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ABSTRACT. This study comprises the description of relative growth and sexual maturity of a population of Palaemon pandaliformis Stimpson,
1871 in Salsa River (Northeastern Brazil). Samples were collected monthly between September 2009 and August 2010. Females were larger,
heavier, and showed a greater allometric coefficient () than male specimens. Only carapace length vs. pleura length in females presented a
significant difference in the relative growth pattern, indicating a puberty moult. This relationship is strictly correlated to reproduction and its
success rate in female shrimps. Estimated carapace length in 50% of mature females (CL ) was 4.53 mm. It was not possible to compare obtained
CL results due to a lack of studies on this species. Comparison was based on the siZe of the smallest captured ovigerous female (3.81 CL
mm}, which is within the scope of recorded size for estuaries located in higher latitudes. This study reveals the lack of research on this genre in
freshwater environments on a national and global scale.

KEYWORDS. Caridea, allometric growth, morphometric relationships.

RESUMO. Crescimento relativo e maturidade sexual de Palaemon pandaliformis (Crustacea, Palaemonidae) no Nordeste do Brasil
(Canavieiras, Bahia). Foram descritos o crescimento relativo e a maturidade sexual de uma populagdo de Palaemon pandaliformis Stimpson,
1871 do rio Salsa (Nordeste do Brasil). As coletas foram realizadas mensalmente entre setembro de 2009 e agosto de 2010. As fémeas foram
maiores, mais pesadas e exibiram um coeficiente alométrico (b) maior que os machos. Apenas a relagdo comprimento de carapaga vs. comprimento
de pleura nas fémeas, apresentou uma diferenga significativa no padrdo de crescimento relativo, evidenciando a muda da puberdade. Esta relagao
¢ estritamente correlacionada aos eventos reprodutivos e ao sucesso deste em fémeas de carideos. O comprimento da carapaga em que 50%
das fémeas estdo maduras (CL ) foi estimado em 4,53 mm. Nao foi possivel comparar os resultados de CL  obtidos devido a falta de estudos
enfocando a espécie. A comparaéio foi feita através do tamanho da menor fémea ovigera capturada (3,81 CL nifn), o qual esta dentro da amplitude
de tamanho registrada para estuarios localizados em latitudes mais elevadas. Este trabalho aponta a falta de estudos para este género em ambientes

dulceaquicolas, uma vez que estes sao raros, mesmo em escala nacional e global.

PALAVRAS-CHAVE. Caridea, crescimento alométrico, relagdes morfométricas.

The growth of crustaceans is discontinuous and
limited by the presence of a rigid, chitinous, calcified
exoskeleton (KiNG, 1995). Careful measuring allows
the conducting of morphometric studies that can clarify
certain biological aspects within the population related
to growth variability of a specific part of the body or
structure (HARTNOLL, 1978).

The relationship between the size of certain
structures and body lengths is called relative or allometric
growth (TEISSIER, 1960). The presence of growth centres
is any given area causes significant differences in the
allometric coefficient (SHaw, 1928). The allometric
equation Y = aX (HUXLEY, 1950) is applied to describe
the relative growth pattern of animals, being that b is the
allometric constant that expresses the relation between
two body sizes. If b is equal to 1 (or 3, in the case of
a three dimensional variable such as weight), growth
is isometric, which means that both dimensions grow
proportionally. When b is greater than 1, growth is
allometrically positive and the analysed structure (Y)
grows at a higher scale than body length (X). If b is less
than 1, allometry is negative and Y grows at a lesser
scale in comparison with X. These relations allow the
interconversion of data of a specific body size to another
(HARTNOLL, 1982).

Comparison of allometric coefficient (b) between
sexes and between juvenile and adult samples is widely
adopted to visualize sexual dimorphism and estimate
sizes of morphological sexual maturity (HARTNOLL,
1974). Differences in allometric coefficients between
sexes have been studied in Palaemonidae [BoTELLO &
ALVAREZ (2006) for Creaseria morleyi (Creaser, 1936);
CARTAXANA (2003) for Palaemon longirostris H. Milne
Edwards, 1837 and BILGIN et al. (2009a,b), for P
elegans Rathke, 1837 and P. adspersus Rathke, 1837].
These studies show alterations in relative growth rates of
secondary sexual characters (e.g. presence of appendix
masculina, organization of the brood pouch) when
the animal is subject to the puberty moult, and these
alterations are related to sexual maturity (MOSSOLIN &
BueNo, 2003; BEGUER et al., 2010).

In spite of efforts to study relative growth in
decapods (see HARTNOLL, 2001; for revision), of the
economic importance of some species of the infraorder
Caridea (ALMEIDA et al., 2010) and of the large number
of Palaemonidae described for Brazil (60 species)
(FERREIRA et al., 2010), there is a significant shortage
of studies related to dimorphism and sexual maturity for
species of the genus Palaemon Weber, 1795.

Only two articles about relative growth were
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published on this genus in Brazil: ANGER & MOREIRA
(1998) that determine the allometric relationships
for Palaemon pandaliformis Stimpson, 1871 and P.
northropi Rankin, 1898 in Sao Sebastido and Ilha Bela
—north coast of Sdo Paulo, while PRALON & NEGREIROS-
FraNsozo (2006), analysed dimorphism and sexual
maturity based on allometric relationships for P
northropi in Ubatuba (north coast of Sdo Paulo).

The aim of this study is to verify variability of
relative growth of the P. pandaliformis population and
estimate the size of sexual maturity based on the female
morphometric data, along a stretch of Salsa River,
Canavieiras, state of Bahia, Brazil.

MATERIAL AND METHODS

The Salsa River (15°42°S; 38°59’W) is located in
the south of the state of Bahia, northeastern of Brazil.
It is considered one of the main tributaries of River
Pardo, with a basin that covers an area of 30,360 km?
(RocHa F1LHO, 1976). This region is subject to in natura
domestic sewage discharge, exploitation of artisanal and
commercial fishing of fish and shrimp, nature tourism
and water sports (Lucas R. P. Paschoal, pers. obs.).

Samples were collected during the day on a
monthly basis between September 2009 and August
2010, along a stretch of Salsa River. Shrimp were
captured using a hand net (0.5 mm mesh) pulled through
marginal vegetation and macrophyte banks for 15
minutes.

After collection, the samples were conserved
in 70% alcohol and transported to the Laboratorio de
Oceanografia Biologica of the Universidade Estadual
de Santa Cruz. Samples were identified according to
MELO (2003). Sex of the individuals was determined
by an examination of the shape of endopodite of the
first pair of pleopods; in mature shrimps, the sex was
confirmed by the presence or absence of the masculine
sexual appendix in the endopodite of the second pair of
pleopods (BAUER, 2004).
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This procedure allowed identification of the
minimum body size at which individuals could be sexed.
Because smaller individuals were morphologically
similar to young females, all individuals with carapace
length less than the smaller identified male were counted
as not sexable (NS). These individuals were taken off
to the analysis, avoiding a statistical error into our
morphometric data for both sexes.

The shrimps were measured using a
stereomicroscope coupled to an imagery system. Images
were analysed with Image] software version 1.45
(RasBaND, 2006). Adopted scaling was proposed by
ANGER & MOREIRA (1998): carapace length (CL), total
length (TL), abdomen length (AL), and pleura length
(PL) (Fig. 1). Fresh weight (W) of each individual was
recorded using a precision scale (0.001 g).

Power functions were adjusted relating body
size (dependent variables) with carapace length (CL)
(independent variable). Equations were subsequently
linearized (logy =log a*logx - b). Values of the allometric
constant (b) were tested using the ¢ test, as H:b=1 (or
3 in the case of weight), and used to determine growth
patterns of a specific body part in relation to carapace
length. Differences between slopes and intercepts of
straight lines between the sexes were compared using
analysis of covariance - ANCOVA (ZAR, 1996).

The relationships were verified by a coefficient
of determination (r?), while Snedecor’s F test (@ = 0.01)
(SokaL & ROHLF, 1995) was used to verify the presence
of one or two regression lines. The empirical points were
distinguished from immature and mature lines by the
best fit of linear regression analysis, and ANCOVA was
performed to compare the straight lines of each growth
phase.

The size in which 50% of females reach
morphological sexual maturity was determined based
on the proportion of mature females (determined by
relative growth) in each size class, adjusted by the
logistic equation provided by CampBELL (1983) and
KiNG (1995): P = 1/(1 + exp [- (a + bCL)]), where a

,

)
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Fig. 1. General scheme for shrimp size dimensions (TL, total length; AL, abdomen length; CL, carapace length; PL, pleura length). Modified from

R. C. Mortari (unpubl. data).
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and b are the estimated coefficients. The equation was
adjusted using the least squares method.

CL;, (carapace length in which 50% of females
reach morphological sexual maturity) was estimated
from the proportion of the constants @ and b (CCs,= -
(asb)). TL,, was estimated using the equations TL vs.
CL, for subsequent comparison in other studies.

RESULTS

A total of 4,151 individuals were collected:
2,837 males, 1,256 females (452 ovigerous), and 58
not sexable. Total length varied from 8.12 to 31.70 mm.
Measurements of the smallest ovigerous female were
3.81 mm CL and 14.78 mm TL. In general, females were
larger (CL, TL), heavier and had larger abdomen and
pleura than males (p < 0.001) (Tab. I).

The table II shows linear regressions of
morphometric data and results of the comparison
(ANCOVA) of straight lines of males and females. The
lines differ in all sexes in all analysed relationships.

Only the PL vs. CL relationship for females
showed a significant difference in the relative
growth pattern between the juvenile and adult
phases (Snedecor’s F test: @ < 0.01). There was also
overlapping of straight lines of the smallest captured
mature female with a CL of 3.51 mm (i.e. 0.54 log) and
the largest immature female with a CL of 6.16 mm (i.e.
0.79 log) (Fig. 2). CLs, of females was 4.53 mm while
TLs, was 16.03 mm (Fig. 3).

The ANCOVA result shows that regression
slopes of immature and mature females do not differ
significantly, although significant differences were
recorded for the intercepts values (Tab. III).

Tab. 1. Palaemon pandaliformis Stimpson, 1871: mean, minimum and maximum values of the analyzed variables of males, females and not
sexable (NS) individuals of a population from Canavieiras, state of Bahia, Brazil (X, mean values; sd, standard deviation; CL, carapace length;
TL, total length; AL, abdomen length; PL, pleura length; W, body wet weight; 7, Test t between sexes, NS excluded; ***, statistically significant

at p <0.001.)
Variables Group X +sd Minimum Maximum T
NS 2.77+0.61 1.22 3.39
CL (mm) 3 5.55+0.88 3.40 8.00 o 60"
Q 6.41+1.39 3.43 10.20 ’
NS 12.11 £ 0.60 6.30 21.85
TL (mm) 3 19.91 +£3.30 11.20 28.30 1354
Q 21.71 +4.63 8.12 31.70 '
NS 9.33+£3.18 3.64 18.76
AL (mm) 3 14.37 +£2.80 7.20 21.90 843"
Q 1530 +3.81 4.50 23.00 '
NS 1.70 = 0.60 0.70 3.60
PL (mm) 3 3.57+0.41 1.40 3.80 001
Q 3.60 = 1.00 1.00 6.10 ’
NS 33.69 +29.89 1.00 180.00
Wi(g) d 107.8 £ 46.62 2.00 354.00 18.05™
Q 164.0 = 87.73 2.00 352.00 '
0.9 4
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Figs 2, 3. Palaemon pandaliformis Stimpson, 1871 of a population from Canasvieiras, state of Bahia, Brazil: 2, relationship between pleura length
(PL) and carapace length (CL) of immature (n=165) and mature (n=1019) females with log transformed data (see Tab. III for regression equa-
tions); 3, logistic function fitting the proportion of mature females to carapace length. CL5, corresponds to a proportion of 50% of mature females.
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Tab. II. Palaemon pandaliformis Stimpson, 1871 of a population from Canavieiras, state of Bahia, Brazil: linear regression of morphometric log
transformed data and analysis of covariance (ANCOVA) between sex regressions lines (r2, determination coefficient; A, allometry; *, statistically

significant at p < 0.05; e, b # 3). Other abbreviations see Table I.

. . F-value
Sex Linear regression N r? b#1 A -
Y- intercept Slope
1) TL=0.66CL+0.80 2,724 0.39 -20.71* - * -
6.62 33.37
Q TL=0.80CL+0.68 1,218 0.59 -10.11* -
g AL=0.54CL+0.75 2,701 0.18 -20.60%* - * *
11.48 39.02
Q AL=0.75CL+0.57 1,194 0.39 -8.90* -
PL=0.73CL-0.12 1,4 A -11.67* - * *
1) 0.73CL-0 ,487 0.40 67 393.09 255.60
Q PL=1.20CL-0.41 1,181 0.76 10.10* +
1<) W=1.70CL+0.73 2.731 0.28 25.14e - * *
13.75 138.93
Q W=2.64CL-0.03 1.179 0.60 5.706e -

Tab. IIl. Palaemon pandaliformis Stimpson, 1871 of a population from Canavieiras, state of Bahia, Brazil: relationship between pleura (PL) and
carapace length (CL) with log transformed data. Analysis of covariance between immature (n: 165) and mature (n: 1019) females (r , determina-
tion coefficient; A, allometry; *, statistically significant at p < 0.05; ns: not significant).

. . F-value
Linear regression r? b#1 A -
Y- intercept Slope
I =0. +0. . -0.95"
mmature PL=0.94CL+0.33 0.56 0.95 0 928 58% 0.0638
Mature PL=0.91CL+0.17 0.71 -4.34% -

DISCUSSION

Females collected in river Salsa were larger and
heavier, with larger abdomen and pleura than males
sampled, which contrasts with the findings of authors
such as BoscHi (1974), who stated that males of the
species of the Palaemonidae are generally the largest
individuals of the population with a highly evident sexual
dimorphism. This is frequently observed in species of
the Macrobrachium Bate, 1868, mainly associated to
size and form of the chelipeds of adult males (BoscHi,
1974), which also occurs with some species of Palaemon
(BERGLUND, 1981; KM, 2005) such as P. longirostris, in
that males had positive allometric growth (CARTAXANA,
2003).

In this study, the constant b calculated in the TL vs.
CL relationship for males was lower than that of females,
indicating that carapace growth in relation to total length
occurs at a lesser proportion. In individuals with the same
TL, carapace of females tends to be greater than that
of males, as previously noted for other Palaemonidae
Palaemon northropi, P. pandaliformis, Macrobrachium
acanthurus (WIEGMANN, 1836) and M. olfersi (ANGER
& MOREIRA, 1998). BAUER (2004) suggests that as males
of many species of this family do not protect or defend
the reproductive females or their territory, a larger size
would not be necessary. Energy can therefore be used
to produce a large amount of sperm. Rafael C. Mortari
(unpubl. data) reported individuals of P. pandaliformis
of reduced size (1.5 mm CL) with developed secondary
sexual characters and large amounts of sperm.

Pleura size of the second abdominal somite is
directly related to the reproductive process of females.
The PL vs. CL ratio differs between the sexes. This
dimorphism can be related to the different functions
of the pleura in each sex (HARTNOLL, 1974). Positive
allometry for females is probably related to the fact

that females incubate the eggs until they hatch. Larger
brood pouch increase protection during egg deposition
and incubation, optimizing the reproductive process
(NAzARI et al., 2003; BAUER, 2004).

It was not possible to detect differences in the
relative growth patterns between juvenile and adult
males for all analysed ratios. In the case of females, only
the PL vs. CL relationship differed between juvenile and
adult specimens. PETRIELLA & Boschi (1997) stated
that growth of crustaceans is relative, allometric and
heterogonic. It is discontinuous, with gradual increasing
of volume, size and weight in successive moults or
abruptly in a single moult, such as the puberty moult. This
separates the last juvenile stage from the first sexually
mature stage, reflecting changes in relative growth of
the animal (HARTNOLL, 1985). BAUER (2004) stated
that the abdomen and the first three female abdominal
segments undergo several morphological alterations to
enhance egg protection. These alterations occur during
the moult that precedes the first spawning, making the
female sexually mature.

Puberty moults in Palaemonidac  were
occasionally studied; however, they were observed in
the cephalothorax of Macrobrachium borellii (Nobili,
1896) (CoLLINS & PETRIELLA, 1999), in the second
pereopod of C. morleyi (BOTELLO & ALVAREZ, 2006)
and the abdominal pleura of P. northropi (PRALON &
NEGREIROS-FRANSOZ0, 2006).

In this study, estimated CLs, was 4.53 mm.
However, there are no data of CLs, available for this
species in other locations, which hinders comparisons.
Studies conducted in the states of Rio de Janeiro and
Sdo Paulo presented records of the smallest ovigerous
female. WENNER et al. (1985) and BAUER & ABDALLA
(2000) considered the presence and/or extrusion
of eggs in female pleopods as indicators of sexual
maturity, which is determined by length of the smallest
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captured ovigerous female. In this study, conducted in
Salsa River (Canavieiras, BA), we recorded a CL of
3.81 mm. In the estuary of Sahy River (Mangaratiba,
RJ), Lma & OsHIRO (2002) recorded 5.20 mm for
the smallest ovigerous female, while MORTARI et al.
(2009) recorded 3.00 and 4.10 mm in the estuaries of
Ubatumirim River and Comprido River (Ubatuba,
SP), respectively. Consequently, data obtained for a
freshwater environment (this study) were within the
size scope recorded for estuarine environments located
at higher latitudes. WENNER et al. (1985) and OH et
al. (1999) stated that variations in maturity sizes are
common in crustaceans, caused by variations in growth
rate and several degrees of variability that may occur
on a seasonal basis in a single habitat or in different
locations.

A low number of ovigerous females under the
CL,, measure were found in this study, only tree. These
results suggest that there was synchrony between
physiological and morphological maturity. Thus, the use
of both techniques were appropriate to estimate size at
maturity for Palaemon pandaliformis. Studies on this
genus in freshwater environments are rare, even on a
global scale. A revision of literature only produced KM
et al. (2008) with Palaemon paucidens De Haan, 1844
[in De Haan, 1833-1850] conducted in Lake Sukdang,
South Korea, indicating the need for a greater number of
studies with this genus.
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