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ABSTRACT - This study aimed to evaluate the productivity, growth performance and economic feasibility of polyculture
of Nile tilapia Oreochromis niloticus and shrimp Litopenaeus vannamei at different stocking densities. Feed was provided based
on fish requirements. The experiment was conducted at the Aquaculture facility of the Universidade Federal Rural do Semi-
Arido — UFERSA, in a completely randomized design with five treatments and four replicates each. Treatments consisted of
a tilapia monoculture with 2 tilapias.m2; and polyculture with 2 tilapias.m™ and L. vannamei at four different densities (3, 6,
9 and 12 shrimps.m2). The initial individual biomass for fish and shrimp were 1.23+0.12 g and 0.133+0.009 g, respectively.
Water quality parameters, temperature, dissolved oxygen, pH and transparency were monitored. The experiment lasted 120
days and biomass gain was evaluated every two weeks. Final biomass, survival and feed conversion rates were calculated at the
end of the experiment. The economic analysis showed that polyculture systems at stocking densities of nine and twelve
shrimps.m2 resulted in higher gross revenue and operational profits of 120.9% and 97.5% respectively, with mean gross return
significantly higher than the monoculture. The O. niloticus and L. vannamei polyculture in oligohaline water was shown to
be technically and economically feasible. These two species can be cultured together, without competing for the same resources,

because they have different trophic niche, thus increasing productivity and economic returns for the farmers.
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Introduction

The concept of sustainability must be the basis for
planning the wide range of aquaculture activities, including
the exploitation of biological resources and social benefits
that are generated. Entrepreneurs of the Aquaculture
industry should make an effort to effectively implement the
sustainability concept, since a productive activity that
takes into account only the market and the financial
opportunities tends to lead to systems that are not sustainable
over time (Boyd, 2003; Henry-Silva & Camargo, 2008;
Valentietal., 2010).

In this context, polyculture fits the principles of
sustainable aquaculture, since it aims at reducing the
environmental impact of the activity by improving feeding
efficiency and increasing producer income by rearing
together two or more species that do not compete for the
same feed resources (Cohen & Ra’anan, 1983; Wohlfarth
etal., 1985; Arana, 2004).

In addition, polyculture can also improve water
quality, since in monoculture farming systems, the excess
nutrients that result from uneaten feed increases the
phytoplankton, which, in turn, changes the dissolved
oxygen dynamics and brings negative ecological impact
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to the aquaculture activity itself (Midlen & Redding,
1998; Lutz, 2003; Henry-Silva & Camargo, 2008). Therefore,
one of the benefits of polyculture is the ability to reduce
the pollution resulting from the farming activity, since the
residue existing in the ponds can be used by the second
species being cultivated.

Despite rapid development, shrimp farming in the
Northeast has grown mainly focused on rearing a single
species, thus leaving the producers without alternatives
to tackle eventual environmental, social and economical
problems that should arise. It should be noted that the
infrastructure in place for the culture of marine shrimp
can also be used for polyculture with tilapia with minor
adaptations in the ponds or culture strategy (Bessa
Junior etal, 2010). Therefore, the main objective of this
study is to evaluate the performance parameters and
economic feasibility of a Nile tilapia (O. niloticus) and
marine shrimp (L. vannamei) polyculture at different
stocking densities.

Material and Methods

The experiment was conducted at the Aquaculture
Department of Universidade Federal Rural do Semi-Arido—
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UFERSA, in Mossord, RN, Brazil, located at 5°11'S latitude,
37°20'W longitude and 18 maltitude. According to Képpen,
the region climate is Bswh’, classified as dry and very hot,
with two seasons, dry season from June to January and
rainy, from February to May (Carmo Filho etal., 1991).

The experiment lasted 124 days for the shrimps and 105 d
for the fish, since the shrimps were stocked 19 days before
the fish in order to adapt to low salinity. The experimental
units consisted of individual brick ponds with 15 m?2 area.
The water from a pond with 30 cm transparency (measured
by Secchi disk) and greenish color that resulted from the
previous cultures, which is ideal for fish and shrimp (Boyd,
1990), was inoculated before the beginning of the trial.
Half of the brick pond capacity was filled with this water and
the other half with water from a tubular well with salinity of
about 3 g/L. The phytoplankton community was maintained
by adding urea and triple super-phosphate-based chemical
fertilizer or water renewal when deemed necessary.

The experimental design was completely randomized
with five treatments and four replicates (Table 1). The
control group consisted of a tilapia monoculture
(2 tilapias.m™2) and the experimental treatments consisted
of four polycultures, where tilapia density remained constant
(2 tilapias.m2), but shrimp was introduced at densities of
3,6,9and 12 shrimps.m™2. Tilapia was considered the main
culture, and feed was supplied based on the biomass and
nutritional requirements of the fish. Dry feed containing
32% crude protein was supplied during the first 30 days of
culture and, thereafter, extruded feed also containing 32%
crude protein was offered three times daily, based on 10%
of fishbiomass, which was determined by fortnight sampling.
The initial biomass (initial weight) of tilapiaand shrimp was
1.23+0.12gand 0.133+0.009 g, respectively.

The temperature (°C), pH, oxygen (mg/L) and
transparency (cm) values were measured biweekly in the
ponds, totaling 8 measurements for each parameter during
the trial period. On the other hand, salinity was measured at
the beginning (October, 2008) and at the end (February,
2009) of the trial and values ranged from 3to 3.5 g/L.

About ten percent of the animals in the ponds were
harvested biweekly with cast nets, with mesh of 8to 10 mm,
to determine growth performance parameters. Weight gain
was determined as the difference between current and

Table 1 - Treatment experimental design

Species Stocking density (m-2)

Tilapia 2 2 2 2 2
Shrimp 0 3 6 9 12
Treatments  (2T:0S) (2T:3S) (2T:6S) (2T:9S) (2T:12S)

T - tilapias; S - shrimps.

previous individual biomass, while mean final weight gain
was determined dividing final total biomass by the number
of surviving animals (n).
BIOf

n

FWG =

Growth rate is expressed as the final weight gain per
time.

6k = GMF
TIME
Survival rate, expressed in percentage, was calculated
based on the amount of harvested animals divided by the
number of stocked individuals and multiplied by 100.

nend

SR(%) = %100

n initial
Production was obtained by summing the weight in kg

of all harvested animals and extrapolated to a one-hectare
area.

_ BIOf

n

P x100

Apparent feed conversion rate (AFCR) was calculated
based on the total feed offered divided by the final minus
initial biomass (fish + shrimp).

ration

AFCR=———"__
BIOf — BIOi

All costs were calculated at the end of the productive
cycle. The costs with supplies and feed were the market
prices practiced by each manufacturer. The product final
price was the market price of fish and shrimp practiced in the
states of Rio Grande do Norte, Ceard and Paraiba, which was
obtained by informal interviews with the producers. The
price was calculated based on individual weights. The cost
analysis of this study is expressed as total expenses (total
cost) per hectare of cultivated area, including fixed and
variable costs.

Correspondingly, the revenue refers to the amount of
production of one hectare of the series in question. Gross
revenue (GR), expressed as the production value per hectare,
taken as the price paid to the farmer in this region during
2010; operational profit (OP), expressed as the difference
between GR per hectare; and total operational costs (TCop)
were considered as measures of economic output.

OP =GR—-TCop
Return index (RI) is defined as gross revenue (GR)

divided by total operational costs (TCop), i.e., producer
gross income for each Brazilian Real spent with total

operational costs, R/ = and the profitability index

TCop
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(P1), which unlike the previous index, expresses how much
the producer can profit from each Real of gross revenue
(GR) andthus, the index is calculated by dividing operational

profit (OP) by gross revenue, PI :% .

Normality and homoscedasticity of the final biomass,
survival, feed conversion rate (FCR) and economical
analysis data were tested by the D" Agostinho and Bartlett
tests, respectively. The means that presented normal
distribution and homogeneous variance were submitted to
analysis of variance (one-way ANOVA) and Tukey test to
identify significant differences (P<0.05) between treatments.
The physico-chemical and individual biomass variables,
which displayed normal distribution and homogenous
variance, were submitted to rm-ANOVA at different time
intervals (15, 30, 45, 60, 75,90, 105 and 120 days) and Tukey
test to determine significant differences (P<0.05) between
treatments. Individual biomass levels of fish and shrimp
were assessed by multiple comparisons of means and
orthogonal contrasts of the effects: linear, quadratic and
cubic, according to degrees of freedom, using the feature
PROC UNIVARIATE of the software SAS (Statistical
Analysis System, version 6.10).

Results and Discussion

Limnological variables and temperature values, in the
morning and afternoon, were not significantly different
(P>0.05) between treatments (Figure 1). Water temperature
varied from 27+0.67 to 31+0.71 °C, within the range
recommended by Brock & Main (1994). Kubitza (2000)
stated that the range of thermal comfort for tilapia lies
between 27 and 32 °C, very close to the values reported in
this study, and that temperature outside this optimum range
cause decreased appetite and growth.

The lowest and highest dissolved oxygen values
observedwere 5.5+2.0 mg/L and 14.0+1.9 mg/L inthe morning
and afternoon, respectively. The dissolved oxygen levels
observed in both periods were above the values considered
ideal for fish (5 mg.L1) and shrimp (3.5 mg.L™1) growth
(Ross & Ross, 1983; Boyd, 1990). Probably, these higher
dissolved oxygen levels observed in the afternoon are
because of increased primary production due to greater
light incidence during this period.

Water pH varied between 8.0+0.18 and 8.8+0.24 during
the experimental period. Both species, fish and shrimp,
tolerate pH varying between 6.0 and 9.0 (Boyd, 1990; Arana,
1997), while the ideal and satisfactory pH ranges for fish
farming varies from 7.0t0 8.5, and from 6.5t0 9.5 (Sipalba-
Tavares, 1994), respectively. Marine shrimp ideal pH ranges
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from 8.0t0 8.5 (Igarashi, 1995). Therefore, the pH values of
this study were within the recommended range for the
culture of O. niloticus and L. vannamei. In general, the pH
values changed very little between treatments. This fact is
probably due to high buffering capacity of the water in the
culture ponds. It should be noted that the wide variation of
dissolved oxygen levels between the afternoon and morning
is probably the result of phytoplankton photosynthesis.
Phytoplankton tends to raise water pH, especially during the
afternoon, due to CO, assimilation; however, the pH remained
relatively steady throughout the experiment (Figure 1).

From the fourth fortnight onward, water transparency
values started to decrease for all treatments, but only on the
fifth fortnight were transparency values in the monoculture
significantly lower than the values obtained for the
polyculturesat densities of 6, 9and 12 shrimps.m2 (Figure 1).
This decreasing transparency, from the fourth fortnight on
was probably associated with increasing phytoplankton
density in the ponds, since the levels of dissolved oxygen
observed in the afternoon were also high. Candido et al
(2006) while studying atilapiaand marine shrimp polyculture
also reported high transparency at the beginning of the
experiment, probably due to use of well water with low
nutrient concentrations that resulted in low primary
productivity of the system. This result corroborates the
present study, where well water was also used in the ponds.
Salinity, determined only at the beginning and end of the
experiment, varied between 3.0 and 3.5 g/L. According to
Barbieri & Ostrensky (2002), the shrimp L. vannamei is a
euryhaline species, capable of tolerating a wide range of
salt water concentrations.

Generally, the polyculture with shrimp, regardless of
the density, did not significantly affect mean individual
tilapia biomass. The mean final biomass values for the
tilapia were 160.6+4.6 g (2T:0S), 164.8+13.8 g (2T:39),
183.6+1.16 g (2T:6S),161.5+3.99(2T:9S)and 168.2+3.6 g
(2T:12S) (Figure 2). Candido et al. (2006), who studied
O. niloticus and L. vannamei polyculture in fresh water
during 120 days, reported mean values of individual final
biomass of 226.68 (2T:4S), 220.43 (2T:8S) and 257.00 g
(2T:12S). This higher mean individual biomass compared
with the present study is probably due to a longer rearing
period.

The shrimpindividual biomass values were significantly
different between treatments and over time as well, from the
second fortnight. In general, shrimp individual biomass
decreased as the stocking density increased. At the end of
the experiment (6th fortnight), shrimp individual biomass
was significantly higher for treatment 2T:3S (16.1+0.6 g)
compared with treatments 2T:9S (9.6+1.2 g) and 2T:12S

R. Bras. Zootec., v.41, n.7, p.1561-1569, 2012
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Different letters indicate significant differences by the Tukey test (P<0.05).
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Figure 1 - Mean and standard deviation values of temperature, pH, dissolved oxygen and transparency for the different treatments,
collected biweekly during the period.
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Figure 2 - Mean and standard deviation values of individual biomass of tilapia O. Niloticus and shrimp L. vannamei resulting from six

measurements biweekly performed during the experiment.

(8.9+£0.8 g). However, the values were not significantly
different between treatment 2T:6S (11.87+1.5 g) and the
other treatments. Mean values of shrimp final individual
biomass (6th fortnight) for treatments 2T:3S and 2T:6S
were similar to the ones reported by Candido et al. (2006)
for O. niloticus and L. vannamei polyculture at densities
of 2 tilapias.m 2and 4 (13.2 ), 8 (14.2 g) and 12 (14.0 g)
shrimps.m-2. Wohlfarth et al. (1985) concluded that fish
and shrimp growth rates are not interdependent in
polyculture systems. Some studies have shown that in
polyculture, the development of shrimp is more influenced
by their own population density than the density of fish
populations (New, 1995). In fact, in the present study,
high shrimp stocking densities (2T:9Sand 2T:12S) yielded
final individual biomass values significantly lower
compared with low shrimp density (2T:3S). This fact was
probably related to the reduced feed supply and/or
intraspecific competition in ponds where shrimp density
was high.

There were no significant differences between
treatments for fish total biomass (Figure 3). Therefore, itcan
be concluded that polyculture with shrimp did not affect
Nile tilapia yield. Santos & Valenti (2002) also concluded
thatshrimp (M. rosenbergii) andtilapia polyculture did not
affect fish production. In a 175-day assay, these authors
obtained average production of 3445 kg/ha for tilapia
monoculture and average production varying from 3671 to
3857 kg/ha for tilapia polyculture. In the present study,
average productivity was 2701+102 kg/ha for monoculture
and varied between 2562+173kg/ha (2T:6S) and 2814+158
kg/ha (2T:12S) for polyculture. The lower yield obtained in

our study may be due to the shorter period of the study: 105
days compared with 175.

There were no significant differences for total shrimp
biomass between treatments, mainly due to the large
variation range observed between the replicates of four
treatments, especially inthe case of treatment 2T:9S (Figure 3).
However, the highest mean values of total biomass were
observed in the treatments at higher stocking density
(185+46.3 kg/ha for 2T:3S; 240+78.1 kg/ha for 2T:6S;
389+161.0kg/hafor2T:9Sand 383+94.4 kg/hafor 2T:12S).
Siméo (2008) reported average productivity of 305 kg/ha
while studying tilapia (2 tilapias.m2) and marine shrimp
(5 shrimps.m-2) polyculture during a 95-day assay, a lower
productivity than that achieved in this study at stocking
density of 6 shrimps.m™2.

There were no significant differences for fish survival
rates between different treatments. Tilapia final survival rate
in monoculture (84+3.1%) was similar to the survival rate
observed in the polyculture systems 2T:3S (86£12.7%);
2T:6S(73+10.6%); 2T:9S (86+2.9%) and 2T:12S (86+4.4 %)
(Figure 4). Fish average survival rates were similar to the
results reported by Garcia-Pérez et al. (2000) between 84
and 85% for tilapia O. niloticus at the following densities:
7 shrimps (M. rosenbergii) and 1 tilapia.m2 and higher
than the values reported by Santos & Valenti (2002),
between 64 and 72% for tilapia-shrimp polyculture at
densities of 2, 4 and 6 shrimps (M. rosenbergii) and 1
tilapia.m2. The high survival rates obtained in the present
study indicate that management was adequate and water
physico-chemical parameters were within the ideal range
for the cultivated species.

R. Bras. Zootec., v.41, n.7, p.1561-1569, 2012
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Figure 4 - Mean and standard deviation values of final survival (%) rates for tilapia O. niloticus and shrimp L. vannamei cultivated in

mono and polyculture systems.

There were also no significant differences for final
survival rate of shrimp grown at different densities in
polyculture systems. However, unlike the high survival
rates observed for tilapia, shrimp survival rates were low
(38+8.8 % for 2T:3S; 36+£12.4 % for 2T:6S; 44+14.6 % for
2T:9S and 36+6.4 % for 2T:12S) (Figure 4). Candido et al
(2006) studied a L. vannamei and O. niloticus polyculture
atdensities of 2 tilapias.m2and 4, 8and 12 shrimps.m2, and
reported average shrimp survival rates of 83.3%, 88.5% and
86.1%, respectively. The high mortality rate in this study
probably happened at the start of the experiment, since the
shrimps were not fed during the adaptation period.

No statistical differences were observed for feed
conversion rate (FCR) between mono and polyculture

systems (Figure5). Average FCRwas 1.08+0.48/1,i.e.,1.089
of feed was consumed to produce 1 kg of fish and shrimp
biomass. Santos & Valenti (2002), while studying tilapiaand
prawn M. rosenbergii polyculture reported significant
differences for this variable: 1.94; 1.94 and 1.86 at the
following densities 1 tilapia.m2and 2, 4 and 6 shrimps.m2,
respectively. Possibly, the low FCR of this study is due to
the volume of biomass produced during a short growing
season, when environmental conditions are favorable for
producing fish and shrimp of the L vannamei species.
The average selling prices of the products used in the
economical feasibility study were the prices practiced by
the market in 2010 (Table 2). Ten percent was added to and
subtracted from the probable target value to reach more

R. Bras. Zootec., v.41, n.7, p.1561-1569, 2012
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optimistic and pessimistic values, respectively. The prices
of shrimp varied with average final weight, i.e., R$ 1.10/g for
small shrimp (Between 7.5and 9.0 grams) and R$ 0.80/g for
large shrimp (above 9.0 grams).

The variable operational costs between polyculture
and monoculture systems differ, mainly, with respect to
feeding and additional expenses to introduce shrimp post-
larvae at different densities in each treatment, as these
values focused on the total operational costs (Table 3).

Feed Conversion Rate

09

08

07

2T0S 2T:38 2T6S 2195 2T:128
Treatments

Different letters indicate significant differences by Tukey test (P<0.05).
T - tilapias; S - shrimps.

Figure 5 - Mean and standard deviation values for apparent feed
conversion rate for Nile tilapia O. niloticus and marine
shrimp L. vannamei in mono and polyculture systems.

Table 2 - Average selling prices of tilapia and shrimp practiced
by the market in 2010

Individual biomass (g)  Pessimistic Probable Optimistic
R$/kg R$/kg R$/kg
Tilapia>150 4.50 5.00 5.50
Shrimp>14<16 10.30 11.40 12.50
Shrimp>12<14 9.60 10.70 11.80
Shrimp>10<12 8.50 9,40 10.30
Shrimp>8<10 7.50 8.30 9.10
Shrimp<8 7.60 8.50 9.30

1567

The analysis of production costs shows that the fixed
costs to produce fish in net-cages represent between 8 and
12% of the total production cost (Carneiroetal., 1999; Ono
& Kubitza, 1999; Vera-Calderon, 2003). These values are
well below the mean values found in this study, where the
fixed costs represent 34% of the total production costs for
monoculture; and 35% for 2T:3S; 35% for 2T:6S; 35% for
2T:9S and 36% for 2T:12S in the polyculture systems.
However, it should be emphasized that the fixed costs with
depreciation and maintenance of the installations for
excavated ponds are much higher than the net-cage systems.
Inthis study, feed was the item with the greatest participation
in the variable costs, ranging from 36.7% in polyculture to
38.6% in monoculture systems.

Forthe monoculture, gross revenue (R$ 13,857.00) and
operational profit (R$ 3179.60) were significantly lower
compared with the values obtained for polyculture treatments
athigher shrimp density (R$ 18,339.00 and R$ 7,025.90
for 2T:9S; R$ 17,730.00 and R$ 6,281.50 for 2T:12S).
However, the differences were not significant for these
economic variables when monoculture was compared with
polyculture at lower shrimp densities (2T:3S and 2T:6S)
(Figure 6). But, when considering the optimistic scenario
for the marketing values of fish and shrimp (Table 5), it
can be seen that the gross revenue (R$ 15,242.00) and
operational profit (R$4,565.00) for monoculture were not
significantly different compared with the polyculture at
densities2T:9Sand 2T:12S.

Although production was not statistically different
between treatments, gross revenue varied, since shrimp
was paid according to size, and therefore, profitalso varied.
This fact was confirmed by Bejerano (2001), who found
that the net income from shrimp can be maximized when
cultivated in polyculture with tilapia.

Return and profitability indexes were significantly
lower in the monoculture, compared with the results
obtained in tilapia-shrimp polyculture at density of 9
shrimps.m-2 (2T:9S) (Figure 7). This difference is mainly
due to the large variation observed for shrimp survival rate
in treatment 2T:9S, which resulted in high gross revenue

Table 3 - Variable, fixed and total operational (VCop, FCop and TCop, respectively) costs ofamono and polyculture of tilapia O. niloticus

and shrimp L. vannamei

Treatments VCop % FCop % TCop %

2T:0S R$7037.03 65.52% R$3702.48 34.48% R$10739.51 100%
2T:3S R$7103.60 64.68% R$3878.68 35.32% R$10982.28 100%
2T:6S R$7180.10 64.93% R$3878.68 35.07% R$11058.78 100%
2T:9S R$6934.20 64.13% R$3878.68 35.87% R$10812.88 100%
2T:12S R$7147.20 64.82% R$3878.68 35.18% R$11025.88 100%

T - tilapias; S - shrimps.

R. Bras. Zootec., v.41, n.7, p.1561-1569, 2012
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and marine shrimp L. vannamei in mono and polyculture systems.
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Figure 7 - Mean and standard deviation values of return index (R1) and profitability index (PI) obtained for Nile tilapia O. niloticus and
marine shrimp L. vannamei in mono and polyculture systems.

and operational profit. Shang & Merola (1987) also stated
that increased size at selling time, as well as higher survival
rates, are strategies that minimize production costs per
unit and increase return on invested capital.

Conclusions

Different shrimp stocking densities did not influence
total biomass gain of Nile tilapia. However, individual
biomass gain of shrimp varied inversely with shrimp
stocking density; therefore, shrimp biomass increased
atlower stoking density. The polyculture of Nile tilapia
O. niloticus, and marine shrimp L. vannameiinoligohaline
water proved to be technically feasible, since one species
did not interfere with the development of the other, and

from the economical viewpoint, polyculture displayed
better economical and performance indicators, in
comparison with monoculture.
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