
Distribution and growth in adults of Macrobrachium 
acanthurus Wiegmann, (Decapoda, Palaemonidae) 

in a tropical coastal lagoon, Brazil 

Edelti Faria Albertoni 1, 3 

Cleber Palma-Silva 1 

Francisco de Assis Esteves 2 

ABSTRACT. MacrobrachiwlI acalllhurlls Wiegmann, 1836 is a Palaemonidae com­
monly found in Brazilian coastal environments. At Imboassica lagoon, located in the 
north of the State of Rio de Janeiro, it is found in two stages of its life cycle: as larvae 
and as reproductive adults. This work had as its goal the evaluation of adults 
distribution , estimating the weight/length relationship and the condition factor of these 
adults. After sampling in two regions of the lagoon, one interior and another closer to 
the ocean, we verified that females are found in a greater propol1ion close to the ocean. 
and males are found in greater number in the innermost region, amidst the aquatic 
macrophytes , suggesting that the fecundation takes place in this lasi area and the 
females then travel to the area closer to the ocean to spawn. Total and carapace 
weight/length relationship exhibited differences between males and females, presen­
ting positive allometric growth. The relative growth of the cephalotorax related to total 
length showed that it correspond to 53% of the total length in females , and 50% in 
males . The average condition factor was significantly lower than the expected pattern, 
demonstrating that the species does not find ideal conditions in the lagoon. This may 
be attributed to the migration of the adults, to the spawning and/or to the impact caused 
by the frequent sandbar openings that took place at Imboassica lagoon during the 
studied period. 
KEY WORDS. Palaemonidae, Macrobrachiul11 (lean/hurl/s, coastal lagoon, 
weight/length relationship , condition factor 

The genus Macrobrachium Bate, 1868 encompasses species that thrive in 

lotic and lentic env ironments, being found in several aq uatic systems in Brazi l, both 

in freshwater and in mesohaline environments (COELHO & RAMOS-PORTO 1985; 

VALENTI 1985). Studies focusing on different ecological and biological aspects of 

several species have been executed in some areas in Brazil , and among them we 

may under li ne the works of BOND & BUCKUP (1982), LOBAo et at. ([986a, b), 

VALENTI et at. ( [989), BOND-BuCKUP & BUCKUP (1989), MOLLER & PRAZERES 

(1992) a nd MOREIRA & OD INETZ-COLLART ([ 993). 
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Macrobrachium acanthurus is found from North Carolina (USA) to Rio 
Grande do SuI State (Brazil) (BOND-BuCKUP & BUCKUP 1989; CAMACHO et ai. 
1997), being a relatively common species in Brazilian estuaries, reservoirs and rivers 
that are linked to the sea (HaL THUIS 1980; VALENTI et ai. 1987). Its larvae need 
brackish waters for their development (DOBKIN 1970), and it is for this reason 
classified as a coastal continental species by COELHO & RAMOS-PORTO (1985). The 
information about the species in the coast of Rio de Janeiro is composed by a few 
observations by OLIVEIRA (1948) and OLIVEIRA & KRAU (1955), and in recent years 
by ALBERTONI (l998a, b) and ALBERTONI et ai. (1999,2001). 

The main goal of this work was to evaluate the adult distribution of M. 
acanthurus at Imboassica lagoon, and establish the species general conditions in 
this environment, through the determination of the weight/length relationship and 
of the condition factor for it. 

MATERIAL AND METHODS 

Imboassica lagoon is a coastal lagoon, located in the urban area of Macae 
(22°50'S; 44°42'W, Rio de Janeiro State). Its present area is 3.26 Km2

, and a medium 
depth of 1.1 m (PANOS SO et ai. 1998), with a extension of 2 km and width of about 
800 m. This water body was formed by the damming up of the Imboassica river and 
is today isolated from the sea by a sandbar with approximately 50 meters of length. 
This lagoon has been exposed to several human impacts, as the dumping of domestic 
sewage and artificial breachings of the sandbar. These breachings have drastic 
consequences for the ecosystems, since the water level drops considerably and the 
metabolism of the lagoon is altered (FARIA et al. 1998). 

After the sandbar is closed, the lagoon is filled by a mixture of sea water that 
remained in it, freshwater from the Imboassica river, and rain water (PETRU cia 1998). 
Therefore, the lagoon remains mesohaline in the first months after the sandbar 
breaching, and gradually becomes oligohaline (BRANCO 1998), a condition that may 
enhance the egg production and larvae growth for Macrobrachium acanthurus. 

The samplings of Macrobrachium acanthurus took place at Imboassica 
lagoon, in two areas: one close to the sandbar (Station I) and the other in the 
innermost portion of the lagoon (Station 2), in the midst of the emergent and 
submersed vegetation. Dragnets, throwing nets and traps were used, from Decem­
ber/95 to July/97 . The identification of the species followed BOND-BuCKUP & 
BUCKUP (1989). 

As a trap for the capture in the midst of the stands of aquatic macrophytes, 
10 cages were used, and chicken or cow liver was used as bait. The traps were setup 
in the end of the afternoon and after 10 hours, were examined and the captured 
animals were withdrawn. This procedure was followed for three nights in each 
sampling date. After the sampling, the organisms were immediately frozen in ice 
and taken to the laboratory, for the measurement of total length (Lt), from the tip of 
the rostrum to the end of the telson, and the length of the cephalotorax, (Lc), from 
the orbital cavity to the end of the cephalotorax (pachymeter, 0.02 mm). Total weight 
(Wt) (digital scale, 0.01 g) was obtained after they were dried in absorbing paper, 
extracting the excess of water. 
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The weight/total length and weight/ cephalotorax length relationships for 
males and females was determined according to the equations W t = aLt

b, and Wt = 
aLe b where Wt = total weight; Lt = total length; Le = cephalotorax length; a and b 
= constants (BATSCHELET 1978; WEATHER LEY [972; WEATHERLEY & GILL 1987). 
The relative growth of the cepha[otorax in relation to the total length of the organism 
was determined by the linear relationships with adjustments by the origin between 
the cephalotorax growth and the total length , through the equation Le = a Lt, where 
Le = cephalotorax length; Lt = total length , and a = angle of the relationship 
(HARTNOLL 1978; LOBA.o & LONA 1979). 

Throughout the sampling period , 4 sandbar breachings took place (Novem­
ber/95; April/96; November/96 and January/97). At each breaching, the adult 
population of Macrobrachium acanthurus at Imboassica lagoon is intensively 
fished , or dragged to the sea by the water currents. Therefore, for the comparison 
of the potential length/weight relationships obtained in each interval between 
breachings , these relationships were linearized, by logarithmical transformation , 
and compared by a covariance analysis (ANCOY A, SOKAL & ROHLF 1979). The 
same analysis was used in the comparison of the male and female curves. 

The Relative Condition Factor (Kr) was determined according to LE CREN 
(1951), following the equation Kr= WobsiWexp, where Wexp = expected weight, 
establi shed th rough the potential relationship between weight and total length that 
was previously obtained, and Wobs is the observed weight, obtained by the indivi­
dual weighing of the collected organisms. 

The obtained Kr for each animal were divided in two groups, male and female, 
and statistically compared through the Mann-Whitney non parametric test. The 
comparative analysis of the average relative condition factor, obtained for males and 
females, was perfonned by a Student "t" test, which evaluated the difference between 
the expected average, or standard, Kr (= I ), and the averages obtained for each group. 

The abiotic variables measured were temperature, with a digital thermistor, 
salinity, with a refractometer, and depth of the water column , with a ruler. 

RESULTS 

The total of 355 organ isms of M. acanthurus were biometrically ana lyzed, 
231 females and 124 males. Females had a range of variation in their total length 
from 62.8 mm to 119.1 mm, with hi gher freq uencies in the size classes between 90 
and 105 mm, and a mean size of 92.9mm (sd = 10.3). The range of variation of the 
males was [Tom 86.1 to 158.9 mm, with higher frequencies in the size c lasses 
between [to and [40 mm and a mean size of 122.2 mm (sd = 14. [). 

A marked variation was observed in the values of salinity and depth , 
especially due to the sandbar breaching events , and the area closest to the sandbar 
(S tation I ) had the highest salinity values. The dates in which the traps were set up, 
in each sampling month, and the abiotic variables are presented in table 1. 

The distribution of the species in the lagoon showed a difference in the males 
and females proportions between the two stations (Mann-Whitney, p < 0 .00 I ). In 
the area further away from the ocean (Station 2), there was a greater occurrence of 
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males , at the proportion of 0.7 females for each male, with 677 specimens being 
sampled, 389 males and 288 females . In the area closest to the ocean (Station I), 
the females are found in greater number, around four females for each male, with 
464 organisms being sampled, 373 females and 91 males. 

Table I. Sampling dates, deepth of water column (cm), salinity (ppt) and water temperature 
(QC) (St1/St2), (N) no traps. 

Month Traps Date Deepth (em) Satinity (ppt) Temperature ('C) 

Sandbar opening Nov, 02, 1995 
DeC/1995 N 37/30 15/ 14 28/26 
Jan/ 1996 20 a 24 60/60 7/5 29/29 
Feb/1996 26a 30 90/80 1/ 1 29/31 
Mar/1996 22 a 25 901100 010 31/31 
Apr/1996 16a 18 901100 0/0 30/30 
Sandbar opening Apr, 26, 1996 
May/ 1996 N -/20 - /23 -/24 
Jun/ 1996 N 10/15 15/6 24/24 
Jut/1996 1 a 2 20/30 12/5 22/22 
Aug/1996 9 a 12 40/60 10/3 22/22 
Sep/1996 3a5 75/85 6/3 25/24 
OeV1996 1 a 3 130/155 8/2 25/25 
Nov/1996 1 a 3 150/190 0/0 26/26 
Sandbar opening Nov, 16, 1996 
DeC/1996 N - /- -/- -/-
Sandbar opening Jan, 06, 1997 
Feb/1997 N -/20 -/3 - /25 
Mar/ 1997 2a5 25/85 15/1 4 30/27 
Apr/ 1997 3a6 80/100 8/9 24/28 
May/1997 1 a 3 90/105 5/5 27/26 
Jun/ 1997 4a8 80/97 10/2 20/20 
Ju V1997 2a5 100/170 11/0 23/23 

There was no statistically significant difference (ANCOY A, P > 0.05) 
between the different intervals of sandbar breachings, for neither the weightltotal 
length curves or the weightlcephalotorax length curves and a significant difference 
(ANCOYA, p < 0.001) between the curves for males and females. Therefore, the 
results are presented separately for males and females, encompassing the entire 
sampling period. 

The relationship weightltotallength obtained for males (Wt = 0.000003L?27, 
2 3.13 2 . 

r = 0.87) and females (Wt = 0.000006Lt ,r = 0,89) of M. acanthurus (Fig. 1A and 
B), as well as the distribution of occun'ence in size classes, showed that the males reach 
bigger lengths and weights than the females in reproductive age. The coefficients of 
determination were high for both estimates, showing that the exponential model of 
growth in weight describes accurately the weightllength relationship for the adult stage 
of this species. 

The values for the coefficients of growth, 3,13 for females and 3,27 for males , 
showed that the species exhibits, at Imboassica lagoon, positive allometric growth. 
The curves of the weightlcephalotorax length relationship also exhibited coeffici­
ents of growth higher than 3, corroborating the results found regarding the total 
length. For females" the obtained curve was W t = 0,00002Lc

3.30)21, and for males 
W t = 0,00001 Lc34902 
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Fig. 1. Weight/length curves of Macrobrachium acanthurus at Imboassica lagoon. (A) Females, 
(8) males. 

The linear relationships between the cephalotorax growth and the total 
length of males and females determined the following equations: for females , Lc 
= 0.5331 Lt, (r

2 = 0.91) and for males: Lc =0.5043Lt (r
2 = 0.90). These equations 

showed that the cephalotorax length , in the adult stage of M. acanthurus, repre­
sents approximately 50% of its total length, as the relative growth between Lc 
and Lt . 

The results of the Relative Condition Factor (Tab. II) determined for all study 
period were significantly different and smaller than the expected pattern ( 1), both 
for males (0.90) and females (0.89). 

Table II . Student "t' test for comparison in average of M. acanthurus relative condition factor 
(Kr) in the total sampling period, to males and females. (*) p < 0.05, (n) number of organisms, 
(SD) standard deviation. 

Gender 

Females 

Males 

Kr expecled Kr medium observed 

0.8889 

0.9043 

231 

124 

DISCUSSION 

SD 

0.1083 

0.1677 

17.62 • 

4.53 • 

1.97 

2.00 

Macrobrachium acanthurus is found at Imboassica lagoon in two stages of 
its life cycle: larvae and reproductive adults (ALBERTON I et at. 1999). Since it is a 
typical species of coastal areas (COELHO & RAMOS-PORTO 1985), it migrates for 
its reproduction and for hatching. Its larvae must be exposed to an amount of salini ty 
for their development (DOBKIN 1970; JALIHAL et at. 1993), and so the adult males 
and females migrate in the reproductive season, going to mesohaline waters. It was 
observed by ABREU (1980), that this species migrates from the rivers close to the 
bay ofUbatuba (Sao Paulo) to the estuarine areas. 
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At Imboassica lagoon , there is still a link with the Imboassica river, which 
probably allows for the migration of the adults of Macrobrachium acanthurus for 
reproduction and laying of the eggs. This migration probably occurs with the adults 
in the reproductive stage moving from the river, which ends at the lagoon, or from 
areas close to the mouth of this river. At this site, the dense stands of aquatic 
macrophytes may offer abundant shelter and food for juveniles and young adults. 
According ODINETZ-COLLART & MOREIRA (1993), Macrobrachium amazonicltln 
Heller, 1862 growth in macrophyte stands in Amazonian lakes , suggesting that in 
these stands the species finds, as well as shelter against predators, diversified and 
abundant food. 

The obtained results show that the adult population at Imboassica lagoon 
occupies the aq uatic macrophyte stands, both emergent (especially Typha domin­
gensis Pers and Eleocharis mutata (L.) Roem. et Schult) and submersed (Chara 
spp), with, however, different proportions of males and females. In the area closest 
to the ocean (Station 1), where the submersed aquatic macrophytes are sparse and 
the emergent occur only at the margins, the females are found in greater numbers , 
and the opposite is observed in the area further away from the sea, among the 
submersed and emergent macrophytes (S tation 2). This difference suggests that the 
fecundation must occur in the more sheltered habitats, among the aquatic vegetation , 
and that the females migrate to the area closest to the sandbar, searching for waters 
with higher salinity , to spawning. 

Some animals, after reaching the reproductive stage, stop their growth. In 
crustaceans there is a continued growth, although at a slower pace than in the first 
stages of the 1 ife cyc le. It is common to observe great differences in the growth rates 
between the males and females , and between juveniles and adults (HARTNOLL 
1978), and adu lt organisms invest more energy in reproduction than in growth (DA Y 
& TAYLOR 1997). 

According to the results found, it was verified that the weight/total length 
relationships and weightlcephalotorax length relationships had significant differen­
ces between males and females. These differences may by due to the great sexual 
dimorphism in the adult stage of Macrobrachium acanthurus, with males being 
usually larger than females, exhibiting a well-developed second pair of pereiopods, 
in the shape of strong chelae (CAMACHO et al. 1997), or due to the stage of 
development of the gonads and of the egg mass in females , as detected by LOBAO 
& LONA (1979), in Macrobrachium holthuisi Genofre & Lobao, 1976. 

Some species of this genus have no sexual dimorphism in the weight/ 
length relationship, such as Macrobrachium holthuisi (LOBAO & LONA 1979) and 
M. borelli Nobili , 1836 (BOND & BUCKUP 1983). This relationship, however, 
differs among the genera for other species such as M. malcomsonii Milne 
Edwards, 1844 (IBRAHIM 1962 apud VALENTI et al. 1987), and M. carcinus 
Linnaeus , 1758 (VALENTI et al. 1987). For M. potiuna MUller, 1880, BOND & 
BUCKUP (1983) and SOUZA & FONTOURA (1995), have found a significant 
difference in the relations between males and females, and both auth ors conclude 
that the species growth is allometrically positive, with females growing propor­
tionately more in weight than males. 
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The potential weight/length relationships were developed and used for fish 
population dynamics (WEATHERLEY 1972; WEATHERLEY & GILL 1987) , and allow 
for the determination of the growth pattern of a species, whether isometric or 
allometric (TESH 1968). The values of the growth coefficient obtained for adult 
males and females of Macrobrachium acanthurus, both higher than 3, shown that 
the growth pattern of the species is positive allometric . In the determination of the 
weight/length relationshiR for M. acanthurus, VALENTI et at. (1987) obtained the 
equation Wt = 0.00635 Lt325

, suggesting that the species has allometric growth. 
The biometric relationships have been used by several authors for the 

determination of the relative growth in crustaceans (HARTNOLL 1978). Usually, in 
Decapoda, the cephalotorax length is used as a variable dimension , related to the 
total length , the reference. In our study, the proportions found among the total length 
and the cephalotorax length, 53% of the total length of females, and 50% of the total 
length of males, showed values close to those found for other species of this genus. 

For several species of Ma crobrachium, the relationships between the cepha­
lotorax length and total length showed that the cephalotorax, usually, corresponds 
to approximately 50% of the length of the organism. To M. amazonicum, Lc = 0.46 
Lt,formales and females (COELHO eta!' 1982), to M. carcinus, LOBAo etal. (1986b) 
found Lc = 0.456Lt for males, and Lc = 0.442 Lt for females and the cephalotorax 
length corresponds to 40% of the total length for M. holthuisi, according to LOBAo 
& LONA (1979). 

These values of relative growth are important for management systems of 
this species, especially in the areas of fishery biology and aquaculture, where they 
may be used as reference for the establishment of appropriate size for fishing effort, 
related to the proportion of growth of the different parts of the animal, since these 
proportions may change in the course of its development. 

The analysis of the data of weight/length individually and for the species 
provide information on the general condition of an organism related to the envi­
ronment, and of its stages of development, through the estimate of the condition 
factor (LE CREN 1951). Some authors have used this factor in the analysis of fish 
(V AZZOLER & V AZZOLER 1965; BRAGA 1986, 1997, among others), and crustacean 
populations (DU PREEZ & McLACHLAN 1984). According to LE CREN (1951), the 
relative condition factor (Kr) is the best estimate, since it evaluates the individual 
expected weight from the species weight/length relationship. 

Through the results obtained for Macrobrachium acanthurus at Imboassica 
lagoon, the relative condition factor was lower than expected, both for males and 
females. As the sampled population stratum is reproductive adults, it may be 
expected that these results are a consequence of the migration of the species from 
the growing areas to the sites of reproduction. 

However, other factors, such as the energetic deficit through the migration 
for the reproduction, the laying of the eggs, which means a decrease of approxima­
tely 15% (in average) of the total weight of females (ALBERTON I et at. 2002) and 
the impact of the repeated sandbar breaching to which this lagoon is exposed, may 
act as adverse factors regarding the condition of these organisms, and therefore 
decreasing their weight below the expected values for a definite length , as reflected 
by the average values of Kr , 0 .89 for females and 0.90 for males. 

Revta bras. Zoo I. 19 (Supl. 2): 61 - 70, 2002 



68 Albertoni et al. 

ACKNOWLEDGMENTS. The authors thank CAPES. CNPq and PETROBRAS for financial 

support of research project. 

REFERENCES 

ABREU, J . 1980. Distribui~ao e ecologia dos Decapoda numa area estuarina de Ubatuba (SP). Bol. Ins!. 
Oceanogr., Sao Paulo, 29 (2): 1-3 . 

ALBERTONI, E.F. 1998a. Camaroes da lagoa Imboassica: dados preliminares e perspecti vas de manejo, 
p. 359-371. In : F.A. ESTEVES (Ed.). Ecologia das Lagoas Costeiras do Parque Nacional da 
Restinga de Jurubatiba e do Municfpio de Macae (RJ). Rio de Janeiro, NUPEMlUFRJ , 464p. 

1998b. Ocorrencia de camaroes Peneideos e Paleomonideos nas lagoas Imboassica, 
Cabiunas, Comprida e Carapebus, p. 35 1-358. In: F.A. ESTEVES (Ed.). Ecologia das Lagoas 
Costeiras do Parque Nacional da Rcstinga de Jurubatiba e do Municipio d e Macae (RJ). Rio 
de Janeiro, NUPEMfUFRJ, 464p. 

ALBERTONI, E.F.; C. PALMA-SILVA & F.A. ESTEVES. 1999. Larvae and post-larvae of Penaeidae and 
Palaemonidae in costal lagoons of the north of Rio de Janeiro (Macae, RJ). Rev. Brasil. BioI. 59 
(I): 109-117. 

ALBERTONI, E.F.; C. PALMA-SILVA & F. A. ESTEVES. 200 1. Macroinvertebrates associated with Chara 

in a tropical coastal lagoon (Brazil ). Hydrobiologia, Dordrecht, 457 (113): 2 15-224 

ALBERTONI, E.F.; C. PALMA-SILVA & F. A. ESTEVES. 2002. Fecundity of Macrobrachiw1l aCllnthurus 

Wiegmann, 1836 (Decapoda: Palaemonidae) in a tropical coastal lagoon subjected to human impacts 
(Macae, Brazil) . Acta Limnol. Bras., Sao Paulo, 14 (I): 71-80. 

AMADOR, E.S. 1985. Lagunas Fluminenses: classifica~ao com base na origem, idade e process os da 
evolu~ao. An. Acad. Bras. Cicnc. 57: 526-527. 

BATSCHELET, E . 1978. Introdu~iio a Matematica para Biocientistas. Sao Paulo, IntercienciaJEDUSP, 

596p. 

BOND, G. & L. Buc KuP. 1982. 0 cicio reprodutor de Macrobrachium boreLlii (Nobili , 1896) e 
MaC/'obrachiwll po(iuf/a (MUller, 1880) (Crustacea, Decapoda, Palaemonidae) e suas relayoes com 
a temperatura. Rev. Brasil. BioI. 42 (3): 473-483. 

BOND, G. & L. BUCKUP. 1983. 0 cu ltivo de Macrobrachium borellii (Nobili , 1896) e de Macrobrachium 

po(iul1a (M Uller, 1880) em laborat6ri o (Crustacea, Decapoda, Palaemonidae). Rev. Brasil. BioI. 43 
(2): 177- 190. 

BOND-BuCKUP, G. & L. BucKuP. 1989. Os Palaemonidae de aguas continentais do Brasil meridional 
(Crustacea, Decapoda). Rev. Bras. BioI. 49 (4): 883-896. 

BRAGA, F.M.S . 1986. Estudo entre fator de condiyao e relayao peso/comprimento para alguns peixes 
marinhos. Rev. Brasil. BioI. 46 (2): 339-346. 

----. 1997. Analise da equa~ao alometrica na relayao peso e comprimento eo fator de condiyao 
e m Plagiosciol1 squamosissi11l1ls (Teleostei, Sciaenidae). Rev. Brasil. BioI. 57 (3): 417-425. 

BRA NCO, C.W.c. 1998. Composi~ao e aspectos ecol6gicos das comunidades zoop lanct6nicas nas lagoas 
Imboass ica, Cabiunas e Comprida, p. 247-27 1. Ill: F.A.Esteves (Ed.). Ecologia das Lagoas 
Costeiras do Parque Nacional da Restinga de Jurubatiba e do Municipio de Macae (RJ). Rio 

de Janeiro, NUPEMfUFRJ, 464p. 

CAMACHO, M.E.; F. ALVAREZ & J.L. VILLALOBOS. 1997. Palaemonidae (camarones de rio, langostinos), 
p. 4 11-4 14. In: E.G. SORIANO; R. DIRZO & R.C. VOGT (Eds). Historia Natural de Los Tuxtlas. 
Mexico, UNAM, CONAB IO, 647p. 

COELHO, P.A & M. RAMOS-PORTO. 1985. Camaroes de agua doce do Brasi l: Distribuiyao geografica. 
Revta bras. Zool. 2 (6): 405-410. 

COELHO,P.A.; M. RAMOS- PORTO; A.V. BARRETO & V.E. COSTA. 1982. Crescimentoem viveiro decultivo 
do camarao canela (Macrobrachium amaZOf/;Clll1l) (Decapoda, Palaemonidae). Revta bras. Zool. 
1 (I): 45-49. 

DAY, T. & P.O. TAYLOR. 1997. Von Bertalanffy's growth equation shou ld not be used to model age and 

Revta bras. Zool. 19 (Supl. 2): 61 - 70, 2002 



Distribution and growth in adults of M. acanthurus ... 69 

size at maturity . Amer. Nat. 149 (2): 381-393. 
DOBKIN, S. 1970. Manual de metodos para el eSlUdio de larvas y primeras postl arvas de camarones y 

gambas. Inst. Nat. Invest. Pesq. Mexico, Serie Divulgacion, 4 : 1-82p. 

DU PREEZ, H.H. & A. McLACHLAN. 1984. Biology of the three-spot swimming crab Ovalipes pUl/cralus 
(de Haan). I. Morphometrics and relative growth (Decapoda, Portunidae). Crustacean a 47: 72-82. 

FARIA, B.M.; M.S . SUZUKI ; M.M. PETRUCIO & A.E. PRAST. 1998. Changes in the metabolism of a 

Brazilian lagoon related to man-made marine e ntrances. Verh. Internat. Verein. Limnol. 26: 

1442-1444. 

HARTNOLL, R.G. 1978. The determination of relative growth in Crustacea. Crustaceana 34 (3): 281-293. 

HOLTHUIS, L.B . 1980. Shrimps and prawns of the world . An annotated catalogue of species of interest 

to fisheries. FAO Fish Synop. 12S: 1-26 1. 

JALIHAL, D.R .; K.N. SANKOLLI & S. SHENOY . 1993. Evolution of larva l developmental patterns and the 
process of freshwaterization in the prawn genus Macrobrachium Bate, 1868 (Decapoda , 
Palaemonidae) . C rustacean a 6S (3): 365-376. 

LE CREN, E.D. 1951. The length-weighl relationship and seasonal cycle in gonad weight and condition 
in the perch (Perca.tluvialilis). Jour. Anim. Ecol. 20: 201-2 19. 

LOBAO, V.L. & F.B. LONA. 1979. Biometria e isometri a em Macrobrachium hollhuisi (Genofre & Lobao, 
1976) (Crustacea-Decapoda). Bolo Inst. Pesca, Sao Paulo, 6: 17-50. 

LOBAO, V.L. ; N.E.T ROJAS & w.e. VALENTI. 1986a. Fecundidade e fertilidade de Maerobrachiul11 
amazonieLl/II (Heller, 1862) (Crustacea, Decapoda) em laborat6rio. Bolo Inst. Pesca, Sao Paulo, 13 

(2): 15-20. 

LOBAo,Y .L.; W.C. VALENTI & J.T.e. MELLO. 1986b. Crescimento relativo de Maerobrachiul11 carcil/us 
(L.) (Decapoda, Palaemonidae). Bolo Inst. Pesca, Sao Paulo, 13 ( I): 105- 109. 

MOREIRA, L.C . & O. ODINETZ-COLLART. 1993. Migra~ao verti ca l nictemeral das larvas de 

MacrobraehiulIl amazol/iculIl num lago de varzea na Amazonia central, ilha do Careiro, Brasil. 
Amazoniana, Manaus, 12 (3/4): 385-398. 

MOLLER, Y.M.R. & A.C. PRAZERES. 1992. Influencia da salinidade e temperatura da agua sobre a captura 

de Maerobrachium olfersii (Wiegmann , 1836) co letados no canal da lagoa do Peri-Florian6po li s,Se. 
Acta Limnol. Brasil., Sao Paulo, 4 : 175-183. 

ODINETZ-COLLART, O. & L.e. MOREIRA. 1993. Potencial pesqueiro de MaerobraclziulIl amazol/iculIl na 

Amazoni a Central (Jlha do Careiro): varia~ao da abundiincia e do comprimento. Amazoniana , 
Manaus , 12 (3/4): 399-41 3. 

OLIVEIRA, L.P.H. DE. 1948. Estudo Hidrobiol6gico das Lagoas de Piratininga e Itaipu. Mem. Inst. 
Oswaldo Cruz 46 (4):673-718. 

OLIVEIRA, L.P.H. DE & L. KRAU. 1955. Observa~6es Biogeograficas Durante a Abert ura da Barra da 
Lagoa de Saquarema. Mem. Inst. Oswaldo Cruz S3 (2-4): 435-449. 

PANOS SO, R.F.; J .L. ATTAYDE & D. MUEHE. 1998. Morfometria das lagoas Imboassica, Cabiunas , 

Comprida e Carapebus: implica~6es para seu funcionamento e manejo, p. 91-108. III: F.A. ESTEVES 
(Ed.). Ecologia das lagoas costeiras do parque Nacional da Restinga de Jurubatiba e do 
Municipio de Macae (RJ). Rio de Janeiro, NUPEM/UFRJ, 464p. 

PETRUClO, M.M. 1998. Caracteriza~1io das Lagoas Imboassica, Cabiunas, Comprida e Carapebus a partir 
da Temperatura, Salinidade, Conduti vidade, Alcalinidade, 02 Dissolvido, pH, Transparencia e 

Material em Suspensao, p. 109- 121. III : FA ESTEVES (Ed.). Ecologia das Lagoas Costeiras do 
Parque Nacional da Restinga de Jurubatiba e do Municipio de Macae (RJ), Rio de Janeiro, 

NUPEMlUFRJ ,464p. 

SOKAL, R.R. & F.J. ROHLF. 1979. Biometria - Principios y metodos estadisticos en la investigacion 
biologica, Madrid, H. Blume Ediciones, 832p. 

SOUZA, G.D. & N.F. FONTOURA . 1995. Crescimento de MacrobrachiulIl pOI!ulla no arroio Sapucaia, 
Municipio de Gravataf, Rio Grande do Sui (Crus tacea, Decapoda, Palaemonidae). Rev, Brasil. BioI. 
SS (S upl. I) : 5 1-63. 

TESH, F.W . 1968. Age and Growth, p. 93- 123. In : W.E. RICKER (Ed.). Methods for Assessment ofFish 

Revta bras, Zoo I. 19 (Supl. 2): 61 - 70, 2002 



70 Albertoni et al. 

Production in Fresh Waters. Oxford, Blackwell Scientific Publications. 
VALENTI, W.e. 1985. Cultivo de Camariies de agua doce. Sao Paulo, Nobel, 82p. 
VALENTI, W.e.; J.T.e. MELLO & V.L. LooAo. 1987. Crescimento de MacrobrachiulII acanlilurus 

(Wiegmann, 1836) do rio Ribeira do Iguape (Crustacea, Oecapoda, Palaemonidae). Rev. Brasil. 
BioI. 47 (3): 349-355. 

VALENTI, W.e.; V.L. LOBAo &J.T.e. MELLO. 1989. Crescimentorelativo de Macrobrachiwnacalllilurus 
(Wiegmann, 1836) (Crustacea, Oecapoda, Palaemonidae). Revta bras. Zool. 6 (I): 1-8. 

VAZZOLER, A.E.A. & G. VAZZOLER. 1965. Relation between condiction factor and sexual development 
in Sardinella aurila (Cuv. & Va!. , 1847). An. Acad. Bras. Cienc. 37 (Sup!.): 353-359. 

WEATHERLEY, A. H. 1972. Growth and Ecology of Fish Populations. London, Academic Press, 293p. 
WEATHERLEY, A.H. & H.S. GILL. 1987. The Biology ofFish Growth. London, Academic Press, 443p. 

Received in 13.111.2002: accepted in OB.XI.2002. 

Revta bras. Zoo!. 19 (Sup!. 2): 61 - 70, 2002 


