Table	  1,	  Figure	  1).”	  



Projected	  ocean	  habitat	  ~	  SST	  

Abdul	  Aziz	  et	  al	  2012	  CJFAS	  



Fisheries	  catch	  ~	  ocean	  producSvity	  

Cheung	  et	  al	  2010	  

1066	  spp	  
In	  2055	  	  



Major	  uncertainSes	  

Upwelling	  zones	  drive	  most	  producSve	  ocean	  habitats	  
Intensity	  ↑	  or	  ↓?	  	  
Importance	  of	  Sming	  shits?	  
General	  ocean	  changes	  and	  impacts	  on	  salmon?	  

Photo:	  	  
Wikipedia:	  upwelling	  
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Results:	  Climate	  affects	  every	  life	  stage	  	  



Steelhead	  vulnerability	  assessment	  

Wade	  et	  al	  2013.	  Journal	  of	  Applied	  Ecology	  



Restoration actions and climate change 

Restore incised channel Y Y Y 

Floodplain connectivity Y N Y 

Restore in-stream flow Y Y N 

Riparian rehabilitation Y N/Y N 

Road rehabilitation N N N/Y 

In-stream habitat N N N 

Nutrient enrichment N N N 

Slide courtesy of Tim Beechie 



Conclusions	  	  

1.	  Different	  informaSon	  about	  marine	  and	  freshwater	  ecosystems	  
2.	  InteracSons	  among	  stressors	  and	  across	  ecosystems	  important	  
3.	  RestoraSon	  acSons	  relaSvely	  clear	  –	  human	  impacts	  ~	  climate	  change	  

Slide	  courtesy	  of	  Tim	  Beechie	  

Reports	  available	  at	  	  
hEp://www.nwfsc.noaa.gov/trt/lcm/freshwater_habitat.cfm	  
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In	  warmer	  water,	  

↑	  mortality	  from	  
disease	  

↑	  pre-‐spawn	  mortality	  
↓	  energy	  reserves	  

↓	  size	  at	  maturity	  

↑	  development	  rates	  
↑	  mortality	  from	  flooding	  

↑	  metabolic	  rates	  

↑	  predaSon	  rates	  	  

smolts	  migrate	  
earlier	  

↓	  egg	  size	  



Changes	  in	  marine	  top	  predators	  

Hazen	  et	  al	  2012.	  Nature	  Clim.	  Change	  


