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Summary

1. Life-history traits of animals are known to change according to food quantity,
but there is another type of resource depression, namely depletion of food quality.
To examine life-history responses of herbivores to changes in resource quality,
Daphnia obtusa Kurz, a common planktonic herbivore, were reared individually under
several algal food regimes with different quantity and quality in terms of chemical
composition.

2. Compared with Daphnia fed on a small quantity of nitrogen (N) and phosphorus
(P) sufficient food, Daphnia fed on a large amount of P deficient food grew more
slowly at young ages but continually grew until older ages. This trend was also found
for Daphnia fed on a large amount of N deficient food.

3. However, the size-specific reproductive investment (measured as biomass accrued
per unit time) of Daphnia fed on a large amount of N or P deficient algae was similar
to those fed on a small amount of N and P sufficient food, indicating complex life-
history responses to food quality and suggesting that nutritional requirements for
reproduction differ from somatic growth.

4. Compared with individuals fed high-quality and high-quantity food, Daphnia fed
on a large amount of P deficient food produced smaller eggs, while individuals fed on
a small amount of P and N sufficient food produced larger eggs. Furthermore, 15-30%
of eggs produced by individuals fed on P or N deficient food ceased to develop and were
aborted.

5. These results demonstrate that life-history responses to food quality differ from
responses to food quantity. Since the chemical composition of algae is highly variable
in nature, herbivorous plankton demographics may not be predictable from resource

quantity alone.
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Introduction

Studies of life-history traits of animals have played a
central role in the development of modern ecology. A
life history is a schedule of a suite of parameters, which
may include somatic growth, development time, age
and size at maturation, egg and brood size, and sur-
vivorship. These parameters bridge the gap between
physiology at the individual level and demography at
the population level. Laboratory studies and field
observations on plankton have shown that life-history
parameters determine population dynamics of con-
sumers and prey (Gurney et al. 1990; McCauley et al.
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1990). With this kind of information we may be able to
predict the population dynamics of a single species in a
range of conditions (Murdoch et al. 1992; McCauley
et al. 1996). Life-history parameters also provide basic
information about the reasons for success or failure
of plankton species in a community ( Threlkeld 1976;
Lynch 1980; Taylor & Gabriel 1992).

Within a single genotype, life-history parameters of
planktonic herbivores are not fixed but rather change
according to environmental conditions. Some of these
changes may be adaptive adjustments to optimize fit-
ness under the set of conditions experienced by the
species (Tessier & Consolati 1989, 1991; Gliwicz &
Guisande 1992; Boersma 1995, 1997). Others may be
due to unavoidable physiological or thermodynamic
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constraints. Among environmental factors affecting
life-history parameters of planktonic herbivores, food
availability has received much attention. In aquatic
habitats, algal food is not always supplied sufficiently
and constantly, forcing planktonic herbivores to
respond to resource depression (Taylor 1985; Urabe
1988; Lynch 1989, 1992; Tessier & Consolati 1991;
Gliwicz & Guisande 1992; Ebert 1993; Lampert 1993;
Boersma 1995, 1997).

However, there are two different kinds of resource
depression, quantity and quality. Poor food quantity is
characterized by an insufficient availability of all
essential resources for the consumer, including energy.
Many studies on life-history plasticity of planktonic
herbivores have examined responses to poor food
quantity. Poor food quality, however, is characterized
by insufficiency of only a subset of all essential re-
sources. Energy may be in surplus, while a single
material such as protein is in deficient supply. Though
poor food quality is thought to be a major factor in the
ecology of many animals, little is known about the
response of multiple life-history traits of planktonic
herbivores to changes in algal food quality (Sterner &
Schulz 1998). If some elements or biochemicals are
deficient in the food, planktonic herbivores may not
perform optimally or in a way that is predicted from
food quantity alone.

In aquatic habitats, it is well known that the elemental
and biochemical composition of algae changes depend-
ing on regimes of light and nutrient supplies (Wynne &
Rhee 1986; Harrison, Thompson & Calderwood 1990;
Urabe & Sterner 1996). Field studies demonstrate
that nitrogen (N) and phosphorus (P) content relative
to carbon (i.e. the C: N or C: P ratios) in suspended
particles (mainly planktonic algae) differs by one or
two orders of magnitude among lakes (Hessen 1992;
Hecky, Campbell & Hendzel 1993; Elser & Hasset 1994;
Downing 1997; Hassett et al. 1997, Sterner et al. 1997).
In contrast, the elemental composition of planktonic
herbivore species is less varied than that of algal species
regardless of environmental conditions (Andersen &
Hessen 1991; Elser & Urabe 1999). Thus, planktonic
herbivores are expected to be frequently confronted
with an imbalance between chemical composition
in food and their demand (Hessen 1992; Urabe &
Watanabe 1992; Sterner & Schulz 1998). Recent field
studies have confirmed this imbalance in nature (DeMott
& Gulati 1999; Elser, Hayakawa & Urabe 2001).

Previous studies showed that Daphnia, a common
planktonic herbivore in lakes and ponds, grew slowly
and produced a smaller number of offspring when they
fed on algae with a high C: P or C: N ratio (Sterner
1993; Sterner et al. 1993; Schulz & Sterner 1999).
These studies examined Daphnia growth for less than
14 days after birth; the response of adults, and details
about reproductive output, thus were not observed
(Daphnia take more than 10 days to mature in poor
food regimes). If the suite of elements or biochemicals
required for reproduction differs from somatic growth

requirements, animals may alter their growth and
reproduction patterns differently depending on the
chemical composition of food. Some Daphnia species
are known to produce larger eggs when food quantity
is low. Such changes in egg size are believed to be an
adaptive response, because neonates from larger eggs
can survive longer without food (Tessier et al. 1983;
Goulden, Henry & Berrigan 1987; Gliwicz & Guisande
1992). However, when they feed on food with sufficient
energy but some nutrient deficiency, production of
large eggs may not be advantageous because neonates
can gain energy from surrounding food. Thus, food
quality may differentially affect a number of life-history
traits in addition to body growth and fecundity.

To address these uncertainties, we reared Daphnia
individuals from birth to sixth adult instars under
several food regimes with different quantity and
quality in terms of chemical composition. The specific
objectives were to examine how the life-history traits
of Daphnia fed on a large amount of low-quality food
differ from the traits of those fed on a small amount
of high-quality food.

Materials and methods

Individuals were used from a strain of Daphnia obtusa
Kurz and a strain of Scenedesmus acutus Uherkovich,
which have been examined in previous studies (Sterner
1993; Sterner et al. 1993). Daphnia were originally iso-
lated from a natural population in north-central Texas
and have been maintained for 5 years in laboratory
stock cultures with filtered lake water and S. acutus.

Scenedesmus acutus with high P and N contents
(HIP, same as MON in Sterner et al. 1993), low N con-
tent (LON) and low P content (LOP) were cultured at
20 °C in continuous flow cultures (chemostats) using
modified MPI growth media (N and P concentrations
were adjusted). Details of culturing methods and ana-
lytical methods for C, N and P contents of algae are
described elsewhere (Sterner ef al. 1993). Experiments
were run with four different feeding suspensions
(Table 1), a low amount (0-2 mg C ') of HIP algae
(L-HIP), and high amounts (1 mg C 1) of HIP
algae (H-HIP), LON algae (H-LON), and LOP
algae (H-LOP). .

An artificial growth medium (basal COMBO) which
is COMBO (Kilham et al. 1998) without N and P
nutrients was used as an experimental medium to
reduce changes in C: N : P ratio of each algal food.

Table 1. Food regimes showing density and C : N : P atomic
ratios of algal food

Food regime ~ Density (mgC1") C:N C:P N:P

H-HIP 1.0 7 110 16
H-LON 1.0 15 270 18
H-LOP 1.0 11 1100 100
L-HIP 0.2 7 110 16




