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Abstract

Once stocking density is an important factor that affects shrimp production in captivity, this paper
aimed to analyze the growth and sutrvival of pink shtimp Farfantepenaens panlensis (Pérez-Farfante, 1967)
stocked in pens at different densities. For each 3 pens(1 m? each), 30, 60, 90 and 120 juveniles (drained
weight from 0.5 to 1.0 g) wete randomly stocked. Shrimps were reared from 0.75 g (mean initial weight)
to 6.39 g (general mean final weight) for 90 days. The tesults showed a negative correlation between
growth and stocking density (ANOVA; P<0,05), although survival presented no statistical difference
(P>0.05) for different densities, ranging from 85.8 to 95.0 %. The final biomass, however, was significantly
higher (517.1 g/m?) at 120 shrimps per m?. The conclusion drew indicates it is possible to stock and rear

F. paulensis in open systems at high densities.
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Introduction

For the last 6 years, researchers of University of Rio Grande (Rio Grande do Sul State, Brazil) have
developed several studies in ordet to create a shrimp culture package for Patos { agoon estuary artisanal
fishermen. ,

Alternative structures used in aquaculture, such as pens and cages set on the natural environment
are widespread used on Southeast Asia. According to Genodepa (1999), the culture in alternative structures
preserves the environment, once aquatic organisms are produced in their natural habitat. One reason
for the development of this kind of culture is to offer waterside dwellers; as small fishermen and
tarmers, an alternative income with little investment. However, applied research must guide this activity
in order to keep it sustainable. |

In this context, the stocking density used plays an important role over the survival, growth and
consequently over the biomass produced from a culture system (Wyban and Sweeney, 1991). The
optimal stocking density is a function of each species, environmental conditions, system and management
adopted. Throughout the wotld, most ponds ate stocked with 1 to 5 shrimp/m?* (extensive system) or 5
to 25 shrimp/m?* (semi-intensive system), due to limitation of watet exchange, fact that also limits the
pond charge capacity. On the other hand, open cultures (pens and cages) can hold a higher number of
animals per area due to its high water renewal, once currents maintain acceptable water quality. However,
cithet pond as open systems have shown negative correlation between stocking density and crustacean

growth rates. Lutz and Wolters (1986) detected reduced growth rates for the crawfish Procambarus clarkii
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(Girard) stocked in densities varying from 1 to 16 animals/m? Sandifer ef a/ (1987) working with
Litopenaeus vannamei (Boone, 1934) stocked at 10, 20 and 40/m?* also verified that the latter density
presented significant growth rate reduction.

Although it seems reasonably obvious that growth is affected as intraespecific competition increases,
densities used on cultures must be as higher as the environment can hold in order to keep the business
profitable. Allan and Maguire (1992) mention that cultures are only feasible if costs are reduced, beingy
so, maximum tolerable densities must be known for each species, what means that survival and growth
rates are not affected for producing a higher cultured biomass. As eatlier mentioned, shrimp are stocked
into pens and cages in relative high densities, causing behavioral changes which can affect both growth
and survival.

The present work had as objective to study the effects of stocking densities on the growth and

survival of pen reared F. paulensis.

Material and Methods

The structures used for the experiment comprised of 12 iron framed (3/8”) squared pens covered
on sides and top with polyamide mesh (4=0.5 cm), for the avoidance of shrimp escape and predators
entrance, each bearing a bottom area of 1 m?® by 1.2 m in height. Pens were set with a water column of
0.70 m and buried 0.15 m deep into the sediment, in Patos Lagoon estuaty, southern Brazil. For each 3
pens, 30, 60, 90 and 120 juveniles (drained weight from 0.5 to 1.0 g) were randomly stocked. Shrimps
were produced through reproduction in laboratory accordingly to methods cited in Marchiori (1996),
Cavalli ez a/. (1997) and Wasiclesky (1999).

Shrimps were fed once at evenings with shrimp grow-out ration (Sibra?) at an initial feeding rate of
10% of total biomass, decreasing until a rate of 4% in the end of the expetiment. Temperature, salinity,
pH and dissolved oxygen were monitored daily. |

Fach pen was seined every 15 days to collect a sample of 20 shrimps, which were drained weighed
to the nearest 0.01 g, until the 90" day of experiment, when survivors were counted. Immediately after
sampling, shrimps were returned to their respective pené. Final weights and survivals in different replicates
were submitted to variance analysis (ANOVA), regarding the necessary premises, and since no statistical
differences (P>0.05) were found, replicates were grouped. Afterwards, mean data among treatments
were also submitted to ANOVA in order to detect possible differences. Whenever statistical differences
(P<0.05) were found, the Tukey test was applied. Based on these results, the mean biomass for each

stocking density was then estimated.

Results

The mean physical-chemical parameters daily measured in water experiment were: Temperature
25.1°C; salinity 18.2; pH 8.01 and dissolved oxygen 6.01 mg/L.

Regression lines for pink shrimp growth was estimated based on drained weights and fit to the least
square model, as shown in Figure 1.

The week growth rates (g/week) for each density wete 0.59 (30/m?), 0.46 (60/m?), 0.38 (90/m?)
and 0.33 (120/m?), thus demonstrating an inhibitory effect (P<0.05) of stocking density over growth.
The daily growth coefficient (DGC) for each stocking density were 1.24 % (30/m?), 1.09 % (60/m?),
0.97 % (90/m?) and 0.89 % (120/m?), showing a similar pattern of the week growth rate. In spite of a
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lower growth, in the end of culture, the mean biomass within pens significantly increased (P<0.05) in
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function of higher densities, due to a statistically similar survival among treatments (Table I).
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Figure 1: Growth of pen reared pink shrimp F. panlensis javeniles stocked at densities of 30, 60, 90 e 120 animals /m? (data adjusted to
‘ the least square model).

Table I: Initial number (IN), mean final number (FN), survival (8), initial weight (IW), mean final weight (FW) and mean final biomass (B)

Density IN FN S (%) W FW B (g/m?)

30/m? 30 28 898.8* 0.75+0.21% 8.28+x0.61% 231.8+22.14
60/m? 60 57 895.04 0.72x0.16% 6.57+0.718 374.5+27 .58
90/m? 40 81 90.04 0.76+0.16% 5.69+0.685° 460.9+39 .4°
120/m? 120 103 85.84 0.76x0.16* 5.02x0.61° 517.1+43.2°
Probability - - - 0.861 0.000 0.000

of pen reared pink shrimp F. panlensisjuveniles stocked at densities of 30, 60, 90 e 120 animals/m?. Data represent mean values
Z SD. Similar letters indicate statistically similar means (P>0.05).

Discussion

Variations of pen water quality during the experiment are in accordance with the normal growth
range for the species, therefote presented no deleterious effect on both growth and survival of reared
shrimp, according differents experiments cattied out by Wasielesky (1999).

As eatly mentioned the trend of higher stocking densities had been to affect survival. Ravichandran
et al. (1980), rearing Penaens monodon (Fabricius, 1798) at densities of 2.5, 5, 7.5, 10 and 15 animals/m?
only detected higher mottality (70%) at 15 animals/m?2 Not likewise, Sandifer ¢f 4/ (1987) working with
L. vannamei in ponds stocked at densities of 10, 20 and 40 shrimp/m?* found survivals of 66.3, 68.0 and
63.3%, respectively. Once most authors found great vatiability in the results for different cultured
species, survival may not be affected by the variable density, once either in ponds as in pens shrimp can
use the substrate as shelter, butying themselves to get protection against adverse environmental conditions,
like it is cannibalism.,

On the other hand, when rearing structures that lack in substrate are used, such as tanks and cages,
the stocking density seems to exert a more significant effect on the survival rate of cultivated shrimp.
For example, when working with nursery cages for P. monodon at densitics of 72, 144, 288, and 423
juveniles/m?®, Rodriguez e a/ (1993) registered survivals of 91.7, 90.8, 82.1 and 69.1%, respectively.
Similar results were found by Scardua (1998) when rearing F. paulensis in cages at densities of 50, 100

and 150 shrimp/m? In this case, respective survival percentage were 94.3, 62.5 and 57.7. In the present
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research, even at the highest stocking density (120/m? a high survival rate was obtained (85.8%).

Contrary to survival, penaexd shrimp' growth rate is a parameter highly affected by the stocking
density. There is almost an agreement among researchers: the higher the density, the lower the growth
rate. In fact, in the present study it was observed that growth of F panlensis juveniles was negatively
affected by the stocking density. Apud ez @/ (1980) also verified a negative cottrelation between P. monodon
growth rate in function of a higher stocking density. Similar results were found by Aravindakshan e# a/
(1980) when rearing Fennergpenaeus indicus Milne Edwards, 1837) in cages, where a growth rate reduction
of 60% took place, at the density of 40 shrimp/ m?, in comparison to lower densities (5 and 10/m?).

With regard to the potential of F paulnsis grow-out in alternative structures (pens and cages) at
Patos Lagoon estuary, this study data demonstrates feasibility and good performance in comparison to
other species.

Another fundamental parameter to be considetred by a shrimp farmer is the final biomass, once it
refers to the total production at harvest. It is determined in function of shrimp survival and mean final
weight. Most papers on cage aquaculture suggest the use of higher stocking densities (from 30 to 150
shrimp/m?) if compared to conventional ponds.

As an example of this fact, when Martinez-Cordova (1988) stocked Litapenaens stylirostris (Stimpson,
1874) in tloating cages at a density of 100 shrimp/m? for 105 days, a net productivity of 411g/m?was
obtained. An even better productivity with floating cages was achieved by Walford and Lam (1987)
working with F zndicus at 80 shtimp/m?, when 112 days after nursety resulted of 600 g/m?2 Although
the present study lasted only 90 days, the pen densities of 90 and 120 shtimp/m? resulted in a net of 460
and 517 g/m? respectively. The density of 60 shrimp/m? resulted in mean final biomass of 374.5 g/m?,
however Jorgensen (1998) with the same experimental conditions and species obtained only 116.4 ¢/m?>
In spite of the good performance of F. panlensis in this wotk, other penaeid may present even better
results in terms of productivity at high densities. Wyban ez a/ (1989) can here be cited for rearing L.
vannamer at stocking densities of 45,75, 100 and 150 shrimp/m? where net productivity of 710, 1710,
1600 and 1910 g/m?* were obtained, confirming not only the excellent zootechnical performance of the
species but also the penaeid potential to be stocked at high densities.

Taking into account the little number of published works regarding commercial scale pens, the
biomass produced within this system point to a promising use in carcinoculture. As an example, there
are the works of Samaranayake (1990), in which P. zonodon averaging 2 g was stocked at 4 shrimp/m? in
a 0.18 ha pen, and resulted in survival of 70.8% and a total production of 719.4 Kg/ha in 120 days of
culture; the wotk of Lumare (1982) with Marsupenaens japonicus (Bate, 1888) initially averaging 0.2 g, In
two 0.1 ha pens, which resulted in 364.3 and 373.5 Kg/ha in 113 and 141 days of culture, respectively;
and the wotk of Whasielesky (2000), in which E pantensis averaging 0.18 g was stocked at 7.5 shtimp/m?
and resulted in mean final weight of 9.05 g and survival of 82.5%, reaching a net production of 560.3
kg/ha in 100 days of cultute. These data also support that F. paniensis presents good performance in
commercial scale structutes.

Conclusion drew from results described in this paper made clear the inverse effect of stocking
density upon pen reared F paulensis growth rates. However, the species grow-out at high densities, for
relatively long periods, can produce a similar, or even higher, cultured biomass than those registered for
other penacids. Being so, F. pasnlensis may be cultured in pens stocked at high densities by Patos Lagoon

artisanal fishermen, as a means of supplementing their precatious income.
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