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TEMPORAL VARIATION IN A PALEOLIMNOLOGICAL
RECORD ARISING FROM A TROPHIC CASCADE!

STEPHEN R. CARPENTER? AND PETER R. LEAVITT?
Department of Biological Sciences, University of Notre Dame,
Notre Dame, Indiana 46556 USA

Abstract. A food-chain model based on trophic cascade theory predicts substantial
variance in ecosystem function at time scales near the lifespan of the dominant predator.
We tested this prediction using time series (1889-1982) of algal pigment concentrations in
annually laminated sediments from a lake dominated by planktivorous fishes with lifespans
of 3-5 yr. For pigments that are deposited in sediments mainly by herbivory and are known
to be direct indicators of the trophic cascade (alloxanthin, pheophorbide a), variance was
pronounced at scales similar to the fish lifespan, consistent with predictions of the model.
Several other sedimentary pigments that have mainly pelagic sources (native chlorophylls,
a-carotene) also had variance peaks consistent with predictions of the model. Pigments
with multiple sources (fucoxanthin, lutein-zeazanthin, §-carotene, pheophytin ¢) had only
weakly significant or nonsignificant variance peaks. Pigments with mainly terrestrial sources
(pheophytins a and b) had no variance peaks. These results indicate that some of the
variance in this paleolimnological record is due to the trophic cascade. Since the scale of
this variance component is =3-5 yr, a 5-yr moving average filters out variance due to the
trophic cascade. Residuals from the 5-yr moving average accentuate variance due to the
trophic cascade. Filtering of the pheophytin time series revealed longer-term cycles (=15

yr), which may arise from terrestrial or climatic processes.
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INTRODUCTION

The variability of ecosystem function must be known
in order to evaluate large-scale experiments, effects of
perturbations, and management actions. The variances
and covariances of dynamic ecosystem variables (e.g.,
biomasses, productivities, and cycling rates) depend
upon the time period over which data are integrated
or averaged (Allen and Starr 1982, O’Neill et al. 1986).
This scale dependency can complicate statistical anal-
yses of ecosystem data, but also provides the oppor-
tunity for new insights (Shugart 1978, Carpenter and
Kitchell 1987, 1988, Carpenter 1988). For example,
sources of variance can sometimes be identified by
their scales, and one can filter out unwanted variance
from a particular source if its scale is known.

Paleoecology is among the major sources of infor-
mation about temporal variance. At time scales of de-
cades or longer, direct ecological observations are rare,
and paleoecology is often the only source of data (Stray-
er et al. 1986, Kitchell et al. 1988, Likens 1989).

Lake sediments are rich sources of paleoecological
information derived from the functioning of the lake
ecosystems themselves as well as their surrounding wa-
tersheds and airsheds (Binford et al. 1983, Davis 1989).
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Data from lake sediments apply to a diversity of ques-
tions, including large-scale forest dynamics (Davis
1989), biogeochemical development of watershed eco-
systems (Davis et al. 1985), lake ontogeny (Wetzel 1970,
Whitehead 1973), effects of settlement and urbaniza-
tion on watersheds and lakes (Edmondson 1974, Dee-
vey et al. 1979), acidification (Charles and Smol 1988),
and food web dynamics (Kerfoot 1974, Kitchell and
Kitchell 1980, Kitchell and Carpenter 1987, Leavitt et
al. 1989). In all applications the challenge arises of
discriminating variance due to a particular process from
interferences due to other processes. Information on
time scales may be useful in amplifying signals of in-
terest while filtering out interferences. Such amplifiers
or filters could significantly advance the calibration of
paleolimnological indicators.

The general hypothesis of this paper is that variance
due to food web processes in lakes is maximal at scales
near the lifespan of the dominant predator (Carpenter
1988). This hypothesis follows from analyses of a sto-
chastic model of lake food chains which show, for a
wide range of life-history scenarios, that spectrograms
of primary production have variance peaks near the
lifespans of the fishes at the top of the food chain (Car-
penter 1988). We expect similar spectrograms for fossil
pigment concentrations because deposition of plant
pigments is regulated either by grazing of zooplankton

‘or by direct sedimentation of primary producers (Car-

penter et al. 1986, 1988, Leavitt et al. 1989, Leavitt
and Carpenter 1990aq).



