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Abstract

Two studies of complicated ecological phenomena in Lake Maarsseveen (The Netherlands) are presented to illustrate
that a combination of field and laboratory analysis might be a successful approach. In the first one, the yearly varying
ratio of population abundance of two diatoms, Asterionella formosa and Fragilaria crotonensis during early spring
is explained by a combination of abiotic and biotic factors. A fungal parasite blocks population development of the
first species at temperatures higher than 3–5 �C. The second species then competes successfully for phosphate and
develops a large population. The interaction between Asterionella and the fungus proved to be intricate. Several
physiological mechanisms operate together and combined with variable climatic factors makes the prediction of
what species will be dominant, impossible. In the second example diel vertical migration of the hybrid Daphnia
galeata� hyalina is analysed in the field and the laboratory. Migration is confined to six to seven weeks in June–July
when large shoals of juvenile perch are present in the pelagic zone of the lake. These fish exudate a kairomone
that enhances the reaction of Daphnia to relative increases in light intensity of dawn. Especially accelerations
in rate of relative increases enhance swimming velocity. The extent of enhancement depends, however, on the
concentration of the kairomone and on food concentration. A ‘Decision Making Mechanism’ is introduced and the
relation between the response mechanism and the adaptive relevance of diel vertical migration is made.

Finally considerations about research strategies and the importance of fundamental research are made. It is
concluded that the development of limnology and aquatic ecology might be in danger when the present tendency
to give prevalence to applied research continues.

Introduction

In this paper I illustrate the strategy we have applied
to study complex ecological phenomena, using two
examples of our research. The results have influenced
my conception of the functioning of plankton com-
munities.

Why study plankton? Quantification is essential
to the scientific method. Because plankton organisms
are present in large numbers in the pelagic environ-
ment, their distribution and abundance can easily be
quantified. If the frequency of sampling is of the same
order of magnitude as generation time, reliable data
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can be obtained for studies in population dynamics.
Field work is important because problems are gener-
ated from observations in the field. Moreover, abiotic
factors are easily measured in the homogenous open
water zone and correlations with biotic phenomena
lead to suggestions about possible causal relations and
mechanisms.

Experimentation in the laboratory must follow to
test the field-generated hypotheses. Plankton organ-
isms are small enough to behave more or less naturally
in not too small flasks and tubes. They are easy to cul-
tivate, have short generation times and high reproduct-
ive rates. Identical genetic material can be obtained
from algae and the parthenogenetically reproducing
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Cladocera. Experiments can reveal what causal factors
and physiological mechanisms are involved. Gradu-
ally, the phenomena and the pertinent factors can be
defined precisely and more adequately planned field
observations can validate the experimental results. In
this way, a repeated interaction between field and labor-
atory builds a coherent body of knowledge. Once suffi-
cient data are available and adequate insight into these
is obtained, models can be generated. This formalisa-
tion is an additional, helpful step to guide field work
and experiments. This sketched procedure has been our
strategy to study complex ecological phenomena.

Of course, there are drawbacks to working with
planktonic organisms, especially in the field. A lake
is a light reflecting mirror and one has to go through
the looking glass, to get at the organisms. Because
of the short generation times, field sampling must be
frequent and counting of the many samples is a time-
consuming and tedious work. The organisms come
alive as dead numbers from which the phenomenamust
be deduced. Fortunately, sophisticated equipment like
the flow cytometer (Balfoort et al., 1992) can be used
for the enumeration of algae, but zooplankton still must
be counted visually.

Limnologists are inclined to evaluate abiotic factors
more than biotic factors contrarily to terrestrial eco-
logists. Especially in phytoplankton research nutrient
concentrations with uptake dynamics, or light inten-
sity with photosynthesis, both affected by tempera-
ture, are thought of primary importance. They are, of
course, important. However, I like to think that abi-
otic factors realise limits between which species can
survive. I mean, of course, the pre-interactive niche,
within which the ‘Physiologische Potenz’ (to use a
term introduced by Kinne, 1971) can be realised. How
the ‘Ökologische Existenz’ is realised, depends on the
interaction with other species and the post-interactive
niche is always smaller than the pre-interactive one. In
oligotrophic lakes, but also in eutrophic lakes, nutri-
ents become growth limiting for all species involved
soon. Then biotic factors, including competition, pre-
dation and parasitism, settle the composition of the
community. Not often is an integral research approach
presented. Therefore, I will give an example of the
interaction of abiotic and biotic factors in determin-
ing springtime diatom composition in Lake Maarsse-
veen. We had planned to study population development
and succession of a few dominant phytoplankton and
zooplankton species throughout the year, thus unrav-
elling community functioning in detail for one lake. It
was an endeavour of our whole research group but the

given example was a part for which two former thesis
students, Ellen Van Donk (1983) and Kees Bruning
(1991a), were especially responsible.

The case of Asterionella and Fragilaria

During several years of routine field studies, we
observed that, in February and March, the diatom
plankton consisted predominantly of Asterionella for-
mosa and Fragilaria crotonensis. Relative abundances
of these two species differed from year to year. In some
years, for instance 1979, Fragilaria was even below the
detection level of our sampling but Asterionella built up
a large population. On the other hand, in 1981 Fragil-
aria was dominant. We tried to analyse the factors and
mechanisms that were responsible for causing what
we started to call ‘Asterionella years’ and ‘Fragilaria
years’. The first step was to compare pertinent years
for differences in abiotic factors. As is apparent from
Figure 1, concentrations of important nutrients did not
differ between these two years. Nitrate and silicate
were never limiting growth but phosphate concentra-
tion dropped rapidly and became limiting as bioassay-
experiments revealed (Van Donk et al., 1988). On the
other hand, temperature differed: in 1979, the lake
froze for several weeks in February whereas 1981 was
ice-free (Figure 2). To test whether temperature exerted
a differential influence, photosynthesis was studied at
various light intensities and temperatures but both spe-
cies reacted in the same way. It was concluded that the
observed differences in the field could not be attributed
to temperature either.

If important abiotic factors have more or less simil-
ar effects on two species, the abiotic or pre-interactive
niches must highly overlap. In that case, the post-
interactive niches must be different and, thus, biotic
factors will have differential influences on the two
species. Indeed, parasitic chytrid fungi (Rhizophidium
planctonicum and Zygorhizidum planktonicum) were
found to infect Asterionella but not Fragilaria. If these
fungi were able to depress Asterionella sufficiently in
some years but not in other years, a possible cause for
the observed differences in abundance would be found.
Obviously, the original problem had to be reformulated
into ‘what factor(s) makes it a fungus year’? Would
temperature influence the development of an epidem-
ic? Experiments with cultures of Asterionella demon-
strated, that at temperatures below 5 �C, infected and
control cultures developed at the same rate (Figure 3).
At higher temperatures, epidemics developed andAste-
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Figure 1. The concentration of silicate, orthophosphate and nitrate in Lake Maarsseveen throughout the years 1979 and 1981. When the lake
stratifies, concentrations at different depth are given. Orthophosphate concentration is presented for the epilimnion only (from Van Donk, 1983).

rionella rapidly declined. The results of these exper-
iments suggest, that the low temperatures of 1979,
may have effectively prevented the development of the
fungus. After the ice melted and temperature increased,
infections started again and the number of uninfected

Asterionella cells declined rapidly (Figure 4). If the
population of Asterionella is kept low, the larger Fra-
gilaria is able to compete for phosphate and has a
chance to grow (Van Donk & Ringelberg, 1983).
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Figure 2. Isotherms for Lake Maarsseveen in 1979 and 1981 (from Van Donk, 1983).

The story is too simple though as further analys-
is of the conditions for epidemic development showed
(Bruning, 1991). The ratio between the intrinsic growth
rates of host and parasite decides whether an epidem-
ic developes or not. These rates depend on a several
factors and mechanisms. For instance, phosphate con-
centration determines Asterionella’s growth rate but, at
the same time, the number of zoospores in a sporangi-
um increases with an increasing rate (Bruning, 1991b).
The effect is temperature dependent, however (Fig-
ure 5). On the one hand, the number of zoospores is
larger at low temperatures; on the other hand, the rate
of sporangium development decreases sharply below
5 �C. A peculiar phenomenon is that zoospores are
unable to infect cells at low light intensity (Bruning,
1991c). This might be of consequence in the ice-free
periods in winter, when deep vertical mixing by strong
winds transports parasite and host towards low enough
light intensities to prevent effective infection.

Climatic condition at a crucial time is thus import-
ant in determining whether it will become an ‘Aste-
rionella year’ or a ‘Fragilaria year’. This is one factor
to prevent successful prediction. Even without this

uncertainty, predicting which species will be dom-
inant in a particular year remains a precarious ven-
ture. The interplay of the various, mutually dependent
mechanisms prevents this. Each mechanism is determ-
inistic if isolated, but operating together in the lake,
total community development will probably look like
chaotic behaviour. I do not say that it is impossible to
make models with a predictive power. Several of them,
predicting chlorophyll concentration have been made.
However, total chlorophyll biomass is largely inde-
pendent of species composition because chlorophyll
functions at a level of biological integration far below
that of the community where species diversification
occurs.

The next example from the world of zooplankton
also illustrates how frequent field observations reveal
sufficient details of a phenomenon to formulate hypo-
theses about proximate and ultimate explanations that
can be tested by laboratory experiments. Only a small
part of the original research group is involved in this
problem-directed research.
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Figure 3. The number of uninfected Asterionella formosa cells dur-
ing six days of incubation in cultures inoculated with zoospores of
the chytrid fungus Zygorhizidium planktonicum (black dots). Unin-
fected controls are indicated by open dots. Temperatures as indicated
in the figures (from Van Donk, 1983).

Diel vertical migration of Daphnia

Contrary to previous years, in 1988 a well-expressed
diel vertical migration (DVM) occurred in Lake Maars-
seveen and we started to study that phenomenon. Once
a week, samples at different depth were taken around
noon and midnight. The migration in the lake was con-
fined to a period of six to seven weeks in June-July
(Ringelberg et al., 1991). In the literature, DVM had
become nearly identical to avoidance of visually hunt-
ing fish (Lampert, 1991). Indeed, migration coincided
with the presence of large shoals of 0+ perch (Perca
fluviatilis) in the pelagic zone. Within a week, the pop-
ulations of Daphnia and Eudiaptomus changed from
non-migrating to migrating. This rapid transition in
behaviour indicated that the predators were perceived
and that phenotypic induction was involved, because
selection of individuals with a genetically fixed migra-
tion behaviour was impossible on such short notice.
The adaptive value seemed to be evident. But for
me, trained as a physiologist, the challenge was to
investigate the causal mechanism that realised adapt-

Figure 4. Average concentration of Asterionella formosa in the upper
10 m of Lake Maarsseveen during spring of 1979. A = uninfected
cells; B = cells with zoospores of Zygorhizidium planktonicum; C =
Cells with sporangia; D = cells with thickwalled spores; E = cells
with resting spores (from Van Donk, 1983).

ability. The problem was soon solved. Building on the
response mechanism of phototaxis, as analysed many
years before (Ringelberg, 1964), I found the respons-
iveness of Daphnia to relative changes in light intensity
to be strongly enhanced in the presence of an exudate
of the juvenile perch (Ringelberg, 1991). In 1989, at
the congress of the Societas Internationalis Limnologi-
ae in Munich, the first results of the experiments with
these fish kairomones were presented.

Our experimental DVM research differs from the
usual and needs some explanation because its relev-
ance is sometimes doubted. We do not try to imitate
nature to realise a migration in the laboratory. Space is
always limiting and by compressing the light or tem-
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Figure 5. The number of zoospores per mature sporangium of the chytrid fungus Rhizophydium planktonicum as dependant on the relative
growth rate of the host Asterionella formosa. Growth rate at different phosphate limitations (a) or light limitation (b) was divided by the rate
of growth at unlimiting phosphate concentration and light intensity, respectively. In (a) temperature varied between 14 �C and 18 �C; in (b)
temperatures were constant as indicated. (Slightly modified from Bruning, 1991b; (a) and Bruning, 1991c; (b)).

perature gradient of a water column within a metre or
less, a highly unnatural situation is introduced. The
animal can not be scaled down and if it swims through
these gradients, strong stimuli are generated, that are
never experienced in a lake. Therefore, its behaviour
cannot be believed to be exactly the same as in nature.
Moreover, in most cases of migration research in the
laboratory, not behaviour but the result of behaviour
is studied, as only vertical distributions are described.
Therefore, nothing can be said about the underlying
mechanism. Instead, we study properties of upward
and downward swimming of individuals caused by
changes in light intensity. Space limitations also hold
in our experimental cylinders and because of relatively
high swimming speeds, the available time of obser-
vation is short, compared with the 1.5–2 h of migra-
tion in lakes. For this reason our data are sometimes
thought irrelevant to DVM. However, the responses
must be considered small parts that have to be laced
into a migration, as pieces of rail compose a railway. A
mechanistic model, based on properties of phototact-
ic swimming and with the natural increase in light of
dawn as input, is used to this end (Ringelberg, 1995).

Phototactic swimming in response to relative
changes in light intensity is part of the natural rep-
ertoire of Daphnia. It is an extension of the mode of
swimming under constant light intensity (Ringelberg,
1964; Daan & Ringelberg, 1969). It also has properties
characteristic of excitatory systems in general. This

Figure 6. The stimulus strength-stimulus duration curve for Daph-
nia ‘longispina’. The line was drawn according to the function
ln(S=(S � R) = 0:0226 + 0:0048L, with R = the rheobase or
the minimum value of S (= rate of relative decrease) to cause a reac-
tion if L (= latent period) is of infinite duration (from Ringelberg,
1993).

is shown by the so-called stimulus strength-stimulus
duration curve (Figure 6), which can be described by
a function derived from muscle physiology (Bourne,
1960).

The phototactic response model had to be evaluated
in comparison with a real migration in Lake Maarsse-
veen. Therefore, during a few dawns and dusks, vertic-
al distributions were described every half hour. At the
same time, light intensity was measured continuously.
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Sampling had to start early in the morning, because the
threshold of the relative increase in light intensity, as
determined in the laboratory, is reached about 90 min
before sunrise. Diel vertical migration in Lake Maars-
seveen occurred when relative changes in light intens-
ity were above the threshold. Moreover, the vertical
displacement velocities correlate with the rates of these
light changes (Ringelberg & Flik, 1994). These obser-
vations indicate that the phototactic response mechan-
ism seems to be underlying diel vertical migration in
Daphnia. Nevertheless, the application in a mechan-
istic model of the swimming speeds obtained in the
laboratory, did not realise the large amplitudes found
in nature (Ringelberg, 1995). Therefore, renewed
laboratory experiments were initiated. We found that
a sequence of increasing rates of light change (accel-
eration of the stimulus) strongly enhances swimming
speed (Van Gool and Ringelberg, submitted). Appli-
cation of the swimming speed enhancements in the
model now realised the large amplitudes found some-
times in nature. However, amplitudes are variable in
lakes. It proved that the extent of enhancements also
depends on food and fish kairomone concentrations.
This is relevant for understanding a condition depend-
ant control of migration amplitude.Migration into deep
water layers decreases the chance of mortality by pred-
ation, but, at the same time, also decreases the chance
of reproduction. Food concentration is low in the hypo-
limnion and depresses fecundity, and the low temperat-
ure prolongs egg development time. At the population
level this means that the death rate is decreased by
migration, but so is the birth rate. The fitness of an
individual animal thus depends on the balance of both
chances. If DVM is a phenotypically induced, plastic
strategy, Daphnia must have command of a physiolo-
gical ‘Decision Making Mechanism’. If the food and
kairomone dependant effects of accelerated rates of
relative increases in light intensity on displacement
velocities are incorporated into the adapted mechanist-
ic model, variable amplitudes are realised (Figure 7).
Phototaxis seems to be the conditional response mech-
anism that permits appropriate answers to the presence
of visual predators at the same time weighing food con-
ditions. This phenotypic mechanism does not exclude
the presence of genotypic differences and thus selec-
tion. But this is another story.

The two examples of our plankton research both
started with repeated descriptions in the field. Such
descriptions are simplifications of the actual phe-
nomenon and momentary pictures of a complicated
dynamic system only. By force, they are kind of aver-

ages, because individuals cannot be studied. We know
that different genotypes of Daphnia exist, responding
differently to the presence of fish predators. Some
migrate, some do not and even this is a simplification.
Nevertheless, we compare mean population depths and
population abundances. To think about diatom cells as
individuals or genotypes is even more unusual. Never-
theless, I would not be surprised, if the Asterionella
of early spring, highly susceptible as it is to fungus
infection at temperatures above 5 �C, would prove to
be different from the Asterionella that starts to bloom
in September at temperatures around 18 �C.

From the simplified descriptions even simpler phe-
nomena were formulated: Asterionella and Fragilaria
years, for instance. Of course, no such years exist, they
are abstractions to make the formulation of the prob-
lem and of testable hypotheses easy. Also laboratory
experiments are by nature simplifications again. After
all, the experimental results might be considered highly
artificial and irrelevant to complicated nature: kind of
laboratory artefacts. This is not so. An organism must
react according to its genetically fixed reaction mech-
anism. If we do not see the link with the phenomena in
the field, understanding is still lacking. With sufficient
experimental results, a return to nature is necessary
to look again at the phenomenon with the new know-
ledge in mind. In our Daphnia research, this led to new
phototaxis studies and the formulation of an extended
light stimulus. Model making might be a great help in
this evaluation process. Gradually, a consistent body of
knowledge about the intricate ecological phenomenon
will emerge. Ecological research is often anecdotal and
although many valuable facts are available, it is often
difficult to make them fit in a satisfying picture of the
working of nature.

I firmly believe that, generally speaking, only fun-
damental research can provide such picture, although
I am aware of the many examples of new insights
that were born of applied research. It is regrettable,
that the current view of those who distribute research
money seems to be that scientific research is justi-
fied only if it proves to be a sound investment. On a
short notice, basic research does not fit the ‘money
model’, but it does in the long run. It was our inten-
tion to unravel community development throughout
the year and the diatom story is part of the beginning
in winter, early spring. However, we were pressed to
start ‘society relevant’ research and the last analys-
is concerned the population dynamics of Dinobryon
in June (Veen, 1991). The group was divided and
some members started ecotoxicology. I think trying
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Figure 7. Mean depth (black dots) of a Daphnia galeata � hyalina population during morning descent in Lake Maarsseveen on 19 June 1989
and 11 June 1992. Note the difference in vertical scale of the two figures. The lines are drawn according to the output of a mechanistic model
with the indicated food concentration and fish kairomone levels as values in the ‘decision making algorithm’. Downward migration in the model
was started at the mean population depth nearest to the time of rheobase in the actual light intensity signal of dawn on both dates.

to understand the intricate mechanism of nature is
also environmental research and relevant to dealing
with environmental problems. Engineering nature can-
not be done intuitively anymore than can making a
space explorer. Limnology and aquatic ecology have
hardly developed far enough to deal with the society
that caused environmental problems. Insight into the
normal functioning of aquatic systems has to increase
and studies of polluted systems cannot provide this
sufficiently. However, the balance between pure and
applied research is completely disturbed in the Neth-

erlands. Even at universities, the pressure of managers
and biopoliticians for applied research is high and few
persons choose for basic problems. It is time that some
universities meet again their obligation to teach and
to perform fundamental limnology and aquatic eco-
logy. In the long run, lagging behind in sophisticated
knowledge is bad for society.
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