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Received 10 January 2014; Accepted 20 May 2014

Abstract – Eriocheir sinensis is an invasive species that spread in European waters as the result of human
activity. The captures from the Portuguese population took place in September 2013 in the Tagus Estuary and

were dominated by the medium-sized individuals at the beginning of their reproducing cycle (n=192).
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Introduction

Being a highly invasive species (Lowe et al., 2000)
that may pose significant threats to freshwater and also
marine ecosystems and the human economy, Eriocheir
sinensis (Milne-Edwards, 18454) requires special attention.
The assessment and management of non-indigenous
species in new ecosystems require information on their
abundance and state characterization as well as on
environmental impact (Ojaveer et al., 2014). In the River
Tagus, E. sinensis was noticed for the first time by local
fishermen in the late 1980s (Cabral and Costa, 1999).
Based on this record, it might be assumed that the time of
residence of this species in Portuguese waters may be more
than 30 years, making it a well-established population.
Based on the invasion events of this species elsewhere
in the world (e.g., Herborg et al., 2005; Veilleux and
Lafontaine, 2007; Garcia-de-Lomas et al., 2010), there
might be a potential risk of expanding E. sinensis
invasion to other Portuguese rivers and reservoirs and
also to surrounding countries. The aim of this study was
to confirm the presence of a population of E. sinensis in
the Tagus Estuary and to characterize its morphology,
20 years after the first register of this species in this aquatic
system.

Materials and methods

Specimens of E. sinensis were caught using fyke nets
(mesh: ø=20 mm) in September 2013 in the upper Tagus
Estuary (near Vila Franca de Xira), Portugal (S=0, low
tide). Collections were made for the first time after 1999
(Cabral and Costa, 1999). Sampling in the upper limits
of the estuary allowed us to catch the adults migrating
downstream. After collection, animals (n=192) were
separately frozen (x20 xC) in string bags. After defrost-
ing, crabs were sexed on the basis of their abdominal
structures (Schäferna, 1935). The carapace width of each
individual was measured using a digital calliper (¡0.01 mm),
and then the wet weight of specimens was determined
(¡0.01 g). Additionally, the female gonads were extracted
and examined under the stereomicroscope with regard
to five-scale gonad maturity stages described by Garcia-
de-Lomas et al. (2010). To compare the size structure of
male and female specimens, crabs were divided into 11
classes (every 5 mm width) starting at 10 mm (Normant
et al., 2000).

The carapace length and wet weight were expressed as
mean with standard deviation (mean¡SD). The relation-
ship between carapace width and specimen wet weight was
calculated according to the power equation (y=arxb).
Differences in the proportion of caught males and females
were tested using x2, and differences between sexes in the
population structure in terms of carapace width and wet
weight were tested using the Kolmogorov–Smirnov test.
All the analyses were conducted with SPSS 20.*Corresponding author: d.wojcik@ug.edu.pl
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Some crabs were damaged, sometimes missing body
parts; therefore, the number of specimens used in a
particular analysis (e.g., carapace width–wet weight,
n=144) was lower than the total number of collected
specimens.

Results

The number of individuals as well as the carapace
width and wet weight of the analysed groups are given
in Table 1. The difference between the proportion of
females and males was not significant (x2=0.633, d.f.=1,
P=0.426, x2 test). The majority of the females (n=94)
had gonads in the first gonad maturity stage, whereas only
seven females were immature, without developed gonads.

There were no significant differences in the male and
female population structures in terms of carapace width
(Z=0.533, P=0.939, Kolmogorov–Smirnov test). The
majority of the analysed crabs (n=166) had a carapace
width in the range 35.01–55 mm, and the most frequent
width class was 40.01–45 mm, represented by 70 specimens
(Fig. 1). There were no specimens in 15.01–20 mm width
class. The smallest and the largest specimens were males.
There were also no significant differences in the male and
female population structures in terms of weight
(Z=0.452, P=0.987, Kolmogorov–Smirnov test).

There was a significant correlation (r2=0.984;
P<0.05; n=144) between wet weight (WW) and carapace
width (CW) according to the function WW=
0.00047rCW3.04.

Discussion

E. sinensis is listed among the world’s worst 100 alien
species (Lowe et al., 2000) and is currently viewed as an
aquatic pest. The individuals from the Portuguese popula-
tion captured in September 2013 were at the beginning of
their reproducing cycle, dominated by the medium-sized
individuals. Mean carapace width of the collected speci-
mens was smaller than of the specimens caught in Tagus
Estuary 20 years earlier (Cabral and Costa, 1999) and also
than in, e.g., Polish and Spanish waters (Normant et al.,
2002; Czerniejewski and Wawrzyniak, 2006; Garcia-de-
Lomas et al., 2010) and similar to individuals from
German waters (Herborg et al., 2003). The carapace width
of the largest analysed specimen caught in the Tagus

Estuary was 63.10 mm, the similar maximum sizes were
noticed in Szczecin Lagoon, Gulf of Gdańsk, Elbe Estuary
and Guadalquivir Estuary (Normant et al., 2002; Herborg
et al., 2003; Czerniejewski and Wawrzyniak, 2006; Garcia-
de-Lomas et al., 2010). This value was considerably lower
than for the first captures (Cabral and Costa, 1999). What
was interesting and unusual for this species, was that the
analysed males were not significantly smaller than females.
First observations of E. sinensis in Tagus Estuary were
only adult individuals, which were caught occasionally,
actually in these waters were observed established popula-
tion, which consist individuals in variable sizes.

The allometric coefficient b in the relationship between
carapace width and wet weight was higher than for
individuals from Polish waters (Normant et al., 2000;
Czerniejewski and Wawrzyniak, 2006). Differences be-
tween Tagus Estuary and Southern Baltic Sea might be a
result of the occurrence of an established population in
Portugal, whereas in Polish waters only adult specimens
are found, at the end of their life cycle, what cause
significant decrease in their condition.

The percentage of males collected from the Tagus
Estuary was similar to females, which is rather unusual. In
most populations, males are caught more often than
females (Wójcik, unpublished data). However, this ten-
dency was also observed for the first captures (Cabral and
Costa, 1999). Despite the fact that males have much
greater mobility (Kobayashi and Matsuura, 1994), it is
important to emphasize that the fyke-nets were in the
upper limits of the estuary, and large amounts of females
in this sample indicate that the reproductive migration has
been started (Kobayashi and Matsuura, 1995). A peak
of captures, in native and invaded waters, has been related
to reproduction, e.g., increased activity related to migra-
tions (Garcia-de-Lomas et al., 2010). None of the caught
females contained eggs and their gonads were in the first
developmental stadium. However, ovigerous females
were previously observed in this estuary (P. Anastácio,

Fig. 1. Abundance of male and female Eriocheir sinensis in
consecutive carapace width classes (n=192) collected from the
upper Tagus Estuary in September 2013.

Table 1. Summary of morphological measurements of male

and female Eriocheir sinensis (n=192) collected from the
Tagus Estuary in September 2013. Data are presented as mean
with standard deviation (mean¡SD). F – females, M – males,

n – number of individuals.

Sex n Carapace width (mm) Wet weight (g)
F 101 44.34¡6.17 40.08¡17.92
M 91 45.35¡6.95 41.11¡18.44
All 192 44.58 –6.92 40.57 –18.13
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unpublished data); therefore, it is clear that E. sinensis
is successfully reproducing in the Tagus Estuary.
Nonetheless, in the Tagus Estuary (low latitudes, warm
climate) the life cycle of Chinese mitten crabs may be
delayed compared to e.g., the “German” population,
which reproduces in September, because of higher lati-
tudes, where temperatures reach much lower values.

Based on Rudnick et al. (2000), individuals capable of
reproduction achieve a carapace width of 35 mm. In the
analysed samples, only nine individuals (four males and
five females) were not adults. Smaller specimens (<14.13 mm
wide) were also caught, but not analysed. The occurrence
of such small individuals confirms that the population
from the Tagus Estuary is established. However, there is
still need for monitoring the abundance of this species,
with special consideration of larvae in planctonic samples,
because so far there are no data about the occurrence of
any zoea or megalopa stage in Tagus waters.

It is very important to continue this research to be able
to fully characterize the population of Chinese mitten crab
in the Tagus Estuary. Considering the lack of knowledge
about the management of E. sinensis in these waters,
monitoring of this species is needed; it will help in assessing
the risk of occurrence of this species in Portuguese waters,
and may also help in finding solutions for preventing
against E. sinensis invasion in other Portuguese rivers.

Acknowledgements. This research was supported by grant
(no. 538-G220-B286-13) from the Faculty of Oceanography and
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