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Abstract – The population dynamics of the red swamp crayﬁsh (Procambarus clarkii Girard, 1852) was studied from May 2005 to May 2006 in a pond (PCD) subjected to drought between June and December and in
a continuously ﬂooded rice ﬁeld drainage channel (PMG) located in the Tejo river basin, Portugal. The proportion of females in the population was not independent from the season and was negatively correlated with
both female and male maturation status. Male and female maturation was synchronous but males remained
in a reproductive form after recruitment while females reverted quickly to lower maturation indexes. At PCD
and PMG, respectively 2 and 5 cohorts were detected by modal analysis. Large crayﬁsh were abundant in
spring, summer and early autumn and juveniles were abundant in autumn, especially at PCD. Crayﬁsh density at PCD was lower than at PMG and mortality rate (Z) was 3.99 at PCD and 2.43 at PMG. The average
lifespan of the crayﬁsh populations was 91 days at PCD and 150 days at PMG. Our study indicated faster
growth and larger maximum sizes at the site with the more stressed environment and lowest relative crayﬁsh
densities (PCD), suggesting that any exploitation or control strategies for these two populations should consider management of the hydroperiod and of maximum crayﬁsh densities.
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Introduction
Nowadays, the introduction and invasion of new
species is one of the most important issues in conservation
biology and recent analyses suggest that biodiversity in
freshwater ecosystems tends to decline faster than in most
terrestrial ecosystems (Ricciardi and Rasmussen, 1999).
If this process of homogenization continues, in less than
100 years most of these freshwater habitats will be dominated by an array of cosmopolitan species that will replace
most of the native ones (Gherardi, 2006). In this context,
the invasion by crayﬁsh species has been held responsible
for the biological homogenization of many freshwater systems since they cause signiﬁcant alterations on community
*Corresponding author: anast@uevora.pt

structure especially on aquatic food webs (Lodge et al.,
1998).
The red swamp crayﬁsh, Procambarus clarkii Girard,
1852, has been introduced in many countries of Europe,
Asia and Africa for aquaculture purposes (Huner and
Avault, Jr., 1979). This exotic species causes damage to
local benthic fauna and ﬂora (Gutierrez-Yurrita et al.,
1999) all over the world, being a potential threat to
biodiversity (Correia and Anastácio, 2008). In fact, for the
majority of P. clarkii introductions negative consequences
were reported (Lodge et al., 2000), although positive
eﬀects on predators are also noticeable (Adrian and
Delibes, 1987; Correia, 2001). P. clarkii life cycle is characterized by a considerable plasticity, invading diversiﬁed
environments where it adapts to extreme conditions
such as temporary streams and polluted habitats
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(Gutierrez-Yurrita and Montes, 1999; Gherardi et al.,
2000). In Portugal this species was introduced from Spain
in the 1970's (Ramos and Pereira, 1981) and spread
rapidly. It is considered an agricultural pest because of its
burrowing activity which causes serious damage in dams
and levees and because it consumes young rice plants
(Grigarick, 1984; Anastácio et al., 2005a, 2005b).
Similar to other organisms, the population dynamics of
the red swamp crayﬁsh is highly dependent on the
interaction between environmental and biological factors.
If environmental conditions are favourable, the population acts as a r-strategist, because of its fast growth rate
and high fertility (Gherardi, 2006). The objective of this
study was to examine several aspects of the population
dynamics of P. clarkii in areas with diﬀerent conditions so
that, in the future, more eﬃcient predictions of the
invasion success in new areas can be obtained and more
eﬀective management or exploitation is possible. The issue
is particularly relevant in the studied area, since new
legislation regarding invasive species is being prepared and
predicts the implementation of state managed control
programs for invasive species.

Methods
Study area

This study took place in two freshwater marshes, Paul
da Casa de Cadaval (39xN, 8x30'W) and Paul de Magos
(38x58'W, 8x45'W), located at the Salvaterra de Magos
County in the Tejo river basin. Paul da Casa de Cadaval
(PCD) is a freshwater marsh of about 14 km2, with
agricultural ﬁelds, ponds and reservoirs (Correia, 2001).
This freshwater marsh is surrounded by riparian vegetation and is linked to the Lamarosa stream. The peripheral
land is occupied by oaks, reeds and eucalyptus. Paul
de Magos (PMG) is a rice (Oryza sativa) ﬁeld area of
7 km2, characterized by a continuously ﬂooded springsummer culture which development and growth is strongly
inﬂuenced by the water level (Correia, 1995). Fields are
prepared for cultivation in March–April, sown in April–
May, harvested in September–October and water level is
controlled during most of the rice growth period. The
purpose of this is to control aquatic weeds and animal
pests. In the adjacent areas of this marsh there are oaks
and pinewoods (Correia, 1995, 2003).
Crayfish sampling and laboratory procedures

From May 2005 to May 2006, crayﬁsh were sampled
monthly in a pond at PCD and in irrigation channels at
PMG. Crayﬁsh were caught with a dip net (65 cm r 40 cm
frame; 3 mm mesh size) and traps and sampling was
replicated three times during the same day at both sites.
Several environmental variables were recorded during
sampling: depth, dissolved oxygen, conductivity, ammonium ion (NH+
4 ) and pH. A temperature logger was set to
a 30 min interval and placed in the water at both locations.

In each replicate, three traps with bait (canned sardine)
were set out at sunset with a distance of 5 m among them.
After 12 h, crayﬁsh were collected from the traps and in
the same area of 15 m2 crayﬁsh were sampled with a dip
net, using an eﬀort of 15 min. Samples obtained by both
methods were separately kept in bags, previously identiﬁed, and preserved in 70% alcohol for further analysis.
The pond at PCD dried from July to October 2005,
therefore during these months the sampling and the
measurement of environmental variables did not take
place. In the laboratory, each specimen was weighted to
the nearest 0.001 g, and the CL (carapace length from the
tip of rostrum to the carapace end) was measured to the
nearest 0.01 mm. For each individual with a carapace
length longer than 13 mm, sex was veriﬁed by the presence
of developed gonopodia (Suko, 1953).
Analysis of the population structure

Size-frequency distributions (mm) of the two studied
populations were constructed using 5 mm class intervals.
We used the FISAT II computer program (version 1.2.2,
FAO-ICLARM) and applied modal progression analysis
to size-frequency distribution data from each marsh.
Normsep’s method with the Simplex algorithm was used,
after an initial analysis with the Bhattacharya method
(Sparre et al., 1992). For each cohort identiﬁed by
Normsep’s method the mean carapace length (CL) and
the standard deviation (SD) were calculated.
The maturation index (MI) was estimated monthly for
females at each study area by the equation (Guerra and
Niño, 1996): MI = S (status K* nx of K individuals)/N.
The possible K status for females are: 1 – white gonad;
2 – yellow gonad; 3 – orange gonad; 4 – brown gonad. N is
the total number of females analysed. Sex ratio (SR) was
calculated as the ratio between the females and the total
number of individuals with a CL over 13 mm (F/total) for
each month, at each marsh. Likewise, the proportion of
Form I males on the adult male population was also
calculated.
Analysis of growth and mortality

Growth parameters were estimated using FISAT
(FAO – ICLARM Stock Assessment Tools) computer
program. Asymptotic length (L 1 ) and corresponding
95% conﬁdence limits were estimated by the maximum
length estimation method, using as input the maximum
length (Lmax) recorded at each area. For each site, a
non-oscillating von Bertalanﬀy growth equation
(von Bertalanﬀy, 1957) was ﬁtted using Appeldorn’s
method. The equation is L(t) = L 1 [1 xexp(xK(txt0))],
where L(t) is the crayﬁsh carapace length (CL) at time t;
L 1 is the theoretical maximum CL of the crayﬁsh; K is
the curvature parameter which records the rate at which
the L 1 is obtained; and t0 is a theoretical value for time
when the CL is equal to 0. The starting value of L 1 was
the estimate obtained by the maximum length estimation
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Fig. 1. Average daily water temperature at the two marshes obtained from logger measurements. PCD – Paul da Casa de Cadaval;
PMG – Paul de Magos.

method, allowing for a variation within the 95% conﬁdence limits. The used software did not calculate t0 but it
can be estimated assuming a CL of 5 mm at recruitment.
The mortality index (Z) was calculated using the length
converted catch curve analysis by the FISAT software
using the estimated values of L 1 and K. Based on Z, the
mean lifespan of each population (t ) was given by the
ratio 1/Z, assuming that Z is constant and that both
populations did not undergo migration (Allen, 1971).
1
2

Statistical analysis

Statistical analysis was performed using SPSS version 17. The values of the environmental variables collected
at each sampling were compared by means of a Wilcoxon
signed ranks test in which the pairs consisted of the values
of the variable at both sites at each date. Temperature data
from the loggers were used to calculate average temperature for each 24 hours period and these values were
compared at both sites by a paired samples t-test after
checking for normality and homogeneity of variances.
Chi-square tests on contingency tables were used to verify
diﬀerences in proportions among sexes or among male
reproductive status throughout the year, at each site. We
explored the possibility of signiﬁcant correlations among
the variables “sex ratio” (females/total adults), “proportion of Form I males” (Form I/total males) and “female
maturation index” at each sampling site. A Wilcoxon
signed ranks test was used to test for diﬀerences in the
number of crayﬁsh captured at both sites, pairing data for
each sampling occasion.

Results
Environmental variables

Average daily water temperatures were generally higher throughout the year at PCD (Fig. 1). At this location
the logger stopped working the 13 March 2005, i.e.
approximately 2 and a half months before the last sample
was taken. Average temperature at PCD and at PMG was
respectively 20.2 xC and 16.9 xC during the period when
both loggers were operating. A paired samples t-test was
applied to temperature data from these loggers indicating
very highly signiﬁcant diﬀerences (t = 16.866, d.f. = 308,
P < 0.001). The temperature on the two sites diﬀered on
average by 3.35 xC. An analysis of the data from the
physico-chemical variables at both sites using a Wilcoxon
signed ranks test on data obtained at each sampling
occasion, indicated no signiﬁcant diﬀerences for all the
variables considered except conductivity (Table 1). Conductivity was considerably higher at PMG, with an
average value of 848 versus 324 (ms.cmx1) at PCD.
Sex ratio and reproductive status

At PMG the proportion of females decreased from
May to October–November (Fig. 2). The minimum proportion of females in the population was attained just after
the end of the peak in the maturation index. Female
maturation index (Fig. 2) was highest in October which is
coincident with a sharp increase in the presence of
reproductive (Form I) males. Form I males were abundant
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Table 1. Wilcoxon signed ranks test comparing the values of each environmental variable at both of the studied marshes and
descriptive statistics for each variable. Paul de Magos (PMG) and Paul de Cadaval (PCD).
O2
(mg.Lx1)

pH

Conductivity
(ms.cmx1)

Ammonium
(mg.Lx1)

Depth
(m)

x 0.415
0.678

x 1.481
0.139

x 2.666
0.008

x 0.512
0.609

x 0.314
0.753

Descriptive statistics
N (PMG)
Mean
Std. deviation
Minimum
Maximum

13
6.80
8.39
0.41
32.76

13
6.26
1.09
3.49
7.19

13
848.41
297.70
432.33
1268.67

13
0.65
0.36
0.00
1.20

13
0.44
0.17
0.20
0.80

N (PCD)
Mean
Std. deviation
Minimum
Maximum

9
5.17
2.87
2.19
10.22

9
6.46
0.26
6.07
6.76

9
323.85
63.26
231.00
432.00

9
0.92
0.50
0.60
2.10

13
0.35
0.25
0.00
0.64

Wilcoxon
Z
Asymp. Sig. (2-tailed)

Note: N for Wilcoxon is the minimum value of N for the two sampling stations.

Fig. 2. Proportion of females, proportion of reproductive (Form I) males and female maturation index of the crayﬁsh populations from
the two marshes. The proportions are within 95% conﬁdence limits. Female maturation index is represented by a line without
conﬁdence limits. PCD – Paul da Casa de Cadaval; PMG – Paul de Magos.

until the beginning of January, and disappeared completely from the population until the end of March. At this date
the proportion of Form I males started to increase once
again. At PCD the absence of water prevented sampling

from the end of June to the beginning of December. The
proportion of females was highest when the lowest values
of their maturation index were obtained, and vice versa
(Fig. 2). A generally low number of adult males was
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obtained in comparison to that of PMG. The proportion
of Form I males was quite irregular (Fig. 2), with large
uncertainties and with missing values caused by the lack of
adult males.
The Chi-square test applied on a contingency table
demonstrated that the proportion of Form I males was not
independent from the season, at both sites. At PMG
X2 = 383.64, d.f. = 12 and P < 0.001 and at PCD
X2 = 66.82, d.f. = 4 and P < 0.001. A much lower number
of samples was used in Cadaval because of insuﬃcient
numbers of males and a long dry period. The proportions
of females were not independent from the season, at both
sites. At PMG X2 = 185.11, d.f. = 12 and P < 0.001 and at
PCD X2 = 31.56, d.f. = 8 and P < 0.001. The lower value
of degrees of freedom obtained at PCD was justiﬁed by a
long dry period which prevented sampling.
At PMG all the three variables related to sex ratio and
reproductive stage were signiﬁcantly correlated. The
female maturation index and the proportion of females in
the population were negatively correlated (r = x 0.627,
P = 0.022, N = 13) and so were the proportion of reproductive (FI) males and the proportion of females
(r = x0.624, P = 0.018, N = 13). The proportion of FI
males and the female maturation index were positively
correlated (r = 0.593, P = 0.033, N = 13). Data from PCD
were scarce because of the long dry period and insuﬃcient
number of males, therefore the analysis of correlations
involving males was not performed. At PCD the female
maturation index and the proportion of females in the
population were negatively correlated as well (r = x 0.79,
P = 0.011, N = 9).

Population size structure and recruitment

In Figure 3 size frequency histograms can be seen for
crayﬁsh populations throughout the year at both sites.
There were clear diﬀerences in population structure with
e.g. distinct recruitment patterns at both sites. The
population from PCD exhibited a single recruitment
period, starting in December, immediately after the dry
period. On the contrary, multiple recruitment periods were
observed at PMG where water was found all over the year.
Recently recruited animals were not abundant at PCD
during the months of May and June, while this situation
occurred from September to November at PMG. Adult
individuals were found all year round at both sites but
dominated the population in May–June at PCD, while at
PMG this occurred during the months of September–
October.
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Fig. 3. Size-frequency histograms for the crayﬁsh populations
sampled at the two marshes, obtained from cephalothorax length
measurements. PCD – Paul da Casa de Cadaval; PMG – Paul
de Magos.

recruitment stage but the possibility of a single and long
recruitment period should not be discarded. Cohort 5 was
detected the ﬁrst of June but it is possible that its
recruitment was already initiated at the previous sampling
date, as can be seen by the large error bars of cohort 4 at
that date. Modal analysis identiﬁed 3 new cohorts per year
in PMG and 1 new cohort each year in PCD. The only
cohort recruited into the crayﬁsh population from PCD
was detected at the 6/12/2005. The adjustment of a
von Bertalanﬀy growth curve to data from the two sites,
using Appeldoorn’s method, resulted in diﬀerent growth
parameter values (Table 2). Although a larger number of
cohorts (and individuals) were released each year at PMG,
crayﬁsh grew faster, as shown by a larger k value, and
individuals reached larger size (L 1 ) at PCD.
The number of captures at each sampling date, based
on an equal capture eﬀort, was very diﬀerent at both sites
as demonstrated by the Wilcoxon test (Z = x2.666, n = 9,
P < 0.001). This indicates much higher densities at PMG
and in fact the maximum number of individuals caught
was obtained at this site during spring and early summer
(Fig. 5). Mortality was higher at PCD and consequently
mean lifetime was much lower (Table 2).

Growth, density, mortality and mean lifetime

Two cohorts were identiﬁed at PCD and 5 cohorts at
PMG (Fig. 4). In this population (PMG), cohorts 2 and 3
merged during September 2005 and were followed until
the end of the sampling program, in June 2006. These
two cohorts were statistically distinguishable at the

Discussion
Environmental variables

Habitat conditions are more adequate for the populations of P. clarkii at PMG because of the constant
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Fig. 4. Results of the modal analysis applied to the crayﬁsh populations from the two marshes, with average size and standard
deviation. PCD – Paul da Casa de Cadaval; PMG – Paul de Magos; c1 to c5 – cohort 1 to cohort 5.
Table 2. Growth and mortality related parameters obtained for
the crayﬁsh populations from the two marshes. Paul de Magos
(PMG) and Paul de Cadaval (PCD).
PMG

PCD

Maximum length estimation
Observed extreme length (mm)
Predicted extreme length (mm)

57.5
60.6

52.5
63.98

Appeldoorn’s method
L 1 (mm)
K

54.97
0.95

74.77
1.32

2.43
1.79–3.06

3.99
1.92–6.06

150

91

Length-converted catch curve
Z
95% conf. lim.
Mean lifetime (days)

from 1000 to 4000 mS.cmx1 in rice ﬁeld and channel
habitats.
In the pond at PCD hydrology and temperature seem
to be the key variables structuring the population. There is
a long phase without water, forcing crayﬁsh to conﬁnement inside burrows and therefore reducing the period of
growth and reproduction. In spite of this constraint, which
makes the habitat more stressed, temperature is higher at
PCD and this can accelerate growth rates within certain
limits. This seems to be the case at this site because average
temperatures are within the tolerance values for the species
(Anastácio et al., 1999). Other possible explanations for
the faster growth at PCD are a diﬀerent reproductive cycle
and a lower population density therefore causing less
intraspeciﬁc competition.
Sex ratio and reproductive status

presence of water. PMG is a permanent rice ﬁeld channel
with an average depth of approximately 0.44 m and its
higher conductivity values do not indicate a factor of stress
because the species is tolerant to brackish water with
salinities up to 10 ppt (Huner, 1988). In fact, Alcorlo et al.
(2008) sampled crayﬁsh from 11 stations in the Lower
Guadalquivir basin (Spain) with conductivities ranging

The decrease of the proportion of females at maximum
maturation is in accordance with the hypothesis of mature
females spending most of the time inside burrows. The
sex ratio results obtained for both marshes were favourable to females, which is similar to what was found by
other authors (Huner, 1978; Oluoch, 1990; Adão and
Marques, 1993; Anastácio, 1993; Anastácio and Marques,
1995; Correia, 1995; Fidalgo et al., 2001; Scalici and
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Fig. 5. Number of crayﬁsh captured at both marshes throughout the year. PCD – Paul da Casa de Cadaval; PMG – Paul de Magos.

Gherardi, 2007; Ligas, 2008). Nevertheless, the proportion
of females was largest in the population from PCD,
probably in response to the presence of a long dry period.
Anastácio and Marques (1995), while noticing geographical variations in the values of the sex ratio, hypothesized
that an increase in the number of females in the population
can be an adaptation strategy to unfavourable conditions.
Other species of crustaceans may exhibit larger proportions of males at high population densities or can even
change sex throughout their life (Heinle, 1970; Fleminger,
1985).
At PCD the proportion of females was highest during
the post-ﬂooding period but the maturation state of both
sexes did not show a consistent pattern throughout the
year. The proportions of Form I males were very irregular
because of the low number of captures and the female
maturation index was always lower than at PMG.
Maximum values of the female maturation index were
obtained in June of both years, but were very low. In
temporary freshwater marshes such as PCD, which dry in
summer and are ﬂooded in winter, the best strategy of
females should be to associate the end of ovarian
maturation with periods of ﬂooding and adequate temperatures (Gutierrez-Yurrita and Montes, 1999).
The abundance of reproductive males is a good
indicator of the reproduction state of a population
(Huner and Romaire, 1979), and positive correlations
among the abundance of Form I males and mature
females were found by Alcorlo et al. (2008). In our study,
the abundance of reproductive males was highly synchronous with the increase of female’s maturation index. This
positive correlation may be caused by one or more of the
following factors: (1) a simultaneous response of the two
sexes to favourable environmental conditions leading to
the sexual maturation; (2) sexual maturation emerging
simply as a stage in growth, therefore occurring simultaneously in both sexes; (3) a mechanism of mutual
induction of maturation in males and females. In spite of
these three hypotheses it seems clear (and in accordance
with the available literature) that males maintain their
reproductive stage (Form I) for a certain period after

female maturation. This is because they need a moult to
change reproductive status (Taketomi et al., 1990).
The negative correlation found between the proportion
of reproductive (FI) males and the proportion of females
may in fact be an indirect consequence of the synchronous
maturation of males and females. Mature females may
be less prone to be captured, as shown by the negative
correlation of the proportion of females to female
reproductive status. This is probably linked to the fact
that females raise their broods during burrowing (Correia
and Ferreira, 1995; Hasiotis, 1995) and in fact techniques
for producing P. clarkii young (e.g. Gooch method)
involve simulating burrow conditions (Huner and Barr,
1991).

Population size structure and recruitment

The crayﬁsh population from PCD was composed of
large animals in spring and summer and juveniles at the
end of autumn and winter, while at PMG large individuals
were more abundant in late spring, summer and early
autumn. The presence of juveniles, especially in winter,
and the abundance of adults in spring, summer and
autumn can be related to the temperature. In fact, the
low water temperatures during winter (< 10 xC) inhibit
adult activities (Huner and Barr, 1991) whereas the
activities of the juveniles are stimulated in this same period
(Sommer, 1984). The section dedicated to environmental
variables highlighted several diﬀerences between the two
sites and these are known to cause strong variations in
population structure and recruitment. Hydrology is
fundamental for the timing of release of the young and
recruitment frequently occurs after water input into the
system i.e. after dry periods (Romaire and Lutz, 1989;
Gutierrez-Yurrita and Montes, 1999; Alcorlo et al., 2008).
Because water is limiting the system, crayﬁsh can only
reproduce and grow during a certain period and therefore
the population adapts to these conditions.
At PCD, recruitment occurred mainly after ﬂooding, in
November, which is similar to Central and Northern
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Table 3. Comparative values of the parameters for von Bertalanﬀy growth curves obtained by other authors for Procambarus
clarkii. TL – total length; CL – carapace length; POCL – post orbital carapace length; TLES – length measured from tip of rostrum
to end of abdominal somites.
(Chien and Avault, Jr., 1979, 1980)
(Chien and Avault, Jr., 1983)
(Anastácio and Marques, 1995)
(Correia, 1995)
(Emam and Khalil, 1995)
(Xiaoming)
(Fidalgo et al., 2001)
(Chiesa et al., 2006)
(Dorr et al., 2006)
(Scalici and Gherardi, 2007)

L 1 (mm)
123.2 (TL)
106.9 (TL)
92.2 (CL)
82.7 (CL)
56 (POCL)
173 (TL)
192 (TL)
77.0 (CL)
76.8 (CL)
134 (TLES)
144 (TLES)
62.01 (CL)
62.1 (CL)
80.8 (CL)
62.71–65.53 (CL)

Portugal, Northern Italy and the United States (Huner
and Barr, 1991; Anastácio and Marques, 1998; Gherardi
et al., 2000; Fidalgo et al., 2001; Mueller, 2007). At PMG,
recruitment occurred throughout most of the year but with
two main seasons: The ﬁrst was from spring to early
summer and the second during November–December.
Data from Correia (1995) also suggest the existence of a
continuous reproductive period at this marsh, although
concentrated on two major periods. Other authors
reported continuous recruitment in the Louisiana marshes
(Penn, Jr., 1943) as well as in commercial ponds (Huner,
1978) and in Kenya (Oluoch, 1990). In Egypt two main
periods of recruitment were reported, respectively in May
and in December (Emam and Khalil, 1995), which is not
very diﬀerent from what was observed at PMG. Alcorlo
et al. (2008) reported that, in permanent water bodies,
most recruitment took place in late autumn and spring,
whereas in water bodies that dry out in the summer, recruitment was mainly observed in autumn or early winter.
In fact, PMG is a rice ﬁeld drainage channel that exhibits
water throughout the year and PCD dries during summer,
which explains the similarities observed with the recruitment periods in the two former ecosystem types.

Growth, density, mortality and mean lifetime

Modal analysis distinguished 2 cohorts for the crayﬁsh
population from PCD and 5 from that of PMG. Correia
(1995) also obtained a larger number of cohorts at PMG
than at PCD, with 4 and 6 cohorts respectively, and
referred the diﬃculty in performing a modal analysis
at PCD because of the low number of individuals caught.
P. clarkii age classes or cohorts may vary considerably
in number: Anastácio and Marques (1995) distinguished
7 cohorts, Guerra and Niño (1996) and Chiesa et al. (2006)
distinguished 3 cohorts while Scalici and Gherardi
(2007) found 5 cohorts. Other authors (e.g. Oluoch,

K
0.153
0.184
0.055
0.090
0.682
0.440
0.656
2.21
2.23
0.4620
0.3567
0.23
0.79
0.85
0.61–0.69

Comments
Rice ponds (USA)
Natural ponds (USA)
Early ﬂooded (USA)
Late ﬂooded (USA)
Oscillating curve (Portugal)
Paul de Magos (Portugal)
Paul da Casa Cadaval (Portugal)
River Nile (Egypt)
Unpublished abstract
Portugal
Italy
Italy. Oscillating curve
Italy

1990) refer continuous recruitment therefore rendering rather fuzzy the concept of cohorts for those
populations.
The relative density of crayﬁsh was much higher in
PMG than in PCD. This agrees with Correia’s work (1995)
at the same locations and corroborates the comparative
study of habitats performed by Alcorlo et al. (2008) which
found the highest densities in rice ﬁelds and adjacent
channels. Procambarus clarkii is a density-regulated
species (McClain, 1995a, 1995b; Ramalho et al., 2008)
and crayﬁsh populations in general can deal with environmental modiﬁcations by changing their life-span, age at
maturity, age-speciﬁc fecundity or mortality rates and
growth rate (Momot, 1984). We would however add to
these mechanisms a possibility of changes in sex ratio
(Anastácio and Marques, 1995). Caution should be taken
because these changes are masked by diﬀerential activity
patterns of females throughout their reproductive cycle.
Our study indicated faster growth and larger maximum
sizes at the site with the more stressed environment and
lowest relative density (PCD). In fact, there is a large
variation in the literature values for the von Bertalanﬀy
growth parameters depending on the method used for the
calculations, the units of time, the body measurement and
the local conditions (Table 3).
Results regarding mortality were not very diﬀerent
from those obtained by Scalici and Gherardi (2007) which
report a range of Z from 2.99 to 5.16. In our case mortality
was higher at PCD than at PMG i.e. it was highest at the
location with the lowest relative density. This is an
indication that the larger mortality is one of the main
causes for the lower density observed at PCD. Both in this
work and in the work by Scalici and Gherardi (2007) the
mean lifetime did not overreach 12 months, which in fact is
lower than the limit of 18 months proposed by Huner
(1981). Once more this agrees with earlier generalist work
by Momot (1984) and indicates a possible mechanism of
population regulation.
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Cruz and Rebelo (2007) suggested that temporary
waters may be less at risk of being colonized and may
be less able to sustain P. clarkii populations. Moreover,
both our study and that of Alcorlo et al. (2008), in a
geographically near region, indicated smaller crayﬁsh size
at higher population densities. Therefore, any exploitation
strategy for these two populations should take into
account a trade-oﬀ between maximum size and speed of
growth in one hand and larger densities on the other hand.
If the aim is the control of the crayﬁsh populations, then
hydroperiod should be reduced in the rice ﬁeld channel. In
this last situation some negative eﬀects on the remaining
aquatic fauna would be expected. The preferential dry
period for a more eﬀective population control and for
larger crayﬁsh size would be during the warmer months of
the year. This would in fact mimic the natural hydrological
cycle of the area.
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