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A B S T R A C T

Water quality, nutritional characteristics and phytoplankton biomass in aquaculture of

Oreochromis niloticus (L.) simultaneously with its water source supply (Lake Nasser), were

monthly investigated over a one-year period (July 2009–2010). Analysis of the results showed

that application of fertilizers and environmental conditions appeared to be the principal

factors influencing the spatio-temporal variations of water quality and productivity. The data

obtained revealed differences between the fish pond and its water supply. Monthly fluc-

tuations in the availability of the major nutrients reflected the occasional supply of the fish

pond with different nutrients. Phytoplankton biomass in terms of chlorophyll-a concen-

trations were always of relatively higher values in the fish pond than those in Lake Nasser’s

water. Elevation of pH values and dissolved oxygen saturation levels appeared concomi-

tantly with the increase of chlorophyll-a concentrations due to the phytoplankton

photosynthetic assimilation activities. The observations of the present study highlighted

the chlorophyll-a concentrations as an indicator of phytoplankton biomass reflecting water

quality in the Nile tilapia aquaculture ecosystem.

© 2015 The Author. Production and hosting by Elsevier B.V. on behalf of Beni-Suef Univer-

sity. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The global growth in requirements for sustainable exploita-
tion of water resources has led to corresponding growth in
African and Egyptian aquaculture that presents huge devel-
opmental possibilities. This productive activity may cause
environmental impacts upon the balance of the aquatic com-
munities. Environmental impact assessment and risk
management of aquaculture facilities on the surrounding water

habitats appear to be an essential strategy towards elabora-
tion for management plans of water resources (Zengeya et al.,
2013). Possible evaluations of these impacts can be better in-
vestigated by including reliable information on water’s physical,
chemical and biological aspects of aquaculture and the source
of their water suppliers. Appreciable detection of changes
induced by aquaculture practices will delineate the trend of
aquaculture effects on the environment.

Fish in aquaculture has a general major impact on macro-
nutrients and consequently on phytoplankton biomass (Sarà,
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2007a). Thus, comprehensive evaluation of water quality de-
pending on dissolved nutrients and phytoplankton standing
crop would be important to obtain a clear vision for sustain-
able use of aquatic habitats (Beveridge, 1996; Sarà, 2007b).

The widely geographical distributed Nile tilapia, Oreochromis
niloticus (L.) is a fundamental species for freshwater aquacul-
ture in several developing countries (Blé et al., 2012; Ofor et al.,
2011). During the last four decades, this species represented
a commercially very important fish of Lake Nasser and made
up over 65% of the total fish landing in this area (Fig. 1). Since
fishing is an important economic activity in this area, the es-
tablishment of the Nile tilapia fish hatcheries has a pivotal role
for the integrated management of inland fisheries. The glob-
ally cichlid species, Nile tilapia (O. niloticus) is an African
omnivorous filter-feeder fish (Figueredo and Giani, 2005), which
is largely phytoplanktivorous, with phytoplankton contribut-
ing to the main dietary component (Semyalo et al., 2011).
Production and rearing of the Nile tilapia O. niloticus in
aquacultures is increasing in different geographical regions,
frequently without any control to assure preservation of water
conditions. The aquaculture ecosystem is indirectly affected
by the changes of water physico-chemical conditions that can
regulate the phytoplankton development (Jewel et al., 2003) in
such closed pond habitats.These conditions are greatly changed
due to the alterations of the nutrient concentrations. The en-
hancement of nutrient contents in the aquaculture ecosystems
is forced by man-made enrichment (Kund-Hansen and
Batterson, 1994; Teichert-Goddington et al., 1990) and by the
influence of seasonal periodicity (Skejić et al., 2011). Ad-
vances in understanding of the physical, chemical and nutrient
dynamics in the closed systems of tilapia aquacultures may
contribute to the appreciation of a clear picture for the hy-
drobiological features and ecological interactions in these
habitats (Muangkeow et al., 2011). Monitoring of water physi-
cal and chemical characteristics is essential to address the
factors influencing the whole community of aquaculture in-
cluding fish. Simultaneously, measurements of chlorophyll-a
concentration as a good predictor for primary productivity and
phytoplankton density are regarded as an index of fish yield
and a criterion of water quality as well as the trophic status.
Quantification of primary production in terms of chlorophyll-a

is quick and easy to measure surrogate of aquaculture phy-
toplankton biomass (Jana and Kundu, 1993). Other than an
investigation based on once collected samples (El-Otify, 2007),
nearly no works were done concerning the newly established
aquaculture system in this area.

The aim of the current work was to document the major
physico-chemical parameters and characterize the biological
environment in terms of chlorophyll-a concentrations of a sub-
tropical Nile tilapia fish hatchery at the west of Lake Nasser,
Upper Egypt and to determine the seasonal changes, if any, in
those parameters.

2. Materials and methods

2.1. Site description

The investigated Nile tilapia O. niloticus fish hatchery was es-
tablished in a development area on the west shore of Lake
Nasser during late 1990s to early 2000s in an attempt to reach
an annual production of 35 million fish fry to increase the fish
production in Lake Nasser. This area lies at about 50 km south
west of Aswan High Dam, between 23° 00′, 33° 41′ latitudes and
32° 00′, 52° 04′ longitudes (Fig. 2). The climate of the region is
extremely arid with mean occasional precipitation of less than
4 mm per year and hot with high maximum temperature that
may reach or sometimes exceed 46 °C in summer.

This fish hatchery consists of 40 concrete fish rearing ponds
(each of about 300 m2 in area). The number of fish fry (2–5 g)
production ranged between 1 and 3 million individuals of fish
fry per year. The pond water is subjected to occasional fertil-
ization with chemical fertilizers and organic manures containing
protein and vitamins to provide adequate amounts of essen-
tial nutrients for the production of phytoplankton, which form
the base of the grazing food chain of cultured fish. Renewal
of the pond water is carried out monthly.

2.2. Sampling and field measurements

Subsurface water samples were monthly collected using acid
washed polyethylene bottles from a concrete pond during the
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Fig. 1 – Percentage contribution of the Nile tilapia to the total fish landing in Lake Nasser area during the last four decades.
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period from July 2009 through July 2010. In conjunction, water
samples were collected from a control site in the water source
supply (Lake Nasser). The major physical, chemical param-
eters and chlorophyll-a concentrations were analysed.

Water temperatures were determined in situ with an ordi-
nary glass mercury thermometer calibrated to tens of a degree
centigrade. pH measurements were carried out in the field with
a glass electrode pH metre (Orion model 601/digital ionalyser).
Electrical conductivity and salinity were measured using an
Amber Science Inc San Diego conductivity metre model 1062.
Calibration of this equipment was performed with KCl stan-
dard solutions. Levels of dissolved oxygen were determined by
unmodified Winkler titration method (American Public Health
Association, 1985). Dissolved oxygen fixation was done in the
field in 100–120 mL BOD (biological oxygen demand) bottles.
Acidification and titration were accomplished at the labora-
tory. The table of Truesdale et al. (1955) was used for
computations of the percentage oxygen saturation levels.

2.3. Laboratory work

For further chemical analyses, 1 L aliquots of the water samples
were filtered onto pre acid-washed 0.45μm membrane (cellulose

acetate) filters (Sartorius AG.W-3400, Goettingen, Germany).The
filtrate water samples were analysed for the estimations of dif-
ferent major anions and cations within few days according to
standard methods (American Public Health Association, 1985).
Nitrate-nitrogen (NO3-N) contents were determined by the modi-
fied sodium salicylate colorimetric procedure. The amounts of
orthophosphate-phosphorus (PO4-P) determinations were
carried out by the colorimetric ascorbic acid procedure. Glass-
ware for phosphorus determinations were cleaned following
the procedure outlined in Lind (1979). The colorimetric
molybdosilicate method was employed for the determina-
tions of soluble reactive silica concentrations. SO4

2− ion
concentrations were estimated by precipitating these ions in
hydrochloric acid medium and colorimetric measurements of
the absence of barium sulphate suspensions. For all of the above
mentioned colorimetric procedures, standard solutions were
subjected to similar treatments as the samples. For determi-
nations of the divalent cations (Ca2+ and Mg2+), EDTA
(ethylenediaminetetraacetic acid, disodium salt dihydrate)
complex-metric titration method was applied.

For chlorophyll-a determinations, appropriate aliquots
(200–1000 mL) of water samples were filtered with a vacuum
pump through pre-washed Whatman GF/C (1.2 μm) glass fibre

Fig. 2 – Map showing sampling sites; I: Lake Nasser, II: Fish hatchery.
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filters buffered with MgCO3. The filters were wrapped in alu-
minium foil and kept in an ice box for 24 hours before
extraction. The chlorophyll-a extraction with 90% acetone for
12 hours in the dark at 4 °C was performed according to the

Standard Methods for the Examination of Water and Wastewater
(1992) after grinding the filters with a tissue grinder.

2.4. Data analyses

Data were analysed by descriptive statistics (averages and stan-
dard deviations). Pearson’s correlation and regression analyses
were used to assess pair wise associations of variables and their
strength. Data were subjected to one-way analysis of vari-
ance (ANOVA) to test for significance differences between the
two investigated sites (fish pond and Lake Nasser) and among
seasons.

3. Results

Table 1 addresses physical and chemical properties for both
the investigated sites; Lake Nasser and fish pond to be easily
compared. Monthly variations in water temperature (Fig. 3) re-
vealed somewhat higher minimum and maximum values in
fish ponds (19.3–28.9 °C) than in Lake Nasser (18.5–28.1 °C).

Dissolved oxygen concentrations (mg L−1) and percentage
saturations were followed throughout the investigation period
(Fig. 3). The maximum values of 9.63 (105.82%) in Lake Nasser

Table 1 – Mean annual values and standard deviation
(SD) of water physical and chemical parameters of the
fish pond and the water source supply (Lake Nasser)
recorded during the period from July 2009 to July 2010.
SD: standard deviation.

Lake Nasser Fish pond

Mean SD Mean SD

Temperature (°C) 23.09 3.18 23.85 2.98
pH value 8.36 0.35 9.01 0.45
Dissolved oxygen (mg L−1) 6.68 1.63 8.09 1.98
Oxygen saturation (%) 78.95 15.84 97.04 20.9
Electrical conductivity (μS cm−1) 226.82 22.64 244.1 88.96
Salinity (%) 0.10 0.02 0.11 0.04
NO3-N (μg L−1) 321.03 287.23 273.66 147.46
PO4-P (mg L−1) 32.38 15.81 32.19 17.94
SiO2 (mg L−1) 4 2.38 4.28 2.45
SO4 (mg L−1) 4.92 2.15 6.65 3.03
Ca2+ (mg L−1) 29.91 3.71 25.96 12.14
Mg2+ (mg L−1) 9.22 2.37 9.93 3.68
Total hardness (mg L−1) 39.12 3.86 35.89 14.03

Fig. 3 – Monthly variations of water temperature (°C), dissolved oxygen (mg L−1) and oxygen saturation levels (%) recorded
during 2009–2010.
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and 11.66 (135.74%) in the fish pond were recorded in January
2010. The minimum values of 4.42 (55.32%) in Lake Nasser and
5.35 (66.71%) in the fish pond were recorded during August 2009.
In Lake Nasser, the contents of oxygen were slightly over the
saturation level during winter months, while in the fish pond,
these contents were recorded to be over the saturation level
during late autumn, winter and early spring months.

pH values of the two investigated habitats (Fig. 4) were
always on the alkaline side. No distinct seasonal trend was ob-
served with relatively low seasonal variations. The values
recorded in the fish pond were typically alkaline (8.06–9.6) and
generally higher than those of Lake Nasser in which pH re-
mained near neutral to mildly alkaline (7.88–8.98).

Electrical conductivity and salinity (Fig. 5) did not show ap-
preciable differences in their seasonal distributions either in
Lake Nasser or in the fish pond. Levels of electrical conduc-
tivity varied from 189 to 263 μS cm−1 in Lake Nasser and from
a minimum of 170 to a maximum of 525 μS cm−1 in the fish
pond. Noticeable high levels of the fish pond electrical con-
ductivity and salinity were recorded in July 2010.

Nitrate-nitrogen contents were obviously characterized by
irregular monthly fluctuations with a wide range of varia-
tions (Fig. 6). In the fish pond, these contents ranged from 86.11
to 516.65 μg L−1 and in Lake Nasser varied from a minimum of
34.44 to a maximum of 975.89 μg L−1. The peak level of NO3-N
was recorded in late winter (March 2010) for Lake Nasser and
in early spring (April 2010) for the fish pond.

Phosphate-phosphorus measurements showed that the re-
corded minimum levels of 14.36 μg L−1 in Lake Nasser and
11.87 μg L−1 in the fish pond (Fig. 7) were above the minimum
level of detection (>10 μg L−1) according to the American Public
Health Association (1985). The highest recorded PO4-P concen-
trations were: 60.58 μg L−1 (in Lake Nasser) and 64.33 μg L−1 (in
the fish pond).

Soluble reactive silica concentrations were generally char-
acterized by steady decline that was maintained during summer
to autumn months followed by a progressive elevation to the
highest concentrations in March 2010 for the fish pond and in
May 2010 for Lake Nasser (Fig. 7). Levels of silica ranged from

0.9 to 8.37 mg L−1 in Lake Nasser and from 1.02 to 8.65 mg L−1

in the fish pond.
Levels of sulphate concentrations exhibited more or less the

same temporal trend in the two investigated sites (Fig. 7). The
minimum values (2.64 mg L−1 in Lake Nasser and 2.82 mg L−1

in the fish pond) appeared in February 2010, while the
maximum values of 9.68 mg L−1 in Lake Nasser and 11.84 mg L−1

in the fish pond were recorded in August 2009.
The divalent cations, calcium, magnesium and conse-

quently the total hardness in the fish pond exhibited somewhat
higher maximum and somewhat lower minimum levels than
in Lake Nasser’s water (Fig. 8). The maximum calcium con-
centrations were 37.68 and 63.33 mg L−1 and the minimum were
23.25 and 14.43 mg L−1 for Lake Nasser and the fish pond, re-
spectively. Concentrations of magnesium varied irregularly
between 5.35 and 12.64 mg L−1 in Lake Nasser; and between 4.37
and 16.04 mg L−1 in the fish pond. In Lake Nasser, the levels of
total hardness ranged from 33.46 to 44.97 mg L−1.The total hard-
ness slightly fluctuated between 22.2 and 79.37 mg L−1 in the
fish pond. In general, calcium was always more abundant than
magnesium with no clear temporal trend.

Phytoplankton biomass, in terms of chlorophyll-a concen-
trations were determined for the two investigated water habitats
throughout the whole period of this investigation. Mean annual
values of chlorophyll-a concentrations (Fig. 9) were substan-
tially higher and more variable in the fish pond than in Lake
Nasser. In the fish pond, a strong seasonal pattern with dis-
tinct summer peaks that exceeded 66 mg m−3 in September 2009
and July 2010 were observed. The summer peak of 2009 was
followed by a sharp decline to the lowest value of 6.68 mg m−3

that was recorded in October 2009. A progressive increase in
chlorophyll-a from 14.93 mg m−3 in November 2009 to
40.34 mg m−3 in February 2010 was reported. Levels of Lake Nass-
er’s chlorophyll-a contents were however, relatively more stable,
with irregular monthly fluctuations between a minimum of
2.36 mg m−3 and a maximum of 9.31 mg m−3 (Fig. 10).

Table 2 addresses the significant results of one-way ANOVA.
Phytoplankton biomass revealed a high significant (p < 0.001)
difference in the chlorophyll-a levels between the two

Fig. 4 – pH values recorded in the investigated sites during 2009–2010.
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investigated sites. However, it was not possible to detect sig-
nificant differences in relation to chlorophyll-a concentrations
among seasons. The differences between sites were also of sig-
nificant values for both pH (p < 0.001) and dissolved oxygen

(p < 0.05). On the other hand, differences among seasons ex-
hibited highly significant values (p < 0.001) for temperature,
dissolved oxygen and soluble reactive silica concentrations and
also for nitrate-nitrogen (p < 0.05).

Fig. 5 – Monthly fluctuations of electrical conductivity and salinity recorded in the investigated sites during 2009–2010.

Fig. 6 – Monthly variations of NO3-N concentrations in the investigated sites during 2009–2010.
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4. Discussion

Variations in water temperature closely followed the air tem-
perature fluctuations with maximum in summer and minimum
in winter. Such variations depend mainly on seasons coupled
with differences in the day time of measurement. These tem-
perature differences represent one of the main abiotic factors
responsible for controlling several freshwater physico-chemical
(Hecky, 2000) and biological (Arfi et al., 2001; Khan et al., 2012)
conditions. The negative correlation between water tempera-
ture and dissolved oxygen contents (r = −0.641, p < 0.001) and
the positive correlation between water temperature and satu-
ration levels (r = 0.504, p = 0.009) of the oxygen contents
confirmed the importance of temperature for influencing water
dissolved oxygen. It is possible that increased phytoplankton
chlorophyll-a concentrations and consequently their photo-
synthetic activities play an equally important role in the
recorded super saturation levels of dissolved oxygen particu-
larly in the fish pond. Elevated levels of dissolved oxygen in
freshwater habitats have been shown to be the result of phy-
toplankton assimilation processes (Kotut et al., 1998, 1999).

The recorded pH values varied little more than one unit over
the study period indicating well-buffered conditions. The rela-
tively recorded higher values of pH in fish pond than those in
Lake Nasser related to CO2 depletion due to the increased

photosynthetic activities of the fish pond’s phytoplankton.This
was concomitantly demonstrated by the positive correlation
which appeared between pH value and chlorophyll-a concen-
trations (r = 0.456, p = 0.019). Similarly, high pH values which
appeared concomitantly with the reduction of available free
CO2 indicated active photosynthesis of freshwater phytoplank-
ton (Wu et al., 2014).

Based on the data obtained for electrical conductivity and
salinity, positive correlations between salinity and conductiv-
ity (r = −0.989, p < 0.001); chlorophyll-a concentrations and
conductivity (r = 0.504, p = 0.009); salinity and chlorophyll-a con-
centrations (r = 0.459, p = 0.018) were established. In this respect,
electrical conductivity was recorded among the important water
variables that significantly related to the primary production
and indirectly influenced by the CO2 utilization via the pho-
tosynthesis of the freshwater phytoplankton (Salmaso and
Decet, 1998). Moreover, the high significant relationship which
appeared between salinity and electrical conductivity con-
firmed the principal importance of the total dissolved solids
in the determination of the electrical conductivity levels in such
freshwater habitats.

In regard to the major nutrients of the fish pond, the in-
crease in their levels could be possibly caused by the occasional
additions of fertilizers and organic manures, an unconsumed
ration or by the fish excreta released to water. Otherwise, the
decrease of the nutrient concentrations could be probably due

Fig. 7 – Monthly variations of PO4 (μg L−1), SiO2 (mg L−1) and SO4 (mg L−1) recorded during 2009–2010.
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to their fast absorption by the phytoplankton or their settle-
ment in the sediment. In this context, significant nutrient effects
on phytoplankton populations and other food web constitu-
ents were reported by Fernández-Aláez et al. (2004) and Romo
et al. (2004).

In general, the results of this investigation indicated that
NO3-N contents were controlled to a large extent by a complex
number of factors.The increase in nitrate concentrations could
be mainly due to fertilization with various nutrients includ-
ing nitrates in case of the fish pond (Levich et al., 1996) or due

to the load of organic matter in the Nile flood water inflowing
to Lake Nasser which significantly determines the nutrient
status of man-made lakes (Kennedy and Walker, 1990). The de-
crease in nitrate depends on the consumption of these ions
by phytoplankton as well as their reduction by denitrifying bac-
teria. Throughout the period of the present investigation, no
significant relationship appeared between nitrate-nitrogen con-
tents and the estimated phytoplankton chlorophyll-a
concentrations. This could be in part attributable to the oc-
currence of sufficient amounts of these ions that are necessary
for the phytoplankton development.

The relatively high contents of PO4-P that occasionally are
recorded in the fish pond could be due to fertilization with nu-
trients. Conversely, the depletion of phosphate to relatively low
values could be mainly related to its consumption by phyto-
plankton or due to the high sorption capacity of different
particles for phosphorus that lead to phosphorus accumula-
tion in the sediments (Wu and Yang, 2010). PO4-P concentrations
in the freshwater habitats are mainly regulated by dissolved
oxygen (Soltan et al., 2005).This was demonstrated by the nega-
tive correlation (r = −0.428,p = 0.029) that appeared between PO4-P
and dissolved oxygen concentrations during this investigation.

Relatively low values of silica contents that were recorded
throughout the whole period of this investigation could be
related to the limited solubility of silicate in water or to their
utilization by planktonic diatoms (Sampson et al., 1994).

Fig. 8 – Monthly variations of the divalent cations and total hardness of the investigated sites during 2009–2010.

Fig. 9 – Mean annual values (±SD) of the chlorophyll-a
concentrations of the investigated sites during 2009–2010.
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Variations in sulphate contents might generally be attrib-
uted to the activities of aquatic bacteria. In this context, Soltan
et al. (2005) postulated that the oxidation of sulphide com-
pounds by bacteria can increase the sulphate concentrations,
and the reduction of sulphate by anaerobic bacteria can reduce
the sulphate contents of the freshwater habitats.

In regard to the divalent cations, dissolution of calcium car-
bonate and the release of calcium and magnesium from aquatic
microbiota could be regarded as the principle sources of these
ions in the freshwater ecosystems. Moreover, the calcium pre-
dominance over magnesium depends mainly on the difference
between calcium and magnesium in their ability to remain in
solution and difference of their precipitation rates (Allen, 1989).
Besides, the fluctuations in the divalent cation contents could
be related to the difference in the rate of their utilization by
aquatic micro flora.

Nutrient rich water habitats in fish ponds were character-
ized by relatively high primary production (Takamura et al.,
1995). Enhancement of phytoplankton proliferation in these
systems could be a function of the nutrient loads or may be
due to the selective consumption made by zooplankton. In this
respect, Attayde and Hansson (2001) and Figueredo and Giani
(2005) argued that planktivorous and omnivorous fish, like
tilapia, may control the phytoplankton development through
herbivory, whereas experimental studies carried out by some
authors (Attayde and Menezes, 2008; Diana et al., 1991; Okun
et al., 2008; Rondel et al., 2008) suggested that the effects of

those fish on plankton can be highly variable and context
dependent.

The findings of this investigation share similar observa-
tions made in tilapia fish farming by Borges et al. (2010) and
in semiarid man-made lakes by Chellappa et al. (2009). In these
aquatic habitats, phytoplankton biomass appear to be in part
attributable to the levels of chlorophyll-a responses to the vari-
able environmental conditions which, in turn are often related
to stable and unstable situations resulting from environmen-
tal impacts.

The estimated chlorophyll-a concentrations of the inves-
tigated fish pond and its water source supply were within the
range measured by El-Otify (2007) in the same investigated area
as well as those of other fish ponds and their water source sup-
plies in Lake Nasser and Aswan Reservoir regions in Upper Egypt
(El-Otify, 1999). Generally, chlorophyll-a concentrations ap-
peared to be promoted by sufficient nutrients throughout the
whole period of the present investigation.

According to the one-way ANOVA analysis, the difference
of the environmental conditions mediated the spatial distri-
bution of phytoplankton. These data indicated that the closed
water habitats of the fish ponds acquired certain characteris-
tics. Generally, the spatial distribution of phytoplankton biomass
was found to be related to identifiable limnological character-
istics and nutrients were regarded as the primary limiting
factors for regulating the phytoplankton development (Wang
et al., 2008; Zhang et al., 2012).

The preceding description of the data obtained during the
present investigation as well as the observed correlations of
chlorophyll-a levels and the major physico-chemical features
gave an evidence of the importance of the fish pond’s water
chlorophyll-a concentration as a parameter that should con-
tinue to be monitored within a monitoring assessment plan
of the Nile tilapia O. niloticus fish ponds in Lake Nasser area,
Egypt. Further investigations can highlight important ecologi-
cal cues, identify areas with information gaps required for
revising management criteria of Lake Nasser aiming at the
sustainability of this productive system, maintenance of mul-
tiple use of its water and to ensure healthy freshwater
ecosystem. Increasing the number of aquaculture would prob-
ably cause a remarkable increase in nutrient concentrations

Fig. 10 – Monthly variations of the chlorophyll-a concentrations of the investigated sites during 2009–2010.

Table 2 – ANOVA showing significant differences
between the two sites and among seasons as well.

Variables F P

Sites
Chlorophyll-a 17.11 <0.001
pH value 18.45 <0.001
Dissolved oxygen 6.18 0.020

Seasons
Water temperature 18.87 <0.001
Dissolved oxygen 8.87 <0.001
Nitrate concentrations 5.97 0.004
Soluble reactive silica 12.11 <0.001
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and consequently, cause drastic changes regarding the trophic
webs. Thus, it should be the subject of suitable management
and permanent monitoring.

5. Conclusions

The dependence of the dissolved oxygen saturation levels on
water temperature and the recorded relationships among
chlorophyll-a, dissolved oxygen and pH values show the im-
portance of following the alterations of those parameters for
the assessment of aquaculture’s primary production. The nu-
trient concentration levels in aquaculture appeared to be
susceptible to combination of environmental condition, man-
made effects and biotic factors. Estimation of chlorophyll-a
concentrations seems to be a promising method for routine
monitoring of phytoplankton biomass in aquacultures of the
Nile tilapia, O. niloticus. Research in a longer time period is nec-
essary to verify the data range and stability.
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