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Oxygen Isotopic Variations in Modern Cetacean Teeth and Bones: Implications for Ecological, Paleoecological, and Paleoclimatic Studies
Ciner,B. (FSU, EOAS); Wang, Y. (FSU, EOAS) and Parker, W. (FSU, EOAS)
Introduction 
The oxygen isotope ratios (δ18O) preserved in marine sediments have been widely used to reconstruct past ocean temperatures. However, there remain significant uncertainties associated with this method, owing to assumptions about the δ18O of ancient seawater which affects the temperature inferred from sediment δ18O records.  In this study, oxygen isotope compositions of phosphate in teeth and bones from a diverse group of modern cetaceans, including sperm whale, pygmy sperm whale, short-finned pilot whale, killer whale and Cuvier’s beaked whale, and three fossil whales were determined.  The data were used to assess if the oxygen isotope ratios of biogenic phosphate (18Op) in cetacean teeth and bones are a reliable proxy for the oxygen isotopic composition of ocean water (18Ow) and to examine how the isotopic variations within individual teeth reflect the migratory behaviors of these individuals. 
Results 

[image: image2.emf]8°0w (vs. VSMOW)

= rrrrr rrrrrrrr o1 =

[ 5"°0w=0.953178"0p - 17.971, r=0.97253 ]

- ’ I —o— Teeth & bones

R - === Yoshida & Miyazaki (1991)

i o | upper 95% conf. limit

! N B s lower 95% conf. limit

[ 'l 'l I 'l 'l 'l I 'l 'l 'l I 'l 'l 'l I 'l 'l 'l I 'l 'l 1
10 12 14 16 18 20 22

8" *Op(vs. VSMOW)











[image: image3.emf]Fig. 1. The relationship between δ18O of water (δ18Ow) and δ18Op values of bio-apatite from modern cetaceans, including new data produced in this study and data from the literature [10]. Each datum point represents an individual specimen. Error bar represents one standard deviation from the mean of multiple samples from the same specimen. Error envelope represents 95% confidence limits for the mean response on the independent variable δ18Op.
Fig. 2. (a) Intra-tooth 18Op variations in a modern killer whale and (b) calculated seawater 18Ow values.  The serial sample closest to the crown represents the earliest years of growth and samples farther away from the crown represent progressively later years of growth.
Conclusions
The results show that 18OP of cetacean teeth and bones can be used as a reliable proxy for the oxygen isotopic composition of environmental water (18Ow). Using a significantly expanded modern cetacean 18Op dataset that includes new data produced in this study and data from literature, the following 18Ow - 18Op regression equation is derived for cetaceans: 18Ow = 0.95317(+0.03293)  18Op – 17.971(+0.605). The new 18Op - 18Ow equation, when applied to Mio-Pliocene cetacean fossils, yielded reasonable estimates of ancient seawater 18O values. Intra-tooth oxygen isotopic variations within a whale tooth record changes in the isotopic composition of environmental water during the time of tooth growth, providing insights into the life history or migratory behavior of the whale.  This study demonstrated the potential of using oxygen isotopes in the phosphate component of cetacean teeth/bones to examine the migratory behaviors and environmental preferences of both modern and ancient whales and to track past changes in ocean water oxygen isotopic composition.
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