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Proxies	
  are	
  stand-­‐ins	
  for	
  	
  
environmental	
  parameters	
  that	
  	
  

can	
  no	
  longer	
  be	
  measured	
  directly.	
  



Hemming	
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  Hanson,	
  GCA,	
  1992	
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The	
  boron	
  isotope	
  proxy	
  	
  
for	
  past	
  seawater-­‐pH	
  

The	
  B/Ca	
  proxy	
  for	
  past	
  	
  
seawater-­‐pH	
  or	
  [B(OH)4-­‐]/[HCO3

-­‐]	
  

CaCO3	
  +	
  B(OH)4-­‐	
  çè Ca(HBO3)	
  +	
  HCO3
-­‐	
  +	
  H2O	
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  many	
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Larger	
  symbiont-­‐bearing	
  foraminifers	
  o_en	
  record	
  higher	
  δ11B	
  
-­‐	
  i.e.	
  greater	
  pH	
  elevaRon	
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Ocean	
  acidificaRon	
  at	
  the	
  PETM	
  (56	
  million	
  years	
  ago)	
  

	
  	
  	
  Morozovella	
  velascoensis	
  

Acarinina	
  soldadoensis	
  

Penman	
  et	
  al.,	
  Paleoceanography,	
  2014	
  
Subbo3na	
  spp.	
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No	
  apparent	
  effect	
  of	
  symbiont-­‐bleaching	
  on	
  the	
  δ11B	
  record	
  at	
  the	
  PETM	
  

	
  	
  	
  Morozovella	
  velascoensis	
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But	
  what	
  about	
  pH-­‐elevaRon	
  differences	
  between	
  species?	
  

Allen	
  et	
  al.	
  (2011)	
   (too	
  many	
  to	
  list)	
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Fujiki	
  et	
  al.	
  (2014)	
  

Fv	
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Physiological	
  processes	
  –	
  photosynthesis,	
  
respiraIon	
  and	
  calcificaIon	
  –	
  modify	
  pH	
  in	
  the	
  
microenvironment	
  of	
  foraminifers.	
  
	
  
Taking	
  B/Ca	
  and	
  boron	
  isotope	
  values	
  at	
  face	
  
value,	
  pH-­‐elevaIon	
  due	
  to	
  symbiont	
  
photosyntheIc	
  acIvity	
  and/or	
  depth	
  range	
  in	
  
the	
  water	
  column	
  should	
  rank	
  G.	
  ruber	
  >	
  G.	
  
sacculifer	
  >	
  O.	
  universa.	
  
	
  
This	
  predicIon	
  is	
  not	
  verified	
  by	
  symbiont	
  
density	
  and	
  fluorescence	
  measurements,	
  which	
  
are	
  similar	
  for	
  all	
  species,	
  if	
  not	
  even	
  highest	
  for	
  
O.	
  universa.	
  
	
  
AlternaIve	
  processes	
  must	
  be	
  responsible	
  for	
  
the	
  difference	
  in	
  shell	
  geochemistry,	
  most	
  likely	
  
including	
  the	
  biomineralizaIon	
  process	
  and	
  
related	
  ion	
  transport.	
  
	
  
Inferring	
  physiological	
  processes	
  from	
  
geochemical	
  proxies	
  may	
  be	
  misleading,	
  unless	
  
all	
  details	
  of	
  the	
  organismal	
  biology	
  are	
  known.	
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pH	
  up-­‐regulaIon	
  has	
  been	
  measured	
  directly	
  and	
  via	
  δ11B	
  in	
  S.	
  pis3llata	
  
follow	
  a	
  similar	
  pH-­‐slope.	
  This	
  may	
  indicate	
  greater	
  resilience	
  to	
  ocean	
  
acidificaIon.	
  
	
  
δ11B	
  in	
  all	
  marine	
  carbonate	
  calibrated	
  over	
  a	
  wide	
  pH	
  range	
  show	
  lesser	
  
sensiIvity	
  to	
  pH	
  than	
  predicted	
  from	
  δ11B	
  in	
  aqueous	
  borate,	
  including	
  
syntheIc	
  calcite.	
  
	
  
Biology	
  is	
  not	
  involved	
  in	
  syntheIc	
  calcite	
  precipitaIon,	
  suggesIng	
  that	
  the	
  
δ11B	
  vs.	
  pH	
  sensiIvity	
  of	
  marine	
  carbonates	
  may	
  not	
  be	
  due	
  to	
  acIve	
  pH	
  
up-­‐regulaIon,	
  but	
  instead	
  reflect	
  an	
  incomplete	
  understanding	
  of	
  the	
  
boron	
  isotope	
  proxy	
  systemaIcs.	
  	
  	
  
	
  
Unless	
  proxy	
  systemaIcs	
  are	
  understood	
  in	
  their	
  enIrety,	
  interpretaIons	
  
of	
  deviaIons	
  from	
  theory	
  should	
  be	
  approached	
  with	
  cauIon.	
  
	
  
Inorganic	
  CaCO3	
  precipitaIon	
  experiments	
  should	
  be	
  replicated	
  to	
  confirm	
  
or	
  revise	
  the	
  calibraIon.	
  



Thanks!	
  


