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Natural community bioassays to determine the abiotic factors
that control phytoplankton growth and succession
E. VAN DONK. A. VEEN* and J. RINGELBERG* Provincial Waterboard of
Utrecht. Utrecht, and *Department of Aquatic Ecology, University of Amsterdam,
The Netherlands

SUMMARY. 1. The successional patterns of the dominant phytoplankton
species in Lake Maarsseveen {The Netherlands) were very similar in 1980
and 1981. In December/January the diatoms Stephanodiscus hanlzschii
Grun., Stephanodiscus astraea (Ehr.) Grun. and Asteriotiella formosa
Hass. dominated the algal community [A. formosa had several further
population increases during the year). Fragilaria crotonensis Kitt. came to
dominance in March/April, followed by the chrysophyte Dirtohryon
divergens Imhof and the diatom Cyclotella comta (Ehr.) Klitz in May/
June. A second appearance of D. divergens was observed in July/August,
followed in 1980 by F. crotonensis and a third small increase of D.
divergens. Inbothyears5. aslraeadwdS. /iflrt?25cft« started to grow again in
November/December. Cryptophyceae and Chlorophyta were present
throughout the year, but did not show a distinct succession.
2. Natural community bioassays, performed under natural light and
temperature conditions in a newly developed outdoor bioassay apparatus,
showed that phosphate was the major nutrient limiting the growth rate of
the phytoplankton. From January till June, during the decline in phosphorus concentration, the diatoms became successively phosphate limited
in the sequence: S. hanlzschii, S. astraea. F. crotonemis, A. formosa and
C. comta. Light limitation was probably the major cause of the relatively
late start of F. crotonensis in early spring.
3. D. divergens. Increasing after the diatoms from June till September,
was stimulated by the addition of a chclator (EDTA). The cheiator might
stimulate the formation of trace metal species favouring their uptake (e.g.
iron).
4. The patterns of succession of the diatoms observed from January till
June and from July till December were to a large extent symmetrical. The
controlling factors followed opposite trends: declining phosphorus concentrations with increasing irradiance from winter till spring and increasing
phosphorus concentrations with decreasing irradiance from summer till
late winter.
Correspondence: Dr E. van Dotik, Provincial Waterboard of Utrecht, Postbox 80300, 3508 TH Utrecht, The
Netherlands.
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5. A. formosa was sometimes heavily infected by the parasitic chytrid
futigus Zygorhizidium planktonicum Canter. The infection may have been
responsible for the cyclic wax and wane of Asterionella with intervals of 2-3
months, reductions in Asterionella perhaps favouring increases in other
diatom species.

Introduction

In studying the factors regulating the growth and
succession of the dominant phytoplankton
species in Lake Maarsseveen (The Netherlands) , attention has been paid to both biotic and
abiotic factors using a combination of field and
laboratory studies (Van Donk. 1983). The roie
of biotic factors (e.g. parasitism) has been discussed in Van Donk & Ringelberg (1983). In this
paper we present the results of natural community bioassay experiments, carried out over a
2-year period, to assess the abiotic factor(s)
limiting the growth rates of the different
phytoplankton species. At the same time,
nutrient concentrations and algal population
densities were monitored in the lake.
Bioassays. by means of nutrient enrichment
experiments, have been widely applied to study
effects of nutrient supply and limitation on
phytoplankton growth in natural waters. Two
major variants to the method can be distinguished: (1) nutrients are added to filtered lake
water into which laboratory cultured species are
inoculated (e.g. Paasche. 1978; Reynolds &
Butterwick. 1979; Dc Vries. 1983. 1985). and
(2) nutrients are added to lake water containing
the natural phytoplankton community (e.g.
Schelske etal.. 1974; Frey & Small. 1980; Van
der Does & Klapwijk. 1987). Since elucidation
of natural succession was our major objective,
the second approach was used here.
Experiments were performed in a newly constructed bioassay apparatus, situated outside the
laboratory, in which growing conditions simulated those of the natural situation as closely as
possible.
The exclusion of nutrient fluxes from sediments and other sources may produce conditions
that are not comparable with those in the lake
itself. Only large tubes, as used by Reynolds &
Butterwick (1979). Lund & Reynolds (1982) and
Istvanovics et al. (1986). include the seditnent as
a possible nutrient source. Whether the exclu-

sion of nutrient fluxes in enclosures presents a
serious problem depends mainly on the morphological, physical and chemical characteristics of
the lake in question. Exclusion of nutrient fluxes
in the bioassay experiments is not a major problem in the case of Lake Maarsseveen because it
has no inflow apart from groundwater seepage
and rainfall (Van Donk. 1987). Moreover, the
epilimuion is well separated from the hypolimnion for a long period (Van Donk, 1983) and the
sediment is well oxygenated for 10 months of Ihe
year (Swain. Lingeman & Heinis. 1987). Since
the iron content of the sediment is relatively
high, its binding capacity will be large, particularly for phosphate.
The use of bioassays may give problems when
two nutrients are simultaneously in short supply.
We obviated this problem by counting the number of algal cells and by employing both the
multiple and single addition technique (see
Methods). The growth rate for each of the dominant species was measured, because two (or
more) species, growing under identical nutrient
conditions can be simultaneously limited by
different nutrients (Glooscheusko & Avis. 1973;
Titman, 1976, 1977).

Materials and Methods
De.scription of Lake Maarsseveen

Lake Maarsseveen. situated in the centre of
The Netherlands near the city of Utrecht, was
formed around 1960 by excavation of sand Iu a
peat-bog area. The oligo-mesotrophic, troughshaped lake is replenished mainly by precipitation and ground-water and drained via an outlet
at the northern shore. The lake is subrectangular
elongate in outline with a surface area of 70 ha
and a maximum depth of 30.8 m. Annually, the
lake stratifies thermally and an oxycline is
formed. A more comprehensive description of
the lake and its drainage area is given by Swain et
ut. (1987) and Van Donk (1987).
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Sampting and analyses
To determine densities of the dominant
phytoplankton species in Lake Maarsseveen
samples were taken once a week iu 1980 and
1981 with a 3-litre vau Dorn sampler at I m
intervals to a depth of 10 m. Dominant
phytoplankton species were counted according
toDorgelo. Van Donk & De Graaf Bierbrouwer
(1981). From these data in situ reproductive
rates of the algal species were calculated.
Water samples for chemical analyses were
taken weekly at four depths (0.5,5.10 and 15 m)
and filtered through a 0.45 //m filter presoaked
in diluted HCl and rinsed with double-distilled
water. Soluble reactive phosphorus (SRP). silicate, nitrate, nitrite and ammonium were determined according to the methods described in
Van Donk & Ringelberg (1983). Data on the
total daily irradiance were obtained from the
Royal Netherlands Meteorological Institute at
De Bilt. situated 7 km from the lake.
Natural community bioassays
Two basins of stainless steel (1.40x1.20 m)
with a depth of 0.30 m were dug into the ground
at an open spot near the laboratory (40 km from
the lake). The temperature of the water was
maintained at the same level as in the epilimnion
of the lake by a cryomat (Lauda TK 30D) and a
thermomix (Braun). Eight perspex cylinders
(length 68 cm. diameter 15 cm), with a capacity
of 12 litres each could be placed horizontally in
eaeh basiu. The cylinders were rotated continuously at a slow rate by a motor. Iron bars, as
long as the cylinder and coated with tephlon,
were put inside the cylinder to prohibit algal
growth on tbe inner walls (Fig. 1). Natural light
conditions in the cylinders were simulated by a
blue perspex plate (Plexiglass 607933). serving
as a filter. It absorbed mainly red and ultraviolet
ligbt. reducing the light intensity by 45%. The
algae within the cylinder received about 40C^ of
the incident light intensity, which corresponds to
a depth of about 2 m in Lake Maarsseveen. The
algae in the lake, however, most probably
experience a gradient of light intensities, due to
circulation through the epilimnion during the
time of the bioassay. It was not possible to simulate these conditions in the experiments.
Mixed water samples of the upper 7 m of Lake
Maarsseveen were conveyed to the laboratory
within 1 h of sampling, and filtered through

c

FIG. I. A plan of the bioassay apparatus.
A = Cy!indcr; B = Cliain. driven by ;i motor; C = Irt)n
bar. coated with tephlon; D = Opening in the cylinder,
which can be closed; i = Innow of water in the basin
(tetnperature regulated); o^Outfiow of water frotti
ihc biisin.

150/(m gauze to remove most of the
zooplankton before filling the cylinders (enclosures). Single nutrient addition bioassays
were performed (oniy one nutrient added per
enclosure), and, in addition, we applied :i multiple nutrient addition bioassay technique
(developed by Maslin & Boles. 1978) in which
lake water was enriched with all the nutrients but
one. the test nutrient. The omitted nutrient
therefore will limit algal growth in the bioassay
at the level of its natural concentration. The
experiments were carried out once a month.
initially in one basin (from March 1980 till April
1981) and later in two basins (April 1981 tiil
September 1981). Two basins offered the
possibility of sixteen nutrient combinations.
Table 1 gives the concentrations of the added
nutrients and Table 2 gives the nutrient com-
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TABLE 1. Range and concetitration of nutrients
added to the bioassay enclosures
Nutrients
Compound
Concentration
P
N
Si
B

K:HP04
NaNO,
Na,SiO,.9H,0
H,BO.,

Vitamin mix
Biotin
Cyanocobaiamin
B,:
B,
Thiatiiine-HCI
Trace metals
Cu
CuSOj 5H2O
Zn
ZnS0r7H,0
Co
CoCl.-6H,6
Mn
Mna,-4H.O
Mo
Fe

EDIA

Na:Mo04'2H,0
FeCIrftH^O
Na.EDTA 2H.O

3.20 (HM)
71.00
35.70
O.IO
()-05(/,g|-i)
5.0
100.0
0.039 (/VM)
0.077
0.042
0.914
0.026
16.00
!3.(K)

TABLE 2. Nutrient combinations used in the bioassay
experiments. (All) indicates the lake walcr (LW)
enriched with complete list of nutrients given in Table
1.
March 1980 to
April 1981

May 198! to
September 1981

All
AII-P
All-P-Si
All-Si
LW
LW+P
LW+Si
LW+P+Si

All
AII-P
All-P-Si
All-Si
LW
LW+P
LW+Si
LW+P+Si
All-N

All-Fe
All-FeEDTA
All-Trace metals
LW + Fe
LW + FeEDTA
LW+EDTA
LW + FeEDTA + P
binations in the different cylinders during 1980
and 1981. In the cylinders the pH equalled them
.y/m value (8.0). Because of the low algal density
and the short duration of the experiments pH
never increased by more than 0.5 unit.
The growth of the different algal species was
followed for 6-8 days every second day. by
counting the cells in three subsamples. We
evaluated responses of nutrient enrichment
from the exponential phase of the growth
curves. Growth rates («) with their 95% eonfideuee intervals were calculated by a least
squares linear regression analysis (Sokal &
Rohlf. 1969).

Results
Sueeessional patterns in the two years were very
similar (Fig. 2). In December/January the
diatoms Stephanodi.scus hantzschii
Grun.,
Stephanodiscus astraea (Ehr.) Grun. and
Asterionella formosa Hass. dominated the algal
community. A. formosa had several further
population increases during the year. The two
Stephanodiscus species were followed by an
increase in Fragilaria crotonensis Kitt. in
March/April. In May/June the chrysophyte
Dinobryon divergens Imhof and the diatom
Cyclotetta comta (Ehr.) Kutz were dominant. A
second increase by D. divergens was observed in
July/August, followed in 1980 by F. crotonensis
and a small third increase in D. divergens. In
both years S. astraea and S. hantzschii started to
grow again in November/December. Cryptophyceae and Chlorophyta were present
throughout the year, but did not sbow a distinct
succession. A comprehensive description of the
succession over a period of 5 years is given in
Van Donk (1983).
Nitrite and ammonium concentrations in the
lake were always negligible. Nitrate concentrations remained high throughout the 2 years.
varying between 18 and 37 ,HM (Fig. 3). The SRP
concentration was very low throughout the year.
highest concentrations being measured during
Deeember (approx. 0.15 UM P ) . and declining
during the spring to undetectable values
(<0.03;m). In August/September the SRP
concentration rose again above the detection
limit and increased slightly until Deeember (Fig.
3). Silieon concentration remained relatively
high, the lowest silicon concentration (7 /m Si)
being measured in the epilimnion during July
1981 (Fig. 3B).
Examples of the bioassays performed in
August 1980 are given in Fig. 4. At that date, A.
formosa, F. crotonensis and D. divergens were
present in the lake (>10 cells ml"'). For y4. formosa and F. crotonensis phosphorus was the
limiting nutrient. With phosphorus added (Lake
Water+P. Lake Water+P+Si. All and All-Si),
the growth rates were significantly higher than in
combinations without phosphorus (Lake Water.,
Lake Water+Si. AU-P. All-P-Si). The growth
rate of D. divergens was limited by a nutrient
other than phosphorus or silicon. A significant
stimulation of growth was present in the combinations All. All-P, All-P-Si and All-Si. Addi-
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FIG. 2. Successional pattern of the dominatit phytoplankton species in 1980 and 1981. The arrows beneath the
horizontal axis indicate the start of the bioassay experiments. A=A. formosa', B=5. hantzschii: C = 5. astraea;
D = F. crotonensis; E = D. divergens: F=C. comta.

tion of phosphorus alone or together with silicon
(Lake Water+P and Lake Water+P+Si)
resulted in an even lower growth rate of D.
divergens eompared to that in lake water. In
1981, using sixteen nutrient combinations, this
effect was analysed further. The chelating agent
EDTA proved to be the stimulating factor (see
below).
For the diatoms A. formosa, F. crotonensis, S.
astraea and S. hantzschii phosphorus proved to
be the only nutrient that limited growth rate
throughout the year (Table 3). For each species
the growth rates, as measured in all nutrient
combinations with phosphorus added, did not
differ significantly from one another {regression
analysis; Sokal & Rohlf. 1969). The same holds
for the growth rates in combinations without
phosphorus. Therefore, for each group of combinations these growth rates were pooled and
averaged. Mean growth rates from the seventeen bioassay experiments, performed during
1980 and 1981, are compared in Table 3. The in
sifu rates of increase of the algae, are also given.

From October till April, A. formosa did not
demonstrate a significant stimulation in growth
with nutrient addition (Table 3a). In nearly
every experiment this species was to a greater or
lesser extent infected by a parasitic ehytrid
fungus, Zygorhizidium planktonicum (Van
Donk & Ringelberg, 1983). Infection of more
than S()% of the cells was observed in March
1980 and in the period February to the end of
March 1981. During these months the rate of
increase of A. formosa in the lake was often
lower than the growth rate measured in a
cylinder with pure lake water. Most probably
high sinking rates of the infected cells in the lake
(we observed clotting of the colonies) was
responsible for the observed difference in
increase.
S. astraea and S. hantzschii, only present
above the detection level during winter and early
spring, were continuously limited in their growth
by phosphorus. In December 1980, when the
SRP concentration in the lake reached its maximum, P-addition had minimal effect on the
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FIG. 3. Concentrations of silicate, soluble reactive phosphorus (SRP) atid nitrate at different depths during (A)
1980 and (B) 1981- In Ihe case of SRP, mean concentration in the upper 10 m is given.
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FIG. 4. The growth responses of (A) A. formosa, (B) F. crotonensis. and (C) D. divergens in the bioassay
experiments performed in August 1980. AM nutrients. D; All-Si, *; Lake Water (LW)-)-P, • : LW + P+Si, A;
LW + Si. O; All-P-Si, A;LW~ x; All-P. • .
growth rate (Tables 3b and 3c). At the end of its
growth period, only a small proportion of S.
astraea cells were infected by Z. planktonicum
(30%) (Table 3b).
In December 1980 and January 1981 the
growth rate of F. crotonensis could not be stimulated by addition of nutrients (and no fungal
parasites were observed). However, from
March til! October, F. crotonensis was strongly
phosphorus limited (Table 3d). After the onset
of thermal stratification (end of April) lower
rates of increase were found in the lake than
in the cylinders without phosphorus addition
( ^ ( - P ) ) . At this time the sinking of diatoms in
the lake may have been accelerated due to the
higher water temperature and the lower turbulence (Table 3d).
For D. divergens and C. comta the artificial
chelator EDTA proved to play a role in combination with phosphorus. Therefore, growth
rates were averaged. differentiating according to
nutrient combinations with and without EDTA
(Table 4). In May 1980 and 1981, at the start of
the growth period, the growth rates of both
species were limited by phosphorus. In June,
only a small stimulation by a single addition of
phosphorus was observed for C comta. Maximum stimulation of growth only occurred when
EDTA was added as well. In June D. divergens
showed no growth stimulation after addition of P

alone, whereas a single addition of EDTA
increased growth rate. In July/August, during
the second population Increase, the growth of D.
divergens was inhibited when phosphorus without EDTA was added compared to growth in the
cylinders without phosphorus addition (Table
4a). In August 1981 the growth of D. divergens
was again enhanced by a single addition of
EDTA.

Discussion
Succession during winter and spring
During winter and early spring, phosphate
appears to be the only nutrient that limits growth
rate in Lake Maarsseveen. Generally, phosphate is the major limiting nutrient in noneutrophic freshwater
environments (e.g.
Schindler, 1977; Lin & Schelske. 1979) though
occasionally silicon limitation has been reported
(Youngman. Johnson & Farley. 1976; Sommer
& Stabel. 1983; Dokulil & Skolaut. 1986).
The two Stephanodiscus species were phosphorus limited throughout their period of occurrence (Fig. 5), even in winter when the other
diatoms were not limited by any nutrient. In
both 1980 and 1981 A. formosa was heavily
infected by a parasitic fungus. Z. ptanktonicum.
This may have reduced the competitive ability of
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TABLE 4 The mean growth rates of (:i) Dinobryon divergens and (b) Cydotella comta enriched with phosphorus
(^( + P)) and nut enriched with phosphorus (j"i(-P)), with or without a simultaneous EDTA addition. I he 95%
confidence intervals arc given in parentheses. Also given are the rate of increase in the lake and the percentage of
cells infected by parasitic fungi C^JI) at the beginning of the experiments.
Date
(a) 04-03-80
08-04-KO
22-04-80
06-05-80
17-06-80
18-07-80
02-08-80
0X-(W-80
27-10-80
08-12-80
06-01-81
03-02-81
03-03-81
31-«3-Sl
11-05-81
10-06-81
11-08-81
(b) 04-03-80
08-04-80
22-04-80
06-05-KO
17-06-80
18-07-80
02-08-80
08-09-80
27-10-80
08-12-80
06-01-SI
03-02-81
03-03-81
31-03-81
11-05-81
10-06-Sl

n-08-81

M+P)(tl')
-EDTA
+ EDTA
0.33 (±0.03)
0.41 (±0.06)
0.07 (±0.03)
0.50 (±0.12)
-0.02 (±0.02)
0.69 (±0.10)
-0.21 (±0.08)
0.05 (±0.09)
-0.79 (±0.08)
0.57 (±0.06)
0.30 (±0.05)
0.12 (±0.03)
0.38 (±0.09)
-0.14 (±0.01)
0.36 (±0.02)
0.24 (±0.04)
0.42 (±0.07)
0.14(±0.(M)
_
0.42 (±0.()6)
0.24 (±0.03)
-

-

A. formosa for phosphorus giving an advantage
to other species. In the previous yeiirs (1978 and
1979), when parasitism of A. formosa was of
minor importance due to inhibition of fungal
activity by low temperatures, A. formosa seems
to have outcompeted F. crotonensis and both
Stephanodisctis species, because of its higher
affinity for phosphorus (Van Donk &
Ringelberg. 1983; Van Donk. 19S.1).
F. crotonensis started to grow around the middle of February. In Deeember and January this
speeies was present above the detection level,
but no signifieant growth stimulation with
nutrient addition could be induced till February.
Apparently, the growth of ihis speeies was
limited by a factor other than nutrients in this

/>(-P)(d ')
-fEDTA

-EDTA

0.28 (±0.02)
0.32 (±0.02)
0.10 (±0.03)
0.42 (±0.09)
O.IO (±0.04)
0.61 (±0.11)
0.21 (±0.08)
0.03 (±0.10)
-0.29 (±0.02)
0.47 (±0.03)
0.20 (±0.01)
0.13 (±0.04)
0.40 (±0.08)
0.16 (±0.02)

-

-

(d-o
-0.28
-0.35
0.03
0.32
0.03
-

0.26
-0.22
0.08
-

0.18 (±0.03)
-

0.07 (±0.01)
-

u(lake)
V
r

r

0.14
-0.09
—

5
10
—

period. Although compared to the other
diatoms F. crotonensis grows slowly at Iow temperatures (Van Donk. 1983). temperature cannot
be taken as a key factor, because F. crotonensis
achieved a faster rate of growth in
February/March 1981 (temperature of 4''C)
than in December 1980 (8°C) and January 1981
(4°C) (Tables 3d and 5). Light was probably the
determining factor. The mean total daily irradiance (in Joules cm"-), averaged over the
experimental periods, were 125 (December
198(1). 183 (January 1981), 585 (February 1981)
and 440 (March 1981) (Table 5). The faster
growth rate of this species in February/March
19SI was probably due to an increase in light.
Reynolds (1973) found that F. crotonensis was
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FIG, 5, Schematic survey of Ihe factors limiting the
growth rate of the different dominani phytoplankton
species in Lake Maarssevcen in 1980, Sh = .V,
hantzschii. Sa= S. astraea. M=A. formosu. Viz=F.
crotonensis. Dd = O, divergens. and Cc = C, comta.

less able to grow under low light conditions than
A. formosa.
D. divergens and C. comta dominated in May
and June. In May D. divergens and C. comta
were slightly phosphorus-limited. In June
EDTA proved to play a role. C. comta was
limited in its growth rate by phosphorus, but

TABLE 5. The water temperature and light conditions
(mean total daily irradiance) during the bioassay
experiments
Date
04-03-80
08-04-80
22-04-80
06-05-80
17-06-80
18-07-80
O2-O8-8t)
08-(W-80
27-10-80
08-12-80
06-01-81
03-02-81
0:^-0.3-81
.31-03-81
11-05-81
10-06-8!
11-08-81

Water
temperature ("C)

Light
{Joules

4
7
«
10

409
1376
1124
1812
1187
1174
1270
1031
410
125
183
585
440

18
16
ly
17

13
8
4
4
4
7
l.>
17
18

5{)6

1648
1270
I0I3

d')

even faster growth resuited when both EDTA
and phosphate were added. Perhaps EDTA
facilitated the uptake of phosphorus. Like other
chelators, EDTA is able to modify membrane
permeability and osmoregulation by complexing
of cations (Wetzel, 1975). The possibility that
EDTA acted as a detoxifieator. by reducing the
concentration of a toxic trace metal, is not very
likely because addition of trace metals, without
EDTA. produced no toxic or inhibitory effect on
algal growth. Also the possibility that a trace
metal was the limiting nutrient for C. cotrxta and
became more available after addition of EDTA
does not seem very likely, because phosphate
had already been established as the limiting
nutrient. We observed no growth stimulation of
C. comta in AU-P. Lake Water-t-EDTA and
Lake Water-l-trace metals.
The addition of EDTA alone, however,
stimulated the growth of D. divergens from June
till September. The inhibitory effect on the
growth of this species of the single addition of
phosphate alone was a striking phenomenon
(Table 4a). Rodhe (1948) was the first to
demonstrate this effect, which has also been
observed by Schelske & Stoermer (1972) and
Lehman (1976). However, Lehman (1976)
found no inhibition of D. cylindricum and D.
sociaie when Na,PO4 instead of K^HPOj was
added. He concluded that potassium and not
phosphorus was the inhibiting factor. We found
no difference using NaiPOj or K2HPO4; addition
of either inhibited the growth of D. divergetis,
but not when EDTA was given simultaneously.
Reynolds (1986) suggested a high pH (>8.8) to
be the major factor inhibiting Chrysophyceae
in phosphorus-deficient, oligotrophic lakes.
However, in our experiments pH never
exceeded 8.5.
Chelators, like EDTA, reversibly combine
with cations in such a way that equilibria
between free ions and soluble ion-chelate complexes are set up in the water (Stumm & Morgan,
1981). In the absence of these chelators, cations
readily precipitate as hydroxides, carbonates or
phosphates. A soluble reservoir of chelatorcation complexes ensures a steady supply of
these ions for the phytoplankton. Iron, in particular, forms colloidal Fe'+ hydroxides and Fe'^
phosphates of low solubility. Therefore, information on total iron concentration in lake water
(0.03-0.21 mg 1"' of Fe in Lake Maarsseveen) is
of doubtful value in relation to iron demands.

Natural communily hioassays
The availability of the element seems to depend
on its chemical form (speciation). In addition,
iron is one of the most important trace metals for
phytoplankton, as it is a constituent of many
enzymes, cytochromes and some other
porphyrins. it is also important in chlorophyll
biosynthesis. Therefore the inhibited growth of
D. divergens after addition of phosphate might
have been caused by iron becoming less available through the formation of insoluble FePO4.
However, we are not sure that it is iron, rather
than another trace metal, which is the limiting
nutrient for D. divergens. Addition of iron without EDTA did not enhance growth rate. Probably the iron is immediately inorganically
precipitated and inactivated. An absolute need
of Dinobryon for iron was found by Lehman
(1976). Addition of other trace metals, without
EDTA, had no effect, A stimulation of algal
growth in natural waters by addition of EDTA
or Fe-EDTA was also reported by Lund,
Jaworski & Butterwick (1975), Lin & Schelske
(1979), Reynolds & Butterwick (1979) and
De Haan, Wanders & Moed (1982). However,
De Haan et al. (1982) suggested in Lake
Tjeukemeer that the stimulating effect ot EDTA
on phytoplankton growth might have been due
to detoxification of a heavy metal, most probably copper.
In our bioassay experiments we excluded any
influence by zooplankton. In winter and spring,
grazing was probably not an important factor,
because of small zooplankton populations
{Butter, 1981).
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again stimulated by EDTA addition. A second
appearance of F. crotonensis and a third of D.
divergens were not observed in 1981. In
August/September 1981, A. formosa reached
an abundance 4 times higher (600 ceils ml"')
than in I980(l50ccllsml ') and dominated over
a longer period. Perhaps competition for phosphorus (both A. formosa and F. crototiensis
were phosphorus limited) was the reason why F.
crotonensis did not come to dominate in September/October 1981. In November/December, in
both years, A. formosa and S. astraea started
to grow again while F. crotonensis probably
became light limited (we found no stimulation
in growth with addition of any nutrient). In
December, the two Stephanodiscus species were
already phosphorus limited, while A. formosa
did not react to addition of phosphorus.
The patterns of succession observed from
January 1980 till May 198U and from July 1980
till F'ebruary 1981 were to a large extent symmetrical. This is not surprising when we realize
that the controlling factors followed opposite
trends: declining phosphorus concentration with
increasing irradiance from winter to spring and
increasing phosphorus concentration and
decreasing irradiance from summer till late winter. Fungal parasitism on A. formosa was probably an important controlling factor throughout
the year. The fungus may be responsible for the
cycles in abundance of this species with intervals
of 2-3 months (Van Donk & Ringelberg, 1983),
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