MedWe]l Joumnal of Fisheries International 2 (3): 200-206, 2007

Onllne

© Medwell Journals, 2007
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Abstract: The Oubeira Lake constitutes a vast extent of fresh water (5436 acre) of a maximal depth of Sm.
Exploited for the irrigation, the drinking water and the extensive raising of 9 fish of which the silvery eel and the
microphage species of Carps. This lake is considered as one of the biggest RAMSAR sites of Algeria (36°50'N,
8°23'E). The composition and the biomass of the phytoplankton have been analyzed monthly in three stations
of the Oubeira Lake during a yearly cycle (October 2000-September 2001) 1n addition to the environmertal
parameters. The water temperature varied all along the months between 9 and 30 °C, the pH between 6.1 and
7.9, whereas the conductivity remained m the order of 1 mS. Unusually, the year 2001 was very little rainy with
only 575 mm. The phytoplankton is formed mainly by the Cyanobacteria, Chlorophycea, Diatoms and in a least
measures Buglenophycea. This basic population develops active densities up te 4x10° ind.L™". The monthly
middle biomass is 203 g C1.". This stock is made largely of the Cyanobacteria (32.5%) Chlorophyceae (27.1%)
Diatoms (24.6%) and the Euglenophyceae (15.6%). The biomass reflects an important fertility and represents

a wealth of the Oubeira
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INTRODUCTION
The Lake Oubewra belongs to the natural
protected reserve of El Kala, it occupies a surface area of
5436 acres with a catchment’s area covering approximately
24 710acres and a height of 25 m (Belair, 1990; Tomas,
1977). It 1s fed primarily by the brook of Messida formed
from the surrounding marsh, whereas in summer the
hydrological system functions in opposite direction
(Marre, 1987). Oubeira is a fresh water Lake, without flow
towards the sea; it has a particular importance because of
its great capacity of receiving wintering water birds and
plays a multiple legal protection from its geographical and
ecological importance. The Lake Oubeira 1s registered in
the list of RAMSAR Convention in 1983 as a wetland with
considerable biological richness (Van Dijk and Ledant,
1983). The contributions in nutritive substances, in
particular by surface waters, support the enrichment of
the water level. In addition, the introduction without
preliminary study, of two planktivorous fish species, the
Chinese carp and the large mouth in the Lake could have
a great effect on biological balance and the operation of
the ecosystem. In addition to the ecological problem,
specific proliferation of Cyanobacteria whose toxic
species appear in spring and in summer (Bensouilah et al.,
2003). Thus, the low depth of Oubeira, its exploitation for

fishing, for wrigation and for the production of drinking
water, requires a rigorous monitoring of water, in
particular the toxic species of phytoplankton. It should be
stressed that Oubeira phytoplankton and up to now was
given only rare specific studies.

The objective of this research therefore, consists of
studying the density and the biomass of the little known
Oubeira phytoplankton, as well as the seasonal dynamics
of the species observed.

MATERIALS AND METHODS

Study site presentation: The Lake Oubeira 1s situated in
the National park of El-Kala and ranked the second in
water level after the Lake Tonga. It 1s located at 36°50' N
and 38°23' E and at approximately 25m of altitude (De
Belair, 1890 and Messerer, 1999). It acts as a fresh sheet of
water, surrounded by sandy clay slopes of a surface of
approximately 22 km® with a maximum depth of 5 m
according to pluviometry. Oubeira Lake presents a typical
space orgamsation, surrounded by vegetation with an
important surface area colonised by floating herbs of
hydrophytes (Miri, 1996). The quality of water represents
a double use, for human consumption and the irrigation as
well. Phenomena of filling by the sedimentation of alluvia
and plant orgamc matter reduce the water blade and
wolve an acute silting of the Lake. Oubeira 1s fed
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Fig. 1: Geographical situation of the OQubeira Lake andlocation of the 3 sampling stafions

primarily by the brooks Boumarchen and Meszida in the
south-eastern zones, with a small depth, thus creating a
large marsh in certain periods. However, during large rains
of winter, water of the El-Kebir River invades this marsh
and it joins the Lake through the Messida River (Fig. 1).
The latter has the characteristic to run out alternatively
in the two directions according to the level of Qubeira
filling (Marre, 1987).

Sampling: Monthly samplings were carried out during the
peri od of October 2000 to September 2001. Three stations
were selected according to their situation with respect to
the continental confributions and according to an axis of
north-south wind influence (Fig. 1) and thus of water
circulation. The station 1 in the north is not subjected to
any anthropic influences. The station 2 located at the
cenfre of the lake, is subjecied directly to the
contributions of a small brook, finally the station 3 located
at the south-east is under the direct influences of the
surplus contributions of the surrounding marshes.

Each sample corresponds to three collections carried
out with a depth of approximately 1 meter. Measurements
of pH and temperature are taken using a field pH-meter
(PHYWE 0713900) whereas the conductivity is measured
with a conductimeter JENWAY 4071).

For the phytoplankton, three samples are taken in
each station and a fraction of 100 mL of each sample is
fixed at Lugol's zolution, concentrated and then stored in
the cold and darkness. The sub-samples are left to
precipitate during 12 h in counting tanks. The
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phytoplankion was counted using an inverted microscope
according to the method of Utermdéhl (Uterméhl, 1958).

The bio-volume of the various invidious belonging
to the found principal phytoplankionic classes
(Cyanobacteria, Chiorophycea, Diatoms and
Fuglenophyceq) was estimated according to the method
of Bratbak (1985). The individual bio-volume is calculated
starting from the average of the dimensions measured on
a hundred cells. The biomass (expressed in ng.C.L™") was
estimated by using the conversion factor of carbon bio-
volume-equivalent, by considering that 10°um’ is equal
to 1pg fresh matter, in which 12%b of fresh water
represents the organic carbon biomass, proposed by
Amblard et al. (1995).

RESULTS

Physical and chemical characteristics: Figure 2 shows
that during the period of October-February, strong values
of rainfall have been recorded, within particular 108 mm in
December. The winter cumulates 295 mm with 52% of the
sum of annual rainfall. During low water level the values
were as low as 0.36 mm. In winter, however, water
temperatures decreased to 9°C and the maximum of
temperature observed in summer (August) was of 30°C
(Fig. 2). The recorded values of pH oscillate between 6.1
and 7.9 throughout the seasons and become somewhat
acid between March and August, as for conductivity,
which varied very little during the year with an average of
about 1 mgin the three sites of samplings (Fig. 2).
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Fig. 2: Monthly variation of rainfall, temperature, pH and
conductivity in the 3 sampling stations of Oubeira
Lake (October 2000-September 2001)

Phytoplankton abundance: The quantitative evolution of
the phytoplankton was independent of the seasons in the
northern station with a monthly average of approximately
0.35x10° indI.™' (the maximum in May was 0.52x10°
ind 7"} whereas in the central and southern stations, in
spring, the phytoplankten peaks were up to 4x10% ind L™
(Fig. 3). During the summer, the phytoplankton densities
relatively decreased reaching 2.4x10° and 3.2x10° ind 1.~
in the center and the south, respectively. The monthly
averages m these stations are 2.5x10° ind.LL ™' in the center
and 3.0x10° ind.LL ™" in the scuth (Fig. 3).
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Fig. 3: Monthly variations in the total phytoplankton
density (10° ind.L™) in the 3 sampling stations of
Oubeira Lake (October 2000-September 2001)
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Fig. 4: Density evolution (10%nd.L™") of the different
classes of Phytoplankton in the 3 sampling
stations of  QOubeira TLake (October 2000-
September 2001)

According to various classes of algae (Fig. 4),
Chlorophycea dominate in all stations with values
reaching 14x10% ind. L™and 16x10* ind L., respectively, in
the center and in the south. Contrary, the Euglenophycea



J. Fish. Int., 2 (3): 200-206, 2007

600+

E 5004

ap 400
s

W Station 1 O Station 2 I:!_SmtionS

g 300
8 2004
1]

100-

MTATM' ]
Month

J A S8

Fig. 5: Monthly variations of total biomass (ug CL™") in
the 3 sampling stations of Oubeira Lake (October
2000-September 2001)

were minority, particularly in the center and the south with
very low values to see null in the center and the south of
the Take. As for Cyanobacteria and Diatoms, their
presence in Oubeira is regular during the year. Tn addition,
the seasons of spring and summer were the most
favourable to the phytoplankton development.

Phytoplankton biomass: The total Phytoplankton biomass
fluctuated differently according to stations, with low
values varying only between 36 and 88 ug CL™" in north
and of the values more raised definitely, in the center and
the south, respectively, reaching 544 and 533 pg CL™
(Fig. 5). The maximum biomass 1s recorded m spring and
to a lesser extent i summer period. The monthly general
averages in the three stations according to the southern
northern axis i.e., that of the dominant winds, were,
respectively, 58, 287 and 333 pg CL™".

The northern station 1s characterized by weak annual
productions of biomasses with 694.5 pg CL™" after
comparing with the 2 other stations, where the biomass
was definitely higher than 3000 ug CL™'. In addition,
Chlorephycea dominate with 350.2 pg CL™' followed by
Fuglenophycea with 161.7 pg CL™, the Cyanobacteria
(127.2 pg CL.™") and the Diatoms were the least productive
(55.5 ug CL™") in this station. The biomass varied very
little of the northern station with a
minimum of 36 pug CL.™" in November and a maximum

on the level
production which was always recorded in spring period
with 87.6 ug CL™",

In general, the biomass in Oubeira was dominated
by the classes Chlorophycea and Cyanobacteria, which
seem to proliferate, especially in spring and summer
by developing bicmasses going from 107 pg CL™' to
417 ug CL™" during the period of March-Tuly (Fig. 6).

In the center of the lake (station 2) the Chlorophycea
class dominates the other phytoplanktonic classes with a
moenthly biomass average of 172 ug CL™', that is to say
more than 59% of total phytoplanktonic stock. It was in
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Fig. 6: Monthly variations in the biomass of the different
phytoplanktonic classes (ug CL™") in the 3
sampling stations of QOubeira Lake (October 2000-
September 2001)

spring that the biomasses were strongest varying
between 320 pg CL™" and 433 pg CL™'. As one can note
it i Fig. 6, Euglenophycea, the Diatoms and
Cyanobacteria come in the third rank with a comparable
contribution m average biomasses, that 1s to say
approximately 38.5 ug CL™" per month (Fig. 6).

Figure 6 shows that the monthly average of biomass
at the southern station was 333 ug CL™, ie. the most
productive which was primarily due to the classes of
Chlorophycea and Cyanobacteria with a monthly average,
respectively of 216.9 and 90.6 ug CL.™", representing more
than 90% of the biomass. Euglenophycea and the
Diatoms, definitely minority, have produced only 19 and
6.5 g CL™" at any season.

DISCUSSION

Several work, in particular those of Garnier et al.
(1995) and of Sept and Reynolds (1995) showed that the
phytoplanktonic production of a water level was related
to the temperature, the light, the nutrients and chattering.
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The variation of the physical parameters in Oubeira
reflects sub-humid conditions characterized by two great
periods, a soft autumn and winter with low temperatures
and a spring and a summer characterized by an increase in
the photoperiod and temperature.

Early spring, these physical
(contributions in nutritive elements, increase m the
photoperiod and the temperature) support the fast
increase in  phytoplankton, which resulted in
the  phytoplanktonic  density  augmentation from
6x10° ind.L ™" in February to 8<10° ind.L™"'in May. In
general, it has been observed weak variations of the
physical parameters in the level of the tropical Lakes,
which according to Melack and Fisher (1990) generally
have a lower seasonal variability of thewr physical and
chemical characteristics than those of Lakes located in the
moderate zones. The pH of Oubeira water has fluctuated
between 6.1 and 7.7, which corresponds to the optimal
zone for the phytoplankton productivity (Arrignon, 1991).

The obtained results showed obviously that the
northern station was less populated, whereas the central
and southern stations were richer of phytoplanktonic
density and consequently in biomass. Indeed, the central
and southern stations were subjected to various
contributions of fresh water effluents from the two small
rivers; Messida and Boumarchen, bringing the by-
products of agricultural activity. In addition to the vast
catchment’s area consisted of the mounts of El-Kala to
the east and those of El-Frine in the south, bringing
organic matter and micro-organisms, which contribute to
the enrichment of the Lake. Nevertheless, the fluctuations
of the densities differ according to physical and chemical
conditions of the medium, in particular the temperature
which 18 a determiming factor in the phytoplankton
development (Caplancg, 1995). Thus, temperature
variations can have direct effects on the development of
certain species which according to Arrignon (1991) are
grown more easily with preferential thermal intervals,
knowing that Oubeira is not a very deep Lake.

The distribution of the phytoplankton m the three
stations showed that it was the northern station which
was lowest in micro-algae with an average value of
0.35x10° ind.L ™", the maximum density was observed in
spring m the southern station. Contrary to the northemn
station, the central and southern stations expressed
comparable densities; however, the values were higher
than in the north of the Lake. In winter, however, the
Chlorophycea and Cyanobacteria have dominated in
densities. The strongest densities were recorded in
the southern station with a monthly average of
3.1x1¢° ind L™, comparable with those of the Lake center
(2.6x10° ind. L™"). Indeed, the increase in the temperature

in factors
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inspring allowed a renewal of the phytoplankton activity,
in particular in the Lake center and consequently a
stronger production of biomass. In the south, from March
to September, the wvalues of biomasses were more
important, which have been supported primarily by
Cyanobacteria. Nevertheless, the phytoplankton densities
were from low to constants i the period of high
temperature, which suggests that a part of the
phytoplankton can be consumed by the higher trophic
(Caplancg, 19953). In general, the
phytoplanktomc densities, in all the stations, were due to
the low depths of the Lake, on the one hand and to the
strong light intensity, on the other hand, which according
to Huovenen et al. (1999) would inhibit the phytoplanlton
development on the surface water. This horizontal
stratification can be justified by the very mmportant
contributions of organic matter and minerals, in particular
of nitrogen and phosphorus, by the catchment’s area due
to fertilizers used mn the agricultural activities of the
neighbouring farms. In addition, the mfluence of the wind
in this distribution is not excluded because Oubeira is
very open and it is with a height of approximately 25m
(Belair, 1990) which exposes it to the winds prevailing of
the neighbouring Mediterranean Sea. Also the low Lake
depths in the southern area, sometimes marshy, would
probably contribute to a better proliferation of many
species in this zone as the case of Chlorophycea and the
Cyanobacteria. In addition to the marshy character of
these zones, the central and southern stations were often
subjected to intense winds with variations in temperature,
which make 1t possible to note a certain distribution and
diversity of the phytoplankton Indeed, Reynolds (1984)
pointed out that because of the variations in
temperatures, the wind intensity and rain, on one hand
and of the morphometric changes and the various trophic
levels of the lakes, on the other hand, there exists a

chain low

relatively large diversity of the phytoplanktonic
populations.
Moreover, our results prove that the Lake

Oubeira 1s an ecosystem very favourable to the
phytoplankton proliferation, in particular the classes
Chlorophycea and Cyancbacteria, with a regular presence
at any season. The study of Schultze ef al. (1995) has
highlighted that each phytoplanktonic class has its own
optimum conditions for growth.

The comparison between the production of monthly
and annual biomass in the three stations revealed that the
northern station produced a minimum of biomass whose
values did not exceed 8.5% independent of the seasons.
On the other hand, the central and southern stations have
produced, respectively 42.3 and 49.2% with 91.5% of the
total lake biomass, with varying percentages according to
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seasons. Also it can be noticed that during the winter
period, the biomasses were in generally weak. The
sub-tropical character of the region climate has induced
weak seasonal variations of the abundance, the biomass
and the phytoplankton productivity with a little marked
succession of the species (Lewis, 1979, Smayda, 1980;
Richerson and Carney, 1988). These last authors noted
however, that the biological processes can fluctuate m an
endogenous way in the absence of external environmental
fluctuations.

The recent introduction of Chinese carp mto Oubeira
Lake 1s probably at the orign of the Cyanobacteria
domination, because there is a reduction in N:P ratio.
According to Sanders et «l (1980) it is possible to
atmospheric nitrogen fixing Cyanobacteria to proliferate
and dominate mn the watery systems where the N/P
ratio is equal to 51 (Findlay et al., 1994) and/or the
pH higher than & (Prescott et al, 1995). This
presence in considerable quantity of Cyanobacteria was

i

generally accompamed by an increase i the biomass
(Chorus and Bartram, 1999) and consequently by a high
production of toxins, which could generate intoxications
to amimal and man.

The diversity and irregularity m the species
frequency appearance of Oubeira are explained according
to Bourrelly (1991) by a specific characteristic particular to
each watery ecosystem. Thus, it proves that each genus
shows different capacities of adaptation m connection
with its environmental conditions. Bensouilah et al. (2003)
counted a maximum of 3x10% ind.I.7" of Cyanobacteria in
April with a prevalence of the Microcystis genus,
followed by the genus Anabaena and Oscillatoria, which
was confirmed by the actual study. According to
Murphy et al. (1976) certain species belonging to the
genus Anabaena and Microcystis can be dominant owing
to the fact that they secret a chelating substance, which
increases their growth, or it directly prevents that of algae
in competition, or the two effects at the same time.
Moreover, the high water temperature (25°C) of Oubeira
would support, according to Robarts and Zohary (15987)
the growth of Cyanobacteria even if these authors report
that the direct effects of the temperature are secondary
compared to both the temperature indirect effects and the
nutrients. The Cyanobacteria bleoms, which play
important role in the atmospheric nitrogen fixing in fresh
waters was already known (Zehr et al, 2001). This
dommation and regular presence of Cyanobacteria could
mean real presence of toxims with real threat to the public
health, because according to Kotal et al. (1996) there was
a strong correlation between the concentration of
phytoplanktomc toxins and the abundence of water
Cyanobacteria.
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CONCLUSION

It can be said that the Oubeira Lake 1s dommated by
Chlorophycea and contains one of the very favourable
conditions to the Cyanobacteria development. The
contimious presence of Cyanobacteria and m great
quantity requires the installation of a permanent checking
routine of Lake water. In addition, regular follow-up of the
physicals and chemicals parameters and the spatio-
temporal dynamics of these micro-algae, particularly in the
bloom period are more than necessary, because of the
potential risk that they can constitute for the public
health. The actual knowledge of the dynamic and
phytoplankton biomass of Oubewa Lake would be
beneficial for future work, not because it gives the Lake
species composition only, but also it will tells about any
future variations, due to the rapid changes of the
ecosystems.

ACKNOWLEDGMENT
Especially thanks to C. Abdenour
REFERENCES

Amblard, C., I.F. Carrias, G. Bourdier and N. Maurim, 1995.
The microbial loop in a humic lake: seasonal and
vertical variation in the structure of the different
commuruties. Hydrobiologia, 300/301: 71-84.

Amignon, J., 1991. Aménagement Piscicole Des Eaux
Douces. (Edn.) (Ed): Lavoisier, pp: 631.

Belair, G.de., 1990. Structure,
perspectives de gestion des écocomplexes lacustres
et marécageux (El-Kala, Est Algérien) Université
Montpellier TI, Thése de Doctorat, pp: 193.

Bensouilah, M., R. Chaibi and C. Bouallag, 2003.

aquacole et peuplement

Cyanophycées d'un plan d'eau douce (Le lac

Oubeira) et d'un plan d'eau saumétre (La lagune El

Mellah) de la région extréme nord est Algérienme.

Bulletin de I'INSTM n Spécial (8). Actes des

fonctionnement et

Production en

6émes Journées de I'ATS Mer. Turus (Tunisie),
Pp: 28-32, 29-32.

Bourrelly, P., 1991. Cyanophycées; Encyclopedia
Universels, pp: 979-981.

Bratback, G., 1985, Bacterial bioveolume  and

biomasses estimations. Applied Eviron. Microbiol.,
49: 1488-1493.

Caplancg, T., 1995, Production ‘Primaire Autotrophe. In:
Limmnologie Générale. (Edited by Pourriot R.,
Meybeck M., Masson, Paris), pp: 228-252.



J. Fish. Int., 2 (3): 200-206, 2007

Chorus, T. and J. Bartram, 1999. Toxic cyanobacteria in
water: A guide to their Public Health consequences.
Monitoring and management. E and FNSpon,
London.

Findlay, D.1, RE. Hecky, L.L. Hendzel, P. Stainton and
W. Regehr, 1994. The relationships between nitrogen
fixation and heterocyst abundance in Lake 227 and
its relevance to the mtrogen budget. J. Can. des. Sys.
Halieutiques et Aquatiques, 51: 2254-226.

Garnier, I, G. Billen and M. Coste, 1995. Seasonal
succession of diatoms and Chlorophyceae in the
drainage of the Seine River: Observations and
modeling. Limnel. Oceanograpy, 40: 750-765.

Huovinen, P.S., M.T. Brett and C.R. Goldman, 1999.
Temporal and vertical dynamics of phytoplankton
net growth in Castle Lake, California. J. Plankton
Res., 21: 373-385.

Kotal, B.G., RW. Zurawell, E.E. Prepas and C.F.B Holmes,
1996. Microcystin LR concentration in aquatic food
web compartments from lakes of varymng trophic
status. Can. T. Fish. Aqu. Sci., 53: 1974-1985.

Lewis, WM., 1979, Dynamics and succession of the
phytoplankton in tropical lakes: Lake Lanos.
Philippines. J. Ecol., 66: 849-880.

Marre, A, 1987. Etude géomorphologicue du tell Oriental
Algérien de Collo a la frontiére turnsienne. Umversité
Aix-Marseille TT. T E.R de Géographie, pp: 559.

Melack, T. and T.R. Fisher, 1990. Comparative limnology
of tropical floodplain lakes with an emphasis on the
Central Amazon. Acta Limnol Bras., 3: 1-48.

Messerer, Y. 1999, Etude morphométrique et
hydrologique du complexe lacustre IEl Kala (Cas du
lac Mellah et du lac Oubeira). Thése de Magister.
Université de Annaba. pp: 123.

Mir, Y., 1996. Contribution a la connaissance des
ceintures de végétaion du lac Oubewa (Parc
National d'EL Kala) approche physio-écologique et
analyse de lorganisation partielle. Thése de
Magister INA. Alger.

Murphy, TP, DR.S. Lean and C. Nalawajko, 1976.
Blue-Green Algae: Their excretion of Tron-Selective
Chelators enables them to dominate Other Algae,
Sei., 192: 900-902.

206

Reynolds, C.5., 1984. The ecology of freshwater
phytoplankton.  Cambridge
Cambridge, pp: 384.

Richerson, P.J. and H.J. Camey, 1988. Patterns of temporal
variation in Lake Titicana, a high altitude tropical
lake I. Succession rate and diversity of the
phytoplankton.  Verhandlungen  Internationale
Vereinigung Fur Theiretische und Angewandte
Limnologie, 23: 734-738.

Robarts, RD. and T. Zohary, 1987. The temperature
effects on photosynthetic capacity, respiration and

University  Press,

growth rates of bloom-forming Cyanobacteria. New
Zealand J. Marme and Freshwater Res., 21: 391-399.
Sanders, G.W., K.C. Cummins, D.Z. Gak, V. Pieczynska
Straskrabova and R.G. Wetzel, 1980. Organic Matter

and Decomposers. In: The Functioning of
Freschwater Fcosystems. TLe Cren, ED. et
Lowe-McConnel (Eds.), Cambndge University

Press, pp: 341-392.

Schulze, P.C., H.E. Zagarese and C.E. Williamson, 1995.
Competition between crustacean zooplankton in
contious cultures. Limnol. Oceanograp, 40: 33-45.

Sept, K.L. and C.3. Reynolds, 1995. Phytoplankton
functional attributes along trophic gradient season.
Limnol. Oceanography, 40: 589-597.

Smayda, T.J., 1980. Phytoplankton species succession.
In: The Physiological Ecology of Phytoplankton.
Morris 1. (Ed.), Blacwell Scientific Publications,
Oxford, pp: 493-570.

Tomas, F., 1977. Amnaba et sa région. Université de Saimnt
Etienme, pp: 720.

Utermohl, H., 1958, Zur Vrervollkommung der
quantitative Phytoplancton-Methodik. Mitteilungen.
Tternationale Vereinigung Fur Theiretische und
Angewandte Limnologie, 9: 1-38.

Van Dyk, G. and TP, Ledant, 1983. La valeur
ornithologique des zones humides de I'Est Algérien.
Biological Conservation, 26: 215-226.

Zehr, J.P., I.B. Waterburg and P.J. Turmner et af., 2001.
Unicellular Cyanobacteria fix N2 m the subtropical
North Pacific Ocean. Nature, 412: 635-638.



