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Abstract

Complex experimental studies regarding effects of
different NH; loadings were performed on enclosed
samples of the Zingster Strom, a highly eutrophic
estuary of the Baltic Sea. The load capacity of the pelagic
enclosures 1s not exceeded in summer by the addition
of 50 pmol -17" NH;. In contrast the addition of
270 umol - 17! NH," induces obvious disturbances in the
system: toxic effects on the zooplankton and temporal
reduction of the rate of bacterial activity. Under P-
limiting conditions, surplus NH; is stored in algal
cells and is liberated rhythmically. This NH, rhythm
is restricted mainly to the blue-green algae.

During the 8 days of investigation the most striking
changes take place in the structures of phytoplankton
and zooplankton. The relative slight variation in the
bacterial counts and biomasses is remarkable.

In regard of performance parameters the tendency to
stabilize productivity is typical of phytoplankton and
zooplankton. Bacterial activity is characterized by
distinct and sometimes also very rapid fluctuation. The
principal factor that governed the development of the
phytoplankton succession during the experiment was
the temperature. The loading with N and P simulta-
neously permitted the development of green algae.
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1. Introduction

The shallow inland waters called boddens south
of the DarB-Zingst Peninsula (Fig. 1a) form
an estuary with a slightly fluctuating salinity
that is typical of Baltic conditions. Despite the
high phosphorus loading, intensive interactions
between the sediment and the substances
dissolved in the water lead to a relatively stable
concentration of 0.35—0.40 ymol - 1" PO;~
in the free water (SCHLUNGBAUM 1979). Since
this concentration scarcely varies during the
vegelation period, it seems unlikely that the
development of the phytoplankton is limited
by phosphorus. Free water concentrations of
the nitrogen components NH,, NO; and

NOy, in contrast, show distinct seasonal

variations. Substantial daily and, when the
measuring intervals are short enough, even
hourly variation can be recorded (cf. BLoss
1981). Increasing NH, concentrations since
1975 have led to a relative stabilization
of the NO; concentration during the summer
(ScHLUNGBAUM  1979) and to a reduction
in N, fixation (HUBEL 1980). Field phyto-
plankton studies and laboratory investiga-
tions with a test alga have experimentally
confirmed the logical conclusion that phyto-
plankton development is N-limited (SCHIEWER
1982, 1984, ScHwarz 1976). In view of the
mean annual biomass of 13.9—-23.9 mm* - 17*
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(with peaks of 100—200 mm?* - 17" during the
bloom of the blue-greens in summer), the water
must be considered to be at least eutrophic. At
present there are no generally accepted guide-
lines for classifying the trophic states of brackish

waters (SCHLUNGBAUM & NAUsCH 1982). During,

the main vegetation period phytoplankton
growth can be expected to be limited increasing-
ly by light. Major daily fluctuations in the
values for in situ primary production support
this speculation (BORNER 1980). But neither
the biomass development nor the in situ
primary production values for the period 1969
to 1979 show a distinct trend in the develop-
ment of the bodden waters (Pankow & KELL
1980). '

Investigation of microbial activity in the
waters has confirmed their eutrophic character.
Despite fluctuations of considerable amplitude,
the bacterial cell counts and biomass values
obtained during the summer consistently yield
the same plateau values (Jost & BaLLIN 1984),
Due to the shallowness of the waters and their
degree of eutrophication, the detritus plays an
important role in this respect, whereas the
effect of the dissolved organic matter is ob-
viously of only minor importance (VIETINGHOFF
1982).

The importance of the zooplankton in terms
of biological production has clearly declined.
Productivity curves with a single peak (75%
of the annual biomass in April/May; 5 mm?
17"y and a high mean annual primary produc-
tion lead to ratios of 6...7.4:1 (eastern, more
saline parts of the boddens) to 12:1 (western,
more limnic parts of the boddens) between gross
primary production and the rate of grazing by
zooplankton. The dominance of the copepods
(represented by only a few species) in the eastern
parts and the increasing dominance of the
rotifers towards the western end of the boddens
is striking (ScHNESE 1980D).

The results obtained hitherto permit no
estimation of the limits to which the boddens
can be loaded, nor can they be used to predict
how the boddens will develop if nutrient inputs
continue to increase. Moreover, the complexity
of the interactions between the free water and
the sediment make it very difficult to interpret
the results in ecological terms. It is therefore
necessary to consider the pelagic zone and the
sediment separately for experimental purposes
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in order to distinguish between causes and their
effects.

Basing our approach on the experience

‘gained by other authors (Barica et al. 1980,

KoMARKOVA 1979, WaLL & BRrianD 1979,
ZEITZSCHEL 1978) and our own experimental
investigations performed in 1980, we turned
our attention in 1981 to a short-term structural
and functional analysis of a compartmentalized
model of the pelagic system (PEKOM). By
restricting our attention to the ecosystem com-
ponents bdcterioplankton, phytoplankton and
herbivorous zooplankton we were able to use
relatively uncomplicated enclosures. Laboratory
studies performed in parallel were used to
ensure that the in situ experiment and the
laboratory experiment were as closely related
as possible. The aim of the experiment was to
answer the following questions:

— How would the biocoenosis respond to a
change from nitrogen limitation to phos-
phorus limitation?

- To what extent is the system at present N-

limited?

— Are diurnal rhythms changed or induced
as a result of the NH; import?

— How much NH; can still be imported
without affecting the stability of the bio-
coenosis?

— In which direction can the development of
the structure and capacity of the biocoenosis
be directed by management?

Attention was concentrated not only on
obtaining theoretical knowledge regarding the
adaptation of eutrophic pelagic biocoenoses
but also on aspects that permit or assist in the
practical utilization of the waters.

2. The summer situation in the Zingster Strom

During the summer the biocoenosis is as a rule dominated
by the blue-greens, which can account for up to 909, of
the biomass. The principal species are Oscillatoria lim-
netica, Merismopedia punctata, Aphanizomenon flos-
agquae, Nodularia harveyana, Anabaena spec. and Gom-
phosphaeria lacustris. These are accompanied mainly by
the green algac Monoraphidium contortum and Scenedes-
mus guadricauda, whereas the diatoms ( Stephanodiscus
hantzschii) are present only in low abundances.

The water body of the Zingster Strom (Fig. la) is 6 m
deep (maximum depth: 10 m) and is generally well
mixed due to the constant alternation of inflow and
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Fig. 1a Map of the DarB-Zingst estuary system.
@ = Location of the investigation area.

outflow. Due to this additional energy input the poten-
tial primary production of the Zingster Strom is ca.
1/3 higher than in the Kirr Bucht, a region of shallow
water immediately adjacent to it (ScHiewer 1984). The
water temperatures during the summer are about 20 °C.
CO, limitation has never recorded. Extremes in the
oxygen situation are restricted to densely vegetated
shallow water regions. As can be expected of a highly
cutrophic brackish water, the pH values of 8.2—9.0 are
relatively high.

The experimental studies started on 10 July 1981 at
the end of a period of good weather (5—11 July 1981).
Global irradiations over 2,000 J - em ™2 d " were meas-
ured during this period. Thereafter (12—17 July 1981)
global irradiation was about 1,250J -em ?+:d"'. In
view of these conditions, the carbohydrate reserves in
the phytoplankton in the cvening of 9 July 1981 must
have been high, but those of N and P were probably
low. The decline of an Oscillatoria limnetica bloom in
the Zingster Strom and the four enclosures coincided
with the period of investigation.

3. Material and methods
3.1. Enclosures and experimental measures

The four enclosures consisted of plastic com-
partments with a volume of 1 m* each with
open surfaces of 1 m%. All four enclosures were
filled during the late afternoon on 9 July 1981
with thoroughly mixed water taken from the
Zingster Strom at a depth of 1.5 m. Checks
showed that in terms of salinity, nutrient and
chlorophyll-a concentrations, bacterial bio-
mass and bacterial cell count the initial con-
ditions were identical in all enclosures. The
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fraction of the biomass accounted for by
herbivorous zooplankton, in contrast, differed
greatly from one enclosure to the another. The
experiment began at 0430 hrs on 10 July 1981
when the baseline values were recorded and
NH; and a NH; + PO}~ mixture was added
to the different compartments. The amounts
added and other details are given in Fig. 1b.
Since the salinity of the surrounding water
fluctuated constantly (sinking to 2.6%, on
occasion), the stability of the original salinity
(4%,,) was used to check the integrity of the
enclosures during the experiment. Inspection
upon conclusion of the experiment confirmed
that the plastic enclosures were still completely
intact.

The experiment involved not only the in-
vestigation of samples from the four com-
partments and the Zingster Strom but also of
samples from subenclosures with incubation
times of 1224 h. Standard methods, modified
in some cases, were used to record environ-
mental parameters, the structural elements of
the biocoenosis and capacity.

3.2. Sample collection and analysis

Samples were collected with a sampler daily
at 0500 hrs, 1330 hrs and 2100 hrs. Additional
samples were taken at 0700, 0900, 1100 and
1700 hrs on the first two days and the last day
of the experiment. The contents of all enclosures
were thoroughly mixed manually by paddles
before each sampling. This ensured uniform
sample quality but did not prevent the forma-
tion of an oxygen gradient (particularly in
enclosure C) between samplings. The following
physical, chemical and biological parameters
were recorded:

a) daily global irradiation (Marines Observatorium
Zingst) and photosynthetically active radiation at wave
lengths of 425 nm (blue), 545 nm (green), 660 nm (red)
and as white light measured with the LM 2 radiation
meter (WALTER 1981)

b) temperature, wind direction and velocity, direction
of the current in the Zingster Strom

¢) nutrients (phosphate, nitrate, nitrite, ammonium and
iron). The samples were analyzed for nutrients imme-
diately after they had been taken. Analysis was done by
standard methods (Ronpe & NEHRING 1979) using flow-
through analyzers (VEB MLW Medingen, Freital)
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Enclosures
Equal parts of water from the Zingster Strom
1m3 plastic compariments with 1m? open surfaces

Different nutrient supplies

A B c D

+50pmol1™! NH control +12,8pmol- 1"V NH Y «270pmolt T KK}

+18,1 pmol.1 -1 POE'

Nutrient status

P-limited N-limited without N-and

P-limitation

P- limited

Fig. 1b. Scheme of the complex investigations of the effects of NH;" on enclosed
pelagic plankton populations from the Zingster Strom.
Investigations: environmental factors (including temperature, light, pH, salinity, nutrients);

bacteria, phytoplankton, herbivorous zooplankton; productivity a) in situ, b) in vitro (light
incubator), ¢) in sub-enclosures; comparison with field populations in the Zingster Strom.
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d) total carbon concentration of the water by means of
the Warburg apparatus (HUBeL 1966) and the oxygen
concentration using O, electrodes and an automatic
recorder (WALTER 1981)

¢) chlorophyll-a after methanol extraction (RIEMANN
1978) as total chlorophyll, active chlorophyll and
phaeophytin. The figures show only the active chloro-
phyll concentration. The factor 75 was used for conver-
sion to carbon

f) in situ primary production by the "*C technique in
light and dark bottles after ScHinpLER et al. (1972)
expressed as total '*C fixation and by in situ O, electro-
des. The excreted fraction of the '*C was also recorded.
The radioactivity was measured in a scintillation
counter!)

g) the heterotrophic potential means of *C glucose net
uptake at 7 concentrations (from 0.32 - 334 pg - 171 C)
after 1 h incubation, fixation with formalin and filtra-
tion. The values were analyzed by means of the EADIE
transformation of the MICHAELIS-MENTEN equation

h) bacterial production by the dark fixation of NaH"*CO,
using the RoMANENKO method (ROMANENKO 1964)

i) zooplankton biomass and grazing rate by the methods
described by ScHNESE & HEERKLOSS (1978)

J) bacterial count and bacterial biomass estimation by
a modification of the method described by ZiMMER-

1 We wish to thank Dr. ScHurze of the Physiochemical Institute
at the Medical Faculty of the Wilhelm-Pieck-University
Rostock for performing the numerous measurements.

MANN & MEYER-REIL (1974) as modified by Jost &

BaLLin (1980)

k) saprophyte count and groups by means of the standard

method (NEUBERT 1978)

1) phytoplankton count, volume and species by UTER-

MOHL's (1958) method after fixation of the samples

with Lugol’s solution

m) detritus after Georai et al. (1980).

 The following aspects were investigated by laboratory

experiments and in the subenclosures:
daily respiration variation (O, electrodes), changes
in light saturation and the compensation point of
the phytoplankton (O, clectrode)
.dependence of the '*C fixation rate on light intensity
at the natural water temperature in a light incubator

— determination of nutrient limitation during a short
term test in the light incubator by means of the dark
fixation rate and the effect of NH,Cl and Nal,PO,
addition on nutrient limitation

- effect of 12 h preincubation with NH,Cl, NaH,PO,

and a combination of both substances on the light
and dark fixation rates in a light incubator in sub-
enclosures with a volume of 51

— the NH; rhythm in subenclosures made of Jenaer
glass and under laboratory conditions.

" The values were converted into C-equivalents by

means of the plankton equivalents elaborated for the

boddens south of Darss-Zingst by HEERKLOSS & VIETING-

HOFF (1981). All measured values were statistically

analyzed : standard deviation, confidence interval, cor-

relation coefficient, rank correlation coefficient after

SPEARMAN and STUDENT's f-test.
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4. Results and discussion
4.1. NH; rhythm and chemistry of the water

The results from enclosure A (Fig. 2) show that
after irregular fluctuations on 11 and 12 July
1981 an ammonium rhythm coupled with the
day/night rhythm set in on the third day (13 July
1981, 0500 hrs): ammonium liberation during
the night and ammonium uptake during the
day. This rhythm is significant at the o« < 0.01
level from 13—16 July 1981 (STUDENT'Ss t-test).

Comparable results were obtained from
enclosure D (Fig. 3), where due to the higher
ammonium concentration used, the fluctuations
were more striking. No stable rhythm appeared
in enclosure D until the fourth day after the
ammonium had been added, but thereafter it
also remained significant at the « < 0.05 level
from 1416 July 1981. In this enclosure the
mean minimal value of the free ammonium N
of ca. 60 pmol NH, was distinctly higher
than in enclosure A (ca. 5 pmol). By the end
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of the investigation period the majority of the
ammonium N added was again present in free
form in enclosure D (Fig. 3). Comparison of
the absolute NH, uptakes by the plankton in
these two compartments shows that consider-
able proportions of additional NH," can be
taken up when surplus NH; is available.
Investigations by MurpHY & BROWNLEE (1981)
into populations of blue-greens in hypertrophic
lakes yielded the same result. This behaviour
obviously gives the blue-greens some sort of
advantage in competition with other algae.

Both enclosures, with active chlorophyll-a
concentrations of 70 and 68.3 pg - 17! respec-
tively (cf. Figs. 2 and 3), had identical initial
photosynthetically active biomasses. Their re-
latively small increases to 91.3 and 100.3 pg 1™
chl-a respectively show once again that nitrogen
limitation in the Zingster Strom is only slight
(ScHiEwER 1984). The drop in chlorophyll con-
centration up to 16 July 1981 correlated with
the appearance of a larger proportion of free
ammonium.
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Fig. 2. Dissolved POJ~, NH; and NO; in enclosure A (umol - 17%).

0430 hrs on 10 July: control values without addition of nutrients. Arrows and figures: time and amount of NH; added. Samples
collected at 0300, 0700, 0900, 1100, 1330, 1700 and 2100 hrs. Dark parts of the abscissa: periods from sunset to sunrise. The diurnal
NH; rhythm is significant at the z < 0.01 level from 12 July—17 July 1981.
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Fig. 3. Dissolved NH; and NO; in enclosure D (umol -171).
Further particulars as for Fig. 2. The diurnal NH;" rhythm is significant at the x < 0.05 level from 13 July—17 July 1981,

As far as we are aware from the literature at
our disposal, these results show for the first
time that NH, storage in phytoplankton
populations under conditions of limited growth
cannot be maintained but breaks down rhythm-
ically. The mechanism assumed to underly this
process is dealt with in SCHIEWER & BAADER
(1982).

The NO; and NO, concentrations, which were
determined parallel to the NH, levels changed only
slightly in the course of the investigations (Figs. 2
and 3). A trend towards higher NO, concentrations
is apparent in enclosure D only. The PO}~ concen-
tration (Figs. 2, 3, 5) remained constant between 0.2
and 0.4 umol - 17! POI".

The similarity between the changes in concentration
and between the concentrations of free PO; ., NO,
and NH; in enclosure B and the Zingster Strom is
striking (Fig. 5). This also shows that in the boddens
there is no correlation between the free P or N con-
centrations and the photosynthetic performance of the
plankton population (Figs. 3, 4).

In enclosure C, which received additional
PO;~ and NH,; (Fig. 5), there are signs of

NH:’ oscillations (temporary NH; surplus)
on 14 and 15 July 1981. In this compartment
the NH,” concentration of 112.8 umol -17!
after NH, addition was reduced to the initial
concentration of 5... 10 umol - 17! within 7 days.
The NH;" concentrations in neither the other
three enclosures nor in the free water did not
drop substantially below this figure. Under
eutrophic conditions with a high nitrogen input
the algal populations obviously have high K,
values which, together with an appropriate
nitrogen turnover rate, lead to a relatively high
free NH,™ concentration. From results obtained
with Microcystis firma in a hypertrophic lake,
Kappers (1980) concludes that there is a
connection between the half-saturation value
for uptake and the free NH; concentration.
The fact that a° Nodularia bloom, which fixes
N,, nevertheless took place in enclosure B
is remarkable.

The absolute phosphate uptake capacity of the bio-
coenosis in enclosure C was about 12 pmol - 17!, Related
to the initial concentrations, four times more P than N
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Further particulars as for Fig. 2.

was taken up. Like in compartment D, NO; concen-
trations were above normal in compartment C on the
6th day.

4.2, Biomass and detritus

4.2.1. Phytoplankton

The phytoplankton biomass values calculated
from the active chlorophyll-a concentration
and the biovolume are in good agreement.
Substantial discrepancies appeared only in
enclosure D on the 6th and 7th day when, due
to the Nodularia bloom, the biovolume increased
very rapidly. Figs. 6—9 give only the values
for active chlorophyll-a. The phaeophytin con-
tent of the total chlorophyll-a was 35—40%,
virtually throughout the experiment.
Enclosures A, B and D, with an initial
biomass of 68—70 ug - 17! chl-a, achieved
biomasses of 83 (enclosure B) — 97 pg 17!
(enclosure D) on the 7th day. The differences
are significant at the « < 0.05 level. The curves

showing the biomass development plotted
against the time differ (Figs. 6, 7, 9): in en-
closures A and D the biomass had reached
its maximum on the 12 July, but in enclosure B
the biomass first passed through a minimum
before reaching its maximum on 16 July.

Biomass development in all three of these
enclosures was finally restricted by phosphate,
because even in enclosure B N-limitation was
overcome by N-fixation. The phosphorus sur-
plus in the algae at the beginning of the experi-
ment was, even if accelerated turnover is
assumed, not high and permitted the phyto-
plankton biomass (o increase only by a factor
of 1.3.

During the experiment, the phytoplankton biomass
in the Zingster Strom rose on occasion to 130.5 pg - 171
(15 July 1983). This was less the result of P-remineraliza-
tion from the sediment than the outflow of water which
transported denser phytoplankton populations into the
Zingster Strom from the inner boddens.

The simultaneous addition of P and N in
enclosure C (Fig. 8) permitted the biomass to
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groups, detritus and biomass in enclosure B (B).
(Cf. Fig. 6 for details).

increase to 223 pg -1 ! chl-a in the course of

the experiment. The plateau reached on the
6th and 7th days is mainly a result of the onset
of light limitation. According to results obtained
during the IPB (LE CrEN & Lowe-McCONNEL
1980), biomass values of 150—620 pg - m 2
chl-a represent the threshold at which light
limitation starts in limnetic waters.

The development of detritus took place as
expected (Figs. 6b—9b). It is striking that on
the 6th and 7th days the values for enclosures C
and D are significantly (z < 0.10) higher than
in enclosures A and B. The physiological status
of the algal populations changes with the onset
of light limitation, and this is probably asso-
ciated with a drop in the C:Chl-a ratio to
values <75. Due to the absence of proof,
however, this was not taken into account when
converting the biomass into pg C for Fig. 8.

The changes in the biomass and detritus are

associated with significant changes in the
species composition of the phytoplankton po-
pulation, particularly in regard of the relative
percentages of the blue-greens, the greens and
the diatoms (Figs. 6a—9a). The occurrence
of the Nodularia harveyana bloom in enclosure
B from 1516 July 1981 (N, fixer), the great
increase in the numbers of the flagellate Mallo-
monas spec. in compartment D and the prolife-
ration of the green algae Monoraphidium con-
tortum and Scenedesmus quadricauda (by a
factor of 5) in enclosure C are particularly
striking. The situation in enclosure A, in
contrast, remained almost unchanged.
Barica et al. (1980) reported on shifts in
favour of the green algae and cryptomonads
in algal populations when nutrient supplies
increase. The multiplication of Mallomonas
in enclosure D indicates a development rather
towards a more heterotrophic system.
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4.2.2. Bacteria

Unlike the phytoplankton, the bacteria showed
no statistically significant changes in cell num-
ber-or biomass except in enclosure C (z < 0.05)
(Table 1).

The lack of variability shown by the total
bacterial count is in good agreement with the
results obtained in the far less eutrophic
Kieler Férde (RHEINHEIMER 1978). It is surpris-
ing, however, that neither the increased NH,
input (enclosure D) nor the above normal phyto-
plankton biomass in enclosure C had any
appreciable effect on the bacterial biomass.
LArssEN & HAGSTROM (1979) reported a rapid
increase in bacterial biomass and bacterial

counts in connection with a spring bloom of

diatoms.

Since the ratio between pigmented and non-
pigmented saprophytic bacteria was found to
vary in rhythm with the day/night cycle, we
suspect that, under the prevailing conditions,
fluctuations in bacterial activity were sufficient
to compensate for phytoplankton-induced
changes in the pelagic zone. This is supported
by the substantial diurnal variations in bac-
terial performance (see below). According to
BELL (1980), a fourfold increase in bacterial
activity is sufficient to prevent the accumula-
tion of organic substance when the blue-greens
bloom.

Our results also show that major short term
fluctuations in bacterial counts and bacterial
biomass in the boddens south of Darss-Zingst
(Jost & BaLLiN 1980) are as a rule caused by
sediment turbulence.

4.2.3. Herbivorous zooplankton

Patchiness and flight ability are obviously the
cause of the differences between the enclosures
in regard of the initial situation.

It was therefore rather difficult to calculate
statistically significant differences.

In enclosures A, B and C the zooplankton
biomass had proliferated to about the same
extent (2.9 to 4-fold) within 7 days (Table 2).
This increase was due mainly to the develop-
ment of the naupliae of the dominant calanoid
copepod, Eurytemora affinis, to the copepodid
stage. In enclosure D, in contrast, the mortality
rate for this species was about 959, possibly
as a result of the high concentration of toxic
NH;. Mortality of the copepod Acartia tonsa,
which is obviously even more sensitive, was
100 % in both enclosures C and D, The cladocer
Podon polysphaericus, which was able to main-
tain its biomass only on enclosure B, showed
a similarly sensitive response. In contrast,
the cladocer Chydorus sphaericus, which is typi-
cal of eutrophic waters, increased its biomass
in all four enclosures. The large numbers of
eggs show that all enclosures provided good
conditions for the development of this eury-
ecological microfilterer.

At the beginning of the experiment, the plank-
ton was dominated by the three rotifers Bra-
chionus quadridentatus, Filinia longiseta and
Keratella cochlearis. Mortality of K. cochlearis,
which lives almost exclusively as a planktic
form, was almost 1009 in all enclosures,
possibly due to lack of turbulence, but the
two other species proved able to maintain

Table 1. Comparison of bacterial counts and biomasses in the enclosures at 0500 hrs on 10 July and 2100 hrs on

16 July 1981.

A factor of 0.1 was used to convert mg wet weight into mg C. cou. = counted; cal. = calculated by linear regression between duration

of experiment and bacterial counts.

Enclosures 0500 hrs, 10 July 1981

2100 hrs, 16 July 1981

Bacterial count Biomass Bacterial count Biomass

10° - ml ™! pg L E 10° - ml ™! ug 171 C

cou, cal. cou. cal. cou. cal. cou. cal.
A 7.09 1.67 2360 2220 9.21 8.85 2420 2270
B 8.97 7.42 2530 2100 8.46 8.70 2400 2400
C 7.45 7.63 2160 2140 5.84 9,54 2560 2440
D 8.00 7.98 2160 2320 9.06 9.92 2630 2760

2 Limnologica 17, H, |
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Table 2. Initial biomass, final biomass and proliferation factors for the herbivorous zooplankton in the enclosures

inpg -17" Con 10 July and 16 July 1981

Enclosures

Biomass Proliferation rate
10 July 16 July

A 554 1611 29

B 338 1152 3.4

c 234 945 4.0

D 522 86 0.2

their populations, although with lower num-
bers of individuals. The great increase in the
‘biomass of the green algae in enclosure C may
have been the cause of the signs of exponential
development of the B. quadridentatus popula-
tion in that enclosure.

Long-term experiments must be performed
to permit analysis of the distinct changes ob-
served in the structure of the zooplankton
populations.

4.3. Metabolic performance

4.3.1, Primary producers

The in situ results obtained by the '*C method
and by O, measurement using electrodes were

D
1600
101203
L 800
o 400

in good agreement with each other (Figs. 10, 11).
Production rates were about the same in en-
closures A, B and D, but production rate in
enclosure C was considerably higher from

13—16 July 1982 (x < 0.05). As expected,
significant correlations (« < 0.05) were found
only with the daily global irradiation (A, B:
F=0.82: D: r =0.73). No such correlation
was found for enclosure C due to the constantly
growing biomass and the resultant changes in
light absorption capacity.

" Measurements show that respiration in en-
closures A and B decreased significantly
(2 < 0.10) as a result of the decrease in global
irradiation. This reduction is only slight in
enclosure D, and in enclosure C respiration
remained roughly constant throughout the

I irradiance
E== “C method
1 0, method

b 0 m

J.cmZd?

43050

1330 2100 500 1330 100 S0 1330 2100 50 1330 700 500 13D 20.00 500 1330 200 500 1330 00 500
10.7 n? 127 137 14.7 15.7 167 177

Fig. 10. Daily production values in enclosures A (A) and D (D) (ug - 17! C - d ') and daily global irradiation sums
(J-em 2 -d ). Production measured as total **C fixation and O, measurement in situ with O, electrodes.
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107 n.7 12.7 13.7 1.7 15.7 16.7 1727

Fig. 11. Daily production values in enclosures C (C) and B (B) (ug - 17" C - d™') and daily global irradiation sums
J fem™Td~1y,
(Cf. Fig. 10 for further particulars).

---------- total “C assimilation
’ D —— particle-bound ™C assimilation lO.-’.OPmJ

b o

pg C-(pg chialh’
i

8 -
6 4
44
2-
T T T N T T 7 B T 7 T BN T 7 O T
430500 1330 2100 500 1330 2100 500 1330 2100 500 1330 2100 500 1330 2100 500 13.30 21.00 500 1330 2100 500
10.7 1.7 12.7 13.7 14.7 152 16.7. 177
Fig. 12. Assimilation numbers of the phytoplankton in enclosures A, B and D (ug C - (ug chl-a)™' - h™').
Measured by incubation for 90 min in light incubator at temperature of natural water. = total "*C fixation, = particu-

late "*C fixation (Synpore filter, 0.40 ym pore size).
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Fig. 13, Assimilation numbers of the phytoplankton in enclosure C and in the Zingster Strom (g C *(pgchl-a) '+h '),

(Cf. Fig. 12 for other particulars).

experiment. In enclosure D the ratio between
gross photosynthesis and respiration changed
clearly in favour of respiration (from 3:1 to
1.6:1).

The phytoplankton excretion values measur-
ed in situ amounted to ca. 20 %, of the total '*C
assimilation. Major fluctuations are partic-
ularly typical of enclosure D, whereas in enclo-
sure C the values were always below 10 % from
14 July on.

The in vitro experiments (light incubator),
by eliminating light and biomass as variables
(inclusion of the chlorophyll-a concentration),
permitted genuine comparison between the
enclosures and the Zingster Strom. In other
words, they allowed the influence of the nutrient
situation to be investigated (Figs. 12, 13). The
assimilation numbers found in this way were of
the same order as those obtained for phyto-
plankton from shallow Danish Fjords (GArRGAs
1980) and from Lake Trummen in Sweden
(GeLiNn & RipL 1978).

The constancy and the considerable adapt-

ability of the phytoplankton to the changed
conditions is astonishing. Although in enclo-
sures A and D N-limitation was changed to P-
limitation, NH; loading reached its limits
in enclosure D, and a bloom of nitrogen-
fixing blue-green algae set in in enclosure B,
the photosynthesis rates per unit chlorophyll-a
were almost identical in all three enclosures.
The total C fixation rate fluctuated more
than the particle-bound '*C fixation rate. On
the 7th day, for instance, significant differences
were observed between enclosure B and en-
closures A and D: the N, fixing phytoplankton
population excreted large amounts of fixed **C.

The rate of photosynthesis per unit chloro-
phyll only increased significantly (particulate
4 fixation rate increased from 3.3—6 and
from 3.8—10.7 respectively) when the phospho-
rus and nitrogen imports were increased si-
multaneously. Under these conditions, it even
significantly exceeded the photosynthesis rate
of the phytoplankton in the Zingster Strom
on the 7th day. The increased performance
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Table 3. Heterotrophic activity: V'

IEES
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fluctuations for glucose uptake in the different enclosures. Maxima and

minimainpg -1~ -h™!

Enclosures Minima Maxima

A 1.9 (2100 hrs, 10 July) 24.7 (1300 hrs, 16 July)

B 1.9 (1700 hrs, 10 July) 21.6 (0900 hrs, 16 July)

s 2.7 (1300 hrs, 11 July) 47.1 (1300 hrs, 16 July)
14.7 (0500 hrs, 16 July)

D 2.0 (2100 hrs, 16 July)

capacity of the phytoplankton community
per unit biomass and its stabilization in en-
closure C as a result of nutrient import are the
main causes of the increase in biomass.

According to SENFT (1978) the dependence of photo-
synthesis by algae on nutrient supply can be described
by a saturation function. This certainly also applies
to the different species in our pelagic community. Quan-
titative and qualitative variations in the composition
of species will be superimposed upon this function be-
cause different species will find the conditions parti-
cularly good. If the nutrient import can maintain high
rates of photosynthesis for a certain time, the result
can be a highly productive plankton community with
one or more dominant species.

432, Bacteria

Turnover times of 1 ... 2 hours in the hetero-
trophic potentials of all enclosures show that
the pelagic zone is definitely eutrophic (cf.
HaupoLp 1981). This conclusion is corroborat-
ed by glucose uptake as ¥, rates of 1.9 to
47.1 pg-17' - h™! (Table 3). The large short-
term fluctuations in the maximum glucose
uptake rates are particularly striking. On 16 July
1981, for instance, the V, rate fluctuated
between 2 and 15 in enclosure D, between 3.2
and 21.6 in enclosure B and between 4 and

25pg - 17" -h™" in enclosure A. These results
clearly show that fluctuations in activity can
compensate for changes in the enclosure.

Despite the considerable amplitude in the
fluctuations of the ¥ values, the highest
values were as a rule obtained at 0900 hrs.
This is possibly related to the cell division of
the bacteria which, in North German lakes,
reach its maximum in the early morning
(KRAMBECK 1978).

Comparison of the ¥, values for 16 July
shows that in terms of glucose uptake the differ-
entiation between the enclosures probably
follows the trend C > A > B > D. The re-
duction in the glucose uptake rate in D is
associated with a change in the bacterial species
composition: the peptide consuming species
proliferated at the expense of the carbohydrate
consumers.

In enclosures A, C and D bacterial produc-
tion was increased considerably by the import
of NH, on 10 July. This cannot be considered
an expression of a general increase in metabolic
activity, however, but a consequence of the
previous nitrogen deficiency. Bacterial produc-
tion at first declined rapidly in enclosure D
(Table 4), but on 16 July enclosures A, Band D
scarcely differed, whereas the production rates

Table 4. Bacterial production (carbon in pg - 17" - d ') and bacterial generation times (h) in the different enclosures.

Changes during the experiment

Date A B C D

prod. gen. prod. gen. prod. gen, prod. gen.
10 July 490 14.8 160 344 790 10.8 810 10.7
11 July 150 35.7 190 20.6 370 15.6 170 27.3
12 July 210 24.1 220 24.1 360 16.4 130 45.7
13 July 230 26.5 250 24.6 340 19.0 130 53.8
14 July 290 18.1 300 19.0 270 229 170 24.3
16 July 230 23.3 210 25.7 330 17.7 230 27.8
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in enclosure C were about one third higher
than in the others.

The mean bacterial generation times were
between 23 and 27 hours. They were slightly
shorter (18 h) in enclosure C and distincly
longer (53.8 h) in enclosure D. The greater
mean generation time in enclosure D can be
considered an expression of the loading of
the pelagic system due to the high NH; im-
port.

4.3.3. Herbivorous zooplankton

At the end of the experiment the specific filtra-
tion rates (pl - iI‘lcl._I *h™") of the two dominant
species, Eurytemora affinis and Chydorus sphae-
ricus, in all enclosures and in the Zingster
Strom were measured. The filtering rates in
enclosure A proved to be closest to those ob-
tained for the Zingster Strom. The specific
filtering rates of both species correlated positiv-
ely with their production rates in the different
enclosures.

Table 5. Feeding rates of the herbivorous zooplankton
(Chpyiom, 0 pg-171d7").
Comparison of initial and final values together with

value of their quotients (1 pg DW= = 0.45 pg C).
Enclosures  Feeding rate Quotient
16/10 July
10 July 16 July

A 415 810 1.9

B 252 560 2.2

C 174 470 2.7

D 39] 40 0.1

Table 5 shows how the absolute feeding
rates changed in the different enclosures.
They increased in enclosures A, B and C and
decreased in enclosure D.

Due to the small number of herbivorous
zooplankton species, stress situations under
these conditions have a more persistent effect
on the zooplankton than on the phytoplankton
or bacteria. However, despite the disappearance
of species, relatively stable performances were
in some cases retained for restricted periods
of the experiment.

The feeding activity of the zooplankton
followed a diurnal rhythm (Fig. 14). This,

U. Scriewer et al.
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Fig. 14. Diurnal rhythm in food uptake by Eurytemora
affinis. '"*C method; measured from 10—11 July 1981

however, is of only minor importance in con-
nection with the NH,” rhythm that was ob-
served because, for instance in enclosure D,
there was scarcely any grazing activity at all.

5. Conclusions
5.1. Load capacity and rhythm

The performance potential and load capacity
of the pelagic zone of the boddens are not yet
being fully utilized during the summer, partic-
ularly in the permanently well mixed regions
such as the Zingster Strom. At the phytoplank-
ton level, this is due to the diversity of species.
The total number of algal species hitherto found
in the boddens is 375 (Scun~ese 1980a). Six
genuinely planktic species (Scenedesmus quadri-
cauda, Lyngbya contorta, Stephanodiscus hantz-
schii, Qocystis spec., Monoraphidium contortum,
Gomphosphaeria pusilla and Cryptomonads as
the principal species and another 20 accompany-
ing species are present almost throughout the
year. Changes in the relative dominances of
the species ensure sufficient plasticity of the
overal performance.

The higher assimilation numbers (pg-h™' carbon
per ug chlorophyll) found in the Zingster Strom in
comparison with the Kirr Bucht (35% difference)
(ScHIEWER 1984) are a result of the constant mixing
in the former due to the alternation of inflow and out-
flow (additional energy input into the system as current
energy) and can be verified experimentally by comparing
enclosures A, B and D with the Zingster Strom. They
can thus be considered typical of the whole chain of
boddens.
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The unilateral input of NH, at concentra-
tions up to 50 umol -1°' has scarcely any
effect on the pelagic system in the course of
eight days. Any oscillations in the free NH;
concentration become synchronized to a diurnal
NH,; rhythm as a result of the day/night
alternation.

This rhythm correlates (z < 0.10, SPEAR-
MAN’s rank correlation coefficient) with an
opposing rhythm in the assimilation number
(total 'C fixation). The situation following
an NH, input of 270 pmol -17' is similar
(z < 0.15, SPEARMAN’s rank correlation co-
efficient). This high concentration, however,
not only delays synchronization but also has
a negative effect on the bacterial population
and the herbivorous zooplankton, probably
as a result of the temporarily high NH; con-
centrations.?

According to HELMER & SeEkouLov (1977),
at a pH of 10 and a water temperature of 20 °C
some 75 %, of the ammonium is present as NH,.

When NH; (113 pmol -17') and PO3~
(18 pmol - 17') were added together, their con-
centrations were reduced to 5 ... 6 and 10 pmol
x17! respectively within 8 days. The mean
concentrations in the Zingster Strom during
the experiments were 4 ...5umol -17" NH;
and 0.2...0.4 pmol - 17" PO} . This nutrient
uptake in enclosure C was accompanied by
a 2.8-fold increase in phytoplankton biomass
(measured on the basis of the chlorophyll-a
concentration). This means that light became
the factor limiting further development in
this enclosure.

The results presented here show that in
summer the eutrophic pelagic zone is, because
its NH; import is about 10 times as high as
that of the free water, near the limit of its load
capacity. This is signified by the occurrence
of dangerous oscillations and a gradual transi-
tion to light limitation associated with a three-
fold increase in biomass. In the pelagic com-
munity, the NH,” rhythm we have described
and the correlated fluctuation in the assimila-
tion number were accompanied by diel rhythms
of '*C dark fixation (by algae at suitable N
concentrations) by rhythms in the saprobic

2 Displacement of the dissociation balance NH + OH”
== NH,OH in favour of NH,OH. NH,OH is written as NH;
for the sake of simplicity.
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population and in the filtering and feeding
activities of the herbivorous zooplankton. In
other words, disturbances in the system lead
first to oscillations on the functional plane.
The amplitude of the oscillations increases
with the load until, if the disturbance is great
enough, changes appear in the structures of
the phytoplankton and zooplankton popula-
tions.

Metabolic performance per unit biomass re-
mains relatively constant over a large range of
variation in the level of the disturbance. This
does not apply in regard of the bacteria, how-
ever, which compensate for any external in-
fluences acting upon the system by short-term
fluctuations in activity without appreciable
changes in biomass or bacterial counts.

A rather. close interaction between the bac-
teria and the protozoans seems probable in
view of the high degree of eutrophication.
A closed cycle in the pelagic zone (phytoplank-
ton — dissolved organic matter — bacteria —
protozoans — phytoplankton) would yield
plausible answers to many of the questions
remaining open in regard of the material and
energy flux. Such a closed cycle might in partic-
ular be based on the assimilation efficiency
(50 % for bacteria, not more than 30%, for the
protozoans) and the relatively high mortality
of the protozoans. Appropriate investigations
have already been planned for the coming
years.

5.2. Successions

Although the experiment lasted only eight

days, the following conclusions may be drawn

regarding the trends followed by the pelagic
community in summer:

Enclosure A: The phytoplankton and bacteria
compensate more or less completely for the
NH, import by means of their diurnal
rhythms. The biomass increases, but there
is no major change in species composition
compared to the Zingster Strom. The net
rate of increase in biomass (measured as the
chlorophyll-a concentration) is 0.050 -d ™!
on average, with maximum values up to
0.12-d71.

Enclosure B: Changes in biomass. are accom-
panied by changes in species composition of
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the phytoplankton. Mass development of

Nodularia harveyana fixes N, and thus leads

to a steady state due to P-limitation. The

mean net rate of increase in biomass is 0.045

xd ™!, with maximum valuesupto 0.11 -d~!.
Enclosure C: Development of a highly pro-

ductive system accompanied by a major

increase in biomass and a shift in favour
of the green algae in the species composition.

The onset of light limitation signifies that

the steady state has been reached. The mean

net rate of increase in biomass is 0.21 -d !

with maximum values up to 0.47 -d~".
Enclosure D: The diurnal rhythms of the com-

munity can only compensate for the high

NH, import. Toxic effects appear due to

the occasional presence of large concentra-

tions of free NH,. These slow down the
bacterial activity and, depending on the NH;
concentration, more or less eliminate the
herbivorous zooplankton. The biomass in-
creases, but the species composition remains
the same as in the Zingster Strom except
that the abundance of Mallomonas spec.
increases. There are also clear changes in
bacterial activity patterns. Organic substances
accumulate because, at first, phytoplankton
production remains constant. Declining NH,
storage capacity of the system and an in-
crease in pH during the daytime probably
lead to an occasional “overturn” of the
system into a more heterotrophic state. The
mean nel rate of increase in biomass reaches

0.063 -d~', with maximum values of 0.11

xd™'.

The changes in the species composition of
the phytoplankton are reactions to the changes
in the nutrient situation in the enclosures. The
fact that the grazing rates in enclosures A, B
and C were roughly identical shows that in
a period of 8 days the feeding activities of the
herbivorous zooplankton are insignificant in
our context.

The main factor governing the development
of the succession is the temperature. Due to
the period of fine weather, the temperature
rose from 16.5°C on 4 July to 23.5°C on
12 July 1981. This led to the collapse of the
Oscillatoria limnetica bloom and encouraged
the development of Noedularia harveyana and
Nodularia spumigena, as is shown by the fact
that the response to the increased temperature

U. SCHIEWER et al.

was similar in the Zingster Strom and all
enclosures. The fact that the Nodularia species
developed more vigorously in enclosure B
than in the others is a sign of the fact that this
development is encouraged by a relative nitro-
gen deficiency.

It is striking that the proportion of heterocysts on
the Nodularia flaments in enclosure B was greater
than in the Zingster Strom although the free NH,
and NO; concentrations were virtually the same in
both environments.

Neither 50 nor 270 pmol - 17! NH, led to appreciable
changes in the phytoplankton succession in the course
of seven days. The only hint of any such change was the
more intensive development of Mallomonas spec. in
enclosure D.

The decline of Oscillatoria can be accelerated
by the simultaneous addition of NH, and
PO?~. But the most striking effect is that it
counteracts the effect of the temperature:
despite the high temperatyre, this double
addition encouraged the development of the
green algae (Monoraphidium contortum, Scene-
desmus species) and, to a lesser degree, the
diatom Stephanodiscus hantzschii. Had the
nutrients not been added, these species would,
due to their lower temperature optima, have
been able to resist the competitive pressure of
the Nodularia species.

6. Summary

I. Complex experimental studies (PEKOM) regarding
effects of different NH," inputs on the pelagic system
in the Zingster Strom were performed on enclosed
samples from 9 July—17 July 1981, The short sampling
intervals permitted a detailed analysis of the whole
system.

The Zingster Strom is highly eutrophic in summer, and
its phytoplankton community is N-limited.

2. Under P-limiting conditions (and possibly under
other growth limiting conditions), surplus NH, is
stored in organic form in the cells and is liberated
rhythmically. The synchronization of this rhythm by
the alternation of day and night leads to a diurnal
variation in the pelagic NH, concentration. This
NH;" rhythm, which was described for the first time by
ScHIEWER & Baapner (1982), is restricted mainly to the
blue-greens. It is an important key to the process of
eutrophication and the role played by the blue-green
algae in eutrophic waters.

The NH, rhythm correlates with the total "*C fixation
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rate of the phytoplankton and with the day/night alter-
nation of the saprophytic population.

3. The load capacity of the pelagic enclosures is not
exceeded in summer by the addition of 50 ymol - 17!
NH, alone. The addition of 270 pmol - 17!, in contrast,
induces obvious disturbances in the system: toxic effects
on the zooplankton and temporary reduction in the
rate of bacterial activity.

4. The simultaneous addition of 113 pmol - 17" NH/
and 18 pmol 17" PO, leads to a 2.8-fold increase
in biomass (measured in terms of chlorophyll-a con-
centration). The biomass of 223 pg - 17! chl-a indicates
that under these conditions light becomes the limiting
factor.

In the course of 8 days the free NH, concentration
was reduced to 10 ... 6 pmol - 17" NH; (normal con-
centration in the Zingster Strom: 4..5pmol-17")
and the PO;  concentration was reduced to 6 pmol
x 17" (normal concentration in the Zingster Strom:
0.2...0.4 umol - 171).

5. The most striking changes take place in the struc-
tures of the phytoplankton and zooplankton popula-
tions. The zooplankton changes are hardest hit on ac-
count of the small number of species present. The rela-
tively slight variation in the bacterial counts and bio-
masses is remarkable. The existence of a closed cycle
(phytoplankton — bacteria — protozoans phyto-
plankton) appears probably.

6. In regard of performance parameters, the assimila-
tion number (ug * h ' carbon per pg chlorophyll-a) of
‘the phytoplankton is fairly stable. It does not increase
significantly until both nitrogen and phosphorus are
added. The tendency to stabilize productivity is also
typical of the zooplankton. Bacterial activity, in con-
trast, is characterized by distinct, and sometimes also
very rapid fluctuations.

7. Although the pelagic system in summer was studied
for only 8 days, the following trends in development
were apparent: Enclosure A: NH; input is largely
compensated for by oscillations that become diurnal
rhythms.

Enclosure B: development of a Nedularia harveyana
bloom which, by N, fixation, leads to a new steady
state due to P-limitation.

Enclosure C: development of a highly productive
phytoplankton system with distinct changes in the
assimilation number and the structure of the phyto-
plankton population: green algac proliferate at the
cxpense of the blue-greens.

Enclosure D: trend to establishment of a more
heterotrophic system due to the development of flagel-
lates and the increased appearance of proteolytic bac-
teria. Occasional elevated NH, concentrations lead
to toxic effects particularly for the herbivorous zoo-
plankton.

8. The principal factor that governed the development
of the succession during the experiment was the tem-
perature. It was the rising temperature that led to the

25

collapse of the Oscillatoria limnetica bloom and the
development of Nedularia species. This situation was
encouraged by increasing N limitation (enclosure B).
When NH; and PO}~ were added simultancously,
the Oscillatoria disappeared rapidly. However, it simul-
taneously permitted the development of green algae
and, to a smaller degree, the diatom Stephanodiscus
hantzschii although the temperature would have been
too high for these species under normal circumstances.

9. The enclosure approach described here has proved
to be a good way of analyzing the pelagic system of the
shallow boddens south of the Darss-Zingst Peninsula
and has the additional advantage of being economical.
The results obtained have permitted a substantial re-
duction of research effort. Further improvement to
the enclosure system will permit even better simulation
of the situation in the boddens.

Zusammenfassung

1. Vom 9. 7. bis zum 17. 7. 1981 wurden am komparti-
mentierten Pelagialsystem (PEKOM) des Zingster Stro-
mes komplexe Untersuchungen zum EinfluBl von NH, -
Eintrigen aul dessen Struktur und Funktion durch-
gefiihrt. Der enge Probennahmeabstand ermdoglichte
eine detaillierte Analyse des Gesamtsystems,

Der Zingster Strom ist im Sommer hoch eutroph.
Blaualgen sind die dominierende Phytoplanktongruppe.
Die Phytoplanktongemeinschaft ist N-limitiert.

2. Unter den Bedingungen einer P-Limitation (wahr-
scheinlich generell bei Wachstumslimitierung) werden
iiberschiissige NH, -Mengen vom Phytoplankton zell-
intern gespeichert und oszillierend freigesetzt. Die Syn-
chronisation dieser Oszillationen durch den Tag/Nacht-
Wechsel fiihrt zur Ausprigung einer NH; -Rhythmik
im Pelagial.

Die von ScHiEwer & Baaper (1982) erstmals be-
schriebene NH, -Rhythmik ist vorwiegend an Blau-
algen gebunden. Thr kommt als wichtiger Schliissel zum
Verstindnis des Eutrophicrungsprozesses und der Rolle
der Blaualgen in eutrophen Gewissern okologische
Bedeutung zu.

Die NH, -Rhythmik ist mit der Rhythmik der Ge-
samt-"*C-Fixierungsrate des Phytoplanktons und dem
Tag/Nacht-Wechsel der saprophytischen Population
korreliert.

3. Die Belastungskapazitat des kompartimentierten
Pelagials wird im Sommer durch den einseitigen Zusatz
von 50 pmol - 17! NH, noch nicht iiberschritten. Der
Zusatz von 270 pmol -+ 1°" NH," fithrt dagegen bereits
zu deutlichen Stérungen im System: toxische Wirkun-
gen auf das Zooplankton, zeitweise Verlangsamung der
bakteriellen Aktivitit.

4. Durch den gleichzeitigen Zusalz von 113 pmol
% 17" NH; und 18 pmol - 17! PO3~ wird die Biomasse
um das 2.8fache erhdht (Chlorophyll-a-Basis). Sie er-
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reicht mit 223 pg - 17" Chl. a einen Wert, bei dem das

submerse Licht zum begrenzenden Faktor wird.

Innerhalb von 8 Tagen werden die freien NH,'-
Konzentrationen auf 10—6 pmol - 17" NH (Normal-
konzentration im Zingster Strom 4—5 pmol - 17') bzw.
6 umol - 17" PO}~ (Normalkonzentration im Zingster
Strom 0,2—0,4 pumol - 17') verringert.

5. Dieauffalligsten Strukturverianderungen vollziehen
sich beim Phyto- und Zooplankton. Auf Grund der
geringen Artenzahl des Zooplanktons wirken sie sich
hier am stirksten aus. Bemerkenswert ist die Konstanz
der Bakterienzahl und -biomasse. Ein kurzgeschlossener
Kreislauf Phytoplankton—Bakterien—Protozoen—
Phytoplankton crscheint wahrscheinlich.

6. Innerhalb der Leistungsparameter ist die Assimila-
tionszahl des Phytoplanktons (pg-h™' Kohlenstolf
pro pg Chl. a) eine recht stabile GrofBe. Erst unter dem
EinfluB des gemeinsamen Zusatzes von N und P wird
siesignifikant erhoht. Auch im Bereich des Zooplanktons
ist die Tendenz zur Leistungsstabilisierung charakte-
ristisch. Demgegeniiber sind die bakteriellen Leistungen
durch deutliche, zum Teil sehr schnelle Fluktuationen
gekennzeichnet.

7. Trotz der nur 8tigigen Analyse des sommerlichen
Pelagialsystems lassen sich Entwicklungstrends fassen:
Kompartiment A: Weitgehende Kompensation des

NH, -Eintrages tiber Oszillationen, die in diurnale

Rhythmen tibergehen.

Kompartiment B: Entwicklung einer Nodularia har-
veyana-Bliite, die iiber die N,-Fixierung cin durch
P-Limitation bedingtes neues Steady State erreicht.

Kompartiment C: Auspriigung eines hochproduktiven
Phytoplanktonsystems mit deutlichen Veriinderungen
in der Assimilationszahl und in der Phytoplankton-
struktur (Férderung von Griinalgen und in geringem
MaBe von Diatomeen).

Kompartiment D: Tendenz zum Aufbau eines mehr
heterotrophen Systems: Entwicklung von Flagellaten,
verstirktes Auftreten proteolytischer Bakterien. Toxi-
-sche Effekte, vor allem auf das herbivore Zooplank-
ton, durch zeitweise hohere NH,-Konzentrationen.

8. Der steuernde Umweltfaktor fiir die Sukzessions-
entwicklung withrend des Untersuchungszeitraumes ist
die ansteigende Temperatur. Sie verursacht den Zu-
sammenbruch der Oscillatoria-limnetica-Blite und das
Aufkommen von Nodularia-Arten. Diese Entwicklung
wird durch cine zunchmende N-Limitation begiinstigt
(Kompartiment B). Bei gleichzeitigem N- und P-Zusatz
vollzieht sich das Absterben von Oscillatoria schneller.
Gileichzeitig kénnen sich vor allem Griinalgen, aber
auch die Diatomee Stephanodiscus hantzschii trotz der
fiir sie zu hohen Temperaturen erfolgreich durchsetzen.

9. Die vorgestellte Kompartimentierungsmethode ist
fiir die Pelagialanalyse der DarB-Zingster-Boddenkette
gut geeignet und besitzt ein giinstiges Aufwand/Nutzen-
Verhiiltnis. Die Ergebnisse gestatten eine erhebliche
Verringerung des Untersuchungsprogramms. Durch
zielgerichtete Verbesserungen am Kompartimentsystem
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kann es den Boddenbedingungen weitgehend angepalit
werden.

Pesiome

PC']}"JT]:TSTH KOMIJIEKCHBIX BOCEMMIHEBHLIX JKCIEpH-
MCHTaJIbHBIX HCC/leoBaHuii B 38TpodHoii cononosato-
BOJHOH 11EJIaI HYECKONR CHCTEME TOKa3bIBAIOT, YTO J10-
Bapnenue 50 Mxmoas x a7 NHY wim 113 mxmoin
®x 17" NHS u 18 mxmone x 17! PO 3~ xopouo nepe-
vocures. Ho npubasiecune 270 Memonb x i~ ' NH
NPOABJISET, HAIPOTHB, TOKCHUECKoe AeiicTBHE Ha 300-
IUIAHKTOH U BHAYAJE BO3ACHCTBYET U HA BaAKTEPHH.

OIHOCTOPOHHEE CMCILCHHE COJACPKUHMA HHTATEIb-
HBIX BellecTs B nonb3y NHY npHBOAMT Kk nosBIeHHIO
NH. -put™uunoctu. TIpH oaHoBpeMeHHOM aobapiie-
uun NH; 1 PO] ™ Guomacca QUTOIIAHKTONA B IEPHOL
ucenenopani ypenuuusaetca B 2,8 paza. Tlpu stom
ceobonHas konueHtpauus NH; cumkaerca jgo 10
— 6 MEMOaL X a7,

B nenaruueckom cooblliecTse U3MEHEHHA B OTHOLLIE-
HUM (HUTO- M 300MJIAHKTOHA ABJIAIOTCA Haubosee 3a-
MeTHBIMH. BruomMacca OakTepuii no4TH He H3MEHseTCs.

Veunennem N-orpanuyeHus (UTOIIIAHKTOHHAA MMO-
NyJIALIHS CMellaeTcs B noJib3dy Na-(ukcupytommx Nodu-
[{H’f‘ﬂ karveyana, M30b1TOK nHTATEILHBIX BELLECTB 1IPH-
BOIHUT K BRIPAXEHHOMY NpeoGiaannio 3eJeHbIX BOJI0-
POCJIEH.
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