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Pieces of the Puzzle: C4 in the Late Miocene of Southern California

[bookmark: _GoBack]Bowman, C. (FSU, EOAS); Wang, Y. (FSU, EOAS); Wang, X. (Natural History Museum of Los Angeles County); Takeuchi, G.T. (George C. Page Museum of La Brea Discoveries) and Faull, M. (Red Rock Canyon State Park)


Introduction
	The timing and mechanisms responsible for the expansion of C4 grasses have been a topic of considerable debate over the last two decades. Evidence indicates that there was a worldwide increase in C4 ecosystems in the late Miocene and studies from the Great Plains and the Barstow Formation have suggested that there may have been a significant amount of C4 biomass prior to the late Miocene[1-3]. In this study we examined the stable carbon isotopic signatures of Clarendonian age herbivores from the Dove Spring Formation of the Mojave Desert to determine if an early spread of the C4 photosynthetic pathway took place in southern California prior to the rapid increase in C4 ecosystems in the late Miocene. To determine if C4 plants were being consumed we used reconstructed atmospheric δ13C data to determine a cut off value for pure C3 diets in the Miocene (8.0-12.5 Ma).

	Taxon
	N
	Mean δ13C (‰)
	S. D. (‰)
	Range (‰) 

	Antilocapridae
	15
	-9.7
	0.9
	3.2

	Camelidae
	15
	-9.9
	0.8
	2.5

	Castoridae
	1
	-10.2
	-
	-

	Equidae
	27
	-9.6
	0.9
	4.5

	Gomphotheriidae
	24
	-11.0
	1.0
	4.3

	Merycoidodontidae
	5
	-10.3
	1.1
	2.7

	Rhinocerotidae
	2
	-10.6
	0.7
	0.9

	Herbivore Overall
	89
	-10.1
	1.1
	6.7

	Estimated Diet
	
	-23.9
	1.0
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Table 1 δ13C data for the seven herbivore families analyzed in this study. The mean bulk enamel-δ13C value of all taxa sampled in this study is -10.1 ± 1.1 ‰ (n=89, 1 S.D.) and an average δ13C value for the environment—or the part of the flora being consumed—has also been estimated at -23.9 ± 1.0 ‰, using an enrichment factor (ε) of -14.1 ‰ to calculate the δ13C of plants from that of enamel, based on the average of all specimen sampled.



Fig.1 δ13C values of tooth enamel from herbivore families examined in this study, the blue shaded area represents all carbon isotopic values that correspond to a pure C3 diet. The different lines represent the isotopic values for the cutoff of a Miocene & Modern pure C3 diet.


Conclusions
	Our carbon isotope data reveal that the middle Miocene herbivores of the Dove Spring Formation fed primarily on C3 vegetation and lived in an environment dominated by C3 plants. The results of the stable carbon isotopic analysis, along with evidence from the rock record, and the life habits of the fossil taxa present indicate a variety of habitats ranging from C3 grasslands or wooded C3 grasslands to riparian forests in the Miocene of southern California. Lack of seasonal carbon isotopic signals in serially sampled teeth provide further evidence that C3 plants were consumed year round and that little to no C4 plants were available for consumption. This study does not support an early regional expansion of C4 grasses prior to the late Miocene in southern California.
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