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Abstract – We examine phytoplankton community structure and how it is influenced by commercial tilapia (Ore-
ochromis niloticus L.) cage farming in three tropical lakes in eastern Brazil. Sampling occurred during both the wet and
dry seasons for two treatments – within tilapia cages and outside the cages in the lake. Total ammonia, total phosphorus,
chlorophyll a, phycocyanin and phytoplankton were measured in all water samples. In the phytoplankton community,
we estimated species richness and total abundance. Thirty-three genera of algae distributed in 8 classes were identi-
fied. The most abundant classes were Chlorophyceae and Cyanophyceae (the latter of which was the most species-rich
class). In Palmas Lake, chlorophyll a was constant over time (summer and winter) and location (within and outside
cage farms), which may reflect the fact that fish farming is more recent in this lake. The richness and abundance of
species were similar among the lakes, but Palminhas Lake tended to have more extreme values, apparently associated
with the longer time fish have been farmed there. Fish farming clearly influences water quality as measured by algae
species richness and abundance but is also moderated by the unique conditions in each lake and the amount of time over
which the fish have been farmed. Understanding and preventing the impacts and detrimental consequences of tilapia
cage farming on both the farming yield and the water quality in tropical lakes require continual monitoring.
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1 Introduction

Commercial fish farming in cages is a rapidly expand-
ing industry in Brazil and other tropical countries (Bueno
et al. 2013). Consequently, the use of natural bodies of water
(lakes and lagoons) for fish farming, especially tilapia (Ore-
ochromis niloticus L.) is increasing, along with the impact of
this practice on the environment (Bueno et al. 2013). Growth
in tilapia farming is due to a variety of reasons, including
the rising market value and demand for fish, food security
in developing countries, improved technology and the avail-
ability of technical support and high quality food for the fish
(Defegu et al. 2011). At the same time, accelerated growth
of the commercial fishing industry does not come without
costs, including environmental impacts, especially for aquatic
communities.

Commercially rearing tilapia requires a large quantity of
fish food that ends up in the water, causing a dramatic increase
in the nutrients in the water column, especially nitrogen and
phosphorus (Jieng et al. 2013). Excessive concentrations of N
and P cause eutrophication which has its own detrimental con-
sequences for the ecological services of aquatic systems, gen-
erating ecological, economic and social costs (Bricker et al.
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2008; Sidik et al. 2008). Changes in the phytoplankton com-
munity structure and composition as a consequence of fish
farming can cause the proliferation of some species of al-
gae that then disrupt aquatic ecosystems, including fish farm-
ing itself (Sant’anna and Azevedo 2000). Algae proliferation,
a reduction in dissolved oxygen, reduced water transparency
and their consequences for the phytoplankton and zooplank-
ton communities are well-known consequences of aquacul-
ture. Commonly, proliferation of undesirable algae (including
Chlorophyceae) is caused by the amplification of nutrients as-
sociated with fish farming (Wu et al. 2012). Here, we explore
how tilapia cage farming influences phytoplankton community
structure in eastern Brazil in the state of Espírito Santo.

2 Materials and methods

2.1 Study area

We examined the phytoplankton community in three lakes
where tilapia are being farmed in a region with a complex
of 69 small lakes in the Doce River watershed near the
city of Linhares. The three lakes are Aguiar (19◦ 35′ 10′′S,
40◦ 03′ 52′′ W), Palmas (19◦ 25′ 31′′ S, 40◦ 14′ 58′′ W)
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Table 1. Comparison among lakes of water characteristics and fish yield in the eastern Brazilian state of Espírito Santo. Note that lakes are very
similar except in Tilapia yield and depth.

Characteristic
Lake

Palminhas Palmas Aguiar
Surface area (ha) 800 1200 960

Maximum Depth (m) 24 51 10
Tilapia Yield (tons year−1) 710 161 120

Food Conversion Rate 1.6 1.5 1.6
Dissolved Oxygen (mg L−1) We 7.3 ± 0.4 7.5 ± 1.02 8.6 ± 0.8

Dr 6.5 ± 1.7 6.1 ± 1.4 7.7 ± 1.0

Temperature (◦C)
We 27.5 ± 0.7 28.5 ± 0.7 28.3 ± 0.8
Dr 25.0 ± 0.3 24.8 ± 0.2 24.5 ± 0.4

pH
We 7.0 ± 0.2 7.3 ± 0.2 7.4 ± 0.4
Dr 6.4 ± 0.3 6.2 ± 0.4 6.7 ± 0.4

Conductance (mS cm−1)
We 64.0 ± 2.5 72.5 ± 4.0 64.0 ± 3.0
Dr 70.0 ± 6.8 90.0 ± 7.7 83.5 ± 4.0

and Palminhas (19◦ 24′ 44′′ S, 40◦ 12′ 07′′W). These dendritic
lakes were formed in the Tertiary sediments of the Barreiras
formation (Esteves et al. 1995) and are fed by rainfall and sev-
eral tributaries, and their outlets drain into the Doce River. The
lakes are similar in that there are few adjacent residences they
accommodate some leisure use by both individuals and groups
(clubs), and agricultural areas occur nearby, including pasture
and coffee and banana plantations along with some farms and
fragments of native forest.

Palmas Lake (1200 ha) is at most 51 m deep with one
tilapia cage farm with a volume of 1117 m3 and an annual pro-
duction of 161 t of fish since 2011. Palminhas Lake (800 ha)
is 24 m deep and has four separate fish cage farms with vol-
umes of 540 to 1176 m3 and an annual production of ca. 710 t;
production at this farm started in 2006. Aguiar Lake (960 ha)
is the shallowest, at 8–10 m deep, with a single 204 m3 cage
farm, established in 2008, with an annual production of ap-
proximately 120 t (Tab. 1).

Climate in the region is tropical and seasonally hot and
humid with an annual average temperature of 23 ◦C and a
monthly temperatures that vary between 19 ◦C and 32 ◦C. The
average annual rainfall is 600 mm and mostly falls during the
hotter months of the year, with colder months being relatively
dry (INCAPER 2012). The three lakes are located in similar
geological conditions (Bozelli et al. 1992; Barroso et al. 2014)
and are compared in Table 1.

2.2 Study design

During each season (wet and dry), we sampled all lakes
four times each, December 2012 and January 2013 for the wet
season, and in June and July 2013 for the dry season. During
each collection, we took paired samples, one within the fish
culture and one at least 1 km from the fish culture (the control).

We measured in situ water conditions, including dissolved
O2, pH, conductivity and temperature with a multiparame-
ter Horiba U52-G (Horiba Ltd., Kyoto, Japan). A volume of
500 mL of water was collected from a depth of 1 m and ana-
lyzed in the laboratory to quantify the total ammonia, phospho-
rus, chlorophyll a and phycocyanin. Ammonia was evaluated
using the indophenol method and phosphorus was determined

by the ascorbic acid method (Apha 1998). Chlorophyll a was
extracted with acetone/methanol and read on an Aquafluor
(Turner Designs, Sunnyvale, CA, USA) digital fluorometer us-
ing the EPA 445.0 method. Phycocyanin was quantified in the
specific Aquafluor digital fluorometer channel. These methods
from the preparation of glassware to sample collection, storage
and analysis followed Apha (1998).

To characterize the phytoplanktonic community, we col-
lected 2 L of water in Van Dorn bottles at 1, 5 and 10 m depths
at three different locations (for nine samples per point and
time). During the entire collection period a total of 432 sam-
ples were acquired (three lakes, two points, three depths, three
samples each, four times per season during two seasons); they
were subsequently fixed in acetic Lugol’s solution and stored
in the dark. To estimate the species richness the algae were
identified under optical microscopy (400× and 1000×) and
were classified following Round (1983). Identification was to
the lowest taxonomic level possible using appropriate species
keys (Bicudo and Menezes 2006). Phytoplankton counts were
carried out with a 25 mL sedimentation chamber under an in-
verted microscope following Utermöhl (1958). The count was
conducted randomly. We counted all species within a sample
and stopped counting when the number of the most common
species reached 100 (Lund et al. 1958).

2.3 Data analysis

We compared the water chemistry between the control ar-
eas and those used to farm tilapia using Student’s t-test or a
multivariate Hotelling’s T 2 test as appropriate and depending
on the correlational structure of the variables. We compared
the lakes to test whether they could be joined in the analy-
ses, and if so, they were treated as blocks in the analysis of
variance. If they were too different, we compared the con-
trol and tilapia treatments by lake. We also compared how the
lakes varied over time between the two seasons under inves-
tigation. We did not use repeated measures ANOVA because
of the collection regime, which did not always include all test
locations on the same dates in all treatments, and because of
the large difference between the sampling events in the two
seasons. Additionally, we were less concerned about the time
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Fig. 1. Chemical composition (mean and 95% confidence intervals) of the water measured over time and compared between treatments (the
letter C and T in the legend indicate control and tilapia cage farming) and lakes (following the letters C and T) from July to February (winter to
summer in the Southern Hemisphere), illustrating that variation within each lake over time can be greater than that between treatments. These
measurements are summarized by month rather than season to provide more information about trends over time.

component than we were about the differences between the
treatments within each lake.

Next, we similarly compared the algae assemblages be-
tween the two treatments. In this comparison, we used the
package BiodiversityR in the program R (version 3.2.2) to gen-
erate species accumulation curves to compare the expected
species richness by treatment. We also searched for algal
species that were unique to any lake, treatment or their combi-
nation to explain how assemblages might change with respect
to tilapia farming.

3 Results

3.1 Water chemical response to tilapia

Treatments had some similar and different tendencies with
respect to the four chemical measurements we used and

depending upon which lake and season was being investi-
gated (Fig. 1, Tab. 2). Ammonia concentration, for example,
was relatively constant between the two seasons, although in
Palminhas Lake, the concentrations increased in both treat-
ments in the cooler months of July through September, and
more so in the control. The other two lakes remained more or
less the same and at times were different between the control
and tilapia treatments, yet those differences were not consis-
tently in any given direction (Fig. 1A, Tab. 2).

The chlorophyll a concentration also varied more in
Palminhas Lake, although it was similar in the control and
tilapia treatments, with an increase in September. In Aguiar
Lake, the chlorophyll a was consistently greater in the tilapia
treatment than in the control, and both of these were greater
than in Palmas Lake. In Palmas Lake, as in Palminhas, chloro-
phyll a tended to be greater in the tilapia treatment and re-
mained at the lowest values all year long (Fig. 1B, Tab. 2).

Phosphorus concentrations tended to be greater in Aguiar
Lake, where they also tended to be greatest in the tilapia
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Table 2. Comparisons between cage-farming and control treatments
of four compound concentrations in the water of three lakes in east-
ern Brazil. The “=” symbol indicates not statistically different and no
apparent trend, both “< ” and “>” indicate statistical significance at
P < 0.05 and “≤ ” indicates the direction of a difference greater than
10%, while not statistically different (all t-tests were independent be-
cause concentrations of compounds were uncorrelated at collection
points over time, Fig. 1).

Compound Season
Lake

Aguiar Palmas Palminhas

Ammonia
Wet C = F C ≤ F C < F
Dry C < F C = F C = F

Chlophyll a
Wet C < F C < F C ≤ F
Dry C < F C < F C ≤ F

Phosphorus
Wet C < F C = F C = F
Dry C < F C = F C = F

Phycocyanin
Wet C < F C = F C = F
Dry C < F C < F C ≤ F

Note. 10 of 24 C < F, 4 C ≤ F, 9 C = F, 1 C > F.

treatments. This was in contrast to the other two lakes where
neither a large nor a consistent difference was found between
the treatments and controls. The phosphorus in all the lakes
increased from July to September and then declined until
December. The variability among the months was greater than
the differences between the treatments (Fig. 1C, Tab. 2). Fi-
nally, phycocyanin also varied among the lakes and was often
greater in the tilapia treatment but never in the control (July
and September, and for Aguiar, in December and January,
Fig. 1D, Tab. 2). Overall, while the water chemistry varied
among the lakes, months and treatments, both chlorophyll a
and phycocyanin tended to be greater in the tilapia treatments
in all lakes (except Palminhas, Figs. 1B, 2D).

3.2 Phytoplankton assemblage

A total of 33 species of phytoplankton were identified
(Tab. 3), 20 of which were detected in all three lakes and in
both treatments. Another nine species were observed in only
two lakes (Tab. 4). Three species were found in only one
lake and all of these were identified in both treatments: En-
cyonema perpusillum (Bacillariophyceae) in Palmas and Mi-
crocystis wesenbergii and Spirulina subsalsa (Cyanophyceae)
in Palminhas. These three unique species were not included in
subsequent analyses.

Species accumulation curves showed that a greater num-
ber of algae species were observed in the tilapia treatments
in Aguiar and Palminhas Lakes, while in Palmas Lake, the
species richness in both treatments was the same (Fig. 2).
While 20 of the 33 species of algae were found in all lakes,
their relative abundance varied somewhat. In a plot of abun-
dance by treatment, abundance tends to appear to be inde-
pendent of treatment, especially for very abundant species.
However, less abundant species are more variable in their
abundance by treatment, as seen by the vertical distance be-
tween the diagonal line (expected values if abundance is in-
dependent of treatment) and each point (Fig. 3). Thus, those
species with fewer than 100 counted individuals tend to vary

Fig. 2. Species accumulation (rarefaction) curves for the three lakes
compared by treatment. In Aguiar and Palminhas Lakes, species rich-
ness in the tilapia cage farming treatment is greater than in the control
treatment, while in Palmas lake, they are similar.

by treatment, which implies that the less common species
are those that are most strongly influenced by the chemical
changes in the water caused by fish farming.

Because lakes were different, we separated them in addi-
tional analyses. In Lake Aguiar, the estimated species richness
was greatest in the fish cage farm treatment (24 versus 20).
In Lake Palmas, the estimated species richness (29) was the
same in both treatments. Finally, in Lake Palminhas, the es-
timated species richness was 27 in the fish farm and 22 in
the control. Thus, in two lakes, the estimated species rich-
ness was greater by 2–3 species in the cage farm treatments.
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Table 3. Algae species and their relative abundances (%) by lake and treatment, ordered by class, in the state of Espírito Santo, in eastern
Brazil. (C – Control, T – Tilapia farming treatment).

Class Specie
Lake

Aguiar Palmas Palminhas
C T C T C T

Bacillariophyceae

Aulacoseira agassizi 17.0 9.70 0.40 0.20 5.60 13.0
Encyonema perpusillum 0.01 0.04

Eunotia sp 0.40 0.80 0.10 0.10 0.04 0.03
Navicula cryptotenella 0.60 1.20 0.30 0.40 0.06 0.06

Urosolenia sp 0.20 0.30 1.20 0.80 0.80 4.00

Chlorophyceae

Ankistrodesmus bernardii 0.08 0.01 0.80 0.90 0.40 0.40
Chlorella vulgaris 45.0 45.0 60.0 54.0 26.0 20.0

Coelastrum reticulatum 0.01 0.01 0.01 0.04
Crucigenia rectangularis 0.10 2.00 0.20 0.10 0.06 0.10

Golenkinia radiata 0.02 0.01 0.06
Monoraphidium sp 4.00 2.60 5.60 5.10 2.80 2.60

Scenedesmus acuminatus 0.10 0.20 0.03 0.01
Chrysophyceae Dinobryon sertularia 0.10 0.40 0.50 0.04

Cyanophyceae

Anabaena solitaria 0.20 0.04 0.10 0.10 0.50 0.60
Cylindrospermopsis raciborskii 1.80 0.01 9.00 9.00 44.5 42.0

Epigloeosphaera brasilica 15.0 22.5 7.50 9.50 4.40 2.70
Geitlerinema splendidum 1.40 1.50 3.00 3.00 3.30 1.80

Merismopedia glauc 7.80 7.80 0.20 0.50 0.20 0.50
Microcystis aeruginosa 4.30 4.00 4.00 8.00 3.50 2.30
Microcystis wesenbergii 0.30 0.80
Oscillatoria curviceps 0.01 0.03 0.10 0.02 0.20 0.10
Phormidium crouani 0.05 0.07 0.70 3.20

Pseudanabaena galeata 0.05 0.05 0.10 0.20
adiocystis fernandoi 0.09 0.04
Spirulina subsalsa 0.01 0.02

Dinophyceae Peridinium umbonatum 0.30 0.10 0.10 0.20 0.20 0.10
Euglenophyceae Trachelomonas volvocin 1.00 1.00 0.30 0.30 0.50 0.50

Zignematophyceae

Cosmarium contractum 0.60 0.50 1.70 2.00 0.06 0.30
Spondylosium panduriformi 0.05 0.10 0.01

Staurastrum forficulatum 0.40 0.01
Staurastrum sp 0.20 0.08 3.50 3.00 4.20 3.30

Staurastrum rotula 0.20 0.20 0.50 0.30
Staurastrum tetracerum 0.10 0.30 0.20 1.50 1.60 1.00

Table 4. Algae species that were detected in two lakes only and their abundance (number counted) in each treatment. In the abundance column,
C indicates the control treatment, and F indicates the cage-farming treatment.

Species Lake Treatment Abundance C, F

Coelastrum reticulatum
Palmas Both 2, 2

Palminhas Both 1, 4

Golenkinia radiata
Aguiar Tilapia 2, 0
Palmas Both 8, 3

Phormidium crouani
Palmas Both 6, 8

Palminhas Both 12, 30

Pseudanabaena galeata
Palmas Both 6, 6

Palminhas Both 13, 19

Radiocystis fernandoi
Aguiar Tilapia 0, 10

Palminhas Tilapia 0, 4

Scenedesmus acuminatus
Aguiar Both 29, 23

Palminhas Both 5, 3

Spondylosium panduriforme
Palmas Both 5, 21

Palminhas Tilapia 0, 5

Staurastrum forficulatum
Palmas Control 31, 0

Palminhas Control 1, 0

Staurastrum rotula
Palmas Both 23, 31

Palminhas Both 71, 51
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Table 5. Relative abundance (%) of the classes of phytoplankton in
each treatment by lakes and treatment under study. If rare, we indicate
by “<1%.” C – Control, T – Tilapia farming treatment. Empty cells
indicate absence.

Class
Relative abundance (%) by Lake
Aguiar Palmas Palminhas
C T C T C T

Bacillariophycea 18 12 1 7 17
Chlorophycea 49 48 66 60 29 25
Chrysophycea <1 <1 <1 <1

Conjungatophycea <1 <1 <1 <1 <1
Cyanophyceae 31 36 23 30 57 52

Dinophycea <1 <1 <1 <1 <1 <1
Euglenophyceae 1 1 <1 <1 <1 <1

Zignematophyceae 1 1 7 7 7 5

As seen by the confidence intervals of the rarefaction curves,
the cage farm treatment had statistically greater species rich-
ness in Aguiar and Palminhas Lakes (Fig. 2).

Relative abundances of the members of the phytoplankton
community in the three lakes are shown in Table 5. In Palmas
Lake, the Chlorophyceae had the greatest abundance, followed
by Cyanophyceae. In Palminhas Lake, Cyanophyceae was the
most abundant class in both the control and cage farming treat-
ments. Chlorophyceae was the second most frequent class. In
Lake Aguiar, Chlorophyceae was the most abundant class, fol-
lowed by Cyanophyceae.

4 Discussion

Tilapia cage farming has an effect on both the composi-
tion of the phytoplankton assemblage and water chemistry, but
natural local variability in both species and chemistry tends
to complicate these patterns. In all lakes, despite this natu-
ral variability, nitrogen, phosphorus, chlorophyll a and phy-
cocyanin all tended to be in greater concentrations in the cage
farm treatments than in the control (away from the farm). Thus,
there is a clear influence of fish cage farming on important
chemical concentrations in the lakes. Climate also influences
the water chemistry, as expected (Mallasen et al. 2012; Suhet
and Schocken-Iturrino 2013). In these and other tropical lakes,
seasons are more strongly influenced by rainfall than tempera-
ture. Thus, rainfall here is likely to drive the large differences
in concentrations seen over the course of the year (Guo and Li
2003; Gomes et al. 2006; Degefu et al. 2011). While the con-
centrations varied among the lakes, treatments and over time,
the natural concentrations were similar to those observed in
other lakes in Brazil (Santos et al. 2010; Leonardo et al. 2011).

Variation in ammonia concentration was surprising be-
cause in the drier months it was much greater in Palminhas
Lake yet converged in the rainy season with the other two
lakes. The other two lakes maintained a relatively low and
constant ammonia concentration over time (Fig. 2). We ex-
pected phosphorus to be important in these lakes (Johansson
and Nordvarg 2002; Guo et al. 2009) due to its effect on the
growth of freshwater phytoplankton. We also expected phos-
phorus to be extremely variable and more concentrated in the

Fig. 3. Species abundance (frequency) curves (log10 by log10 plot) by
lake showing that the rarer species tend to be those that respond more
to tilapia farming than the more abundant species. Note, the order
of abundance varies somewhat among the lakes, and thus species are
not necessarily in the same order in the three figures. Each point is
a species and where it lies on each axis is the number of individuals
found in each treatment.

cage farms because of its presence in the fish food (Ferraris
et al. 2006). However, while phosphorus tended to be more
concentrated in the cage farm treatments, its variation over
time and among the lakes was greater than that between the
treatments in the same lake. Thus, some evidence suggests
that phosphorus can be influenced by cage farms, and further
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experimental study will be required to address this question
more directly.

Chlorophyll a is usually a good indicator of the quan-
tity of phytoplankton in the water (Rojas et al. 2004), yet
again there was large variation among the lakes. Additionally,
one lake (Palminhas) tended to have greater, but more vari-
able, concentrations than the other lakes, while Palmas had
lower concentrations all year long. Phycocyanin, an indica-
tor of Cyanophyceae in the water, also varied over time and
tended to be greater in Palminhas Lake. Cylindrospermopsis
raciborskii (Cyanophyceae) was consistently more abundant
in Palminhas Lake, which may have been due to the greater
levels of ammonia in the drier months of the study. This hy-
pothesis is supported by the high ammonia uptake capacity
of this species (Padisa’k 1997). Additionally, there was no
consistent difference in the concentrations between the treat-
ments. Phycocyanin was also low during the same months in
Palminhas Lake.

The greater concentration of Cyanophyceae algae ob-
served in Palminhas Lake (Tab. 3) can be detrimental to the
aquatic ecosystem due to changes they cause in the dissolved
oxygen and pH (Paerl and Paul 2012; O’Neil et al. 2012).
Dominance by Cyanophyceae over the other classes of al-
gae may be a consequence of their ability to withstand eu-
trophic conditions. Cyanophyceae can store phosphorus in-
tracellularly, which allows them to continue growing when
environmental phosphorus is otherwise limiting. They can also
fix atmospheric nitrogen and have intracellular aerotopes (gas
vesicles) that are used for vertical movement in the water col-
umn to take advantage of better light and nutrient conditions
(Defeju et al. 2011). Thus, the alga Cylindrospermopsis raci-
borskii, seen predominantly in Palminhas Lake, is common in
eutrophic environments and produces its own toxins that also
add to the pollution problem (Sant’anna et al. 2006; Rogers
et al. 2007).

Phytoplankton species richness was constant in these lakes
and tended to have reached the total number of species ex-
pected after only 10 samples. While the cage farm treatments
tended to have 2–3 more species (except for Palmas Lake),
those additional species were not necessarily the same in both
lakes. Additionally, the most common species tended to have
similar concentrations in both treatments. Thus, while clearly
suggesting consequences due to tilapia farming in these lakes,
the importance of this impact is not as clear.

Both biotic and abiotic conditions indicate that the wa-
ters of Palminhas Lake are becoming enriched. This lake has
a greater amount of cage farming and the greatest fish pro-
duction, indicating that Palminhas Lake has a much greater
input of fish feed which contributes to its lower water qual-
ity (Venturoti et al. 2015). Additionally, there may be cumula-
tive effects as well, as Palminhas Lake cage farms have been
in place since 2006. The water in Palmas Lake, on the other
hand, appeared to be the least polluted, which is likely asso-
ciated with the smaller scale of cage farming as well as its
shorter history (began in 2009).

Algae in the class Chlorophyceae tend to be dominant un-
der oligotrophic conditions, such as in Palmas Lake. Chlorella
vulgaris, a member of this class, was dominant in Aguiar Lake.
This species is known to become dominant when the nitro-

gen concentration in the water increases (Huszar et al. 2006).
Thus, perhaps the presence of the cage farm, and the associ-
ated source of ammonia, indicates a deteriorating situation in
Aguiar Lake as well. Also in Aguiar Lake, seasonality was less
pronounced and the collection points tended to have similar re-
sults. Part of these differences may be due to the shallower wa-
ter and smaller surface area of this lake. Aguiar Lake has been
described as a coastal plain lake with homogeneous waters and
a strong influence of winds (Bozelli et al. 1992).

Cyanophyceae tended to increase while Chlorophyceae de-
creased in the cage farm treatments, especially in Palmas Lake.
Because we already know that Cyanophyceae tend to dominate
perturbed or polluted environments, it is clear that cage farm-
ing contributes to this effect. Part of this contribution may be
a consequence of the shading caused by the cages as well as
the increase in suspended solids, all of which may favor the
Cyanophyceae (Sant’anna et al. 2006).

In summary, tilapia cage farming clearly influences local
water conditions in these three relatively small lakes in eastern
Brazil. The same pattern has been observed in other environ-
ments used for tilapia culture in cages such as Rosana Reser-
voir, Brazil (Borges et al. 2010) and Lake Kuriftu, Ethiopia
(Gibtan et al. 2008). However, at the same time, within-lake
variation in conditions, including chemical, as well as depth
and surface area also have their own effects on water char-
acteristics and the consequent algal community composition,
species richness and abundance. Thus, to ensure that tilapia
cage farming (and possibly other kinds of fish farming) does
not become a source of pollution in the lakes, we recommend
careful and standardized monitoring of the water chemistry
(especially the compounds we include here) over time. With
climate change also likely to play a role and the strong interac-
tion between water temperatures and chemical characteristics,
periodic monitoring will allow us to discover, and solve, prob-
lems as they arise.
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