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Department of Ecology/Limnology, Lund University, S-223 62 Lund, Sweden

Darren L. Bade
Center for Limnology, University of Wisconsin, Madison, Wisconsin 53706
Abstract
Organic substrates for pelagic bacteria are derived from dissolved organic carbon (DOC) in the water column.
DOC is a heterogeneous mixture of molecules, some of which are imported from the watershed (allochthonous
DOC) and others that are produced by autotrophs within the system (autochthonous DOC). We examined the
importance of autochthonous versus allochthonous DOC in supporting the growth of pelagic bacteria by manipulating the 13C content of autochthonous sources in a whole-lake experiment. NaH13CO3 was added daily to two
small forested lakes for a period of 42 d, thereby strongly labeling autochthonous primary production. To obtain
bacterial carbon isotopes, bacteria were regrown in vitro in particle-free lake water and in situ in dialysis tubes;
little difference was found between the two methods. The contribution of autochthonous versus allochthonous carbon
to the bacterial biomass was estimated by applying a two-member mixing model using a 13C of 228‰ as the
allochthonous end member. The autochthonous end member, which varied over time, was estimated indirectly by
several approaches. The bacterial biomass consisted of 35–70% allochthonous carbon. This result confirms the
often-stated hypothesis that autochthonous carbon alone does not support bacterial production. On the other hand,
autochthonous DOC was preferentially utilized relative to terrestrial DOC. On the basis of 13C measurements, only
13% of the DOC standing stock was of recent autochthonous origin, but it supported 30–65% of bacterial production.

In recent years, the ecological importance of terrestrially
derived carbon to lake food webs has received increased
attention (Wetzel 2001). The traditional concept of a lake
food web, where heterotrophic production is predominantly
supported by autochthonous primary production, has been
challenged by evidence that suggests that aquatic systems
may be net heterotrophic (Cole et al. 1994; del Giorgio and
Acknowledgments
We thank Matt Van de Bogert, David Bastviken, Crystal Fankhauser, and Jeff Houser for help in the lab and field. Work at the
University of Notre Dame Environmental Research Center was facilitated by Ron Hellenthal, Jeff Runde, Gary Belovsky, and Joe
Caudel. We thank Norma Haubenstock at the University of Alaska

Peters 1994; Jansson et al. 1999). In net heterotrophic systems, respiration exceeds gross primary production (GPP),
which implies that heterotrophic organisms must receive external subsidies of organic C.
Often considered recalcitrant to microbial attack, there is
accumulating evidence showing that terrestrial C may support aquatic bacterial production under experimental conditions (Tranvik 1988; Moran and Hodson 1994). Indeed, net
heterotrophy results in large part from the bacterial metabolism of terrestrial dissolved organic carbon (DOC; Cole et
al. 2000). Still, in many lotic systems, bacterial production
is correlated with phytoplankton primary production, which
suggests that algal-derived C is important for bacterial
growth (Cole et al. 1988). Correspondingly, the results of

