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ABSTRACT: A 6-day in situ water exposure in open 40-1 polyethylene bags did not show
physico-chemical deformations of the lake habitat. Phytoplankton production in bags was
almost 50% lower in comparison with open lake water. Phytoplankton biomass and
contribution of algal groups examined approximated in both environments. Six-hour (100 ml
bottles, 40-1 bags) and 6-day (40 1 bags) enrichment experiments (in P, N or P and N together)
were conducted. The '*C assimilation by phytoplankton in variously enriched water
depended on the duration of exposure in situ and the kind of enrichment.
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1. INTRODUCTION

In studies on the influence of inorganic compounds on primary production
processes, which decide about the rate of eutrophication of aquatic environments,
different types of laboratory and in situ experiments enriching the water with nutrients
were used. In these experiments, after adding a specific amouni and proportion of
nutrients, the algae (natural community or cultures) react by an adequate increase of
14C assimilation rate, biomass increment, changes in composition and also the
photosynthetic activity, thus indicating the limiting influence of these nutrients in a
natural environment. These experiments are one of the methods for predicting the
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eutrophication rate of waters. An extensive literature review on enrichment experi-
ments is given by Woroniecka (1976).

The enrichment experiments, the object of which are algal monocultures (S k u I-
berg 1964,1975, Sm a y d a 1964,1974), frequently provide inadequate results for
natural water bodies, because of the different physiological and ecological properties of
natural plankton communities and laboratory cultures of algae. From the ecological
point of view the best experiments are those where examined is the reaction to
enrichment with inorganic compounds of whole water ecosystems from producers
through successive levels of consumers (Zdanowski etal 1975 Schin-
d lieir 1977, FdieiINVo yieib ol stand ¥y O B @ ¢ i 1973).

Undoubtedly such experiments provide the most reliable information on the effect
of changes in the fertility of aquatic environment as they concern all trophic levels.
However, they require at least few years for observations and are extremely time-
consuming, which is difficult in many cases because of the increasing rate of
eutrophication processes.

Studies on factors limiting the primary production in water bodies on the basis of
enrichment experiments in situ, where plankton community is the object, although
some characters of experimental conditions are preserved, seem to provide results
reliable from the point of reaction of producers of a given ecosystem. This is also the
opinion of Schelske etal (1972), Schelske and Rothman (1974),
O’Ba«i en andod e Ny el Fes#(1976):

But there are some technical problems and the fundamental question is how big a
fragment of natural environment can be isolated, and for how long, to have similar
biological processes to those in open water. K uiper (1977a,1977b), Parsons
et al. (1977) in a marine environment and L un d (1972) in an inland environment
have used polyethylene bags of a volume of several tens of tons of water, containing a
natural pelagic community of organisms with representatives of all or almost all
trophic levels, and exposed them for at least 30 days. Whereas Takahashi etal
(1979); O strotsky and Duthie (1973} Crane and Sommer-
feld (1976) have used smaller polyethylene bags of a volume of several thousand
litres and exposed them in situ also for 30 days.

These studies have confirmed that the processes in open water and in limnocorrals
used are similar. But such big corrals used for a longer time are very expensive and time-
consuming. Frequently a faster and cheaper estimation of the limiting effect of nutrients
on production providing sufficiently reliable results is of greater significance.

The aim of the present paper has been an estimation of usefulness of smaller plastic
enclosures, not exceeding 40 1 capacity and exposed for several days. The experiments
were carried out in two lakes of Masurian Lakeland, in the strongly eutrophic Lake
Jorzec (A — 0.41 km?, z max 11.6, Z 5.5 m, dimictic) and moderately eutrophic Lake
Glebokie (A — 0.46 km?, zmax 34.3 m, Z 11.8 m, dimictic) (Woroniecka-de
Weaioh:ite v 1983).
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2. EXPERIMENTS AND METHODS

Lake water with natural phytoplankton was isolated in open polyethylene bags of a
volume 40 1 and in closed glass bottles of a volume 100 ml. Both bottles and bags were
filled with water sampled at the depth 0.5— 1.0 m and exposed during short (6 hours)
and longer intervals (3 and 6 —7 days) in a natural lake habitat.

Polyethylene bags, 25 cm in diameter and 150 cm long, on a metal construction,
floated freely on lake surface, protruding some 20 cm above the water level (Fig. 1). The
open bags allowed for free exchange of gases with the atmosphere, a similar course of
temperature changes, and infiltration of solar radiation in plastic enclosures.

I‘D P N+P
coPtrol ;

Fig. 1. Diagram of a single set of polyethylene bags (volume 40 1, diameter 25 cm, height 150 cm) used in lake
water enrichment experiments with P and P and N

The experimental series had three sets of bags (6 in each set). In each set there was
one control bag (not enriched lake water). In other bags phosphorus (KH,PO,) was
added, simple or in'combination with nitrogen (NaNOj;). The enrichment variants
were: only phosphorus, only nitrogen or a combination of both. Each experimental
variant had three replicates. Concentrations of P-PO, in experimental bags increased 2
— 20 times as compared with the not enriched control, whereas N —NO; — 3 — 6 times.

The N:P (inorganic forms) ratio in control and variants enriched with both
nutrients ranged between 10 and 16, i.e., was balanced considering the algal demand for
nutrients (W oronieck a 1976);in variants with the addition of phosphorus only
it was always less than 10 (8.0—1.6).

During the experiment the reaction of phytoplankton to enrichment with given
nutrients was measured. Changes in the rate of '*C assimilation by phytoplankton in
variously enriched water were measured by the method of light and dark bottles —
technical details are described in Woroniecka-de Wachter (1983).
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As the diameter of bags was small the bottles were incubated in water directly
neighbouring with bags.

The measurements were made three times: in the first stage of the experiment — 6
hours after enriching the water with inorganic compounds, in the second stage — alter
3 days of the experiments, and in the final stage — after 6 or 7 days of the experiment.

During all experiments changes in water temperature were analysed as well as
concentration of dissolved O,, P—PO,, N —NOj in open lake water outside the bags
and also in experimental not enriched bags (control) and those enriched with P and N.
The losses in phosphorus and inorganic nitrogen in the water isolated in the bags were
made up to the given level.

Experiments in bags were carried out in the spring (May, June) and summer
(August) of 1976 and 1977 in both lakes mentioned.

In both lakes, in August 1976, additional water enrichment experiments were
conducted in glass bottles of a volume 100 ml, exposed for a short time (6 hours) in the
lake habitat.

Similarly as in the case of bags, the water in bottles was enriched only with P
(KH,PO,) or Pand N (NaNO;) together, introducing a previously marked solution of
sodium carbonate (Na,'*COj;). Concentrations of P and N in experimental bottles
increased in relation to control similarly as in bags (2—20 times P— PO, and 3—6
times N —NO;). The N: P (inorganic forms) ratio in bottles was similar as in bags.

The bottles were incubated for 6 hours (from 10 a.m. to 4 p.m.) in situ in the lake
and after the incubation the amount of '*C assimilated by phytoplankton in variously
enriched water was estimated.

The experimental series contained bottles with not enriched lake water (control)
and that enriched with P or P and N together in two replicates.

Total dissolved inorganic CO, was determined after Golterman and

Clymo (1969) titrating water samples 0.05 n HCI in the presence of Tashiro
indicator.
, In the lake and in not enriched bags the phytoplankton composition and biomass
" were estimated in water samples of a volume 100 ml fixed with Lugol solution (JKJ)
and 1 ml 4% formalin. Phytoplankton was analysed under an inverted microscope.
Time of plankton sedimentation in sedimentation chambers was about 20 hours for a
5 ml sample. The volume of particular taxa was calculated by comparing algal cells to
.geometric figures. The biomass was calculated assuming 1 mm® as 1 mg.

Measurements of water temperature ("C) and concentration of dissolved oxygen
(mg O,-171) in lake water at the depth of 0.5— 1.0 m were made using oxygen and
thermic electrodes model 2110 — 00 Automatic Multirange Analyzer Delta Scientific.

P— PO, as SRP (soluble reactive phosphorus) was determined colorimetrically by
molibdenian method, where tin dichloride was the reducing agent (Golterman
and Cly m o 1969), with an accuracy 0.001 mg-1~". Nitrates were also determined
colorimetrically utilising the ability of these compounds to form phenol nitro
derivatives with phenoldisulphonic acid, which turn yellow in alkaline solution
(Just and Hermanowicz 1965); method accuracy 0.01 mg-1-1.
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3.1. POLYETHYLENE BAGS AND OPEN LAKE WATER — DIFFERENCES
AND SIMILARITIES OF BIOLOGICAL PROCESSES

3. RESULTS

Altogether seven experiments were conducted in two lakes in both years of
investigations (1976, 1977). Because of the similar character of biological processes
examined in the same vegetation seasons (Figs. 2, 3) the results of four experiments are

presented.

During the 6-day incubation of bags in situ, in both lakes, no significant differences
were observed in temperature, concentrations of dissolved oxygen and concentration
of N—-NO;, P—PO,, between lake water isolated in bags (control) and free lake water.
The differences in temperature did not exceed 1°C, whereas concentrations of dissolved
O,, inorganic nitrogen and phosphorus in control experimental bags and in lake water
were very similar (Table 1).

Table 1. Comparison of chosen physico-chemical parameters of lake water (L) and in control bags (B), in
lakes Glebokie and Jorzec
L — lake (depth 0.5—1.0 m), B — control bags (X from 3 replicates)

Temp. (°C) Oxygen (mg:17') | P—PO, (ug-1°!) | N=NO; (mg-1~})
Lake, date
E B L B i B B
Glebokie 12}y 120 122 10.6 10.6 5 5 0.08 0.08
May 15 14.5 14.3 104 10.6 8 8 0.08 0.08
1977 19| 142 14.5 10.2 104 3 5 0.05 0.05
Jorzec 3 10.0 10.0 10.0 10.0 3 9 1.20 1.20
May 8 7.0 T2 10.0 10.0 5 5 1.24 1.32
1977 11 75 7.8 9.8 10.0 5 5 1.20 1.30
Glebokie 231 16.0 16.1 - - 5 5 0.08 0.08
June 261 220 220 - - 5 5 0.08 0.08
1976 291 230 22.8 - — 5 9 0.08 0.08
Glgbokie 11| 195 19.8 - - 5 5 0.10 0.10
August 13] 170 172 4 o % 5 0.08 0.08
1976 16] 18.2 18.0 - - d 5 0.08 0.08
Jorzec 18 18.0 18.0 - - 10 10 0.07 0.07
August 21] 170 172 -3 o 2 5 0.07 0.07
1976 241 188 19.0 - - 10 10 0.07 0.07
Glebokie 11 23.0 23.0 119 119 ) o 0.08 0.08
August 151.-.21.0 212 10.8 11.0 5 8 0.08 0.08
1977 17} 20.0 20.5 10.0 10.5 5 5 0.08 0.08
Jorzec 41 195 19.5 17.8 17.8 5 5 0.12 0.12
August 71 20.0 20.5 17.6 18.0 5 § 0.10 0.10
1977 10y 21.0 21.2 16.0 16.2 3 3 0.08 0.08
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Although there were no significant physico-chemical differences, phytoplankton
production in control bags (not enriched) had a permanently lower rate as compared
with that in open lake water in both lakes and in all experimental periods (Figs. 2 A,
3 A). The amount of '*C assimilated by phytoplankton in bags was 30 —75% lower
than that assimilated in open lake water. However, the increase and decrease of
production rate in successive experimental periods were always synchionized in bags
and in lake and reflected the changes in the intensity of solar radiation
(Woroniecka-de Wachter 1983).
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Fig. 2. Changes in phytoplankton photosynthesis (**C**ug C-1~'-h ') and total biomass of algae (B, wet
weight mg-1” ') — A and changes in percentage of algal groups in their total biomass — B in open water and
control (not enriched) experimental bags in Lake Jorzec and Lake Glgbokie — in spring
For explanations see Figure 3

Analysis of changes of algal biomass in control bags in consecutive days of
experiments did not show any consistent difference in cornparison with open lake
water. The biomass was both 40%, lower and 1309, higher than that recorded in open
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Fig. 3. Changes in phytoplankton photosynthesis ('*C**ug C-1~'-h~!) and total biomass of algae (B, wet
weight mg-17!) — A and changes in percentage of algal groups in their total biomass — B in open watr and
control (not enriched) experimental bags in Lake Jorzec and Lake Glebokie — in summer

lake water; the direction of changes during each experiment were generally synchroni-
zed (Figs. 2 A, 3 A).

The percentage of algal groups examined: diatoms, flagellatcs, blue-green algae and
green algae, in their total biomass was simila1 in bags and in open lake water, showing
also synchronized changes during each experiment (Figs. 2 B, 3 B).

In the spring phytoplankton community in Lake Jorzec diatoms (Asterionella
formosa Hassall, Fragilaria crotonensis Kitton) dominated, although, both in bags and
in lake, their percentage in total biomass decreased from 80 to 257;, whercas the
percentage of flagellates (dlominant genus Rhodomonas sp.) increased in both phyto-
plankton communities from 10 to 509 (Fig. 2 B).

In spring, in Lake Glgbokie, no significant changes were observed as regards the
contribution of algal groups examined to both phytoplankton communities. But in



118 Urszula Woroniecka

Gtebokie
N:P Bottles - Bags
0 200 0 200 0 200 0 200 400 %
16 |C  Pig Nigol noot oo o4 ool ©F ) S T
8 P('IO] H H
3 P(25) N L

16 p(SO) H H

10 | P+Ni25.250) i

10 | P+Niso. 500) q it
After incubation: 6h 6h 3days Bdays

Jorzec

N:# 0 200 200 200 400 600 200 400 %
16 |C Pis)Niag) T&O" ' hook | g phood U ' N

3 | Piasy ' H

1.6 | Piso) H Hi

0.8 Pr1oo) H H i A

10 [ P+Ni25.250) H h | 1

=

10 | P+ N(SO« 500) H H H i
After incubation: E 6h 3days 6days

Fig. 4. Phytoplankton production (expressed as the percent of the control) in experimental vessels variously
enriched with P or P and N (ug-1~') in lakes Glgbokie and Jorzec (August 1976)
100 ml bottles were exposed for 6 hours, polyethylene bags of a volume of 40 1 were exposed for 6 hours, 3 and
6 days. C — control = 100%;
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Table 2. Percentage variation (of the mean value) of !*C** from three replicates on the basis of all experiments
and its variants in experimental bags
a — after 6 hours, b — after 3 days, c — after 6 days. Successive enrichment levels: Py — P;; — Pyjp — with
phosphorus, Ny — Njj — Nyjp — with nitrogen, P + Ny — P + Ny — P + Ny — with phosphorus and
nitrogen together. See Figure 4

Lake Gigbokie Lake Jorzec
Variant June August May August | August May August
1976 1976 1977 1977 1976 1977 1977
Control
a 26—-28 1 11 7 7 36—27 0
b 12-17 3-6 -9 10 11 55—48
c 46 3 26—18 | 20—-2 1 23 5—10
After 6 hours
Py 21 3 28-20 14—15 | 37-30 | 23—-50
Py 1 2 19-20 — 8-7 12—14 | 42-50
Py - 0 — - 1-2 - -
N 20 — - - - — —
P+ N; 30 18 9—-12 14 3-4 14—-29 | 20—40
P+ Ny 13—-16 3-5 5-2 6 13—10 | 60—80
P+ Ny - - 41-13 | 10-12 - 22-28 25
After 3 days
Py 7-9 2 20—-17 7—16 | 18—17 23 11-30
Py 50—54 5-6 [ A g 8 19 22-25
Py = -5 - - 10—11 & e
N 29-33 - - - - - —
P+ N; 4 11 6 27-25 | 10-2 8 17—-24
P+ Ny 42-43 1 1 10-7 4 17 918
P+N[" G - 18—23 14—13 — 22 13
After 6 days
Py 23-24 | 23-25 5—-16 4—-6 16 45 6-—8
Py £5 4-6 24—42 | 12-3 12 15 11
Py - 3-5 — - 10—11 -~ -
N 80 - — - - - -
P+ Nj 4 1 5 31—-16 8 19 25-43
P + Ny 12 11 0 29—-16 | 22-21 24 35—-19
P + Nij — - 27-32 9 - 24 0




120 Urszula Woroniecka

consecutive days of experiments the contribution of blue-green algae (dominant species

Aphanizomenon flos-aque (L.) Ralfs) and green algae (Sphaerocystis schroederi Chod.)
to total biomass of algae increased. In summer (August) blue-green algae (Microcystis
aeruginosa Kutzing) and dinoflagellates (Ceratium hirundinella (O. F. Miiller) Bergh)
dominated in communities of planktonic algae. The contribution of blue-green algae in
both algal communities examined approximated and was 40— 75% of total biomass,
whereas that of dinoflagellates was 20—40% (Fig. 3 B).

3.2. THE EFFECT OF TIME OF EXPOSURE ON ENRICHMENT
AND THE ESTIMATION OF VARIATION OF RESULTS

Both in experiments with bottles and polyethylenc bags, after 6-hour incubation of
water enriched with P or with P and N, *C assimilation rate increased slightly, in the
majority of cases not more than 20%, of values in control, independently of the amount
and composition of nutrients added; even in Lake Glebokie assimilation of '*C in
variants enriched with P and N together was 50%, smaller than in control (Fig. 4). Still,
after 3 and 6 days of exposure, almost each time the bags were enriched with
phosphorus together with nitrogen or with phosphorus only, the ! *C assimilation rate
increased rapidly.

Phytoplankton production in enriched water was even 6 times higher than in
control in both lakes (Fig. 4). This highest production increase was in bags
simultaneously enriched with both nutrients at their ratio (inorganic forms) equalling
10. The experiment described shows that a short time exposure, regardless whether the
phytoplankton is isolated in small and closed or big and open vessels, does not provide
reliable information about the reaction of phytoplankton to nutrients introduced. Such
results are available only after several days of exposure, which in turn require bigger
experimental vessels open for gas exchange with the atmosphere and regular
enrichment with adequate doses of nutrients.

The variation of results was determined for each variant of experiment in bags
(Table 2). The repeatability of results was satisfactory, although for technical reasons
the repeats in each variant had to be limited to three (bags) or two (bottles). The value of
variation in experimental bags was most frequently 15—45% of the mean and no
essential differences due to either various enrichment or duration of experiment were
observed. The extreme values of variation in case of bags enriched with phosphorus
only, was from 0 to + 529, and in case of bags enriched with the two nutrients, P and N,
from 0 to +70%.

4. DISCUSSION
The experiments in situ try to preserve the conditions closest to those in the natural

aquatic habitat in order to transfer fully the results of experiments into natural
conditicns.
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The use of different kinds of experimental vessels makes it necessary to analyse the
degree of deformation of aquatic habitat by partial isolation.

Comparison of physico-chemical and biological parameters of water isolated in
open polyethlyne bags of a volume 40 1and that in the lake did not show any differences
in the course of temperature, concentration of dissolved oxygen and basic inorganic
compounds P—PO, and N—NOj. These results confirm those obtained by other
authors:uu(G:o I'd m an;i1111962, 10O sitir oif sikily o andicnDiu trhii e 21975,
Takahashietal 1975, Crane and Sommerfeld 1976)in other kinds
of open experimental vessels.

However, phytoplankton production in bags was always some 509, lower as
compared to lake water. In general, these changes were fully synchronized in both types
of habitat: experimental and natural. Constant reduction of photosynthetic activity of
algae in bags could be the result of penetration of solar radiation through bag “walls”
up to 25% of visible light (Goldman 1962, Tak ahas hi etal 1975), but first
of all — of the insufficient water mixinginbags (Verduin 1969, Bender and
Jordan 1970).

At the same time there was a lack directional deformations in the development of
phytoplankton biomass (Fig. 2 A) and in the percentage of main phytoplankton
components (diatoms, flagellates, blue-green algae and green algae) (Fig. 2 B), also the
same dominants were present, indicating thus a lack of essential differences in the
development of phytoplankton communities in bags and in lake water.

Although absolute values of photosynthetic activity of algae isolated in bags are
difficult to transfer into natural conditions, this kind of open vessels can be used in
enrichment experiments as they maintain a similar to natural conditions direction and
character of photosynthetic activity, maintaining simultaneously a similar or identical
phytoplankton composition and biomass. Therefore, bags deform quantitatively the
production processes without changing qualitatively the composition of algal commu-
nities and their functions.

An analysis of changes in '*C assimilation by phytoplankton after 6 hours of
incubation in small closed vessels (bottles) and in open big bags did not show any
significant differences in the algal production rate in any of the lakes, independently of
the enrichment variant and concentration of the inorganic compound added. The slight
production increase in Lake Jorzec after enrichment with P or P and N by some 107
above control values could be an accidental result due to sensitivity of measuring
method rather than to stimulation of production by adding the nutrients. In Lake
Glebokie the inhibition was almost 50%, below control values.

Lack of phytoplankton reaction after enriching it with P or P and N, after 6 hours of
incubation, independently of the kind of vessel applied, and on the other hand, rapid
and greatly variable reactions observed after 3 and 6 days of exposure in bags, indicate
that only few day observation of phytoplankton reaction allows to draw correct
conclusions about the limiting effect of P and N on phytoplankton production. Results
of these experiments are in favour of a 6-day enrichment in polyethylene bags and
suggest a careful interpretation of results after 6-hour exposure of enriched water, both
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in bottles and in bags. Similar conclusions have been reached also by Gerhar't
and Likens (1975), 1O’Bitien vandi die N oy ¢l leisin(1976), bigin-a-
tiades (1977).

Short-lasting enrichment experiments are supposed to provide quick information
about nutrient limiting the phytoplankton growth. The frequently observed here and in
other cases lack of algal reaction to enrichment may be caused by a too short time
necessary for adaptation of algae to new food conditions or by cutting-off from
processes of regeneration the inorganic compounds, which are an important source of
nutrients for phytoplankton under natural conditions (O’Brien and de
Noyelles 1976, Ignatiades 1977, Ejsmont-Karabin 1983)
The addition to experimental vessels of a large concentration of inorganic compounds
and other manipulations with water with phytoplankton may also cause for a short
time an inhibition of biological processes (Holm-Hansen 1969, Gerhart
and Likens 1975)

The interpretation of lack of phytoplankton reaction to enrichment with nutrients,
after 6-hour incubation in situ, as presented here, is in favour of few day experiments,
which automatically require the use of bigger open vessels.

The analysis of variation of results obtained from three repeats of each experimental
variant in bags shows a variation between 15 and 45% of mean value (Table 2). The
fluctuations are not disectional, i.e., are not connected with the duration of exposure or
kind of enrichment. Thus, this type of experiments provides a sufficient repeatability of
results.

5. SUMMARY

The object of the research has been an estimation of usefulness of 40 1 open polyethylene bags in
experimental investigations in situ on the phytoplankton reaction to lake water enrichment with nutrients.
The studies were conducted in two eutrophic lakes: Glgbokie and Jorzec — Masurian Lakeland (Fig. 1).
Assimilation of carbon '*C was estimated as well as phytoplankton composition and biomass. Physico-
chemical and biological properties of lake water in bags and in open water were compared (Table 1).

No permanent qualitative deformations were found, only the photosynthetic activity of algae in bags was
constantly lower (down to 50%) as compared with lake water. But the biomass and composition of algal
communities and directions of photosynthetic changes in bags and in lake were similar and synchronized
(Figs. 2, 3). Reduction of photosynthetic activity of algae in bags was probably caused by the fact that water
did not mix there and by 25%; light reduction.

Studies on the effect of time of exposure in small closed vessels (100 ml bottles) and in big open vessels
(40 1 bags) on enrichment displayed a proper phytoplankton reaction after at least few day exposure in
experimental bags (Fig. 4). After 6-hour exposure in situ of enriched phytoplankton, in bags and in bottles,
there was either no reagtion to enrichment or production inhibition or a slight production increase (Fig. 4).
These results indicate the uselessness of short-lasting enrichment experiments in estimations of the limiting
effect of nutrients in eutrophic waters.

An average variation (per cent of the mean) was estimated for all experimental variants (Table 2): 15
—45%;; thus there is a sufficient repeatability of results obtained in experimental bags.
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6. POLISH SUMMARY

Celem pracy byla ocena uzytecznosci 40-litrowych otwartych polietylenowych workéw dla badan
eksperymentalnych in situ nad reakcja fitoplank tonu na wzbogacenie wody jeziornej w zwiazki pokarmowe.
Badania przeprowadzono w 2 eutroficznych jeziorach Glebokim i Jorzcu — Pojezierze Mazurskie (rys. 1).
Oceniono asymilacj¢ wegla ' *C, skfad i biomase fitoplanktonu. Poréwnano whasciwosci fizyczno-chemiczne
i biologiczne (tab. 1) wody jeziornej umieszczonej w workach i wody otwarte;.

Nie wykazano trwalych odksztalcen jakosciowych, jedynie aktywnos$¢ fotosyntetyczna glonow w
workach byla stale nizsza (do 50%) w poréwnaniu z woda jeziorna. Jednakze biomasa, sklad zespotéw
glonow oraz kierunki zmian fotosyntezy w workach i w jeziorze byly podobne i zsynchronizowane (rys. 2, 3).
Redukcja aktywnosci fotosyntetycznej glonéw w workach byta prawdopodobnie wynikiem braku mieszania
wody w tych naczyniach oraz 25% redukcji naswietlenia.

Badanie wplywu czasu ekspozycji w matych naczyniach zamknigtych (100-ml butelki) i duzych
naczyniach otwartych (40-1 worki) na efekt wzbogacania wykazato prawidlowa reakcjg fitoplanktonu po co
najmniej parudniowej ekspozycji w workach eksperymentalnych (rys. 4). Po 6-godzinnej ekspozycji in situ
wzbogaconego fitoplanktonu zaréwno w workach jak i butelkach obserwowano badz brak reakcji na
wzbogacenie, badz inhibicje produkcji lub jej niewielki wzrost (rys. 4). Wyniki te wskazuja na nieprzydatno$é
krotkotrwatych eksperymentéw ze wzbogacaniem do oceny limitujacego dziatania zwiazkéw biofilnych w
wodach eutroficznych.

Przecigtne odchylenie procentowe od $redniej ocenione dla wszystkich wariantow doswiadczenia (tab.
2) wynosi 15-459, co wskazuje na dostateczna powtarzalno$¢ wynikéw otrzymanych w workach

eksperymentalnych.

1. . REFERENCES

l.Bender M, Jordan R.A 1970 — Plastic enclosure versus open productivity measurements —
Trans. Am. Fish. Soc. 99: 607 — 608.

2.Crane NL, Sommerfeld M.R.1976 — Nutrient llmxtanon of phytoplankton in a Central
Arizona reservoir — Hydrobiologia, 51: 219 —224.

3. De Noyelles F, O'Brien W.J. 1978 — Phytoplankton succession in nutrient enriched
experimental ponds as related to changing carbon, nitrogen and phosphorus conditions — Arch.
Hydrobiol. 84: 137 —165.

4 Ejsmont-Karabin J. 1983 — Biotic structure and processes in the lake system of r. Jorka
watershed (Masurian Lakeland, Poland). VII. Phosphorus and nitrogen regeneration by zooplankton
as the mechanism of the nutrient supplying for bacteria and phytoplankton — Ekol. pol. 31: 719 — 746.

5.Gerhart D.Z, Likens G.E. 1975 — Enrichment experiments for determining nutrient
limitation: four methods compared — Limnol. Oceanogr. 20: 649 —653.

6. Goldman C.R.1962 — A method of studying nutrient limiting factors in situ in water columns
isolated by poliethylene film — Limnol. Oceanogr. 7: 99— 101.

7.Golterman H L, Clymo R.S. 1969 — Methods for chemical analysis of freshwaters — IBP
Handbook No 8, Blackwell Scientific Publ., Oxford, 213 pp.

8. Holm-Hansen O.1969 — Environmental and nutritional requirements of algae — Proc. of the
Eutrophication-Biostimulation Assessment Workshop, Berkeley, California, 98 — 108.

9.Ignatiades L. 1977 — In situ short term enrichment experiments and evaluation of the *C
method for testing oligotrophy in the sea — Hygrobiologia, 56: 247 —252.

10. Just J, Hermanowicz W.1965 — Fizyczne i chemiczne badania wody do picia i potrzeb
gospodarczych [Physical and chemical methods used in the analysis of drinking water and for
management purposes| — Panstwowy Zaklad Wydawnictw Lekarskich, Warszawa, 310 pp.

11. Kuiper J. 1977a — An experimental approach in studying the influence of mercury on a North Sea
coastal plankton community — Helgolander Wiss. 30: 652 — 665.



124 Urszula Woroniecka

124

I3

14.

15

16.

|8

18.

19

20.

2%

20

23,

26.

27

28.

Kuiper J.1977b — Development of North Sea coastal plankton communities in separate plastic bags
under identical conditions — Mar. Biol. 44: 97 —107.

Lund J. W.G. 1972 — Preliminary observations on the use of large experimental tubes in lakes —
Verh. int. Verein. Limnol. 18: 71 —-77.

O'Brien W.J, de Noyelles F.1976 — Response of three phytoplankton bioassay techniques
in experimental ponds of known limiting nutrient — Hydrobiologia, 49: 65— 76.

Ostrofsky M.L, Duthie M.C.1975 — Primary productivity of phytoplankton and limiting
nutrient factors in Labrador Lakes — Int. Rev. ges. Hydrobiol. 60: 145—158.

Parsons T Re.lhsonds WeH L Seibieni B aBeersi iR CETTEers Dl
Bawden C.1977 — The effect of nutrient enrichment on the plankton community in enclosed water
columns — Int. Rev. ges. Hydrobiol. 62: 565 —572.

Schelske C.L,Feldt L.E, Santiago M.A, Stoermer E. F. 1972 — Nutrient

enrichment and its effect on phytoplankton production and species composition in Lake Superior —
Proc. 15th Conf. Great Lakes, 149 —165.

Schelske C.L, Rothman E.D.1974 — Responses of phosphorus limited Lake Michigan
phytoplankton to factorial enrichments with nitrogen and phosphorus — Limnol. Oceanogr. 19: 409
—419.

Schindler D.W.1977 — Evolution of phosphorus limitation in lakes — Science, N. Y. 195: 260
—261.

Skulberg O.M. 1964 — Algal problems related to the eutrophication of European water supplies
and a bioassay method to assess influences of pollution on inland water (In: Algae and man) — Syrakuse
—New York, 261 —299.

Skulberg O. M. 1975 — Observations and monitoring of water quality by use of experimental
biological methods — Verh. int. Verein. Limnol. 19: 2053 —2063.

Smayda T.J.1964 — Enrichment experiments using the marine centric diatom Cyclotella nana (clon
13—1) as an assay organism — Occas. Publ. Narrangansett Mar. Lab. 2: 25-32.

Smayda T.J. 1974 — Bioassay of the growth potential of the surface water of lower Narrangansett
Bay over annual cycle using the diatom Thalassiosira pseudonanna (oceanic clon 13—1) — Limnol.
Oceanogr. 19: 889 —-901.

" Takahashi M, Thomas W. M, Seibert D.L, Beers LiiKoelden B,

Parsons T.R. 1975 — The replication of biological events in enclosed water columns — Arch.
Hydrobiol. 76: 5 —23.

5. Verduin J. 1969 — Critique of research methods involving plastic bags in aquatic environment —

Trans. Am. Fish. Soc. 98: 335—336.

Woroniecka U. 1976 — Eksperymentalne badanie wplywu zwiazkow pokarmowych na
produkcje naturalnych zespotow fitoplanktonowych jako metoda prognozowania tempa eutrofizacji
wod [Experimental studies on the effect of nutrients on production of natural phytoplankton
communities as a method for forecasting water eutrophication rate] — Wiad. ekol. 22: 321 —337.
Woroniecka-de Wachter U.1983 — Bicticstructure and processes in the lake system ofr.
Jorka watershed (Masurian Lakeland, Poland). IIL Production and photosynthesis efficiencies of
phytoplankton — Ekol. pol. 31: 613 —633.

Zdanowski B, Bninska M, Korycka A, Sosnowska J.1975 — The effect of
mineral fertilization on the structure and functioning of ecosystems of various trophic types. I. The effect
of lake fertilization on changes in chemical composition of water and macrophytes, chlorophyll content
and primary production of pelagic zone — Pol. Arch. Hydrobiol. 22: 217 —232.



