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Terrestrial carbon is a resource, but not a subsidy, for
lake zooplankton
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Abstract. Inputs of terrestrial organic carbon (t-OC) into lakes are often considered a
resource subsidy for aquatic consumer production. Although there is evidence that terrestrial
carbon can be incorporated into the tissues of aquatic consumers, its ability to enhance
consumer production has been debated. Our research aims to evaluate the net effect of t-OC
input on zooplankton. We used a survey of zooplankton production and resource use in ten
lakes along a naturally occurring gradient of t-OC concentration to address these questions.
Total and group-specific zooplankton production was negatively related to t-OC. Residual
variation in zooplankton production that was not explained by t-OC was negatively related to
terrestrial resource use (allochthony) by zooplankton. These results challenge the designation
of terrestrial carbon as a resource subsidy; rather, the negative effect of reduced light
penetration on the amount of suitable habitat and the low resource quality of t-OC appear to
diminish zooplankton production. Our findings suggest that ongoing continental-scale
increases in t-OC concentrations of lakes will likely have negative impacts on the productivity
of aquatic food webs.
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INTRODUCTION
Polis et al. (1997) describe a resource subsidy as ‘‘a
donor-controlled resource (prey, detritus, nutrients)
from one habitat to a recipient from a second habitat
that increases population productivity of the recipient.’’
From this definition, it is the (1) cross-ecosystem flux of
material and (2) increase in recipient consumer productivity that distinguishes a resource as a subsidy. Despite
an increase in attention by ecologists, resource subsidies
as a whole are still not well understood, and there is
surprisingly little empirical data on consumer responses
to the cross boundary flow of matter or energy,
especially from freshwater ecosystems (Marczak et al.
2007).
Input of terrestrial dissolved and particulate organic
carbon (t-OC) to aquatic ecosystems is commonly cited
as an example of a resource subsidy (Polis et al. 1997).
Terrestrial organic carbon often dominates the carbon
pools of lakes, and may represent a significant resource
for zooplankton consumers (Karlsson et al. 2002, Cole
et al. 2006, Jonsson et al. 2007). However, low
nutritional quality and negative effects of dissolved tOC on aquatic primary production cast some doubt on
the designation of t-OC as a resource subsidy (Brett et
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al. 2009, Jones et al. 2012). Because zooplankton
represent an important link in aquatic food webs, their
response to observed and projected global increases in tOC supply (Clark et al. 2010) is likely to have broad
implications for lake food webs.
Existing evidence suggests that zooplankton assimilate significant amounts of terrestrial carbon in some
lakes (Carpenter et al. 2005, Cole et al. 2006, 2011). For
example, mean zooplankton allochthony, or the proportion of biomass derived from terrestrial material, was
estimated as 53% in a set of 15 Swedish lakes (Karlsson
et al. 2003). Similarly, Solomon et al. (2011) reported
zooplankton allochthony estimates as high as 80%.
There are also lakes, usually with low inputs of t-OC,
where zooplankton allochthony approaches zero (Pace
et al. 2007, Francis et al. 2011). Studies suggesting
significant support of zooplankton biomass from
allochthonous carbon in unproductive systems provide
evidence for its use as a resource subsidy (Carpenter et
al. 2005).
Despite the growing view of t-OC as a resource
subsidy for zooplankton there are reasons to believe that
terrestrial carbon may actually reduce zooplankton
production. Greater dissolved t-OC concentrations
increase light attenuation and consequently lead to a
constrained epilimnion and decreased phytoplankton
abundance (Carpenter et al. 1998, Ask et al. 2009, Jones
et al. 2012). This shading causes a replacement of high
quality phytoplankton resources with lower-quality tOC (Brett et al. 2009). Therefore, greater light attenu-
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