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Abstract 
New Chinese mitten crab sequence data were obtained from eight European localities 
spanning France, The Netherlands, England and Wales. The Netherlands and Wales 
samples were taken from two areas where mitten crab populations had never before 
been sequenced. DNA results uncovered the presence of a second Eriocheir species 
coexisting sympatrically with E. sinensis H. Milne Edwards, 1853 in the Dee 
Estuary, Wales and at two sites sampled in The Netherlands. Molecular results and 
comparative morphology analyses suggest that the second species in European 
waters is likely to be an undescribed cryptic species. Additional evidence for the 
presence of a second European invasive mitten crab species is provided by confocal 
laser scanning microscopy of the male first gonopod. The origins of the Welsh 
introduction may date back to the early 2000s, when several Dutch dredging operators 
were active in the Dee Estuary. Despite several localities being sampled, the Eriocheir 
cryptic species was not found in England, which suggests that English and Welsh 
mitten crab populations originate from independent introductions. These results 
radically challenge current assessments of Eriocheir invasion in Europe and should 
be considered by stakeholders as a new baseline to implement efficient management 
strategies against invasive mitten crabs. 

Key words: Chinese mitten crab, cryptic species, Dee Estuary Wales, dredging 
operations, phylogeography, molecular systematics, morphometrics, confocal laser 
scanning microscopy, first male gonopod morphology, carapace frontal margin 

   
Introduction 

The Chinese mitten crab, Eriocheir sinensis H. Milne Edwards, 1853, is on 
the world’s list of 100 most invasive aquatic invertebrates (Lowe et al. 2000) 
and is cited in the handbook of alien species in Europe (http://www.europe-
aliens.org). Since the Chinese mitten crab was first recorded from Germany 
in 1912, favourable conditions plus an extensive network of canals have 
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facilitated its rapid spread and colonisation of North Eastern Europe 
coastal ecosystems and major catchments (Herborg et al. 2003, 2005). In 
comparison, Eriocheir establishment and dispersal across the watersheds of 
England and Wales has proceeded at much slower rates. Initial reports 
from the River Thames in 1935 (Anon 1936a, b; Harold 1935; Morritt et al. 
2013) were followed by a long pause in new records until the late 1970s, 
when mitten crabs established and spread upstream through the River 
Thames (Ingle and Andrews 1976; Clark 1984, 2011; Clark et al. 1998; 
Morritt et al. 2013). Additional sightings outside the Thames catchment 
have significantly increased in recent years (see www.mittencrabs.org.uk). 
Although there is a plethora of information about the occurrence of the 
Chinese mitten crab in continental Europe (Herborg et al. 2003, 2005; 
Bentley 2011), little research has been undertaken with regard to the 
genetic diversity and connectivity of these mitten crab populations. 
Hänfling et al. (2002) suggested that European populations of Chinese 
mitten crab are genetically homogeneous (i.e., all haplotypes found were 
closely related). In contrast however, Herborg et al. (2007) found 
significant differentiation among the same European populations studied 
by Hänfling et al. (2002). Therefore, relationships among mitten crab 
populations in Europe remain uncertain, and several key marine-trafficking 
areas are underrepresented or not included in previous studies (e.g., Wales, 
France and The Netherlands).  

The present study reports additional findings on the phylogeography of 
mitten crab populations from The Netherlands, France, England and 
Wales. After analysing the genetic diversity and genetic differentiation 
among samples from continental Europe and UK, molecular evidence 
uncovered previously unnoticed cryptic species of mitten crab in Europe. 
The molecular results were supported by male first gonopod morphology. 
Furthermore, the new genetic data suggest that English and Welsh 
populations originate from independent introductions. 

Materials and methods 

Sampling 

A total of 411 mitten crabs were collected. Fyke nets were deployed at 
seven different locations between 2012 and 2015 (Table 1; Figure 1). These 
included five sites across the United Kingdom: two Thames River 
populations, Littlebrook (THL) and Kent (THK), Medway River, Allington 
(MDR), Great River Ouse, King’s Lynn (KLY) and Dee Estuary, Chester, 
North Wales (DEE), and three sites located in continental Europe: Gironde 
Estuary, Bordeaux, France (GES), Hollands Diep, Rotterdam, The Netherlands 
(HDI), and Den Oever, Hollands Kroon, The Netherlands (DOV). Mitten 
crabs from Allington, River Medway (MDR) however, were caught in a fish 
pass using an elver trap. Individual crabs were frozen at −20 °C to ensure 
good quality of the tissue for further manipulation. 
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Table 1. Location name and acronyms, sample size, GPS co-ordinates and year of sampling for each location. Nh: Number of 
haplotypes observed; Hd: haplotype diversity and π: nucleotide diversity. 

Locality Sample 
size (Nh) 

Co-ordinates 
Country Year Hd ± sd  π ± sd  Long. Lat. 

River Thames, Littlebrook 
(THL) 23 (3) 51.47° 0.23° England 2012 0.672 ± 0.045 0.00197 ± 0.00013 

River Thames, Kent 
(THK) 8 (3) 51.47° 0.17° England 2015 0.679 ± 0.122 0.00199 ± 0.00036 

River Medway (MDR) 23 (4) 51.28° 0.50° England 2012 0.684 ± 0.062 0.00207 ± 0.00021 
King’s Lynn (KLY) 15 (3) 52.70° 0.37° England 2014 0.705 ± 0.053 0.00201 ± 0.00016 
Dee Estuary (DEE) 21 (5) 53.18° –2.88° Wales 2013 0.767 ± 0.055 0.01227 ± 0.00445 
Gironde Estuary (GES) 23 (2) 45.38°  –0.78° France 2014–2015 0.237 ± 0.105 0.00069 ± 0.00031 
Hollands Diep (HDI) 26 (3) 51.70°  0.53° The Netherlands 2015 0.283 ± 0.109 0.01171 ± 0.00429 
Den Oever (DOV) 6 (2) 52.93° 5.08° The Netherlands 2015 0.333 ± 0.215 0.01415 ± 0.00914 

 
Figure 1. Map indicating the presence and frequency of each haplotype at each sampling location. 
Each colour represents a different haplotype (see legend), and size of the pie charts refers to the 
sampling size at each location (Table 1). 

DNA extraction and quality assessment 

A total of 145 individual crabs were used for DNA analyses, using a 
subsample from each locality (Table 1). Muscular tissue (~ 1 mm2) from 
ambulatory legs of each frozen crab was extracted using forceps and kept 
in ethanol to preserve DNA. Total genomic DNA was extracted using the 
DNeasy® Blood and Tissue kit (QIAGEN). DNA quality and concentration 
(ng/μl) was checked using NanoDrop 8000™ v2.1 spectrophotometer and 
running 1% agarose gels including 1 μl of genomic DNA. Polymerase chain 
reactions were carried out with ~ 30 ng of genomic DNA, 1 U of Taq 
polymerase (Amersham), 1 × buffer (Amersham), 10 µM of each standard 
universal primer for the COI gene (LCO1490 and HCO2198; Folmer et al. 
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1994) and 0.12 mM dNTPs. The thermal profile used was 95 °C for 15 min 
for initial denaturation, followed by 35 cycles of 95 °C for 30 s, 50 °C for 30 s, 
72 °C for 30 s and a final extension at 72 °C for 7 min. Amplified PCR 
products were purified using a MultiScreen®HTS vacuum manifold, re-
suspending into ultrapure water before direct sequencing. DNA sequences 
were obtained using the Big-Dye Ready-Reaction kit v.3.1 (Applied 
Biosystems) on an ABI Prism 3770 automated sequencer from the Scientific 
and Technical Services of the Natural History Museum, London, England. 
The chromatograms for each DNA sequence were checked using BioEdit 
v.7.2.5 (Hall 1999). 

Genetic diversity and genetic differentiation 

The number of haplotypes (Hn), haplotype diversity (Hd), nucleotide 
diversity (π), and genetic differentiation among the sampled populations 
were calculated using the software DnaSP v.5.1 (Rozas et al. 2003). Genetic 
divergence among populations was estimated by Wright’s fixation index 
(Fst), which can range from 0 (no genetic differentiation) to 1 (complete 
genetic differentiation among populations). For a more reliable interpretation 
of the genetic analyses, nucleotide sequence-based statistics (Ks and Snn) 
and haplotype-based statistics (GammaST and Hs) were also obtained, as 
they represent more suitable estimates for mitochondrial haplotype data 
(Weir and Cockerham 1984; Hudson et al. 1992; Hudson 2000). The 
significance of the nucleotide sequence-based statistics was tested with a 
permutation (randomization) test with 1000 replicates, using the same 
software. Furthermore, a haplotype network was constructed using the 
program popART v.1.7 (Population Analysis with Reticulate Trees) (Leigh 
and Bryant 2015) to visualize relationships between individual haplotypes 
at the population level. The haplotype inference method used was 
minimum spanning network (MSN) (Bandelt et al. 1999). 

Detection of a second invasive species of mitten crab in Europe 

To allow for comparison with previous studies, new COI sequences were 
compared against GeneBank using BLASTN (https://blast.ncbi.nlm.nih. 
gov/Blast.cgi). COI sequences assigned to Eriocheir species were downloaded 
and analysed together with our new sequence data. Sequence alignment 
was conducted using Muscle v.3.6 (Edgar 2004) with default parameters. 
Model selection of nucleotide substitution was performed according to the 
BIC criterion as implemented in MEGA X (Kumar et al. 2018). Haplotype 
phylogenetic relationships were inferred using the Kimura 2-parameters 
(K2P) genetic distance and the Neighbor-Joining method. The percentage 
of replicate trees in which different haplotypes clustered together was 
estimated using the bootstrap test (200 replicates) as implemented in 
MEGA X (Kumar et al. 2018). The K2P genetic distance was selected following 
Matzen da Silva et al. (2011) comprehensive study on decapod crustaceans. 

https://doi.org/10.3391/ai.2022.17.3.03
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These authors obtained the frequency distribution of K2P genetic distances 
at the species, genus and family levels using COI sequences of 302 species, 
154 genera and 58 families (Matzen da Silva et al. 2011). A recommended 
threshold of 2.2% was used for a rough differentiation of low and high 
intraspecific K2P distances (see also Ratnasingham and Hebert 2013; 
Raupach et al. 2015). An allied varunid crab, Varuna litterata (Fabricius, 
1798) was selected for the outgroup comparison. 

Confocal laser scanning microscopy (CLSM) 

Material examined: Eriocheir sinensis, adult male, from the Bam Elms 
reservoir, Barnes, London, collected by Martin Honey, 2 October 1991, 
NHM reg. 1992.36.1; Eriocheir japonica De Haan, 1835, adult male, from a 
stream at Tsushima, Japan, presented by Duke of Bedford, 1907, NHM reg. 
1907:12.9.1; Eriocheir hepuensis Dai, 1991, adult male, from Shatt Al-
Basrah Canal, Iraq near the dam at 30°24′33.75″N; 047°46′32.32″E, collected 
by Murtada Naser, 30 November 2010, NHM reg. 2011.8035−8037; 
Eriocheir sp., adult male, from Den Oever, The Netherlands, 52°56′16″N; 
005°02′26″E; collected by Michiel Kotterman, 2015, NHM; Eriocheir sp., 
adult male, from Hollands Diep, The Netherlands, 51°42′19.2″N; 
004°32′42.5″E, collected by Michiel Kotterman, 2015, NHM. 

The left first gonopod (G1) was dissected from mitten crab adult males 
and placed in separate Petri dishes and filled with deionised water. The 
distal tip of each G1 was cleaned using a fine paint brush and G1s were 
stained with a mixture of Congo red and acid fuchsin for 24 hrs at room 
temperature. G1s were rinsed in deionised water after the 24 hrs incubation 
in the stain. All G1s were too large to embed on a standard slide with 
coverslip, so a new platform was designed for scanning these samples using 
CLSM (Figure 2). The embedding platform comprised a glass gutter formed 
from 2 groups of 7 stacked microscope slides glued to each other using 
polyvinyl lactophenol. These were then fixed to a larger piece of glass to 
form a deep gutter which was dammed at each end by Blu Tack® (Bostik 
Ltd., England). The G1 was placed in the gutter ventral side up and firmly 
held using more Blu Tack® to keep it completely immobilised during the 
10−12 hr scan. The gutter was then filled with 100% glycerine until reaching 
the highest level of the stacked slides and then examined for any air bubbles. 
If present, these were carefully removed using a fine tungsten needle. A 
rectangular coverslip (No. 1.5) was used to seal off the pleopods avoiding 
any additional inclusion of air bubbles. Avoidance of air bubbles was 
considered critical as they would expand during the 12 hr session due to 
the heat from the lasers and prevent a sharp image. 

After embedding the G1, masking tape was fitted around the platform to 
further prevent glycerine leaking and the platform was carefully placed on 
the mechanical stage of the confocal microscope. To hold the large platform 
(Figure 2b) stable for the lengthy acquisition time, its edges were secured 

https://doi.org/10.3391/ai.2022.17.3.03
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Figure 2. Preparation of Eriocheir G1 for Confocal Laser Scanning Microscopy (CLSM); a, Schematic illustration of the designed 
platform used to hold the male gonopod firmly during 10−12 hours of CLSM: (1) Two groups of 7 microscope slides were glued 
each other using polyvinyl lactophenol and these merged microscope slides were glued on each side of the glass/plastic platform; 
(2) Two sides of the new platform was sealed using Blu Tack®. The level of the Blu Tack® and microscope slides were levelled 
by using a cylindrical metal holder; (3) The male gonopod was placed and arranged inside the slide channel; (4) The gonopod was 
covered using Blu Tack® to immobilise it during long duration scanning; (5) The channel was filled with 100% glycerine until it 
reached the highest level of the adjacent slides; (6) The channel was covered with a long coverslip (avoiding the inclusion of air); 
b, A general view of designed platform to scan large appendages using CLSM. The G1 figured was dissected from an Eriocheir 
specimen captured in Hollands Diep, Netherlands. 

using Blu Tack® before scanning. The G1s were then scanned using a 
Nikon A1-Si confocal microscope. A 10× dry objective with a numerical 
aperture of 0.3 was used to scan the surface of the gonopods together with 
the “large images” option of the confocal software (Kamanli et al. 2017, 
2018). Four lasers at wavelengths of 405 nm, 488 nm, 561 nm, and 640 nm 
were used to produce a maximum intensity projection. Depending on the 
G1 size, between 16−25 tiles were required to scan their distal end. The 
Nikon software (NIS-Elements viewer version 4.20) was used for image-
stitching to combine tiled areas. The final image was processed in Adobe 
Photoshop (CS6) to adjust brightness/contrast, to remove unwanted particles 
and to provide a black background. 

River Dee dredging operations 

The archives of the Port Mostyn authority were made available to this 
study for examination and details of the dredging operations in the area 
were extracted. 

Results 

DNA analysis 

A total of 7 different haplotypes were recovered from the 145 putative 
E. sinensis individuals sequenced, with the most abundant haplotype 
(Hap_1; 34.5% of the specimens) being present in every locality sampled 
(Figures 1, 3; Table 2). BLAST results against the “nr/nt” GenBank database 
showed every haplotype recovered in this study to be also present in the native 
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Figure 3. Haplotype network for sampled mitten crabs using the haplotype inference MSN (Minimum Spanning Network). Each 
pie chart represents a different haplotype, and each colour represents one population. Size of the pie charts indicates the overall 
frequency of the haplotype within the samples. Acronyms as described in Table 1. 

Table 2. Geographical distribution of haplotypes obtained in the present study. For previous studies, both native and invasive 
ranges of the species are included (except for Haplotype-03 and Haplotype-05, reported for the first time from an invasive 
population). Locality abbreviation as in Table 1. 

Haplotype Locality Previous studies 

Hap_1 
THL, THK, MDR, 
KLY, DEE, GES, 
HDI, DOV 

River Changjiang (China) 
River Elbe (Germany); River Wesser (Germany), River Thames (England), River Tagus 
(Portugal) 

Hap_2 THL, THK, MDR, 
KLY, DEE 

River Changjiang (China); River Feiyunjiang (China); River Oujiang (China) 
River Elbe (Germany); River Wesser (Germany), River Thames (England), River Tagus 
(Portugal) 

Hap_3 MDR Tongan (China); River Geumgang (China) 

Hap_4 THL, THK, MDR, 
KLY, DEE, GES 

River Feiyunjiang (China); River Zhujiang (China)  
River Elbe (Germany); River Wesser (Germany), River Thames (England), River Tagus 
(Portugal); California (USA) 

Hap_5 HDI, DOV Okinawa (Japan) 

Hap_6 DEE 
Okinawa (Japan) 
River Weser (Germany) 

Hap_7 DEE, HDI, DOV Vladivostok (Russia) 
River Rhine (Germany) 

range of Eriocheir, and some had been previously observed in Europe (Table 2). 
Haplotypes 3 and 6 were singletons (found in a single population, Medway 
River and Dee Estuary, respectively). Haplotype 4 was previously detected 
in San Francisco Bay and Sacramento (California, USA), but haplotypes 3 
and 5 had never been observed in invasive populations before. Genetic 
distances between haplotype 7 and other E. sinensis haplotypes ranged 
between 4.6% and 4.8%, well above the intra-specific threshold observed in 
other decapod crustaceans and suggested the presence of a second Eriocheir 
species in Europe. Unexpectedly, haplotype 7 gave a 100% match in GenBank 
with a sequence described by Xu et al. (2009) as pertaining to E. japonica 
(Figure 4). 

Genetic diversity and population genetic differentiation 

The haplotype network constructed with the MSN algorithm (Figure 3) gives 
visual confirmation to the results obtained. The total number of mutations 

https://doi.org/10.3391/ai.2022.17.3.03
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Figure 4. Evolutionary relationships among COI haplotypes. Orange arrows indicate the 7 
haplotypes observed in this study. 

among haplotypes ranged between 1 and 3 except for haplotype 7, where ≥ 28 
mutations were observed compared with other haplotypes. This highlighted 
haplotype 7 as being a different lineage (Figure 3). Haplotype 1 was especially 
frequent in Gironde and Dee estuaries and Thames River-Littlebrook. 

https://doi.org/10.3391/ai.2022.17.3.03
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Table 3. Pairwise genetic distances between mitten crab localities. Fst: upper diagonal; GammaST: lower diagonal. Values in bold 
indicate significant differentiation assessed by permutation test (P < 0.05). Acronyms as described in Table 1. 

 GES DOV  HDI  DEE  THL  THK  KLY  MDR  
GES   0.90063  0.82002  0.14152  0.32075  0.53979  0.33384  0.35519  
DOV  0.764  0  0.59273  0.8706  0.7988  0.84334  0.86853  
HDI  0.705 0   0.62572  0.8047  0.75254  0.78038  0.80392  
DEE  0.099  0.368  0.470   0.07605  0.02534  0.04954  0.09302  
THL  0.212 0.707  0.684  0.063   0  0  0.03347  
THK  0.340 0.702  0.544  0.046  0.023   0  0  
KLY  0.219 0.713  0.638  0.053  0.001  0.023   0  
MDR  0.237 0.703  0.683  0.072  0.039  0.025  0.025  

Haplotype 2 was exclusively found in UK locations. In addition, specimens 
from Medway River, Hollands Diep and Dee estuary presented a private 
haplotype (Haplotypes 3, 5 and 6, respectively), while haplotype 7 was 
shared by the two Dutch and Dee estuary populations (Figure 1). 

Haplotype diversity was higher in the UK (Table 1), ranging from 0.767 ± 
0.055 in Dee estuary to 0.672 ± 0.045 in Thames River-Littlebrook. For 
continental populations, values ranged from 0.333 ± 0.215 in Den Oever to 
0.237 ± 0.105 in Gironde estuary. Conversely, nucleotide diversity was highest 
in Den Oever (π = 0.01415 ± 0.00914) and particularly low in Gironde 
estuary (π = 0.00069 ± 0.00031). Overall genetic differentiation among 
localities was significant regardless of the statistics studied (Snn = 0.288, 
P = 0.000; Ks = 3.781, P = 0.000; Hs = 0.537, P = 0.000). Genetic distances 
were higher when comparing samples from UK against continental Europe 
(Fst = 0.66 ± 0.2; GammaST = 0.574 ± 0.194) and significant pairwise 
comparisons mainly involved those population comparisons (Table 3). Fst 
and GammaST estimates were consistent (Pearson’s r = 0.98, R2 = 0.96), 
although GammaST values were always lower than Fst. Both estimates 
were close to zero among UK populations, between Dee and Gironde 
estuaries and between Den Oever and Hollands Diep, indicating low 
genetic divergence. Moderate genetic structuring was found between the 
Ouse River-King’s Lynn population and the Gironde estuary, and between Dee 
estuary and the Dutch populations. Considerable genetic differentiation, 
with both GammaST and Fst values close to 1, was found when comparing 
UK and Gironde estuary populations against Den Oever and Hollands Diep. 

Phylogenetic reconstruction 

Some of the new sequences matched 100% with those from previous 
studies, revealing the presence of our haplotypes all over Northern Europe 
and Portugal. In addition, haplotype 4 was also detected in San Francisco 
Bay and Sacramento (California, USA). Nonetheless, haplotypes 3 and 5 
had never been described in Europe before. K2P pairwise distances among the 
haplotypes Hap_1 to Hap_6 and E. sinensis data were as expected, ranging 
between 0.2% and 0.5% and indicating low intraspecific nucleotide variation. 
However, the K2P model revealed high nucleotide differentiation between 
haplotype 7 and the other haplotypes, well above the 2.2% recommended 
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Figure 5. CLSM images of Eriocheir G1 distal tip morphology in dorsal view from five 
localities. a, E. sinensis, River Thames, London; b, E. hepuensis from Shatt Al-Basrah Canal, 
Iraq, NHM 2011.8035-8037; c, E. japonica from Tsushima, Japan, NHM 1907.12.9.1; d, e, the 
undescribed cryptic species, collected from Den Oever and Hollands Diep, respectively. 

threshold (pairwise distances between 4.6% and 4.8% with respect to the 
other haplotypes described in this study). Haplotype 7 gave a 100% match 
with a sequence by Xu et al. (2009) described as pertaining to the Japanese 
mitten crab, Eriocheir japonica, but clearly distinct from COI sequences 
pertaining to E. japonica from other authors (Figure 4). 

CLSM G1 images 

The CLSM dorsal view of Eriocheir G1 distal tip images from five localities 
(Figure 5) revealed distinct morphology types for each known species 
namely, Eriocheir sinensis from River Thames, London; E. hepuensis from 
Shatt Al-Basrah Canal, Iraq; E. japonica from Tsushima, Japan and for the 
second European Eriocheir invasive species detected from Den Oever and 
Hollands Diep, The Netherlands. The detailed morphology examination of 
the two European invasive mitten crab species indicated that E. sinensis 
(Figure 5a) from the River Thames are morphologically distinct from the 
Dutch Eriocheir specimens (Figure 5d, e). The G1s of specimens from The 
Netherlands showing haplotype 7 were all identical among themselves and 
different from E. sinensis specimens, confirming the DNA results and 
suggesting the presence of a second invasive species yet to be identified. 
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Figure 6. Carapace frontal margin. Eriocheir japonicus, De Haan, 1835, plate XVII, bilobed 
(waved) without teeth; E. sinensis, H. Milne Edwards, 1854, plate IX with 4 teeth. 

Discussion 

Identification of Eriocheir japonica 

The Japanese and Chinese mitten crabs can be distinguished by the 
morphology of their frontal carapace margins. Eriocheir japonica can be 
identified by its bilobed/waved frontal margin without teeth (De Haan 
1835, plate XVII; Guo et al. 1997; Figure 6) compared with the 4-teeth 
frontal margin of E. sinensis carapace (H. Milne Edwards 1854, plate IX; 
Guo et al. 1997; Figure 6). The carapace morphology of mitten crabs from 
Den Oever, The Netherlands, River Thames, Kent, England and Tsushima, 
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Figure 7. Eriocheir adult male carapace morphology dorsal view and front details. a, d, the undescribed cryptic species, collected 
from Den Oever, The Netherlands; b, e, E. sinensis from River Thames, Kent, England; c, f, Eriocheir japonica from Tsushima, 
Japan, NHM 1907.12.9.1. Taken by Kevin Webb, NHM Photo Unit. 

Japan is compared in Figure 7. While the mitten crab from Tsushima, 
Japan (Figure 7c, f) has a bilobed/waved frontal margin, the mitten crabs 
from Den Oever and the River Thames (Figure 7a, b, d, e respectively) have 
a similar 4-teeth frontal margin. Consequently, the Dutch and the Dee 
Estuary material cannot be assigned to E. japonica and could be assigned to 
an Eriocheir species with four teeth (E. sinensis and E. hepuensis) or to a 
possible undescribed cryptic species. According to Guo et al. (1997), the 
hepu mitten crab is a valid species and can be distinguished using the distal 
morphology of the G1 (Figure 5b) and article proportions of the 5th pereiopod 
(Figure 8d) among other characters (Guo et al. 1997, Table 1). 

Identification of second invasive European Eriocheir 

The male G1 distal morphology is regarded as a reliable species diagnostic 
character in brachyuran crabs (e.g., Balss 1937; Bott 1970; Serène 1984). 
Guo et al. (1997) noted that, although differences were subtle, G1 morphology 
was a valid character distinguishing mitten crab species. Although the G1 
illustrations by K. Sakai (2013) are beautiful, they are too schematic to be 
helpful and suggest their morphology is too complex to draw accurately. 
Consequently, the distal tips of E. japonica, E. sinensis, E. hepuensis, and 
mitten crabs from The Netherlands were scanned here for comparison 
using confocal laser microscopy (Figure 5). The CLSM images are congruent 
with the carapace frontal margins and suggest that the Dutch material 
(Figure 5d, e) should not be assigned to E. japonica (Figure 5c) because 
their distal tips are different. Furthermore, all three mitten crabs with 4 
teeth in the frontal margin, E. sinensis (Figure 5a), E. hepuensis (Figure 5b) 
and Dutch material (Figure 5d, e), also have distinct distal G1 morphology. 
The new evidence from morphology of both frontal margin and G1 suggest 
that Dutch and Dee Estuary mitten crabs most likely belong to an undescribed 
cryptic species. 
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Issues with E. japonica misidentifications 

There are previous reports of invasive populations for E. sinensis (cf. Lowe 
et al. 2000), E. hepuensis (cf. Naser et al. 2012) and E. japonica (cf. Jensen 
and Armstrong 2004; Hayer et al. 2019). Nevertheless, confirmation of 
E. japonica as an invasive is required and appears to be in doubt. The 
record of Jensen and Armstrong (2004) from the Columbia River, ca. 3 km 
west of the Astoria-Megler Bridge, Astoria, Oregon, West coast of USA is 
now regarded as E. sinensis (Low et al. 2010; Benson and Fuller 2019). 
Similarly, the report of the Japanese mitten crab in Europe by Hayer et al. 
(2019) is here considered erroneous because, although their figure 6A is of 
low magnification and poor definition (see further Eriocheir images from 
the same authors at https://www.boldsystems.org/), their images show a 
carapace frontal margin with 4 teeth (vs frontal margin bilobed/waved and 
without teeth of E. japonica, De Haan 1835, plate XVII; Figures 6, 7c, f). 
Therefore, it is suggested here that the mitten crab images of Hayer et al. 
(2019) and the BOLD database (https://www.boldsystems.org/) belong, in 
fact, to the cryptic species reported by the present study. 

The present study follows Chan et al. (1995) conclusion that the material 
described by Stimpson (1858, 1907) as E. rectus Stimpson, 1858 is in fact a 
juvenile of E. japonica, and agrees with their careful designation of a 
neotype, so that the species established by Stimpson becomes a subjective 
junior synonym of E. japonica in accordance with the rules of Zoological 
nomenclature. The Eriocheir sp. [= Eriocheir recta sensu Stimpson 1858; 
species inquirenda] described by K. Sakai (2013) as presenting a waved 
carapace front with a shallow median sinus, should be attributed to E. japonica, 
as originally explained by Chan et al. (1995). Furthermore, the front of 
E. japonica described by K. Sakai (2013: fig. 1A) compares well with plate 
XVII (De Haan 1835) and Figures 6 and 7 of the present study. Therefore, 
the statement by K. Sakai (2013) that the establishment of a neotype by 
Chan et al. (1995) has “nomenclatural consequences and not a taxonomic 
one” is illogical and invalid under the current zoological Code (ICZN 1999) 
and it has only created confusion within mitten crab taxonomy. 

Problems with DNA-based identification of European Eriocheir invasives 

The evolutionary relationships among the seven COI haplotypes analysed 
here (orange arrows in Figure 4) indicate that a second Eriocheir invasive 
species, different from E. sinensis, is present in European catchments. 
While haplotypes 01–06 are assigned to E. sinensis, mitten crab samples 
from The Netherlands and Wales belong to a different clade, associated 
with putative E. japonica sequences. The new morphological evidence 
presented here shows that Dutch and Welsh mitten crabs (with COI 
haplotype 7) have 4 teeth carapace frontal margins and cannot be attributed 
to E. japonica. 
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The comparison of Figure 4 with results from Xu et al. (2009: fig. 2) 
suggests a possible origin of the second invasive mitten crab species in 
Europe. Haplotype 07 of the present study forms a well-supported clade 
with haplotypes EJJ23-25, corresponding to specimens collected from 
Vladivostok and South Korea (Xu et al. 2009: figs. 1, 2, Table 1). Four 
specimens of Vladivostok mitten crab were recently sent to the NHM, 
London (courtesy of Tin-Yam Chan, National Taiwan Ocean University) 
and the frontal carapace margins of these mitten crabs have four teeth as 
do the specimens from The Netherlands and the Dee Estuary (and for that 
matter Hayer et al. 2019: fig. 6A). Therefore, the identification of the 
Vladivostok, The Netherlands, the Dee Estuary mitten crabs, and that 
figured by Hayer et al. (2019: fig. 6A) as E. japonica can be excluded and 
they most likely represent an undescribed cryptic Eriocheir species with 
native distribution around Vladivostok and South Korea. Although the 
material referred by Hayer et al. (2019) was studied by Cristian Bernardi of 
the Universita degli Studi di Milano, no comparison appears to have been 
made with true E. japonica from its native area. Genbank misidentification 
probably led Hayer et al. (2019) to assign their Haplotype EJ H1 to E. japonica. 

European population genetics 

The discovery of a second species of Eriocheir in Europe might seem 
unexpected, but previous genetic studies on European mitten crab 
populations have focused on northern and eastern areas (Hänfling et al. 
2002; Hänfling and Weetman 2003; Herborg et al. 2007; Czerniejewski et 
al. 2012). The Netherlands and Welsh populations were possibly not 
properly sampled in previous studies. The results presented here confirm 
that the second Eriocheir invasive species, corresponding to haplotype 7, 
can be found in The Netherlands and North Wales. Sequences available in 
the BOLD database matching our haplotype 7 were obtained from 
specimens caught in the catchment of the Rhine River, close to Bonn 
(MT01737), from Poland (OZIMP066-15), and from a seafood retailer and 
studied by Cristian Bernardi (CBCC038-11, CBCC039-11, CBCC040-11). 
Although previous authors acknowledged high pairwise genetic distances 
(greater than 2.2%) between our haplotype 7 and E. sinensis, no morphological 
differences with other Chinese mitten crabs had been pointed out before. 
The integrative taxonomic analyses presented here suggests that, given the 
current state of mitten crab taxonomy (see Naser et al. 2012), the species 
carrying haplotype 7 should not be assigned to E. japonica, but rather to an 
undescribed Eriocheir from the Russian region around Vladivostok. 

Previous studies already emphasized the need for a critical assessment of 
both DNA barcodes and Eriocheir taxonomy (Costa et al. 2007). The 
taxonomy of Eriocheir has been intensively debated in the last few decades 
(Guo et al. 1997; Zhao et al. 2002; Tang et al. 2003; Naser et al. 2012) but 
remains confusing in parts. The morphological similarities between congeneric 
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Figure 8. Fifth pereiopod, fourth ambulatory leg. a, undescribed cryptic species from Den Oever, 
Netherlands; b, Eriocheir japonica (De Haan, 1833) from Tsushima, Japan, NHM 1907.12.9.1; 
c, Eriocheir sinensis H. Milne Edwards, 1853 adult male from Thames River, Kent; d, Eriocheir 
hepuensis Dai, 1991, adult female from Shatt Al-Basrah Canal, Iraq, NHM 2011.8035-8037. 
Photographs by Kevin Webb, NHM Photo Unit. 

species due to the recent divergence of the group make it even more 
arduous to discern among taxa, often leading to misidentifications. 
Nevertheless, specimens from Hollands Diep and Den Oever are distinct, 
in terms of haplotype sequences, morphology and taxonomical characters, 
from mitten crab individuals from the Thames, identified as E. sinensis. At 
least three morphological traits can be established as distinguishing 
features between the cryptic Eriocheir species and E. sinensis. Despite 
differences in the carapace physiognomy between individuals from Den 
Oever and Thames River might be difficult, especially in the shape of the 
frontal teeth of the carapace, the Dutch and River Thames material can be 
distinguished with regard to the distal morphology of the G1 (Figure 5a vs 
5d, e) and the fifth pereiopod (Figure 8a vs 8b–d). 

Finding a second mitten crab species in The Netherlands and Wales but 
not in England, suggests that Welsh and English populations originated 
from independent introductions. The mitten crab specimens from Wales 
belonging to a cryptic Eriocheir species most likely originated from The 
Netherlands, possibly through dredging activities in the Dee Estuary. 
Evidence available to Natural Resources Wales (statutory Nature Conservation 
and Regulatory body in Wales) indicates that several Dutch dredging 
operators were active in the Dee Estuary during the early 2000s. It is highly 
plausible that those vessels had home ports from the region in Holland 
where the cryptic Eriocheir species has been found. Controls around the 
uptake and discharge of ballast water only entered into force globally on 8 
September 2017. Prior to this date the International Convention for the 
Control and Management of Ships’ Ballast Water and Sediments, 2004 
(IMO 2004) were not widely controlled, including the UK. The provisions 
of the Ballast Water Management Convention, however, are not applicable 
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to the water in the hopper area of hopper dredgers (IMO 2011). In Wales, 
the management of hopper water is now regulated through the Marine 
Licensing process (Marine and Coastal Access Act 2009) and the provision 
of vessel biosecurity management plans. Nevertheless, the introduction of 
mitten crabs is expected to continue, with large populations established 
across the N.E. Atlantic and specimens found as far south as Cadiz, Spain 
(Cuesta et al. 2004, 2006; Garcia-de-Lomas et al. 2010; González-Ortegón et al. 
2020). The results presented here radically challenge current assessments 
of Eriocheir invasion in Europe and should be considered by stakeholders 
as a new baseline to implement efficient management strategies against 
invasive mitten crabs. 

Acknowledgements 
We wish to thank Peter Ng and Pere Abelló for their helpful comments while reviewing our 
manuscript, Tin-Yam Chan, Institute of Marine Biology and Center of Excellence for the 
Oceans, National Taiwan Ocean University, Keelung, Taiwan for sending to London his 
material of Eriocheir from Vladivostok and Kevin Webb, NHM Photo Unit, for taking the 
illustrations represented in Figures 6–8. We also thank Richard Cove, Ian Davidson and Bregan 
Brown, Natural Resources Wales for their continued support with collection and supply of the 
River Dee specimens. 

Funding declaration 
This research was funded by Cyfoeth Naturiol Cymru-Natural Resources Wales, Life Sciences 
Departmental Investment Fund (SADNA150310), Natural History Museum, London and the 
CHALLENGEN (CTM2013-48163) project. FP acknowledges the projects “CIDEGENT/2019/028 
– BIOdiversity PAtterns of Crustacea from Karstic Systems (BIOPACKS): molecular, 
morphological, and functional adaptations” funded by the Conselleria d'Innovació, Universitats, 
Ciència i Societat Digital and “PRO2021-S02-PALERO – Fauna aquàtica en coves anquihalines 
del País Valencià: un mon encara per descriure” funded by the Institut d'Estudis Catalans. The 
mitten crab male pleopods reproduced in Figure 6 were scanned by Seyit A. Kamanli while 
undertaking his PhD studies at the Natural History Museum, London and registered with Royal 
Holloway University of London. This work was funded by the Turkish Ministry of Education. 

Authors’ contribution 
Ferran Palero: project planning, sequencing, document writing, supervision of Inma Ferrer-
Mateu Master’s project, figures 1, 3, 4; Inma Ferrer-Mateu: project planning, sequencing, document 
writing, figures 1, 3, 4; Ben Wray: project planning, document writing, funding, collection of 
mitten crabs from Dee Estuary; Rhian Hughes: collection of mitten crabs from Dee Estuary; 
David Morritt: project planning, document writing, collection of mitten crabs from Maidstone, 
Kent and River Thames; Mario Lepage: project planning, document writing, collection of mitten 
crabs from Gironde Estuary, France; Michiel Kotterman: project planning, document writing, 
collection of mitten crabs from The Netherland; Magnus van der Meer: project planning, 
document writing, collection of mitten crabs from The Netherland; Mary Tate: project planning, 
collection of mitten crabs from Maidstone, Kent; Seyit Ali Kamanli: project planning, document 
writing, CLSM scanning, images figures 2, 5; Lisa Smith: project planning, sequencing; Julia 
Llewellyn-Hughes: planning, sequencing; Paul F. Clark: project planning, co-ordination of project, 
document writing, collection of mitten crabs from River Thames, supervision of Inma Ferrer-
Mateu Master’s project. 

References 
Anon (1936a) Exhibitions and notices. October 22nd, 1935. Sir Arthur Smith Woodward LL.D., 

F.R.S., Vice-President, in the chair. Proceedings of the Zoological Society of London 
1936[1935]: 948 

https://doi.org/10.3391/ai.2022.17.3.03
https://www.invasivesnet.org


 A second Eriocheir species in Europe 

 Palero et al. (2022), Aquatic Invasions 17(3): 374–392, https://doi.org/10.3391/ai.2022.17.3.03 390 

Anon (1936b) No. 387. Abstracts of the Proceeding of the Zoological Society of London. 
October 22nd, 1935. Sir Arthur Smith Woodward LL.D., F.R.S., Vice-President, in the chair. 
Abstracts of the Proceedings of the Zoological Society of London 1936: 1–15 

Balss H (1937) Potamoniden (Dekapoda Brachyura) der Philippinen und des Malayischen 
Archipels. Internationale Revue der gesamten Hydrobiologie und Hydrographie 34(3/5): 
143–187 [In German], https://doi.org/10.1002/iroh.19370340111 

Bandelt H-J, Forster P, Röhl A (1999) Median-joining networks for inferring intraspecific 
phylogenies. Molecular Biology and Evolution 16: 37–48, https://doi.org/10.1093/oxfordjournals. 
molbev.a026036 

Bentley MG (2011) The global spread of the Chinese mitten crab Eriocheir sinensis. In: Galil 
BS, Clark PF, Carlton JT (eds), In the Wrong Place - Alien Marine Crustaceans: 
Distribution, Biology and Impacts, Invading Nature - Springer Series in Invasion Ecology 6, 
Springer, pp 107–127,  https://doi.org/10.1007/978-94-007-0591-3 

Benson AJ, Fuller PL (2019) Eriocheir sinensis: U.S. Geological Survey, Nonindigenous Aquatic 
Species Database, Gainesville, FL, https://nas.er.usgs.gov/queries/FactSheet.aspx?SpeciesID=182 
(accessed 22 March 2022) 

Bott R (1970) Die Süßwasserkrabben von Europa, Asien, Australien und ihre Stammesgeschichte. 
Eine Revision der Potamoidea und der Parathelphusoidea (Crustacea, Decapoda). Abhandlungen 
der senckenbergischen naturforschenden Gesellschaft 526: 1–338 [In German] 

Chan TY, Hung MS, Yu HP (1995) Identity of Eriocheir recta (Stimpson, 1858) (Decapoda: 
Brachyura), with description of a new mitten crab from Taiwan. Journal of Crustacean 
Biology 15: 301–308, https://doi.org/10.2307/1548957 

Clark PF (1984) Recent records of alien crabs in Britain. Naturalist, Hull, London 109: 111–112 
Clark PF (2011) The commercial exploitation of the Chinese mitten crab, Eriocheir sinensis in 

the River Thames, London: damned if we don’t and damned if we do. In: Galil BS, Clark 
PF, Carlton JT (eds), In the Wrong Place - Alien Marine Crustaceans: Distribution, Biology 
and Impacts. Invading Nature - Springer Series in Invasion Ecology 6. Springer, pp 537–
580, https://doi.org/10.1007/978-94-007-0591-3 

Clark PF, Rainbow PS, Robbins RS, Smith B, Yeomans WE, Thomas M, Dobson G (1998) The 
alien Chinese mitten crab, Eriocheir sinensis (Crustacea: Decapoda: Brachyura), in the 
Thames catchment. Journal of the Marine Biological Association of the United Kingdom 
78: 1215–1221, https://doi.org/10.1017/S002531540004443X 

Costa FO, deWaard JR, Boutillier J, Ratnasingham S, Dooh RT, Hajibabaei M, Hebert PDN 
(2007) Biological identifications through DNA barcodes: the case of the Crustacea. 
Canadian Journal of Fisheries and Aquatic Sciences 64: 272–295, https://doi.org/10.1139/f07-008 

Cuesta JA, González-Ortegón E, Drake P, Rodríguez A (2004) First record of Palaemon 
macrodactylus Rathbun, 1902 (Decapoda, Caridea, Palaemonidae) from European waters. 
Crustaceana 77: 377–380, https://doi.org/10.1163/1568540041181466 

Cuesta JA, González-Ortegón E, Rodríguez A, Baldó F, Vilas C, Drake P (2006) The decapod 
crustacean community of the Guadalquivir Estuary (SW Spain): seasonal and inter-year 
changes in community structure. In: Thessalou-Legaki M (ed), Issues of Decapod Crustacean 
Biology. Hydrobiologia 557: 85–95, https://doi.org/10.1007/s10750-005-1311-1 

Czerniejewski P, Skuza L, Drotz MK, Berggren M (2012) Molecular connectedness between 
self and none self-sustainable populations of Chinese mitten crab (Eriocheir sinensis, H. 
Milne Edwards, 1853) with focus to the Swedish Lake Vänern and the Oder and Vistula 
River in Poland. Hereditas 149: 55–61, https://doi.org/10.1111/j.1601-5223.2012.02246.x 

De Haan W (1835) Crustacea. Fauna Japonica, sive Descriptio animalium, quae in itinere per 
Japoniam, jussu et auspiciis superiorum, qui summum in India Batava imperium tenent, 
suscepto, annis 1823-1830 collegit, notis, observationibus et adumbrationibus illustravit 
P.F. de Siebold. Conjunctis studiis C.J. Temminck et H. Schlegel pro Vertebratis atque W. 
de Haan pro Invertebratis elaborata Regis aupicus edita. I. P. F. v. Siebold. Leiden, 
Lugundi-Batavorum. Decas II: 25–64, pls 9–15, 17, C, D (For dates see Sherborn and 
Jentink 1895; Holthuis 1953; Holthuis and T. Sakai 1970) 

Edgar RC (2004) MUSCLE: Multiple sequence alignment with high accuracy and high 
throughput. Nucleic Acids Research 32: 1792–1797, https://doi.org/10.1093/nar/gkh340 

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R (1994) DNA primers for amplification of 
mitochondrial cytochrome c oxidase subunit I from diverse metazoan invertebrates. 
Molecular Marine Biology and Biotechnology 3(5): 294–299 

Garcia-de-Lomas J, Dana ED, López-Santiago J, González R, Ceballos G, Ortega F (2010) 
Management of the Chinese mitten crab, Eriocheir sinensis (H. Milne Edwards, 1853) in 
the Guadalquivir Estuary (Southern Spain). Aquatic Invasions 5: 323–330, https://doi.org/ 
10.3391/ai.2010.5.3.11 

González-Ortegón E, Jenkins S, Galil BS, Drake P, Cuesta JA (2020) Accelerated invasion of 
decapod crustaceans in the southernmost point of the Atlantic coast of Europe: A non-
natives’ hot spot? Biological Invasions 22: 3487–3492, https://doi.org/10.1007/s10530-020-
02345-y 

https://doi.org/10.3391/ai.2022.17.3.03
https://www.invasivesnet.org
https://doi.org/10.1002/iroh.19370340111
https://doi.org/10.1093/oxfordjournals.molbev.a026036
https://doi.org/10.1093/oxfordjournals.molbev.a026036
https://doi.org/10.1007/978-94-007-0591-3
https://nas.er.usgs.gov/queries/FactSheet.aspx?SpeciesID=182
https://doi.org/10.2307/1548957
https://doi.org/10.1007/978-94-007-0591-3
https://doi.org/10.1017/S002531540004443X
https://doi.org/10.1139/f07-008
https://doi.org/10.1163/1568540041181466
https://doi.org/10.1007/s10750-005-1311-1
https://doi.org/10.1111/j.1601-5223.2012.02246.x
https://doi.org/10.1093/nar/gkh340
https://doi.org/10.3391/ai.2010.5.3.11
https://doi.org/10.3391/ai.2010.5.3.11
https://doi.org/10.1007/s10530-020-02345-y
https://doi.org/10.1007/s10530-020-02345-y


 A second Eriocheir species in Europe 

 Palero et al. (2022), Aquatic Invasions 17(3): 374–392, https://doi.org/10.3391/ai.2022.17.3.03 391 

Guo JY, Ng NK, Dai A, Ng PKL (1997) The taxonomy of three commercially important 
species of mitten crabs of the genus Eriocheir De Hann, 1835. Raffles Bulletin of Zoology 
45: 445–476 

Hall T (1999) BioEdit: a user-friendly biological sequence alignment editor and analysis 
program for Windows 95/98/NT. Nucleic Acids Symposium Series 41: 95–98 

Hänfling B, Weetman D (2003) Characterization of microsatellite loci for the Chinese mitten 
crab, Eriocheir sinensis. Molecular Ecology Notes 3: 15–17, https://doi.org/10.1046/j.1471-
8286.2003.00336.x 

Hänfling B, Carvalho G, Brandl R (2002) mt-DNA sequences and possible invasion pathways 
of the Chinese mitten crab. Marine Ecology Progress Series 238: 307–310, https://doi.org/ 
10.3354/meps238307 

Harold CHH (1935) Thirtieth Annual Report on the Results of the Chemical and Bacteriological 
Examination of the London Waters for the 12 months ending 31 December 1935. Metropolitan 
Water Board London, 101 pp 

Hayer S, Brandis D, Hartl GB, Ewers-Saucedo C (2019) First indication of Japanese mitten 
crabs in Europe and cryptic genetic diversity of invasive Chinese mitten crabs. NeoBiota 
50: 1–29, https://doi.org/10.3897/neobiota.50.34881 

Herborg LM, Rushton SP, Clare AS, Bentley MG (2003) Spread of the Chinese mitten crab 
(Eriocheir sinensis H. Milne Edwards) in Continental Europe: analysis of a historical data 
set. Hydrobiologia 503: 21–28, https://doi.org/10.1023/B:HYDR.0000008483.63314.3c 

Herborg LM, Rushton SP, Clare AS, Bentley MG (2005) The invasion of the Chinese mitten 
crab (Eriocheir sinensis) in the United Kingdom and its comparison to continental Europe. 
Biological Invasions 7: 959–968, https://doi.org/10.1007/s10530-004-2999-y 

Herborg LM, Weetman D, Oosterhout C Van, Hänfling B (2007) Genetic population structure 
and contemporary dispersal patterns of a recent European invader, the Chinese mitten crab, 
Eriocheir sinensis. Molecular Ecology 16: 231–242, https://doi.org/10.1111/j.1365-294X.2006. 
03133.x 

Holthuis LB (1953) On the dates of publication of W. De Haan’s volume on the Crustacea of 
P.F. Von Siebold’s “Fauna Japonica”. Journal of the Society for the Bibliography of 
Natural History 3: 36–47, https://doi.org/10.3366/jsbnh.1953.3.Part_1.36 

Holthuis LB, Sakai T (1970) Ph.F. Von Siebold and Fauna Japonica. A history of early 
Japanese Zoology. Academic Press of Japan, Tokyo, i-xviii + part I, 1–132, [in English] + 
part II, 207-323, [in Japanese] + plates I-XXXII 

Hudson RR, Boos DD, Kaplan NL (1992) A statistical test for detecting geographic subdivision. 
Molecular Biology and Evolution 9: 138–151, https://doi.org/10.1093/oxfordjournals.molbev.a040703 

Hudson RR (2000) A new statistic for detecting genetic differentiation. Genetics 155: 2011–
2014, https://doi.org/10.1093/genetics/155.4.2011 

ICZN (1999) International Code of Zoological Nomenclature. Fourth Edition. Adopted by the 
International Union of Biological Sciences. The International Trust for Zoological 
Nomenclature, London, UK. xxix+1–289 

Ingle RW, Andrews M (1976) Chinese mitten crab reappears in Britain. Nature 263: 638, 
https://doi.org/10.1038/263638a0 

IMO (2004) International Convention for the Control and Management of Ships’ Ballast Water 
and Sediments, 2004 (as amended). BWM, London, 13 February 2004.  https://assets.publishing. 
service.gov.uk/government/uploads/system/uploads/attachment_data/file/1031335/MS_6.2021_Conven
tion_Ships_Ballast_Water_Sediment_2004.pdf 

IMO (2011) International Convention for the Control and Management of Ships’ Ballast Water 
and Sediments, 2004. Applicability of the Ballast Water Management Convention to hopper 
dredgers. BWM.2/Circular.32, 8 August 2011. https://www.liscr.com/sites/default/files/liscr_imo_ 
resolutions/BWM.2-Circ.32.pdf 

Jensen GC, Armstrong DA (2004) The occurrence of the Japanese mitten crab, Eriocheir japonica 
(De Haan), on the west coast of North America. California Fish and Game 90: 94–99 

Kamanli SA, Kihara TC, Ball AD, Morritt D, Clark PF (2017) A 3D imaging and visualisation 
workflow, using confocal microscopy and advanced image processing for brachyuran crab 
larvae. Journal of Microscopy 266: 307–323, https://doi.org/10.1111/jmi.12540 

Kamanli SA, Morritt D, Ball AD, Goral T, Clark PF (2018) Re-description of Chinese mitten 
crab Eriocheir sinensis H. Milne Edwards, 1853 (Crustacea: Brachyura: Grapsoidea: 
Varunidae) zoeal development using confocal laser scanning microscopy. Zootaxa 4507: 1–67, 
https://doi.org/10.11646/zootaxa.4507.1.1 

Kumar S, Stecher G, Li M, Knyaz C, Tamura K (2018) MEGA X: Molecular evolutionary 
genetics analysis across computing platforms. Molecular Biology and Evolution 35: 1547–
1549, https://doi.org/10.1093/molbev/msy096 

Leigh JW, Bryant D (2015) Popart: Full-Feature Software for Haplotype Network Construction. 
Methods in Ecology and Evolution 6: 1110–1116, https://doi.org/10.1111/2041-210X.12410 

Low MEY, Tan SH, Ng NK, Ng PKL (2010) The identities of Grapsus nankin Tu, Tu, Wu, 
Ling & Hsu, 1923 and Grapsus nankin Lin, 1926 (Decapoda, Brachyura, Varunidae). In: 
Fransen C, de Grave S, Ng PKL (eds), Studies on Malacostraca: Lipke Bijdeley Holthuis 
Memorial Volume. Crustaceana Monographs 14. Brill, Leiden, pp 403–413  

https://doi.org/10.3391/ai.2022.17.3.03
https://www.invasivesnet.org
https://doi.org/10.1046/j.1471-8286.2003.00336.x
https://doi.org/10.1046/j.1471-8286.2003.00336.x
https://doi.org/10.3354/meps238307
https://doi.org/10.3354/meps238307
https://doi.org/10.3897/neobiota.50.34881
https://doi.org/10.1023/B:HYDR.0000008483.63314.3c
https://doi.org/10.1007/s10530-004-2999-y
https://doi.org/10.1111/j.1365-294X.2006.03133.x
https://doi.org/10.1111/j.1365-294X.2006.03133.x
https://doi.org/10.3366/jsbnh.1953.3.Part_1.36
https://doi.org/10.1093/oxfordjournals.molbev.a040703
https://doi.org/10.1093/genetics/155.4.2011
https://doi.org/10.1038/263638a0
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1031335/MS_6.2021_Convention_Ships_Ballast_Water_Sediment_2004.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1031335/MS_6.2021_Convention_Ships_Ballast_Water_Sediment_2004.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1031335/MS_6.2021_Convention_Ships_Ballast_Water_Sediment_2004.pdf
https://www.liscr.com/sites/default/files/liscr_imo_resolutions/BWM.2-Circ.32.pdf
https://www.liscr.com/sites/default/files/liscr_imo_resolutions/BWM.2-Circ.32.pdf
https://doi.org/10.1111/jmi.12540
https://doi.org/10.11646/zootaxa.4507.1.1
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1111/2041-210X.12410


 A second Eriocheir species in Europe 

 Palero et al. (2022), Aquatic Invasions 17(3): 374–392, https://doi.org/10.3391/ai.2022.17.3.03 392 

Lowe S, Browne M, Boudjelas S, De Poorter M (2000) 100 of the world’s worst invasive alien 
species: a selection from the global invasive species database. Published by The Invasive 
Species Specialist Group (ISSG) a specialist group of the Species Survival Commission 
(SSC) of the World Conservation Union (IUCN), Auckland, New Zealand, 12 pp 

Matzen da Silva J, Creer S, dos Santos A, Costa AC, Cunha MR, Costa FO, Carvalho GR 
(2011) Systematic and evolutionary insights derived from mtDNA COI barcode diversity in 
the Decapoda (Crustacea: Malacostraca). PLoS ONE 6: e19449, https://doi.org/10.1371/journal. 
pone.0019449 

Milne Edwards H (1854) Notes sur quelques Crustacés nouveaux ou peu connus conservés dans 
la collection du Muséum d’Histoire Naturelle. Archives du Muséum d’Histoire Naturelle, 
Paris 7: 145–188 

Morritt D, Mills H, Hind K, Clifton-Dey D, Clark PF (2013) Monitoring downstream migrations 
of Eriocheir sinensis H. Milne Edwards, 1853 (Crustacea: Brachyura: Grapsoidea: Varunidae) 
in the River Thames using capture data from a water abstraction intake. Management of 
Biological Invasions 4: 139–147, https://doi.org/10.3391/mbi.2013.4.2.07 

Naser MD, Page TJ, Ng NK, Apel M, Yasser A, Bishop JM, Ng PKL, Clark PF (2012) Invasive 
records of Eriocheir hepuensis Dai, 1991 (Crustacea: Brachyura: Grapsoidea: Varunidae): 
Implications and taxonomic considerations. BioInvasions Records 1: 71–86 https://doi.org/ 
10.3391/bir.2012.1.1.15 

Ratnasingham S, Hebert PDN (2013) A DNA-based registry for all animal species: The 
Barcode Index Number (BIN) System. PLoS ONE 8: e66213. https://doi.org/10.1371/journal. 
pone.0066213 

Raupach MJ, Barco A, Steinke D, Beermann J, Laakmann S, Mohrbeck I, Neumann H, Kihara 
TC, Pointner K, Radulovici A, Segelken-Voigt A, Wesse C, Knebelsberger T (2015) The 
application of DNA barcodes for the identification of marine crustaceans from the North 
Sea and adjacent regions. PLoS ONE 10: 1–23, https://doi.org/10.1371/journal.pone.0139421 

Rozas J, Sánchez-DelBarrio JC, Messeguer X, Rozas R (2003) DnaSP, DNA polymorphism 
analyses by the coalescent and other methods. Bioinformatics 19: 2496–2497, https://doi.org/ 
10.1093/bioinformatics/btg359 

Sakai K (2013) A review of the genus Eriocheir De Haan, 1835 and related genera, with the 
description of a new genus and a new species (Brachyura, Grapsoidea, Varunidae). 
Crustaceana 86: 1103–1138, https://doi.org/10.1163/15685403-00003185 

Serène R (1984) Crustacés Décapodes Brachyoures de l’Océan Indien occidental et de la Mer 
Rouge, Xanthoidea: Xanthidae et Trapeziidae. Avec un addendum par Crosnier (A): 
Carpiliidae et Menippidae. Faune Tropicale 24: 1–349 

Sherborn CD, Jentink JA (1895) On the dates of the Parts of Siebold’s ‘Fauna Japonica’ and 
Giebel’s ‘Allgemeine Zoologie’ (first edition). Proceedings of the Zoological Society of 
London 1895: 149–150, https://doi.org/10.1111/j.1469-7998.1895.tb07888.x 

Stimpson W (1858) Prodromus descriptionis ani malium evertebratorum, quae in Expeditione 
ad Oceanum Pacificum Septentrionalem, a Republica Federata missa, Cadwaladaro 
Ringgold et Johanne Rodgers Ducibus, observavit et descripsit, pt. 5, Crustacea 
Ocypodoidea. Proceedings of the Academy of Natural Sciences of Philadelphia 10: 93–111, 
https://doi.org/10.5962/bhl.title.51447 

Stimpson W (1907) Report on the Crustacea (Brachyura and Anomura) collected by the North 
Pacific Exploring Expedition 1853-1856. Smithsonian Miscellaneous Collections 49: 1–240, 
https://doi.org/10.5962/bhl.title.51448 

Tang B, Zhou K, Song D, Yang G, Dai A (2003) Molecular systematics of the Asian mitten 
crabs, genus Eriocheir (Crustacea: Brachyura). Molecular Phylogenetics and Evolution 29: 
309–316, https://doi.org/10.1016/S1055-7903(03)00112-X 

Xu J, Chan TY, Tsang LM, Chu KH (2009) Phylogeography of the mitten crab Eriocheir sensu 
stricto in East Asia: Pleistocene isolation, population expansion and secondary contact. 
Molecular Phylogenetics and Evolution 52: 45–56, https://doi.org/10.1016/j.ympev.2009.02.007 

Weir BS, Cockerham C (1984) Estimating F-Statistics for the Analysis of Population Structure. 
Evolution 38: 1358–1370, https://doi.org/10.1111/j.1558-5646.1984.tb05657.x 

Zhao J, Murphy RW, Li S (2002) Relationships of mitten crabs (Eriocheir) from inland rivers 
of China inferred from cytochrome oxidase subunit I sequences. Biochemical Systematics 
and Ecology 30: 931–941, https://doi.org/10.1016/S0305-1978(02)00036-4 

https://doi.org/10.3391/ai.2022.17.3.03
https://www.invasivesnet.org
https://doi.org/10.1371/journal.pone.0019449
https://doi.org/10.1371/journal.pone.0019449
https://doi.org/10.3391/mbi.2013.4.2.07
https://doi.org/10.3391/bir.2012.1.1.15
https://doi.org/10.3391/bir.2012.1.1.15
https://doi.org/10.1371/journal.pone.0066213
https://doi.org/10.1371/journal.pone.0066213
https://doi.org/10.1371/journal.pone.0139421
https://doi.org/10.1093/bioinformatics/btg359
https://doi.org/10.1093/bioinformatics/btg359
https://doi.org/10.1163/15685403-00003185
https://doi.org/10.1111/j.1469-7998.1895.tb07888.x
https://doi.org/10.5962/bhl.title.51447
https://doi.org/10.5962/bhl.title.51448
https://doi.org/10.1016/S1055-7903(03)00112-X
https://doi.org/10.1016/j.ympev.2009.02.007
https://doi.org/10.1111/j.1558-5646.1984.tb05657.x
https://doi.org/10.1016/S0305-1978(02)00036-4


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


