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Abstract - Studies on the molting cycle of Macrobrachium tenellum are not available, which limits the scope of studies of 
growth and reproduction. The duration of the molt cycle was determined under controlled experimental conditions. The 
prawns were divided into four groups according to weight: Group 1 (1.0–1.9 g), Group 2 (2.0–2.9 g), Group 3 (3.0–3.9 g), 
and Group 4 (4.0–9.0 g). The increase in total weight was higher in groups 2 (23.4%) and 3 (20.3%) than in group 1 (~18%) 
and 4 (~18%). The increase in size after molting among all groups was statistically different: in group 1 it increased 6.1% 
(highest) and in group 2 it increased 2.2% (lowest). The duration of a complete cycle was 8.9, 9.4, 10.4, and 15.1 days for 
groups 1, 2, 3, and 4, respectively. The lengths of the molting cycles were not significantly different between groups 1 and 
2, but group 4 was different from group 1. 
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INTRODUCTION

The life of crustaceans, including feeding, reproduc-
tion, mobilization of reserves, etc., is organized around 
and based on the molt cycle (Vega-Villasante et al., 
2007; Vega-Villasante et al., 2000). According to Drach 
(1939, 1944), molting is not a physiological process of 
limited effects, but profoundly affects the life of deca-
pods. This phenomenon is cyclical, alternating phases 
of relative external rest with others of intense activity 
(Petriella and Boschi, 1997; Ismael and New, 2000). 
Observed morphologic changes in the soft parts of 
the crustaceans allow characterization of the states of 
molting in diverse species. The study of the molt cy-

cle has focused mainly on biological aspects and the 
particular characteristics of each species during molt-
ing. However, it has also been widely studied from the 
standpoint of endocrinal basic and applied studies of 
digestive physiology and the assessment of toxicity 
of certain compounds (Vega-Villasante et al., 2000; 
Gaxiola et al., 2005). It has also been used to establish 
the stages of the cycle in bioassays as a physiological 
parameter of equality between individuals (Rosas et 
al., 1998). In Palaemon serratus, Drach (1939) defines 
four main stages, which are also found in other crus-
taceans: molt or ecdysis (E), postmolt (AB), intermolt 
(C1–C4), and premolt (D0–D4). With the profound 
metabolic changes associated with each stage, Petriella 
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and Boschi (1997) consider the morphological char-
acterization of the molt cycle essential as a prelude to 
the study of growth.

The genus Macrobrachium of the Palaemonidae 
family has been of great research interest, having 
nearly 200 species. It occurs over a wide geographic 
range, and is cultivated in many countries. Fresh wa-
ter shrimps or prawns of the Macrobrachium genus 
are distributed in the tropical and subtropical zones, 
with 26 species in the Americas (Holthuis, 1980). All 
are adapted to freshwater habitats and some occupy 
brackish water. Most of the early stages of develop-
ment take place in the neritic zone (Román-Con-
treras, 1979; Holthuis, 1980; Hendrickx, 1995; New, 
2000). M. tenellum (Fig. 1) has been recommended 
for cultivation because, unlike the majority of spe-
cies, it is not aggressive, does not display much can-
nibalism, and lives at high densities (Ponce-Palafox et 
al., 2006). It also tolerates a wide and fluctuating tem-
perature range (16-32°C; Guzmán, 1987), up to 20 
psu salinity (Hendrickx, 1995; Arroyo and Magaña, 
2001) and oxygen concentrations of 0 to 5.59 mg/L 
(Schiff and Hendrickx, 1997). Experimental cultures 
during summer in coastal tropical zones suggest eco-
nomic advantages for commercial purposes (Vega-
Villasante et al., 2011), yet there are no studies on the 
molting cycle of this species.

Further research, mainly on growth and repro-
duction, requires detailed understanding of the molt 
cycle to manage this species efficiently under com-
mercial conditions. This study provides information 
on the biology of molting and growth in M. tenel-
lum.

MATERIALS AND METHODS

Experimental site

Observations were carried out at the Experimental 
Aquaculture Laboratory of the Centro Universitar-
io de la Costa (CUCOSTA) of the Universidad de 
Guadalajara, located at Puerto Vallarta, Jalisco, Mex-
ico (20°42′19″N, 105°13′16″W), (10 m above mean 
sea level).

Animals

Specimens of 50–90 mm of longarm river prawn M. 
tenellum were captured between June and October 
2010 with a fishnet in an artificial lake fed by a tem-
porary stream that allows the migration of these or-
ganisms from the estuary to this water body (approx. 
6 km). The prawns were classified by weight groups 
and underwent acclimatization for 7 days before 
the start of individual confinement. The sex of the 
prawns was determined when possible, but not taken 
into account in the statistical analysis. The animals 
were fed extruded shrimp food (Purina Camaronina: 
35% protein, 12% moisture, 8% fat, 5% crude fiber, 
10% ash, and 30% nitrogen-free extract). The feeding 
schedule was set at 13:00 h (one feeding each day). 
The food ration was calculated according to 10% of 
the initial biomass.

Experimental design

The prawns were kept in 40 L aquaria. Water quality 
was maintained with filters (Elite 450) which allowed 
recirculation of at least 400% of the total volume of 
water a day. The temperature was set at 28°C with 
a thermostatically-controlled heater (Sunny). Feces, 
molts, and residual food were removed daily. Meas-
urements (temperature, oxygen, pH, salinity, and to-
tal dissolved solids) of the tank water were taken dai-
ly at 14:00 h, using a digital thermometer (Hanna), 
an oxymeter (YSI), a field potentiometer (Hanna), 
and a conductivity meter (YSI), respectively. Partial 
water refills (20%) were done every three days. The 
photoperiod (13 light:11 dark) was the natural pho-
toperiod during the summer and autumn.

 

Fig. 1. Adult male specimen Macrobrachium tenellum.
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Th e prawns were divided into four weight 
groups: Group 1 (1.0–2.0 g), Group 2 (2.1–3.0 g), 
Group 3 (3.1–to 4.0 g), and Group 4 (4.1–9.0 g). 
To determine the stage of molt, the uropods were 
studied under a stereoscopic microscope, using the 
technique described by Oliva et al. (1988) for the 
classifi cation of the molt stages in Farfantepenaeus 
notialis. Individuals whose molt cycle was identi-
fi ed as intermolt (stage C) were confi ned individu-
ally and periodically observed to determine pro-
gression from one stage to another until molting. 
Th e prawns were monitored for three consecutive 
cycles. We recorded the number of days in each 
phase of the cycle, as well as size and weight before 
and aft er molting. All observations were conducted 
with fi ve replicates. 

Growth (total wet weight in g; TW) in the post-
molt (stages A-B) was expressed as the percentage 
of increase in weight in relation to the weight in 
premolt (stages D0-D3). Growth = (TW in post-
molt − TW in premolt)/(TW in premolt) × 100. Th e 
increase in size (total length in mm; TL) was de-
fi ned as the diff erence between length of the post-
molt and length recorded in premolt. Th e weight of 
prawns was determined using a three-digit labora-
tory scale (OHAUS) and length was measured with 
a vernier ruler (from the tip of the telson to the tip 
of the rostrum).

Statistical analysis

Growth parameters (wet weight and total length be-
fore the molt, wet weight and total length aft er the 
molt, wet weight and total length gain between molts, 
wet weight and total length gain, and specifi c growth 
rate) and total days between molts, were compared 
with one-way ANOVA, previous tests of normal-
ity (Kolmogorov-Smirnov; α = 0.05) and assuming 
homoscedasticity (Bartlett; α = 0.05). All statistical 
analyses were performed using SigmaStat 3.1 (2004). 
Th e data on percentage increase in weigth and length 
were analyzed by arcsine square root transformation 
(Zar, 1984). Signifi cant diff erences between treat-
ments were determined by Tukey’s multiple compar-
isons test (α = 0.05).

RESULTS

Th e diff erence in percentage increase in length af-

Fig. 2. Duration (days) of Macrobrachium tenellum molting cycle 
per group. Numbers to the right of each bar indicate the mean 
days for stage of molting. Th e values on the bars represent the 
total cycle time per group. Th e vertical lines in each bar repre-
sent standard deviation. Diff erent superscripts show statistically 
signifi cant diff erences between groups (p <0.05).

Fig. 3. Duration (percentage) of the molt cycle of Macrobrachi-
um tenellum. Th e rings represent the full cycle per group. Th e 
numbers indicate the percentage of the total length of the cycle 
stage.



654 S. YAMASAKI-GRANADOS ET AL.

ter the molt for each weight group was statistically 
significant. Maximum growth occurred in group 1 
(6.1%) and the minimum in group 2 (2.2%). The 
duration of a complete cycle was 8.9, 9.4, 10.4, and 
15.1 days for groups 1, 2, 3, and 4, respectively (Fig. 
2). There were no significant differences between 
groups 1 and 2, with less than a day apart in the du-
ration of a cycle. Between groups 4 and 1 there were 
statistical differences in the length of molt cycles; 
group 4 was almost twice as long. Generally, the 
duration of the stages in the molt cycle increased 
with the increase in size (Fig. 3). In all cases, stage 
C was longer (53–57%) and stages A-B the shortest 
(13–17%). Stage D was 30-34% of the cycle. Group 
4 had the longest intermolt and shortest premolt, 
while the opposite occurred in group 1. The aver-
ages of the physical and chemical parameters were: 
pH (7.8 ± 0.5), temperature (28.1 ± 0.8 °C), oxygen 
(4.0 ± 1.2 mg L–1), salinity (0.2–0.4 psu), and total 
dissolved solids (230.2 ± 7.6 mg L–1).

DISCUSSION

These results are the first report of the length of stag-
es of the molt cycle of the longarm river prawn M. 
tenellum under controlled conditions. The molting 
cycle in the laboratory provides a close approxima-
tion, not an accurate one, since experimental condi-
tions and food are different and limited compared 
to natural environmental conditions (Reyes-Ávalos 
and Luján-Monja, 2003). Although information 
on natural conditions of temperature, oxygen, pH, 
and salinity have been published (Guzmán-Arroyo, 
1987; Ruiz-Santos, 1988; Schiff and Hendrickx, 1997; 
Signoret-Poillon and Soto, 1997; Ponce-Palafox et 
al., 2002), most of these measurements have been 
determined in the field in very specific areas (Guz-
mán-Arroyo, 1987; Ruiz-Santos, 1988; Hernández 
et al., 2007) and few studies have been conducted 
in captivity (Aguilar-Juarez, 1995; Hernández et 
al.,1995; Hernández et al., 1996; Signoret-Poillon 
and Soto, 1997; Aguilar et al., 1998). In our study, 
the parameters were approximately the conditions 
that occur in the central mainland coastal area of 
Mexico during the summer and early autumn. This 
set of conditions may not fully assess the maximum 

duration of the molt cycle and subsequent growth. 
Most species of the genus Macrobrachium carry out 
their life cycle moving from brackish water (larva 
and postlarva) to freshwater (juvenile and adult); 
however, there are stable populations in coastal 
brackish water bodies and in freshwater, so it is still 
unknown if there is an optimal range or comfort 
zone for the prawns.

Generally, the molt stages in M. tenellum corre-
spond to those described by Oliva et al. (1988) and 
Promwikorn et al. (2004) in Farfantepenaeus notialis 
and Penaeus monodon, respectively. Visual inspec-
tion of the uropods, using a stereoscopic microscope, 
allowed for the identification of the main sequences 
of molting. However, in groups 1 and 2, this inspec-
tion was extremely complicated because the prawns 
were very small and lacked the tegument coloration 
of prawns (transparent light gray) with slightly pig-
mented chromatophores. Thus, there was potential 
bias in the identification of the change from stage 
C to D and the substages of D. Stage C was, in all 
groups, the one with the longest duration, over 50% 
of the cycle. The cumulative percentage of the vari-
ous substages of D was 30-34% of the cycle, while 
stages A and B lasted only 13-17% of the cycle. In 
other crustacean species, similar results occur. In 
the swimmer crab Ovalipes trimaculatus, Alvarez et 
al. (2009) found that stages A, B, and early C repre-
sent ~19% of the cycle, while later stage C represents 
~55%, and the substages of D represent 23–30%. 
Wickins (1972), in one of the first studies on the molt 
cycle of Macrobrachium rosenbergii, suggested a cycle 
of ~50 days, of which the intermolt represents more 
than 50%. Vega-Villasante et al. (2007) determined 
the duration of molt in different sizes of the crab Cal-
linectes arcuatus, finding that stage C represented 34-
54%, stage D between 35-40%, and stage B between 
10.8-26%.

Other studies highlight substantial differences 
with our study. According to Elorza and Dupré 
(1996), in the Juan Fernández lobster (Jasus fronta-
lis), stage C can last up to 80% of the cycle, while the 
remaining stages are 5.5% and 14.4% (AB and D, re-
spectively). Hayden et al. (2008) found that in larvae 
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of M. amazonicum, the intermolt is 30-40% of the 
total cycle (3-4 days at 21°C and 1 to 2 days at 29°C). 
These results are obviously related to the larval stages 
in the exponential phase of growth.

In the river shrimp Cryphiops caementarius, 
duration of the molt cycle in adult females is about 
30 days, of which 63-73% correspond to stage D, 
10-19% to stage C and 16-17% to stages AB (Reyes-
Avalos et al., 2002; Reyes-Avalos and Luján-Monja, 
2003). Molina et al. (2000) reported that juvenile 
Litopenaeus vannamei have a molt cycle of 11.03 ± 
1.13 days, with stage D representing 50%, stage C is 
33.33%, and stage AB is 16.67%.

The above results highlight the differences be-
tween species and sizes in the duration of the molt 
cycle. With regard to weight gain and size in our 
study, all groups had smaller increases. Perhaps en-
vironmental conditions and food had an adverse 
effect on growth parameters. Variables, including 
density of specimens, type and abundance of food, 
temperature, and absence of shelter, may have an ef-
fect on molting, and therefore, on growth (Peebles, 
1977). The water quality can have significant effects 

on the molting and growth of crustaceans. In the 
case of water hardness, caused mostly by CaCO3, 
the total dissolved solids (270 ± 7.6 mg L–1) may 
by near the maximum permissible limit for culti-
vating aquatic species. According to Wetzel (2001), 
the ideal range of water hardness is 50-200 mg L–1 
CaCO₃, and Wickins (1972) suggests a range of 65-
200 mg L for suitable cultivation of M. rosenbergii. 
New and Singholka (1985) recommend lower levels 
of hardness, 40-100 mg L–1, and Brown et al. (1991) 
report that the maximum growth of juvenile M. 
rosenbergii occurs at <53 mg L–1 and conclude that 
hardness less than the above did not affect growth, 
while higher concentrations did. Howlader and 
Turjoman (1984) state that adverse effects of water 
hardness occur at 688-987 mg L–1 on the growth of 
M. rosenbergii. In the same species, Adhikari et al. 
(2007) found that the highest survival rate (100%) 
occurred at 92 mg L–1 CaCO₃, whereas the lowest 
survival rate (60%) was at (384 mg L–1). The maxi-
mum growth of juveniles (11.6 ± 2.7 mg / day) oc-
curred at 132 mg L–1, while growth was reduced at 
>228 mg L–1. These results show a wide range of 
effects of water hardness on the growth of prawns. 
For M. rosenbergii, suitable ranges of hardness could 

Table 1. Results of wet weight and length gain of the longarm river prawn Macrobrachium tenellum during the molt cycle under labora-
tory conditions.

Group

Growth parameters
1

(1–2 g)
2

(2.1–3 g)
3

(3.1–4 g)
4

(4.1–9 g)

TW before molting (g) 1.43±0.03a 2.39±0.06b 3.73±0.02c 6.78±0.02d

TW after molting (g) 1.70±0.02a 2.95±0.02b 4.49±0.07c 8.03±0.03d

Weight gain between molts (g) 0.03±0.01a 0.06±0.01b 0.07±0.01bc 0.08±0.00c

Weight increase (%) 18.96±3.40a 23.17±3.33a 20.40±2.57a 18.54±0.02ª

Specific growth rate (SGR) 2.00±0.33a 2.40±0.31a 2.14±0.25a 1.96±0.00a

TL before molting (mm) 50.70±0.20a 58.83±0.12b 63.08±0.03c 81.25±0.06d

TL alter molting (mm) 53.84±0.07a 60.13±0.06b 65.52±0.06c 85.50±0.20d

Lenght gain between molts (mm) 0.36±0.02a 0.15±0.01b 0.28±0.01c 0.49±0.02d

Lenght increase (%) 6.19±0.29a 2.21±0.17b 3.87±0.15c 5.23±0.18d

TW = total wet weight; TL = total length.(mean ± S.D). Different superscripts in each row show statistically significant differences be-
tween groups of prawns (P <0.05).
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not be established despite the number of works that 
have been conducted. In the case of M. tenellum, 
there are no similar studies, so it is only possible 
to suggest that increased hardness can lengthen the 
molt cycle and slow growth after ecdysis. To estab-
lish optimal growth conditions for M. tenellum, it 
is necessary to determine the optimal conditions 
of water quality (salinity, pH, temperature, oxygen, 
alkalinity, hardness). Determining the physiologi-
cal comfort zone was the objective of our present 
studies.

Acknowledgments - We thank Ira Fogel of CIBNOR for edito-
rial services. Funding was provided by the Consejo Estatal de 
Ciencia y Tecnología de Jalisco (COECYTJAL grant 06-2009-
661) to support our current research. Additional funding 
was provided by Consejo Nacional de Ciencia y Tecnología 
(CONACYT 2010-156252) and Centro de Investigaciones 
Biológicas del Noroeste (CIBNOR AC2.5). Stig Yamasaki-
Granados is a recipient of a graduate fellowship (grant 77608) 
from CONACYT.

REFERENCES

Adhikari, S., Chaurasia, V.S., Ajaz Ahmad Naqvi and B.R. Pillai 
(2007). Survival and growth of Macrobrachium rosenbergii 
(de Man) juvenile in relation to calcium hardness and bi-
carbonate alkalinity. Turkish J. Fish. Aquat. Sci., 7, 23-26.

Aguilar, M., Díaz, F. and F.L. Bückle (1998). The effect of salinity 
on oxygen consumption and osmoregulation of Macro-
brachium tenellum. Mar. Freshw. Behav. Physiol. 31, 105-
113.

Aguilar-Juárez, M (1995). Efecto de la salinidad sobre el me-
tabolismo respiratorio, excreción nitrogenada y osmo-
regulación en Macrobrachium tenellum de Mulegé, Baja 
California Sur, México. Master’s Thesis, Centro de Inves-
tigación Científica y de Educación Superior de Ensenada 
(CICESE), Ensenada, B.C., Mexico.

Alvarez, J., Véliz, C. and J. Meruane (2009). Estados del ciclo 
de muda de la jaiba nadadora Ovalipes trimaculatus (de 
Haan, 1833) basados en observaciones de la morfología 
externa. Rev. Biol. Mar. Ocean. 44, 217–225.

Arroyo, R.G. and R.L. Magaña (2001). Contribución al cono-
cimiento de las especies de Macrobrachium y Atya con 
especial referencia a los langostinos en el cauce del río 
Baluarte. Bachelor´s Thesis, Universidad Autónoma de 
Sinaloa, Mazatlán, Mexico.

Brown, J.H., Wickins J.F. and M.H. Maclean (1991). The effect 
of water hardness on growth and carapace mineralization 
of juveniles freshwater prawn Macrobrachium rosenbergii 
(deMan). Aquaculture, 95, 329–345.

Drach, P. (1939). Mue et cycle d’intermue chez les crustaces De-
capodes. Ann. Inst. Ocean. Paris, 19, 103-391.

Drach, P. (1944). Etude préliminaire sur le cycle d’intermue et 
son conditionnement hormonal chez Leander serratus 
(Pennant). Bull. Biol. Fr. Belg., 78, 40–62.

Elorza, A. and E. Dupré (1996). Determinación de los estados 
del ciclo de muda de la langosta de Juan Fernández (Jasus 
frontalis Milne Edwards, 1837). Invest. Mar. Valparaíso, 
24, 67–76.

Gaxiola, G., Cuzon G., Garcia, T., Taboada, G., Brito, R., Chimal. 
M.E., Paredes, A., Soto, L., Rosas C. and van A. Wormhoudt 
(2005). A factorial effect of salinity, dietary carbohydrate 
and moult cycle on digestive carbohydrases and hexoki-
nases in Litopenaeus vannamei (Boone, 1931). Comp. Bio-
chem. Physiol. A, 140, 29–39.

Guzmán-Arroyo, M. (1987). Biología, ecología y pesca del langos-
tino Macrobrachium tenellum (Smith, 1871), en lagunas 
costeras del estado de Guerrero, México. Doctoral Thesis, 
Universidad Nacional Autónoma de México, Mexico City.

Hayd, L.A., Anger, K. and W.C. Valenti (2008). The moulting 
cycle of larval Amazon River prawn Macrobrachium ama-
zonicum reared in the laboratory. Nauplius, 16, 55–63.

Hendrickx, M.E. (1995). Camarones. In: Fischer, W., Krupp, F., 
Schneider, W., Sommer, C., Carpenter, K.E. and V.H. Niem 
(eds.), Guía FAO para la identificación de especies para los 
fines de pesca. Pacifico centro-oriental. Vol. 1. Plantas e 
invertebrados, FAO, Rome. Pp. 417–537.

Hernández, R.M., Bückle, R.F. and H.F. Díaz (1995). Preferred 
temperature of Macrobrachium tenellum (Crustacea, Pa-
laemonidae). Rev. It. Acquac. 30, 93–96.

Hernández, R.M. Bückle, R.F. and H.F. Díaz (1996). Critical ther-
mal maximum of Macrobrachium tenellum. J. Therm. Biol. 
21, 139–143.

Hernández, L., Murugan, G., Ruíz-Campos, G. and A. Maeda-
Martínez (2007). Freshwater shrimp of the genus Macro-
brachium (Decapoda: Palaemonidae) from the Baja Cali-
fornia Peninsula, México. J. Crust. Biol., 27, 351-369.

Holthuis, L.B. (1980). FAO Species Catalogue. Vol.1. Shrimps and 
Prawns of the World. An Annotated Catalogue of Species 
of Interest to Fisheries, FAO, Rome.

Howlader, M.S. and A.M.A. Turjoman (1984). Some results of 
rearing giant prawn, Macrobrachium rosenbergii, in oasis 
water of Al-Hassa, Saudi Arabia. J. World Mar. Soc., 15, 
92–94.



Molting of Macrobrachium tenellum 657

Ismael, D. and M.B. New (2000). Biology. In: New, M.B. and W.C. 
Valenti (eds.), Freshwater prawn culture: the farming of 
Macrobrachium rosenbergii, Blackwell Science, Oxford.

Molina, C., Cadena, E. and F. Orellana (2000). Alimentación de 
camarones en relación a la actividad enzimática como 
una respuesta natural al ritmo circadiano y ciclo de muda. 
In: Cruz –Suárez, L.E., Ricque-Marie, D., Tapia-Salazar, 
M., Olvera-Novoa, M.A. and R. Civera-Cerecedo (eds.), 
Avances en Nutrición Acuícola V. Universidad Autónoma 
de Nuevo León, Mérida. Pp. 358–380.

New, M.B. (2000). History and global status of freshwater prawn 
farming. In: New, M.B. and W.C. Valenti (eds.), Freshwater 
prawn culture: the farming of Macrobrachium rosenbergii, 
Blackwell Science.

New, M.B. and S. Singholka (1985). Freshwater Prawn Farming: 
A Manual for the Culture of Macrobrachium rosenbergii. 
FAO Fisheries Technical Paper No. 225, Rev. 1, Rome.

Oliva, M., Fernández I. and L. Ramos (1989). Descripción de los 
estadíos y subestadíos del ciclo de muda en el camarón ro-
sado Penaeus notialis, Pérez Farfante, 1967. Rev. Inv. Mar., 
9, 91–101.

Peebles J.B. 1977. A rapid technique for molt staging in live Mac-
robrachium rosenbergii. Aquaculture, 12, 173–180.

Petriella, A.M. and E. Boschi (1997). Crecimiento en crustáceos 
decápodos: resultados de investigaciones realizadas en Ar-
gentina. Inv. Mar. Valparaíso, 25, 135–157.

Ponce-Palafox, J.T., Arana-Magallon, F.C., Cabanillas-Beltrán, H. 
and H. Esparza-Leal (2002). Bases biológicas y técnicas 
para el cultivo de los camarones de agua dulce nativos del 
Pacífico americano Macrobrachium tenellum (Smith, 1871) 
y M. americanum (Bate, 1968). I Congreso Iberoamericano 
Virtual de Acuicultura, España. Pp. 534–546. http://www.
revistaaquatic.com/civa2002. Accessed 24 April 2011.

Ponce-Palafox, J.T., García-Ulloa Gómez, M., Arredondo-
Figueroa, J.L., Hernández- Ocampo, D., Díaz-Álvarez, J., 
Aldama-Rojas, G. and H. Esparza-Leal (2006). El cultivo 
del camarón de agua dulce Macrobrachium tenellum en 
estanques rústicos. IV Congreso Iberoamericano Virtual 
de Acuicultura, España. Pp. 514-521, http://www.revistaa-
quatic.com/civa2006. Accessed 24 April 2011.

Promwikorn, W., Kirirat, P. and P. Thaweethamsewee (2004). 
Index of molt staging in the black tiger shrimp (Penaeus 
monodon). Songklanakarin J. Sci. Tech., 26, 765–772.

Román-Contreras, R. 1979. Contribución al conocimiento de la 
biología y ecología de Macrobrachium tenellum (Smith) 
(Crustacea, Decapoda, Palaemonidae). Anales del Centro 
de Ciencias del Mar y Limnología, 6, 137–160.

Rosas, C., Martinez, E., Gaxiola, G., Brito, R., Diaz-Iglesia, E., and 
L.A. Soto (1998). Effect of dissolved oxygen on the energy 

balance and survival of Penaeus setiferus juveniles. Mar. 
Ecol. Prog. Ser., 174, 67–75.

Reyes-Avalos, W.E. and H. Lujan-Monja (2003). Estados y sub-
estados del ciclo de muda del Camarón de Río (Cryphi-
ops caementarius Molina, 1872) (Crustacea: Decapoda: 
Palaemonidae). II Congreso Iberoamericano Virtual de 
Acuicultura, España. Pp. 514-521, http://www.revistaa-
quatic.com/civa2003. Accessed 24 April 2011.

Reyes-Avalos, W.E., Pilco-Plasencia, M. and K. Olórtegui-Morales 
(2002). Efecto de la ablación unilateral del pedúnculo 
ocular en la maduración ovárica y en el ciclo de muda de 
Cryphiops caementarius (Molina, 1872) (Decapoda: Pa-
laemonidae) en laboratorio. I Congreso Iberoamericano 
Virtual de Acuicultura, España. Pp. 681-687, http://www.
revistaaquatic.com/civa2002 Accessed 24 April 2011.

Ruiz-Santos, H. (1988). Estudio de la edad y crecimiento del 
langostino Macrobrachium tenellum (Smith, 1871) en la 
laguna de Tres Palos, Gro. Master’s Thesis. Instituto de 
Ciencias del Mar y Limnología, Universidad Nacional Au-
tónoma de México. Mexico City.

SigmaStat (2004). SigmaStat, Advisory Statistics for Scientists. 
SYSTAT Software, Chicago, IL.

Schiff, H. and M.E. Hendrickx (1997). An introductory survey of 
ecology and sensory receptors of tropical eastern pacific 
crustaceans. It. J. Zool., 64, 13–30.

Signoret-Poillon, G. and E. Soto (1997). Comportamiento osmo-
regulador de Macrobrachium tenellum y Macrobrachium 
acanthurus (Decapoda: Palaemonidae) en diferentes 
salinidades. Rev. Biol. Trop., 45, 1085–1091.

Vega-Villasante, F., Cortés-Jacinto, E. and M. Garcia-Guerrero 
(2007). Contribution to the knowledge of moulting and 
growth of Callinectes arcuatus (Brachyura; Portunidae) 
Ordway (1863), in Baja California Sur, Mexico. Crusta-
ceana, 80, 769–778.

Vega-Villasante, F., Martínez-López, E.A., Espinosa-Chaurand, 
L.D., Cortés-Lara, M.C. and H. Nolasco-Soria (2011). Cre-
cimiento y supervivencia del langostino Macrobrachium 
tenellum en cultivos experimentales de verano y otroño 
en la costa tropical del Pacífico mexicano. Trop. Subtrop. 
Agroecosyst., 14, 581–588.

Vega-Villasante, F., Nolasco-Soria, H., Civera-Cerecedo, R., 
González-Valdés, R. and M. Oliva-Suárez (2000). Alter-
nativa para la alimentación del camarón en cultivo: el 
manejo de la muda. In: Cruz –Suárez, L.E., Ricque-Marie, 
D., Tapia-Salazar, M., Olvera-Novoa, M.A. and R. Civera-
Cerecedo (eds.), Avances en Nutrición Acuícola V. Uni-
versidad Autónoma de Nuevo León, Mérida. Pp. 313-320.



658 S. YAMASAKI-GRANADOS ET AL.

Wetzel, J.E. (2001). A production method for freshwater prawn 
in Illinois ponds. Rural Enterprise and Alternative Devel-
opment Initiative Report. Report No.10. USA. Illinois

Wickins, J.F. (1972). Experiments on the culture of the spot 
prawn, Pandalus platyceros (Brandt), and the giant fresh-

water prawn, Macrobrachium rosenbergii (de Man). Fish. 
Inv. Ser. 2, 27,1–23.

Zar, J.H. (1984). Biostatistical Analysis. Prentice-Hall. Upper 
Saddle River, New Jersey.


