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ABSTRACT: Probably as a consequence of eutrophication, both the length of the annual phytoplankton 
blooms and the mean concentrations of flagellates (dominated by Phaeocystispouchetii) have increased 
in the western part of the Wadden Sea during the last decades. Planktonic diatoms, on the other hand, 
have hardly increased, but fluctuate heavily from year to year. Among the benthic tidal-flat fauna, 
which has increased in total numbers and biomass during the last decades, the bivalve Macorna balthica 
was studied in detail. The 15 yr (1974 to 1989) patterns of its annual growth and condition were 
compared with abundance patterns in phytoplankton components (during the growing seasons of M. 
balthica). Fluctuations in M. balthica were found to parallel fluctuations of planktonic diatoms but not 
those of P. pouchetii. It is concluded that M. balthica responded by faster growth and higher condition to 
better feeding conditions in years of high diatom abundance. Diatoms rather than P. pouchetii or other 
flagellates will be the most important food source for M. balthica. 

INTRODUCTION 

During the last decades, concentrations of both 
nutrients and phytoplankton have increased in the 
western part of the Wadden Sea. Increases in nutrient 
concentrations were particularly strong during the 
197Ots, with, in the westernmost tidal inlet, concen- 
trations of total P roughly tripling and total N roughly 
doubling, and remaining at an elevated level during 
the 1980's (van der Veer et al. 1989). 

Increases in phytoplankton abundance were particu- 
larly strong in the haptophyte flagellate Phaeocystis 
pouchetii: the annual period with > 1000 cells cm-3 of 
this species increased from ca 20 d i n  the early 1970's to 
ca 100 d in the mid-1980's (Cadee & Hegeman 1986), 
reaching as much as 5 and 4 mo in 1988 and 1989, 
respectively (Cadee 1990). Diatoms showed a less con- 
sistent change during the same period: although the 
number of days with > 1000 cells cmp3 increased from 
ca 20 in some years in the early 1970's to > 100 in some 
years in the early 1980's (Cadee 1986b), high numbers 

(ca 100) of such days were also observed in 1969 and 
1970 (Cadee 1986b), whereas only 48 such days were 
counted in 1988. 

Total annual phytoplankton production in the wes- 
ternmost inlet of the Wadden Sea roughly doubled 
from ca 150 gC m-' around 1970 to ca 300 gC m-' in 
the early 1980's (Cadee 1986a). A doubling of primary 
production during this period was also observed in the 
microphytobenthos on a tidal flat in the western Wad- 
den Sea (Cadee 1984). 

Responses of animals to this increased food supply 
were in the expected direction: both biomass and pro- 
ductivity of the zoobenthos living on the tidal flats in 
the western part of the Wadden Sea roughly doubled 
during the 1970 to 1984 period (Beukema & Cadee 
1986). These increases were caused mainly by signifi- 
cantly enhanced numerical densities in almost half of 
the macrozoobenthic species during the last 20 yr 
(Beukema 1989), whereas significant decreases did not 
occur in any macrozoobenthic species. Growth rates, 
which could be assessed with sufficient precision in a 
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few bivalve species only, showed a less clear response, 
though an increasing trend was suggested in Macoma 
balthica (Beukema & Cadee 1986). 

In this paper, detailed data will be examined on 
annual growth rates (both in length and weight) and 
condition factor in the tellinid bivalve Macoma balthica 
(L.). These data were obtained by monitoring 15 tidal- 
flat populations during a 20 yr period. During 15 of 
these years, phytoplankton was monitored at a nearby 
station in the tidal inlet. Relationships between these 2 
long-term data sets will be used to study the responses 
of the herbivore M. balthica to differential changes in 
the abundance of diatoms, Phaeocystis pouchetii and 
other flagellates. Did M., balthica respond primarily to 
the enhanced total food supply or to specific compo- 
nents only? 

METHODS AND MATERIAL 

Phytoplankton samples were collected at a fre- 
quency of at least once or twice per month at high 
water at a site in the Marsdiep, the main tidal inlet of 
the westernmost part of the Wadden Sea (Fig. 1). The 
site has been sampled regularly year-round since early 
1974, though with an interruption from autumn 1976 to 
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Fig. 1. Location of the one sampling station'for phytoplankton 
in the Marsdiep tidal inlet (denoted by A) and the 15 stations 
for zoobenthos on Balgzand: (e) the 12 transects sampled 
twice annually; (0) the 3 more frequently sampled squares. 

Tidal flats indicated by shading 

late 1977. Samples were preserved in Lug01 and 
counted with an inverted microscope (usually within 
lmo). Further details can be found in Cadee (198613). 
The numbers used (mean numbers of cells per cm3 of 
all diatoms together and separately for Phaeocystis 
pouchetii and for all other flagellates together) are 
averages of all samples taken during the main gr6wing 
season of Macoma balthica: March to June, inclusive 
(Beukema & de Bruin 1977, Beukema et al. 1985). P. 
pouchetii was present both as single cells and as colo- 
nies. The latter were fragmented during preservation; 
sometimes vigorous shaking was applied to aid frag- 
mentation in order to be able to count the totals of 
individual cells. 

Chlorophyll a was measured following Lorenzen 
(1967). 

Macoma balthica populations have been sampled at 
least twice annually (in late winter and late summer) 
since 1969 at 15 fixed stations scattered on Balgzand, a 
50 km2 tidal-flat area in the westernmost part of the 
Wadden Sea (Fig. 1). To follow changes in more detail, 
3 of these stations were sampled more frequently. 
Specimens were divided into age groups by counting 
year marks (the method described by Lammens (1967) 
proved to be reliable: strong year classes could be 
followed easily throughout several years). Subse- 
quently the soft parts were weighed per mm group 
(shell length, L) after drying and again after ashing to 
obtain a value for ash-free dry weight (AFDW). The 
nearly-2-yr-old individuals of the late-winter samples 
were used to estimate the mean length increment (LIN) 
of the shells during the foregoing year (their second 
growing season). A correction was used to achieve a 
standardized estimate (LINc) applying to a specimen 
with a length of exactly 6 mm at the start of the growing 
year (see Beukema et al. 1977). 

Values for condition factor (CF = AFDW Lp3) of the 
soft parts were obtained from summer samples. 
Because CF values steadily decrease during summer 
and autumn (Beukema & De Bruin 1977), all figures 
were corrected to a fixed date, viz. 1 July (i.e. near the 
end of the annual growing season). The rate of the 
summer decline of CF was estimated each year at the 3 
frequently sampled stations and amounted to ca 0.04 
units d-l. Two data sets on summer CF were used: (1) 
mean values (n = 12) for 4 year classes (settled 2, 3, 4 
and > 5 yr before) of individuals living at the 3 fre- 
quently sampled stations, and (2) mean values (n = 15: 
all stations) for individuals at the end of their second 
growing season (settled slightly more than 1 yr before). 
The virtue of estimate (1) is that it is independent of the 
growth estimates used, because it refers to different 
age groups, and that only minor corrections were 
applied, because at least one of the sampling dates was 
near 1 July. Estimate (2) was used to calculate a stan- 
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dardized value for the annual mean weight increment 
(WINc), i.e. the weight increment during the second 
growing season of an individual of a standard length of 
6 mm and a CF of 7 mg cmp3 at the start of the season 
(weighing 1.5 mg AFDW) and a length increase of 
LINc, according to: 

WINc = CF (6 f L I N C ) ~  - 1.5. 

These standardized estimates of weight growth can 
be compared with the observed differences in l-yr-old 
individuals between the mean weights at the summer 
and foregoing winter samplings. These plain estimates 
suffer from such inconsistencies as interannual differ- 
ences in sampling dates, length distributions (between 
years at the start of the season and within years 
between start and end of the season) and CF at the start 
of the growing season. 

The mean values shown are invariably unweighted 
means of data from 15 stations (in a few cases from a 
slightly lower number, viz. when individuals of the 
proper age were lacking), unless specified otherwise. 
Pearson correlations were calculated for data pairs of 
15 years (1974, 1975, 1976 and 1978 to 1989, incl.). For 
long-term trends (correlations with year number) 
Spearman rank correlations were used. For an analysis 
of the year-to-year variation in linear growth rates 
(LINc) a 2-way analysis of variance was applied. 

A correlation or difference is regarded as non-signifi- 
cant if p > 0.05; for significant correlations the level of 
significance is indicated (l-tailed tests). 

RESULTS 

Year-to-year variability in phytoplankton 

During the spring months (March to June, incl.) of 
the 1974 to 1989 period, the number of days Phaeocys- 
tis pouchetii bloomed (> 1000 cells cmp3) increased 
significantly (broken lines in Fig. 2a; r = f0.77, n = 15, 
p < 0.01). Mean cell numbers also showed an increas- 
ing trend (continuous lines in Fig. 2a), but this trend 
was not significant (r = f0.36). 

As a consequence of the often high concentrations of 
Phaeocystis pouchetii cells, the cell numbers of the 
other flagellates were only a minor proportion of all 
flagellate cells - always less than 30 % and in most 
years even less than 10 %. This group of 'other flagel- 
lates' showed an increasing trend during the period of 
observation (Fig. 2c): both mean numbers of cells per 
mm3 and numbers of days with > 1000 cells cmp3 
increased significantly (r = f0.58 and f0.50, both 
p < 0.05). 

Increases were less clear and non-significant in 
diatoms, as shown by both numbers of blooming days 

and cell concentrations (Fig. 2b; r = +0.40 and f0.42, 
respectively). Note the relatively low numbers ob- 
served in the last 2 years (1988 and 1989). 

Chlorophyll concentrations also showed an increas- 
ing trend (Fig. 2d), but again it was non-significant (r = 

f0.41). Years with spring periods characterized by 
high chlorophyll concentrations tended to be those 
with high cell numbers of diatoms (r = f0.68, p < 0.01) 
and 'other flagellates' (r = +0.46), but not those with 
high numbers of Phaeocystis pouchetii cells (r = 

-0.06). Years of high diatom densities in spring fre- 
quently coincided with springs of high numbers of 
'other flagellates' (r = +0.45), but not with those with 
high numbers of P. pouchetii (r = -0.17). There was no 
correlation between years with high numbers of P. 
pouchetii and other flagellates (r = +0.02). 

Year-to-year variability in Macoma balthica 

Data series on length growth of shells are available 
for 15 stations and 22 years (1968 to 1989). The mean 
annual length increase of a standard-sized individual 
(LINc) fluctuated at all stations, though at different 
levels: growth was invariably slowest at stations above 
MTL (< 50 % immersion) and was maximal at ca 75 % 
immersion (Beukema et al. 1977). As a consequence of 
these significant place-to-place differences, the confi- 
dence limits around the annual 15-station mean are 
relatively wide. For a proper evaluation of the year-to- 
year differences in growth rate, a 2-way analysis of 
variance was applied to the 15 X 22 In-transformed 
individual data, according to the model In (y) = 

constant + areai + yeari. Table 1 shows that both the 
effect of area and year of observation were highly sig- 
nificant. The averages of the relative growth rates 
showed relatively small standard errors after removal 
of the area effects (Fig. 3). Therefore, most between- 
year differences in mean annual growth rates are 
statistically highly significant. 

Growth rates were relatively low around 1970, 
increased over the 1974 to 1983 period, and were low 
again in 1988 and 1989 (Fig. 3). The increasing trend 
for the entire 22 yr period was hardly significant (r = 

f0.38, p = ca 0.05; data from Fig. 3) and non-signifi- 
cant for the 15 yr period of phytoplankton observations 
(r = f0.27; data from Fig. 4a). Only during the 1974 to 
1987 period do the data suggest an increasing trend, 
but the low rates observed in both 1988 and 1989 cause 
the overall correlations with year number to become 
non-significant. 

Data on condition factor (CF) are available for the 3 
frequently sampled plots for the 1968 to 1989 period. 
Averages (3 stations, 4 age classes, corrected to apply 
to 1 July) are shown for 1974 to 1989 (Fig. 4b). The 
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year-to-year variation parallelled that of growth rate 
(compare Fig. 4a): CF values were high in years with 
rapid growth, i.e. the space within the shells was well 
filled at the end of a favourable growing season. For the 
22 yr set the correlation between annual mean LINc (of 
l-yr-old individuals at 15 stations) and annual mean CF 
(of 2+-yr-old individuals at 3 stations) was highly sig- 
nificant (r = +0.82, p < 0.001). 
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Table 1. Macoma balthica. Results of a 2-way analysis of 
variance of the 15 (stations) X 22 (years) data for LINc (annual 

length increment of an individual of standard size) 

Source Sum of df Mean F-ratio p 
squares square 

Area 6.108 14 0.436 23.845 <0.001 
Time 5.295 21 0.252 13.781 <0.001 
Error 5.379 294 0.018 
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Annual growth can also be expressed in weight 
units. As explained in 'Methods and material', 2 
estimates of weight (AFDW) gain are available: the 
uncorrected weight change observed between March 
and August in ca l-yr-old individuals (Ag; continuous 
lines in Fig. 4c) and a standardized calculated estimate 
(WINc; broken lines in Fig. 4c). The latter estimate is 
bound to be the greater, because it refers to the weight 
gain up to 1 July, i.e. near the date on which the 
maximal annual value for AFDW in Macoma balthica is 
reached (Beukema & de Bruin 1977). The values for Ag, 
on the other hand, apply to a date in August, i.e. after 
1 to 2 mo of weight loss. For the rest, the 2 estimates 
of weight gain were strongly correlated (r = +0.94, p 
< 0.001). 

As expected, annual weight gain was positively cor- 
related with both annual length increase (as LINc was 
used to calculate WINc, only the correlation with A g  
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Fig. 2. Plots of 1974 to 1989 data series on phytoplankton, collected during the growing seasons (1  March to 1 July) of Macoma 
balthica. (a) Phaeocystispouchetii in mean number of cells mm-3 (continuous lines) and numbers of days with > 1000 cells cm-3 
(broken lines); (b) diatoms in mean number of cells mm-3 (continuous lines) and number of days with > 1000 cells cm-3 (broken 
lines); (c) other flagellates in mean number of cells mm-3 (continuous lines) and number of days with > 1000 cells cm-3 (broken 

lines); (d) chlorophyll a concentrations in mg m-3 
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year 
Fig. 3. Macoma balthica. Annual value of mean relative length 
growth for the 1968 to 1989 period. Means (n = 15) with 1 
standard error are shown of growth expressed as a proportion 
of the long-term (22 yr) mean, after removal of the area effect 
(to reduce the standard errors to apply to year-to-year differ- 

ences only) 

makes sense; it amounted to +0.91, p < 0.001) and 
summer condition CF of older individuals (+0.68 with 
Ag and +0.82 with WINc, p < 0.01 and < 0.001, 
respectively). 

Thus, some particular years (e.g. 1979 and 1987) 
were favourable for growth and condition of Macoma 
balthica on Balgzand, whereas in other years (e.g. 
1974, 1977, 1980 and 1988) this species showed low 
values for these characteristics. 

Relations between phytoplankton and Macoma 
balthica 

Correlation coefficients were calculated for a high 
number of 15 yr sets of data pairs. All correlations 
between diatom abundance (mean number of cells 
mm-3 during the growing season of Macoma balthica) 
and parameters of M. balthica growth were positive 
and mostly highly (p < 0.01) significant (Table 2: right- 
hand part of top line and leftmost column). Fig. 5 gives 
an example: for weight gain WINc (r = +0.75, p < 
0.01). 

On the other hand, the correlations between Maco- 
ma balthica parameters and Phaeocystis pouchetii 
abundance were all non-significant and mostly close to 
0 (second line and lower part of second column of Table 
2). The correlations between M. balthica parameters 
and abundance of 'other flagellates' were mostly posi- 
tive, but non-significant (third line of Table 2), whereas 
the partial correlation coefficients were close to 0 
(lower part of third column of Table 2). Correlations 
with chlorophyll concentrations (fourth line of Table 2) 
were positive, but hardly significant. 
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Fig. 4. Macoma balthica. Changes during the 1974 to 1989 
period in some parameters of the population on Balgzand. (a) 
Mean annual length increase (LINc in mm) of a standard 6 mm 
individual during its second growing season (n = 15: all 
stations); (b) mean value of condition factor (CF = g L - ~  in mg 
AFDW cm-3) of older (2+) age classes on 1 July (n = 12: 
3 stations X 4 age classes); (c) two estimates of annual weight 
gain (in mg AFDW) during the second growing season: differ- 
ences between mean weights found in late summer and late 
winter (Ag, continuous lines) and calculated weight incre- 

ments of a standard individual (WINc, broken lines) 
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Table 2. Diagram of Pearson correlation coefficients for pairs of annual mean values of parameters of phytoplankton concentration 
'(during the growing season of Macoma balthica) and of a nearby M. balthica population. In addition, the lower left corner shows 
the partial correlation coefficients (by removal of the influence of the other 2 groups) for each of the 3 groups of algae with the M. 
balthica parameters. Diat.: diatoms; Phaeo.: Phaeocystis pouchetii; Flag.: other flagellates; chlor.: chlorophyll a ;  see text for 
definitions of M, balthica parameters. Number of pairs n = 22 for within-M. balthica comparisons and n = 15 for within- 

phytoplankton and between-groups comparisons. Levels of significance (l-tailed): * p < 0.05, * * p < 0.01, ' * * p < 0.001 

Phytoplankton concentrations Parameters of M, balthica 
Diat. Phaeo. Flag. Chlor. LINc CF WINc Ag 

Diat. X -0.17 + 0.45 +0.68* * +0.77** +0.84"' + 0.75' ' + 0.61 
Phaeo. X + 0.02 - 0.06 0.00 - 0.20 + 0.05 + 0.19 
Flag. X + 0.46 + 0.44 + 0.28 + 0.46 + 0.37 
Chlor. X + 0.45 + 0.58' + 0.49 + 0.39 

LINc + 0.73' + 0.19 + 0.16 X + 0.82' ' * +0 .91* * *  
CF + 0.82' - 0.10 - 0.18 X + 0.82' + 0.68' 
WINc + 0.71'' + 0.25 + 0.18 X + 0.94' ' ' 
Ag + 0.60' + 0.36 + 0.11 X 

For all Macoma balthica parameters, the correlations 
were highest with diatom abundance, followed by 
those with chlorophyll concentrations. The partial cor- 
relation coefficients (lower left part of Table 2) were 
similar to the plain coefficients in the diatoms, but 
declined to nearly 0 in the group of 'other flagellates'. 
In Phaeocystis pouchetii they were somewhat higher, 
but still near 0 and far from significant. Thus among 
the 3 algal groups, only diatoms showed a significantly 
positive relationship with M, balthica parameters. 

DISCUSSION 

Statistically significant correlations between time 
series of data indicate probable relationships. These 
may be direct and causal, but not necessarily so. Cau- 
tion is warranted in the interpretation of correlations. 

m g 

0 1 4  D I A T O M S  : C E L L S . ~ ~ - J )  

Fig. 5. Macoma balthica. Relationship between mean annual 
values (for the March to June, inclusive, period) of diatom cell 
concentrations (DCC, no, mm-3) and a standardized estimate 
of annual weight gain (WINc, in mg AFDW). Best fitting linear 

regression: WINc = 14.4 + 5.2 DCC 

One pitfall of such correlations, the presence of a high 
degree of autocorrelation, was tested for time lags of 1 
to 7 yr. This test did not yield any significant correla- 
tions. 

A causal relationship between food supply and 
growth rate seems fairly obvious. Nearly all phyto- 
plankton (and microphytobenthos and maybe also bac- 
teria and finely-divided detritus) may contribute to the 
food of Macoma balthica, because these bivalves are 
able to ingest food particles of a wide size range: from 
bacteria of only 1 to 2 pm (Harvey & Luoma 1984) to 
sand grains of ca 300 pm (Gilbert 1977). Though there 
is a preferred food size of ca 5 pm, selectivity appears to 
be weak (Self & Jumars 1988). Diatoms are an impor- 
tant food item in the stomachs of M. balthica living on 
Balgzand (Kamermans pers. comm.). 

Macoma balthica is able to obtain its food by both 
deposit and filter feeding, but the stomach contents of 
the Wadden Sea individuals appear to originate for the 
greater part from the water column (Hummel 1985a, 
Kamermans, pers. comm.). Among the available food 
types, detritus and bacteria appear to be of minor 
importance and chlorophyll concentrations in the water 
(and not at the sediment surface) appear to be a good 
overall measure of food supply (Hummel 1985a, b, 
Thompson & Nichols 1988). Therefore, the significantly 
positive correlations observed between (on the one 
hand) pelagic diatom and chlorophyll concentrations 
and (on the other hand) the parameters of M. balthica 
growth (LINc, CF, WINc, and Ag; see Table 2) will 
indeed represent functional relationships between food 
supply and consumer growth and therefore indicate 
true causal relationships. 

The above-cited studies do not indicate which 
species groups among the phytoplankton contribute 
most to the food and growth of Macoma balthica. 
Because in the present study the correlations with 



Beukema & CadBe: Growth of bivalves during eutrophication 255 

diatom abundance were better than those with 
chlorophyll concentrations (Table 2), the primary factor 
will have been diatom density during the growing 
season. Diatoms are indeed the group with the highest 
correlation with chlorophyll concentrations (Table 2). 
The group of 'other flagellates' may have contributed, 
but the low partial correlation coefficients indicate a 
minor role. This is not surprising, because their cells 
were generally very small and no more numerous than 
the much bigger diatoms. Thus, M. balthica will have 
responded by faster growth and higher condition par- 
ticularly in years with high diatom abundance and the 
connected (r = f0.68) high chlorophyll concentrations 
during its growing season. 

The role of the often very abundant flagellate 
Phaeocystis pouchetii needs a different explanation. 
Though its individual cells are small, they are so abun- 
dant during bloom periods that chlorophyll concen- 
trations were high at such times. Apparently, the 
reason why years of high P. pouchetii abundance did 
not coincide with years of high chlorophyll concen- 
trations (r = -0.06) is the relatively low abundance of 
diatoms during the spring periods of such years (com- 
pare the slightly negative correlation of r = -0.17 
between diatom and P. pouchetii abundance, Table 2). 

The contribution of P. pouchetii to the food supply of 
Macoma balthica appears to be outweighed by that of 
diatoms. Though M. balthica can grow on an exclusive 
diet of single (4 to 8 pm diameter) cells of P, pouchetii 
(Kamermans pers. comm.), (partial) correlations 
between its abundance and parameters of growth of M. 
balthica were invariably low. The average volume of 
single P. pouchetii cells is at least an order of mag- 
nitude smaller than that of the 'average' diatom cell in 
the Wadden Sea area. Because they were on average 
also an order of magnitude more abundant (compare 
Figs. 2a and b), their contribution to total phytoplank- 
ton biomass will nevertheless have been significant 
and at times even decisive. High chlorophyll concen- 
trations (comparable to such concentrations at the 
highest diatom densities) were indeed measured dur- 
ing P, pouchetii blooms with few diatom cells. The 
frequent occurrence of P. pouchetii cells in big and 
mucous colonies may have hampered ingestion by M. 
balthica. These colonies often reach a size of several 
thousands pm (up to 8 mm) and the greater part will 
therefore be outside the size range of particles that can 
be ingested by M. balthica. In the mussel Mytilus 
edulis, Pieters et al. (1980) observed poor growth dur- 
ing a part of the growing season with high concen- 
trations of P, pouchetii in the Wadden Sea. They sug- 
gest that the mucous colonies prevent food intake in 
this bivalve. Indeed, Wolters (1989) observed reduced 
clearance rates and food consumption in M. edulis at 
high P. pouchetii concentrations, which could explain 

low growth rates during periods of blooming P. 
pouchetii. 

In any case, the phytoplankton species that 
responded most clearly to the eutrophication of the 
Dutch coastal areas and that became the dominating 
component of the phytoplankton in the western part of 
the Wadden Sea during the last decade appears to 
contribute little to the growth of Macoma balthica, 
being the species in which growth rates have been 
investigated more thoroughly than in any other herbi- 
vore species in this area. 

The possible response of Macoma balthica to eutro- 
phication by increasing its annual growth rate is not as 
simple as we suggested in an earlier paper (Beukema & 
Cadee 1986). At that time, we had at our disposal only a 
data set up to and including 1985, which showed a 
significantly positive correlation between year number 
and annual length increase (Fig. 4b of Beukema & 
Cadee 1986). Data from 1986 and 1987 corroborated 
this trend, but during 1988 and 1989 M. balthica 
showed strongly reduced growth rates (Fig. 3). During 
the growing seasons of the latter 2 years, diatom 
abundance was also reduced (Fig. 2b), but Phaeocystis 
pouchetii and other flagellates continued their upward 
trends (Fig. 2a, c), whereas chlorophyll concentrations 
remained at a level close to the average of the 1980's 
(Fig. 2d). Despite a slightly declining trend during the 
1980's, nutrient concentrations are still at a high level 
and the abundance of P. pouchetii and other flagellates 
indicates a eutrophicated situation during 1988 and 
1989. For reasons not fully understood now, diatom 
abundance was remarkably low in these 2 years and 
growth rates of M. balthica followed diatom concen- 
trations rather than the general eutrophication trend. 
Thus, for this species more food (in the sense of all 
phytoplankton together or total chlorophyll) does not 
simply mean better growing conditions. Such a black- 
box approach appears to be too simple. Apparently, 
only suitable food (and for M. balthica this is the diatom 
part of the total phytoplankton stock) should be taken 
into account. 
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