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Abstract
We evaluated the effect of stocking size on growth performance, biomass, production, yield, and survival of the

caridean shrimp Macrobrachium americanum, a freshwater prawn, cultured in cages held in a pond system. The
experiment was conducted using 15 cages of 3 m3 placed inside an earthen pond of 1,422 m2 or surface area. Seventy-
five prawns were stocked for 180 d at sizes of 5, 15, 25, 35 and 45 g, and the initial stocking density was adjusted to 1.7
individuals/m3 for all size groups. Growth performance, biomass, production, yield, and survival were significantly
affected by stocking size. The mean final weight fluctuated from 21.3 g for the 5-g stocking size to 82.1 g for the 45-g
stocking size, whereas prawns initially stocked at 35 g obtained a biomass of 277.8 g and at 45 g obtained a biomass
of 246.3 g and a yield >82.0 g/m3. The specific growth rate decreased with stocking size from 0.78%/d for the 5-g
group, to 0.33%/d for the 45-g group. Annual production fluctuated from 28.0 kg/ha for the 5-g group to 88.7 kg/ha
for the 45-g group, and yield was from 560.0 kg/ha for the 5-g group to 1,640 kg/ha for the 45-g group. Survival varied
from 80.0% for the 5-g group to 60.0% for the 45-g group. The results showed that prawn production in caged-pond
systems cultured at lower stocking sizes during the juvenile-adult phase is feasible.
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EFFECT OF STOCKING SIZE ON CARIDEAN SHRIMP 431

Caridean shrimp M. americanum, a freshwater prawn, are
distributed in western basin rivers from the Gulf of Califor-
nia, Mexico, to northern Peru and the Galapagos and Cocos
islands (Holtschmit 1988). Several native species of the genus
Macrobrachium such as M. tenellum and caridean shrimp have
a high potential for aquaculture (Ponce-Palafox et al. 2002).
Caridean shrimp is a large species that reaches up to 23.5 cm
in total length (Kensler et al. 1974), that ensures a significant
commercial value throughout its range. This freshwater prawn
can reach a total length of 30 cm and a total weight up to 250 g in
natural conditions. In addition, it has a thin shell, good presen-
tation, and acceptable flavor (Ponce-Palafox et al. 2002). Many
studies on the technological aspects for caridean shrimp culture
have been conducted. For example, there are reports on larvae
and postlarvae rearing under laboratory conditions (Monaco
1975; Holtschmit and Pfeiler 1984), its development and repro-
duction in controlled systems (Garcı́a-Guerrero 2009; Garcı́a-
Guerrero 2010), the rearing of prawn juveniles under labora-
tory conditions (Arana-Magallón and Ortega-Salas 2005), and
the adaptation of wild juveniles to culture conditions (Smither-
man et al. 1974; Garcı́a-Guerrero and Apun-Molina 2008). Fur-
thermore, the feasibility of polyculture has been tested with
red tilapia (Mozambique Tilapia Oreochromis mossambicus ×
Wami Tilapia O. urolepis) in recirculating aquaculture systems
(Rojo-Cebreros et al. 2013). However, studies on the growth of
juvenile M. americanum in earthen ponds and cage systems are
scarce (Smitherman et al. 1974; Arana-Magallón 1977). The
objective of this study was to evaluate the effect of stocking
size on growth performance, biomass, production, yield, and
survival of caridean shrimp reared in a cages in an earthen pond
system.

METHODS
Local and experimental structure.—The experiment was

conducted in an earthen pond (1,422 m2 surface area) located
at the San Cayetano Aquaculture Center, Fisheries Department,
Nayarit State Government (21◦27′24.23′′ N; 104◦49′29.67′′ W),
where 15 bottom cages, each with a capacity of 3 m3 (3 × 1 ×
1 m high), were utilized. The cages were built with polyethylene
mesh (0.7-mm diameter) and iron frames. Circular trays (50-cm
diameter) made of polyethylene screen were used as feeders and
fixed inside the cages, as well as synthetic mesh (raffia bags)
as refuges. The cages were tied to stakes, placed on the pond
bottom at a depth of 1 m, and covered with a polyethylene screen
to avoid predators and prawn escape. Water exchange (5% of
the pond water) was performed nightly from 1900–2100 hours
to assure adequate water circulation.

Water parameters.—Water temperature and dissolved oxy-
gen (Yellow Springs Instruments YSI-85) were measured twice
daily (0900 and 1700 hours) inside the cages. Water trans-
parency (Secchi disk) and pH (Bernauer F-1002) were measured
daily. Samples of water were collected twice daily (0900 and
1700 hours) for 1 month at the water subsurface and inside the

cages to determine alkalinity, ammonia (N–NH4
+ ), nitrite (N–

NO2), nitrate (N–NO3), and total phosphorous (total P). All the
analyses were conducted using a YSI 9000 photometer (Yellow
Springs Instruments) according to APHA (2005).

Experimental procedures.—We stocked 75 caridean shrimp
of different sizes (5, 15, 25, 35, and 45 g) in 15 cages (1.7
shrimp/m3 or 5 shrimp/cage) using a completely randomized
design with three replicates per tested stocking size. Animals
were fed twice daily with a commercial diet (Nutripec Camaron-
ina XT, Agribrands, Purina, Mexico; 35% crude protein was 8%
lipid and 12% moisture; size was 2–2.5 mm × 6–7 mm). The
daily feed ratio was gradually adjusted from 5% at the beginning
of the experiment to 2% at the end of the experiment, based on
demand and after monitoring the feeding trays. All prawns were
weighed and measured monthly to evaluate growth and to adjust
the amount of feed supply.

After 180 d of culture, the prawns were individually counted,
measured and weighed to determine mean final length (cm),
mean final weight (g), weight gain (g/week), biomass (g), pro-
duction (g/m3), yield (kg/ha per year), specific growth rate
(SGR;%/d), feed conversion ratio (FCR;%) and survival (%),
where FCR (%) = total dry feed (g)/ total wet weight gain (g)
and SGR (%/d) = 100 × [(logeW2 − logeW1)/t2 − t1)], where
W2 and W1 are mean body weights (g) at times t2 and t1 (d).

A regression analysis was applied for each growth rate versus
final weight and production versus stocking size relationship of
all caridean shrimp (Bhujel 2008). The relationships between
final weight versus growth rate and stocking size versus produc-
tion produced the following quadratic equation:

Production = β0 + β1d + β2d2, (1)

where β2 is a quadratic coefficient (other than 0), β1 is the linear
coefficient, β0 is the intercept, and d is density (Bhujel 2008).

The maximum density (dmax) is

dmax = β1/2β2, (2)

where dmax = maximum density. Maximum production is

Productionmax = β0 + (β2
1/2β2) − (β1/2). (3)

Final optimum weight for growth (WoptGR) was calculated
from the first-order derivative of the parabolic regressions (i.e.,
when dGR/dW = 0; Bhujel 2008). In addition, optimum stock-
ing size for growth (SSoptB) was calculated from the first-order
derivative of the parabolic regressions (i.e., when dB/dSS = 0).

Statistical analysis.—Prawn performance data were ana-
lyzed using Kolmogorov–Smirnov two-sample and Bartlett’s
tests to assess normality and homoscedasticity, respectively.
Because the requirements of these tests were satisfied by both
shrimp performance and water quality data, a paired t-test was
used to compare the morning and afternoon means of the water
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432 PONCE-PALAFOX ET AL.

TABLE 1. Mean ( ± SE) pond-water variables measured in the pond system
used to culture caridean shrimp during a 180-d trial period. Within a row,
different letters indicate significant differences (P < 0.05).

Water variables Morning Afternoon

Temperature (◦C) 27.0 ± 1.2 z 28.8 ± 1.2 z
pH 8.5 ± 0.2 z 8.6 ± 0.1 z
Secchi disk transparency (cm) 82.5 ± 0.5
Dissolved oxygen (mg/L) 8.2 ± 1.6 z 8.6 ± 0.6 z
Alkalinity (mg CaCO3/L) 110.0 ± 0.90 z 135 ± 1.3 y
N-NO3 (mg/L) 1.58 ± 0.15 z 1.32 ± 0.35 z
N-NO2 (mg/L) 0.55 ± 0.07 z 0.42 ± 0.09 z
N-NH3 (mg/L) 0.19 ± 0.05 z 0.15 ± 0.08 z
P total (mg/L) 0.56 ± 0.09 z 0.38 ± 0.10 y

variables. All data from all treatments were subjected to one-
way analysis ANOVA (Montgomery 2012), where significant
main-factor effects were identified; differences among treat-
ments were tested using Tukey’s multicomparison test. The re-
sults were evaluated at the 5% significance level. Values ex-
pressed as percentages were square-root-arcsine transformed
prior to analysis but presented as nontransformed for easier re-
view. The analyses were conducted using Statistica package v10
(StatSoft, Tulsa, Oklahoma).

RESULTS
There were no differences in measured water quality met-

rics among the treatments. During the summer, water tempera-
ture remained at approximately 27.9◦C. During the cold season,
mean temperatures were 26.4◦C in November and 25.0◦C in

FIGURE 1. Monthly mean weight of caridean shrimp cultured at different
stocking sizes in cages held in a pond system during a 180-d trial period.

December, and a minimum gradient was registered. The dis-
solved oxygen values were higher during the grow-out phase
(9.2–9.6 mg/L). Values for pH oscillated slightly and remained
close to 8.5. The remaining water metrics remained stable during
morning and afternoon sampling events (Table 1).

There were significant differences (P = 0.02) in the mean
final weight among treatments (Figure 1; Table 2). The 35 g and
45 g groups obtained the highest mean ( ± SE) values (76.1 ±
7.3 g and 82.1 ± 9.7 g, respectively). A significant increase
(P = 0.03) in SGR was observed for the 5 g (0.78 ± 0.04%/d)
and 15 g (0.66 ± 0.07%/d) groups compared with the other

TABLE 2. Mean ( ± SE) values of growth performance (GR = growth rate, SGR = specific growth rate, FCR = feed conversion rate), biomass, production, and
survival in a pond system where different stocking densities of caridean shrimp were cage-cultured. Within a row, different letters indicate significant differences
(P < 0.05).

Stocking size (g)

Parameters 5 15 25 35 45

Initial length (cm) 6.6 ± 0.2 9.6 ± 0.1 10.7 ± 0.1 11.8 ± 0.1 13.8 ± 0.1
Initial weight (g) 5.0 ± 0.9 15.0 ± 1.8 25.0 ± 2.2 35.0 ± 3.1 45.0 ± 3.3
Final length (cm) 11.9 ± 1.2 x 15.5 ± 2.4 y 15.7 ± 1.9 y 16.8 ± 2.2 zy 18.0 ± 3.5 z
Final weight (g) 21.3 ± 2.6 x 52.1 ± 7.1 y 63.2 ± 8.2 y 76.1 ± 7.3 z 82.1 ± 9.7 z
Biomass (g) 85.2 ± 7.1 w 208.4 ± 6.2 x 230.7 ± 6.0 y 277.8 ± 5.9 z 246.3 ± 5.2 y
Production (g/m3) 28.0 ± 9.1 x 69.3 ± 6.9 y 73.5 ± 5.1 y 88.7 ± 6.5 z 82.0 ± 4.8 z
Annual yield

(kg/ha)
560.0 ± 19.7 x 1,386.0 ± 37.8 y 1,470.0 ± 29.9 y 1,774.0 ± 11.3 z 1,640.0 ± 15.2 z

Daily length gain
(mm/d)

0.30 ± 0.02 z 0.33 ± 0.04 z 0.27 ± 0.02 y 0.28 ± 0.01y 0.23 ± 0.03 x

GR (g/week) 0.63 ± 0.10 x 1.45 ± 0.11 y 1.49 ± 0.09 y 1.62 ± 0.05 z 1.48 ± 0.10 y
SGR (% /d) 0.78 ± 0.04 z 0.66 ± 0.07 y 0.50 ± 0.08 x 0.42 ± 0.05 x 0.33 ± 0.06 w
FCR 1.7 ± 0.1 z 1.6 ± 0.2 z 1.8 ± 0.1 z 1.9 ± 0.3 zy 2.2 ± 0.2 y
Survival (%) 80.0 ± 2.5 z 80.0 ± 2.0 z 73.0 ± 1.3 y 73.0 ± 1.6 y 60.0 ± 2.1 x

D
ow

nl
oa

de
d 

by
 [

Je
sú

s 
T

. P
on

ce
-P

al
af

ox
] 

at
 1

6:
59

 1
7 

Se
pt

em
be

r 
20

14
 



EFFECT OF STOCKING SIZE ON CARIDEAN SHRIMP 433

TABLE 3. Equations and allometric factors (b) obtained in caridean shrimp
cultured at different stocking sizes in cages held in a pond system.

Treatment b a
(g) (slope) (intercept) r2

5 2.2559 0.0805 0.9819
15 2.4329 0.0700 0.9617
25 2.4354 0.0788 0.9792
35 2.1841 0.1581 0.9727
45 2.387 0.8660 0.9777

treatments. The same significant trend (P = 0.04) was observed
for the growth rate, biomass, production, yield and FCR for the
35-g and 45-g groups, which obtained the higher values. The
lower FCR and was observed for the 5-g (1.7 ± 0.1) and 15-g
(1.6 ± 0.2) groups. The same stocking density groups exhibited
higher survival (80.0 ± 2.5%) at the end of the experiment.

Values for fitting the length–weight equation for each stock-
ing size are presented in Table 3, showing a high correlation
(r2 > 0.96) for all groups. The resulting parabolic regressions
(Figure 2) indicated that the optimum final weight for maximum
growth increased with harvest size and was estimated to be 76 g.
For the stocking size and production relationship (Figure 3), we
found that the optimum for maximum production increased with
stocking sizes up to 35 g and was estimated (mean ± SE) to be
88.7 ± 6.5 g/m3 (P = 0.01). Because space did not increase in
a cage, growth ceased when the maximum production reached
approximately 88.7 ± 6.5 g/m3 (or 1,774.0 ± 11.3 kg/ha per
year, extrapolating), and final density was 1.4 individuals/m3

(Table 4).

FIGURE 2. Changes in the growth rate (GR) of caridean shrimp cultured cages
held within a pond system. The line represents the least-squares second-order
polynomial fit to the data: GR = −0.0004W2 + 0.0537W − 0.3254. Error
bars = 1 SE; n = 10 for each data point.

FIGURE 3. Changes in the production (P) due to the different stocking size
(SS) of caridean shrimp cultured in a caged-pond system. The line represents
the least-squares second-order polynomial fit to the data: P = −0.1964SS2 +
13.441SS + 28.918. Error bars = 1 SE; n = 10 for each data point.

DISCUSSION
All the measured variables fell within the recommended

range for the cultivation of freshwater prawns (New 2002).
The temperature dropped during November December, coin-
ciding with a reduction in the growth rate, probably inducing a
decrease in prawn feed intake. Caridean shrimp tolerate a wide
range of varying environmental conditions (Ponce-Palafox et al.
2002), but among all the measured environmental variables, only
the temperature seemed to have a direct influence on caridian
shrimp performance. The water quality was appropriate for the
growth rate, biomass, production, yield, and survival achieved
in this work.

The results showed that the culture of caridian shrimp in a
caged-pond system is a production alternative for this species at
the tested stocking size. The daily water exchange was a useful
culture tool to improve its growth, even at the limited production
surface area, which agrees with several reports for giant river

TABLE 4. Density of caridean shrimp cultured at different stocking sizes in
cages held within a pond system. Superscript values were obtained by extrapo-
lating the power equation, adjusting the weight (W) density = 87.992 W−0.998;
R2 = 0.9998.

Weight (g) Density (shrimp/m3)

5 17.7
15 5.9
25 3.5
35 2.5
45 2.0
55 1.6a

65 1.4a

75 1.2a

85 1.0a

95 0.9a

aDensities of <2 shrimp/m3 were counted as 1 shrimp/m3, for practical purposes.
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434 PONCE-PALAFOX ET AL.

prawn M. rosenbergii (D’Abramo et al. 2000; Cuvin-Aralar
et al. 2007). Most of the studies related to growth for caridian
shrimp were performed with postlarvae and early juveniles un-
der laboratory conditions (Garcı́a-Guerrero and Apun-Molina
2008), adjusting an initial density of 98–196 individuals/m2 (up
to 2.7 g in weight). The mean weight obtained in this work
after 120 d of culture (51.0 g) is higher than that obtained by
Rojo-Cebreros et al. (2013) for caridian shrimp (41.2 g) in clear-
water plastic tanks, with an initial density of 5 individuals/m2 at
25.3 g stocking size. The growth rate registered for the 5-g group
(0.30 mm/d) is similar to that found by Arana-Magallón and
Ortega-Salas (2005) for 2-g juveniles (0.36 mm/d) for the same
prawn species cultured in laboratory conditions with clear wa-
ter at 33◦C. However, the growth rate is higher than the growth
rate of 0.1 mm/d found by Holtschmit (1988). The differences
exhibited among these studies can be partially explained by the
differences in the culture conditions, such as food, stocking size,
and the type of culture system.

Arana-Magallón and Ortega-Salas (2004) found that post-
larvae growth of 2–3 g weight was isometric (3.02–3.05); in
our study, the allometric growth condition (2.89) was reached
with animals from 5 to 85 g, demonstrating that the prawns
presented relatively good growth for all stocked sizes. How-
ever, when analyzing the relationship per each stocking size,
the slope of the length–weight relationship decreased (Table 2),
possibly indicating a change in condition caused by a varia-
tion in growth rate. The best growth condition was presented in
stocking sizes of 15 g and 25 g. By comparing the length growth
of caridian shrimp from this work with that reported by Murthy
et al. (2013) for giant river prawn, it is possible to conclude
that caridean shrimp grow faster (0.33 mm/d) but acquire less
weight (0.23 g/d) than the giant river prawn (0.31–0.33 g/d).

The lowest survival (60%) recorded in the 45-g group was
due to the smaller space of the cages and greater initial biomass.
It is possible that the reduction in survival, growth rate and
specific growth rate were attributable to the intensity of com-
petition for food and space, which is a reported characteristic
in this species (Garcı́a-Guerrero and Apun-Molina 2008). It is
well known that freshwater prawns of the genus Macrobrachium
show territorial behavior (New et al. 2000), and at high density
storage, even when food is available, growth may be negatively
affected due to stress caused by aggressive behavior (Wick-
ins and Lee 2002). The negative effect of crowding on growth
rates in crustacean culture systems has been previously reported
(D’Abramo et al. 1989, 2000; Ranjeet and Kurup 2002). At
high densities, the stress level is higher, causing the prawn to
become more sensitive to environmental changes and increasing
mortality (Marques et al. 2010). The trend of reduced growth
and survival with increasing densities is consistent in this work.
Survival generally tends to be high at low densities. We found
that the absolute potential growth rate did not increase in direct
proportion to the increase in weight of the prawn, rather at a
slower rate. This indicates that the relative growth rate, that is,

the growth per unit weight, decreases with the increase in the
weight of the prawn.

New (1988) reported a FCR of 1.8–3.0 for giant river prawn
in pond culture systems. This may be acceptable using dry di-
ets. The FCR of caridian shrimp (1.6–2.2) we found agree with
those found by Siddique et al. (1999) in pond culture systems
for giant river prawn (1.73–2.12) cultured at low density (1.5
individuals/m3). The presence of feeders (trays) in cages im-
proved the FCR. In addition, the apparent FCR for prawns was
significantly better in the lowest stocking size and had a ten-
dency to increase with increasing stocking size.

Cabrera et al. (1979) found that caridian shrimp showed a
growth rate lower than that exhibited by giant river prawn and
longarm river prawn M. tenellum under laboratory conditions.
Arana-Magallón and Ortega-Salas (2005) found that caridian
shrimp requires a substrate and a vertical space to increase
growth after reaching a weight of 2 g. Garcı́a-Guerrero and
Apun-Molina (2008) suggested that prawn juveniles can be suc-
cessfully grown in captivity, although lower densities should be
used. The density we used was low (1.7 org/m3); however, the
growth rate was influenced by weight, biomass, and production
by means of a stocking-size parabolic relationship (Figures 2,
3). The maximum growth rate was obtained at 76 g, and max-
imum production was found in a stocking size of 35 g; this
suggests that culturing can begin with a stocking density of 17.7
org/m3 of animals weighing 5 g (Table 4) and ultimately reach a
density of 1 shrimp/m3 with individuals weighing 85 g. Nonethe-
less, according to the market size demand, we recommend an
initial stocking size of 25 g for harvesting individuals of 63 g
in the culture period of this study (180 d). These results show
that caridean shrimp grow best in cages within pond systems
rather than indoor synthetic tanks. Most likely, the presence of
natural food associated with the periphyton and benthos that
developed on the substrate (polyethylene screens), such as the
cage wall and bottom, contributed to the improved growth rates
(Uddin et al. 2006). Finally, the results suggest that the culture
of caridean shrimp caged within pond systems at lower stocking
densities during the juvenile–adult phase is feasible.
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