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MARINE SHRIMP CULTIVATED AT DIFFERENT DENSITIES AND FEEDING
REGIMENS IN OLIGOHALINE WATERS'
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ABSTRACT - The cultivation of Litopenaeus vannamei has increased in inland areas by using low salinity waters.
Cultivation techniques in coastal waters are well developed, however, studies for low salinity conditions are needed,
especially regarding the ideal ionic composition of water and its effects on the zootechnical indices. Brazil has adopted
this strategy and the semiarid region showed great potential due to its favorable climate and water conditions. Thus,
experimental cultivations were conducted in Serra Talhada, State of Pernambuco, in order to evaluate the influence of
two feeding strategies (with and without feeding) and three cultivation densities (5, 10 and 15 shrimps m™), on the
production variables of this species. Three ponds of 280 m® were built, in which six nursery nets of 20 m” were installed.
The cultivation was performed with juvenile shrimps of 8.53 g and lasted 50 days. The animals were fed twice a day
with commercial feed containing 25% of crude protein. The water quality (salinity ~1.0 g L™, temperature ~28.09°C, pH
~8.48) and the shrimp growth were monitored with weekly biometry during the cultivation. A significant difference was
found only in the treatment without feeding with 15 shrimps m™, the average final weight of all treatments ranged from
13.16+1.33 g to 15.50+1.66 g. The survival rates were high in the treatments with feeding and its variation between
treatments was 60.56+6.76% and 83.00+4.00%.
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CULTIVO DO CAMARAO MARINHO, SOB DIFERENTES DENSIDADES DE ESTOCAGEM E
ALIMENTACAO, EM AGUAS OLIGOHALINAS

RESUMO - O cultivo do Litopenaeus vannamei vem sendo ampliado nas areas interioranas, fazendo uso de aguas com
baixa salinidade. As técnicas de cultivo em aguas costeiras ja estdo bastante desenvolvidas, porém em condi¢des de
baixa salinidade sdo necessarios varios estudos, como a composi¢do idnica ideal da dgua e seus efeitos sobre os indices
zootécnicos. O Brasil tem adotado essa estratégia e o semiarido surge como uma regido de grande potencial, ja que
dispde de clima e condigdes hidricas favoraveis. Desta forma, cultivos experimentais foram realizados no municipio de
Serra Talhada — PE, com o objetivo de avaliar a influéncia de duas estratégias de alimentagdo (com e sem rag@o) e trés
densidades de cultivo (5, 10 e 15 camardes.m™), nas variaveis de produgio dessa espécie. Para tanto foram utilizados
trés viveiros escavados de 280 m’, onde foram instalados seis cercados de telas medindo 20 m’. A estocagem foi
realizada com juvenis de 8,53 g, o cultivo teve duragdo de 50 dias e os animais foram alimentados duas vezes por dia
com ragdo comercial, contendo 25% de proteina bruta, monitorada a qualidade da agua (salinidadexl1,0 g.L™;
temperatura + 28,09 °C; pH + 8,48; entre outros) e crescimento dos camardes durante o cultivo, com biometrias
semanais. Foi detectada diferenca significativa apenas no tratamento sem ragdo com 15 camardes.m?, o peso médio
final entre todos os tratamentos variou de 13,16+1,33 g a 15,50+1,66 g. As taxas de sobrevivéncias foram melhores nos
tratamentos com ragao, a variagdo entre os tratamentos foi de 60,56+6,76% e 83,00+4,00%.
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INTRODUCTION

The cultivation of the shrimp Litopenaeus
vannamei was carried out exclusively in coastal areas
until the early 90s, with high implementation costs due to
the high values of land and multiple uses of these areas.

Several studies were conducted to mitigate these
problems, describing strategies of alternative cultivation,
such as the shrimp farming in inland areas, using
oligohaline waters, since the value of lands in these
regions is much lower than the value of lands in the
coast. According to the survey conducted by the real
estate sector in the State of Pernambuco, the price of a
hectare in inland areas is 1.16% of the value of one
hectare in the coastal region of the state.

This species has characteristic euryhaline,
tolerates a wide range of salinity (YE et al., 2009),
however, there are few researches on cultivation of L.
vannamei concerning low salinity waters (DAVIS et al.,
2005).

According to the FAO (2014), the production
of L. vannamei in the world in 2012 was about
3,178,721.1 Mg, with about 696,051.5 Mg (21.89%
of the world's production) produced in low salinity
water.

Brazil and other countries has adopted the
strategy of cultivating this species in regions with
low salinity waters. According to the Brazilian
Association of Shrimp Breeders (ABCC, 2013),
about 28% of the shrimp Brazilian farms (5,000 ha)
is using wells, ponds or rivers with oligohaline water
and accounting for 25.06% of national production.

The good zootechnical results of the L.
vannamei grown in oligohaline environments have
encouraged this business in inland areas. Numerous
water bodies (small ponds) and thousands of wells
were constructed in order to minimize the problems
of seasonal droughts in Brazil, especially in its
semiarid region. Salinization of water is common in
these environments because the rocky composition
of the soil in this region, which is rich in salts that
accumulate in these water bodies by leaching and
runoff, turning them unfit for human consumption
(COSTA; CIRILO, 2010).

The Geological Survey of Brazil (CPRM)
analyzed the water quality and registered about
22,000 wells in Pernambuco in 2005. More than
2,700 wells were registered in the Pajetl River basin
alone, but only 29.4% were registered as fresh water,
the others were registered as brackish (45.8%) and
saline (24.8%) waters, about 41% were abandoned,
not ready or unused, mainly due to the poor quality
of water for human or animal consumption (CPRM,
2005).

Some important negative characteristics must
be taken into account at implementing a shrimp
farming in the Brazilian semiarid region, such as low
water availability for large enterprises, low financial
capacity of the owners of lands that have water
resources, low technical and practical knowledge of

the future shrimp farmers and distances from the
input suppliers. On the other hand, there are some
positive characteristics, such as good consumer
market, high commercial value of the product,
cultural aspects of shrimp farmers, which are focused
on subsistence crops and livestock at small scales,
availability of workers, training of workers who
know the region characteristics, and the water
characteristics in the region (high temperature,
alkalinity, hardness and concentrations of ions).

Considering these characteristics, researchers
on alternatives for cultivations that has low
production cost, low cultivation densities, low feeding
cost, or even cultivations that can be grown without
feed (since they represent up to 60% of the
production cost), are needed for the Brazilian semi-
arid region (CUZON et al., 2004). In this context, the
objective of this work was to evaluate the
zootechnical performance of the marine shrimp
Litopenaeus vannamei grown in oligohaline water
with two feeding management strategies.

MATERIAL AND METHODS

Experiment location

The experiment was conducted in the
Pisciculture Station of the Academic Unit of Serra
Talhada, State of Pernambuco, Brazil (07°56'00"S,
38°17'14"W and altitude of 500 m). Four ponds of
280 m’were built and filled with water from the
reservoir Saco-1 that has capacity of 36,000,000 m’
of water. During the experimental phase the water
salinity of the reservoir was close to 1.0 m L™

Acquisition of post-larvac and development of
juvenile shrimps

Post-larvae of shrimps L. vannamei with 13
days of life were acquired from a commercial
laboratory of the State of Rio Grande do Norte. The
post-larvae were transported in water with salinity of
40 g L' to the experiment location and then
acclimated to the local water salinity (0.5 g L™") for
one week in primary nursery systems, by keeping
them in two fiberglass tanks (1.0 m?), at density of
30 post-larvae L™, and exchanging 10% of the water
every 6 hours for seven days. The hydrologic
variables (pH, salinity, conductivity, temperature and
dissolved oxygen) were controlled in this period
every 2 hours and the Post-larvae fed every three
hours (feed with 45% of gross protein).

The post-larvae were then transferred to a
nursery pond of 280 m* where they were maintained
for 90 days at initial density of 160 individuals m?,
until reaching average weight of 8.5340.12 g. In this
nursery, the shrimps were fed four times a day with a
balanced feed containing 40% crude protein, which
was broadcasting by hand in the first 20 days, and

701 Rev. Caatinga, Mossoro, v. 29, n. 3, p. 700 — 708, jul. — set., 2016



MARINE SHRIMP CULTIVATED AT DIFFERENT DENSITIES AND FEEDING REGIMENS IN OLIGOHALINE WATERS

M.N. C. PESSOA et al.

thereafter, with a feed containing 32% crude protein
supplied in food trays, adjusted according to the
consumption observed.

Experimental design

Three ponds were prepared to receive the
juveniles (8.53+0.12 g), each pond testing three crop
densities (5, 10 and 15 individuals m™) subjected to
the use or not of feed. the abbreviations used for each
treatment is presented in Table 1.

Table 1. Experimental design (densities and treatments with and without feeding).

DENSITIES TREATMENTS
WITH FEED WITHOUT FEED
5 shrimps m™ WIF05 WOF05
10 shrirri)s m? WIF10 WOF10
15 shrimps m™ WIF15 WOF15

The preparation of nurseries was performed
with interventions on the soil aiming for its
standardization and fertilization, by leveling their
bottom and applying fertilization with wheat bran
(25 g m?) to improve the proliferation of pre-

existing benthic community (CAMPOS et al., 2009).
Six nursery nets of 20 m? made of plastic screen
with mesh of 6 mm, were installed in each nursery
(Figure 1). The positioning of each treatment
(density and the use of feed) was randomly chosen.

8.0 m
E

2 6 :
R
B Pl
B A 3

B B

23.0m
A - monk drain B - area surrounded with 20.0 m?

Figure 1. Dising of the experimental nursery.

Feeding management and control of hydrological
parameters

The feeding was performed 2 times a day
(treatments with feed) and the feed amount estimated
according to the consumption observed in the feed
trays. A commercial feed with 25% crude protein
was used. The feed residues in the trays were
removed to prevent damage to the water quality. The
water quality variables (temperature, pH, salinity,
dissolved oxygen and electric conductivity) were
measured daily using a multi-parameter device in
nine different times (01:00; 03:00; 05:00; 08:00;
11:00; 14:00; 17:00; 20:00 and 23:00h).

Water samples were collected at 1, 15, 30 and
45 days of cultivation for analysis of total alkalinity,
total hardness, total ammonia, orthophosphate,
nitrite, nitrate, chlorophyll-a, pheophytin, silica and
ionic composition (total chlorides, total sulfates,
potassium, sodium, calcium and magnesium).

Study period and monitoring of the shrimp weight
gain

The cultivation period was 50 days. Four
samples were collected at 1, 15, 30, 45 days of
cultivation. The samples consisted of 3, 6 and 9
shrimps from the densities of 5, 10 and 15 shrimps m
2, respectively. The shrimps were placed in plastic
bags, identified and individually weighed on a digital
scale with a precision of 0.0001 g. The results were
recorded in spreadsheets for further analysis.

Statistical analysis
The following mathematical model were used

to assess the influence of the use of feed and three
cultivation densities:

VR, =B+ BX, +¢,
i=l
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where VR = variable response (weight and survival);
bg, by, by, ..., b,- parameters of the model; X =
variable of management (use of feed, cultivation
density, interaction and block); i = cultivation
variable; j = observation number ¢ = error associated
with observation with parameters & ~ N (0, 6).

The method of least squares (ZAR, 2010) was
used to estimate the model parameters (8123, .1). The
stepwise process (selection of variables) (MENDES,
et al. 2006) was used to assess the influence (p
<0.05) of each variable of the model. The robustness
of the model based on the statistic F of Snedecor,
value of the probability of F, R?, normality of errors
(Shapiro-Wilk) and number of outliers were
evaluated at the end of the process.

The weight as a function of time of cultivation
was evaluated using the model P. = S, + 8,1, + &,
for each treatment, where P = weigh; By and B, =
parameters of the model; T = cultivation time and € =
error with distribution N = (0, 62). The "t" test was
used, evaluating possible differences between
treatments to compare the models (ZAR, 2010). In
this model, the estimative of B; represent the daily

growth rate (DGR), thus, the same test was used to
discern possible differences in this parameter of
cultivation.

RESULTS AND DISCUSSION

The cultivation of L. vannamei with initial
weight of 8.53+£0.12 g in oligohaline water for 50
days in Pernambuco, at densities of 5, 10 and 15
shrimps m™ and with and without the use of feed
resulted in a final average weight from 13.16+1.33 g
to 15.50+1.66 g. The average effect of feed and
cultivation density did not influence the shrimp final
average weight, however, a significant difference
was found (p>0,05) in the density of 15 shrimps m™
with and without feed (Table 2). In general,
significant  difference was detected between
treatments, however, a reduction in the final average
weight gain was found without the use of feed and
with increasing in cultivation density. This result
may be related to high levels of confidence intervals
(average of 9.68%) of the estimated averages.

Table 2. Final average weight (g) depending on the supplying or not of feed and cultivation density of shrimps during 50

days.

Feed regimen

Final average weight + confidence Interval (g)

With feed
Without feed

14.71+1.62°
13.59+1.22°

Cultivation density

Final average weight + confidence Interval (g)

05 shrimps m™
10 shrimps m™
15 shrimps m™

14.76+1.49*
14.15+1.11°
13.54+1.42*°

Interaction Final average weight + confidence Interval (g)
Feed / density 05 shrimps m™ 10 shrimps m™ 15 shrimps m™
With feed 15.50+1.66** 14.71£1.23** 14.71£1.52*4
Without feed 14.0241.23*4 13.59+0.99* 13.16:1.33"

Same lowercase letters vertically represent statistical equality p> 0.05; Same uppercase letters horizontally represent

statistical equality p> 0.05.

The highest average final weight (15.50+1.66
g) was found in the treatment with the lowest density
that received feed (WIF05). Spanghero et al. (2008)
also found that the density is a variable that
negatively affects the final average weight of
shrimps, while modeling animal production results of
commercial cultivations of Litopenaeus vannamei in
oligohaline and salt water in northeastern Brazil.

The shrimp grown without feed are dependent
on the natural food in the nurseries to develop, and
this food may be quickly consumed as the shrimp
biomass increases. According to Nunes & Parsons
(2000), the natural food in the nurseries can
contribute with 25 to 85% of the diet of farmed
shrimp. The ratio biomass/cultivation density is very
narrow, as the cultivation density increase the
biomass tend to increase, and the consumption of the
natural food available in the nursery is very fast in
the absence of feed. According Tidwell et al. (1997),

the shrimp may consume up to 38% of the
macroinvertebrates population in the nurseries.

Roy et al. (2012) conducted weight gain tests
with juvenile shrimp (6.34 g) in low salinity water
for 9 weeks with different feed rates in two
cultivation  systems, with  water exchange
(continuous system) and without water exchange
(static system), and found that the shrimps had a
weekly growth rate of 1.50 g in the continuous
system without feed and had a weight reduction
(5.55 g) in the static system (without water exchange
and feed). They attributed this difference to the
introduction of natural food by the continuous
system of water exchange, denoting the importance
of natural food in the development of farmed shrimp
and that the continued presence of natural food in the
ponds is essential to meet the nutritional demand of
shrimps in the absence of feed.

The daily weight gains of the treatments
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ranged from 0.0719 to 0.1488 g day™, with the
lowest in the treatment WOF15 and the greatest in
the WIFO05. The average daily weight gain was
0.1152 g dia™, which corresponds to a mean weekly
weight gain of 0.80 g week' (Table 3). Miranda et
al. (2010) found daily weight gains of 0.113 g.dia™,
with an initial density of 40 shrimps m™ in a water of
low salinity.

Similar result was found by Mariscal-Lagarda
et al. (2012) with 50 shrimps m™ and water salinity
of 0,6 g L. However, Mariscal-Largada et al. (2010)
found a higher average daily gain (0.201 g.dia™) with
water salinity of 1.8 g L at lower cultivation density
(13 shrimps m?) of L. vannamei. This difference
may be related to the L. vannamei genetic strain used
in the experiments, since the strains used in Brazil
show low performances, which are related to the

Table 3. Weight gain models between treatments.

genetic recombination in laboratories, once the
import of new reproducers are prohibited since 1998
(FREITAS, et al. 2007)

The lowest daily weight gain found in this
work are related to the treatments without feed,
which had an average of 0.093 g dia”, since
treatments with feed, in normal cultivation
conditions, had an average of 0.138 g dia™'.

A significant difference in daily average
weight gain of shrimp was found, despite the weight
gain model as a function of time for the feed
treatments were equal. The treatment WIF10 was
statistically equal to the WIF05 and WIF15
treatments, but different from each other, confirming
the negative influence of density on the growth of
shrimps.

Treatments Models R? Statistic
P=Bot+ Bt Parameter f3;* Model **
WIF05 p=7.6316+0.1488t 0.9328 bfg a
WIF10 p=28.0516 + 0.1429t 0.9836 cef a
WIF15 p=28.4795+0.1210t 0.9707 bde a
WOFO05 p=28.1765+ 0.1105t 0.9659 abc b
WOF10 p = 8.4829 + 0.0966t 0.9154 adg be
WOF15 p=38.7845+0.0719t 0.8936 a c

*Different letters between the parameters ; denote statistical difference (p<0.05) using the t-distribution. Where B, is the
parameter that represents the daily weight gain. **Different letters between the models denote statistical difference

(p<0.05) using the statistical W, with y° distribution.

The daily weight gains (DWGQ) are presented
in the models by the B; parameter. All treatments
without feed (WOF) had equal statistically (p>0.05)
daily gains. The daily weight gain of WOF05 was
equal to the WIF15 and WIF10 treatments, denoting
the possibility of cultivation at low densities in the

fattening stage without feed, without compromising
the performance of the shrimp. These results imply
that it may be a good management alternative for
local producers with low financial resources
(Figure 2).
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Figure 2. Graphical representation of weight gain models of different experimental treatments for Litopenaeus vannamei

after 50 days of cultivation.
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Survival rate

Based on the final number of shrimps in each
net after 50 days of cultivation, the final survival rate
(%) ranged from 60.56+6.76% (WOF15) to
83.00+4.00% (WIF15). No significant difference
(p=0.05) was found between survival rates by testing

the effect of the use or not of feed or the effect of
different densities.

No difference (p<0.05) in survival at densities
of 10 and 15 shrimps m? was found when the
treatments were individually analyzed, even
considering the factor of use or not of feed (Table 4).

Table 4. Survival rate (%) depending on the supplying or not of feed and cultivation density of shrimps during 50 days.

Feed regimen

Survival rate + Confidence interval (%)

With feed
Without feed

71.4445.68"
72.94+5.21%

Cultivation density

Survival rate + Confidence interval (%)

05 shrimps m™
10 shrimps m™
15 shrimps m™

73.00+7.02°
62.10+6.85"
69.50+6.75%

Interaction Survival rate + Confidence interval (%)
Feed/density 05 shrimps m™ 10 shrimps m™ shrimps m™
With feed 61.00+£9.00** 70.33+10.58*AP 83.00+4.00"®
Without feed 81.00+7.57" 77.25+10.55*P 60.56+6.76b"

Same lowercase letters vertically represent statistical equality p> 0.05; Same uppercase letters horizontally represent

statistical equality p> 0.05.

According to the water quality evaluations
(each 15 days), the water salinity were close to 1.0 g
L', alkalinity was greater than 150 mg L™ of CaCO:;,
hardness was 140 mg L™, and pH tended to be
alkaline, ranging from 6.5 to 9.7. The average
temperature was higher than 28°C and the dissolved
oxygen higher than and 5.0 mg L*'. The
concentrations of nitrogen and phosphorus did not
exceed the desired levels throughout the cultivation
(Table 5).

Many works evaluate the water quality effect
in shrimp cultivations with low salinity water on the
survival rate, however, the more discussed issue is
related to the ionic composition and balance of
waters. Godiniz-Siordia et al. (2011) emphasize the
importance of the presence and concentration of the
ions chloride, calcium, magnesium sulfate and
potassium to generate a good survival rate of
organisms grown at low salinity waters.

Angulo et al. (2005) stated that the ionic
composition of the water is crucial for a good

survival rate of shrimps in low salinity waters and
that the potassium is the main one. According to
Valenzuela et al. (2010) and Esparza-Leal et al.
(2009), a good ratio of ions Na/K is 37.91:1 and Mg/
K is 3.68:1. These amounts would be enough to
obtain good growth results and survival rates of
shrimps grown in low salinity waters.

The ions ratio of Na/K (7.94:1) and Mg/K
(1.96:1) during the experiment (Table 5) were below
those recommended by Valenzuela et al. (2010) and
Esparza-Leal et al. (2009), however, the results of
growth and survival rate were satisfactory in the
Brazilian semiarid region. Mariscal-Largada et al.
(2012) found ratio of Na/K of 15.4:1, Ca/K of 6.1:1
and Mg/Ca of 1:2.7 growing L. vannamei in water of
low salinity (0.6 g L), resulting in a survival rate of
56.3%, which was lower than the results from the
present work. Despite the ratio of Na/K (7.94:1) in
the present work, the survival and growth results
were satisfactory compared to the other studies
previously cited.

Table 5. Average and standard deviation of hydrological parameters during the experimental cultivation of L. vannamei in

oligohaline waters.

Parameters Nurseries Variation Reference Reference

Average + Standard values (1) values (2)
deviation

Temperature (°C) 8.0940.06 22.59 -33.15 28.00 — 32.00

Dissolved oxygen (mg L) 6.1020 08 1.01 -13.47 5.00-9.00

pH 8.48+0.01 6.50-9.77 7.00 — 8.30 7.00 —8.00

Salinity (g.L™") 0.9920.00 0.89 — 1.06

Conductivity (uS Cm’™") 1.97241.4238 1,798 — 2,106

Nitrate (ug L) 2 631,07 0.03-11.16

Nitrite (ug L™ 2 30£0.51 0.60 — 6.00

Ammonia (ug L) 5.7944.90 0.00 —59.19

(1)Van Wyk & Scarpa (1999); (2) Boyd et al., 2002.
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Table 5. continuation.

Parameters Nurseries Variation Reference Reference

Average + Standard values (1) values (2)
deviation

Orthophosphate (ug L") 463543 .41 34.58 — 77.81

Chlorophyll-a (ug L") 47.9646.49 17.27 - 84.41

Phacophytin (g L) 26204371 6.64 —47.21

Alkalinity (mg L") 226.65+9.25 151.5-261.00 <100.00 70.00

Calcium (mg L") 21.65+1.36 16.03-29.98 >100.00 11.00 — 296.00

Magnesium (mg L") 51.91+2.86 2276 -60.80 >50.00 3.00 — 64.00

Total hardness (mg L) 2677341238 147.74 — 305.09 ~150.00

Turbidity NTU 17.7041.97 9.00 —33.10

Chlorides (mg L") 426.92+23.68 175.00 — 500.00 300,00 380,00 — 4,009.00

Silica (mg L™) 0.660.09 0.36 —1.29

Potassium (mg L") 26.3740.69 21.50 - 31.60 4.00 - 12.40

Sodium (mg L") 209.49+4.33 17020 -223.10 >200.00 401.00 —2,210.00

Total sulphate (mg L") 3.43:40,58 1.20-9.10

Proportion

Na/k 7.94:1

MgK 1.96:1

Mg/Ca 3.39:1

CaK 0.82:1

(1)Van Wyk and Scarpa (1999); (2) Boyd et al., 2002.

Mariscal-Largada et al. (2010) conducted
cultivations with four different quality of low salinity
well waters (0.52 to 0.88 g L) and a control with
salt water (34 g L), and found the lowest survival
rate (76.35£3.69) in the treatment with salinity of
0.72, which had the highest proportion of Ca/K
(49.1:1), denoting a deficiency in K compared to
other ions, confirming what was reported by Zhu et
al. (2004), who found low survival of L. vannamei
when the Na/K ratio was high in seawater.

The shrimps grown in the hydro-climatic
conditions of the Pernambuco semiarid region has
managed to compensate for the deficiency of some
nutrients or ions to maintain its osmotic balance
without requiring much energy, since good growth
and survival rates were found. This compensatory
mechanism may be activated by the natural feed or
by mineral sources from the nursery soils.

Most water quality variables were within the
values recommended by Van Wyk & Scarpa (1999)
e Boyd et al., (2002), and when not within their
recommended ranges, they were close. No mortality
due to the decline in water quality was found. The
mortality occurred may be related to the stress at
transference to the plots and predation by birds and
amphibians. The mortality during cultivation could
not be evaluated, since the experiment was carried

out on land ponds, where a daily visually accounting
is not possible, as performed in experiments in
aquariums.

CONCLUSION

All treatments provided good results of
growth and survival in the water and climatic
conditions of the Pernambuco semiarid region. No
interventions on the water quality, regarding its ionic
composition was needed. Further studies with new
sources of water and diagnosis of technical and
economic feasibility are needed in order to confirm
the activity as an alternative for the aquaculture in
the region.
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