BUT THEIR INTERPRETATION IS CHALLENGING, SOMETIMES

ERRONEOUS à Striking examples of fish population overexploitation in New

à Biological archives of the environment and the life history of marine and freshwater organisms • e.g. temperature, salinity, upwelling events, past CO 2 levels, contaminant concentration • e.g. age, growth, migrations Applications in marine and freshwater (paleo)ecology, fisheries sciences, paleooceanography, …

Outline

• Biogenic carbonates = biological archives, rich in information but difficult to interpret

• Physical properties: how DEB theory can help us better interpret fish ear bones (otoliths)?

• Chemical composition (δ 13 C): what can we learn from otoliths and shells comparison?

• Summary and perspectives 

New growth curve

Old curve

• Linear otolith radius -fish length (OR-FL) relationship for adults

• Slow growing fish have larger otoliths

• Non -linear (OR-FL) relationship for larvae

• Linear otolith radius -fish length (OR-FL) relationship for adults

• Slow growing fish have larger otoliths 
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Model calibration and validation with long-term experimental data

Summary Biogenic carbonates physical properties

• DEB theory = new approach to study biomineralization processes at the individual scale

• First step: Annual scale, ontogeny --> macro-structures Experimental validation

• New information, new interpretation by taking into account the interactions between environmental and physiological drivers

•

Step-wise approach from simple à more complex model to reproduce the different patterns (temperature effect on CaCO 3 precipitation)
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• Biogenic carbonates = biological archives, rich in information but difficult to interpret

• Physical properties: how DEB theory can help us better interpret fish ear bones (otoliths)?

• Chemical composition (δ 13 C): what can we learn from otoliths and shells comparison?

• Summary and perspectives 

•+

  Harold Urey (1948) à δ 18 O inversely correlated with temperature in limestone (Schöne et al. 2004) Why do we study biogenic carbonates? Sclerochronology = study of the physical and chemical variations in calcified tissues of marine and freshwater organisms Biogenic carbonates present an accretionary growth (by successive layers)

Fish

  Studying biogenic carbonates is a bit like… Fire frequency reconstruction in California à more frequent between 800 and 1300 than in recent years(Swetnam, 1993) 

à•

  Biais in back-calculation of growth Getting the right length Getting the right environmental proxy • Harold Urey (1948) à δ 18 O inversely correlated with temperature in limestone • δ 18 O and δ 13 C measured at the same time but δ 13 C is not used as an environmental proxy e.g. δ 13 C Shell à δ 13 C Dissolved Inorganic Carbon (DIC) Biogenic carbonates = biological archives, rich in information but difficult to interpret • Physical properties: how DEB theory can help us better interpret fish ear bones (otoliths)? • Chemical composition (δ 13 C): what can we learn from otoliths and shells comparison? • Summary and perspectives -Annual à Daily scale -Shell growth -Ocean acidification Fish otoliths = bio-calcified structures We can theoretically reconstruct both growth and assimilated food from temperature and otolith data Ø extraction of new information from data difficult to obtain Ø new information = food in natural conditions, at the individual scale DEBtool routine: animal/o2f.m (Pecquerie et al. 2012) Sea (NS) cod otoliths at odds with Barents sea (BS) cod otoliths (Beckman et al. 1996, Hoie et al. 2009) Classic pattern: translucent edge in winter à Slow growth in winter Opposite pattern: translucent edge in summer à Slow growth in summer ? Model extension to take into account temperature effect on CaCO 3 precipitation OM: Organic Matrix Fablet et al. 2011, PLoS ONE Model extension to take into account temperature effect on CaCO 3 precipitation Fablet et al. 2011, PLoS ONE Otolith accretion = CaCO 3 (V C ) flux + OM (V P ) flux Specific temperature effect on dV C /dt [ ]

-

  AnnualProposed definition for the proportion of metabolic carbon that precipitates• We defineJ C flux of metabolic carbon (Cmoles d -1 ) J I flux of inorganic carbon (Cmoles d -1 ) C carb = M δ 13 C m + (1-M) δ 13 C i = δ 13 C i + M (δ 13 C mδ 13 C i )à If the difference is large, small variations of M will generate large variations of δ 13 C carb

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Fablet et al. 2011, PLoS ONE 

Data

Simulations

Inter-species comparison