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A B S T R A C T

Growth and morphometric characteristics of the caridean Palaemon longirostris Milne Edwards, 1837, were studied in the Gironde

estuary population. Their first comparison with earlier studies in this estuary and in the Mira River provided the first step towards

developing environmental indicators using a species represented at the European scale. Mean individual growth was modelled for each

sex using the classical von Bertalanffy growth model and the seasonal model that integrates periods of lower growth. Morphometric

relationships, in particular the spatio-temporal variability in the relative weight of individuals, were explored according to sex and

physical parameters of the environment. Females grew to larger size than males. Growth estimates showed the importance of accounting

for the seasonal variations to evaluate non-biased growth. Sex and the presence of eggs for females showed significant interaction within

the carapace length – total length relation as well as for the carapace length – weight relation. Body condition was significantly greater in

spring and summer for both sexes and was significantly correlated with salinity, but only for males. Comparison with the Mira River was

limited to the range of data available. However, the population of the Gironde estuary, being similar in both recent and historical studies,

showed morphometric differences when compared to that of the Mira River. Indeed, the growth performance index was higher in the

Gironde estuary and likely linked to temperature constraints. Conversely, differences between males and females were much higher in

the Mira River than in the Gironde estuary.
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INTRODUCTION

For many marine species, estuaries and coastal areas serve
as essential habitats and are thus characterized by high
levels of fisheries production (Costanza et al., 1997).
Conserving these areas represents a major challenge in
ensuring the viability of both resident and transient
populations that live there. These ecosystems are being
negatively affected by increased human activity, particu-
larly pollution (Halpern et al., 2008). Such man made
pressures acting within the broader context of global
warming result in the fundamental need to develop
environmental quality indicators to better manage these
ecosystems (Deegan et al., 1997; EU, 2000). However, the
use of a species as an environmental indicator requires a
good knowledge of its biological attributes and their
relation with physical parameters. Furthermore, this also
requires observations and comparisons at different tempo-
ral and spatial scales.

In this respect, estuarine shrimps present many advan-
tages. As estuarine residents, they are present year round
(Gurney, 1923; Campbell and Jones, 1989; González-
Ortegón et al., 2006), are able to record the prevailing
conditions, and are generally numerous and easy to sample.
The present study focused on the shrimp Palaemon
longirostris Milne Edwards, 1837 given that it was
recorded in several estuaries: 1) along the Atlantic coast

of Europe (d’ Udekem d’Acoz, 1999): in UK (Gurney,
1923; Smaldon et al., 1993), in Holland (De Man, 1923;
van den Brink and van der Velde, 1986), in French West
Channel (Bourdon, 1965; Marchand, 1981), in the Gulf of
Biscay (De Man, 1923; Aurousseau, 1984), in Portugal
(Neves, 1970; Cartaxana, 1994); in Spain (González-
Ortegón and Cuesta, 2006) and Morocco (Elkaim, 1974);
2) in the Black Sea (Sezgin et al., 2007); and 3) probably in
the Mediterranean (d’ Udekem d’Acoz, 1999).

In the Gironde estuary, P. longirostris is the most
common and abundant shrimp and is a key species in the
estuarine trophic network (Lobry et al., 2008). Targeted by
commercial fishing fleets, it represents about 11% in
weight (30.8 t in 2009) and 7% in value (523.7 k J in
2009) of the Gironde fishery landings (Girardin et al.,
2008). Furthermore, P. longirostris is also an important
prey item for many other target estuarine species, such as
bass, Dicentrarchus sp., and the meagre, Argyrosomus
regius (Pasquaud et al., 2008).

Since growth may be a good index for environmental
conditions, including the seasonal fluctuations of growth
for a shrimp species is a prerequisite for modelling
population dynamics under different natural and anthropo-
genic constraints. The present study aimed at describing
and modelling the different characteristics of growth and
size of P. longirostris in the Gironde estuary. This
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description completed previous papers from Portuguese
studies while accounting for early stages and seasonality.
Morphometric characteristics were then studied according
to sex, season and physical parameters. Results of previous
works in the Gironde estuary (Aurousseau, 1984) and in the
Mira estuary were compared all along the results.

MATERIALS AND METHODS

Sampling

From November 2006 to November 2007, bottom trawl surveys were
carried out each month throughout the Gironde estuary (Fig. 1). These
surveys targeted both the bottom using an Agassiz trawl (2.0 3 1.2 m,
mesh size 5 1.0 mm), and surface waters using two rectangular frame
push-nets (4.0 3 1.0 m, mesh size 5 1.0 mm). Surveys were
systematically performed during daytime, at the halfway stage between
flood tide and high tide slack. The collected samples were stored in plastic
containers and conserved in 70% ethanol. At each station, temperature
(uC), salinity (PSU) and turbidity (NTU) were stored using a multi-
parameter probe IDROMAR IM51-IM201.

For each sample, different biological parameters for all individuals (or a
representative sample) were recorded. Males were identified by the
presence of an appendix masculina on the second pair of pleopods and
ovigerous females were differentiated from non-ovigerous ones. Lengths
were measured under a binocular microscope to the nearest tenth of a
millimeter. The carapace length (CL) was measured from the orbital edge
of the eye to the edge of the cephalothorax (Brêthes and O Boyle, 1990;
Cartaxana, 2003) and the total length (TL) was measured from the edge of
the eye to the end of the telson. Individuals were weighed to the nearest
milligram after a few days of storage in alcohol. The dehydration caused
by immersion in alcohol was estimated by a preliminary experiment. The
following linear relationship between the wet weight before alcohol (Ww)
and few weeks after (Wwa) was obtained: Ww 5 (1.1790 3 Wwa) 2

0.0227.

Cohort Analysis and Growth Modelling

Size frequency of individuals showed two cohorts for each sex for some
sampling months. A polymodal decomposition model was thus used to
assign an age to each individual of the samples with the modal
progression method, commonly used for crustaceans (Bergstrom, 1992;
Cartaxana, 2003). Individual length was split into 1 mm-length classes.
Cohorts, with respect to sex and sampling month, were differentiated
using the Mixdist package (Macdonald and Green, 1998) supported by R
(R Foundation Core Team, 2005), which allowed the polymodal
decomposition of the observed size frequency histograms that assumed
a Gaussian distribution (Cartaxana, 2003). Size distribution of individuals
of indeterminate sex (juveniles) suggested no difference between future
males and females.

The polymodal decomposition model allowed assigning each individual
to a specific cohort. A growth curve was then adjusted for all individuals.
Traditionally, growth is fitted using a von Bertalanffy model –VBG- (von
Bertalanffy, 1938; Garcia and Le Reste, 1981):

L tð Þ~ L? 1 { exp {K t { t0ð Þð Þð Þ ð1Þ

where t is the age of the cohort (in year from 1st June), L(t) is the size at
age t (in mm), L‘ is the asymptotic length (in mm). K (in year21) is the
growth constant or curve parameter. t0 (in year) is the age as L(t0) 5 0.

Growth of crustaceans is characterized by a series of plateaus that
mirrors the cycle of successive seasons (van den Brink and van der Velde,
1986). The traditional VBG equation (Eq. 1) does not account for these
seasonal variations in growth. Nevertheless, different models incorporating
seasonal variations and periods of zero growth, do exist (e.g., Hoenig and
Hanumara, 1982; Bilgin et al., 2009). One such model, developed by Pauly
et al. (1992) stays close to the original VBG equation and provides
ecologically interpretable parameters:

L tð Þ~ L? 1 { e{qð Þ ð2Þ

q ~ K’ t’ { t0ð Þz K’=Q sinQ: t’ { tsð Þ{ sinQ: t0 { tsð Þ½ � ð3Þ

Q ~ 2p= 1 { NGTð Þ ð4Þ

where K9 (year21) is the growth parameter, t9 (year) is the length of the
periods of higher growth, ts (year) is the date of starting higher growth;
NGT (year) is the no-growth time before the first period of growth. Lt, L‘,
t0 are similar to those used in Equation 1.

The number of parameters used was important in the seasonal VBG
model. Contrary to fits within the classical VBG, the asymptotic length
(L‘) of the seasonal VBG was fixed. This was calculated using the
carapace length of the largest collected specimen (Lmax) and the
relationship obtained by Taylor (1962): L‘ 5 Lmax/0.95.

Estimates of the Mira River (Cartaxana, 2003) and of historical data
(Aurousseau, 1984) were fitted according to the classical VBG model. To
allow for qualitative comparisons, the classical VBG was thus fitted to
corresponding subsets of our data. The classical growth performance
indices (W, Eq. 5; Pauly and Munro, 1984), obtained from the fits with the
classical VBG were also compared:

W ~ 2 log10 L? z log10 K ð5Þ

Analysis of Biometric Relationships

Relationships between TL and CL and between Wwa and CL were
examined using generalized linear models (GLM). A stepwise parsimo-
nious approach allowed for the testing of differences in morphometric
parameters between sexes through the Akaike criterion (AIC). While
considering two models: 1) TL , a[sex] * CL + b[sex] (non-allometric
within the range of data), and 2) log(Wwa) , a[sex] * CL + b[sex]

Fig. 1. The Gironde estuary. Triangles: sampling stations repeated
monthly between November 2006 and November 2007.
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(allometric within the range of data), the relevance of fitting a different a
and b for different sexes was tested. The more parsimonious models, i.e.,
the highest variance explained with the lowest amount of parameters, were
retained according to both the significant lowest AIC (difference of 5 was
retained as a minimum) and the significance of sex and/or presence of eggs
in the analysis of variance (Fisher’s test) of the model. Sex categories were
male, non-ovigerous females and ovigerous females.

In order to explore the spatio-temporal variations of body condition, the
relative weights of individuals (Wr) were calculated. Indeed, the body
condition may be a good indicator of environmental conditions: the bigger
the individuals of a given length, the better the conditions of growth and
survival (Blackwell et al., 2000). Relative weight for each individual was
defined as the ratio of the observed weight on the fitted weight calculated
from the adjusted morphometric equation detailed above: Wwa 5 f(CL).
The calculation of relative weights was a mean of simplifying the analysis
of the residuals of this log-scaled equation ultimately allowing for the
evaluation of the effects of physical parameters on the size and weight of
individuals. Effects of season, salinity, turbidity and density-dependence
were tested in GLM for different sex categories, except for non-ovigerous
females, only caught during a short insufficiently contrasted period. As
before, AIC permitted the choosing of the more parsimonious model
combining these parameters and their interactions if significant. Salinity
and turbidity were tested as continuous variables. Density-dependence was
included as monthly mean densities grouped into 4 classes (, 25; [25-75];
[75-150]; . 150 3 1023 m23 individuals). This represented a compromise
between size of classes and a balanced partitioning of individuals among
classes.

RESULTS

Monitoring Cohorts and Estimating Growth Curves

During the first eight months of sampling, a single cohort
was noticeable for each sex (Table 1). The average size of
the males was 7.8 mm CL and 9.7 mm CL for females. A
second cohort appeared from July 2007, with an average
size of 4.8 mm CL for males and 4.3 mm CL for females,
corresponding to the recruitment of that year.

The growth between males and females was estimated
from the seasonal VBG equations (Fig. 2a). This model
reproduced well the successive seasonal variations for both
sexes for which parameters were reported in Table 2.
Figure 2b highlighted the bias induced while not including
the seasonality in the VBG model. Indeed, for both sexes in
our study, estimates of size for the oldest individuals were
greatly underestimated.

Within the range of data observed, a slight difference
appeared with the shrimps of the Mira River (Fig. 2b).
Males were bigger in the Gironde estuary, whereas females
were smaller depending on the VBG model compared.
Growth performance for males and females of the Mira
river (W males 5 1.93, W females 5 2.13) were lower than
for these of the Gironde population (Table 2). Depending
on the model compared, historical estimates showed slight
differences for the growth of females but the fit was within
the same range. Males seemed to be bigger in the recent
period. However, growth performance indices of historical
data (W males 5 1.36, W females 5 1.63) were lower than
in the recent period (Table 2).

Morphometric Relationships

Shrimps sampled from the population of P. longirostris in
the Gironde estuary had a CL measuring between 2.6 and
14.6 mm, and weighed between 0.029 and 1.932 g with
differences between sexes. On average, females (non-
ovigerous: 7.9 6 2.0 mm; ovigerous 9.8 6 1.4 mm) were
bigger than males (6.9 6 1.2 mm) of the same age. Females
(non-ovigerous: 0.425 6 0.278 g; ovigerous 0.751 6
0.279 g) were also heavier than males (0.290 6 0.126 g).

For the TL-CL relationship, the more parsimonious model
showed that separating males and females was not necessary,
except for ovigerous females, for which the slope of the
relation was significantly lower for a same CL (P , 0.05;
Fig. 3a). Estimates of parameters for the TL-CL relationship
were thus common for males and non-ovigerous females (TL
5 9.7870 + 2.3689CL, r2 5 0.72, N 5 980, P , 0.001) and
different for ovigerous females (TL 5 8.03551 + 2.6314CL,
r2 5 0.85, N 5 223, P , 0.001).

Graphical comparison with Cartaxana (2003) show that
French female shrimps are bigger for the same carapace
length (Fig. 3b). However, the relationship was different
for males, with an intersection around 10 mm, which was
the upper limit of observations in our dataset (Fig. 3b).
Comparison with historical data (Aurousseau, 1984)
showed the population of 1982-83 was bigger for the same
carapace length (Fig. 3b).

Table 1. Size frequencies of Palaemon longirostris sampled in the Gironde estuary between November 2006 and November 2007, issued from the
polymodal decomposition. M: maximum likelihood carapace length (CL), Sd: CL standard deviation, P: proportion of individuals in the month sample and
N: amount of individuals observed. Recruits (Age 0) are separated from individuals older than 1-year old (1+).

Date

Females Males

N

Cohort 2007 (Age 0) Cohort 2006 (1+)

N

Cohort 2007 (Age 0) Cohort 2006 (1+)

M (6 SD) P M (6 SD) P M (6 SD) P M (6 SD) P

14/11/2006 253 9.2 (6 1.5) 1.00 485 7.3 (6 0.8) 1.00
13/12/2006 146 9.4 (6 2.0) 1.00 245 7.9 (6 1.1) 1.00
16/01/2007 99 10.1 (6 1.8) 1.00 201 7.8 (6 0.8) 1.00
12/02/2007 184 9.7 (6 1.5) 1.00 231 7.7 (6 0.8) 1.00
15/03/2007 140 9.9 (6 1.5) 1.00 188 7.8 (6 0.7) 1.00
12/04/2007 171 9.4 (6 1.6) 1.00 181 7.9 (6 0.8) 1.00
30/05/2007 218 10.2 (6 1.2) 1.00 147 8.2 (6 0.7) 1.00
12/06/2007 309 10.0 (6 1.0) 1.00 302 8.2 (6 0.7) 1.00
10/07/2007 176 4.8 (6 1.7) 0.67 11.0 (6 1.2) 0.33 276 4.3 (6 0.9) 0.33 8.7 (6 0.7) 0.27
07/08/2007 122 7.5 (6 1.0) 0.78 11.6 (6 0.9) 0.22 179 6.6 (6 0.9) 0.83 9.2 (6 0.5) 1.00
06/09/2007 131 8.3 (6 1.8) 0.97 13.3 (6 0.1) 0.03 236 7.1 (6 1.3) 1.00
09/10/2007 91 8.4 (6 1.7) 0.95 13.5 (6 0.2) 0.05 294 7.2 (6 1.1) 1.00
14/11/2007 99 8.9 (6 1.8) 0.60 291 7.3 (6 1.1) 1.00
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Considering the Wwa-CL relationship, the Akaı̈ke
criterion favoured separated sex categories with signifi-
cantly different parameters on the log scale. This resulted in
visibly similar allometric relationships on the normal scale
(Fig. 4a). Nevertheless, within the range of observed data,

Wwa for a same CL was bigger for ovigerous females
than for males (WwaMales 5 0.0017CL2.597, r2 5 0.88, N 5
2055, P , 0.001; Wwaovigerous Females 5 0.0014CL2.653,
r2 5 0.81, N 5 48, P , 0.001), also being bigger than
for non-ovigerous females (WwaOvigerous Females 5
0.0032CL2.368, r2 5 0.79, N 5 506, P , 0.001) (Fig. 4a).

Comparisons with other studies highlighted that non-
ovigerous females from our dataset were the lightest
individuals, whereas males from the Mira River were the

Table 2. Parameters of the classical and seasonal von Bertalanffy growth equations fitted for P. longirostris males and females sampled in the Gironde
estuary between November 2006 and November 2007. K: growth constant. L‘: asymptotic length, t0: age at L(t0) 5 0, NGT: no-growth time before the first
period of growth, ts: date of start of higher growth (Eq. 1-4). W: growth performance index (Eq. 5).

K or K9 (Year-1) L‘ (mm) t0 (Year) NGT ts (Year) W

Females Classical VBG 5.22 9.70 20.01 — — 2.69
Classical VBG restricted 2.72 10.51 20.06 — — 2.48
Seasonal VBG 1.05 15.33 20.05 0.00 0.13 2.39

Males Classical VBG 5.31 7.61 20.06 — — 2.48
Classical VBG restricted 2.34 8.49 20.12 — — 2.23
Seasonal VBG 1.09 12.17 20.05 0.00 0.11 2.20

Fig. 3. Relationship between carapace length (CL) and total body length
(TL). a – upper image) Palaemon longirostris male and female from
Gironde estuary sampled between November 2006 and November 2007; b
– lower image) comparison with historical data in the Gironde estuary
(Males and females not distinguished; TL 5 5.9207CL0.7842 r2 5 0.97, N
5 200Aurousseau, 1984) and Mira population (TLmale 5 2.95CL1.06 r2 5
0.97791, N 5 911; TLfemale 5 3.31CL0.96 r2 5 0.98, N 5 1229;
Cartaxana, 2003).

Fig. 2. Growth of P. longirostris. a – upper image) collected in the
Gironde estuary in 2007. Data (box plots of carapace length [CL]) and fits
(lines) of the seasonal VBG; b – lower image) comparison between
adjustments on the present and on previous studies. S-VGB: Seasonal von
Bertalanffy Growth equation (VBG); VBG: Classical VBG; VBGr:
Classical VBG restricted to the same range of data as Cartaxana (2003).
Mira population (Cartaxana, 2003): CLmales 5 11.68(1 2 e20.62(t + 0.49));
CLfemales 5 16.32(1 2 e20.51(t + 1.42)); Gironde 1982-1983 (Aurousseau,
1984) : CLmales 5 7.790t0.376; CLfemales 5 10.628t0.376.
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heaviest for a same CL (Fig. 4b). Other relationships
showed a similar pattern.

The analysis of body condition, using the AIC compar-
ison of generalized linear models applied on the relative
weights, enabled the demonstration of differences the
effects of physical parameters between males and females.
In particular, salinity brought about spatial differences in
body condition for males, whereas no such differences were
observed for females. Season affected body condition for
both sexes, whereas neither densities nor turbidity had any
effect. Consequently, the resulting models were:

Log Wr females½ �ð Þ*Season ð6Þ

Log Wr males½ �ð Þ*Season � Salinity z Constant ð7Þ

For females, only the season had an effect on Wr because
body condition was lower in winter than for other seasons
(P , 0.001, Fig. 5a). For males, the effect of season on the
intercept of the relationship was not significant (P 5 0.2).
The effect of salinity was always positive (Fig. 5b.), except

in winter where the slope was not significantly different
from zero (P 5 0.07). For a similar salinity, Wr was highest
in spring and summer, autumn being intermediate.

DISCUSSION

Strength of the Approaches

The present paper offered new insights into the description
of shrimp morphometric parameters to be used as
environmental indicators. The characteristics of the life
cycle of a shrimp such as P. longirostris and its occurrence
across different ecosystems make it a particularly interest-
ing species used to assess estuarine quality. However, its
stepwise growth requires an appropriate modelling ap-
proach to evaluate coherent biological parameters that
might represent indicators of environment quality. The
growth modelling approach used in this paper shows the
relevance of integrating early stage individuals (juveniles)
in a seasonal model. Indeed, the comparison of the seasonal
model with the classical VBG model applied on our dataset

Fig. 4. Relationship between total body length (TL) and weight (Wwa).
a – upper image) for Palaemon longirostris males and females of the
Gironde estuary sampled between November 2006 and November 2007;
b – lower image) comparison with historical data in this estuary
(Wfbothsexes 5 0.00172CL2.6597,r2 5 0.99, n 5 89) and with the Mira
population (Wfmales 5 0.0007CL3.09, r2 5 0.97, N 5 994; Wffemales 5
0.0009CL2.88, r2 5 0.98, N 5 1232).

Fig. 5. Body condition (Relative weight, Wr) in relation to significant
factors. a – upper image) raw Wr of P. longirostris females of the Gironde
estuary between November 2006 and November 2007 related to season (*:
P , 0.05; Eq. 6); b – lower image) adjusted Wr of males related to season
and salinity (Eq. 7). The grey area represents the 95% uncertainty of the fit.
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showed the bias generated by not accounting for periods of
lower growth. In another instance, the effects of physical
parameters on the body condition of individuals provided
information concerning the effects of the environment on
shrimps. This contributed to highlight major factors that
must be taken into account before comparing conditions
among different areas and thus effect of water quality.

Growth Characteristics

This study enabled the assessment of seasonal mean
individual growth models for the Gironde population of
P. longirostris for each sex. This sort of seasonal
differences in growth had already been observed in the
Netherlands population (van den Brink and van der Velde,
1986). The periods of low growth correspond to the
preparation for reproduction, since producing gametes
requires energy reallocation (Hartnoll, 1985).

The modelling approach allowed for comparison with
data of Cartaxana (2003) as well as historical data
(Aurousseau, 1984). Indeed, the use of the growth
performance index (W) is recommended over the intrinsic
growth rates (K) for comparisons (Pauly and Munro, 1984).
While compared under the same conditions, W were higher
for the recent population in the Gironde than that in the Mira
River. This observation may be linked to temperature as was
observed for the marine shrimp Crangon crangon (Linnaeus,
1758) (cf. Campos et al., 2009). Shrimps living in the highest
latitudes compensate for their shorter favourable growth
period (with respect to temperature) by accelerating their
growth during the short period of the year when temperatures
are the highest. Comparison with historical data (Aurous-
seau, 1984) indicated better growth performance during
recent times when compared to the early 1980s. Conversely,
a comparison of growth adjustment for females showed
similarities between both the historical and the recent study,
whereas recently sampled males seemed to be bigger than
historically sampled individuals.

However, the method and the comparisons faced different
limitations. First, the low number of older females in our
dataset biased the estimate of the classical VBG equation.
This probably led to an underestimate in the size of older
individuals. Also, the heavy commercial fishing pressure that
targets the biggest individuals most likely acts to reduce their
contribution to the sampling. Secondly, data from Cartaxana
(2003) did not show any seasonal variation. The short period
during which the sampling was carried out coupled with the
long period of reproduction (January-August; Cartaxana,
1994) along the Mira River may have biased the estimated
age of individuals sampled ultimately affecting the growth
curve estimate. This issue should be considered further when
making comparisons between areas. Lastly, the absence of
long term sampling time series in the Gironde estuary
prevented an estimation of interannual variability. Conse-
quently, the comparison with historical data may not be
considered as a long-term trend of the Gironde population.

Morphometric Characteristics

A specific characteristic of P. longirostris, also observed in
several other species of Palaemon (Omori and Chida,

1988), is a pronounced sexual dimorphism with respect to
size: females being larger than males in average. This
sexual dimorphism was not marked for CL-TL relation
when considering males and non-ovigerous females, which
contradicts Anger and Moreira (1998) but is in accordance
with Cartaxana (2003). However, the CL-Wwa relation-
ships were different between sex categories. In both cases,
comparisons with Cartaxana (2003) or Aurousseau (1984)
showed slight differences. The presence of morphological
anomalies in shrimps from our dataset (Béguer et al., 2008;
Béguer et al., 2010b) may have had an influence on these
indicators and this might also have been true of the high
level of organic contamination in the Gironde estuary.
However, disentangling these effects requires broader
analyses with other areas, something that is not possible
at the present time, notably because of the lack of equations
provided by previous works (Marchand, 1981; van den
Brink and van der Velde, 1986).

Variability in Body Condition of Individuals

Changes in seasons induced different body conditions for
both sexes, whereas salinity only affected the condition of
males. Such seasonal patterns might be explained by food
availability. Body condition was highest during spring and,
periods corresponding to high availability of zooplankton,
the main prey item of these shrimps. Salinity had a different
impact on males than females. The body condition of males
was higher in more saline areas. This could be linked to a
higher abundance of preys but also to a lower energy loss due
to osmoregulation (González-Ortegón et al., 2006). On the
other hand females tend to be located in oligohaline and
fresh waters (Béguer et al., 2010a). The low range of salinity
observed for sampled females may explain the absence of a
statistical relationship with their body condition. Difference
in location and body condition between males and females
against physical factors can currently not be explained.
However, the present study excluded the effect of turbidity
or density-dependence on this parameter.

Further studies should seek to distinguish among the
different diets of both sexes and to monitor prey availability
as well as the effect of organic contamination. Furthermore,
futures studies should take into account the variables
mentioned above (salinity, season, sex) to allow for proper
comparison of the growth and body condition between
populations from different geographic areas.
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halieutiques vol. 1 et 2. Project CIEO-860060, Centre International
d’Exploration des Oceans, Halifax.

Campbell, P. J., and M. B. Jones. 1989. Osmoregulation of the estuarine
prawn Palaemon longirostris (Caridea: Palaemonidae). Journal of the
Marine Biological Association of the United Kingdom 69: 261-272.

Campos, J., V. Freitas, C. Pedrosa, R. Guillot, and H. W. van der Veer.
2009. Latitudinal variation in growth of Crangon crangon (L.): Does
counter-gradient growth compensation occur? Journal of Sea Research
62: 229-237.

Cartaxana, A. 1994. Distribution and Migrations of the Prawn Palaemon
longirostris in the Mira River Estuary (Southwest Portugal). Estuaries
17: 685-694.

———. 2003. Growth of the prawn Palaemon longirostris (Decapoda,
Palaemonidae) in Mira river and Estuary, SW Portugal. Journal of
Crustacean Biology 23: 251-257.

Costanza, R., R. D’Arge, R. De Groot, S. Farber, M. Grasso, B. Hannon,
K. Limburg, S. Naeem, R. V. O’Neill, J. Paruelo, R. G. Raskin, P.
Sutton, and M. van den Belt. 1997. The value of the world’s ecosystem
services and natural capital. Nature 387: 253-260.

d’Udekem d’Acoz, C. 1999. Inventaire et distribution des crustacés
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