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ABSTRACT. Studies on the occurrence, temporal distribution and nychthemeral
variation of Macrobrachium amazonicum (Heller, 1862) were undertaken in Leopol-
do’s Inlet, upper Parana River, Porto Rico, Parana, Brazil. Seventeen thousand and
sixty specimens (11,786 larvae and 5,274 juveniles) were captured with a conical-
cylindrical plankton net of mesh 0.5mm in monthly samples between February 1991
and February 1992. Results show that the greatest densities of larvae (301.83 lar-
vae/lOmJ) and juveniles (168.8/10m3) of this species were caught in December 1991.
Largest captures were made during the night. With regard to abiotic factors water
temperature ranged from 20° to 30°C, pH ranged from 5.66 to 7.37 and electric
conductivity ranged from 51.83 to 65.33uS/cm. Relationship between the density of
larvae and juveniles and abiotic factors was calculated by the Principal Components
Analysis (PCA) which revealed the influence of some limnological variables especi-
ally on the distribution of larvae.

KEY WORDS. Decapoda, Palaemonidae, Macrobrachium amazonicum, temporal
distribution, nychthemeral variation, Parana River

Since some species of freshwater shrimps have a high economical quotation,
studies have been undertaken, chiefly on the genus Macrobrachium (Bate, 1868),
in different regions of Brazil with regard to the general ecological and biological
aspects of these organisms. Among these studies mention should be made of the
research works of GOMES-CORREA (1977), LOBAO & SAWAYA (1979), CARVALHO
et al. (1979), ELMOR et al. (1981), BOND-BUCKUP & BUCKUP (1982, 1983),
COELHO et al. (1982), COELHO & RAMOS-PORTO (1985), LOBAO et al. (1986a),
ODINETZ-COLLART (1988), BOND-BUCKUP & BUCKUP (1989), among others.

The species that has been studied with much frequency is Macrobrachium
amazonicum (Heller, 1862), popularly known as “camardo-canela” or “camario-
sossego”. According to HOLTHUIS (1952) and GOMES-CORREA (1977) the species
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is widely distributed and is found in the basins of north of South America, of the
Amazon River, of northeastern Brazil, of the Sdo Francisco River and of the
Paraguay River. In the Amazon River, its place of origin, it is found in high densities
and constitutes about 80% of the macrocrustacean biomass of the floodplains
(ODINETZ-COLLART 1993).

With an aim at repopulation programs the Sao Paulo Energy Company
(CESP) introduced various fish species from dams found in the North and North-
eastern regions of Brazil. Macrobrachium amazonicum was introduced to feed these
fish (TORLONI et al. 1993). Apparently they adapted themselves well to the new
habitat and spread throughout the floodplain of the upper Parana River. At present
they are an important link in the alimentary chain of this environment. The aim of
the present paper is to analyse the occurrence, temporal distribution and nychthe-
meral variation of M. amazonicum and its relationship with some abiotic variables.
It will thus contribute to the ecology and biology of this species in the region.

MATERIALS AND METHODS

Characteristics of the area

Leopoldo’s Inlet (22°45°S and 53°16°W) lies on the right margin of Porto
Rico island, upper Parana River, municipality of Porto Rico, Parana, Brazil (Fig.
1)

The environment is lentic almost all the year round, linked constantly to the
Parand River and has a greater flow when the rising of the fluviometric level occurs.
It may extend up to 1,100m.

Margins are flooded owing to their slight declivity. The greatest depth during
flooding may reach up to four meters, diminishing at the extremely shallow margins.
Sediment is muddy, rich in organic material and the riparian vegetation is charac-
terized by the presence of species typical of floodplains such as Poaceae, Polygonum
spp, shrub formations and some trees. The embatiba, Cecropia pachystachya (Trec.,
1924), is the most frequent species (CAMPOS & SOUZA 1997).

Methods

Captures were made monthly from February 1991 to February 1992 throu-
ghout the nychthemeral cycles with four hour intervals between them. Conical-
cylindrical plankton net were used with mesh 0.5mm, 1.5m in length and 0.375m
diameter at the mouth. The net was dragged at the water level during 10 minutes
with the boat at low speed. Filtered water was obtained from a fluxometer joined to
the mouth of the net. Samples of captured plankton were fixed in 4% formaldehyde
solution. Temperature (°C), electric conductivity (uS/cm) and pH of the water at the
surface were recorded. However, these last two parameters were obtained only as
from September 1991 due to lack of equipment. Estimates of pluviometric index
and fluviometric level were obtained from the climatological station of the National
Department of Water and Electrical Energy (DNAEE) at Porto S3o José, Parana,
Brazil.
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Fig. 1. Site of the sampling station.
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Samples of M. amazonicum were separated from the other plankton in the
laboratory by using a stereoscopic microscope and Bogorov’s acrilic plate. Sample
standardization was undertaken for a volume of 10m” of filtered water. Identifica-
tion of individuals was based on their external morphology according to HOL-
THUIS’s (1952) criteria. Distinction between larvae and juveniles was done accor-
ding to MAGALHAES (1985).

Relative density was calculated according to the following formula:

DR=Y
(3

where: (DR) relative density of larvae/juveniles (ind/10 m3); (N) total number of
larvae/juveniles collected; (C) number of months in which larvae/juveniles occur-
red.
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For a better view of results the graphs for temporal distribution and nychthe-
meral variations are given in logarithmic scales. Association between the abiotic
variables and larvae and juvenile densities was undertaken through the Principal
Components Analysis (PCA) and its aim was to verify interdependence among the
variables (MANLY 1995). Data referring to the period of the greatest capture of
individuals, or rather, from September 1991 to February 1992 were used. Data
matrix was composed by five variables (water temperature, pH, electric conducti-
vity, fluviometric level and pluviometric index) and 36 observations. Data were
previously standardized since they were units of distinct measurements.

Scores of the Principal Compenents Analysis applied to the abiotic data were
used as explanatory variables of the organisms’ densities which were previously
given in logarithms with the addition of a constant (1).

RESULTS

Abiotic variables
Average abiotic variables obtained during the period are on table I

Table |. Average of abiotic data obtained at Leopoldo’s Inlet. (WT) Water temperature, (EC)
electric conductivity, (FL) fluviometric level, (PI) pluviometric index.

Month WT * pH * EC™ FL* Pl **

(°C) (nS/em) (cm) (mm)

February/1991 25.41 449 57.0
March 20.58 540 40.0
April 23.33 549 53.6
May 20.58 284 35.4
June 20.00 354 74.4
July 20.50 296 2.2
August 25.50 273 9.4
September 27.33 5.84 58.58 266 57.8
October 26.50 5.66 51.83 261 47.4
November 27.33 7.27 51.88 324 71.6
December 27.42 6.63 61.47 299 181.6
January/1992 29.17 7.37 54.83 385 88.2
February 30.00 6.02 65.33 393 82.2

*. Average data with regard to days of capture; **. monthly average data.

Water temperature values ranged from 20° to 30°C with lower values in June
1991 and highest in February 1992, presenting a clear seasonal factor throughout
the year. With regard to pH and electric conductivity lack of data from February to
August 1991 does not permit annual possible variation. However, pH ranged from
5.66 in October 1991 to 7.37 in January of the same year. Electric conductivity
ranged from 51.83 to 65.3uS/cm. The lowest value was obtained in October 1991
and the highest in February 1992.
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Values of fluviometric level, pluviometric index and water temperature
varied according to the season. River level presented lower values in October with
26lcm and the highest values were obtained in April 1991 with 549cm. The
pluviometric index presented great variations oscillating between 2.2mm (July
1991) and 181.6mm (December 1991).

Temporal Distribution and Nychthemeral Variation

Data on monthly captures of larvae and juveniles are shown in figure 2. The
temporal distribution of these organisms shows that captures occur in almost
throughout the whole period with highest occurrences in the spring/summer months.
The average greatest densities of larvae captures occurred in December 1991 with
301.83 larvae/10m>. This was followed by captures m September with 18.95
larvae/10m’ and in October 1991 with 13.86 larvae/10m>. With regard tOJuvemles
the months with the greatest densities were December 1991 with 168.8 juveni-
les/lOmi November with 72.19 Juvemles/IO and October with 10.16 juveni-
les/10m”.

1000
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Fig. 2. Monthly relative densities of Macrobrachium amazonicum larvae and juveniles captured
in Leopoldo's Inlet.

The nychthemeral variation of individuals is shown in figure 3. Captures at
different times show that for both stages the greatest captures occurred during the
night. The peak of larvae capture was observed to be at 21:30 hours (125.83
larvae/103); the smallest density occurred at 9:30 hours with 16.81 larvae/10m>,
With regard to variation of juveniles, they seem to have a similar behaviour to that
of the larvae: the greatest density was observed at 1: 30 hours (69.89 juveniles/1 0m3)
and the smallest at 9:30 hours (0.95 juveniles/ 10m’ ).

Relationship between abiotic variables and density of organisms

Analyses of relationship between the principal components and the densities
of organisms were undertaken by means of data referring to the period of greatest
capture as shown in table II.
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Fig. 3. Relative densities of larvae and juveniles of Macrobrachium amazonicum captured
during nychthmeral cycles in Leopoldo's Inlet.

Table Il. Abiotic data and densities of larvae and juveniles in captures at Leopoldo’s Inlet from
September 1991 to February 1992. (Wt) Water temperature, (EC) electric conductivity, (FL)
fluviometric level, (PI) pluviometric index, (DL) density of larvae, (DJ) density of juveniles).

Month Time WT* pH* EC* FL* PI*™ DL* DJ*

(°C) (uSlem)  (cm)  (mm) (10m%) (10m°)

September/1991 09:30 250 5.83 57.5 266 57.8 40.67 0.00
13:30 260 593 565 265 350  0.00

1730 280 599 560 265 1144  0.00

21:30 305 582 580 265 17.85  1.42

01:30 275 572 640 266 1483  0.00

05:30 27.0 577 595 266 2586  0.00

October 09:30 265 583 540 264 474 022 067
13:30 260 595 520 257 023  0.00

17:30 270 572 510 257 4126  0.00

21:30 265 545 500 257 27.77 18.20

01:30 27.0 546 520 264 820 15.51

0530 260 557 520 264 549  6.24

November 09:30 290 745 506 324 716 240 240
13:30 280 7.24 497 324 158  6.71

17:30 280 7.81 581 324 081 585

21:30 260 7.3 508 324 3365 256.18

01:30 260 692 508 323 425 159.99

0530 270 706 513 323 135 . 112103

December 09:30 270 680 547 293 1816 7352  0.00
13:30 273 660 640 293 27132 0.00

17:30 273 660 633 293 104.26  0.00

21:30 277 670 636 293 549.42  52.71

01:30 277 660 633 304 526.63 225.94

0530 275 650 59.9 304 285.85 227.55

(Continues)
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Table Il. Continuation.

Month Time WT* pH* EC* FL* PI*™ DL* DJ*

(°C) (uSfem) (ecm)  (mm) (10m%) (10m?)

January/1992  09:30 320 690 571 364 82 000  0.21
1330 340 750 553 364 0.00 0.16

17.30 340 770 524 364 0.00  0.00

21:30 260 780 535 364 0.47  19.69

01:30 260 740 550 405 0.00 10.29

05:30 230 690 557 405 0.00 033

February 09:30 300 583 610 371 822 000 095
13:30 310 591 610 371 024 245

1730 300 626 610 414 030 585

21:30 295 619 660 414 0.00 44.80

01:30 295 597 760 371 000 69.89

0530 300 597 670 371 0.00 4327

*. Data obtained in days of the capture; **. average monthly data.

Among the five possible principal components only the first three were used
for interpretation since they were the only ones with autovalues higher than 1.0
(Kaiser-Guttman’s criterion). Principal components I, I and III together explained
84% of the abiotic data’s variability.

Abiotic variables were correlated positively to PCI with structure coefficient
higher than 0.5. PCII was positively correlated to electric conductivity and negati-
vely to pH. PCIII was positively correlated to temperature and negatively to the
pluviometric index (Tab. III).

Table Ill. Pearson’s correlation between scores of principal components and log values of
larvae and juveniles densities. (ns) Not significance at the stated significance level (P<0,05).

Variables/Components PCI PClI PCIII
Water temperature 0.613 0.043 0.587
pH 0.588 -0.708 -0.301
Electric conductivity 0.504 0.808 0.035
Fluviometric level 0.794 -0,220 0.249
Pluviometric index 0.544 0.289 -0.732
Autovalues 1.901 1.288 1.035
Percentage of explanation 38.010 25.760 20.700
Correlation with log of larvae density -0.197 0.387 -0.691
Probability ns 0.020 0.000
Correlation with log of juveniles density 0,212 0.056 -0.188
Probability ns ns ns

Density variability of larvae and juveniles cannot be explained by the first
linear combination (PCI) which maximizes abiotic data variance. With regard to the
larvae, Pearson’s correlation between principal components II and I1I and density
values in the log scale was high. With regard to juveniles there was no significant
correlation with any linear combination (Fig. 4).
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Fig. 4. Relationship between the log of larvae density and principal components Il (A) and IlI

(B).
DISCUSSION

The success in the colonization and the great expansion of M. amazonicum
in the basin of Parana River is probably due to its great capacity of adaptability and
the reproductive strategy used. Reproduction through the whole year, relatively high
fecundity and planktotrophic larvae cause this species to have appropriate charac-
teristics to occupy environments which have severe drastic changes in the hydrolo-
gic regime (MAGALHAES 1985).

Although reproduction of M. amazonicum in Central Amazon is continuous,
there are three distinct peaks throughout the year: in mid low water period; in the
dry period and in mid flooding period which is more intense (ODINETZ-COLLART
1991). This same reproductive behavior may be responsible for the great number
of larvae and juveniles between August and December 1991, with a peak in the last
month. This may be probably associated to the high pluviometric index observed
in the region and to the rising of the river in this period. Organisms produced during
this period take advantage of the rising in the water level. This factor favours
survival since it diminishes intraspecies competition and predation due to an
increase in food and available shelter.

Dispersion of shrimps caused by an increase of water volume was also
studied by WALKER (1986) in the Amazon who registered the reproduction of M.
inpa (Kensley & Walker, 1982), M. nattereri (Heller, 1862), Pseudopalaemon
chryseus (Kensley & Walker, 1982) and Euryrhynchus amazoniensis (Tiefenba-
cher, 1978) during flooding and by LOBAO et al. (1986b) who studied population
of M. iheringii (Ortmann, 1897) of the Buava River in the state of Sdo Paulo, Brazil.
The latter recorded that the reproduction of this species occurred between December
and January.
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As a general rule, larvae of M. amazonicum were captured in months with
high values of the pluviometric index, pH, electric conductivity and water tempe-
rature, as shown by the Principal Components Analysis. This is a period with the
hottest months of the year and which also coincides to an increase in the fluviometric
level. All these environmental variables seem to cause an intense reproductive
process which is a common behaviour in tropical fish and shrimps during the flood
period (ODINETZ-COLLART 1991).

TAKINO et al. (1989) studied the reproductive intensity of M. birai (Lobao,
Melo & Fernandes, 1986) in the Branco River, state of Sdo Paulo, Brazil, and
observed that the greatest reproduction occurred during the summer when the
highest rainfalls and water temperature rising occurred. Similar data were obtained
by CARVALHO et al. (1979) who studied the biology of M. acanthurus (Wiegmann,
1836) in the island of Itaparica, state of Bahia, Brazil. These authors showed that
migration of these organisms was favoured by rains which is one of the most
important factors in the richness of these organisms. VALENTI et al. (1986) also
observed that spawning period of the various species of shrimp populations in the
Ribeira de Iguape River, state of Sdo Paulo, Brazil, coincided with the rainy and the
hottest period of the year.

The great number of captures of the organisms during the night period seems
to be explained by vertical migration. The phenomenon is very common in zoo-
planktonic organisms and is probably influenced by a higher food availability in the
water column or by the flight of visual planktophagic predators. In the case of
juveniles, besides the flight from predators, another factor is the avoidance of the
capture apparatus during the period of light. MOREIRA & ODINETZ-COLLART (1993)
studied a floodplain lake of Central Amazon and also observed a greater concentra-
tion of larvae of this species at the surface during the first hours of the night at 22:00
hours, independently of the period of the year and of the type of habitat. However,
the hypothesis of vertical migration cannot be confirmed in our studies since depth
captures were not undertaken to observe the distribution of these organisms (they
would probably be in the substratum) during the day.

Pearson’s non-significant correlations between the principal components
and the log of juvenile densities may have been caused by the indirect relationship
with abiotic factors and by direct relationship to the number of larvae. An increase
of the number of larvae also causes an increase in the number of juveniles which
remain in the environment. This is probably due to the great availability of food and
to favourable conditions to their development.

At present these organisms are an important food source for the various fish
populations of the floodplain of the upper Parana River. They are part of the diet of
various carnivorous species such as Plagioscion squamosissimus (Heckel, 1864)
and Raphiodon vulpinus (Agassiz, 1829) (ALMEIDA in press) and of omnivorous
species such as Parauchenipterus galeatus (Linnaeus, 1766) and Pimelodus macu-
latus (La Cepede, 1803) (AGOSTINHO ef al. 1997) which participate in the alimen-
tary chain. Besides, M. amazonicum is a commercial possibility still not explored
in the region. The understanding of its life cycle will offer support for its possible
rational exploration.
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CONCLUSIONS

Macrobrachium amazonicum is frequent in the upper Parana River flood-
plain. Its presence is recent, and is a result of the introduction of species in the Parana
basin together with fishes. Due to its high capacity to adaptation and its reproductive
strategy, this species showed fast development and now colonize the entire floo-
dplain.

Time of reproduction is associated to environmental changes that occur
between August and December, mainly by increase in pluviometric index, pH,
electric conductivity and water temperature. The high number of larvae and juve-
niles in these months suggest intense reproduction in this period, but during all year
these phases are collected.

It is possible that this species develop vertical migration at night, probably
searching for food, or scaping from visual planctophagous predators.

This species became an important food resource for some carnivorous and
omnivorous fish species of the floodplain, and its is an unexploted comercial
resource of the region.
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