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Fig. 9. Historical direct measures of Cladophora biomass in

1982 and 1983 relative to model predictions for attached biomass
and cumulative biomass on the date of peak predicted biomass.

our assessment to the direct effects of increasing temper-
atures on spring growth and peak summer biomass. As we
have demonstrated, summer peak biomass is limited by
available P and light. Consequently, higher temperatures
are predicted to strongly influence only the timing of
growth, rather than biomass accumulation. Surface tem-
perature has increased at an average rate between 0.5°C
and 0.9°C decade2! over the past 2-3 decades in Lake
Ontario, slightly less than the increase measured in Lake
Superior from 1979 to 2006 (1.1 6 0.6°C decade21; Auston
and Colman 2007). The CGM predicts a modest 7.7 6
2.5% and 7.2 6 6.3% increase over modern years in depth-
integrated peak attached Cladophora biomass for a 1.0°C
and 2.0°C increase in temperature, respectively. That
temperature largely affects the seasonality rather than total
biomass accumulation is also illustrated by the similarity in
total biomass accumulation predicted using the two
baseline datasets. The summer surface-water temperature
of 2004 was, on average, 4.2°C colder than in 2005, yet
peak measured and predicted biomass were very similar
between years. Thus, predicting peak Cladophora biomass
in the future will continue to depend primarily on P supply
and nearshore optical properties.

Two shortcomings of the application of the CGM should
be noted. First, while the change in Qp with depth is
accounted for in predicting Cladophora biomass at depths
beyond 2 m, we predict biomass accumulation at depths
that are up to 2 m deeper than the deepest direct
measurements of Qp. This extrapolation of the Qp versus
depth relationship, however, can generate only a marginal
error in biomass estimates because the growth rates at these
depths are constrained almost entirely by irradiance, rather
than by Qp. Secondly, we calibrated the CGM at 2.0-m
depth, and then implicitly assumed that the accuracy of the
model’s output would be similar at all depths. The
generality of the CGM is demonstrated in this study, and
as a corollary, we suggest the application of the CGM to
depths beyond 2.0 m at this site is well-justified.
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Implications for dreissenid mussels and eutrophication—
This study demonstrates, using historical data in a
contemporary model, that critical environmental factors
that are changing as a result of human activity (e.g.,
dreissenid mussel establishment) could result in prolifera-
tion of noxious amounts of Cladophora biomass equal to,
or in excess of, levels reached during the decades prior to P
control. It has been suggested that P loading restrictions be
relaxed in the lower Laurentian Great Lakes as a means to
enhance fisheries yields (e.g., Stockner et al. 2000); yet the
establishment of abundant benthic filter feeders has shifted
the effects of eutrophication (in terms of high algal
biomass) towards the nearshore and especially to the
littoral zone (Hecky et al. 2004; Zhu et al. 2006). Dreissenid
mussels effectively clear the water column through filter-
feeding and, thus, reduce the effects of eutrophication as
indicated by water clarity and suspended chlorophyll
concentration (e.g., Holland et al. 1995, Budd et al.
2001). However, we demonstrate how these benthic grazers,
by enhancing light availability and possibly by focusing
nutrients to the benthos in the littoral, enhances other
undesirable effects of eutrophication, specifically, an
overabundance of benthic macroalgal biomass. Other
studies have similarly demonstrated that other adverse
effects of nutrient enrichment, such as the frequency of
(potentially toxic) cyanobacterial blooms, are not amelio-
rated, and perhaps even amplified, by the addition of
benthic filter-feeders (Sarnelle et al. 2005; Caraco et al.
2006).
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