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Abstract

First record of a bloom of filamentous-heterocystous nitrogen fixer cyanobacterium, Aphanizo-
menon ovalisporum, was documented in the summer of 1994 in Lake Kinneret (Israel). Awareness
of such a bloom outbreak was predicted earlier based on documentation of Nitrogen deficiency
and Phosphorus Sufficiency developed conditions. The concept of Nitrogen fertilization aimed at
suppression of Nitrogen fixers Cyanobacteria was worldwide discussed and successfully imple-
mented, but mostly in temperate oligotrophic lake ecosystems. This paper presents an experi-
mental testing of this concept by additional Nitrogen. The results of the present study did not ve-
rify this hypothesis probably related to the ecological differences between Kinneret and the tem-
perate ecosystems and using only one factor (Nitrogen) to test it.
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1. Introduction

The N, fixing cyanobacterium, the filamentous-heterocystous Aphanizomenon ovalisporum (Forti), was record-
ed for the first time in Lake Kinneret in August 1994 forming a heavy bloom from September through October.
Low densities of A. ovalisporum were also observed from the summer of 1995 and onwards in the newly created
shallow Lake Agmon in the Kinneret drainage basin (Hula Valley). Lake Agmon was constructed during the
second half of 1994 and filled with Jordan River water first time in late summer. Several factors were suggested
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as stimulators of the Aphanizomenon bloom in Lake Kinneret: high temperatures, low wind velocity regime af-
fected low turbulence, increase of bio-available Phosphorus inputs and internal fluxes. Nevertheless, Nitrogen
deficiency combined simultaneously with Phosphorus sufficiency was not distinctly considered by the relevant
authorities. Awareness considerations of potential outbreak of Nitrogen fixing cyanobacteria in Lake Kinneret
started much earlier, during 1987. Analysis of long-term changes of N & P regimes in Lake Kinneret that was
focused on the reduction of Nitrogen and a slight increase of Phosphorus availabilities resulted in a decline of
N/P ratio was the major concern [1] [2]. Significant enhancement of the study of N,-fixer cyanophytes invasion
to Lake Kinneret was stimulated by the Key-stone paper in [2]. Nevertheless, seven years before the Aphanizo-
menon burst in August 1994, the author was trying intensively to enhance awareness to the risk of N,-fixing
Cyanobacterium in Lake Kinneret. It was done through International and Local national Papers, lectures, work-
shops and others. This direction was rejected by water authorities. Nevertheless, investigations were focused on
two major scopes: 1) To identify the potential ecological background for the Aphanizomenon bloom outburst in
Lake Kinneret; and 2) To indicate potential measure, possibly through anthropogenic intervention, for the reduc-
tion of this cyanophyte bloom. Due to seasonal and temporal fluctuations of the Cyanobacteria together with
regard to the safety of water quality, the 2™ scope received higher priority due to its critical trait of ensuring
drinking water supply from the lake. A comprehensive study of the importance priorities of ecological factors
which enhance the development of N fixing Cyanobacteria was documented recently [3]. They concluded that
the best explanation of variations among lakes in the rate of Cyanobacteria enhancement is due to nutrient (P, N)
concentrations and temperature is of secondary importance. The conceptual merit of studies presented in [2]-[5],
and others, is the following: because low N/P mass ratio is the dominant factor affecting proliferation of Cya-
nobacteria the backward direction might be logically efficient: P removal, N fertilizing, or both as a tool for
Cyanobacteria suppression. The first record of Aphanizomenon outbreak during the summer of 1994 which fol-
lowed long term decline of N/P mass ratio was therefore an obvious subject for N fertilizing research and the
results are presented in this paper.

2. Material and Methods

The study was carried out in 4 pairs of outdoor 5 m® tanks directly installed to the lake water through a plastic
pipe ended by an intake located in the shallows 30 cm above bottom and 35 m apart from the shoreline. In order
to produce effect of turbulence the tanks were continuously gently aerated 24 hours a day by an airlift apparatus
connected to compressor which pressed air through pipes with an open end close to the tank bottom. The tanks
were filled with Lake shallow water containing heavy bloom of Aphanizomenon and one of each pair was ferti-
lized by addition of 1.5 Kg of NH,CI. The trial continued 20 days. The biomass of the cyanophytes was ap-
proximated to comprise >70% of the phytoplankton in the water. There was no water exchange and samples
were collected every 4 days by 1L sampler. Sampling procedure was as follow: Three 1L separated samples
were mixed and the mixed samples were sub-sampled for chemistry, chlorophyll and filament counts. Filament
counts were not done in days 16 and 20 due to technical difficulties. Chemical analysis included: Total and Dis-
solved Kijeldhal, Total Inorganic Nitrogen (NOs, and Ammonia, Nitrite was neglected), Particulate Nitrogen,
Particulate Phosphorus, Total Algal DW (accounted to total particulate Matter considered as algal matter). The
methods for chemical and chlorophyll analysis are given in [6]. The chemical analysis was carried out in dupli-
cates and results were averaged. Filament counts were done on 5 ml subsamples preserved by Lugol and left for
24 hours for complete sedimentation in counting chambers and counting randomized chosen 10 field views in
Zeise M20 inverted microscope. The first sampling was done before the addition of NH,CI. All daily and dupli-
cated tank results were averaged for one daily mean.

3. Results

Data given in Figure 1 represent the daily changes of the following parameters: TIN, Dissolved Kijeldhal, Total
Kijeldhal, mass ratio between particulate Nitrogen and particulate Phosphorus (PN/PP), Nitrogen content per
Algal matter (dw), Chlorophyll content, as averaged for the two replicated tanks with and without Nitrogen ad-
dition. It is prominent that with the addition of Nitrogen the values of TIN, PN/PP, Total Kijeldhal, and Chloro-
phyll content, where higher in tanks with additional N than in those without it. The values of Dissolved Kijeld-
hal in the tanks without additional nitrogen were lower only during the last two days of the trial. The higher fi-
lament densities throughout the entire experimental period are evidently shown In Figure 1. The close level values
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of Nitrogen content in the filaments (N/algal dw matter) in tanks with and without additional N is probably an
indication for stable N content but dissimilarity was documented between values of filament densities. Conse-
quently changes of chlorophyll content might be related to filament densities changes. The results of ANOVA
test (p < 0.05) presented in Figure 1 (right panel) indicates the higher filament densities observed in tanks with
additional Nitrogen. The total averaged values measured every 4 days during 20 days in the tanks with and
without additional Nitrogen are given in Table 1.

All averaged values were tested by Paired t-test and p values are given in Table 2.

Results in Table 2 indicate higher chlorophyll content, higher TIN concentration, and higher Total Kijeldhal
concentration in tanks with additional Nitrogen. Whereas other parameters were not statistically different be-
tween Tanks with and without additional Nitrogen.
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Figure 1. Left Panel: Filament densities (No./ml): all counts were averaged (SD in brackets); Right panel:
Comparative ANOVA (p < 0.05) test Between with (N+) and without (N—) Additional Nitrogen.

Table 1. Total averages for two duplicates of chemical and biological parameters collected every 4 days dur-
ing 20 days for tanks with and without Nitrogen addition.

Parameter Without additional N With additional N
Chlorophyll (mg/m?) 8.4 11.4
TIN (ppm) 0.088 0.181
Total Kijeldhal (ppm) 0.37 0.44
N/Algal dw (mg/m?) 0.067 0.074
PN/PP mass ratio 14.6 19.3
Dossolved Kijeldhal (ppm) 0.30 0.33

Table 2. p-values (greater or smaller than 0.05) of Paired (With and without additional Nitrogen) t-test of to-
tal averages (6 daily samples and two treatment replicates): S = Significant statistical difference; NS = No
significant statistical difference.

Parameter p-value
Chlorophyll (mg/m®) 0.0079 S
TIN (ppm) 0.0050 S

Total Kijeldhal (ppm) 0.0049 S
N/Algal dw (mg/m?) 0.4423 NS
PN/PP mass ratio 0.3693 NS
Dossolved Kijeldhal (ppm) 0.0738 NS
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4. Discussion

The relation between Cyanobacteria and nutrients (N, P) composition was widely investigated and documented.
Due to the toxicity of these algae the reverse potential opportunities was also intensively investigated. N, fixing
Cyanobacteria have the major advantage when sources of TIN are depleted from the lake water as a result of
their Nitrogen fixation capabilities. Therefore, the obvious option that was investigated was nutrient fertilization
as an attempt to control the N/P ratio. The common occurrence of Cyanobacteria blooms in Eutrophic lakes was
worldwide documented [2] [7] and many others). Experimental studies of fertilization aimed at demonstrating
the importance of low N/P ratio and the contribution of it to create optimal conditions for cyanobaterial blooms
[2] [8]-[12]. were mostly related to temperate lakes. Moreover, the whole lake fertilization approach aimed at
cyanobacterial blooms suppression were done in oligotrophic temperate ecosystems [4] [13] [14]: In the ferti-
lized lakes the natural chlorophyll content was lower by 3 times and that of the Nitrate—by 10 times than the
common values in the epilimnion of Lake Kinneret. The limnological features presented by [4] conclusively
summarized their fertilization study: Development of nitrogen-fixing Cyanobacteria blooms is dependent on
both a low N/P supply ratio and sufficient phosphorus supply. After the 1994 documentation of A. ovalisporum
in lake Kinneret a study was carried out [6] [15] which was concluded: The multi-annual decline of Nitrogen
loads in the epilimnion of Lak Kinneret reduced the N/P epilimnetic ratio (Figure 2). Supply of Nitrogen to the
Kinneret ecosystem is mostly from external sources but Phosphorus sources are mostly internal and/or dust de-
position. Therefore long-term drought regime were accompanied by a consequence of nitrogen deficiency in the
lake whilst P stay constant or slightly elevated (Figure 3). Moreover, results in Figure 3 indicate P limitation
condition. Therefore an unusual elevation of bio-available P in summer 1994 was suggested as one of the stimu-
lator of the Aphanizomenon bloom: The loads of Particulate P (plankton and detritus) and total P were increa-
sined (Figure 3) as a result of surplus phosphate but bio-available P concentration is declining as a result of in-
tensive uptake of dissolved P by P limited consumers, phytoplankton. In other words, P is shifted from the dis-
solved compartment to the particulate food-web level. It has to be considered that although Nitrogen supply in
winter was minimal during drought regime and is always dissipating during summer, the summer concentration
is always extremely low and a decline of N/P ratio is resulted [11]. This process is expressed as seasonal and
long-term effect [1] [6] [11]. The conclusion of our study [6] is the following: during the summer of 1994 optimal
condition were available for the bloom burst of A. ovalisporum: Insufficient N, and sufficient P concentrations
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Figure 2. Nitrogen (TIN, Total and Dissolved Kieldhal and TN/TP ratio) and time (year) decline in the Epilimnion of Lake
Kinneret during 1974-2004 Simple regression (r? and p values are given) between epilimnetic loads (tons) and time (year).
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Figure 3. Phosphorus (P-total, P-total dissolved, and Particulate P) increase in the Epilimnion of Lake Kinneret during
1974-2004. Simple regressions (r* and p values are given) between epilimnetic loads (tons) and time (year).
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accompanied by appropriate filaments inoculum of the slow growth rated algae, A. ovalisporum, to create a
bloom during last summer months (October-December) of 1994. The studies on the distribution of Cyanobacte-
ria and their favored ecological conditions for bloom forming were performed on northern temperate-subarctic
lakes [2] [3] [7] [11]. Moreover, the nutrient fertilization experimental studies were also carried out on northern
temperate Lakes [4] [10] [14]. Nevertheless, these studies were carried out in Temperate lakes whilst Lake Kin-
neret is located in the sub-tropics. Lake Kinneret is a typical sub-tropical lake where the summer-fall season is
long (June-October), hot (lake epilimnion—26°C - 30°C), strong daily turbulence by routine 8 hours westerly
wind and dry (no rain) and the winter is short (December-March), cold (epilimnetic Temps.—15°C - 17°C and
wet (precipitation ranged 400 - 900 mm/y directly on the lake and in the catchment respectively). The ecological
dissimilarity existed between sub-tropical and temperate climate zones make comparative evaluation of the re-
sults to be done very carefully. The impact of low N/P ratio on cyanophytes bloom formation probably similar in
both climate zones on the other hand due to eco-physiological differences of the food-web compartments, ferti-
lization response might be differ. Another dissimilarity between lakes is related to the trophic status: cyanobac-
terial bloom formation in eutrophic or hypertrophic ecosystem is not compatible with oligotrophic trait. Un-
doubtedly Nitrogen limitation was gradually developt in the Kinneret ecosystem [16] and Cyanobacteria gain
several benefits under such conditions: the ability to maintain N, fixing, and therefore increased cell growth and
also cell buoyancy together with the ability to regulate buoyancy to improve light absorbance and photosynthetic
activity and cyanophyte cells growing under N limitation increase their capacity for Nitrogen uptake [17]. Nev-
ertheless, Nitrogen deficit accompanied by decline of N/P ratio is not always counteracted by Nitrogen fixation.
It can be concluded that the study presented here indicates no advantage of N, fixing resulted by N deficit. Re-
sults in Figure 4 indicate lower number of filaments without additional Nitrogen and significant higher filament
densities in tanks where Nitrogen was added. Moreover, the daily data indicates no difference in Nitrogen con-
tent of algal cells (N (ppm)/Algal (g.dw), higher chlorophyll content when N was added and decline from day 1%
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to 6" when N was not added. Additional nitrogen was clearly measured in the water in N-added tanks. The con-
centration ranges of TIN measured in the tanks with and without additional Nitrogen (0.05 - 0.300 ppm) were
far below the critical level indicated by [17] as required (50 - 100 ppm) to induce nitrogenase activity. It is con-
cluded that additional Nitrogen to natural Lake Kinneret waters including heavy bloom of A. ovalisporum was
detected as dissolved form (TIN) in the water and contributed to the biomass (filament densities) increase, chlo-
rophyll content but N, fixing activity was probably slightly enhanced and fixers were not reduced. Normal ac-
tivity of A. ovalisporum was not interfered by low concentrations of Nitrogen addition which slightly enhanced
biomass density. These results must be thoroughly considered for future experimental design with higher N
added concentration and longer time of incubation.

5. Conclusion

Bloom of Aphanizomenoin ovalisporum in Lake Kinneret was first recorded in summer 1994 resulted by mul-
tiannual decline of Nitrogen and slight increase of Phosphorus loads in the Epilimnion. The outcome was defi-
ciency of Nitrogen and sufficiency of Phosphorus. An attempt to reduce the cyanophyte bloom was experimen-
tally studied in outdoor 5 m*® by Nitrogen fertilization. It is suggested that because of the Eutrophic level of the
Kinneret ecosystem and its location in a sub-tropical zone, the duration of the experiments should be longer than
20 days and higher quantity of additional Nitrogen should be tested. Not like in oligotrophic temperate lakes, the
concept of Aphanizomenon suppression by additional Nitrogen which is in favor by other algae was not verified
in this study. Under this experiment conditions, if extra N was given, or not given, the N fixing capability was
not advantageous or disadvantageous to Aphanizomenon. Other factors, such as Phosphorus availability, tem-
perature, turbulence, light absorption or zooplankton gazing, are probably deeply involved.
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