Altered energy flow in the food web
of an experimentally darkened lake
RYAN D. BATT,1,4,! STEPHEN R. CARPENTER,1 JONATHAN J. COLE,2 MICHAEL L. PACE,3
ROBERT A. JOHNSON,3,5 JASON T. KURTZWEIL,1

AND

GRACE M. WILKINSON3

1

Center for Limnology, University of Wisconsin—Madison, Madison, Wisconsin 53706 USA
2
Cary Institute of Ecosystem Studies, Millbrook, New York 12545 USA
3
Department of Environmental Sciences, University of Virginia, Charlottesville, Virginia 22904 USA
Citation: Batt, R. D., S. R. Carpenter, J. J. Cole, M. L. Pace, R. A. Johnson, J. T. Kurtzweil, and G. M. Wilkinson. 2015.
Altered energy flow in the food web of an experimentally darkened lake. Ecosphere 6(3):33. http://dx.doi.org/10.1890/
ES14-00241.1

Abstract. Theory suggests that alternative resources may begin to support a food web when highly used
resources become less available relative to alternatives. To test the potential for alternative resources to
support consumers, we experimentally darkened a lake whose consumers had relied heavily on algal
resources (phytoplankton and benthic algae). We estimated the support consumers received from
resources before and after darkening using a Bayesian mixing model and stables isotopes of carbon,
nitrogen, and hydrogen. Between a prior year and the darkened year, phytoplankton biomass diminished
by 60%, and surface dissolved oxygen saturation, pCO2, and net ecosystem production indicated a shift
from autotrophy to heterotrophy. Although a specialist copepod maintained a high reliance on
phytoplankton after darkening, a generalist zooplankton predator (Chaoborus spp.) derived more support
from terrestrial sources. Fishes received less support from benthic algae after darkening, and received
greater support from floating-leafed macrophytes or terrestrial resources. Phytoplankton support of fishes
increased or was similar between years, resulting in a convergence of the proportion of support that fishes
and zooplankton received from phytoplankton. The changes in algal support of fishes suggest that fishes
had an increased connection to the pelagic habitat and decreased connection to the benthic habitat after
darkening. After darkening, most consumers received more support from resource alternatives like
terrestrial material (snail, Chaoborus spp., some fishes) or from floating-leafed macrophytes (some fishes).
These shifts indicate that resource support of consumers is dynamic, and highlight the potential for
increased support of consumer biomass by alternative resources.
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INTRODUCTION

rapid shifts in environmental conditions that will
alter the availability of the basal sources of
carbon that support their food webs. Carbon

Ecosystems across the globe are experiencing
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