
Why	
  Lab-­‐derived	
  es/mates	
  of	
  Thermal	
  
Tolerance	
  Failed	
  to	
  Predict	
  Survival	
  of	
  Winter	
  

Run	
  Eggs	
  in	
  the	
  Sacramento	
  River	
  

(And	
  What	
  We	
  Can	
  Do	
  About	
  It)	
  
	
  

Benjamin	
  Mar/n,	
  Andrew	
  Pike,	
  Sara	
  John,	
  Natnael	
  
Hamda,	
  Jason	
  Roberts,	
  Steve	
  Lindley,	
  Eric	
  Danner	
  



It’s	
  geOng	
  warmer…	
  

How	
  will	
  species	
  respond?	
  



Thermal	
  response	
  curves	
  

Ojanguren	
  et	
  al.	
  2001	
  

Fi
tn
es
s	
  	
  

Expected	
  temperature	
  exposure	
  

Assumes	
  rela/onship	
  between	
  temperature	
  
and	
  performance	
  in	
  lab	
  holds	
  in	
  nature	
  

By	
  the	
  /me	
  we	
  find	
  out	
  if	
  that	
  is	
  true	
  it’s	
  too	
  late	
  

Lab	
  experiment	
  



Are	
  sta/s/cal/descrip/ve	
  lab	
  derived	
  models	
  of	
  
thermal	
  tolerance	
  predic/ve	
  in	
  nature?	
  



A	
  case	
  study	
  with	
  Sacramento	
  Winter-­‐run	
  

•  ESA	
  listed	
  popula/on	
  

•  Blocked	
  from	
  historic	
  
spawning	
  grounds	
  

•  Embryos,	
  most	
  sensi/ve	
  life	
  
stage	
  to	
  temperature	
  

•  Water	
  release	
  managed	
  to	
  
avoid	
  high	
  embryo	
  mortality	
  	
  
–  Temperature	
  targets	
  based	
  
on	
  laboratory	
  data	
  	
  



A	
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Tes/ng	
  the	
  lab	
  model	
  

•  H2:	
  Thermal	
  tolerance	
  in	
  the	
  field	
  differs	
  
from	
  the	
  lab	
  

Test:	
  rerun	
  analysis,	
  but	
  es/mate	
  thermal	
  
tolerance	
  parameters	
  using	
  field	
  data	
  

•  H1:	
  Factors	
  other	
  then	
  temperature	
  drive	
  
annual	
  varia/on	
  in	
  survival	
  

	
  

Why	
  so	
  bad?	
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  data	
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R2=0.69	
  

Temperature	
  and	
  density	
  dependent	
  embryonic	
  survival	
  alone	
  explain	
  
~70%	
  of	
  varia/on	
  in	
  winter	
  run	
  popula/on	
  dynamics	
  from	
  1970-­‐2015	
  

The	
  Tcrit	
  es/mated	
  from	
  escapement	
  data	
  (11.5°C)	
  not	
  sta/s/cally	
  different	
  from	
  
es/mate	
  from	
  egg-­‐to-­‐fry	
  survival	
  data	
  (12.0°C)	
  



Fortunately,	
  field	
  data	
  available	
  for	
  winter-­‐run	
  to	
  
reality	
  check	
  lab-­‐derived	
  model	
  

Lab	
  es/mate	
  	
  Field	
  es/mate	
  	
  

But	
  for	
  many	
  species,	
  such	
  data	
  does	
  not	
  exist	
  
What	
  mechanism	
  can	
  account	
  for	
  differences	
  in	
  thermal	
  tolerance?	
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Oxygen	
  limita/on?	
  

Science	
  2007	
  

Science	
  2011	
  

Science	
  2015	
  

PNAS	
  2012	
  



In	
  embryos?	
  
•  No	
  circulatory	
  system	
  
•  High	
  mass-­‐specific	
  oxygen	
  demand	
  
•  Supply	
  dependent	
  on	
  environment	
  

–  DO	
  
–  Flow	
  

Oxygen	
  limita/on?	
  



Oxygen	
  limita/on?	
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Oxygen	
  limita/on?	
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Mass-­‐transfer	
  theory	
  
•  Physics	
  worked	
  out	
  long	
  ago,	
  but	
  

rarely	
  applied	
  

•  Can	
  calculate	
  thermal	
  tolerance	
  
func/on	
  of	
  flow,	
  DO	
  

•  Few	
  parameters	
  needed	
  
•  Biological	
  (4)	
  

–  Temp-­‐dependent	
  metabolic	
  rate	
  
(2)	
  

–  Cri/cal	
  oxygen	
  tension	
  and	
  egg	
  
conductance	
  (2)	
  

•  Physical	
  (2)	
  
–  Look	
  up	
  in	
  a	
  textbook	
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How	
  general	
  is	
  O2	
  limita/on	
  in	
  fish	
  embryos?	
  

•  Testable	
  predic/ons	
  
– Maximum	
  egg	
  size	
  decreases	
  with	
  temperature	
  

Egg	
  radius	
  (cm)	
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Summary	
  

•  Thermal	
  tolerance	
  is	
  not	
  a	
  fixed	
  value	
  

•  Lab	
  studies	
  s/ll	
  needed	
  to	
  quan/fy	
  
thermal	
  tolerance,	
  but…	
  

•  Their	
  ability	
  to	
  forecast	
  species	
  
responses	
  to	
  climate	
  change	
  are	
  greatly	
  
enhanced	
  when	
  linked	
  with	
  
mechanism-­‐based	
  models	
  


