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The papers by Porter et aI. (1982, 1983) represent
an extensive laboratory study on the autecology of
Daphnia magna fed a standard food source, Chlam
ydomonas reinhardi. D. magna is a commonly used
laboratory anima!' that inhabits shallow, eutrophic
ponds in Europe and parts of North America. Schoen
berg's comments (1985) and our response underscore
the fundamental tension between laboratory and field
data in ecological research. Laboratory experiments are
well defined and repeatable. They foster gains in pre
cision and predictability, with a cost in realism but,
one hopes, with no loss of generality.

Our purpose was to collect information from which
empirical models could be developed of the general
effects of food concentration on a suite of responses
including swimming behavior, feeding behavior, inges
tion, assimilation, respiration, growth, survivorship,
and fecundity . Measurement of ingestion and filtering
rate is limited at low food concentrations by the meth
ods available. Therefore, observations ofbehavior were
included to extend the analysis to low food levels. To
our knowledge, this was the first instance in which all
the above parameters were estimated simultaneously
on the same clone of animals under defined, repro
ducible laboratory conditions.

In . these studies, we found no feeding threshold at
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low food concentration and a decrease in filtering rate
above a C. reinhardi concentration of 10' cells/mL.
The result was constant ingestion at intermediate food
levels, and overcollection and rejection at high food
concentrations. Respiration increased with food con
centration (Porter et aI. 1982). Life-table experiments
produced parallel results to the feeding study: most life
table parameters increased with food concentration to
l O! C. reinhardi cells/mL (a carbon concentration of
2 rng/L). At the highest food level, 106 cells/mL, there
was a decline of survivorship, growth, and rate of in
crease (r), leading to the conclusion that optimal food
concentration was near 10' cells/mL (porter et al. 1983).

Schoenberg (1985) poses three criticisms of the above
study: (I) the highest food level (10 6 cells/mL) is never
attained in natural systems; (2) the data do not distin
guish between alternative hypotheses, in particular food
toxicity or inadequacy, for the observed reduction in
r at the highest food level; and (3) the application of
the experimental study is inappropriate to natural,
multispecies communities. We address each of these
in turn.

I) Food densities were chosen to bracket the range
of concentrations that occur in nature. Order-of-mag
nitude steps from 10 to 106 cell s/mL, equivalent to
particulate-C concentrations of 0.0002 to 20 rng/L,
were used . Natural food concentrations are expressed
in a variety of uni ts in the literature. Likens (1975) and
Wetzel (1983) report a phytoplankton biomass C level
of > 0. 3 rng/L for eutrophic waters. Schoenberg may
have misread their tables, since he implies that the
upper limit for phytoplankton biomass in eutrophic
lakes is 0.3 rng/L, which is actually the lower limit
(Lik ens 1975 , Wetzel 1983). Phytoplankton density ex
pressed as cell volume may be a better measure for
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produced parallel results to the feeding study: most life
table parameters increased with food concentration to
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2 mgIL). At the highest food level, 106 cells/mL, there
was a decline of survivorship, growth, and rate of in
crease (r), leading to the conclusion that optimal food
concentration was near lOS cellslmL (porter et al. 1983).

Schoenberg (1985) poses three criticisms of the above
study: (I) the highest food level (106 cells/mL) is never
attained in natural systems; (2) the data do not distin
guish between alternative hypotheses, in particular food
toxicity or inadequacy, for the observed reduction in
r at the highest food level; and (3) the application of
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particulate-C concentrations of 0.0002 to 20 mgIL,
were used. Natural food concentrations are expressed
in a variety of units in the literature. Likens (1975) and
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comparison. Chlamydomonas cells used in these in
vestigations are prolate spheroids with mean dimen
sions of4.0 by 7.6 J.Lm (Porter and Orcutt 1980). Total
cell volume at 106 cells /mL is then 6.37 x 107 J.Lm 3/

mL. Again, Likens (1975) reports > 10 cm vm> (> 107

J.Lm3/mL) for the lower limit of phytoplankton density
in hypereutrophic lakes. Furthermore, Schoenberg
himself reports a total cell volume of ::=2 X 108 J.Lm 3/

mL in hypereutrophic Crystal Lake, Ohio (Schoenberg
and Carlson 1984: Fig. 3B), three times higher than
our maximum experimental concentration. Therefore,
we maintain our original assertion that 106 cells/mL is
not unrealistic and does occur in nature, albeit rarely.

The subsidiary contention that monotypic cultures
never occur in the field is valid but irrelevant to this
series ofcontrolled, repeatable laboratory experiments.
Our study was not designed to address questions on
effects of alternate food sources, interference by inedi
ble or toxic algae, and other such phenomena. It is
impossible to .d uplica te field conditions in the labo
ratory, and our purpose was to investigate a suite of
responses to food concentration. We took the reduc
tionist approach in order to get meaningful experi
mental results.

2) The alternative hypothesis of low food quality
and toxicity of Chlamydomonas was not discounted
"because it is a common food source used for zoo
plankton culture" (Schoenberg 1985: 1087) but because
C. reinhardi has been proven to be an excellent food
source in extensive growth and reproduction studies
(Porter et aI. 1983: 737). Questions raised by Schoen
berg, citing Ryther (1954) and Taub and Dollar (1968),
have been settled in the current literature (e.g., Pro
vasoli et aI. 1970, Rigler 1971 , Gouldenet aI. 1982).
These studies show that cultures of C. reinhardi in the
logarithmic growth phase and grown in the appropriate
enriched medium, as used in our study, provide one
of the best known food sources for growth and repro
duction in D. magna.

Schoenberg (1985) states "In my opinion there is no
evidence that increased respiration causes a decline in
r," We (Porter et aI. 1982) showed that rejection rates
and respiration rates increased with food concentra
tion. This increase in respiration was a statistically
significant trend; Schoenberg's interpretations of in
flection points in the trend are not supportable by sta
tistical anal ysis . The reduction in assimilation at 106

cells/mL (porter et aI. 1982: Table 3), interpreted by
Schoenberg as "significant," was not, in fact , statisti
cally significant, much as we would have liked it to be.
Rates of increase, r, also increased with food concen
tration to lOS cells /mL, then declined at the highest
concentration. These relationships are suggestive, but
we did not state that correlation implies causality. It
should not be difficult to propose several other alter-

native hypotheses to explain the reduction in r that
neither Schoenberg nor we have thought about.

3) Our estimate of an optimal food concentration
of l O" cells/mL is supported by Goulden et a1. (1982),
and the effects of suboptimal starvation or food limi
tation are obvious from our life-table results. The lower
food level for population growth, a carbon level near
0.02 mg/L, has also been confirmed by Goulden et aI.
(1982) for D. magna and Lampert (1977) for D. pulex.
Optima and starvation points are partofan organism's
physiological response, even if they are rarely encoun
tered in nature. As shown above (point I); this range
of concentrations nevertheless occurs in nature. In an
swer to the criticism that the laboratory-derived find
ings cannot be applied to natural multispecies associ
ations, we cite several studies that show that increased
rejection, elevated respiration, and declining inges
tion : respiration rat ios can be used in predictive models
to explain shifts in multispecies zooplankton com
munities (e.g., Richman and Dodson 1983, Peters and
Downing 1984 , Porter and McDonough 1984) . As stat
ed by R . J. Cornett and the late F. H . Rigler (1979),
"Beliefs and preconceptions about the way nature
should work provide no scientific basis for rejecting
predictive empirical models."
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