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Abstract

The influence of nutrient limitation on the quality of Scenedesmus acutus as food for Daphnia obtusa
is examined. The nature and degree of nutrient limitation greatly influences the rate at which Daphnia
converts Scenedesmus biomass into herbivore biomass. From high to low quality, Scenedesmus food is
ranked moderately N limited, severely N limited, and severely P limited. Even a very high concentration
(3 mg DW.liter—!) of low quality food yields slow Daphnia growth, and it appears that no amount of low
quality food would support rapid Daphnia growth. Food-limited animals display lowered intercepts of
length-weight regressions (prereproductive females), reduced rates of biomass gain (both males and fe-
males), increased ages at first reproduction, lowered clutch sizes, increased mortality, and lowered repro-
ductive rate. The N and P contents and the N : P ratio of Scenedesmus all vary considerably under N and
P limitation, while the N content (and possibly P content) of Daphnia is less variable and the N : P ratio
of Daphnia is essentially constant. Clearance and feeding rates are lower on severely P-limited cells than
on severely N-limited cells. These results indicate that the mineral nutrition of their algal food may

influence the demographics of zooplankton herbivores to a degree not before realized.

Herbivores face great nutritional challenges
because plant matter, relative to animal tissue,
is low in nutritional content (Begon et al. 1990).
This statement is true from the standpoint of
energetics (available calories per gram) as well
as for specific elements (e.g. C:N or C: P ra-
tios) or biomolecules (e.g. grams of protein per
gram of total biomass). In addition, the bio-
chemical composition of plants varies as
growth conditions (mineral nutrition, presence
of physical stresses, etc.) vary (Chapin 1980).
Algae share these traits with other photosyn-
thetic organisms. Like higher plants, algae have
relatively high ratios of C:P and C:N, and
under N or P limitation, the C:N: P ratio of
phytoplankton varies considerably (Goldman
et al. 1979; Moal et al. 1987). Such biochem-
ical responses of algae to resource limitation
should affect their quality as food for upper
trophic levels. Thus, it appears that the food
of herbivorous zooplankton could be charac-
terized as generally poor, but also highly vari-
able, in quality.

A substantive body of research describing
the growth of Daphnia in defined laboratory
conditions has led to the construction of de-
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tailed models of food intake and assimilation
and of subsequent commitments of energy to
maintenance, growth, and reproduction (Pa-
loheimo et al. 1982; Lynch et al. 1986; Lynch
1989; Hallam et al. 1990; Gurney et al. 1990).
These models forge an important link between
Daphnia’s physiology and its demography. A
common simplifying assumption to models
such as ‘“hese is to equate food resources to a
single parameter, either carbon or mass. For
example, “... we regard food as a homoge-
neous assemblage within the water, describa-
ble by a single density, namely carbon content
(or energy or dry mass) per unit volume”
(McCauley et al. 1990, p. 713). The evidence
in the opening paragraph, though, indicates
that this assumption must be carefully scru-
tinized. Perhaps, additional parameters will be
necessary to describe “food” more realistical-
ly.

Daphnia’s natural food base is very hetero-
geneous. Algae may be the most biochemically
diverse guild in nature. Differences in cell walls,
storage products, and pigment types among
major algal taxa are large (see any introductory
phycology text). In addition, the cell contents
of nitrogen, proteins, lipids, and carbohydrates
vary interspecifically (Moal et al. 1987). Fur-
thermore, the biochemical composition of in-
dividual algal taxa varies widely as growth rate
varies: the cellular makeup of N-, P-, or light-
limited cells generally all differ from each other
as well as from unlimited cells (Caperon and
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Table 1. Composition of growth medium MPIL.
Final medium
Compound (mg Iiter~')
CaCl,-2H,0 75.0
MgSO,-7H,0 50.0
KCl 3.0
NaHCO, 150
Trace metals
Na,EDTA 8.0
FeCl;-6H,O 3.38
MnSO,-H,0 0.608
ZnSO,-7H,O 0.172
Na,MoO,-2H,0 0.048
CoCl,-6H,0 0.024
CuSO,-5H,0 0.024
H;BO; 1.00
Vitamins
biotin 0.00005
B, 0.00005
thiamine 0.01
(NH,),SO, as needed (see text)
NaH,PO,-H,0 as needed (see text)
Na,SiO;-5H,0 170

Meyer 1972; Goldman et al. 1979; Healey and
Hendzel 1980; Mortensen et al. 1988). More-
over, besides algae, Daphnia ingests bacteria,
detritus, protozoa, and inorganic solids. Yet,
the nutritional quality and the biochemical
composition of Daphnia’s food has received
little attention beyond several studies on cy-
anobacteria (Lampert 1981; Porter and Orcutt
1980; Holm et al. 1983; Holm and Shapiro
1984).

Can such a food base be adequately repre-
sented by a single parameter, for example car-
bon or dry mass? This question can be recast
as: are equivalent carbon or dry mass concen-
trations of algae nutritionally equal no matter
what the biochemical composition? That ques-
tion was tested by observing the demography
of Daphnia reared under several dry mass con-
centrations of a single chlorophycean algal spe-
cies grown under three growth-limiting con-
ditions.

Methods

Identity of organisms— Scenedesmus acutus
was from the culture collection at the Max
Planck Institute of Limnology, P16n, Germa-
ny. This alga serves as the primary food for
zooplankton stock cultures at the Max Planck
laboratories as well as in our lab at the Uni-
versity of Texas at Arlington. When grown in

Sterner et al.

chemostats at high flow rate, S. actus (here-
after, Scenedesmus) supports robust growth of
many cladoceran species. Daphnia obtusa
(strain UA) was isolated from natural popu-
lations in north-central Texas and maintained
for ~1 yr previous to this study in laboratory
stock cultures consisting of filtered lake water
and Scenedesmus food with monthly transfers.
This strain readily switches to male and ephip-
pium production when stock cultures become
crowded.

Algal culturing—Three types of Scenedes-
mus were grown in chemostats using two types
of growth medium MPI (Table 1) with N as
(NH,),SO, and P as NaH, PO, adjusted to pro-
duce either N-limiting (200 uM N:40 uM P,
N:P = 5) or P-limiting (500 uM N:5 uM P,
N :P = 100) conditions. Double-distilled wa-
ter with both NaHCO; and trace metals added
was sterilized in an autoclave, and the re-
maining stocks were added via aseptic transfer
with a 0.2-um filter. Sterile medium was held
in 15-liter glass reservoirs and pumped via a
multichannel peristaltic pump into glass re-
action vessels holding 1 liter of culture volume.
Reaction vessels were suspended in a 20+0.5°C
water bath and illuminated with four “cool-
white” fluorescent bulbs on a 14: 10 L/D cycle
(lights on at 0700 hours) providing PAR in-
cident to the vessels of 200 uEinst m—2 s~!
during light periods. Cultures were stirred by
constant aeration with 0.2-um-filtered room
air. Culture outflows were pumped out of the
reaction vessels and the cells collected daily
for preparation of food suspensions. Dilution
rates (D, d—!) were computed as outflow vol-
ume (measured daily) divided by culture vol-
ume and time. In vivo fluorescence (IVF) was
measured daily with a Turner model 112 flu-
orometer to ascertain periods of steady state.

The resource-saturated growth rate (@) of
Scenedesmus was determined in six batch cul-
tures in the chemostat reaction vessels with
the same temperature, irradiance, and aeration
as the continuous cultures. Both types of me-
dium were used. Medium type did not affect
i (t = 1.43, P = 0.23). The mean for the six
cultures was 1.20 d—! (SE = 0.02).

Three types of Scenedesmus cells were used
for Daphnia growth experiments: moderately
N limited MON) (D = 0.50 and N:P = 5
medium), severely N limited (LON) (D = 0.10
and N : P = 5 medium), and severely P limited



