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ABSTRACT

The objectives of this study were to evaluate the dynamics and qualitative and quantitative aspects of
the phytoplankton community duringthe fingerlings production of Nile tilapia (Oreochromis niloticus)
using biofloc technology. A complete randomized design, with 6 treatments and 4 replications was
used. Three carbon sources molasses (M), sugar (S) and cassava starch (CS) at carbon:nitrogen
(C:N) ratios of 10:1 and 20:1 were evaluated. Phytoplankton was collected weekly during 63 days
using 5 L water samples that were filtered through a 25 pm mesh plankton net. The phytoplankton
community was represented by 17 genera of the Bacillariophyceae, Chlorophyceae, Cyanophyceae,
Euglenophyceae, and Fragilariophyceae classes. Pseudanabaena and Synechococcus were the main
genera responsible for the dominance of the Cyanophyceae class in all treatments. Chlorophyceae
was the second most diverse class, whose main genera were Chlorella and Scenedesmus. Molasses at
C:N ratio of 20:1 were the carbon source that most affected the phytoplankton development.

Key words: microalgae; fish culture; Oreochromis niloticus; water quality.

RESPOSTA FITOPLANCTONICA A DIFERENTES FONTES DE CARBONO E
RELAGOES C:N NA ALEVINAGEM DE TILAPIA CULTIVADA COM BIOFLOCOS

RESUMO

O objetivo deste trabalho foi avaliar a dindmica da comunidade fitoplanctonica durante a
alevinagem de tilapia do Nilo, Oreochromis niloticus, com tecnologia de bioflocos. Adotou-se
um delineamento experimental inteiramente casualizado com 6 tratamentos e 4 repeticdes,
sendo testadas trés fontes de carbono: melago (ME), agucar (AC) e fécula de mandioca (FE),
nas relagdes carbono/nitrogénio (C:N) 10:1 e 20:1. As coletas de fitoplancton foram realizadas
semanalmente durante 63 dias, em amostras de 5 L de agua filtradas numa rede de plancton
com malha de 25 pm. A comunidade fitoplanctonica do ambiente de cultivo esteve representada
por 17 géneros, distribuidos entre as classes Bacillariophyceae, Chlorophyceae, Cyanophyceae,
Euglenophyceae e Fragilariophyceae. Em termos de género, pode-se concluir que a Pseudanabaena
e Synechococcus foram os principais integrantes responsaveis pela dominancia da Cyanophyceae
em todos os tratamentos. A Chlorophyceae foi a segunda classe mais diversificada, tendo
como principais géneros Chlorella e Scenedesmus. A fonte de carbono que mais influenciou no
desenvolvimento do fitoplancton foi o melago, na relagdo carbono:nitrogénio 20:1.

Palavras-chave: microalgas; piscicultura; Oreochromis niloticus; qualidade da agua.

INTRODUCTION

Nile tilapia was the most widely cultivated fish species in Brazil in the last decade, and
present desirable characteristics, high acceptance by consumers, and high commercial
value, especially in developing countries (FAO, 2014). Moreover, this species is rustic,
precocious and has omnivorous habit; it uses satisfactorily high levels of plant protein
and therefore it is recommended for fish farming because it is easily adapted to food
management practices and tolerates high storage densities in intensive breeding systems
(BEVERIDGE, 1996; AVNIMELECH, 2009).
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The concentration of food and residues, such as organic material,
nutrients, and suspended solids, in intensive production systems
is high, causing eutrophication and reduction of oxygen, and
affecting the water turbidity (LIN and Y1, 2003). Therefore, new,
more sustainable production techniques are being implemented
around the world, with very promising, productive, and efficient
technologies (AVNIMELECH, 2009; COLLAZOS-LASSO and
ARIAS-CASTELLANOS, 2015).

Biofloc technology (BFT) is one of the most appropriate and
promising alternatives for a sustainable development of aquaculture
(AVNIMELECH, 2009; KUHN et al., 2009). BFT systems are
characterized by minimal or no water renewal, inducing the
development of microbial communities by using organic carbon
sources to stimulate the growth of heterotrophic bacteria, which
assimilate inorganic nitrogen (PEREZ-FUENTES et al., 2016).

The bacteria in the bioflocs use nitrogen compounds dissolved
in the water, incorporating them, generating a microbial biomass
that can be used as food source for fishes (THOMPSON et al.,
2002; WASIELESKY JUNIOR et al., 2006; AZIM and LITTLE,
2008). Feed costs is reduced in BFT systems; thus, it is considered
an environmentally friendly aquaculture practice; moreover, its
effluents present small amounts of nitrogen compounds at the
end of the productive cycle, reducing risks of eutrophication of
water bodies (AVNIMELECH, 2009).

The natural food in the bioflocs is important for the nutrient
cycling because it is composed of several microorganisms bacteria,
protozoa, microalgae, zooplankton, benthic invertebrates, plant
material, and debris (MARTiNEZ-CORDOVA et al., 2003;
SILVA et al., 2008). The BFT may affect positively the tilapia
larval performance (EKASARI et al., 2015). The natural food is
the best option for the initial feeding of fish larvae and fingerlings
due to its nutritional content; the plankton has enzymes that are
essential for their growth and survival, especially in their first
days of life (EKASARI et al., 2015).

Phytoplankton is the first link between abiotic and biotic
environments, and is the main entry of matter and energy into
the trophic chain through the primary assimilation; thus, it is an
important ecological component in the characterization and definition
of the environmental dynamics of aquatic systems (MARGALEF,
1983). Different than algae, microbial populations are more stable
and independent from light conditions (AVNIMELECH, 2009).

The main problems of fertilization programs are inconstancy of
C:N:P ratios; application of excessive fertilizers causing excessive
growth of undesirable algae; deficiency of other essential macro
and micronutrients to phytoplankton; the use of poor quality
fertilizers; and deposition of phosphorus in the bottom sediment
of the nurseries. Nutrients are important for the phytoplankton
ecology and composition, and can modify qualitatively and
quantitatively the phytoplankton communities, especially phosphorus
and nitrogen. The algal biomass does not increase linearly; this
is understandable due to their complex chemical, physical, and
biological interactions (FRANCESCHINI et al., 2010).

Thus, the objectives of this study were to evaluate the dynamics
and qualitative and quantitative aspects of the phytoplankton
community during the fingerlings production of Nile tilapia
(Oreochromis niloticus) using biofloc technology, and different
carbon sources and carbon-nitrogen (C:N) ratios, and monitor
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the water quality physical, chemical, and biological parameters
of the aquatic environment.

METHODS

The experimental cultivation of the Nile tilapia (Oreochromis niloticus)
fingerlings was carried out during 63 days in 24 circular 1000 L,
glass fiber tanks, using a volume of 800 L.

The tanks were filled with water from an artesian well; the
water was filtered in a 200 um filter and the tanks were aerated
individually with four porous rocks per tank fed by a radial
compressor (2.0 HP). These tanks were placed in an outdoor area,
with reduced natural light to 75% by a shade screen (Sombrite®),
and covered with mesh lids to avoid the fishes to escape. The water
of the tanks was not exchanged, but they were refilled due to
evaporation.

A complete randomized design with 6 treatments and 4 replications
was used. Three carbon sources molasses (M), demerara sugar
(S) and cassava starch (CS) at carbon:nitrogen (C:N) ratios of
10:1 and 20:1 were evaluated.

Dolomitic limestone (150 mg L' of CaCO,) was applied weekly
to maintain the alkalinity of the water. The amount of limestone
was determined by the formula {[(Ideal Value x (mg L' CaCO,)
— Analyzed Value x (mg L' CaCO,)] x (Limestone reactivity
power)! x Tank volume (L)}, thus, the amount of limestone
(mg tank™') used was {[(150 — Analyzed Value) x 0.64'1] x 800}.

The carbon sources were added daily to induce a heterotrophic
medium, with amounts (ACarbon) calculated based on the
established carbon:nitrogen (C:N) ratios, amount of nitrogen
available in the feed as ammonia (AN), and content of carbon in
the sources used (%C), according to Equations 1 and 2, adapted
from AVNIMELECH (2009). ACarbon= [AN x (C:N)] x %C"!
(Equation 1); AN =QFeed x %NFeed x %NExcretion (Equation 2).

Wherein %C is the percentage of carbon present in carbohydrate
sources 0.22; 0.31, and 0.46 g g' of carbon for molasses, sugar,
and cassava starch, respectively, AN was determined by assuming
that QFeed is the quantity of feed offered daily, %NFeed is the
amount of nitrogen added into the system (%Crude Protein
x 6.25), and %NExcretion is the ammonia rate in the water
resulted direct from fish excretion or indirectly from microbial
degradation of organic nitrogen residues approximately 50% of
the nitrogen of the feed.

Sexually reversed fingerlings of Nile tilapia with average
weight of 1.68 + 0.05 g were obtained from a commercial fish
farm and stored in experimental tanks at density of 300 fingerlings
m>, The fishes were fed ad libitum four times a day 07:30h,
10:30h, 13:30h, and 16:30h with extruded feed at diameter of
1.0 mm. The centesimal composition of the offered diet had
10% moisture, 45% crude protein, 8% ethereal extract, 2.8% crude
fiber, 17% mineral matter, 3.3% calcium, and 1.5% phosphorus.

The water temperature (°C), dissolved oxygen (mg L"), and pH
were monitored daily with a multiparameter probe (Y SI ProPlus).
The water transparency (cm) was evaluated using a Secchi disk,
and its salinity was evaluated using an optical refractometer
(Atago S10).
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The water samples were collected weekly for analyses of total
ammonia (mg L' N-NH,+NH,), nitrite (mg L' N-NO,), nitrate
(mg L' N-NO;), inorganic phosphate (mg L' P-PO,*), alkalinity
(mg L' CaCO,), and sedimentable solids (mL L™'). Total ammoniacal
nitrogen (TAN), nitrite, nitrate, inorganic phosphate, and alkalinity
were measured with a photometer (YSI 9500). Sedimentable solids
(SS) were evaluated using Imhoff cones, with sedimentation time
of 15 to 20 minutes.

Phytoplankton collections were carried out weekly. Five liters
of water was collected from each tank using a beaker in the
bottom-surface direction and filtered through a 20 um mesh plankton
net. These samples were packed in 300 mL labeled containers, and
37% formaldehyde was added to a final concentration of 4% formol.

The phytoplankton community was identified and counted
through direct method. Qualitative and quantitative analyses of
phytoplankton were carried out using an optical microscope,
based on the specialized literature (BICUDO and BICUDO,
2004; SANT’ANNA et al., 2012). The abundance of each group
of organisms was evaluated by the number of cells (mL™") given
by Cells (mL") = (DxC’) x (C”xC”’)' (APHA, 1995), wherein D
is the number of cells in the analyzed aliquot, C’ is the volume of
sample concentration (100 mL), C” is the volume of the analyzed
aliquot (0.2 mL), and C” is the volume filtered through the
collector (5000 mL).

All fishes were weighed at the beginning and end of the
experiment, using a precision scale (+ 0.01 g) to determine their
final average weight (g), feed conversion factor, survival (%),
and productivity (fingerlings m?).

A Canonical Correspondence Analysis (CCA) establishing the
relationships between the seasonal variation of the phytoplankton
richness with the environmental variables and experimental
treatments and a diversity analysis were carried out using the
PAST 2.17 program.

The Shapiro-Wilk normality and Bartlett’s homoscedasticity tests
were applied at 5% significance to verify the sample normality,
and homogeneity of variances, respectively. Analysis of variance
(ANOVA Criterion 1) at 5% significance was used to verify
differences between treatments, which was complemented, when
necessary, with the Tukey’s test at 5% significance. The statistical
analyses are in accordance with ZAR (1996).

RESULTS

The physical-chemical variables of water quality evaluated
during the experiment (Table 1) were adequate for the studied
fish species. The water salinities (0.3+£0.8 g L) of the treatments

Table 1. Water quality variables recorded during 63 days of Nile tilapia (Oreochromis niloticus) fingerlings production using
biofloc technology with different carbon sources Sugar (S), Cassava starch (CS), and Molasses (M) and carbon:nitrogen (C:N)

ratios (10:1 and 20:1).

Carbon sources

Variable C:N ratio

S CS M

Temperature (°C) 10:1 23.1+0.7* 23.0+0.7* 23.0+0.7*

20:1 23.240.8° 23.1+0.7° 23.2+0.7°

pH 10:1 8.0+0.1° 8.1£0.17 8.1+0.1°

20:1 8.0+0.1? 8.1£0.12 8.1+0.1°

Dissolved oxygen (mg L) 10:1 7.1+0.2¢ 7.3£0.3° 7.1+0.3°

20:1 6.7+0.4 7.14£0.22 6.8+0.3°

Transparency (cm) 10:1 18.9+8.92 28.4+7.8° 13.1+£5.52

20:1 14.0+7.0° 18.9+7.0 9.5+4.0?
Alkalinity (mg L' CaCO,) 10:1 233.2+32.6% 198.0+17.04¢ 225.0+18.142
20:1 272.7+34.65® 223.7+5.78 301.8+11.28

Total ammoniacal nitrogen 10:1 1.9+0.8 1.6+0.4 1.7£0.1°

(mg L) 20:1 1.9+0.32 1.9£0.4° 2.0£0.3*

Nitrite (mg L' N-NO,) 10:1 0.5+0.1° 0.5+0.4° 0.6+0.0?

20:1 0.5+0.0° 1.1+0.5° 0.7+0.1°

Nitrate (mg L' N-NO,) 10:1 13.6+3.4 13.6+1.3 12.4+1.1%4
20:1 6.8+0.6" 11.3+0.2%® 9.3£1.1%®

Inorganic phosphate 10:1 5.7+£0.9* 6.6+0.3* 6.7+0.9

(mg L' P-PO,) 20:1 5.9+1.2 7.6£1.42 6.5£1.6*
Sedimentable solids (mL L") 10:1 80.3+17.74® 3.5+1.140 162.3£70.8"
20:1 124.2+32 78 5.1+£2.18b 201.84+80.48

Means followed by with different lowercase letters in the same row differ significantly by the Tukey’s test (P < 0.05). Means followed by different uppercase letters
differ significantly for C:N ratios (10:1 and 20:1) by the Tukey’s test (P < 0.05).
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were similar. The water transparency was significantly higher
when using cassava starch as carbon source (Table 1).

The total ammonia (1.9 mg L) and nitrite (0.7 mg L)
of the treatments were similar (P > 0.05). The used carbon
sources affected the microbial floc formation, which presented
significantly higher sedimentable solids in treatments with sugar
(102.2 mL L") and molasses (182.0 mL L") when compared to
cassava starch (4.4 mL L"). The carbon sources and C:N ratios
used affected significantly the alkalinity and nitrate in the water
of the experimental treatments (P < 0.05).

The phytoplankton community during the experiment was
represented by 17 genera of the Bacillariophyceae, Chlorophyceae,
Cyanophyceae, Euglenophyceae, and Fragilariophyceae classes
(Table 2).

The Cyanophyceae was the most diverse class, regardless
of the treatment, and the dominant class in the temporal scale,
presenting higher percentages than the other classes (Figure 1,
Table 2). Regarding the genera, Pseudanabaena (Figure 2d) and
Synechococcus were the main responsible for the dominance of
the Cyanophyceae class (>67%) in all treatments (Table 2).

Chlorophyceae was the second most diverse class (Figure 1).
Chlorella and Scenedesmus were the most abundant genera of

microalgae (Figure 2a); especially in the treatment tanks with
cassava starch (Table 2).

The Bacillariophyceae, Euglenophyceae, and Fragilariophyceae
classes were represented by only one genus each, Cymbella,
Euglena, and Asterionella, respectively (Table 2). The most abundant
genera found were Limnococcus (Figure 2b), Synechococcus and
Pseudanabaena; but none of them were present in 100% of the
samples. The treatments with cassava starch presented the greatest
diversity of genera (Table 2).

According to the diversity analysis, treatments with sugar at
C:N ratio of 10:1 (S10) and 20:1 (S20) had the highest diversity
(1.9 and 2.2, respectively) and equitability (0.7) of species.
The treatments with molasses at C:N ratio of 10:1 (M10), and
cassava starch at C:N ratio of 10:1 (CS10) presented the highest
indexes of dominance of species (0.75 and 0.61, respectively).
The Canonical Correspondence Analysis (Figure 3) explained
84.7% of the total variability of the data in axes I and II, and
showed that transparency (r = 0.3353) and phosphate (r=-0.8662)
had significant correlations (P < 0.01) with the phytoplankton
richness in the treatments.

Regarding the zootechnical performance of the tilapia fingerlings
(Table 3), the treatments presented similar (P > 0.05) results of
final weight, feed conversion, survival, and productivity.

Table 2. Relative phytoplankton abundance (%) during 63 days of Nile tilapia (Oreochromis niloticus) fingerlings production using
biofloc technology with daily addition of different carbon sources, and different carbon-nitrogen (C:N) ratios.

S10 S20 CS10 CS20 M10 M20
Cyanophyceae 93 95 78 67 91 84
Aphanocapsa spp. 0 0 4 4 0 0
Chroococcus spp. 2 1 5 2 4 5
Limnococcus spp. 3 3 13 12 7 4
Romeria spp. 0 1 0 0 0 0
Synechococcus spp. 4 11 20 23 6 5
Synechocystis spp. 2 1 9 9 3 2
Planktolyngbya spp. 2 3 3 0 0 3
Pseudanabaena spp. 80 74 24 16 70 64
Non-identified genus 0 1 0 1 1 1
Chlorophyceae 2 3 16 28 7 12
Chlorella spp. 1 1 7 7 1 3
Coelastrum spp. 0 1 3 2 4 0
Scenedesmus spp. 0 0 4 17 0 1
Tetrastrum spp. 0 0 2 1 1 7
Non-identified genus 1 1 0 1 1 1
Bacillariophyceae 5 2 4 4 2 3
Cymbella spp. 5 2 4 4 2 3
Fragilariophyceae 0 0 1 0 0 1
Asterionella spp. 0 0 1 0 0 1
Euglenophyceae 0 0 1 1 0 0
Euglena spp. 0 0 1 1 0 0
Total 100 100 100 100 100 100

M10 = Molasses at C:N ratio of 10:1; S10 = Sugar at C:N ratio of 10:1; CS10 = Cassava starch at C:N ratio of 10:1; M20 = Molasses at C:N ratio of 20:1; S20 = Sugar

at C:N ratio of 20:1; CS20 = Cassava starch at C:N ratio of 20:1.
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Figure 1. Variation of phytoplankton population densities during 63 days of Nile tilapia (Oreochromis niloticus) fingerlings

production using biofloc techn
Euglenophyceae classes.

Figure 2. Microalgae found in N

ology represented by the Bacillariophyceae, Chlorophyceae, Cyanophyceae, Fragilariophyceae, and

ile tilapia (Oreochromis niloticus) fingerlings production using biofloc technology. A) Scenedesmus spp.;

B) Limnococcus spp.; C) Chroococcus spp. and D) Pseudanabaena spp.
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Figure 3. Canonical Correspondence Analysis (CCA) diagram for richness of phytoplankton species as a function of environmental
variables alkalinity, ammonia, nitrite, nitrate, phosphate, and transparency in experimental treatments.

Table 3. Means (+SD) of zootechnical performance variables of Nile tilapia (Oreochromis niloticus) fingerlings reared for 63 days
without water renewal, using sugar, cassava starch, and molasses as carbon sources.

Carbon sources

Variable Sugar Cassava starch Molasses

Final weight (g) 13.5+1.4 12.4+0.1 13.0+1.4

Feed conversion factor 1.6£0.0 2.1£0.4 2.14£0.6
Survival (%) 29.3+6.8 28.245.1 30.4+1.6
Productivity (fingerlings m~) 87.9+20.6 84.6+15.3 91.2+4.7

Feed conversion factor = (Amount of offered feed) x (Biomass gain)'. Means with absence of letters in the rows did not differ significantly by the Tukey’s test (P> 0.05).

DISCUSSION

The treatments had similar water temperature (23.1 £ 0.7°C), which
remained below the thermal comfort range for the evaluated fish
species (Table 1). However, it had no effect on the phytoplankton
development and densities in any of the treatments.

According to EBELING et al. (2006), increases in microbial
and phytoplankton biomasses affect the water pH; however, it
remained around 8.2 in the water environments of the present
study (Table 1) due to the addition of limestone.

The dissolved oxygen needs especial attention in systems using
biofloc because of the bacteria requirements to assimilate inorganic
nitrogen and degrade organic matter (EBELING et al., 2006).
The average dissolved oxygen in the present study was 7.0 mg L.

Water transparency is connected to phytoplankton density.
The treatments with molasses, and sugar had significantly lower
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transparency than those with cassava starch. The organic carbon
applied in these treatments was more easily assimilated by the
heterotrophic bacteria as a source of energy, thus creating a less
propitious environment for the phytoplankton development due
to the obstruction of sunlight (VIDAL et al., 2005).

SANTOS et al. (2008) reared marine shrimp without water
renewal and with addition of different quantities of molasses and
found dominance of the Cyanophyceae class represented mainly
by the Pseudanabaena genus over the other classes identified.
PEREIRA-NETO et al. (2008) evaluated nurseries with marine
shrimp and found dominance of the Cyanophyceae class. Similarly,
the dominance of this class and the Pseudanabaena genus was
found in the present study, showing the greater effect of molasses
on phytoplankton density, compared to the other carbon sources
used sugar, and cassava starch.

The treatment with sugar at C:N ratio of 10:1 had the highest
total ammoniacal nitrogen content (5.3 mg L!). This result explains
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the higher density of phytoplankton of the Cyanophyceae class in
this treatment on thirty-fifth day of cultivation. In the twenty-first
day, the density of phytoplankton of the Cyanophyceae class was
also high in this treatment; this was probably due to the decreased
density of phytoplankton of the other classes.

The treatment with cassava starch at C:N ratio of 20:1 had the
highest inorganic phosphate content (13.1 mg L*"). This result explains
the second highest phytoplankton density of the Cyanophyceae
class found in this treatment on the fifty-sixth day of cultivation.

According to MARGALEF (1983), succession of species in
aquatic environments starts with small flagellates and diatoms,
followed by dinoflagellates. Species of the phylum Cyanobacteria
are opportunistic microorganisms that grow under extreme
environmental conditions. Therefore, the phytoplankton dynamics
in nurseries even in artificial environments may be similar.

The increased diversity of genera in ponds may be connected to
their fertilization, because a short-term change in the conditions
of a natural environment causes ecological succession of some
species that dominate the nursery, thus reducing the growth of
microalgae in the environment (PEREIRA-NETO et al., 2008).

Algae from the Cyanophyceae class, mainly of the Pseudanabaena
genus, were dominant over the other classes identified. According to
CALIJURI et al. (2006), species of the phylum Cyanobacteria have
some advantages over other microalgae regarding the dominance
in aquatic environments, such as capacity of store phosphorus
and other nutrients, assimilate light under low-intensity light, and
absorb atmospheric nitrogen, greater competitiveness for nutrients,
higher reproductive speed, and capacity of accumulating gas in
vesicles, which allows them to move and adjust themselves to
the water column.

According to FRANCESCHINI et al. (2010), the abundance
of cyanobacteria is direct linked to the concentration of organic
nitrogen. This explains the dominance of the Cyanophyceae class
in the present study, since cultivations without water renewal
have several sources of organic nitrogen, such as degradation of
feed leftovers, decomposition of dead organisms, and excretion
of animals. However, there are few ways of reducing nitrogen,
since the water of the nurseries remains in circulation throughout
the cultivation period (AVNIMELECH, 2009).

Some filamentous cyanobacteria have specialized cells heterocysts
and akinetes for fixation of molecular nitrogen (N,). Cyanobacteria
species with these cells have a relevant competitive advantage that
may be a key factor for the dominance of this class in the present
study. The fixation of N, by cyanobacteria improves significantly
the nitrogen in the environment due to their death, consumption
by protozoa and other animals, and the entry more nitrogen into
the trophic aquatic environment (LOURENCO, 2006; TUNDISI
and TUNDISI, 2008).

Most algae assimilates nitrogen in oxidized form (nitrates or
ammonium ions) or even in amine form (amino acids), except some
cyanophytes that directly fix gas nitrogen. Ammonia has advantage
over nitrates; it does not require reduction for assimilation and
therefore saves energy. When both forms are present, ammonia
ions are preferred to nitrates (MARGALEF, 1983).

SILVA et al. Bol. Inst. Pesca 2018, 44(2): e255. DOI: 10.20950/1678-2305.2018.255

Fish mortality may be associated with cyanobacterial bloom
with presence of biotoxins in coastal zones (ISMAEL, 2012),
and cultivation of aquatic organisms (RODGERS JUNIOR,
2008). Cyanobacteria bloom in fish farming can cause production
losses; it compromises the water quality, causing the death of
fishes, mainly due to the presence algae species of the genera
Microcystis, Anabaena, Aphanocapsa, and Cylindrospermopsis
(ELER et al.,2009). The high ammonia, nitrite, and sedimentable
solid contents, combined with the high abundances of algae of
the Cyanophyceae class may have contributed to the low survival
of the Nile tilapia fingerlings reared under the no water renewal
system used.

CONCLUSIONS

The use of molasses, sugar, or cassava starch does not affect the
zootechnical performance of Nile tilapia fingerlings. The use of
molasses at C:N ratio of 20:1 resulted in a higher phytoplankton
density than the use of sugar, or cassava starch as carbon sources
to induce the heterotrophic medium. The use of cassava starch
resulted in a lower phytoplankton density; however, it promoted a
greater diversity of phytoplankton genera. No ecological succession
was identified, but 17 microalgae genera were identified, with
the Pseudanabaena genus showing permanent dominance in all
treatments.
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