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Freshwater Biology (1983) 13, 241-251

The effect of fungal parasitism on the succession of diatoms
in Lake Maarsseveen I (The Netherlands)

ELLEN VAN DONK and J. RINGELBERG Department of Aquatic Ecology.
University of Amsterdam, The Netherlands

Introduction

SUMMARY. During late winter and early spring, diatoms are predomi-
nant in Lake Maarsseveen 1 and show a succession in blooming. To
elucidate the role of parasitism in this succession, samples were taken once
a week in 1978, 1979 and 1980 and examined for fungal parasites. Further,
factors which presumably influenced the phytoplankton growth, including
temperature and chemical compounds,were studied. Parasites were found
on Asterionella formosa Hass., Stephanodiscus astraea (Ehr) Grun. and
Cycloiella comta (Ehr) Kitz. The chytrid fungus Zygorhizidium plank-
tonicum Canter was parasitic on Asterionella formosa. This was the only
case where high infection percentages were registered. The developmental
phases of Zvgorhizidium planktonicum on Asterionella formosa were
studied. The fungus was capable of affecting the spring increase and
bringing about a premature end to the bloom. Only when the fungus was
temporarily inhibited in its parasitic activity (this phenomenon coincided
with periods of frost) was A. formosa able to reach a high abundance.
Severe parasitism on A. formosa favoured the development of other
diatoms (mainly of Fragilaria crotonensis Kitt., Stephanodiscus hantzschii
Grun. and Stephanodiscus astraea).

Host—parasite interrelationship studies performed in the laboratory
showed that temperature can be an important environmental factor
associated with epidemics of Zygorhizidium planktonicum on Asterionella
formosa. At very low temepratures (1.5 = 1°C) the fungal activity was
inhibited while Asterionella formaosa still grew well. However, at 5, 10 and
18°C the fungus manifested a high infection rate and was able to overtake
Asterionella.

veen | (The Netherlands) was initiated in 1977.

A detailed investigation of the phytoplankton  In late winter and early spring, diatoms are
(Dorgelo, van Donk & de Graaf-Bierbrauwer, ~ predominant in the phytoplankton standing-
1981) and zooplankton standing-crop (Butter, ~ ¢rop, while zooplankton is scarce. Every year
1981) in the open-water zone of Lake Maarsse-  Asterionella formosa, Stephanodiscus hantzschii
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and Stephanodiscus astraea are the first to
develop and they bloom more or less synchro-

Kruislaan 320, 1098 SM Amsterdam. The Nether- nously. Generally they are succeeded by Fragi-

lands.

laria crotonensis and, thereafter, by Cyclotella
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comta. However, yearly variations in the time,
amplitude and duration of the growth periods
were observed (Dorgelo er al., 1981).

During the last 2 years a research programme
has been carried out, aimed at understanding
the factors governing this succession. It is well
known that several environmental factors, such
as light, temperature, turbulence, nutrient-
availability, parasitism and grazing, are of
importance (Reynolds, 1973; Lund, 1950). In
this article, the role of fungal parasitism as a
steering factor is studied. Although many fresh-
water algac are known to be susceptible to
parasitic attacks, detailed knowledge of this
phenomenon, especially with respect to algal
growth, is lacking (Lund, 1965). Studies of
chytrid fungal parasitism, carried out in the
English Lake District, indicate that infection of
desmids, diatoms and green algae is fairly
common (Canter, 1979). In other lakes too,
significant fungal parasitism is recorded, espe-
cially on Asterionella formosa (Koob, 1966;
Paterson, 1958: Reynolds, 1973; Youngman,
Johnson & Farley, 1976).

In Lake Maarsseveen, fungal parasites were
found on Asterionella formosa, Stephanodiscus
astraea and Cyclotella comta. High infection
percentages were only registered for Aster-
ionella formosa. Cells were parasitized mainly
by the chytrid Zygorhizidium planktonicum
Canter (for an extensive description of the
fungus see Canter, 1967). In order to elucidate
the significance of parasitism in Lake Maarsse-
veen, a detailed quantitative study of the
developmental phases of Zygorhizidium plank-
tonicum on Asterionella formosa is necessary.

We were able to distinguish three phases in
the life cycle of Zygorhizidium planktonicum:
zoospores, sporangia and resting spores (Fig.
1). Free-swimming zoospores are the main
dispersive agents of the fungus. They settle on
diatom cells, penetrate the cell via the girdle
zone and form a rhizoidal system internally.
Nourishment is conveyed back to the zoospore,
which enlarges and becomes a sporangium. The
sporangium matures and new zoospores are
produced. Sexual reproduction takes place by
gametangial copulation. The female thallus
develops from a zoospore in the same way as
described for the sporangium, except that no
zoospores are formed. Other zoospores remain
small and behave as male thalli, emptying their
contents into the female thalli through conjuga-
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FIG. 1. Life cycle of Zygorhizidium planktonicum.

tion tubes. After receiving a male protoplast,
female thalli develop into thick-walled resting
spores, which are the only known diploid phase
in the life cycle.

Beside the description of the infection course
in the lake during the spring, laboratory experi-
ments were carried out to analyse the relation
between the parasitic activity of Z. plankioni-
cum and water temperature.

Description of the lake

Lake Maarsseveen was formed by excavation
of sand in a peat-bog area, in 1960. The
trough-shaped lake is oligo-mesotrophic. Its
water content is principally supplied by pre-
cipitation and ground-water. It is drained via an
outlet. The maximum depth is 30 m. Thermal
stratification begins in April—-May and over-
turn is completed in November. A more com-
prehensive description of the lake is given by
Ringelberg (1981).

Methods

Samples taken in 1978, 1979 and 1980 were
examined for fungal parasites. These samples
were taken once a week around midday with a
3-litre van Domn sampler from a raft in the
centre of the lake. The depth of water at the
raft is 30 m. The water was sampled at 1 m
intervals to a depth of 10 m; samples were then



pooled and a 1 litre subsample was preserved
with Lugol's iodine for later counting of the
algae and fungi by means of an inverted
microscope (Reichert MeF,). Samples were
settled in 10 ml flat-bottomed tubes (diameter
24 mm) and transects of the bottom area of the
tube were counted. Asterionella formosa was the
only alga heavily infected by a chytrid fungus.
When counting at a high magnification (objec-
tive 100x, ocular 10x) we were able to
distinguish A. formosa cells infected with zoo-
spores, sporangia and resting spores. Some-
times, in the very last stage of an epidemic,
more than one developmental fungal stage was
present on one A. formosa cell.

When zoospores as well as sporangia were
present, the particular cell was counted among
the cells with sporangia. Cells with resting
spores, notwithstanding the fact that they often
bore zoospores and sporangia, were always
counted as cells with resting spores. Healthy
cells of A. formosa possessed well-defined
parietal chromatophores covering a consider-
able part of the inner surface of the cell. Single
zoospores occurred frequently on such cells,
but when well-developed sporangia or resting
spores were present, the chromatophores were
either considerably disorganized or completely
destroyed. Empty cells were not counted.

Analyses were made of those chemical fac-
tors which were thought to exert an influence
on phytoplankton growth. The water samples
were filtered through 0.45 pm filters pre-
soaked in distilled water. Orthophosphate was
measured according to Murphy & Riley (1962).
Spectrophotometric readings were made using
4 ¢cm cuvettes, allowing determination of as
little as 1 ug PO-P 17"

Reactive silicate was determined according to
Armstrong (1951). Nitrate was measured
according to the method of Stainton, Capel &
Armstrong (1974), after a quantitative reduc-
tion to nitrite by a cadmium—copper couple
(Woods, Armstrong & Richards, 1967; Nydahl,
1976). For both determinations a Cenco auto-
mated analyser was used. The nitrite concentra-
tion in the lake was negligible.

Temperature profiles were measured weekly
at 1 m intervals with a YSI-telethermometer.

Laboratory experiments

Uninfected Asterionella formosa cells iso-
lated from Lake Maarsseveen were cultured in
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batch cultures (1 litre Pyrex Erlenmeyer flasks)
in freshwater medium ‘WC (Guillard, 1975).
These cultures were set up in duplicate at four
different temperatures under standard light
conditions (25 'Wm™?2, 12 h light—12 h dark).
At the start of our experiment the uninfected
A. formosa cells were growing in log phase and
the eight cultures were brought to equal density
(around 3000 uninfected cells per ml). Then at
each temperature one of the two cultures was
also inoculated with A. formosa cells which
were highly infected by Zygorhizidium plankto-
nicum (90% of the cells was covered with
zoospores and sporangia). We added the
infected cells to a concentration of 1500
infected cells per ml. These A. formosa cells
were collected from the lake by means of a
plankton net of approximately 50 um mesh
during an epidemic of Z. planktonicum.

Zooplankton was removed by filtering
through 150 wm mesh. Before incubation with
the uninfected cells, these cells were adapted
for 3h to the incubation temperature. The
cultures were shaken manually twice a day. To
study the effect of temperature on the course of
the infection. the number of uninfected A.
formaosa cells was followed over 6 days in both
the cultures inoculated with the fungus and the
uninfected cultures. From the number of
infected and uninfected cells in the infected
cultures the percentage of infected cells was
calculated during incubation.

Results

Seasonal succession

Fig. 2 shows the pattern of succession of
the dominant algal species during the springs of
1978, 1979 and 1980. Diatoms are predominant.
Every year Asterionella formosa, Stephanodis-
cus astraea and Stephanodiscus hantzschii were
the first to develop. The greatest abundance of
A. formosa (7000 cells ml™') was found in 1978,
In 1979 and 1980 the maxima were 2500 cells
ml™" and 180 cells ml™" respectively. In both
1979 and 1980 A. formosa showed two spring
maxima. In 1980 when A. formosa did not
become dominant, the Stephanodiscus blooms
were prolonged and followed by a Fragilaria
crotonensis bloom. Cyclotella comta started to
grow in May.
































