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ABSTRACT. To regulate the species and size structure of phytoplankton,
nitrogenous and phosphatc fertilizers in the form of NH4NQO3 and Ca{H2PQ4)2
were applied during three vegetative seasons in fish-rearing ponds situated in the
Lower Volga region (Astrakhan district). Weight nitrogen-phosphorus ratio {N:P)
in fertilizers introduced into experimental ponds was 25-50:1. Fertilizers were
infroduced 2 times a week from April fo September. In the countrol ponds, N and
P were added in a 4:1 ratio every ten days. Biomass of Protococcales and
Chlorophyta was higher in the experiment than in the control, while the opposite
situation was obscrved for cyanobacieria. The biomass of algae belonging to
intermediatc weight classes (0.3 to 1 ng and 1 to 3.2 ng) was higher in the
experiment than in the control. Biomass values for weight classes less than 0.1 ng,
0.1 to 0.3 ng, 3.2 10 10 ng and morc than 10 ng did not differ both in the control
and in the cxperiment. It was shown that N:P ratio is an imporiant factor affecting
the phytoplankton community structure, An increase in dissolved oxygen content
and yield of herbivorous fish by 19 % was recorded in experimental ponds.
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requirement in biogenic elements.

The ratio between nuiricnis in the water can
be direcily used to control the species and size
composition of phytoplankion community. For
instance, experiments with batch cultures of
laboratory strains of four Pretococcales species
showzad (Levich and Bulgakov 1993) that at N:
P ratio = 3.5:1 Cloreflla vulgaris dominates, while
at N: P ratio = 20:1, the maximum biomass is
attained by Scenedesmus quadricauda. In expe-
rimenis with simulianeously cultured Scenedes-
mus quadricauda and Ankistrodesmus falcatus,
the former specics dominates at N:P ratio=1.3:1,
and the latter at N:P ratio = 57:1.

The results of experiments on batch culturing
of pond algal community in vitro {Levich et al.
1991) proved that as the ratio bctween initial
N:P concentrations in 1the medium changes (N:P
ratios = 2:1, 5:1, 12:1, 16:1, 20:1, 50:1, 100:1
were lested), the algal community composition
also changes. Green algae (Chlorophyta) attain
their maximum biomass at the N:P ratios = 20:1
and 50:1. Cyanobaciteria and diatoms (Bacillario-
phyta) have an optimum at N:P ratio = 2-5:1.
The rcplacement of dominant cyanobactecria by
Bacillariophyta in lake multispecics culure was
observed by Sommer (1983) in the casc of
artificially increased ratio of silicon to phospho-
rus iti hemostatic medium. The studies of species
composition of lake phytoplankton in dependence
on N:P concentration ratio (Schindler 1977,

Smith 1986) indicated that, at the atomic N:P
ratio less than 25:1, the cyanobacieria prevail in
the phytoplankion, meanwhile the increase of
this ratio up to 25:1 and more lcads to predo-
minance of green and diatom algae,.

The influcnce of nutrient ratio on the algal
community slructure can also be demonstrated
{Levich and Bulgakov, 1993) in experiments with
batch culiuring: the optimum for particular spe-
cies initial ratio between nutrients is equal {o
quota ratio for the same nutrients, The quoia is
the threshold nutrient content in a cell below
which the growih of culture is stopped at the
zero concentration of this nutrient in the environ-
ment,

In this paper, the authors present the results
of their aticmpts to regulate the specics and size
structure of pond phytoplankton using the inien-
tional changes in N:P ratio in the environment.
The algal community composition was optimized
in respect to food requirements of pond herbi-
vores: fish (whitc and motley silver carps) and
zooplankion. Chlorophyta algae are the most
preferable food item for these organisms, while
cyanobacteria cells are usually not consumed by
fish and zooplankion because of their low food
value or loxicily, To increase the availabilily of
phytoplankton as a food for herbivores, it is
necessary 1o decrease the share of too large (3.2
to 10 ng or more than 10 ng) as weil as too small
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(less than 0.1 ng and from 0.1 to 0.3 ng} species.
Therefore, il is desirable io obtain a siable increase
in the green alga share in phytoplankion community
as well as a decrease in cyanobacteria by means of
increasing IN:P weight ratio in applied fertilizers,

Material and methods

The cxperiments were conducted in 1987-89
on experimental fish ponds situated in the Lower
Volga region (Astrakhan district). The area of
ponds was 2-3 ha, the depth was aboutl 1.5 m.
The phosphatc and nitrogenous fertilizers were
introduced into the ponds in certain proportions
under iwo schedules: experimental and control
ongs. There were one experimental and one
conirol pond in each growing season, the roles
of both contrel and experimenial ponds being
interchanged so that none of the ponds remains
the contrel or the experimental during more than
onc ycar. The differences in the methods of
fertilization are presented in Table 1, In the
control ponds, the lump doses of fertilizers were
the same throughouil the season and corres-
ponded to 2 mg/] of nitrogen and 0.5 mg/l of
phosphorus concentration in the water. In the
experimental ponds, the doses of fertilizers va-
ried depending on the phytoplankton production
obscrved in certain time of vegetative season.
Thus, the doses were correlated with the dyna-
mics of biomass of herbivorey, with their daily
food intake as well as with phytoplankion
requirements for nitrogen and phosphorus.

Due to the shortagc of ponds, more than onc
variable was varied during an experimental sea-
sonn. Although the pattern of experiment was
changed scveral times from year to year, N:P
ratioc was in all cases higher in the experimenial
pond than in the conirol one.

The nitrogenous and phosphate fertilizers

Tahle 1. Fertilization pattern in experimental and control ponds

were applied in the form of ammonium nitrate
NH4NO3 and superphosphate Ca(H2PO4) 2. The
ammonium nitrzte and superphosphate were
simultaneously introduced into the ponds from
a boat, bui they were not mixed and werc
distributed evenly over the whole pond area. The
nitrate was poured into water at once, while the
superphosphate was at first soaked and then
poured into pond in the watery consistence.

The control and experimental ponds wecre
stocked by young of carp (Cyprinus carpio),
while siiver carp {Hypophthalmichthys molitrix),
and molley silver carp (Aristichthys nobilis).
During the secason fish grew on the average from
30 10 S00-7G0 g. The fish population density was
approximately the same in the control and expe-
rimental ponds and varied from season to season
within the limits of 0.5 to 4-10° individuals per
ha for white silver carp, 0.3 1o 1 +10? individuals
per ha for motley silver carp, and 2 10 6107
individuals per ha for carp. Fish stocking in
ponds was performed in the middle of April. In
1988-1989, the fertilization of expcrimentai
ponds bcgan two weeks before the fish stocking
to provide the nccessary phytoplankton biomass
by the slocking time. During two weeks in 1987
and during a month in 1938, in the beginning
of the season, fertilizers with N:P ratio 4-6:1
were applicd.

Phytoplankton samples were taken from April
to September in all ponds once in every ten days.
Al the same dates, the oxygen conceniralion as
well as concentration of mineral forms of nitro-
gen and phosphorus were evaluated. The samples
were obtained from a depth of 1 m by a sampler.
Phytoplankion samples were poured into 0.5 1
bottles and prescrved by formalin (20 %, formal-
dchyde sotution nevtralized by CaCQO3 or NaHCO3)
tn such a way that for each 100 ml of sampie
there were 2-4 ml of formalin. The samples were

Elemenis of fertilization system 1987 1984 1080
exXper control exper conirol exper control
Nitrogen guanlity applied in a season, 363 195 382 iM 450 2067,
kg/ha
Phosphorus quaniity applled in & season, 16 48 9 wi 11 67 -
kg/ha
N:P weight ratio in applicd fertilizers 35 4 10 4 41 &
averaged over a seascn J -
MN:P weight ratic in fertilizers before the — _— 4 -_ 13 —
{ish stocking
Intervat between inputs of fertilizers, days 8 12 4 11 4 10
Beginnig of fertilization April 17 April 17 April | May 10 April 4 Aprit 17

Remarks. — FertiHzation was begyn after the fish stocking
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scitled for 7-10 days and, after seston settle-
mcnit, the upper layer of waler was poured out
wilh the use of siphon, whilc remaining concent-
rated volume (30-50 ml} was used for quanli-
tative and gualitative analysis of phytoplankion.

The ccll quantity and individual cell volumes
were cstimated in Najoite camera using dissec-
{ing microscope. Cell volumes were calculated by
approximation to the nearest simple geometric
solid (sphere, cylinder, ecllipsoid, etc.) after
measuremeni of no less than 50 cells of each
specics. The average individual mass for every
specics was obtained by multiplying the cell
volume value by density of 1 g,"cmE. Then the
lotal bicmass of phytoplankion specics, gencra,
orders and divisions were cslimated. The species
and penera with biomass comprising no less than
20 9% of the total phytoplankton biomass in at
least § arbitrary sampling dates (out of 15-20
samplecs in a season) were regarded as leading
ongs, and only these species were analyzed.

To analyze the size community structure, all
phyloplankters were categorized according fo
their individual size (in mass units). The biomass
in samplcs was calculaticd for the following size
classcs: less than 0.1 ng; 0.1-0.3 ng: 0.3-1 ng;
1-3.2 ng; 3.2-1 ng; more than 10 ng.

The comparison of biomass values of pariicular
taxa was pcrformed on data averaged over the total
growing season as well as over such periods as
April-May, Junc-luly and Augusi-Scpiember.,

The mincral phosphorus was mceasured spectro-
photometrically after addition of ammonium mo-
lvbdate, sodium aniimonale and ascorbic acid.
Ammonium nilrogen was also ¢stimated spect-
ropholometrically after vellow color appearcd as
a result of Nessler’'s reagent and Segnette salt
addition. The quantity of nitrate nitrogen was
cstimaled through visual colorimelry (compa-
rison with standard solutions) after reaction with
sodium-pofassium tartraie and mectallic zinc
(Stroganov and Buzinova 1980). An oxygcn
corttent was estimated using Winkler titration.

The determination analysis was uscd for sta-
tistical trcatment of cxperimental data. The
quantitative description of fish ponds includes a
huge amount of data on physical, chcmical and
biological variables. The dctermination analysis
allows to unravel efficiently such a greal number

- of relations beiween variables and to select the

most essential oncs (Chesnokoy 1982, Zamolod-
chikov et al. 1992), This is quile important when
the experimental and control ponds differ in a
lot of parameters. Each analyzed variable inclu-
ded 20 values corresponding to different ponds
in various ycars of observations indepcndently
from the fertilization schedule, Besides {the daia
oblained in 1987-89, this sct contained also dala

of 1973, 1977 and 1986 on ponds fertilized in
the same way as the control ones (Table 1). The
whole set of 20 numerical values of cach analyzed
variable was divided into three conventional
classes: “low”, “middle” and “great”,

The delermination analysis make it possible
to calculate the frequencies which are responsible
for the correspondence belween different values
of variables, Let us use an example to illusirate
the mechanism of determination analysis action.
Assume that it is of interest under which condi-
tions the variable “green alga biomass” (explai-
nable variable) may be placed in the “low™ class.
It is known that there are 10 such values out of
20 existing oncs. Let us determine, for example,
the values of variable “quantity of phosphale
fertilizers applied in a year™ (explanatory va-
riable) such that the green alga biomass belongs
1o the class “low"”,

Explanalory Explainable
variable variable “low™
“low™ 7 1
“middile” 9 - 7
“great” 4 2

S0, for 7 points with low values of explainatory
variable there is one value of explainable variable
belonging to the “low” class, etc. Thus, in 78
% of cases (7 out of 9), the low value of
cxplainable variable coincides with the mean
value of explanatory variable. This compriscs 70
% (7 out of 10) of the tolal number of cascs of
explainable variable in the “low” class. The first
frequency (78 %) is termed the accuracy of
delermination, the second one (70 %) is desig-
nated the completeness of determination. Deler-
minations with both accuracy and completeness
in cxcess of 50 9% are proved to be essential.

In the present paper, an explainable variable
“green alga biomass” and explanatory variables
“quaniity of nitrogen introduced with [ertili-
zers”, “nitrogen-phosphorus ratio in fertilizers”,
“concentration of inorganic phosphorus in the
water”, and “ratio between concentrations of
inorganic nitrogen and inorganic phospherus in
the waier” have been studied. For each of these
variablcs, the averaging was considered both over
the whole season and over periods of April-May,
June-July and August-September.

Results

Concentration of phosphates and inorganic
nitrogen was conslantly higher in experimental
ponds (the averaging over a season and over
iwo-month intcrvals for some hydrochemical
characteristics is given in Table 2). N:P ratio
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Figure 3. Green alga biomass dynamics in the experiment
and in the control in 1989.
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Figure 4. Melosira sp hiomass dynamics in the experiment
and |n the conirgl in 1989,

It follows from Table 2 that, stafling with
June, one can observe the higher biomass values
of Protococcales in the experiment than in the
control. In 1988, the effect of stimulation of
Protococcales by experimental fertilization be-
came apparent later {August and Septemben),
hence the average scasonal biomass appeared to
be lower in the experiment than in the control.
An increase in Protococcales biomass in the
experimental ponds by the end of season as
compared with control ones is confirmed by Fig.
2a. Simultancously the percentage of Proto-
coccales in the total biomass also increased in
the cxperimenial ponds (with the exceplion of

1988) sometimes reaching 60 % (Table 2, Fig.2b),
Among the “leading” Protococcales species,
Scenedesmus quadricauda was most sensitive 1o

coccales in the tolal phytoplankton biomass in the experiment
and In the control In 1989. &) blomass dynamics, b) % of
Protococcaics in the tolal biomass

was also usually higher in ponds fertilized in the
same way as cxperimential ones (Fig. 1}, In 1988,
the ratio was the same in compared ponds with
the exception of spring period,

experimental fertilization. By the end of scason,
this species usually had an increascd biomass in
the ponds with increased N:P ratio (Tabie 2).
Stimulation of Protococcales species led to an
increase in thc whole biomass of Chlorophyta
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Table 2. Averaged chemical parameters in experimental and control ponds
Parameter o 1987 1983 1989
P experi-  control | experi- control | experi-  control
menk ment ment
Concentration of 1otal inorganic nltrogen in water, mg/]
averaged over April-May 1.27 048 .61 0.61 1.41 1.20
averaged over June-July . 317 0.52 1.23 0.84 1.35 0.75
averaged over August-Seplember . M 089 130 1.18 3.50 1,73
averaged over the scason 1.94 0.57 1.40 0.86 1.81 1.16
Concentration of inorganic phosphorus in the water, mg/l
averaged over April-May 0.i% 0.09 0.13 G.I1 0.05 0.08
averaged over June-July 0.11 0.07 0.43 0.29 0.21 0.14
averaged over August-Sepilember 0.10 0.10 0.37 (.24 0.09 0.08
averaged over the season 0.13 0.08 0.30 g.21 0.13 0.10
N.P concentration ratio in the pond waler
averaged over April-May T S 12 6 20 15
averaged over June-July 20 7 3 3 6" 5
averaged over August-September 27 9 4 5 3% 22
averaged over the season 15 7 3 4 I4 12
Protococcales tomass, mg/l
averaged over April-May 3.47 3.87 0.58 4.09 .90 1.17
averaged over June-July 3.08 2.47 2.1 3.92 4.26 2.26
averaged over Augusi-September 5.13 5.01 11.18 9.39 4.92 3.13
averaged over the season 3.65 3.32 3.83 5.60 3.32 2.13
Chlorophyla biomass, mg/l . r
averaged over April-May A.6% 4.39 47.49 4.98 1.74 3.25
averaged over June-July 3.95 3.03 3.40 4.26 5.77 3.85
averaged over August-Seplember 8.24 8.02 14.53 .66 b, 34 4.09
averaged over the season 4,98 4.48 24.15 6.14 4.58 3.71
’ y ’ ﬁ
Cvanobacicria biomass, mg/!
averaged over April-May 0.83 6.41 0 0 3.73 3.61
averaged over June-July i 1 1.28 3.64 1.98 2.08 11.37 18.60
averaged over Augusi-September 5.64 4.08 2.4] 3.35 22.15 17.34
averaged over the scason 2.30 4.16 1.27 1.60 11.70 13.27
_ Bacillariophyta biomass, mg/1
averaged over April-May 4.48 10.00 0.91 11.68 3.38 1.22
averaged over June-July 2.36 3.86 .76 1.34 1.7% 1.30
averaged over Augusi-Sepiember 2.89 8.25 5.16 2.10 4.37 2.71
averaged over the season , 2.51 5.88 2.56 5.82 3.01 1.65
Euglenophyla biomass, mg/]
averaged over April-May 6.T1 3.78 J.61 3.32 0.12 0.14
averaged over June-July 4.25 7.22 1.07 0.33 1.46 0.51
averaged over August-Seplember R12 2.84 4.27 3.64 4.93 1.55
averaged over the seasan 5.59 6.36 3.69 2.68 1.94 0.66
Protococcales biomass share in 101al biomass, %
averaged over April-May 19 16 il ] 18 20
averaged over June-July a4 ¥ | 3 4l 33 11
averaged over August-Seplember 26 1§ 29 44 15 12
averaged over the season 24 12 22 Al 23 14
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Table 2. Averaged chemical parameters in experimental and control ponds (finlshed)

Parameter 1987 1983 1989
experi-  controf | experl- control | experi-  control
ment ment mend
Chlorophyta biomass share in 1otal biontass, %
averaged over April-May 20 24 78 23 24 42
averaged over June-July X 30 24 44 47 9 20
averaged over August-Seplember 33 72 43 41 19 16
averaged aver the season K 41 58 37 29 26
Cyanobacteria biomass share in total blomass, 7,
averaged over April-May 4 3 0 0 24 28
averaged over June-July {H a6 17 19 44 55
aversged over August-September 20 17 14 18 54 67
averaged over the season 11 21 9 i1 40 49
Bigmass of size class 0.3-1 ng, mg/1
averaged over April-May 2.96 5.32 6.16 11.31 1.64 1.48
averaged over June-July 4.10 3352 1.39 1.54 3.44 1.26
averaged over Augusi-September 9.17 7.36 10.00 9.88 7.97 4.13
averaged over the season $.20 4,75 5.38 8.02 4.05 2.10
Bilomass of size class 1-3.2 ng, mg/1 r
averaged over April-May 3.51 2.13 41.62 3.47 3.80 .23
averaged over June-July 1.53 0.67 3.04 2.49 5.16 4.66
averaged over August-Seplember 0 1.97 12.05 0.98 9.87 8.46
averaged over the season 1.74 1.22 21.05 2.45 5.96 5.20
Scenedesmus quadricouda blomass, mg/1
averaged over April-May 0.2 0.74 0.0l 0.53 0.36 0.12
averaged over June-July 0.93 0.65 0.20 0.27 1.28 1.02
averaged over August-Seplember 2.66 1.61 0.54 0.42 1.25 0.36
averaged pver the season 1.27 0.90 0.20 0.42 0.97 0.35
Melosira sp. biomass, mg/}
averaged over June-July — — 0.28 0.20 0.70 0.42
averaged over August-Seplember —_ —_— 5.39 0.19 1.79 i.20
averaged over the season — — 1.37 0.12 0.76 0.4%
Merismopedia sp. biomass, mg/1
averaged over June-July —— — 0.01 0.0% — —
averaged over Angust-Seplember — —_ 0.04 0.21 — —
averaged over the season — —_— 0.0] 0.09 — —
Phormidium biomass, mg/l

averaged over June-july — —_ —_ —_ 0.39 iS5 16
averaged vver August-Seplember — — —_ —_ 6.94 10,67
averaged over the seasorn — — — — 2.01 8.91
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that can be recorded by the end of season. (Table
2, Fig. 3). Chlorophyta attained their rather high
biomass (47.49 mg/1) in April-May, 1988 mainly
due ta high biomass of Volvocales species.

The increasc of N:P ratio most often did not
cause the acceleration of Bacdillariophyta and Eugle-
nophyta growth if the total biomass of these divisions
is considered. An increase of biomass in the expe-
riment was recorded for Euglenophyta in 1988 and
for Bacillaiophyta in 1989 only (Table 2).

When the averaged seasonal biomass and
growth dynamics of such a mass Bacillariophyta
species as Melosira sp. is considered (Fig. 4, Table
2), it can be noted that its biomass increased in
experimental ponds in (988-89. In 1987, this
species did not belong to “leading”™ ones,

The decline in biomass and relative abundance
of cyanobacteria since the mid-season was a
permanent conscquence of experimental ponds
fertilization (Fig. 5, Table 2). As it is shown in
Table 2, this was connected with the biomass
lowering in “leading” Cyanobacteria genera Me-
rismopedia and Phormidium within June to Sep-
tember period.

An increase in the cell biomass in the inter-
mcdiate size classes 0.3-1 and 1-3.2 ng in the
experimenial ponds is an evidence of shift in size
siructure,

The determination analysis showed (Table 3)
that low biomass values of Chlorophyta in late
and mid-scason correlate with low N:P weight
ratio in applied fertilizers. Decline of Chloro-
phyta biomass is also determined by lowering in
inorganic nitrogen conlent both in applied dry
fertilizers and in the environment, The increase
of phosphorus content is a factor of biomass
suppression. On the other hand, the same effect
can be achieved by lowering of phosphates
conient 1n the environment,

F

Discussion

The regulation of algal community structure
can be performed for different goals. In our case,
the community composition was optimized for
food requircments of pond consumenis — phyto-
plankion-feeding fishes (whitc and motley silver
carps) and herbivorous zooplankton. Besides
increased N:P ratio, the experimental schedule
of fertilization differed from the control one in
increased nitrogen content and decreased con-
tent of phosphorus, in earlier (before stocking
with fish) beginning of this manipulation as well
as in more frequent fertilization.

The fact that availability of renewed environ-
mental resources along with N:P ratio can be the
controlling parameler for algal communities was
demonstrated by experimental data of various
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Figure 5. The dynamics of cyanobacierda blomass and per-

centage of cyanobacterin o the experiment and in the control
in 1989. a) biomass in 1988, b)Y % in tota! biomass in 1389.

authors. The shorler the intervals between nuiri-
ent inputs are, the greater are the advantages of
fast-growing species (Gaedeke and Sommer 1986)
and spccics with high rate of nutrient intake in
the period of several days. When inorganic
fertilizers were introduced into ponds every two
days, the biomezss of Protococcales, Euglenophy-
ta and Bacillariophyta increased in comparison
with biomass of these divisions in ponds fertilized
once in ten days (Bulgakov et al. 1988). At the
same lime, an increase in the cyanobacteria
biomass has not been recorded.

Nevertheless, the data obtained in our experi-
ments do not allow to decide whether there was
an influence of more frequent fertilization on the
phytoplankion community structure. For examp-
le, some elements of controlling the phyto-
plankton community structure such as an increa-
se¢ in Chlorophyta biomass and decrease in that
of cyanobacteria were recorded in the experiment
in 1987 despitc the fact that the intervals be-
tween applying nutrients in the experimental and
control ponds differed insignificantly (Tabic 1).
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Table 3. Essential deicrminations for low biomass of green algae.

Explanalble variable

Explanatory variable

Characierisilcs
of determination, %

lerm value lerm of variable value accuracy comple-
teness
Creen algae blomass averaged over low Quantity of nitrogenous Fertilizers applicd middie 78 70
the season in April-May
Quaniity of nitrogenous fertilizers applied fow 56 90
In August-Scpl.
Quanlity of phosphate fertilizers applled in great 78 70
June-July and in & s¢ason as a whole
N:P ratio in [ertifizers in Augusi-Seplember low 50 70
F:.‘incenlratinn of inorganic nitrogen in June- low T3 H0
uly
Concentralion of inorganic nitrogen low 71 50
averaged over a season
Concentration of inorganic phosphorus in fow 78 70
April-May
Concentration of inarganic phosphorys in low 69 0
- August-Seplember
Concentralion of inorganic phosphorus low 86 60
averaged over 8 season
Green plgae hiomass averaged over low Quantity of nitrogenous fertilzers applied middle 56 &4
August-Seplember in April-May
Quantity of phosphate fertilizers applied in great 67 75
June-july
{Concentration of inorganic nitrogen in low 64 88
April-May
.Fcincentmtlnn of inorganic nitrogen in June- low 62 62
uly
Concentration of inorganic nitrogen in low 67 H)
August-September
Conceniralion of inorganic pheosphorus In low 56 62
April-May
. Concentration of inorganic phosphorus in low 54 84
Augusi-September
Green algae biomass averaged over low Quantity of phosphate fertilizers applied in greal 15 24
June-Juiy June-July
N:P ratio in fentilizers in April-May low 15 69
d Concentration of inorganlc phosphorus in low 78 54
April-May
Concentraiion of inorganic phosphorus in middie 75 60

June-July

At the same time, later beginning of fertilization
in the experimental pond in 1987 did not influ-
ence the community. Therefore, the earlier
beginning of fertilization can not be considcred
as a factor controlling the algal community structure,

It might be assumed that, when algac compete
for phosphorus and nitrogen secparately, the
absolute gquantities of these clements should be
responsible for the dominance of some taxa and
elimination of others. However, the differences
in doses of NH4NQO3 and Ca(H;P04); between
experimental and control ponds are observed for
the whole scason. At the same time, the change
in community structure becomes apparent only
from mid-season when high N:P ratios become
important for the communitly. In 1989, when NP
ratio in fertilizers was 23:1 from the very begin-
ning, the change in the community structure did
not occur; this can be explained by delay of
phytoplankion response to inorgamic nutrient

input. It should alse be mentioned that, when
N:P weight ratio in fertilizers and concentration
ratio of these clements in the water were lower
from June to Sepicmber in 1988 than in other
years, the effect of increase in Protococcales
biomass and declinc of cyanobacicria biomass
appearcd to be less distinct (Table 2),

[t follows from the above analysis that out of
ail studied factors the N:P ratio predominantly
determines the species relationship in the com-
munity. It should be siressed that this rcsult was
obtained not under controlled laboratory condi-
tions but in such a multifacioral ecosystem as the
fish-breeding pond, where none of biotic and
abiolic factors obscured the effect of high N:P ratio.

Various microalgal laxa differently response
to N:P ratio change. The rcason is that the
requirements for mentioncd clemenis do not
coincide in various species and consequcenily the
ratic between these requirements differ as well,
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If the requirement ratic (measured by cell
qguotas in the particular species) is equal or close
to the ratio between respective nuirienis in the
environment, such an environment can be consi-
dered as optimum for this species (Levich 1989,
Levich et al. 1993). Requirement ratio is a
species-specific value, and it is consiant within
individual stages of growth (Levich 1989).

There are some other evidences of corres-
pondence between optimum concentrations for
the cell growth and cell requirements. For
example, the optimum N:P ratios for several
fresh-water Chlorophyla and cyanobacteria spe-
cies based on requiremeni ratios are gwen by
Rhee and Gotham (1980),

The optimum N:P ratio for Chlorophyta spe-
cies found by the direct calculation of require-
ments or by cxperimentation with addition of
nutrients (Rhee and Gotham 1980, Levich et al.
1986) were higher than for other taxa reaching
20-30. At such high N:P ratios, for example, the
genus Sphaerocystis (Chlorophyta) dominates in
natural community (Reynolds 1980).

It can be secn that, in the experimental ponds,
the biomass of the whole division Chlorophyta
increascs. Ncevertheless, i1 should be conceived
very clcarly that among green aigae there are
species with requircment ratio other than 20-30.
Thai is why one can observe the promotion of
not all the Chlorophyta species, but only of
those, whose requirements for nitrogen and
phosphorus correspond to the ratios beiween
these elements in the envinronment. Among
Chlorophyta, Scenedesmus quadricauda is the
species, for which the ratio of nitrogen to phos-
phorus requircment varies just in the range from
20 10 30 (Muiler 1972, Dauta 1982, Levich and
Artukhova 1991).

The “leading” cyanobacteria genera such as
Merismopedia and Phormidium grow worse when
the N:P ratio increases. In this case, the biomass
of the wholc taxon of cyanobacteria declines.
Requirements for nitrogen and phosphorus are
unknown for these species. It is known for other
cyanobacteria genera that they have a low ratio
of nitrogen to phosphorus requirements., For
example, this ratio is only 9:1 for Microcystis
(Rhee and Gotham 1980). For cyanobacteria
inhabiting small lakes, this ratio on thc average
-is 10:1 (Baranov 1968).

There is another explanation for stimulation
of cvanobacteria growth by low N:P concentra-
tion ratio. Besides the correspondence between
requirement ratio and nufrient concentration
ratio in the water, the growth of cyanobacteria
is positively affected by their ability for nitrogen
fixation. Some heterocysious cyanobacteria (e.g.

-

Anabaena and Aphanizomenon) as well as non-
heterocystous Oscillatoria are able to assimilate
dissolved atmospheric nitrogen (Carpenter and
Price 1976, Bryceson and Fay 1981, Bothe
1982). Under conditions of low N:P ratio in the
water, the limitation by nifrogen arises that
promoies the competitive success of these taxa.
However, in the ponds investigated, the relative
biomass of these gencra was not high. An
increase in the cyanobacieria biomass in the
conftrol was achieved by the development of
genera Merismopedia, Phormidium, Aphanothece,
and Microcystis, which do not have N-fixing property.

The failure to demonstrate the reproducible
dependence of Bacillariophyta and Euglenophyta
total biomass on the incrcase of N:P ratio can
be presumably explained by great range of
nutrient requirements specific for different spe-
cies of these divisions. Hence it follows that it
is impossible to create conditions for dominance
of these divisions as a whole. It is only possible
to stimulate the individual species or genera (in
our case — Melosira sp.).

An increase in biomass of size classes 0.3-1
and 1-3.2 ng in the experimental ponds can be
probably explained by taxonomic composition of
algac at mentioned classes. For instance, promo-
ted species 8. guadricauda and Melosira sp.
belong io these size classcs. At the same time
Merismopedia and Phormidium which have
higher biomass in the conirol belong to the
classes less than 0.1 ng and 3.2 - 10 ng.

In the experimental ponds, the resnlis impor-
tant for fish-breeding were achieved. On the
average the total fish produciion here was 16 %
higher and the production of herbjvorous fish
(white and motley silver carps) 19 9% higher than
in the control. The aulhors think that the
increase in fish production can be explained by
oplimization of edible for fish phytoplankton
through intentional nuirient loading on ponds.

The experiment showed that it is possible to
control over the composition of both laboratory
and natural algal communities, Selecting appro-
priate N:P ratio, one can regulate the develop-
ment of certain species and size groups of
phytoplankion.
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