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Abstract
Terrestrial organic matter can be assimilated by aquatic consumers but implications for biomass
and production are unresolved. An ecosystem model was fit to estimate effects of phosphorus (P)
load, planktivory, and supply rate of terrestrial particulate organic carbon (TPOC) on phyto-
plankton and zooplankton in five whole-lake experiments. Phytoplankton biomass increased with
P load and planktivory and decreased with TPOC supply rate. Zooplankton biomass increased
with P load and responded weakly to planktivory and TPOC supply rate. Zooplankton allochth-
ony (proportion of carbon from terrestrial sources) decreased with P load and planktivory and
increased with TPOC supply rate. Lakes with low allochthony (< 0.3) had wide ranges of phyto-
plankton and zooplankton biomass and production, depending on P load and planktivory. Lakes
with high allochthony (> 0.3) had low biomass and production of both phytoplankton and zoo-
plankton. In summary, terrestrial OC inhibits primary production and is a relatively low-quality
food source for zooplankton.
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INTRODUCTION

External inputs strongly affect ecosystems. Cross-boundary
flows are routinely considered in perspectives of ecosystem
(Weathers et al. 2013) and landscape (Turner et al. 2001) ecol-
ogy. Meta-ecosystem research is now merging biogeochemical
mass balances with concepts of metapopulation persistence
and community food webs (Massol et al. 2011). External
inputs of organic matter and nutrients interact with food web
structure in complex ways (Leroux & Loreau 2008; Rosemond
et al. 2015). Such interactions appear to be critical for under-
standing change in ecosystems.
Nutrient supply limits primary and secondary production

but this limitation is modified by the food web structure and
light availability in aquatic ecosystems. Phosphorus and nitro-
gen loading from external and internal sources are principal
drivers that determine variation in productivity and biomass
(Schindler 1977, 2012; Elser et al. 2009). However, trophic
cascades arising from top predators also affect grazers and
their capacity to control primary producers (Carpenter et al.
1985; Power 1992). In the case of lakes, predation may sub-
stantially diminish or eliminate large-bodied zooplankton –
reducing grazing and thereby enhancing phytoplankton.
Manipulations of planktivory and nutrient loading indicate
that shifts in grazing pressure can result in substantially differ-
ent levels of primary production and phytoplankton biomass
at the same level of nutrient loading (Jeppesen et al. 1997;
Carpenter et al. 2001).
The combined effects of nutrients and planktivory may be

further influenced by terrestrial organic matter inputs to lakes.
Dissolved terrestrial organic matter absorbs light, limiting
irradiance at depth, and influencing photosynthesis (Carpenter
et al. 1998). For example, in a survey of Norwegian lakes,

daily primary production per unit light input was negatively
related to dissolved organic carbon (DOC) and positively
related to total phosphorus (Thrane et al. 2014). This out-
come reflects the importance of variation in light absorbing
dissolved organic matter which in non-eutrophic lakes is lar-
gely of terrestrial origin (Wilkinson et al. 2013b). Terrestrial
organic matter is also assimilated directly or indirectly by
many aquatic consumers and a terrestrial signal is widespread
in zooplankton, benthic invertebrates, and fishes (Cole 2013).
The use of terrestrial organic matter, referred to as allochth-
ony, is distinct from the use of organic matter arising from
internal primary production (autochthony). This use of terres-
trial organic matter potentially acts as a subsidy for con-
sumers.
Recent research provides mixed results on the importance

of terrestrial organic matter as a subsidy. In a large Canadian
lake, fish growth in stream–lake deltas increased in relation
with forest cover (Tanentzap et al. 2014). The higher growth
was correlated with greater zooplankton and bacterial bio-
mass, suggesting terrestrial organic matter acted as a subsidy.
Kelly et al. (2013) measured zooplankton allochthony and
production among lakes that varied in DOC. While zooplank-
ton was 30–50% allochthonous, production of zooplankton
was inversely related to light extinction which was primarily
correlated with differences in concentrations of light-absorb-
ing dissolved organic matter. Kelly et al. (2013) concluded
that zooplankton is not subsidised (meaning production is not
enhanced) by terrestrial organic matter, because of limitations
on zooplankton habitat and food quality associated with
allochthonous materials. Thus, while a variety of studies doc-
ument that zooplankton biomass is derived in part from ter-
restrial organic matter (Karlsson et al. 2012; Cole 2013;
Wilkinson et al. 2013a), the negative effects of terrestrial
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