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Terrestrial, benthic, and pelagic resource use in lakes:
results from a three-isotope Bayesian mixing model
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Abstract. Fluxes of organic matter across habitat boundaries are common in food webs.
These fluxes may strongly influence community dynamics, depending on the extent to which
they are used by consumers. Yet understanding of basal resource use by consumers is limited,
because describing trophic pathways in complex food webs is difficult. We quantified resource
use for zooplankton, zoobenthos, and fishes in four low-productivity lakes, using a Bayesian
mixing model and measurements of hydrogen, carbon, and nitrogen stable isotope ratios.
Multiple sources of uncertainty were explicitly incorporated into the model. As a result,
posterior estimates of resource use were often broad distributions; nevertheless, clear patterns
were evident. Zooplankton relied on terrestrial and pelagic primary production, while
zoobenthos and fishes relied on terrestrial and benthic primary production. Across all
consumer groups terrestrial reliance tended to be higher, and benthic reliance lower, in lakes
where light penetration was low due to inputs of terrestrial dissolved organic carbon. These
results support and refine an emerging consensus that terrestrial and benthic support of lake
food webs can be substantial, and they imply that changes in the relative availability of basal
resources drive the strength of cross-habitat trophic connections.
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INTRODUCTION

Movements of organic matter and organisms across
apparently distinct habitat boundaries link consumers in
one habitat to primary producers in another. These
cross-habitat connections are a widespread feature of
food webs (Polis et al. 1997). Theory suggests that the
effects of cross-habitat linkages, which may be strongly
stabilizing or destabilizing to consumer dynamics,
ultimately depend not on input or availability, but
rather on the degree to which consumers use organic
matter from the different habitats (Huxel and McCann
1998, Post et al. 2000, Rooney et al. 2006). Yet because
the trophic pathways that separate consumers from
basal sources of primary production in various habitats
are often complex, estimates of resource use in the field
are difficult, scarce, and subject to considerable uncer-
tainty. Therefore, while existing conceptual models
describe the controls on cross-habitat inputs (e.g., Polis
and Hurd 1996, Witman et al. 2004), similar models are

lacking to describe the controls on how consumers use
those resources.

Basal resources in lake ecosystems originate from three
distinct habitats: as autochthonous primary production
in pelagic (open-water) and benthic (bottom) habitats,
and as allochthonous primary production in adjacent
terrestrial habitats. In the low-productivity lakes that
dominate many regions, the relative availability of these
three resources is controlled by terrestrial inputs and
their effects on light attenuation (Ask et al. 2009a,
Karlsson et al. 2009). Low nutrient levels in these systems
limit pelagic phytoplankton production. Benthic algae, in
contrast, can access nutrients from sediment pore waters
(at least on soft substrates) and are thus light, rather than
nutrient, limited. Under these conditions, benthic prima-
ry production substantially contributes to, and may even
dominate, whole-lake autochthonous production (Vade-
boncoeur et al. 2003, 2008, Ask et al. 2009a). Terrestrial
dissolved organic matter provides a resource for hetero-
trophs, but also reduces light penetration and thereby
benthic algal production. Thus as loading of terrestrial
dissolved organic carbon (DOC) increases in low-
productivity lakes, the relative availability of terrestrial,
pelagic, and benthic basal resources changes.
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