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Caridean shrimps are found in all aquatic environments 
and biogeographic regions on the planet. Most representatives 
of this Infraorder are restricted to marine or freshwater envi-
ronments, with the exception of amphidromous shrimps (Bauer 
2004, 2013, De Grave et al. 2008, De Grave & Fransen 2011). 
Amphidromous adult shrimps live, grow, reproduce, and spawn 
in freshwater environments, but their planktonic larvae develop 
in estuarine or marine environments. Generally, larval transport 
to saline environments by river drift occurs during the rainy 
season, when reproductive activity is at its peak. Later in their 
initial development, the larvae migrate back upstream during 
the dry season to the adult environment until they become 
adults themselves. This strategy occurs in some families, name-
ly Atyidae, Palaemonidae and Xiphocarididae. Nevertheless, 
only Palaemonidae, more precisely the genus Palaemon Weber, 
1795, harbour strictly marine and freshwater species as well as 
amphidromous species (Bauer 2004, 2013, Bauer & Delahoussaye 
2008, De Grave & ashelby 2013).

Known as “potitinga” in Brazil, Palaemon pandaliformis 
(Stimpson, 1871) is a small amphidromous species with a 

high tolerance to salinity variations. This shrimp has a wide 
geographical distribution along the Western Atlantic, from 
Cuba to southern Brazil (Melo 2003, Foster et al. 2009, Ferreira 
et al. 2010). It lives on sand or mud substrates under stones or 
plant debris, and is associated with several macrophytes species 
and marginal vegetation of rivers with direct or indirect ocean 
connections (Coelho 1964, AlmeiDa et al. 2006, Paschoal et al. 
2013a). Palaemon pandaliformis is directly involved in organic 
nutrient cycling and it is an important component of the diet 
of many birds and fresh/saltwater fish species (Teixeira 1997, 
BonD-buckup & buckup 1999).

Recently, Ashelby et al. (2012) proposed the creation of a 
new genus by means of a molecular approach to accommodate 
P. pandaliformis due to the proximity of the species to the genus 
Macrobrachium Spence Bate, 1868. Despite the recent discussion 
proposed by these authors, the wide distribution of the species, 
and the increasing use of the shrimp in aquarium trading (LRP 
Paschoal pers. observ.), studies focusing on the biology of P. 
pandaliformis are scarce, especially in freshwater environments. 
In estuarine environments, some of these works include: coelho 
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(1964), who descriptively discussed a few ecological aspects such 
as feeding, grooming and fecundity; lima & oshiro (2002), who 
briefly described the reproductive biology of this shrimp, and 
observed a population dominated by females with continuous 
reproductive activity; mortari et al. (2009), who studied the re-
productive biology of two populations with no sex predominance 
(1:1 sex ratio), and observed both seasonal (non-continuous) and 
continuous reproductive activity throughout the year; and rosa 
et al. (2015), who discussed ecological and reproductive aspects, 
and described a population that is dominated by large and heavy 
females with higher abundances during warmer months and sea-
sonal reproductive activity. Until this moment, only two studies 
were conducted in freshwater environments, namely paschoal 
et al. (2013a), who observed the association of this shrimp with 
macrophytes, their habitat preferences, and their uses by males 
and females; and Paschoal et al. (2013b), who estimated the sexual 
maturity and assessed the relative growth variability between sex-
es, thus showing that females were larger and heavier than males.

Palaemon pandaliformis exhibits different reproductive and 
ecological patterns depending on the sampled environment. In 
this study, we present the population biology, growth patterns 
and reproductive aspects of P. pandaliformis in a neotropical 
river. We also assessed the effects of rainfall on the recruitment 
and reproduction of P. pandaliformis. These population biology 
and reproductive aspects were compared to those available in 
the literature for estuarine populations in order to focus on 
intraspecific variability.

MATERIAL AND METHODS

Study site and sampling
Rio Salsa (15°42’S, 38°59’W) is a neotropical river loca-

ted in the south of the state of Bahia, northeastern Brazil. It 
is considered one of the main tributaries of Rio Pardo, and its 
watershed covers an area of 30360 km² (Fig. 1). The studied river 
is subjected to untreated domestic sewage discharge, artisanal 
and commercial fish and shrimp fisheries, tourism and water 
sports activities (Paschoal et al. 2013a,b).

Samples were collected monthly between September 
2009 and August 2010, at nine collection sites along a reach of 
Rio Salsa (~2.5 km) located in the municipality of Canavieiras 
(Fig. 1). The studied reach was on average 30 meters wide and 5 
meters deep. Shrimps were collected during the day with a hand 
net (0.5 mm mesh) that was swept through marginal vegetation 
and macrophyte banks for 20 minutes. The sampling sites were 
selected according to the vegetative extension, abundance, and 
longevity of the macrophyte patches, and approximately 300 
meters apart. The macrophytes banks comprised three patches of 
Brachiaria sp. (Trin.) Griseb., 1853 (P1, P2 and P6), three patches 
of Juncus sp. (L.) (P3, P4 and P5), and three patches of Eichhornia 
crassipes (Mart.) Solms (P7, P8 and P9). The sampling sites are 
located ~11 km from the estuary area.

Rainfall data in the municipality of Canavieiras were 
obtained from the Real Time Monitoring Programme of the 
Northeastern Region (PROCLIMA).

Figure 1. Location of sampling sites in the study area.
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Measurements
After collection, the samples were preserved in 70% 

ethanol and transported to the laboratory. The samples were 
identified according to Melo (2003). Sex was determined by 
examining the endopodite shape of the first pair of pleopods 
and by inspecting the appendix masculina (presence or absence) 
on the endopodite of the second pair of pleopods (Bauer 2004). 
Individuals with carapace length smaller than the smallest iden-
tified male were counted as not sexable (Paschoal et al. 2013b). 
These individuals were not used in the analysis. Permissions 
were granted by the ICMBio/SISBIO (SISBIO #36210-1). Voucher 
specimens were deposited in the Museu de Zoologia da Univer-
sidade de São Paulo (MZUSP), and catalogued as MZSP 28.313.

The shrimps were measured using a stereomicroscope 
with an imagery system. Images were analysed using ImageJ® 
software version 1.45. The samples were measured according to 
AnGer & moreira (1998) and Nazari et al. (2003). For both sexes 
we measured carapace (CL) and total length (TL). For ovigerous 
females we also measured the three first abdominal pleuras 
length (PL), second abdominal pleura height (PH), and distance 
between right and left second abdominal pleuras (PD). Individual 
wet weight (W) was calculated using a precision scale (0.001 g).

Sex ratio and recruitment
We obtained total, monthly and size class proportions 

for males and females. The Chi-squared (χ2) test was used to 
determine whether sex ratio differed from the expected 1:1 
proportion.

Individuals with CL equal or smaller than 4.53 mm were 
considered immature (i.e. recruits, as established by Paschoal et 
al. 2013b). Recruitment patterns were determined by observing 
modal peaks of juveniles during the studied period (i.e. higher 
percentage of recruits per month). We also assessed whether 
rainfall was associated to the frequency of immature individuals 
using Pearson correlation.

Growth and age
Total and monthly population structure of P. pandaliformis 

were analysed by determining the distribution frequency of 
carapace length (CL) using classes with 1.0 mm interval for 
both sexes. Normality of frequency distribution was evaluated 
using the Shapiro-Wilk test, and homoscedasticity was calcu-
lated using Levene’s test. However, the normality (W-Statistic: 
0.99, p < 0.001) and homoscedasticity (F1,309: 4147, p < 0.001) 
assumptions were not satisfied. Average CL values obtained 
throughout the year for males and females were compared using 
a non-parametric Mann-Whitney U-test.

Growth was estimated by observing modal shifting from 
September 2009 to August 2010. Modes for males and females 
were identified using PeakFit 4.12© (Systat Software Inc, Rich-
mond, CA), which contains an algorithm that estimates normal 
distribution in length group frequencies and identifies a central 
parameter corresponding to mode (Fonseca & D’incao 2003). The 
central parameters and initial graphic outline of the growth 

curve were selected according to the points with a lower stand-
ard error (SE) and the highest coefficient of determination (r2).

Cohorts were obtained manually and selected to design 
the growth curves. The Von Bertalanffy growth (VBG) equation, 
which estimates the size of the individual in relation to age when 
growth has a non-seasonal pattern, was: Lt = L∞ [1-e-K(t-to)], where: 
Lt is length (mm) for a given age t, L∞ is the maximum theoreti-
cal length that the species can reach (i.e. asymptotic size), K is 
growth curve inclination or growth constant/rate (mm/year), t 
is age of individuals, and t0 is age of the animal at birth (Lt: 0). 
To estimate growth parameters, all the cohorts were fitted to the 
VBG model using an automated least squares method (SOLVER, 
software MS Excel) (Baeza et al. 2013).

Growth parameters and curves were calculated separately 
for each sex. The 95% confidence and the prediction intervals 
of each curve were also calculated. Lifespan was obtained using 
the inverted VBG formula altered by D’incao & Fonseca (1999) 
for both sexes.

pauly & munro (1984) stated that the growth performance 
index (Φ’) is more appropriate to compare growth between sexes 
than L∞ and K individually since these parameters are correlat-
ed and less robust. Thus, Φ’ was calculated with the equation: 
Φ’ = log K + 2log L∞.

Moreover, growth patterns estimated for this species 
were compared with available studies involving shrimps in the 
Palaemon genus. For this comparison, we only selected the VBG 
studies published before the revision of the genera proposed by 
De Grave & ashelby (2013). Consequently, junior synonyms of 
Palaemon (former genus Palaemonetes Heller, 1869, Exopalaemon 
Holthuis, 1950 and Coutierella Sollaud, 1914) were not assessed.

Reproduction
Ovigerous females were classified into three stages ac-

cording to the embryonary development stage: initial (I) – more 
than 2/3 of the egg volume occupied by yolk, without visible 
eye pigmentation, and an embryo with little or no differentia-
tion; intermediate (II) – eye pigmentation formed and embryo 
differentiated, with yolk occupying more than 1/3 of the egg 
volume; and final (III) – well-developed eye pigmentation, ap-
pendix differentiation in final phase and yolk occupying less 
than 1/3 of egg volume (anGer & moreira 1998).

Subsequently, the frequency of ovigerous females was ob-
tained for every month considering two different groups: females 
carrying eggs with no eye (stage I), and with eye pigmentation 
(stages II and III), thus allowing the observation of modal peaks. 
A correlation coefficient was used to evaluate the association of 
rainfall on the frequency of ovigerous females.

Brood pouch volume (BPV) of the ovigerous females was 
estimated considering PL, PH and PD (Nazari et al. 2003). The 
relative growth of CL, TL and W vs. BPV was also determined 
(see “Measurements” section for further details). Power functions 
were linearized by log transformation (base 10), and allometric 
constants (b) were tested using a one-sample t-test to assess 
whether observed coefficients were different from 3, considering 
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it is a three dimensional variable. These functions were used to 
determine relative growth patterns.

Fecundity was assessed by directly counting the eggs of 
180 ovigerous females (15 females were randomly selected per 
month). Only females with eggs in the initial phase of develop-
ment (stage I) were analysed given the possibility of potential 
egg loss during incubation (Nazari et al. 2003). The correlation 
coefficient was calculated to evaluate the association between 
fecundity and values of CL, TL, W, and BPV.

Reproductive output (RO) was determined by means of 
weight of the female (Wd) and egg mass (EMWd) dehydrated in 
an oven at 70°C for 48 hours, weighed on a precision scale (0.001 
g), and estimated using the formula: RO = (EMWd / Wd) × 100

A subsample of 50 eggs in each embryonary stage was 
used to calculate individual egg volume. Long axis (l) and short 
axis (h) of each egg were measured under a stereomicroscope 
coupled to an imaging system (Zeiss/Axiovision – 40X). The 
eggs were treated as ellipsoids, and volume (VO) was calculated 
using the following equation (oDinetz-collart & rabelo 1996): 
VO = (πlh2) / 6.

As the normality assumption was not satisfied (W-Statistic: 
0.92, p < 0.001), the Kruskal-Wallis (KW) non-parametric ana-
lysis of variance was used to compare the average egg volume 
between stages, followed by a post-hoc comparison of means 
using the Tukey test.

RESULTS

Sex ratio and recruitment
A total of 4151 individuals (2860 males and 1291 females) 

were analysed. Total sex ratio (M:F) was 2.21:1 (χ2 = 295.91, df = 1, 
p < 0.001). Males were predominant in all monthly collections, 
with sex ratio ranging from 1.20:1 (χ2 = 0.64, df = 1, p = 0.14 – 
Jan./2010) to 3.41:1(χ2 = 57.42, df = 1, p < 0.001 – May/2010) 
(Fig. 2). The sex ratio analysis of size classes showed a pattern 

in which the males were significantly concentrated in the in-
termediary size classes, and females were concentrated in the 
upper size classes (Fig. 3).

Around 13% (N: 531) of the captured individuals were im-
mature. The peak of recruitment occurred in March and April 2010 
(Autumn), when there was a higher proportion of juveniles in the 
population (Fig. 4). There was a weak and non-significant positive 
correlation between recruitment and rainfall (r = 0.33, p = 0.30).

Growth and Age
The CL of females varied between 1.22 and 13.17 mm (TL: 

6.3-36.4 mm) and the CL of males varied between 1.78 and 9.25 
mm (TL: 8.12-32.4 mm). Females (x ± SD: 6.31 ± 1.51 mm CL) 
were significantly larger than males (x ± SD: 5.55 ± 0.95 mm 
CL) (U: 1211385, p < 0.001) (Fig. 5).

The frequency distribution of size class for both sexes 
throughout the year complied with a polymodal pattern (re-
markably in female shrimps) (Fig. 6). Estimated modal peaks 
and selected cohorts, with the determination of the four cohorts 
for both sexes, are shown in Fig. 7. It was possible to observe 
that the female cohorts reached larger maximum sizes than the 
male cohorts.

The growth equations indicated that the females (CL∞: 13.2, 
TL∞: 38.8 mm) grew faster and reached larger sizes than the males 
(CL∞: 9.3, TL∞: 27.5 mm). Although the females reached larger 
sizes, their growth rate (K) was lower than that of the males. The 
higher Φ’ values registered for the females explain this pattern, 
which is probably a pattern of the genus Palaemon (Table 1). 
Furthermore, maximum estimated lifespan was greater for the 
females (16 months) than for the males (13 months) (Figs. 7-8).

Reproduction
Of the 1291 collected females, 452 (35%) were ovigerous. 

Two peaks were recorded, with an initial peak in January (45%) 
and February (51%) 2010 (Summer), and a second peak in July 
(53%) and August (63%) 2010 (Winter) (Fig. 9).

Figures 2-3. Sex ratio (male/total) of Palaemon pandaliformis collected from September 2009 and August 2010 in Rio Salsa, Canavieiras, Bahia, 
Brazil. (2) Monthly fluctuations. (3) Anomalous probability curve derived from a year sampling collection. * Statistically significant at p ≤ 0.05.

2 3
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Figure 4. Recruitment pattern of Palaemon pandaliformis and monthly precipitation recorded from September 2009 and August 2010 in 
Rio Salsa, Canavieiras, Bahia, Brazil.

Figure 5. Minimum, maximum (whiskers), median (horizontal line) 
and mean (black square) carapace and total length values for males 
and females of Palaemon pandaliformis collected from September 
2009 and August 2010 in Salsa River, Canavieiras, Bahia, Brazil.

Table 1. Von Bertalanffy growth parameters estimated from the 
length frequency distribution analysis for males and females of Pa-
laemon pandaliformis and a comparison between studies involving 
shrimps in the Palaemon genus. (L∞) asymptotic carapace length 
(mm), (K) growth coefficient (year-1), (t0) age at zero length, (Φ’) 
growth performance index, (ni) data not informed, (*) values esti-
mated from the data set of the authors.

Species Reference Parameter
Sex

Male Female

P. adspersus Bilgin et al. 2009a

L∞ (mm) 49.63 62.79

K (year-1) 1.08 1.19

t0 (year) 0.38 0.60

Φ’ 3.43 3.67

P. elegans Bilgin et al. 2009b

L∞ (mm) 42.28 47.88

K (year-1) 1.39 1.21

t0 (year) 0.80 0.98

Φ’ 3.40 3.44

P. gravieri Araki & Hayashi 2002

L∞ (mm) 10.46 24.47

K (year-1) 3.86 0.68

t0 (year) 0.01 0.41

Φ’ 2.63* 2.61*

P. longirostris Cartaxana 2003

L∞ (mm) 11.68 16.32

K (year-1) 0.62 0.51

t0 (year) 0.49 1.42

Φ’ 1.93 2.13

P. pandaliformis Present study

L∞ (mm) 9.30 13.20

K (year-1) 4.32 3.51

t0 (year) 0.03 0.37

Φ’ 2.57 2.79

P. paucidens Kim et al. 2008

L∞ (mm) 14.51 17.75

K (year-1) 0.55 0.57

t0 (year) ni ni

Φ’ 2.06 2.25

P. xiphias Guerao et al. 1994

L∞ (mm) 50 70

K (year-1) 1.57 1.92

t0 (year) 0.31 0.15

Φ’ 3.59* 3.97*
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The lowest proportion of ovigerous females was 11.76% (April 
2010) and the highest was 63.89% (August 2010) (Fig. 9). Around 
80% of the ovigerous females had eggs in stage I, 18% in stage II, 
and only 2% in stage III. Females with eggs in the initial stage of 
development were predominant during all the studied months 
except for March 2009. There was a slight decrease in the number 
of ovigerous females as rainfall increased (r = -0.21, p = 0.52).

Average fecundity registered for P. pandaliformis was 139 
eggs per female, which is within the margin recorded for the 
specimens collected in other locations in Brazil (Table 2). The 
CL of ovigerous females varied from 3.80 to 11.53 mm (x ± SD: 
7.18 ± 1.11) and BPV ranged from 5.60 to 24.01 mm3 (x ± SD: 
11.81 ± 3.24), presenting a negative allometry. Negative allo-
metries were also observed when regressing BPV on TL or W, 

which indicates that BPV tends to grow at a greater proportion 
than other parts of the body (Table 3).

Fecundity (Fec) varied from 34 to 250 eggs (x ± SD: 139 ± 
48). Relations Fec vs. BPV, Fec vs. CL, Fec vs. TL, and Fec vs. W 

Figure 6. Monthly length frequency distribution of males and females of Palaemon pandaliformis collected from September 2009 and 
August 2010 in Rio Salsa, Canavieiras, Bahia, Brazil. Dotted line at 4.53 mm was drawn for illustrative purposes, indicating recruitment 
of small individuals into the population, according to Paschoal et al. (2013b).

Table 2. Comparison of fecundity in Palaemon pandaliformis between 
studies from different latitudes.

Latitude Fecundity amplitude (x ± SD) Authors

08°02’ S 290 Coelho (1964)

15°42’ S 34-250 (139 ± 48) Present study

22°56’S 40-270 (137) Lima & Oshiro (2002)

23°20’S 75-207 (130 ± 25) Mortari et al. (2009)

23°29’S 103-412 (189 ± 53) Mortari et al. (2009)

23°49’S 102-375 Anger & Moreira (1998)
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showed that the fecundity of females tends to increase as they 
increase in body size (Figs. 10-13).

In this study, average total egg mass corresponded to 21% 
of female weight, which is within the average reproductive 
output (RO) range of the studied Palaemonidae. Other studies 
conducted with Palaemonids observed RO values ranging from 
12 to 27% (Table 4).

The eggs of P. pandaliformis were attached by chorion fila-
ments and surrounded with mucus, thus forming a compact mass 
that exceeded the lower limit of the abdominal pleura. There was 
a significant increase in size due to growth of their axes, with the 
exception of the short axis from stage I to stage II (decrease of 
0.13% in size). There was an increase in the short axis of stage II 
to stage III of 12.92%, and for long axes of 4.64% from stage I to 
stage II, and of 12.89% from stage II to stage III. Average volumes 

Figure 7. Modal dispersion and selected cohorts for males and females of Palaemon pandaliformis collected from September 2009 and 
August 2010 in Rio Salsa, Canavieiras, Bahia, Brazil.

Figure 8. Von Bertalanffy growth curves for male and female data of Palaemon pandaliformis based on monthly length-frequency distribution 
from September 2009 and August 2010 in Rio Salsa, Canavieiras, Bahia, Brazil. Center line: mean; dotted lines: confidence intervals (95%); 
dashed lines: prediction interval (95%). Individual points represent modal carapace length (CL) derived from size-frequency distributions.

Table 3. Relationship between brood pouch volume (BPV) and 
morphometric data in ovigerous females of the Palaemon pandal-
iformis sampled in Rio Salsa, Canavieiras, Bahia, Brazil. (CL) Cara-
pace length, (TL) total length, (W) total weight, (r2) coefficient of 
determination, (A) allometry, (*) statistically significant at p ≤ 0.05.

Variables Linear regression N r² t A

CL (mm) CL: 0.09*BPV + 5.58 179 0.20 -10.70* –

TL (mm) TL: 0.48*BPV + 19.65 179 0.34 -10.61* –

W (g) W: 13.93*BPV + 83.63 179 0.58 -40.20* –
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showed an apparent increase of 3.29% from stage I to II, and of 
34.41% from stage II to III (KW = 54.72, df = 2, p < 0.001) (Table 5).

the cost of producing each sex is equal. However, Wilson & 
pianka (1963) stated that sexual proportions can be biased due 
to a series of factors (e.g., behaviour, migration, mortality and 
growth rates), which eventually cause a significant deviation in 
the sex ratio of a population. The results obtained here differ 
significantly from those presented by lima & oshiro (2002) 
and Mortari et al. (2009), who studied estuarine populations 
of P. pandaliformis from rivers of Rio de Janeiro and São Paulo 
(southeastern Brazil) and recorded sex ratios of 1:1.57 and 
1:1.19 – 1:1.34, respectively, which indicates a slight significant 
predominance of females. Rosa et al. (2015) also recorded a high 
predominance of females (1:5.7) in a subtropical salt marsh in 
southern Brazil (state of Paraná).

Wenner (1972) states that the deviation from a 1:1 (M:F) 
proportion is common in crustaceans, and described four types 
of sex ratio patterns as a function of size (i.e. standard, reversal, 
intermediate and anomalous) for a wide range of crustaceans. 
The sex ratio pattern that best fit the studied population is the 
“anomalous pattern”. As observed by Wenner (1972) in other 
crustaceans, the proportion of the population of P. pandaliformis 
in the smaller-sized classes was approximately 1:1 (M:F), while 
males were concentrated in the intermediate-sized and females 
were concentrated in the large-sized classes, considering that 
females only occur in the last four classes.

The shorter lifespan of males in comparison with females 
(see “Growth and age” results section for further details) would 
explain the predominance of these intermediate-sized classes 
and the lower average sizes reached by males. Gavio et al. (2006) 
analysed a population of the caridean shrimp Crangon francis-
corum Stimpson, 1856 and observed a higher frequency and 
smaller sizes for males during the first year of life, whereas the 

Table 5. Axes lengths and volumes of three stages of Palaemon 
pandaliformis eggs. Mean (± SD). Values with different letters are 
significantly different (p < 0.05).

Stages
Axis (mm)

Volume (mm3)
Short Long

I 0.577 (± 0.070) 0.724 (± 0.074) 0.129 (± 0.038)ª

II 0.576 (± 0.073) 0.760 (± 0.090) 0.133 (± 0.035)ª

III 0.662 (± 0.075) 0.872 (± 0.103) 0.203 (± 0.058)b

Table 4. Comparison of reproductive output (RO) between studies 
of Palaemonid shrimps from different habitats. (E) Estuarine, (F) 
freshwater, (M) marine.

Species Habitat RO References

Macrobrachium acanthurus F/E 0.19 Anger & Moreira (1998)

Macrobrachium olfersi F/E 0.22 Anger & Moreira (1998)

Palaemon elegans M 0.12 Janas & Mańkucka (2010)

Palaemon modestus F 0.17 Oh et al. (2002)

Palaemon northropi M 0.14 Anger & Moreira (1998)

Palaemon pandaliformis F/E 0.19 Anger & Moreira (1998)

Palaemon pandaliformis F/E 0.21 Present study

Palaemon paucidens F 0.27 Kim et al. (2008)

Figure 9. Monthly changes in the percentage occurrence of Palaemon pandaliformis female with non-eye (Stage I) and eyed eggs pig-
mentation (Stage II and III), and precipitation recorded from September 2009 and August 2010 in Rio Salsa, Canavieiras, Bahia, Brazil.

DISCUSSION

Sex ratio and recruitment
Males were predominant in the studied area (2.21:1), 

although Fisher (1930) points out that natural selection favours 
the production of offspring at a 1:1 (M:F) proportion and that 
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females continued to grow. These authors suggest that males 
have a shorter lifespan and disappear from the population in 
the second year, while the females (especially ovigerous ones) 
remain. They attribute death as the cause of the reduced number 
of male individuals in larger size classes.

Amphidromous juvenile shrimps (immature individuals) 
must find a river mouth and migrate upstream to the environ-
ment of adults. These recruits can be captured during their migra-
tion to colonize or re-colonize riverine habitats. Commonly, the 
low speed of the water flow in dry seasons benefits the presence 
of recruits due to low amount of energy required to move up-
stream associated to few potential obstacles for re-colonization 
(e.g., reduced downstream drift) (Bauer 2004, 2013). There were 
no recruitment data for P. pandaliformis in other locations, which 
prevents any comparisons.

However, we recorded an inverted pattern with greater 
recruitment occurring in higher water flow periods, consider-
ing that the recruitment peak was between March and April 
2010 (Autumn), when rainfall is higher (e.g., 234 and 150 mm, 
respectively). Probably, the relief of the study area aided the 
recruitment of P. pandaliformis in Rio Salsa during the rainy 
months. Rio Salsa exceeds its capacity during high rainfall 
periods and floods the margins, which increases the riverbank 

areas (LRP Paschoal and ECG Couto pers. observ.). As the up-
stream migration of juveniles occurs near the banks due to the 
low velocity of the flow in these areas (Bauer 2013), seasonal 
flood probably favoured the recruitment of P. pandaliformis in 
the margins of the river.

Growth and age

Males of P. pandaliformis were significantly smaller than 
females. Generally, males of Palaemonidae shrimps usually 
have larger body proportions than females because they invest 
and spend more energy on body growth and the acquisition of 
robust chelipeds, considering that larger males are more likely to 
mate and perform better in inter/intraspecific competition (e.g., 
Macrobrachium spp. males) (Correa & Thiel 2003, Bauer 2004). 
Contrarily, females spend more energy on reproduction, which 
significantly reduces growth rates and explains the smaller sizes 
in comparison with the males (Boschi 1974). However, Correa 
& Thiel (2003) point out that males of many caridean species 
do not even protect or defend females in their own territory 
(i.e. “pure-search” strategy males), which suggests that larger 
body sizes would be unnecessary and unbeneficial. The energy 
that would be spent on growth is better used in events that 
involve successful reproduction, such as sperm production. RC 

Figures 10-13. Relationship between fecundity (Fec – number of eggs) and carapace length (10), total length (11), weight (12) and brood 
pouch volume (13) for Palaemon pandaliformis females collected from Rio Salsa, Canavieiras, Bahia, Brazil.
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Mortari (unpub. data) found evidence for this hypothesis for 
P. pandaliformis by noting that small individuals (CL: 1.5 mm) 
produce a large quantity of sperm (i.e. physiological maturity), 
although the author does not present evidence on the capability 
to copulate of these small males (i.e. morphological maturity).

As suggested by Pauly & Munro (1984), the growth perfor-
mance index (Φ’) can be used to determine sexual dimorphism 
in growth, considering that it is an average of parameters ob-
tained from VBG equations. It was possible to observe that the 
calculated Φ’ was very similar to that of the other congeners, 
and that females of P. pandaliformis had a greater Φ’ value than 
males (Table 1). This growth pattern was also observed for other 
species of Palaemon (Guerao et al. 1994, Araki & Hayashi 2002, 
Cartaxana 2003, Kim et al. 2008, BilGin et al. 2009a,b).

Females reached larger sizes, grew faster, and had longer 
life spans than males, but their growth rate (K) was lower than 
that of males, indicating that there was a growth-reproduction 
trade-off that differs between sexes in P. pandaliformis. Cartax-
ana (2003) observed slow growth of reproductive females of P. 
longirostris H. Milne Edwards, 1837during the breeding season. 
This pattern was also observed by Guerao et al. (1994) in P. xiphi-
as Risso, 1816. As females of P. pandaliformis exhibited a high 
reproductive activity throughout the year (see “Reproduction” 
results section for further details), the investment of energy to 
optimize the reproductive process probably inhibits growth. 
According to Jones & Simons (1983) and Oh et al. (2002), the 
growth of females can be expectedly low or reduced during the 
reproduction period, when they spend more energy on oocytes 
development and eggs production. On the other hand, RC Mor-
tari (unpub. data) confirms an earlier physiological maturity in 
small males of P. pandaliformis (CL: 1.5 mm), which indicates 
that they grow quickly and mature before the females. These 
shrimps adopted the “pure-search” mating system strategy, thus 
explaining the larger size of the females and the smaller size of 
males (Correa & Thiel 2003). Male shrimps with a higher growth 
rate can probably reach this optimal body size sooner and are 
capable to copulate with large females. However, due to their 
shorter lifespan they disappear from the population, while the 
females remain and continue growing.

Since Palaemon pandaliformis is an amphidromous species, 
larger individuals with a longer lifespan (especially females) 
may have migrated to other areas not included in this study. 
coelho (1964) conducted a study in a coastal lake of the state 
of Pernambuco (northeastern Brazil) and reported the presence 
of a P. pandaliformis female with more than 14 mm of CL. This 
value is slightly higher than the maximum theoretical CL re-
corded for females in this study (13.17 mm), and may suggest 
that this species can live a little longer than we estimated in 
the present study.

Despite the differences in body size proportions observed 
in species of the Palaemon genus (Table 1), the lifespan calculated 
in this study was very similar to the lifespan of other congeners, 
which suggests that amplitude can be considered a rule for this 

genus. cartaxana (2003) determined that the longevity of P. 
longirostris in river Mira (Portugal) is around 15 months, while 
Guerao et al. (1994) estimated the lifespan of P. xiphias in Alfacs 
Bay (Spain) as being between 14 and 17 months, and Araki & 
Hayashi (2002) established a lifespan for P. gravieri (Yu, 1930) in 
Osaka Bay (Japan) of around 12 months.

Reproduction
The number of ovigerous females and the macroscopic 

observation of their ovaries during the studied period (LRP 
Paschoal pers. observ.) revealed that reproductive activity was 
continuous in P. pandaliformis. GooDboDy (1965) and Diaz & 
ConDe (1989) found that tropical species show continuous re-
production characterised by the presence of ovigerous females 
and recruits throughout the year, in addition to unimodality in 
the grouped frequency distribution of total individuals. In this 
study, P. pandaliformis also showed this pattern (see Figs. 5-6 
and 9), as observed by Lima & Oshiro (2002) in river Sahy (Rio 
de Janeiro, Brazil) and Mortari et al. (2009) in river Ubatumirim 
(São Paulo, Brazil).

Palaemon pandaliformis showed a high reproductive 
activity throughout the year, and ovigerous females carrying 
eggs with or without eye pigmentation were recorded for all 
the analyzed months. Two peaks were registered: the first in 
summer (secondary) and the second in winter (main peak). 
The first peak coincides with results of the studies conducted 
by Mossolin & Bueno (2002), Fransozo et al. (2004), Mortari et al. 
(2009), Mossolin et al. (2013), and Bertini et al. (2014) in the state 
of São Paulo, Brazil. These authors observed a growing trend in 
the occurrence of ovigerous females of different Palaemonidae 
species during summer only (i.e. period with the heaviest rainfall 
and warmest months in the southern hemisphere). However, 
the highest frequency of ovigerous females in the population 
of the present study was recorded during the second peak, that 
is, during winter when the rainfall is low. Carvalho et al. (1979) 
and Mantelatto & Barbosa (2005) studied a population of Macro-
brachium acanthurus (Wiegmann, 1836) and M. brasiliense (Heller, 
1862), respectively, and observed a similar variation. The authors 
attribute this peak to factors such as migration, plant composi-
tion, food availability and water quality. Here, we attributed the 
winter peak to the capability of macrophyte patches (especially 
Brachiaria sp.) of retaining a considerable amount of organic 
matter. The high rainfall recorded in July 2010 probably led 
macrophytes to retain the direct surface flow of organic matter 
and the ovigerous females to assimilate this matter as a food 
source during the peak (LRP Paschoal unpub. data).

Ovigerous females of P. pandaliformis, especially those 
with eggs in the initial stage of development, were recorded 
during the entire sampling period. These females may not have 
exhibited downstream reproductive migration in order to hatch 
the larvae in saline environments. This pattern or behaviour was 
also recorded by Bertini et al. (2014) for M. acanthurus. These 
authors observed ovigerous females carrying egg at all stages in 
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all the study sites during the reproductive season with no records 
of reproductive females disappearing far from the coast, which 
means there was no reproductive migration towards estuaries 
to hatch larvae. Other evidence relies on the presence of the 
ovigerous females during high water or rainy months in the 
river inhabited by adults, which is a reverse pattern from the 
pattern described by Bauer (2013).

The average fecundity registered in the present study dif-
fers from the findings of studies involving P. pandaliformis from 
different locations of Brazil, although these results lie within 
the margin recorded for the species (Table 2). ODinetz-collart & 
Rabelo (1996) and Oh et al. (1999) state that fecundity of a same 
species may vary due to environmental factors, food availability, 
variability in egg size and volume, individual age and size, and 
physiological conditions. Comparing our fecundity data with 
that of literature, we observed that fecundity is slightly greater in 
higher latitudes (Table 2). DeFeo & Mclachlan (2005) suggest that 
the marked variation in fecundity patterns could be explained 
by high phenotypic plasticity in the behaviour, physiology 
and morphology of benthic species. They also point out that 
plasticity permits adaptability to certain habitats. Jones & Simons 
(1983), however, point out that variability in fecundity can be 
explained by the synergy of two factors: (a) slow growth and 
low metabolism, resulting in more energy for egg production; 
and (b) increased number of broods produced by females at 
high latitudes.

Females of P. pandaliformis tend to invest more energy 
on growth of the brood pouch than on other parts of the body 
(Paschoal et al. 2013b). The abdomen and their segments suf-
fer morphological alterations that facilitate protection during 
deposition, incubation and spawning (Bauer 2004). Larger 
brood pouches would increase the fecundity and protection 
of embryos during egg deposition and incubation, and conse-
quently optimize the reproductive process (Nazari et al. 2003, 
Bauer 2004). Bauer (2004) states that in females of Caridea, the 
main determining factor of the number of eggs laid is body size. 
Other factors such as parasitism, incomplete fertilization and/or 
diseases can also influence fecundity (Corey & ReiD 1991, AnGer 
& Moreira 1998, Rocha & Bueno 2000), although to a lesser pro-
portion when compared with the size of the female (Bauer 2004).

Palaemon spp. shows considerable differences in size and 
fecundity. Thus, the use of an index or common value between 
the most varied species is necessary for effective comparisons. 
Reproductive output (RO) has been applied successfully and is 
defined as a fraction of total energy invested in reproduction 
(Clarke 1987). Clarke (1987) and LarDies & Wehrtmann (1997) 
studied total mass values of eggs in Caridea and found that RO 
in Pandalidae Haworth, 1825 varies from 17 to 24%, in Cang-
ronidae Haworth, 1825 from 12 to 14%, and in Alpheidae from 
9 to 17%, and did not determine values for Palaemonidae. Nev-
ertheless, P. pandaliformis showed a greater RO when compared 
with marine Palaemonids (Table 1). This is congruent with the 
results of AnGer & Moreira (1998), who recorded a lower RO value 

for the marine Palaemon northropi (Rankin, 1898) in comparison 
with freshwater species, which suggests that this tendency can 
be considered a reproductive ecological rule in Palaemonidae.

Eggs in the final stages in both axes were larger than the 
eggs in the initial stages (for further review, see AnGer & Moreira 
1998). BilGin & Samsun (2006: see table 7, for review) and Janas & 
Mańkucka (2010: see table 3, for review) compared increases in 
the change of egg diameter of marine Palaemonids and found 
the same pattern recorded in this study. AnDerson (1982) states 
that an increase of the long axis is caused by growth of embry-
onic structures in the cephalic-caudal axis. Nazari et al. (2003) 
suggest that during the final stage of incubation, the growth of 
egg axes is an important characteristic in embryogenesis since 
it enables greater mobility to the embryos and larvae hatching.

This study revealed that egg volume evidently increased 
during embryonic development. This finding was also observed 
by Mossolin & Bueno (2002) for Macrobrachium olfersii (Wieg-
mann, 1836), and by Nazari et al. (2003) for M. olfersi and M. 
potiuna (Müller, 1880). Among other parameters, this finding is 
associated with cell mobility, water absorption by cells, structural 
organization and embryo growth (Kobayashi & Matsumura 1995). 
Average egg volume of P. pandaliformis varied from 0.129 ± 0.038 
mm3 in stage I and 0.203 ± 0.058 mm3 in stage III. Mortari et 
al. (2009) recorded a slightly lower value for egg volume in this 
species (0.100 mm3 – Stage I) in the coast of São Paulo, Brazil. 
The obtained value for the population in Rio Salsa is within the 
size range recorded for other freshwater/estuarine Palaemonidae, 
such as Leander tenuicornis (Say, 1818) (0.163 mm3), P. northropi 
(0.200 mm3), Palaemon mundusnovus De Grave & Ashelby, 2013 
(0.294 mm3) and Palaemon pugio (Holthuis, 1949) (0.320 mm3) 
(Corey & ReiD 1991). However, this value is higher than the 
values recorded for other species of Palaemon that are restricted 
to marine environments, such as Palaemon adspersus Rathke, 
1837 (0.084-0.109 mm3) and Palaemon elegans Rathke, 1837 
(0.039-0.053 mm3) (BilGin & Samsun 2006).

The comparison of reproductive aspects of the population 
presented in this study with that of other marine Palaemonids 
is consistent with the observations of Jalihal et al. (1993) and 
Mashiko & Numachi (2000). These studies concluded that spe-
cies from inland waters have larger eggs and lower fecundity 
(and probably a higher RO) than marine species. Therefore, 
the hypothesis that Palaemonidae are undergoing a process 
of adaptation and colonization of freshwater environments 
(“freshwaterization”), as proposed by ODinetz-collart & Rabelo 
(1996) and Ashelby et al. (2012), and registered by Pantaleão 
et al. (2014), is supported when we compare the reproductive 
characteristics of marine species with those of P. pandaliformis.
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