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Abstract 

The Chinese mitten crab Eriocheir sinensis was first recorded in the Guadalquivir Estuary in 1987. Management actions by the 
Andalusian Regional Government were implemented in 2001 to contain and reduce the population of this invasive crab in the 
estuary and also to prevent its dispersal to neighbouring natural protected areas. Our results showed a heterogeneous distribution 
of the mitten crabs in the estuary, concentrated in the Sevilla port area. The catch-per-unit-effort (CPUE) in traps was 
significantly higher in October-April. Annual CPUE decreased from 0.04 crabs net-1d-1 to minimum values of 0.006 crabs net-1d-1 
in 2008, thus reducing the dispersal potential to neighbouring areas. However, given that a number of stochastic factors may be 
involved in fluctuations in population size and that ships´ ballast water remains uncontrolled, the management of E. sinensis 
needs to be continued. Based on the results obtained and the expected sequence of the invasion process in the Guadalquivir 
Estuary, we propose further management improvements. These results may help to optimize the management of this invasive 
species both in the Guadalquivir estuary and in comparable scenarios in different parts of the world.  
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Introduction 

The Chinese mitten crab Eriocheir sinensis (H. 
Milne Edwards, 1853) (Crustacea, Brachyura, 
Varunidae) is a catadromous crab native to the 
East Coast of China, from Hong Kong to the 
border of North Korea (Hymanson et al. 1999). 
The crab, outside its native range, is rapidly 
colonizing worldwide, as a consequence of 
ships´ ballast water discharges and subsequent 
dispersal (Herborg et al. 2007). Mitten crabs 
were first introduced in Germany in 1912, and 
the species is now dispersed throughout Northern 
Europe. Current distribution includes the North 
Sea, Baltic Sea and North Atlantic coast 
(Gollasch 1999; Herborg et al. 2003, 2005; 
Ojaveer et al. 2007), the Seine Estuary in France 

(Vincent 1996), the Tagus river in Portugal 
(Cabral and Costa 1999) and the Mino 
(Ferdinand-Martinez and Carrera 2003) and the 
Guadalquivir rivers (Cuesta et al. 2006) in Spain, 
the Dalaeven river in Sweden (Peters 1938), 
Lake Ladoga in Russia (Panov 2006), and the 
Tyne river in the U.K. (Herborg et al. 2002) also 
Ireland (Minchin 2006). The crab has also been 
reported in North America, from San Francisco 
Bay (Rudnick et al. 2003, 2005), Chesapeake 
Bay (Ruiz et al. 2006), Lake Erie (Nepszy and 
Leach 1973), the Mississippi Delta (Horwath 
1989) and the St. Lawrence River in Canada (de 
Lafontaine 2005), Delaware Bay, and the Hudson 
River (Schmidt et al. 2009). Other recent reports 
include two different areas in Western Asia, the 
Tazeh Bekandeh River in Northern Iran (Robbins 



J. Garcia-de-Lomas et al. 

324 

et al. 2006) and the Shatt Al-Basrah Canal in 
Iraq (Clark et al. 2006). 

Despite the increasing number of regions 
invaded and the subsequent adverse ecological 
and socio-economic impacts (e.g. Rudnick et al. 
2005; Gollasch 2006; Gilbey et al. 2008; Dittel 
and Epifanio 2009), management or control 
actions have been scarce. In Germany in the 
1930s, massive efforts to control mitten crabs 
stemmed from its interference with net and trap 
fisheries and the damage to riverbanks caused by 
its burrowing. The total catch of crabs in 
Germany was estimated at 262,600 kg in 1936 
and 190,400 kg in 1937. In some locations, over 
100,000 crabs were trapped per day (Panning 
1939). Traps placed on the upstream side of 
dams captured juvenile crabs as they migrated 
upstream. More recently, a management plan for 
the Eriocheir genus was developed in California 
(Chinese mitten crab Control Committee 2002). 
Actions included early detection in the Columbia 
River by using baited crayfish traps and the 
production of outreach and educational materials 
(e.g., videos, pamphlets, a web site) designed as 
aids to identify and report sighting of mitten 
crabs. Among the control methods, physical 
barriers such as bars, K-rails and metal screens 
(1.2-1.8 m high with 2.5 cm openings) have been 
used to prevent impacts in fish salvage facilities 
(Chinese mitten crab Control Committee 2002). 
The present paper summarizes the first results on 
management and control of E.  sinensis imple-
mented by the Regional Andalusian Government 
(Consejeria de Medio Ambiente) from 2001 to 
2008. Based on the results obtained, we propose 
management improvements to enhance efficiency 
of the catch and a better use of resources. 

Materials and methods 

The Guadalquivir Estuary is a temperate, non-
stratified estuary with a gradual horizontal 
change in water salinity, located in the 
Southwest region of the Iberian Peninsula 
(Figure 1). The estuary is subjected to mixing-
zone changes due to daily and seasonal tidal 
variations, with a mean sea water upstream 
incursion of  20 km (Drake et al. 1999). A dam 
located 108 km upstream regulates the fresh-
water input to the estuary. The estuary bifurcates 
as it passes through the city of Seville, forming a 
channel 11.5 km long. This channel contains the 
port area and is connected to the open estuary 
through a sluice dock, which opens and closes 
with the arrival and departure of ships (on 

average, 7 times a day). The bottom composition 
is highly variable. Natural substrates (silts and 
clays) are dominant, but some rocks and 
submerged scrap is frequently found. The estuary 
banks alternate between marsh vegetation 
(Phragmites australis, Typha spp, Eucalyptus 
camaldulensis, Arundo donax, etc.) and artificial 
substrates such as concrete walls. 

Nylon fyke nets arranged perpendicular to the 
shore, at the bottom of the channel, in water 
depths of 2–5 m, were used to capture the crab 
specimens (Figure 2). Fyke nets had 6 m leads, 
three rings per net (1, 0.95 and 0.85 m diameter), 
a throat diameter of 15, 10 and 8 cm, respecti-
vely, and 7 mm square mesh. Nets were left in 
the river and emptied every 48 h. This sampling 
frequency allowed the release of accidental 
captures of native species and prevented algae 
from clogging the nets. Moreover, if the nets 
were left for longer, Chinese mitten crabs were 
able to destroy the nets and escape.  

Capture attempts were carried out during 
January and December in 2001; January to May 
in 2002; March to December in 2005; January to 
April and December in 2006; January to June in 
2007, with additional samplings in October to 
December  in  2007  and  2008.  No  fishing  was 
done in 2003 and 2004. Sampling stations were 
initially (2001-2005) located throughout the 
Guadalquivir Estuary, but given the concen-
tration of captures in the upper stretch of the 
estuary (Figure 1), nets were progressively 
placed within Seville harbour (N37º20´N; 
06º01´W). In 2007 and 2008, 90% of the nets 
were set inside the port area, whereas the rest 
were placed near the river mouth. 

Once collected, specimens of E. sinensis were 
weighed (to the nearest 1 g), measured (carapace 
width, CW, to the nearest mm) using callipers 
and sexed. The catch-per-unit-effort (CPUE) was 
the number of crabs caught, divided by the total 
number of nets, multiplied by the number of 
months of work and the number of times the nets 
were checked every month (crabs net-1d-1). 
Additionally, female gonads were extracted and 
examined under the dissecting microscope. 
Based on the gonadogenesis report for Eriocheir 
japonicus (de Haan, 1835) (Kalinina et al. 2008), 
five stages of gonad maturation were 
differentiated (Table 1). 

Finally, considering the lack of knowledge 
about the invasion history and the most likely 
date of introduction, we interviewed the local 
elderly fishermen, who were shown some photos 
and/or specimens of the Chinese mitten crab. 
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Figure 1. Distribution of Eriocheir 
sinensis captures in the Guadalquivir 
Estuary. Data obtained from 2001-

2008. 

 

 

Figure 2. Details of a fyke net used (upper drawing). Typical arrangement consisted of lines of fyke nets set on the estuary bottom. Each 
line was composed of 6 fyke nets attached to each other. At each fishing station, 4 lines (total number of fyke nets = 24) were used. 
 
 
 
Table 1. Gonad maturity stages recognized under the dissecting microscope in adult females of Chinese mitten crabs (Eriocheir sinensis). 

Stage code Aspect Colour Location 

G1 No visible oocytes Light yellow Inside carapace 

G2 
Oocytes visible at least on the surface of 
the gonad and forming a compact mass 

Yellowish, beige Inside carapace 

G3 
Oocytes forming a compact mass, but 
separable from the outer layers of the 
gonad 

Beige Inside carapace 

G4 

Oocytes forming a soft mass, showing 
trophoplasmic growth (yolk 
accumulation) and being easily 
detachable from the mass  

Light purple, light brown Inside carapace 

G5 
Easily separable eggs filled with large 
yolk globules and brooded in a mass 
(prespawning)  

Dark purple, brown 
External, in pleopodal setae 
of abdomen 
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Results and discussion 

Captures and spatial distribution of E. sinensis 
within the estuary 

The first E. sinensis was reported by a local 
elderly fisherman in 1987. Based on this date, a 
minimum residence time of 20 years may be 
considered for this species in southern Spain.  
A total of 888 crabs were caught between 2001 
and 2008 (Figure 3). Most captures (99%) were 
made inside the port area of Seville (Figure 1). 
Interestingly, the catches also showed a 
heterogeneous distribution within the port area. 
Most E. sinensis specimens (91%) were captured 
within the first 3.7 km alongside the sluice dock, 
coinciding with the berthing area of large 
vessels, which are potential vectors of 
introduction. However, given the high dispersal 
capacity in this species (Herborg et al. 2005), it 
is unlikely that the distribution observed is only 
due to the proximity of vessels. Further studies 
on the availability of suitable habitat or the 
salinity gradients within the port area (that could 
attract the crabs to the open estuary during the 
migration period) are needed to determine the 
reasons for the heterogeneous distribution 
observed. 

With the exception of 2007, there was a 
downward trend in CPUE over time. A sharp 
drop in CPUE was noted in 2008, reaching 
minimum values of 0.006 crabs net-1d-1 (Figure 
3). Thus, the captures of Chinese mitten crab 
during the past 4 years have contributed to the 

reduction in the population stock in the port area 
and consequently, also to the reduction of 
dispersal potential to neighbouring areas. 
However, sharp fluctuations in Chinese mitten 
crab populations have been reported in some 
regions, as a consequence of stochastic factors. 
For example, in the Seine estuary (France), a 
cold spell occurred during the winter of 1963. 
After that winter, no crabs were captured until 
1975. Although adult crabs can tolerate 0°C 
temperatures for up to seven days, the severe 
weather conditions were probably fatal for the 
juvenile crabs residing in freshwater (Vincent 
1996). In other areas, such as the Netherlands, 
periodic     localized      population     explosions 

 

Figure 3. Cumulative captures and catch-per-unit-effort 
(CPUE) of Eriocheir sinensis in the Guadalquivir Estuary. 

 

 
 
 

 

Figure 4. a) Monthly CPUE for Eriocheir sinensis captured in the Guadalquivir Estuary for the years 2001-2008. b) Box plot of 
monthly sex ratio (female/male). The dashed line indicates a sex ratio = 1. The number of data (months) used for calculations is 
indicated above each bar. Months with less than 5 crabs captured were not considered for calculations. 
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occurred (Ingle 1986): the population decreased 
after 1981 coinciding with a lower population 
level in neighbouring areas and an increasing 
demand for crabs by Chinese restaurants 
(Veldhuizen and Stanish 1999). In south-east 
England’ estuaries, the population increased 
from 1989 to 1992 coinciding with a decrease in 
outflow and an increase in salinity (Attrill and 
Thomas 1996). The population declined sub-
stantially for unknown reasons and only a few 
crabs were sighted each year. Therefore, we 
cannot exclude the possibility that management 
work can coincide with environmental conditions 
mitigating against Chinese mitten crabs during 
key periods in life-history (migration, repro-
duction, settlement of early juveniles, etc.). This 
demographic unpredictability suggests the need 
for regular monitoring in order to respond 
quickly to potential population explosions. 

Considering the lack of prior experience on 
the management of the Chinese mitten crab in 
the Guadalquivir Estuary (or similar scenarios) 
and the lack of knowledge of the optimal period 
of capture, different months were selected for 
sampling during 2001-2005. These results 
showed that the CPUE maximum was during 
October-April (Figure 4a). Accordingly, capture 
attempts were concentrated during Autumn and 
Winter in 2007 and 2008. Since captures 

occurred mostly in the port area, which is 
partially isolated from the open estuary, we 
cannot assume that these months match the 
breeding period. However, peak captures 
obtained here are quite similar to those reported 
for either the native range (Zhang et al. 2001) or 
invaded areas (Panning 1938; Rudnick et al. 
2003; Herborg et al. 2006) and suggest periods 
of activity associated with reproduction. Sex 
ratio analysis showed no significant differences 
among the different months (Figure 4b). 

With respect to the population structure, the 
occasional appearance of young crabs (CW < 3 
cm) (Jin et al. 2001) (Figure 5) suggested the 
need to assess whether there was effective 
reproduction within the port area (under 
freshwater conditions). Our results showed at 
least three pieces of evidence that render this  
hypothesis unlikely: (i) no ovigerous females 
were captured, (ii) the analysis of gonads 
extracted from adult females showed that they 
were immature (stages G2, G3), (iii) the salinity 
of water in the port is <5 ‰ (Baldó et al. 2005) 
and at least some larval stages require high 
salinities to complete development (Anger 
1991). Therefore, we suggest that young crabs 
reached the port area either by shipment (ballast 
waters) or from reproduction in the open estuary 
followed by upstream migration.  

 
 
 

Figure 5. Monthly histograms for 
carapace width of Chinese mitten 
crabs collected in the period 2001-
2008. Total sample size (n) of each 
month is indicated. 
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Figure 6. Expected sequence of 
the invasion process for the 
Chinese mitten crab in the 
Guadalquivir Estuary: I) Initial 
introduction of Eriocheir 
sinensis (megalops or juveniles) 
by ballast water discharges; II) 
establishment of a stock in the 
port area and occasional escapes 
to the open waters; III) migration 
of breeding individuals and 
incipient reproduction in the 
estuary mouth; IV) upstream 
migration of megalops and 
juveniles. Spread and 
colonisation of tributaries and 
neighbouring estuaries. At all 
stages, external introductions 
(ballast water discharges) are 
expected. The dashed line 
indicates the route used by ships. 
Solid lines show the expected 
movements of mitten crabs. 

 
 
 
Invasion and management perspectives 

The Guadalquivir Estuary is a highly suitable 
area for the Chinese mitten crab (Herborg et al. 
2007). This species has also shown high rates of 
dispersal in different areas internationally that 
have been invaded (Herborg et al. 2005). 
Therefore, there is a potential risk of progression 
of this invasion within the estuary that calls for 
proactive management. Both for this purpose, 
and given the experience of invasion elsewhere 
in the world, it is relevant to pose an expected 
invasion process sequence (Figure 6). This 
exercise will guide the necessary decisions to 
anticipate likely events. Since the first intro-
duction (stage I, Figure 6), our distribution data 
suggest the establishment of a population in the 
port area (stage II). Occasional escapes of adult 
individuals from the port area and its subsequent 
migration would explain the specimens found 
near the mouth of the estuary (stage III). This is 
the current framework assumed in the Guadal-
quivir Estuary. The next expected stage would be 
an effective breeding and dispersion of megalops 
and juveniles throughout the estuary and its 
tributaries (stage IV, Figure 6). The presence of 
megalopae was reported in the Guadalquivir 
Estuary in the 1998-2000 period (Cuesta et al. 
2006) but have not been caught again in 2001-

2008 (J.A. Cuesta, pers. comm.), coinciding with 
the decrease in CPUE. Therefore, we can assume 
that the population size has diminished either by 
management carried out and/or a combination of 
different factors (some of them stochastic). In 
any case, we consider management essential to 
prevent E. sinensis from reaching stage IV. 

This framework, together with the fact that 
ships´ ballast water remains an uncontrolled 
vector of introduction into the estuary, calls for 
management measures to be taken for this 
species at least until the input vectors stop. 
Based on the results obtained, efforts (number of 
nets) were increased near the mouth in 2009 in 
order to catch breeding crabs. Further improve-
ment to management includes the involvement of 
local fishermen and other stakeholders (e.g., 
managers of protected areas, farmers, research 
institutions,) in monitoring the Chinese mitten 
crab population within the estuary and its 
vicinity. They have been provided with 
brochures including photos and information 
about the Chinese mitten crab and have been 
asked to report any new findings or captures.  

The Guadalquivir Estuary is a highly 
productive ecosystem that provides permanent 
habitats for estuarine species. It also plays an 
important role as breeding and feeding grounds 
for adults of marine species (Baldó and Drake 
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2002; González-Gordillo and Rodríguez 2003), 
providing a number of ecosystem services to 
local communities. It is therefore important to 
maintain the current management efforts in order 
to contain and reduce the population, as well as 
to prevent new introductions from ballast water 
discharges. Our results may help to optimize the 
management of this invasive species both in the 
Guadalquivir estuary and in comparable 
scenarios in different parts of the world.  
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