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Zona&on:	  inter&dal	  ecosystems	  have	  long	  served	  as	  models	  	  
for	  examining	  role	  of	  weather	  in	  driving	  pa9erns	  of	  distribu&on	  



Observed	  changes	  in	  inter'dal	  
ecosystems	  

•  Mass	  mortality	  around	  
the	  world	  (e.g.	  Harley	  
2008)	  

•  La'tudinal	  shiHs	  of	  up	  
to	  50km/decade	  
(reviewed	  in	  Helmuth	  et	  
al.	  2006)	  



New	  molecular	  approaches	  

•  Many	  organisms	  are	  living	  “close	  to	  the	  
edge”	  (e.g.,	  Somero,	  Pörtner)	  

•  Even	  well	  within	  range	  boundaries,	  condi'ons	  
may	  be	  subop'mal,	  even	  though	  no	  evidence	  
of	  lethality	  (Beukema,	  e.g.)	  

•  This	  means	  that	  slight	  increases	  in	  stress	  may	  
lead	  to	  sudden	  collapses	  along	  significant	  
por&ons	  of	  ranges	  



How	  do	  we	  predict	  where	  this	  might	  
occur??	  

•  Most	  niche	  models	  are	  based	  on	  correla'ons	  
with	  large-‐scale	  environmental	  variables;	  i.e.	  
realized	  niche	  space	  of	  organism	  

•  Can	  we	  create	  a	  framework	  that	  not	  only	  
considers	  niche	  space	  based	  on	  func'onal	  
traits	  of	  the	  organism,	  but	  also	  can	  forecast	  
sublethal	  processes	  such	  as	  growth	  and	  
reproduc'on	  as	  well	  as	  survival?	  



“Habitat”	  vs.	  “niche”	  

•  Habitat:	  	  Physical	  place	  where	  an	  organism	  lives	  
and	  the	  ambient	  condi'ons	  in	  that	  habitat;	  e.g.	  
rock	  with	  given	  oxygen	  levels	  and	  flow	  

•  Environment:	  Habitat	  aHer	  organism	  interacts	  
with	  it	  (e.g.	  behavioral	  choice-‐	  burrow	  at	  night)	  

•  Niche:	  	  subset	  of	  environment	  that	  drives	  
physiology,	  as	  experienced	  by	  the	  organism	  

AHer	  Kearney	  2006	  Oikos	  115	  



Two	  inter'dal	  organisms	  exposed	  to	  iden'cal	  microclimates	  
can	  experience	  different	  body	  temperatures	  

Seastar	  at	  ~12°C	  

Mussel	  at	  ~21°C	  



Linking	  weather	  to	  physiological	  
response	  over	  large	  scales	  

Kearney,	  Simpson,	  Raubenheimer	  and	  Helmuth	  2010,	  PTRS,	  in	  press.	  

• Biophysical	  (Heat	  
Budget)	  Model	  

• Dynamic	  Energy	  
Budget	  Model	  

• Growth,	  
reproduc'on,	  

size	  

• GIS/Weather	  
data	  

• Survival,	  
distribu'on	  
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Biophysical	  Ecology	  (Heat	  budget	  modeling)	  
Heat	  In	  –	  Heat	  Out	  =	  Heat	  stored	  



Bodega	  Bay	  Mussel	  Temperatures	  



Dynamic	  Energy	  Budgets	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Mike	  and	  Gianluca	  did	  this	  part….	  

(slide	  courtesy	  Erik	  Muller)	  



5	  Spawning	  events	  
1	  Heat	  stress	  events	  
Max	  length	  1.8	  cm	  

6	  Spawning	  events	  
0	  Heat	  stress	  events	  
Max	  length	  3.1	  cm	  

Bodega	  Bay,	  California,	  mussel	  My&lus	  californianus	  

Kearney et al., 2010 



My&lus	  galloprovincialis	  in	  the	  
Mediterranean	  

•  Lethal	  aerial	  exposures	  
limit	  distribu'on	  in	  
Palermo	  

•  At	  Porto	  Empedocle	  and	  
Lempedusa	  (more	  
southern	  sites)	  repeated	  
exposures	  to	  elevated	  
but	  sublethal	  
temperatures	  set	  
inter'dal	  limits	  

Sará et al., in review 



Applica'ons	  

•  Biophysical	  approaches	  can	  describe	  the	  niche	  
space	  of	  an	  organism	  based	  on	  func'onal	  
traits	  

•  DEB	  theory	  can	  predict	  not	  only	  mortality	  but	  
also	  growth	  and	  reproduc'on,	  poten'ally	  
predic'ng	  “trouble	  spots”	  before	  lethality	  
occurs	  



But	  it	  isn’t	  that	  simple	  of	  course	  

•  There	  is	  a	  lot	  we	  don’t	  know	  about	  inter'dal	  
organisms	  

•  Inter'dal	  mussels	  can	  undergo	  either	  aerobic	  
or	  anaerobic	  metabolism	  depending	  on	  
dura'on	  of	  exposure,	  rela've	  humidity,	  etc.	  

•  They	  also	  incur	  a	  “debt”	  during	  low	  'de	  that	  is	  
repaid	  during	  high	  'de	  

•  We	  s'll	  need	  to	  refine	  the	  DEB	  approach	  for	  
inter'dal	  organisms	  



Measurements,	  hindcasts	  and	  forecasts	  of	  body	  temperature	  Biophysical	  models	  are	  best	  viewed	  as	  probablis'c	  







Where	  we	  go	  from	  here	  

•  Geographic	  maps	  of	  mortality,	  stress	  and	  
growth	  

•  Compara've	  maps	  between	  species-‐>	  species	  
interac'ons	  

•  Forecasts	  of	  physiological	  response	  and	  
ecological	  response	  ('pping	  points?)	  using	  
GCMs	  
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