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ABSTRACT. Macrobrachium acanthurus 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 proportion 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 last 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, Macrobrachium acanthurus, coastal lagoon,
weight/length relationship, condition factor

The genus Macrobrachium Bate, 1868 encompasses species that thrive in
lotic and lentic environments, being found in several aquatic systems in Brazil, 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 underline the works of BOND & BUCKUP (1982), LOBAO et al. (1986a, b),
VALENTI et al. (1989), BOND-BUCKUP & BUCKUP (1989), MULLER & PRAZERES
(1992) and MOREIRA & ODINETZ-COLLART (1993).
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Macrobrachium acanthurus is found from North Carolina (USA) to Rio
Grande do Sul State (Brazil) (BOND-BUCKUP & BUCKUP 1989; CAMACHO et al.
1997), being arelatively common species in Brazilian estuaries, reservoirs and rivers
that are linked to the sea (HOLTHUIS 1980; VALENTI et al. 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 (1998a, b) and ALBERTONI et al. (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 Macaé
(22°50°S;44°42°W, Rio de Janeiro State). Its presentareais 3.26 Km and amedium
depth of 1.1 m (PANOSSO et al. 1998), with a extension of 2 km and w1dth 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 er 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 (PETRUCIO 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 1) 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 &
Buckupr (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 (L¢), from the tip of
the rostrum to the end of the telson, and the length of the cephalotorax, (L¢), from
the orbital cavity to the end of the cephalotorax (pachymeter, 0.02 mm). Total weight
(W) (digital scale, 0.01 g) was obtained after they were dried in absorbing paper,
extracting the excess of water.

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



Distribution and growth in adults of M. acanthurus... 63

The weight/total length and weight/ cephalotorax length relalxonshlps for
males and females was determined according to the equations Wt = aLt ,and W=
aLL where Wy = total weight; Lt = total length; Lc = cephalotorax length; a and b
= constants (BATSCHELET 1978; WEATHERLEY 1972; WEATHERLEY & GILL 1987).
The relative growth of the cephalotorax 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 L¢ = a L, where
Lc = cephalotorax length; Iy = total length, and a = angle of the relationship
(HARTNOLL 1978; LOBAO & 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 (ANCOVA, 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 = Wobs/Wexp, where Wexp = expected weight,
established through the potential relationship between weight and total length that
was previously obtained, and Wopbs is the observed weight, obtained by the indivi-
dual weighing of the collected organisms.

The obtained K 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 performed by a Student “t” test, which evaluated the difference between
the expected average, or standard, K (= 1), 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 organisms of M. acanthurus were biometrically analyzed,
231 females and 124 males. Females had a range of variation in their total length
from 62.8 mm to 119.1 mm, with higher frequencies 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 from 86.1 to 158.9 mm, with higher frequencies in the size classes
between 110 and 140 mm and a mean size of 122.2 mm (sd = 14.1).

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
(Station 1) 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 I.

The distribution of the species in the lagoon showed a difference in the males
and females proportions between the two stations (Mann-Whitney, p < 0.001). 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 1),
the females are found in greater number, around four females for each male, with
464 organisms being sampled, 373 females and 91 males.

Table |. Sampling dates, deepth of water column (cm), salinity (ppt) and water temperature
(°C) (St1/8t2), (N) no traps.

Month Traps Date Deepth (cm) Salinity (ppt) Temperature (°C)

Sandbar opening Nov, 02, 1995

Dec/1995 N 37/30 15/14 28/26
Jan/1996 20a24 60/60 7/5 29/29
Feb/1996 26a30 90/80 7 29/31
Mar/1996 22a25 90/100 0/0 31/31
Apr/1996 16a18 90/100 0/0 30/30
Sandbar opening Apr, 26, 1996

May/1996 N -/20 -/23 —/24
Jun/1996 N 10/15 15/6 24/24
Jul/1996 1a2 20/30 12/5 22/22
Aug/1996 9a12 40/60 10/3 22/22
Sep/1996 3as 75/85 6/3 25/24
Oct/1996 1a8 130/155 8/2 25/25
Nov/1996 1a8 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 2as5s 25/85 15/14 30/27
Apr/1997 3a6 80/100 8/9 24/28
May/1997 1a3 90/105 5/5 27/26
Jun/1997 4a8 80/97 10/2 20/20
Jul/1997 2as$s 100/170 11/0 23/23

There was no statistically significant difference (ANCOVA, p > 0.05)
between the different intervals of sandbar breachings, for neither the weight/total
length curves or the weight/cephalotorax length curves and a significant difference
(ANCOVA, 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 weight/total length obtained for males (W¢ = 0.000003Lt3'27,
r* =0.87) and females (W; = 0.000006L¢" "2, 1% = 0.89) of M. acanthurus (Fig. 1A and
B), as well as the distribution of occurrence 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 weight/length 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 weight/cephalotorax 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¢ = 0.00002Lc3 20 4, and for males
Wi = 0.00001L¢> %2
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Fig. 1. Weight/length curves of Macrobrachium acanthurus at Imboassica lagoon. (A) Females,
(B) males.

The linear relationships between the cephalotorax growth and the total
length of males and females determined the following equatlons for females, Lc¢
=0.5331Ly, (r =0.91) and for males: L¢ = 0.5043L¢ (r =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 L
and Li.

The results of the Relative Condition Factor (Tab. IT) 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 Kr expected  Kr medium observed n SD Tealc Teit (n-1 gl)

Females 1 0.8889 231 0.1083 17.62* 197

Males 1 0.9043 124 0.1677 4.53* 2.00
DISCUSSION

Macrobrachium acanthurus is found at Imboassica lagoon in two stages of
its life cycle: larvae and reproductive adults (ALBERTONI et al. 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 salinity
for their development (DOBKIN 1970; JALIHAL et al. 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 of Ubatuba (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 amazonicum
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 aquatic 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 (Station 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 life cycle. It is common to observe great differences in the growth rates
between the males and females, and between juveniles and adults (HARTNOLL
1978), and adult organisms invest more energy in reproduction than in growth (DAY
& TAYLOR 1997).

According to the results found, it was verified that the weight/total length
relationships and weight/cephalotorax 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 & LLobao, 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 Miiller, 1880, BOND &
Buckup (1983) and SouzA & FONTOURA (1995), have found a significant
difference in the relations between males and females, and both authors 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 relationship for M. acanthurus, VALENTI et al. (1987) obtained the
equation Wi =0.00635 L4, 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 Macrobrachium, 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, L¢ = 0.46
L, formales and females (COELHO et al. 1982), to M. carcinus, LOBAO et al. (1986b)
found L¢ = 0.456L; for males, and L¢ = 0.442 L 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
(VAZZOLER & VAZZOLER 1965; BRAGA 1986, 1997, among others), and crustacean
populations (DU PREEZ & MCLACHLAN 1984). According to LE CREN (1951), the
relative condition factor (Ky) 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 (ALBERTONI et al. 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 Ky, 0.89 for females and 0.90 for males.
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