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Abstract – The objective of this work was to evaluate the performance of Pacific marine shrimp (Litopenaeus 
vannamei) and tilapia (Oreochromis niloticus), in a polyculture in tanks subjected to different stocking densities 
and feeding strategies, in comparison with monoculture. Two experiments were performed, at the same time, 
in a completely randomized design with three treatments and four replicates each. Treatments for experiment 
I  were: monoculture with  10  shrimp  per m²  (10S:0T);  polyculture with  10  shrimp  and  0.5  tilapia  per m² 
(10S:0.5T); and polyculture with 10 shrimp and 1 tilapia per m² (10S:1T). Shrimp was the main crop, and feed 
was provided based on shrimp biomass. Treatments for experiment II were: monoculture with 2 tilapia per m² 
(2T:0S); polyculture with 2 tilapia and 2.5 shrimp per m² (2T:2.5S); and polyculture with 2 tilapia and 5 shrimp 
per m² (2T:5S). Tilapia was the main crop, and feed was provided based on fish requirements. In the experiment 
I, tilapia introduction to shrimp culture resulted in lower shrimp growth and poor feed conversion rate. In 
experiment  II,  shrimp  introduction  to  tilapia culture did not  interfere with fish performance. Polyculture  is 
more efficient with the combination of 2 tilapia and 2.5 or 5 shrimp per m² and feed based on fish requirements.

Index terms: Litopenaeus vannamei, Oreochromis niloticus, aquaculture efficiency, feeding strategie.

Densidades de estocagem e estratégias de alimentação  
em policultivo de camarão e tilápia em tanques

Resumo – O objetivo deste trabalho foi avaliar o desempenho de camarão marinho (Litopenaeus vannamei) e 
tilápia (Oreochromis niloticus) em policultivo, em tanques de cimento, submetido a diferentes densidades de 
estocagem e estratégias de alimentação, em comparação ao monocultivo. Dois experimentos foram conduzidos, 
ao mesmo tempo, em delineamento inteiramente casualizado, com três tratamentos e quatro repetições cada 
um. Os tratamentos do experimento I foram: monocultivo com 10 camarões por m² (10S:0T); policultivo com 
10 camarões e 0,5 tilápia por m² (10S:0.5T); e policultivo com 10 camarões e 1 tilápia por m² (10S:1T). O 
camarão foi a principal cultura, e a alimentação fornecida foi baseada na biomassa de camarão. Os tratamentos 
do experimento II foram: monocultivo com 2 tilápias por m² (2T:0S); policultivo com 2 tilápias e 2,5 camarões 
por m² (2T:2.5S); e policultivo com 2 tilápias e 5 camarões por m² (2T:5S). A tilápia foi a principal cultura, 
e a alimentação fornecida foi baseada na necessidade dos peixes. No experimento I, a introdução da tilápia 
no cultivo de camarão resultou em baixo crescimento do camarão e baixa taxa de conversão alimentar. 
No experimento II, a introdução de camarão no cultivo de tilápia não interferiu no desempenho dos peixes. 
O policultivo é mais eficiente com a combinação de 2 tilápias e 2,5 ou 5 camarões por m² e alimentação baseada 
na necessidade dos peixes.

Termos para indexação: Litopenaeus vannamei, Oreochromis niloticus,  eficiência  aquícola,  estratégia  de 
alimentação.

Introduction

From 1997 to 2003, shrimp production in Brazil has 
expanded from 3,600 to more than 90,000 Mg ha‑1 per 
year, representing an increase of more than 2,400%. 
In  just  six  years,  productivity  increased  from  1,050 

to 6,084 kg ha‑1 per year in 2003, an increase of 
more than 490%. However, in 2004, production and 
productivity decreased 15.8% and 24.8%, respectively, 
in  comparison with 2003. By 2005,  production went 
down to 65,000 Mg ha‑1 per year, a reduction of more 
than  14%  compared  to  2004.  From  2005  to  2009, 
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annual shrimp production remained between 63,000 
and 70,000 Mg ha‑1, increasing to 80,000 Mg ha‑1 in 
2010 (Nunes et al., 2011).
This significant drop of shrimp farm production in 

Brazil,  in  2005,  was  due  to  many  different  factors, 
such  as  shrimp  diseases,  difficulty  in  obtaining  new 
environmental  licenses  and  new  funding,  flooding 
and disruption of ponds, which occurred primarily 
in Rio Grande do Norte and Ceará, and to problems 
resulting from the antidumping action carried out by 
the  Southern  Shrimp  Alliance  (SSA)  in  the  United 
States. The combination of these factors forced many 
farmers into bankruptcy, and those who remained in 
the market reduced shrimp stocking density and sought 
alternatives to overcome these difficulties.

Besides reducing stocking density, many farmers in 
Northeast Brazil adopted a tilapia‑shrimp polyculture 
system as an alternative to overcome the problems, 
reduce costs and increase shrimp farm sustainability. 
In Northeast Brazil, farmers consider tilapia the 
main  crop,  and  feed  supplied  for  fish  and  shrimp  is 
introduced at low densities. In Thailand, however, 
shrimp is considered the main crop, and polyculture 
is performed in different ways: simultaneously, or by 
crop rotation systems. In both systems, tilapia were 
directly stocked in shrimp ponds or stocked in cages 
placed in shrimp ponds (Yi & Fitzsimmons, 2004). 

A production strategy that combines two or more 
complementary species can increase productivity by 
an adjustment in the food chain structure which is 
rearranged to make a better use of natural food, reducing 
the  demand  for  artificial  food  (Milstein,  1997;  Lutz, 
2003). A proper combination of ecologically different 
species  at  adequate  densities  will  make  the  system 
more efficient because grazing pressure is distributed 
among different feeding niches and levels, and wastes 
from one species can be utilized by another (Milstein, 
1997). 

Tilapia‑shrimp or tilapia‑prawn polyculture adoption 
has been expanded among producers in many countries, 
and some studies have been conducted to test the 
efficiency  of  these  systems  (Candido  et  al.,  2005; 
Tendencia et al., 2006, 2011; Muangkeow et al., 2007; 
Uddin et al., 2007, 2009; El‑Sherif & Ali Mervat, 2009; 
Souza et al., 2009; Martínez‑Porchas et al., 2010; Yuan 
et  al.,  2010;  Shahin  et  al.,  2011; Bessa  Junior  et  al., 
2012).

The objective of this work was to evaluate the 
performance  of  Pacific  marine  shrimp,  Litopenaeus 
vannamei (Boone, 1931), and Nile tilapia, Oreochromis 
niloticus (Linnaeus, 1758), in a polyculture in tanks, 
subjected to different stocking densities and feed 
strategies, in comparison with monoculture.

Materials and Methods

Two experiments were conducted simultaneously at 
the Universidade Federal Rural do Semi‑Árido (Ufersa) 
in Mossoró, RN, Brazil (5º11'S, 37º20'W) over a period 
of 95 days, from March to June 2006. Experiments were 
performed at the same time to eliminate any possible 
interference related to climatological conditions. 
A complete randomized design was used with three 
treatments per experiment, and four replicates each, 
with a total of 12 experimental units per experiment. In 
experiment I, all three treatments had 10 shrimp per m2, 
combined with  three  tilapia  densities  at  0,  0.5  and 1 
tilapia per m2. In experiment II, all three treatments had 
2 tilapias per m2, combined with three shrimp densities 
– 0, 2.5 and 5.0 shrimp per m2.

In experiment I, shrimp was the main crop, and 
a commercial shrimp feed with 30% crude protein 
(pellet diameter between 2 and 2.5 mm) was offered in 
trays, based on shrimp biomass and according to a feed 
Table (Clifford, 1992). The initial daily feeding rate of 
5.5% of body weight decreased  to 2.5% final  rate as 
shrimp increased weight. 

In experiment II, tilapia was the main crop, and a 
floating  commercial  extruded  tilapia  feed  with  32% 
crude  protein  (4  mm  pellet)  was  supplied  based  on 
fish biomass and according  to a  feed Table (Kubitza, 
2000), with the feeding rate changing from 10% to 2% 
of tilapia body weight. 

Ten‑day‑old postlarvae of L. vannamei from a 
commercial  hatchery  (Compescal  Larvicultura Ltda., 
Aracati,  CE),  and  Nile  tilapia  fingerlings  from  a 
government  fish  hatchery  (Departamento  Nacional 
de Obras Contra as Secas (DNOCS, Caicó, RN) were 
acclimated at 0.4% salinity and kept in separate tanks 
for 30 days before being stocked in experimental tanks. 

Average shrimp weights, in the beginning of 
experiment I, were: 0.33±0.06 g (10S:0T); 0.36±0.05 g 
(10S:0.5T);  0.35±0.04  g  (10S:1T). At  the  beginning 
of experiment II, average shrimp weights were: 
0.36±0.07  (2T:2.5S);  and  0.27±0.03  g  (2T:5S). 
Average fish weights at the beginning of experiment I 

http://dx.doi.org/10.1590/S0100-204X2013000800039


1090 B.R. Simão et al.

Pesq. agropec. bras., Brasília, v.48, n.8, p.1088‑1095, ago. 2013  
DOI: 10.1590/S0100‑204X2013000800039 

were: 7.61±0.95 (10S:0.5T); and 8.53±0.69 (10S:1T). 
At the beginning of experiment II, average fish weights 
were:  8.54±0.37  (2T:0C);  7.98±0.58  (2T:2.5S);  and 
7.92±0.35 (2T:5S). 
The  experimental  units  were  15  m2 cement tanks, 

1.2 m deep, with 5 cm soil layer substrate. Half of the 
tank  capacity  was  filled with  water  from  a  previous 
cultivation, and the other half with well water. Water 
salinity was around 0.4%, and there was no water 
exchange during the experiments. The tanks were 
supplied with well water only to replace the evaporated 
volume, and no aeration was provided during the 
experimental period. 

One week before animals were stocked, the 
experimental tanks were fertilized, according to 
Kubitza (2000), with urea and superphosphate at a ratio 
of 20 kg of N and 10 kg of P per hectare. A sodium 
nitrate fertilizer was also used to stimulate natural food 
production. Between the 2nd and 4th weeks, 30 kg ha‑1 
were applied, with 20 kg ha‑1 applied between the 5th 
and 7th weeks and a further 10 kg ha‑1 between the 8th 
and 10th weeks. The tanks were randomly assigned to 
treatments in each experiment.
Water  temperature  and  dissolved  oxygen 

concentration were recorded daily, except for sundays, 
using an YSI model 550A oxygen meter (YSI, Yellow 
Springs, OH, USA). Water data were collected from the 
tank bottom at 7 h and 17 h. Water salinity and pH were 
measured at the tank surface once a week at 17 h, using 
a portable refractometer, model 211 Briobrix (Equipar 
Ltda.,  Curitiba,  PR,  Brazil),  and  a  digital  pH‑1700 
pH meter (Instrutherm Instrumentos de Medição Ltda., 
São Paulo, SP, Brazil) respectively.

Estimated shrimp and tilapia biomass was based on 
monthly growth samples of 10% population of each 
tank, using a 15 mm mesh net. Shrimp and tilapia were 
separated and weighed in a bunch using an electronic 
scale (Marte Balanças e Aparelhos de Precisão Ltda., 
São Paulo, SP Brazil) with 0.01 g precision. At harvest, 
all  shrimp  and  fish  were  individually  weighed  and 
counted. Based on these evaluations, total weight 
gain,  feed  conversion  ratio  (FCR),  survival  rate  and 
yield were calculated by: total weight gain (g) = final 
total  weight  ‑  initial  total  weight;  feed  conversion 
ratio (FCR) = consumed feed (dry weight)/weight gain; 
survival rate (%) = (number at harvest x 100)/number 
at  stocking;  yield  (g m‑2)  = final  biomass  per  square 
mefer. 

Before proceeding to the variance analysis, data 
were  tested  for  normality  by  Shapiro‑Wilk  test,  and 
homogeneity  of  variance  by  Lavene  test  using  the 
univariate  SAS  (Statistical Analysis  System,  version 
6.10) procedure. Data were analyzed by the method 
of  least  squares  as  described  by  Littell  et  al.  (1991) 
and,  when  significant  differences  among  treatments 
(p<0.05)  were  observed,  a  Tukey´s  test  was  applied 
to  compare  means.  The  PROC  GLM  and  PROC 
REG procedures of SAS (Statistical Analysis System, 
version 6.10) were used to perform ANOVA and 
regression analysis, respectively.

Results and Discussion

In experiment I, as tilapia density increased, shrimp 
mean  final  weight,  survival  and  yield  decreased, 
showing  a  negative  linear  effect  (Table  1).  For 

Table 1. Mean  and  standard  error mean  (µ±SEM)  for  initial weight  (IW), mean final weight  (MFW),  survival  rate  (S), 
mean yield (Y), and feed conversion ratio (FCR) for shrimp (Litopenaeus vannamei) and tilapia (Oreochromis niloticus), in 
monoculture or polyculture, in experiment I(1). 
Productive variable Species Treatment(2) R² Regression equation

10C:0T 10C:0.5T 10C:1T

IW (g)
Shrimp 0.33±0.03a 0.36±0.03a 0.35±0.02a ‑ ‑
Tilapia ‑ 7.61±0.48a 8.53±0.34a ‑ ‑

MFW (g)
Shrimp 7.87±4.14a 4.98±4.14a 3.17±4.14a 0.9157 y = ‑2.41x + 10.12
Tilapia ‑ 275.85±4.14a 191.57±4.14b 0.9905 y = ‑180.06x² + 816.03x ‑ 635.97

S (%)
Shrimp 78.26±1.77a 74.66±4.38a 64.09±1.63b 0.7182 y = ‑6.55x + 85.79
Tilapia ‑ 87.33±0.33a 88.91±2.50a 0.9982 y = ‑42.505x² + 215.97x ‑ 173.09

Y(g m‑2)
Shrimp 61.36±3.17a 36.28±3.17b 18.37±3.17c 0.8615 y = ‑237.88x + 84.712
Tilapia ‑ 128.77±3.17b 183.17±3.17a 0.9961 y = ‑371.83x² + 2403.17x ‑ 2031.3

FCR Shrimp 1.82±0.10a 2.36±0.10b 2.94±0.11c 0.8633 y = 0.57x + 1.24
(1)Means on the same line, followed by equal letters, do not differ, by Tukey´s test, at 5% probability. (2)(10S:0T), shrimp monoculture with 10 shrimp per m2; 
(10S:0.5T), 10 shrimp per m2 and 0.5 tilapia per m2; (10S:1T), 10 shrimp per m2 and 1 tilapia per m2. 
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tilapia, mean  final weight,  survival  and  yield,  in  the 
polyculture  system  resulted  in  a  quadratic  effect. 
The maximum predicted values for tilapia mean final 
weight (288.69 g) is at a density of 0.57 tilapia per m2; 
for survival (98.85%), density is at 0.63 tilapia per m2; 
and, for yield (185.16 g m‑2), at a density of 1.08 tilapia 
per  square  meter.  Feed  conversion  ratio  decreased, 
showing an increasing linear effect as tilapia density 
increased. 

In experiment II, adding shrimp to tilapia culture at 
low density  (2.5 shrimp per m2) did not  significantly 
affect  the  final  mean  weight,  survival  or  yield  for 
neither species. However, when five shrimp per square 
meter (2T: 5S) were added, shrimp survival and tilapia 
yield significantly decreased (Table 2).

The increase of shrimp density resulted in a 
quadratic effect on survival and yield in both species. 
The maximum predicted survival value for shrimp 
(88.90%) is reached at a shrimp density of 2.7 shrimp 
per m2  and,  for  tilapia  (97.39%), at  a  shrimp density 
of 2.5 shrimp per m2. For tilapia yield (500.78 g m‑2) 
and shrimp yield (30.56 g m‑2), the maximum predicted 
value is reached at shrimp densities of 2.4 and  
5.0  per  m2 respectively. Feed conversion ratio also 
showed a quadratic effect, tending to increase from a 
shrimp density of 2.7 per m2. However, the effect was 
not statistically significant.
Average water temperature was high (above 30ºC). 

A slight reduction in dissolved oxygen was observed 
in the polyculture treatments, but levels remained high 
throughout the experiment. Mean values are shown in 
Table 3 for both experiments. 

Afternoon mean temperature was higher in both 
experiments, but it did not vary among treatments. 
Because the thermal comfort range for tilapia 
is  between  27  and  32°C  (Kubitza  2000),  tilapia 
performance was probably not affected by temperature. 
Ideal temperatures for shrimp can vary according to 
mean size;  small or medium shrimp growth  faster  in 
water  temperatures  between  26  and  32ºC  (Van Wyk 
&  Scarpa,  1999).  Therefore,  in  the  present  work, 
afternoon temperature was slightly higher than the 
ideal. However, it is unlikely that this variation above 
the comfort temperature caused a significant impact on 
shrimp performance, considering that the oscillation 
was temporary and common to all treatments. 
Morning dissolved oxygen was lower in polyculture 
treatments for experiment I, but remained above 
5 mg L‑1 in both experiments which, according to Van 
Wyk  &  Scarpa  (1999),  is  better  for  shrimp  growth. 
Average pH was above 7 and within the range of 7.0 
to  9.0,  as  recommended  for  optimal  fish  and  shrimp 
performance (Van Wyk & Scarpa, 1999). Mean water 
salinity was  lower  than  the  initial well water  (0.4%), 
due to the rains that occurred during the experimental 
period, but it was still within the necessary range for 
shrimp survival and growth (above a minimum salinity 
of 0.05%) (Van Wyk & Scarpa, 1999). 

In experiment I, in which tilapia was introduced in 
a shrimp culture and feed was provided for shrimp, the 
performance of both species in polyculture decreased, 
showing lower mean final weight, yield and survival, 
which resulted in a poor FCR, when compared with 
monoculture. As tilapia are more agile, they could 

Table 2. Mean  and  standard  error mean  (µ±SEM)  for  initial weight  (IW), mean final weight  (MFW),  survival  rate  (S), 
mean yield (Y), and feed conversion ratio (FCR), for shrimp (Litopenaeus vannamei) and tilapia (Oreochromis niloticus), in 
monoculture or in polyculture, in experiment II(1). 
Productive 
variable

Species Treatment(2) R² Regression equation
2T:0S 2T:2.5S 2T:5S

IW (g) Shrimp ‑ 0.36±0.04a 0.27±0.01a ‑ ‑
Tilapia 8.54±0.19a 7.98±0.29a 7.92±0.17a ‑ ‑

MFW (g) Shrimp ‑ 10.64±5.76a 9.33±5.76a ‑ ‑
Tilapia 248.82±5.76a 260.62±5.76a 258.05±5.76a ‑ ‑

S (%) Shrimp ‑ 82.97±1.43a 70.08±1.43b 0.9967 y = ‑47.52x² + 510.20x ‑ 1280.54
Tilapia 94.65±1.43a 98.75±1.43a 93.33±1.43a 0.5459 y = ‑4.76x² + 46.97x ‑ 17.01

Y(g m‑2) Shrimp ‑ 23.27±53.42a 30.55±53.42a 0.9394 y = ‑79.92x² + 951.93x ‑ 2529.02
Tilapia 483.51±5.34a 499.16±5.34a 455.79±5.34b 0.6592 y = ‑295.09x² + 2812.3x ‑ 1692.7

FCR Tilapia 1.59±0.04a 1.48±0.04a 1.50±0.04a 0.5802 y = 0.10x² ‑ 1.08x + 4.25
(1)Means on the same line, followed by equal letters, do not differ, by Tukey’s test, at 5% probability.    (2)(2T:0S), tilapia monoculture with 2 tilapia per m2; 
(2T:2.5S), 2 tilapia per m2 and 2.5 shrimp per m2; (2T:5S), 2 tilapia per m2 and 5 shrimp per m2. 
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monopolize  feed,  leaving  less  feed  than  required  by 
shrimp (Yi et al., 2004), which was probably the reason 
for poor performance of both species. Because feed 
was provided based on shrimp biomass, the amount of 
feed was not enough for both species. 
Therefore,  it  can  be  questioned  why  producers 

in Thailand adopt such a system with shrimp as the 
main crop. In an experiment conducted with tilapia 
(O. niloticus)  and  shrimp  (Penaeus monodon) in 
Thailand,  Yi  et  al.  (2004)  determined  that  shrimp 
final  mean  weight  was  not  statistically  different  in 
monoculture, in comparison with a low density and a 
higher density polyculture. It is important to account 
for what was considered as low and high density 
in that study. They used 30 shrimp per m2 in all the 
cultures, with  0.25  tilapia  per m2 at low density, and 
0.5  tilapia  per m2 at high density. The shrimp:tilapia 
ratio was 120:1 in the low density treatment and 60:1 
in the high density treatment, while in our study the 
shrimp:tilapia  ratio was 20:1  (low density),  and 10:1 
(high density). In the study by Yi et al. (2004), with a 
high ratio of shrimp to tilapia, it is possible that tilapia 
mostly fed on natural food and did not interfere with 
shrimp performance, as observed in our experiment. 

In fact, authors emphasize that tilapias should be 
kept in cages, even with additional cost, because if they 
are left outside cages, competition for food reduces 
shrimp growth, resulting in lower shrimp performance 
(Yi et al., 2004). It is therefore understandable that, in 
our study, with a low shrimp:tilapia ratio and tilapias 
kept free in the water column, competition for pellet 
feed was very intense, reducing shrimp and tilapia 
performance.

Muangkeow et al. (2007),  in an experiment with a 
mixed shrimp‑tilapia polyculture system, also observed 
that when  the  shrimp:tilapia  ratio was  low  (13:1 and 

20:1), the presence of tilapia affects shrimp weight 
because fish and shrimp compete for natural food. In 
this same study, they observed that shrimp grew, when 
the  shrimp:tilapia  ratio  was  higher  (40:1  and  100:1) 
in monoculture. In an experiment with tilapia‑shrimp 
(3:1)  with  20,000,  30,000  and  40,000  animals  per 
hectare,  in  a polyculture  system, Uddin  et  al.  (2007) 
did  not  observe  effects  on  shrimp  final  weight  or 
specific growth rate (SGR); however,  the final tilapia 
weight decreased.

In contrast with experiment I, productivity was 
higher for polyculture in experiment II, in which tilapia 
was considered the main crop. Shrimp introduction at 
2.5 per m2 density did not interfere with tilapia mean 
final  weight  in  comparison  to  monoculture.  Shrimp 
final weight reached 10.47 g in the (2T:2.5S) treatment, 
in 95 days of culture, without any feed being provided 
for shrimp. 
Bessa  Junior  et  al. (2012)  tested  tilapia  density 

(O. niloticus) at 2 tilapia per m2 and shrimp densities 
(3, 6, 9, 12 shrimp per m2) in a polyculture, and Yuan 
et al. (2010) tested tilapia (Oreochromis sp.) at 0.4, 0.8 
and 1.2 tilapia per m2 and shrimp at 60 shrimp per m2, 
also in a polyculture, and they observed a decreased 
shrimp  final  weight  as  stocking  density  increased; 
however,  these  treatments did not  significantly affect 
tilapia biomass, and authors concluded that polyculture 
with shrimp did not affect Nile tilapia yield. However, 
El‑Sherif  &  Ali  Mervat  (2009)  tested  one  tilapia 
(12 tilapia per m2) and four shrimp densities (50, 100, 
150  and  200  shrimp  per  m2), in a polyculture, and 
observed a decreased shrimp and tilapia final weights 
as stocking density increased.
Candido  et  al.  (2005),  in  a  polyculture  of  tilapia 

(O. niloticus) with shrimp (L. vannamei), harvested 
shrimp with weights of 13.33, 14.23 and 14.01 g, in 

Table 3. Mean and standard error mean (µ±SEM) for water quality parameters in experiments I and II(1). 
Parameter Time

(h)
N Experiment I(2) Experiment II(2)

10S:0T 10S:0.5T 10S:1T 2T:0S 2T:2.5S 2T:5S

Temperature (ºC)
07:00 328 30.22±0.03aA 30.18±0.03aA 30.26±0.03aA 30.32±0.032aA 30.29±0.032aA 30.16±0.032bA
17:00 328 32.01±0.03aB 32.01±0.03aB 32.09±0.03aB 32.20±0.034aB 32.10±0.034aB 31.94±0.034bB

Dissolved oxygen 
(mg L‑1)

07:00 328 7.89± 0.09aB 7.41± 0.09bB 7.46± 0.09bB 5.49±0.11aB 5.81±0.11aB 5.71±0.11aB
17:00 328 11.85± 0.10aA 11.74± 0.10aA 11.16± 0.10bA 10.69±0.12bA 11.47±0.12aA 11.23±0.12aA

pH 17:00 44 7.55±0.02a 7.54±0.02a 7.46±0.02b 7.55±0.02a 7.34±0.02a 7.37±0.02a
Salinity (g L‑1) 17:00 44 2.68±0.07a 2.76±0.07a 2.72±0.07a 2.68±0.07a 2.86±0.07a 2.83±0.07a
(1)Means followed by equal letters, lowercase in the lines and uppercase in the columns, do not differ, by Tukey´s test, at 5% probability. (2)(10S:0T), shrimp 
monoculture with 10 shrimp per m2; (10S:0.5T), 10 shrimp per m2 and 0.5 tilapia per m2; (10S:1T), 10 shrimp per m² and 1 tilapia per m²; (2T:0S), tilapia 
monoculture with 2 tilapia per m²; (2T:2.5S), 2 tilapia per m² and 2.5 shrimp per m²; (2T:5S), 2 tilapia per m² and 5 shrimp per m². 
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treatments with 4, 8 and 12 shrimp per m2, respectively, 
with 2 tilapias per m2 in a 120‑day culture with feed 
based on tilapia requirements only. Shrimp final mean 
weights were higher in that study, but tanks were 
aerated and the culture period was longer than the one 
of the present study. 
In the (2T:2.5S) and (2T:5.0S) treatments, in which 

feed was provided based on tilapia requirements only, 
an excellent polyculture performance was observed. 
Feeding tilapias instead of shrimp has many advantages. 
Tilapia feed is cheaper and, because it is extruded and 
floats in the water column, tilapias can eat fast without 
competing with shrimp, which are grazing at the 
bottom of the pond. Shrimp eat almost everything they 
find in the environment, especially algae, detritus and 
other small organisms (Kent et al., 2011; Viau et al., 
2012). By this strategy, shrimp feed on detritus settled 
from above, on bacterial film and also on uneaten feed 
particles which sink to the bottom. Tilapia fecal matter 
may  also  contribute  to  support  shrimp  growth  (Yi 
et al., 2004). 
When shrimp were introduced at 2.5 per m2 density, 

tilapia performance was not affected, which led to a 
high survival (98.75%) with 499.16 g m‑2 productivity, 
and  a mean  final  weight  of  260.62  g  similar  to  that 
found in monoculture. As shrimp density increased 
to  5  shrimp  per m2,  tilapia  yield  (455.79  g m‑2) and 
shrimp  survival  (70.08%)  significantly  decreased. 
Tilapia survival (84 to 85%) in the present experiment 
was: similar to the one reported by Bessa Junior et al. 
(2012) on a shrimp–tilapia (L. vannamei ‑ O. niloticus) 
polyculture system (73 to 86%); similar to Souza et al. 
(2009)  study  on  a  prawn–tilapia  (Macrobrachium 
amazonicum ‑ O. niloticus)  polyculture  system  (85 
to 88%); and higher than the study reported by Uddin 
et  al.  (2009)  on  a  prawn‑tilapia  (Macrobrachium 
rosenbergii ‑ O. niloticus) polyculture (54 to 76%).
García‑Pérez et al. (2000) also reported no significant 

differences in prawn performance between monoculture 
(7 prawns per m2) and polyculture (7 prawns per m2, 
with 1 tilapia per m2) treatments in nonaerated earth 
ponds.  Working  with  earth  ponds  without  aeration, 
Santos & Valenti  (2002) also observed no significant 
differences  among  prawn  (M. rosenbergii) reared in 
both monoculture and polyculture at three different 
densities  (2,  4  and  6  prawns  per  m2), with tilapia 
(O. niloticus) at 1 fish per m2 density. 

Because no significant differences were observed in 
yield, survival and FCR between tilapia monoculture 
(2T:0S)  and  tilapia‑shrimp  polyculture  (2T:2.5S), 
shrimp introduction up to 2.5 shrimp per m2 density does 
not interfere on tilapia performance. García‑Pérez et al. 
(2000) observed mean values of 294.2 and 276.9 g m‑2 
for tilapia monoculure and tilapia polyculture with 
M. rosenbergii, respectively. 
Santos  &  Valenti  (2002)  also  reported  that 

prawn  (M. rosenbergii) addition to tilapia culture 
did  not  significantly  affect  tilapia  yield  varying 
from  344.5±31.5  g  m‑2, for tilapia monoculture, to 
367.1±93.8  and  385.7±37.2  g  m‑2 for polyculture. 
Even with  a  reduction  on  tilapia  yield, when  shrimp 
was introduced at a density of 5 shrimp per m2, it was 
possible to reach a shrimp yield of 30.55 g m‑2 without 
any additional feed. 

It is important to emphasize that, in the present 
experiment, no aeration or water exchange was 
provided to the tanks, in order to simulate a situation 
for small farmers. It is possible that with tilapia density 
reduced to 1 fish per m2, as by Santos & Valenti (2002) 
and García‑Pérez et al. (2000) experiments, a density of 
5 shrimp per m2, would not affect shrimp performance 
in nonaerated tanks. In aerated tanks, Candido et al. 
(2005) reported a shrimp survival higher than 83%, in 
a shrimp‑tilapia polyculture. 

Tilapia FCR was not affected in polyculture, even at 
5 shrimp per m2 density. Yuan et al. (2010) also pointed 
out that there were no significant differences in FCR, 
in a tilapia‑shrimp polyculture at low or high‑tilapia 
density. Bessa Junior et al. (2012) also did not observe 
significant differences in FCR for densities of 2 tilapia 
per m2 and shrimp at 3, 6, 9, 12 shrimp per m2, with 
increased shrimp stoking density. The FCR was not 
affected in a tilapia‑prawn polyculture, until the 
addition of 6 prawns per m2 with 1 tilapia per m2 
(Santos & Valenti, 2002). When  feed  is provided  for 
tilapia in a polyculture system, competition for food is 
apparently negligible. 

Conclusions

1. Tilapia‑shrimp and shrimp‑tilapia polyculture 
systems exert different influence on dissolved oxygen 
concentration.

2. Tilapia density increase in shrimp‑tilapia 
polyculture  system  causes  a  decreased  final  weight, 
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survival and yield, and an increased feed conversion 
rate  (FCR)  of  shrimp;  however,  a  shrimp  density 
increase  (2.5  shrimp  per  m2) in tilapia‑shrimp 
polyculture  system  does  not  significantly  affect  the 
final weight, survival, yield and tilapia’s FCR.

3. Feeding strategies based on the biomass of shrimp, 
in a polyculture system, decreases performance (final 
weight, survival, yield and FCR) of both species, in 
comparison with monoculture.
4. The combination of 2 tilapias and 2.5 or 5 shrimp 

per m2, with feed based on fish requirements, results in 
a more efficient polyculture system, with an  increase 
of up to 57%, in comparison to monoculture. 
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