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In land-based pond cultures, periphyton is considered to be a complementary food source for cultured fish. In
cage aquaculture, studies on the use of periphyton are scarce and do not support the viability of periphyton-
based cage culture. The aim of this study was to evaluate the potential of periphyton-based cage culture of Nile
tilapia in a hydroelectric reservoir in Brazil at three stocking densities and two feeding regimes. Sex-reversed
male Nile tilapia Oreochromis niloticus (46.56 ± 2.53 g) were placed in 21 cages (6 m3 – 2 × 2 × 1.5 m each)
with or without bamboo substrates for periphyton growth. A completely randomized design with three repli-
cates per treatment was used to test the effect of substrate inclusion in the three stocking densities (80, 60,
40 kg of fish/m3) associated with two feeding regimes (100% and 50% of daily ration). Three cages without bam-
boo substrates were included in the experimental design as control group (CTRL) (80 kg/m3 and 100% of daily
ration). The study demonstrates the efficiency of using substrates for Nile tilapia in cages in the reservoir. The
presence of bamboo substrates improved the weight gain of fish but reduced the carrying capacity of the cage
at the highest density. The concentration of dissolved oxygen in the cages was improved by the presence of sub-
strate between 50 and 140 days of the trial and reduced after 155 days of culture. The inclusion of bamboo sub-
strates inside the cages allows producing up to 52 kg/m3 of Nile tilapia using 32% less diet in a period almost 20%
shorter than in the CTRL group. If farmers prefer to produce 80 kg/m3, they can use 30% less diet but the produc-
tion period would be 20% longer.
Statement of relevance: This study has high relevance to the general field of commercial aquaculture because the
experiment was carried out at a commercial fish farm, under real environmental conditions and management.
Presented results are promising because show that bamboo substrates in cages improve the efficiency of the sys-
tem up to 52 kg/m3. This production model may be an efficient alternative for family farmers.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

In 2011 the global tilapia production totalled 3,957,843 T. Brazil is
one of the top 10 tilapia producers and supplied 88% of that amount
(GLOBEFISH Highlights, 2013). Because of their 6.5 million ha of water
reservoirs, lakes and dams, Brazil has conditions to improve its cage
farming (Rojas andWadsworth, 2007). The Brazilian tilapia production
grew by 63% over a period of one year since 2010 (GLOBEFISH
Highlights, 2013).

Tilapias are omnivorous and feed at a low trophic level. Within in-
tensive systems, these species can be fed formulated diets containing
a high percentage of plant proteins and oils (Watanabe et al., 1992).
Most tilapias are able to use phytoplankton and periphyton as an energy
source. However, studies by Dempster et al. (1993) have demonstrated
that ingestion rates of tilapias are up to 25 times higher when algae are
provided as periphyton thanwhen they are provided as phytoplankton.

Periphyton is the community of microorganisms that colonizes on
submerged plants, stones and other substrates. In land-based pond cul-
tures, periphyton production is considered to be a complementary food
source for cultured fish (Azim et al., 2005). In cage aquaculture and in
intensive aquaculture systems, studies on the use of periphyton are
scarce and do not support the viability of periphyton-based cage culture.
Norberg (1999) investigated the potential production of periphyton in
cages with a mixed tilapia culture of Oreochromis mortimeri, Tilapia
rendalli and Oreochromis niloticus (Linnaeus) in Lake Kariba, Zimbabwe.
The authors calculated that the primary production of periphyton in the
cage was 1% relative to the energy demands of the fish. Huchette and
Beveridge (2003) evaluated the potential for periphyton-based cages
of Nile tilapia (GIFT) in the Meghna–Gumti River (Bangladesh). Their
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results showed that periphyton-based aquaculturewas not economical-
ly viable and that the primary economic constraints were the costs of
the cage material (net and bamboo poles) and fry.

Conversely, a new study showed that decreasing the dietary protein
levels in the presence of periphyton substrates can improve the perfor-
mance of Nile tilapia juveniles reared in floating cages in an earthen
pond. Indeed, this approach is more cost-effective than the group that
received higher protein levels and no periphyton (Sakr et al., 2015). In
Brazil, Garcia et al. (2013) showed that reducing the stocking density of
Nile tilapia juveniles in cages in hydroelectric reservoirs from 80 kg/m3
to 30 kg/m3 significantly decreases their feed conversion ratio from
1.36 to 0.95. These authors proposed that natural food such as phyto-
plankton and periphyton should be making part of the diet of fish and
that the cage nets can act as a substrate for periphyton growth. Thus,
the aim of this study was to evaluate the potential of periphyton-based
cage culture of Nile tilapia in a hydroelectric reservoir in Brazil at three
stocking densities and two feeding regimes.
Fig. 1. Modules of bamboo rods cut into halves lengthwise as substrate to periphyton
growth installed within cages (6 m3 – 2 × 2 × 1.5 m). Each module was composed of
seven vertical bamboos (1 m) attached at their borders on two horizontal bamboos
(2 m) and fixed by one diagonal bamboo rod.

Table 1
Diet portions offered to Nile tilapia in each growth phase, according the recommendation
of the industry of feed.

Average fish weight (g/fish) Daily feed rate (% of fish weight)

45–150 5.5
151–315 4.0
316–500 2.8
501–650 2.0
651–800 1.6
2. Material and methods

The experiment was conducted in a cage-fish farm located in São
Jerônimo Stream, Nova Avanhandava reservoir, Tietê River, São Paulo,
Brazil (21°11′27.41″ S, 50°03′00.79″ W). A total of 1812 sex-reversed
male Nile tilapia Oreochromis niloticus (46.56 ± 2.53 g) were placed in
21 cages (6 m3 – 2 × 2 × 1.5 m) of which 18 with bamboo substrates
for periphyton growth. Inside each cage, five modules of bamboo sub-
strate (area of each module: 2.21 ± 0.12 m2; total area: 11.05 m2)
were installed. Modules were made using bamboo rods cut lengthwise
into halves. Each module was composed of seven vertical bamboos
(1 m) attached at their borders to two horizontal bamboos (2 m) and
fixed by one diagonal bamboo. Galvanized wire was used to bind the
bamboo rods (Fig. 1).

Positioning of cages in the reservoir was made in lines leaving 5 m
between each line. 21 cages were fixed in each line with a distance of
1.5 m between them. Lines were positioned against the water current
and perpendicular to the reservoir border, allowing water movement
for the removal of wastes. The regular routine labor-adopted by farmers
was used and there was no management to clean cage-netting.

A preliminary experiment conducted in the samewater body showed
that on the day 21st, periphyton growth was stable (0.95 mg/cm2 of dry
matter) and could be offered to fish as a complementary food. Thus, in
this trialfishwere introduced into cages on the day 21st after the bamboo
substrates were installed.

A completely randomized design was used to test the inclusion of
substrates in three stocking densities (80, 60, 40 kg offish/m3) associated
with two types of feeding regimes (100% and 50% of daily ration) with
three replicates. Three cages without bamboo substrates were included
in the experimental design as control group (CTRL). In the control
group, fish were stocked at the highest stocking density (80 kg/m3)
and fed two meals a day (100% of daily ration), according to the
usual regimen used by Brazilian fish farmers. We included this treat-
ment in order to compare all treatments with substrate to the produc-
tion system usually adopted by Brazilian farmers, and propose a more
efficient production model of Nile tilapia in cages. The three stocking
densities were calculated considering the expected final weight of
800 g for fish.

In themorning, dead andmoribundfishwere removed. The group of
fish that received 100% of daily ration was fed twice a day (8:00 h and
16:00 h), and the group that received one meal daily (half amount of
daily ration)was fed only in the afternoon (16:00 h). The goal of this ap-
proach was to stimulate fish to eat periphyton during day time.

The amount of each diet portion (according the recommendation of
the industry of feed – Table 1) was offered slowly by hand until visual
apparent satiety. Fishweighing 40 to 250 gwere fed 3 to 4-mmpelleted
commercial feed (drymatter: 88%, crudeprotein: 36%, ether extract 8%).
For bigger fish weighing 250 g to 800 g, the producers use 6 to 8-mm
feed pellets of lower protein (32%) and lipid (6%) contents.

2.1. Growth performance

Individual fish weighingwas performed on 5% of the fish per cage at
the beginning and at the endof the trial to evaluate growth performance
and size uniformity of the lot (coefficient of variation).

Feed consumed was recorded daily and fish were fed 6 days a week.
During the experiment, biometry was performed on five samples (ap-
proximately 10 fish each) in each cage every two weeks to calculate
the amount of diet to offer to fish and to ascertainwhether the target av-
erage weight of the fish had reached 800 g.

The parameters evaluated were the following: weight gain (WG)=
final weight – initial weight; feed conversion ratio (FCR) = WG / feed
consumed; specific growth rate (SGR) = 100 × (Ln final weight − Ln
initial weight) / number of days; coefficient of variation (CV) = stan-
dard deviation of fish weight (FW) / average weight (AW).

To study the ability of tilapia to consume periphyton at each growth
phase, growth performance parameters were evaluated when the fish
were 300, 500 and 800 g.
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2.2. Water quality

Temperature and dissolved oxygen were measured daily in the
morning inside each cage (50 cm deep) using an YSI 700 oximeter. En-
vironmental water samples around the cages were collected at the be-
ginning and the end of the experiment to characterize the reservoir
site where the experiment was carried out. Concentrations of total
phosphorus and total nitrogen were determined according to
Valderrama (1981) by a colorimetric method. The photosynthetic pig-
ment chlorophyll a was determined by spectrophotometry according
to Marker et al. (1980). An YSI EcoSense pH100Ameter was used to de-
termine the pH and transparency was measured with a Secchi disc. The
average values were total phosphorus (26.5 μg/L), total nitrogen
(712 μg/L), chlorophyll a (5.2 μg/L), pH (8.07) and transparency (3.2 m).

2.3. Fish health

Fish healthwasmonitored 30, 90 and 180 days after the beginning of
the trial by inspection of skin and gills for external parasites or pathogen
presence in kidney. During the monitoring, in the mornings, before re-
moval of moribund and dead fish, two Nile tilapias were collected
from each cage, totalling 42 (6 per treatment). Preference was given
to moribund fish. These fish were packed individually in plastic bags,
stored in an insulated box with ice and transported to the Aquatic Ani-
mal Disease Laboratory, which is located 120 km from the fish farm.

Upon arrival to the laboratory, the fish were individually weighed,
and smears were prepared from each skin and gills for microscopic ex-
amination to investigate the occurrence of parasites. After this proce-
dure, fish body surfaces were disinfected with alcohol (70° GL) for
10 min, and microbiological samples consisting of swabs were taken
aseptically from the kidneys of the fish inside laminar flow. The samples
were identified bymeans of routine tests, including colonymorphology,
Gram staining, haemolysis on agar containing sheep blood 5% v/v, oxi-
dase and phenotypic profiles in API 20 E and API 20 Strep (BioMerieux,
France). The prevalence of pathogens (number of infected or infested
fish/total number of fish evaluated) and mean intensity (total number
of monogenean external parasites/total number of fish examined)
were calculated as described by Bush et al. (1997).

2.4. Statistical analyses

The assumptions of ANOVA were assessed using the Shapiro–Wilk
test for normality on residuals and Levene's test for homogeneity of var-
iance. Data on growth performancewere subjected to two-way ANOVA
to test the influence of themain effects (three stocking density and two
feeding regimes) and the interaction between them in cages with bam-
boo substrates. The control group (CTRL) was compared to the
Fig. 2.Growth curve of Nile tilapia in cageswith bamboo substrates for periphyton growth at 3 s
one meal per day; 100% (solid lines) = two meals per day; +PE = with substrate to periphyt
treatment with substrate in the same density and feeding regimen by
Test-t. In two-way ANOVA there was no interaction in all evaluated pa-
rameters. Thus, to compare the main effects together and to evaluate
the difference among the CTRL (usually adopted by Brazilian farmers)
and all treatments with bamboo substrate, data were subject to one-
way ANOVA (Zar, 2010), followed by Tukey's test (p b 0.05).

3. Results

In the first 60 days after the beginning of the experiment, all treat-
ments showed similar growth performance. At 90 days, all treatments
that received 100% of daily ration had a higher average weight than
those fed 50% of daily ration. From 120 to 180 days, the presence of
bamboo substrates improved the average weight of fish fed two meals
a day compared to the CTRL. However, at 180 days, fish stocked at
80 kg/m3 in cages with substrates appeared to reach their carrying ca-
pacity because their mean weight stabilized during the next 20 days,
while the CTRL group continued to grow (Fig. 2).

Growth performance was evaluated at three growth phases in order
to assess the capacity of Nile tilapia to consume natural food in each
phase. Fish fed 100% of daily ration in cages with substrates had the
highest daily weight gain, followed by the CTRL group. The fish fed
50% of the diet in cages with substrates had the lowest daily weight
gain among all (Table 2).

Conversely, during all evaluations of growth performance, therewas
a direct relationship between stocking density and feed conversion ratio
(FCR) and between feeding ratio and FCR. For the third period (fish
800 g), the higher the stocking density, the higher the FCR and fish fed
100% of daily ration had higher FCRs than fish fed 50% of the diet. For
fish with 500 g, the substrate in the cages reduced the FCR compared
to fish stocked at the same density in cages of the CTRL group. At the
end of the experiment all treatments showed the same uniformity (co-
efficient of variation) (Table 2).

The prevalence and mean intensity of pathogens were higher at the
beginning of the trial, when the fish weighed b75 g. In this phase, the
highest prevalence and mean intensity of monogenean Dactylogyridae
in Nile tilapia gills was observed in the CTRL group. At the end of the
trial, the CTRL group showed the lowest prevalence and mean intensity
of this parasite, and fish stocked at the highest density with substrates
for periphyton and fed two meals a day showed the highest prevalence
and mean intensity of monogenean (Table 3).

The experiment began during the winter, when the water tempera-
turewas 20.8 °C and the dissolved oxygen contentwas 7.5mg/L. The ex-
periment ended during the summer with a temperature of
approximately 30 °C and dissolved oxygen under 3 mg/L. In the period
between 50 and 140 days of the trial, dissolved oxygen inside the
cages of the CTRL group was lower than that in cages with substrates.
tocking densities and fed either twomeals or onemeal per day. Note: 50% (dotted lines)=
on.



Table 2
Growth performance of Nile tilapia in cages with bamboo substrates for periphyton growth at 3 stocking densities and fed either two meals or one meal per day.

50% + PE 100% + PE 50% + PE 100% + PE 50% + PE 100% + PE 100%

Initial stocking density 15 kg/m3 22 kg/m3 30 kg/m3

Initial weight (g)2 45.67 ± 0.78 47.10 ± 3.38 45.67 ± 3.93 44.60 ± 1.50 43.75 ± 1.75 48.40 ± 1.88 50.77 ± 4.56

Number of fish (fish/m3)2 55 55 82 82 110 110 110
Phase
1

Fish weight (g)2 300.00 300.00 300.00 300.00 300.00 300.00 300.00
Weight gain (g/fish)2 254.33 ± 1.35 252.90 ± 5.85 254.33 ± 6.81 255.40 ± 2.60 256.25 ± 2.47 251.60 ± 3.25 249.23 ± 7.84
Survival (%)2 92.32 ± 2.11 90.61 ± 3.74 93.74 ± 1.04 91.38 ± 1.33 95.53 ± 0.68 94.04 ± 0.94 94.18 ± 1.73
Daily weight gain
(g/fish/day)1

2.03 ± 0.01 d 2.66 ± 0.04 a 2.03 ± 0.03 d 2.69 ± 0.02 a 1.97 ± 0.01 d 2.52 ± 0.02 b 2.37 ± 0.04 c

Specific growth rate (%/day)1 1.51 ± 0.01 c 1.95 ± 0.08 ab 1.51 ± 0.07 c 2.01 ± 0.04 a 1.48 ± 0.03 c 1.83 ± 0.04 ab 1.70 ± 0.08 bc
Feed consumed (g/fish)1 235.98 ± 5.13 a 244.03 ± 21.36 ab 227.93 ± 18.07 a 294.86 ± 13.50 abc 252.27 ± 7.69 ab 309.39 ± 17.65 bc 336.64 ± 6.63 c
Feed conversion ratio1 0.93 ± 0.02a 0.97 ± 0.08 ab 0.90 ± 0.08 a 1.16 ± 0.06 abc 0.98 ± 0.04 ab 1.23 ± 0.08 bc 1.35 ± 0.02 c
Productive cycle (days)2 125 92 125 95 130 100 105

Stocking density 25 kg/m3 37 kg/m3 50 kg/m3

Phase
2

Fish weight (g)2 500.00 500.00 500.00 500.00 500.00 500.00 500.00
Weight gain (g/fish)2 454.33 ± 1.35 452.90 ± 5.85 454.33 ± 6.81 455.40 ± 2.60 456.25 ± 2.47 451.60 ± 3.25 449.23 ± 7.84
Survivors (%)2 90.20 ± 2.04 90.51 ± 3.71 91.92 ± 1.68 91.31 ± 1.26 90.91 ± 0.61 93.94 ± 0.84 92.29 ± 2.45
Daily weight gain
(g/fish/day)1

2.39 ± 0.00 d 3.74 ± 0.03 a 2.39 ± 0.02 d 3.64 ± 0.01 b 2.40 ± 0.01 cd 3.61 ± 0.02 b 2.50 ± 0.03 c

Specific growth rate (%/day)1 1.26 ± 0.01 b 1.96 ± 0.06 a 1.26 ± 0.04 b 1.93 ± 0.03 a 1.28 ± 0.02 b 1.87 ± 0.03 a 1.27 ± 0.05 b
Feed consumed (g/fish)1 495.55± 10.87 b 475.61 ± 76.13 b 484.33 ± 28.85 b 554.39 ± 13.73ab 580.07±11.42 ab 486.12 ± 27.77 b 717.71 ± 21.29 a
Feed conversion ratio1 1.09 ± 0.03 a 1.05 ± 0.17 a 1.07 ± 0.07 a 1.22 ± 0.03 ab 1.27 ± 0.00 ab 1.08 ± 0.06 a 1.60 ± 0.04 b
Productive cycle (days)2 190 121 190 125 190 125 180

Stocking density 40 kg/m3 60 kg/m3 80 kg/m3

Phase
3

Final weight (g)2 818.85 ± 26.98 758.52 ± 18.66 740.37 ± 23.15 711.11 ± 60.69 694.80 ± 53.81 834.80 ± 25.13 773.71 ± 32.35
Weight gain (g/fish)2 711.42 ± 17.69 773.19 ± 22.15 694.70 ± 17.08 666.51 ± 58.81 651.07 ± 33.12 786.40 ± 53.08 722.95 ± 38.47
Survivors (%)2 79.39 ± 3.54 77.27 ± 3.67 79.73 ± 2.58 85.52 ± 1.79 77.05 ± 3.86 67.58 ± 13.03 75.79 ± 3.27
Daily weight gain
(g/fish/day)1

3.07 ± 0.04 bc 3.91 ± 0.07 a 2.68 ± 0.04 c 3.53 ± 0.18 ab 2.66 ± 0.01 c 3.62 ± 0.14 a 3.56 ± 0.11 ab

Specific growth rate (%/day)1 1.15 ± 0.00 d 1.53 ± 0.03 a 1.08 ± 0.03 d 1.46 ± 0.02 ab 1.13 ± 0.02 d 1.31 ± 0.02 c 1.35 ± 0.05 bc
Feed consumed (g/fish)1 815.26±71.27 a 1133.39± 90.40 ab 849.00 ± 16.26 a 1069.36 ± 57.66 ab 839.96 ± 9.97 a 1414.03±103.48 b 1331.79±78.42 b
Feed conversion ratio1 1.06 ± 0.10 a 1.59 ± 0.11 bc 1.22 ± 0.02 a 1.61 ± 0.05 bc 1.29 ± 0.01 ab 1.79 ± 0.06 c 1.84 ± 0.05 c
Productive cycle (days)2 252 182 259 189 245 217 203
Coefficient of variation(%)2 30.31 ± 1.70 25.35 ± 1.94 25.27 ± 1.31 22.41 ± 3.32 25.75 ± 2.02 21.87 ± 1.28 24.69 ± 1.54

Note: 50%= onemeal per day; 100%= twomeals per day;+PE=with substrate to periphyton. Values aremeans of three replicates ± standard deviation. Means followed by the same
letter in the line: no significant difference (Tukey p N 0.05).

1 Parameter subjected to ANOVA
2 Parameter did not subjected to ANOVA.

Table 3
Pathogen prevalence and mean intensity of monogeneans in Nile tilapia in cages with bamboo substrates for periphyton growth at 3 stocking densities and fed either two meals or one
meal per day.

Prevalence (%) Mean intensity (parasites/fish)

Time Stocking density
(kg/m3)

Feed Fish Weight
(g)

Trichodina
(Skin)

Gyrodactylidae
(Skin)

Trichodina
(Gill)

Dactylogyridae
(Gill)

Aeromonas sp.
(Kidney)

Dactylogyridae
(Gill)

30 days 80 100% 61.25 33.3 16.7 0 100 0 304
100% + PE 42.55 0 0 0 100 16.7 168
50% + PE 51.02 16.7 0 0 100 0 232

60 100% + PE 48.00 16.7 0 16.7 66.7 16.7 216
50% + PE 52.49 16.7 16.7 16.7 50 0 224

40 100% + PE 74.28 33.3 0 0 66.7 0 160
50% + PE 49.20 16.7 16.7 16.7 33.3 0 80

90 days 80 100% 275.39 0 0 0 50 0 64
100% + PE 209.25 0 0 0 16.7 0 16
50% + PE 126.90 0 0 0 66.7 0 80

60 100% + PE 273.69 0 0 0 66.7 0 56
50% + PE 173.04 0 0 0 66.7 0 32

40 100% + PE 207.15 0 0 0 66.7 0 24
50% + PE 190.05 0 0 16.7 50 0 64

180 days 80 100% 547.62 16.7 0 0 16.7 0 8
100% + PE 526.12 33.3 16.7 16.7 50 0 120
50% + PE 230.00 0 0 0 50 0 24

60 100% + PE 420.80 16.7 0 33.3 33.3 0 40
50% + PE 397.32 0 0 0 33.3 0 32

40 100% + PE 535.80 0 0 0 50 0 48
50% + PE 262.20 0 0 0 50 0 88

Note: 50% = one meal per day; 100%= two meals per day; +PE = with substrate to periphyton.
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Fig. 3. Temperature and dissolved oxygen inside the cages of Nile tilapia with bamboo substrates for periphyton growth at 3 stocking densities and fed either two meals or one meal per
day. Note:50% = one meal per day; 100%= two meals per day; +PE = with substrate to periphyton.
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This period can be characterized as the autotrophic stage of the periph-
yton. After 155 days, cageswith substrate showed a lower dissolved ox-
ygen levels than cages of the CTRL, corresponding to the heterotrophic
stage of the periphyton (Fig. 3).

4. Discussion

This study demonstrates the benefits of bamboo substrates in cages
for Nile tilapia farming, at least until they reach 500 g. While in ponds,
studies have attested the potential of periphyton as a robust source of
quality food for stocked fish (Keshavanath et al., 2004; Saikia and Das,
2009), in cages neither Norberg (1999) nor Huchette and Beveridge
(2003) found periphyton-based cage culture to be viable. In floating
cages in an earthen pond, Sakr et al. (2015) showed that the reduction
in dietary protein levels in the presence of periphyton substrates im-
proved the performance of Nile tilapia juveniles and increased the
cost-effectiveness in relation to the traditional strategy of providing tila-
pia with higher levels of protein and no periphyton.

In this study, there was a direct relationship between stocking den-
sity and feed conversion ratio (FCR) in cages with bamboo substrates as
was previously observed by Garcia et al. (2013) in cages of Nile tilapia
without substrates. Increased stocking density reduces the efficiency
of the system. In an experiment to determine the appropriate biomass
of caged Nile tilapia supporting maximum production of small tilapia
in open water in an integrated cage-cum-pond system, Yi and Lin
(2001) observed that final mean weight of caged tilapia decreased
from 478 g in the treatment with one cage to 261 g in the treatment
with four cages. The worst growth parameters in high stocked biomass
is explained by the increased energy expenditure due to higher activity
levels, higher excitation levels, greater metabolic costs and decreased
growth due to growth limitations in overcrowded conditions (Ellis et
al., 2002).Moreover, the prevalence andmean intensity ofmonogenean
Dactylogyridae in Nile tilapia gills increased in fish stocked at higher
densities with substrates (Table 3). Garcia et al. (2013) also reported
that Nile tilapia at higher stocking densities (100 and 120 kg/m3) in
cages without substrates showed a higher prevalence of Trichodina sp.
in the skin and Streptococcus agalactiae in kidney, and Yi and Lin
(2001) showed that survival of caged tilapia decreased with increasing
biomass of caged tilapia per pond.

The growth curve of Nile tilapia revealed the carrying capacity of fish
in cages with substrates. At 180 days, fish stocked at the highest density
(80 kg/m3) in cages with substrates stabilized their weight during the
next 20 days, while the CTRL group continued to grow. At that moment
the biomass of fish stocked was approximately 52 kg/m3. The five mod-
ules of bamboo substrates used in this experiment reduced the useful
volume inside cages. In addition, at the end of the productive cycle het-
erotrophic processes dominated, resulting in a periphytonmat that was
consumer of dissolved oxygen. The rigid surfaces of substrates in an ox-
ygenated water column allow the development of autotrophic and het-
erotrophic populations. The development of periphyton involves
positive and negative interactions between phytoplankton, autotrophic
periphyton, heterotrophic microbial bottom communities, heterotro-
phic periphyton and all of the cultured species (Milstein et al., 2003).
Community composition varies and is determined by diverse factors
such as the nature of the substrate, the trophic state of the environment
(Fernandes and Esteves, 2003) and the intensity of grazing on the pe-
riphyton (Azim et al., 2005). Several heterotrophic characteristics of
the periphytic communitymust be directly related to the higher density
of pioneering organisms (bacteria/fungi) in the colonization process
(Moschini-Carlos and Henry, 1997), the reduction in periphytic organ-
isms during the final stages and the storage of substrate of inorganic
materials (Fernandes, 1997). In this case, the reduction on the density
of periphytic organisms can be related to their natural maturation (at
thefinal stage of their cycle) and because of the high intensity of grazing
by large Nile tilapias.

In the last period, fish fed 50% of the recommended diet had better
FCRs than fish fed 100% of the diet. Considering that the diet represents
N70% of the total production cost of Nile tilapia in cages (Ayroza et al.,
2014), this improvement in the efficiency of the production system re-
ducing 50% of diet can be advantageous. However, the time spent by
the fish to reach the expected weight was longer in the groups fed
50% of the diet.

In the present trial, evaluation of growth performance in different
sizes of fish (300, 500 and 800 g) showed that periphyton improved
the weight gain of Nile tilapia at all sizes except at the end of the trial,
which is likely due to the physical limitation of the available volume
of the cage in this phase. In this phase stocking cages with substrates
for periphyton with the higher tilapia biomass and supplying reduced
feed amounts (80 kg/m3 and one daily meal with substrate) it is possi-
ble to produce tilapia with 30% less diet than in the control, but with an
increase of 20% in the culture period required to achieve the same target
production. Several studies on the feeding ecology of adult tilapia of the
genus Oreochromis have shown that algae and algae-derived detritus
(phytoplankton, sedimented algae, benthic algae, periphytic algae)
comprise the bulk of their gut contents. With assimilation efficiencies
of 50–80%, tilapiine cichlids appear to be adept at digesting plant-
based food materials (Beveridge and Baird, 2000).

During the autotrophic phase of periphyton, in the present trial, the
presence of bamboo substrate in the cages improved the weight gain of
Nile tilapia. For fish that weighed 500 g at the higher stocking density
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(50 kg/m3), the substrate in the cages reduced by 32% the FCR and the
feed consumed compared to fish stocked at the same density in cages
of the CTRL. These results are in agreement with those of Sakr et al.
(2015), who suggest that periphyton is a prime source of food for Nile
tilapia in cages. The nutrient quality and availability of periphyton varies
with grazing pasture, algal and bacterial taxonomic composition, nutri-
ent concentration in the environment and, most significantly, with sub-
strate type (Azim et al., 2002a). Azim et al. (2002a,b,c) found 15–29%
ash, 23–32% protein, 2–5% lipids and 33% carbohydrate in periphyton
from bamboo substrates in their experimental earthen ponds. More-
over, the sestonic algal community is rich in ω-3 PUFAs (Saikia and
Nandi, 2010), and because attached life forms on aquatic substrates
(as periphyton) have similar genetic origins, they also can be a source
of ω-3 PUFAs for higher trophic levels. Tilapiine cichlids have all four
mechanisms of teleosts for breaking down plant material: pharyngeal
jaws to grind the food, a muscular stomach to triturate ingestedmateri-
al, a highly acidic stomach that can lyse plant cells and/or a microbial
fauna in the final gut. These featuresmay explain their high assimilation
efficiencies (Beveridge and Baird, 2000).

Little work has been conducted on the relationship between the pe-
riphyton community and the health of animals in aquatic systems. After
reviewing all experiments conducted in Bangladesh and India, Azim and
Asaeda (2005) suggest that fish survival is higher in periphyton-based
pond production systems than in substrate-free production systems.
In the present study, the prevalence and mean intensity of pathogens
were higher at the beginning of the trial, when water temperature
were lower (21 °C to 26 °C) than the recommended for Nile tilapia. At
the end of the trial, the CTRL group showed the lowest prevalence and
mean intensity of monogenean Dactylogyridae. This parasite has a di-
rect life cycle and is more frequently found in lentic environments. In
addition, intensive fish farming favours the transmission of this parasite
(Flores-Crespo and Flores-Crespo, 2003; Azevedo et al., 2007). In fact, at
the end of the trial, heterotrophic processes dominated and oxygen
levels were lower in cages with substrates. However, aside from the in-
creased occurrence of Dactylogyridae in fish from cageswith substrates,
there was no significant difference (p N 0.05) in Nile tilapia survival be-
tween cages with or without substrate (CTRL), indicating that fish
health was apparently similar between treatments. Azim et al. (2005)
suggested that periphyton can improve fish health by offering them
food, vitamins, probiotics, antimicrobial or antibiotic substances pro-
duced by microorganisms in the mat, and better shelter against preda-
tion in substrate-rich environments.

In conclusion, this study demonstrated the potential of periphyton-
based cage culture of Nile tilapia in a Brazilian hydroelectric reservoir.
The presence of bamboo substrates improved the weight gain of fish
but reduced the carrying capacity of the cage for large tilapia sizes.
Feed restriction (50% of recommended) reduced FCRs. The concentra-
tion of dissolved oxygen in the cages was improved by the presence of
substrate between 50 and 140 days of the trial and reduced after
155 days of culture.

This study show that the inclusion of bamboo substrates in the
cages allows producing up to 52 kg/m3 of Nile tilapia using 32%
less diet in a period almost 20% shorter than the CTRL group. If
farmers prefer to produce 80 kg/m3 they can use 30% less diet adding
substrates for periphyton, however with an increase of 20% in the
culture period required to achieved the same target production. At
this density, new studies are encouraged to evaluate the growth per-
formance of fish if the substrates were removed when the biomass
reaches 52 kg/m3 (carrying capacity).

This is the first study to demonstrate the efficiency of using sub-
strates for Nile tilapia in cages in hydroelectric reservoirs, including
adult fish, and complementary research on other aspects of this produc-
tion system is encouraged. The reduction in FCR reduces the production
cost and the farmer's dependence on external resources (commercial
diet). Thus, this production model may be an efficient alternative for
family farmers.
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