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Pirarucu, Arapaima gigas, is a carnivorous freshwater fish that exists along the Amazon Basin. This study
investigated the effect of stocking density on growth performance and economic return of pirarucu in
cages. Fish were stocked at densities of 10 or 12.5 fish/m3 in 4.0-m3cages installed in Sítios Novos Reservoir
(Ceará State, Brazil), with three replicate cages for each density. Fish were fed a formulated diet containing
40% crude protein and 14.2 MJ/kg of feed and cultured for 140 days. The following physicochemical param-
eters of the water were always at satisfactory levels for fish culture throughout the experiments: water tem-
peratures ranged from 26.3 to 30.2 °C, DO 3.2 to 7.7 mg/L, pH 6.9 to 7.7 and transparency 100 to 130 cm.
Survival was high and ranged between 100.0% and 94.7±5.0% in cages at 10 and 12.5 fish/m3, respectively.
Density significantly affected (Pb0.05) final mean weight (2630.4±213.7 and 2138.0±148.2 g) and weight
gain (2516.9±202.0 and 2043.1±142.9 g). In contrast, specific growth rate (2.25±0.09 and 2.22±0.06%/day),
feed conversion ratio (1.2±0.1 and 1.2±0.2) and production (26.3±2.1 and 25.4±2.6 kg/m3) were not signifi-
cantly (P>0.05) affected by stocking density. Economic analysiswas emphasizedmostly on sales price andpirarucu
juveniles and feed costs. The total costs of production were estimated at US$4.52/kg and US$5.31/kg for stocking
densities of 10fish/m3 and 12.5fish/m3, respectively. At a localmarket price ofUS$5.55/kg, themodel used suggests
that a commercial enterprise can be profitable only for density of 10 fish/m3. Furthermore, the economic viability of
implementing of pirarucu culture in cages was analyzed using profitability indicators such as internal rate of return
(IRR), net present value (NPV) and payback period. The high survival, very fast growth and moderated production
rates of pirarucu stocked demonstrate that cages are a viable alternativemethod to standardponds for the commer-
cial production of pirarucu. The economic indicators appear to be attractive, thus pirarucu cage culture can become
a profitable industry.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

In recent years, the Brazilian aquaculture industry has attempted
to select new species of fish in order to diversify its production. In this
context, the viability of aquaculture has been studied for some fish spe-
cies like matrinxã, Brycon cephalus (Gomes et al., 2000); jundiá,
Rhamdia quelen (Barcellos et al., 2004); cachara, Pseudoplatystoma
fasciatum (Leonardo et al., 2004); tambaqui, Colossoma macropomum
(Gomes et al., 2006a; Silva et al., 2007); pacu, Piaractus mesopotamicus
(Abimorad et al., 2009); piabanha, Brycon insignis (Tolussi et al., 2010);
dourado, Salminus brasiliensis (Braun et al., 2010); and pirarucu,Arapaima
gigas (Gomes et al., 2006b; Menezes et al., 2006; Núñez et al., 2011).

The potential success of a species is based onmarket analysis, growth
performance andon the availability of juveniles. Pirarucu is an exclusively
: +55 85 3366 9420.
a).

rights reserved.
air breathing fish native from the Amazon Basin. This species is consid-
ered to be one of the largest freshwater scale fishes in the world, as
well as one of the specieswith the greatest potential for being cultivated
in the Amazon (Roubach et al., 2003). According to Saint-Paul (1986),
pirarucu reaches up to 200 kg in weight and up to 3 m in length, and
is capable of living longer than 50 years. However, previous studies
have not lead to economically feasible culture because of limitations
with hatchery production (Ono et al., 2003). Pirarucu has the fastest
growth among Amazonian cultivated fishes, growing at 27–41 g/day
and reaching 10–15 kg/year (Bard and Imbiriba, 1986; Imbiriba,
2001; Núñez, 2009; Pereira-Filho et al., 2003; Rebaza et al., 2010). Al-
though pirarucu is an essentially carnivorous species, the replace-
ment of natural diets for prepared dry feed has produced satisfactory
results (Crescêncio, 2001; Ono et al., 2004).

In a context of overfishing, hence reduced natural populations, aqua-
culture of a fish with such interesting characteristics (large size, high
growth rate, no intramuscular spines) is an important issue (Alcantara,
1991). Furthermore, the development of farming production would
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also reduce the fishing pressure on natural populations and allow
restocking programs in certain areas (Núñez et al., 2011).

Cage culture is one of the most productive aquaculture systems
widely used for intensive fish culture (Chua and Teng, 1980; Guo and
Li, 2003). Cage culture techniques are well-established for many fish
species and cages are becoming a significant contributor to production
in some countries (Beveridge, 1996; Chua and Tech, 2002; Liao et al.,
2004; Mariojouls et al., 2004; Marte et al., 2000; Takashima and
Arimoto, 2000; Watanabe et al., 2002; Wu et al., 2000). Cage culture is
one of the major priorities of the Ministry of Fisheries and Aquaculture,
Brazilian Government, especially in the northeast region where there
are many reservoirs suitable for culturing fish in cages.

Stocking density is one of the most important variables in aquacul-
ture because it directly influences survival, growth, behavior, health,
water quality, feeding and production. Increasing stocking density re-
sults in stress (Leatherland and Cho, 1985) which leads to enhanced
energy requirements causing reduced growth and food utilization
(Hengsawat et al., 1997). Optimum stocking densities need to be de-
termined for each species and production phase to enable efficient
management and to maximize production and profitability (Rowland
et al., 2006). This study aimed to evaluate the effects of stocking density
on the performance of pirarucu in cages in a reservoir located in Ceará
State, Brazil.

2. Materials and methods

2.1. Location and experimental procedure

Pirarucu juveniles (33.0±3.5 g; 18.1±1.8 cm; mean±SD) were
obtained from Aquaculture Research Center of National Department
of Works Against Droughts (DNOCS; Pentecoste, Ceará, Brazil) and
were transported to Sítios Novos Reservoir (Caucaia, Ceará, Brazil).
Sítios Novos Reservoir has a surface area of 2010 ha, a volume of
126,000,000 m3 and an average depth of 12 m with a maximum depth
of 22 m. Open fishery and tilapia aquaculture are the main uses of the
reservoir.

Prior to stocking, fish were transferred to a 2000 L indoor tank for
60 days to wean onto a commercial extruded diet. After weaning, pi-
rarucu (104.2±16.7 g; 23.6±2.5 cm; mean±SD) were randomly
selected, counted and stocked into 4 m3 cages, each measuring
2.0×2.0×1.0 m deep, at densities of 10 or 12.5 fish/m3 with three
replicate cages for each density. The low number of treatments and
proximity of stockingdensities occurred due to low supply offingerlings
in Ceará State. This occurs due to the absence of specific studies on
plankton or other available food sources for larvae feeding, resulting in
low survival in larval and fingerling stages (Carreiro et al., 2011;
Núñez et al., 2011). Cage frames were made of steel pipes covered
with a 30-mmgalvanizedwiremesh coatedwith UV resistant PVC. Plas-
tic bottles, attached along the four sides of each cage,were used asfloats.
Cages were installed at a distance of 20 m from the reservoir margin,
where water depth ranged from 3 to 5 m according to water level. The
distance between cageswas 2 mand cageswere dockedwith anchoring
poles fixed inshore.

Pirarucu juveniles were reared for 140 days and fed four times a
day with a commercial pelleted feed with 40% crude protein and
14.2 MJ/kg of feed (TC 40; Purina®, São Paulo, Brazil). Fish were fed
at rates of 3.0% body weight/day for the first 84 days and 2.0% body
weight/day from the 85th day until termination. Fish were sampled
every 28 days to evaluate growth in weight and length. For this 20%
of fish in each cage were captured, anesthetized with 100 mg/L of
benzocaine, weighed and measured. After each sampling period the
amount of feed given was adjusted to the mean weight and biomass
in each cage.

Temperature and dissolved oxygen (DO) were monitored twice
daily at 08:00 h and 17:00 h with an oximeter (YSI model 55). The pH
and transparency were measured daily at 12:00 h with a digital pH
meter and Secchi disk, respectively. Water samples were collected
from inside of all the cages and from two different points in the reser-
voir at a distance of 20 m from the cages.

Fish were harvested after 140 days and survival, finals weight and
length, specific growth rate (SGR=ln final weight− ln initial weight/
days×100, %/day), absolute growth rate (AGR, g/fish/day), fish survival
(%), production rate (kg/m3) and feed conversion ratio (FCR, weight of
feed/gain in wet weight of fish) for each cage and treatment were
calculated.

2.2. Economic analysis

The economic analysis followed Gomes et al. (2006a) and all values
usedwere current in December 2007. Themeanweight of fish at harvest
was used to determine total value. In the local market, whole fresh pira-
rucu between 2000 and 5000 g are sold at US$5.55/kg (US$1.00=R
$1.80). Stocked pirarucu juveniles (105 g mean weight) cost US$6.34
per unit. The feed costs US$0.81/kg (40% CP).

The following assumptions were made for the economic analysis:
cage cost including material and assembly and labor cost including eight
fish farmers that can handle routinework of 200 cages of 4 m3 andwork-
ing benefits in compliance with the law. The maintenance and repair
costs included cleaning of cage mesh after harvest and the repair of a
wooden boat. Annual depreciation was calculated by the straight-line
method and considered the economic life and salvage value of the equip-
ment (Jolly and Clonts, 1993). The investments were classified as capital
and operating costs. Interest on investment and operating capital was
calculated by multiplying the total investment and the total operating
capital by the annual interest rate of 8%, which represents the current
rate for loans destined to small agribusiness enterprises, multiplied by
0.4 (2.4 crops/year).

Enterprise budgets were prepared for each stocking density tested
according to Jolly and Clonts (1993). Based on the parameters of the best
stocking density, a scenariowas created to project the cashflowof an en-
terprise with 200 4.0-m3 cages, over a 10-year period (Kubitza and Ono,
2004). The internal rate of return (IRR), net present value (NPV) andpay-
back period of the enterprise cash flow were calculated according to
Lapponi (2000), Larson et al. (2002) and Kubitza and Ono (2004). Math-
ematically, IRR is the discount rate that yields an NPV of zero for an in-
vestment (Larson et al., 2002). Internal rate of return is a rate used to
evaluate the feasibility of an investmentwhich reflects the rate of return
the project earns (Solomon and Pringle, 1977). NPV is computed by
discounting the future net cash inflows at the required rate of return
from the project, and then subtracting the initial amount invested
(Larson et al., 2002). NPV was calculated considering a discount rate of
12%/year based on the current interest rate paid by bank savings for in-
vestments under US$143,051.43 and the same discount ratewas applied
in the cashflowanalysis. Payback periodwas defined as the expected pe-
riod to recover the initial investment amount (Kubitza and Ono, 2004).
An economic sensitivity analysis was modeled simulating changes in
fish sales price and feed cost (which produces the same effect as chang-
ing FCR) based on production efficiency of fish raised at 10 fish/m3.

2.3. Statistical analysis

All data were expressed asmean±SD. One-way analysis of variance
(ANOVA) was used to determine the effects of stocking density on the
performance and Tukey test was used for post hoc comparisons.

3. Results and discussion

3.1. Water quality parameters

Thephysical and chemical parameters ofwater during the experiment
were maintained within the tolerance range for most teleost species
used in aquaculture, as reported by several authors (Beveridge, 1996;
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Fig. 1. Growth of pirarucu stocked at 10 or 12.5 fish/m3 in 4 m3 cages and cultured for
140 days. Data are means±SD of three replicate cages in Sítios Novos Reservoir
(Ceará State, Brazil).
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Boyd, 1990; Boyd and Tucker, 1998; Popma and Lovshin, 1996). The
water characteristics did not present any significant difference among
fish densities or the two points monitored in reservoir. Water tem-
peratures ranged from 26.3 to 30.2 °C (mean 28.6 °C), DO 3.2 to
7.7 mg/L (5.7 mg/L), pH 6.9 to 7.7 (7.3) and transparency 100 to
130 cm (117.5 cm).

3.2. Survival, growth, production and FCR

Survival was high and not significantly (P>0.05) affected by stock-
ing density. Mean survival rates were 100.0% and 94.7±5.0% in cages
at 10 and 12.5 fish/m3, respectively (Table 1). Survival was similar to
that observed for pirarucu reared in ponds according to Pereira-Filho
et al. (2003) and Menezes et al. (2006) reported survival rates varying
from 91.7 to 100% in cage culture of pirarucu. Similarly, many
studies have not found any significant effects of density on survival
(Bombeo-Tuburan et al., 2001; Gomes et al., 2006a; Mazzola et al.,
2000; Wallat et al., 2004). Diseases are a potential problem in the
cage culture of fish. Apparently, the mortalities of pirarucu juveniles
were not associated to diseases. Mortality was observed only at the be-
ginning of the experiment in cages at densities of 12.5 fish/m3. This was
probably the result of low acceptance of some fish to the commercial
fish diet since dead fish presented clear signals of emaciation. Therefore,
mortality rates were not related to stocking density as might be
expected. Similarly, mortality of African catfish, Clarias gariepinus, raised
in cages was not dependent upon by stocking density (Hengsawat et al.,
1997). Rowlandet al. (2006) related that aggression betweenfingerlings
of silver perch, Bidyanus bidyanus, at the intermediate densities of 25
and 50 fish/m3 reduced survival in comparison to cages stocked at 12,
100 or 200 fish/m3.

In contrast,finalweightwas significantly (Pb0.05) influenced byden-
sities (Fig. 1). Mean final weights were 2630.4±213.7 and 2138.0±
148.2 g at 10 and 12.5 fish/m3, respectively (Table 1). Various studies
with pirarucu report similar results according to the type of culture.
Cavero et al. (2003) in a 200 day study with 1.0-m3 cages and a density
of 20 fish/m3 reported a final fish mean weight of 1380 g when pirarucu
juveniles were stocked at an average weight of 84 g. Bard and Imbiriba
(1986) reported pirarucu in ponds reached weights ranging from 4037
to 4497 g in only 152 days when stocked at an initial weight of 126 to
388 g. According to Pereira-Filho et al. (2003), this species cultured
under intensive production system in ponds reached amaximumweight
of 7000±1100 g after 365 days.

The growth rates for pirarucu juveniles in cages submitted to dif-
ferent treatments are given in Table 1. AGR was significantly different
(Pb0.05) in two densities. Similar studies have found that AGR decrease
with increasing stockingdensities (Gomes et al., 2006a; Petit et al., 2001;
Rowland et al., 2004). In this study, AGR ranged from 14.6±1.0 to
18.0±1.4 g/day while Pereira-Filho et al. (2003) found AGR values of
18.9 g/day to pirarucu juveniles cultured during 365 days. The growth
Table 1
Survival, initial and final weights, weight gain, specific growth rate (SGR), absolute
growth rate (AGR), production and feed conversion ratio (FCR) of pirarucu juveniles
(initial mean weights, 113.5–94.9 g) cultured for 140 days at two stocking densities
in cages.

Parameter Stocking densities (fish/m3)

10 12.5

Survival 100.0 94.7±5.0
Initial weight 113.5±18.2 94.9±10.1
Final weight 2630.4±213.7a 2138.0±148.2b

Weight gain 2516.9±202.0a 2043.1±142.9b

SGR (%/day) 2.25±0.09 2.22±0.06
AGR (g/day) 18.0±1.4a 14.6±1.0b

Production (kg/m3) 26.3±2.1 25.4±2.6
FCR 1.2±0.1 1.2±0.2

Data are means±S.D. of three replicate cages. For each row, means with different
letters as superscripts are significantly different (Pb0.05).
rates exhibited by pirarucu were generally faster than most other cul-
tured fish, including yellowtail jack, Seriola rivoliana; African catfish,
Clarias gariepinus; mutton snapper, Lutjanus analis; tambaqui, Colossoma
macropomum; and silver perch, B. bidyanus (Benetti et al., 1995, 2002;
Gomes et al., 2006a, 2006b; Hengsawat et al., 1997; Rowland et al.,
2006).

Despite significant differences in AGR, fish density did not affect
SGR (Table 1). SGR were 2.25±0.09%/day at 10 fish/m3 and 2.22±
0.06 at 12.5 fish/m3. Pereira-Filho et al. (2003) reported an SGR of
1.09%/day to pirarucu juveniles. These SGR values are comparable to
juveniles of other species such as cobia, Rachycentron canadum, at
2.46%/day (Denson et al., 2003);winterflounder, Pleuronectes americanus,
at 2.10 (Hebb et al., 2003); and silver perch, B. bidyanus, at 2.78–2.84
(Rowland et al., 2004).

Stocking density did not significantly affect (P>0.05) production.
Although production at 10 fish/m3 was higher than at 12.5 fish/m3,
the rates were not significantly different (Table 1). Similar stocking
densities and production rates have been reported for the cage culture
of other carnivorousfishes: 6.1–12.3 kg/m3 forMediterranean amberjack
(Seriola dumerili) in 75-m3 cages (Mazzola et al., 2000); 14.0 kg/m3 for
cobia (R. canadum) in 1000–1800-m3 cages (Liao et al., 2004); and 14.5
to 34 kg/m3 for Atlantic salmon (Salmo salar) in 120–2000-m3 cages
(Oppedal et al., 2011; Turnbull et al., 2005). However, other studies
using varied densities found production rates ranging from 42.0 kg/m3

for spotted wolffish (Anarhichas minor) in 100-m3 cages (Mortensen
et al., 2007) to 35.0–61.2 kg/m3 for rainbow trout (Oncorhynchusmykiss)
in 1.0-m3 cages (Wallat et al., 2004).



Table 2
Cost and return analysis of pirarucu juveniles cultured for 140 days at two stocking
densities in cages.

Parameter Unit cost
(US$)

Stocking densities
(fish/m3)

10 12.5

Total harvest (kg) 315.6 304.4
Revenue 1751.86 1689.42
Revenue per kg of fish 5.55 5.55
Capital investment 1055.55 1055.55

Wooden boat 166.67 55.55 55.55
Cage 333.33 1000.00 1000.00

Variable cost 1322.49 1510.74
Variable cost (% of total cost) 92.6 93.5
Pirarucu juvenile (unit) 6.34 760.80 951.00
40% CP feed 0.81 294.03 286.01
Labor (month) 45.00 225.00 225.00
Interest on operation capital (year) 8% 42.7 48.7
Variable cost per kg of fish 4.19 4.96
Income after variable cost 429.37 178.67

Fixed cost 105.07 105.07
Fixed cost (% of total cost) 7.4 6.5
Licenses (year)a 7.50 3.15 3.15
Maintenance and repair (year) 52.75 22.16 22.16
Depreciation (year) 105.50 44.31 44.31
Interest on investment (year) 8% 35.4 35.4
Fixed cost per kg of fish 0.33 0.35

Total cost 1427.56 1615.81
Total cost per kg of fish 4.52 5.31
Net income 324.30 73.61
Net income per kg of fish 1.03 0.24

a Licenses for use of a surface area of 1.0 ha for 1 year. Values are in US dollars
(US$1.00=R$ 1.80).

Table 3
Economic sensitivity analysis of pirarucu production in 200 cages of 4 m3 stocked at a
density of 10 fish/m3.

Situations Internal rate
of return
(IRR, %)

Net present
value
(NPV, US$)

Payback
period
(years)

Current conditions 34.4 150,127.34 2.8
10% increase in sales price 55.1 308,227.94 1.8
10% decrease in sales price 10.5 –8474.87 6.0
10% increase in feed cost 30.7 123,256.69 3.0
10% decrease in feed cost 37.9 176,419.41 2.5
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Stocking density did not significantly affect (P>0.05) on feed con-
version ratio (Table 1). FCRs of fish stocked at 10 fish/m3 (1.2±0.1)
and 12.5/m3 (1.2±0.2) were lower than the FCRs determined for
other studies. Pereira-Filho et al. (2003) and Crescêncio et al. (2005)
reported FCR of 1.5 and 1.3–1.9 to pirarucu juveniles, respectively.
The FCR of grouper, Epinephelus coiodes, cultured in ponds and fed
with pellets diet was 3.2 (Bombeo-Tuburan et al., 2001). Mazzola et al.
(2000) reported FCR of 3.5 to Mediterranean amberjack, S. dumerili, fed
with pellets diet. During harvest small fish and prawns were found in
the cages. As pirarucu is a carnivorous fish, an explanation for the rela-
tively low FCR in this study is the availability of natural food to fish inside
of the cages. Furthermore, according to Eroldogan et al. (2004), with low
feeding rates fish tend to optimize their digestion to extract more nutri-
ents efficiently, as observed in this study.

3.3. Economic analysis

There were several factors affecting economic return of the system
such as yield, sales price, feed cost, fingerlings or juveniles cost, system
investment and operating cost (Muangkeow et al., 2007). Economic
analysis in this study was then emphasized mostly on sales price and
pirarucu juveniles and feed costs. The comparative cost and return
analysis of pirarucu juveniles cultured for 140 days at two stocking
densities in cages is shown in Table 2. The major components of vari-
able costs were pirarucu juveniles and feeds. The total costs varied
with the costs of pirarucu juveniles that accounted for 53.3–58.9%.
This can be attributed to the short culture period of this study since
pirarucu reachesmarketable size of 7–10 kg after 8–12 months of cul-
ture when this species is used traditionally for the production of fish
fillets. The purpose for the production of pirarucu of 2–3 kg was the
sale at the live fish market that has been growing rapidly in Ceará
State (Brazil). Furthermore, the transportation and trade of live fish
can be more feasible for pirarucu of 2–3 kg than for pirarucu of
7–10 kg. According to Zonneveld and Fadholi (1991), the highest eco-
nomic yield may be determined not by maximum production but by
preferred market size and price. In addition, the high cost of pirarucu
juveniles is related with insufficient production of fingerlings in cap-
tivity, due to the low fecundity of this species (Núñez et al., 2011).
Feeding costs represented only 17.7–20.6% of total costs, contrasting
to the feed cost in cage production of various fish species that repre-
sents 30–60% of total costs (El-Sayed, 1998; Gomes et al., 2006a;
Huguenin, 1997; Silva et al., 2007). The total costs of production
were estimated at US$4.52/kg and US$5.31/kg for stocking densities
of 10 fish/m3 and 12.5 fish/m3, respectively. At a local market price
of US$5.55/kg, net incomes per kg of fish were US$1.03 and US$ .24
at 10 and 12.5 fish/m3, respectively. Therefore, net income was not
directly related to stocking density, conflicting with the findings of
Hengsawat et al. (1997) and Gomes et al. (2006a, 2006b). On the
other hand, the high density of tilapia in shrimp–tilapia integrated
systems showed low net income due to small average size of shrimps
and low price of tilapia (Muangkeow et al., 2007).

The results of the sensitivity analyses of pirarucu production in
200 4.0-m3 cages stocked at a density of 10 fish/m3 are summarized in
Table 3. In current conditions, the projected model resulted in IRR of
34.4%, NPV of US$ 150,127.34 and payback period of 2.8 years. An in-
crease in sales price by 10% registers an increase in IRR of 34.4 to
55.1%, NPV of US$ 150,127.34 to US$ 308,227.94 and a decrease in pay-
back period of 2.8 to 1.8 years. Moreover, a decrease in sales price by
10% results in low IRR, negative NPV and high payback period. On the
other hand, an increase or a decrease in feed cost does not have greater
effect over the IRR, NPV and payback period since variations of±10% in
feed cost produced similar results to those observed by current condi-
tions. This analysis showed that under simulated conditions the IRR
maintained a direct and more than proportional link to changes in
sales price of pirarucu. This resultswere similar to the observed for grou-
per, E. coiodes, in ponds (Bombeo-Tuburan et al., 2001); for tambaqui,
Colossoma macropomum in cages (Gomes et al., 2006a); for Murray
cod, Maccullochella peelii peelii, and Short finned eels, Anguilla australis,
in recirculating aquaculture systems (Ionno et al., 2006); and Nile
tilapia, Oreochromis niloticus, and Australian redclaw crayfish, Cherax
quadricarinatus, in a scenario simulation model (Ponce-Marbán et al.,
2006).

4. Conclusion

This study has shown that pirarucu can be efficiently grown to
market-size in cages and its growth is much faster than other fish species
that have the advantage of decades of research and genetic improvement.
The data obtained suggest that pirarucu reared in a stocking density of 10
fish/m3 show better zootechnical indices. However, the optimal stocking
densities have not been identified and further research is necessary using
several culture phases (100–500 g; 500 g–1 kg; 1–2 kg; 2–5 kg). Addi-
tional experiments could be conducted to determine optimal feeding
rate of pirarucu in cages for the production of fish with desired size for
restaurants, outlets and fish processors. The economic analysis indicated
that the aquaculture of pirarucu in cages at moderated stocking densities
was feasible. The continuance of the study with this species is important
to provide data and gain knowledge to optimize the production, improv-
ing the management of this species in captivity.
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