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Abstract 
The long-wristed hermit crab Pagurus longicarpus is native to the East Coast of 
North America from the Gulf of Mexico to the Gulf of St. Lawrence. Here we 
present the first record of this species in the German Wadden Sea. Sixty-one 
individuals of P. longicarpus were found during a regular beam trawl survey at nine 
stations in the Meldorf Bight in late August 2020. The identity of the new species 
was confirmed by DNA barcoding of mitochondrial subunit I of cytochrome c 
oxydase (COI). The northward spread up to Hallig Hooge was documented in 2021, 
with a total of 122 P. longicarpus found at 12 stations. Pagurus longicarpus was 
found in 2.5 m to 18.0 m depth at salinities of 24.89 to 30.43 PSU and temperatures 
ranging from 16.46 °C to 22.22 °C. We compared these parameters with the 
environmental conditions in its native range by using data from the Global 
Biodiversity Information Facility (GBIF) and the GIS database MARSPEC. The 
results revealed that environmental conditions in the North Frisian Wadden Sea 
closely fits those in the native range of P. longicarpus. Different size classes and sexes 
were identified, including ovigerous females, indicating a reproducing population 
in the North Frisian Wadden Sea. The species was most likely introduced via ballast 
water transport and seems to be already well established. 
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Introduction 

Pagurus longicarpus, the long-wristed or long-clawed hermit crab, is a small 
hermit crab attaining a maximum body length of around 2.5 cm in adult 
individuals (~ 1.3 cm cephalothorax length) (Rupert and Fox 1988). Coloration 
is highly variable and appears to depend on the sampling location. In its 
native range overall coloration ranges from beige to off-white to greenish-grey 
to brown. A notable feature is that the upper surface of all walking legs and 
chelipeds is iridescent even in preserved specimens (Provenzano Jr. 1959). 
The chelipeds of P. longicarpus are unequal, and the right is much larger than 
the left. The right, enlarged cheliped is long, slender and approximately 
cylindrical in shape giving the hermit crab its name and typically making it 
distinguishable from co-occurring hermit crabs (Williams 1984). 
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Pagurus longicarpus is a common shallow-water hermit crab along the 
East Coast of North America from the Gulf of Mexico to the Gulf of St. 
Lawrence. Within its native range it has been reported in a variety of 
habitats including beaches, harbours and channels from the intertidal up to 
200 m depth. The species has been found on sand, sand/mud and hard 
substrate as well as in seagrass beds and salt marshes (Williams 1984; Wilber 
1989; Strasser and Price 1999). However, P. longicarpus has not yet emerged 
as a successful invader. The species has been rarely recorded outside its 
native range, and no evidence for sustainable populations exist in European 
waters. A single individual of P. longicarpus was found by divers at the coast 
of Selsey (English Channel) in 2013 at a water depth of 2.35 m (GBIF.org 
2020). However, it was not possible to properly validate this sighting. 

The present paper reports the first record of P. longicarpus in the 
Meldorf Bight in the German Wadden Sea in 2020 and a further spread to 
the north in 2021. We investigate the ecological tolerance of P. longicarpus 
and discuss the origin and pathways of introduction as well as the 
reproduction patterns of the species in the North Frisian Wadden Sea. 

Materials and methods 

Sampling 

Samples were taken during the Demersal Young Fish Survey (DYFS), 
which is a regular beam trawl survey carried out annually in the German 
Wadden Sea since 1972 (ICES 2021). The main goal of this survey is the 
determination of recruitment indices of important commercially exploited 
fish species, mainly for plaice and sole, and is coordinated by the International 
Council for the Exploration of the Seas (ICES 2021). Further, this survey 
targets the abundance and distribution of brown shrimp (Crangon 
crangon) in the area. The DYFS covers areas within the 12 nautical mile 
zone along the whole German North Sea coast (Figure 1). 

Sampling took place on chartered shrimp vessels and the research vessel 
Clupea from August to September in 2020 and 2021. The gear in use was a 
3 m beam trawl equipped with rubber bobbins and a mesh size of 20 mm 
(stretched mesh) in the codend. Fifteen-minute standard tows were carried 
out at a towing speed of 2–4 knots over ground with a mean distance of 
approximately 0.75 nautical miles. All species of the beam trawl catches 
were identified on the vessel to the lowest possible taxonomic level. 
Unidentified species were preserved in 96% alcohol for identification in the 
laboratory, including the individuals which were later identified as the 
long-clawed hermit crab Pagurus longicarpus. Depth, temperature and 
salinity measurements were conducted with an autonomous CTD data 
logger attached to the gear (NKE WiSens CTD 50). In the laboratory, size 
measurements of 62 P. longicarpus were carried out by measuring the 
propodus and carpus lengths as well as propodus widths of the right chelipeds 

https://doi.org/10.3391/bir.2022.11.2.21
https://www.invasivesnet.org


 First record of Pagurus longicarpus in the North Frisian Wadden Sea 

 Neumann et al. (2022), BioInvasions Records 11(2): 482–494, https://doi.org/10.3391/bir.2022.11.2.21 484 

 
Figure 1. (A) Sampling sites of the Demersal Young Fish Survey (DYFS) along the German coast in 2020 and 2021. Sites where 
Pagurus longicarpus was found are noted as either red triangles (2020) or blue circles (2021). Black crosses and triangles indicate 
sites with no occurrences. (B) Number of P. longicarpus individuals per haul from Meldorf Bight (x) to Hallig Hooge (y). The 
bathymetry from −5 m below chart datum to 25 m is shown in blue (for details see Supplementary material Table S1). 

(12 males / 5 females from 2020; 24 males / 21 females from 2021). Females 
were identified by paired gonopores on the first segment of the 2nd pair of 
walking legs. Linear regressions were used to analyse relationships between 
propodus length vs. carpus length and propodus length vs. propodus width 
in order to minimize measuring efforts for future studies. 

DNA Barcoding 

Muscle tissue samples were taken from the legs of two individuals 
preserved in 96% ethanol and was prepared by mincing on a petri dish 
with a sterile scalpel. Tissues were incubated overnight at 56 °C in a 
Proteinase K and lysis buffer solution. The DNA extraction was completed 
using the NucleoSpin Tissue Kit (Macherey-Nagel, Düren, Germany) 
according to manufacturer instructions. 

A fragment of the sequence coding for the subunit I of the cytochrome c 
oxydase (COI) was amplified using the primers jgLCO1490 (5’TITCIAC 
IAAYCAYAARGAYATTGG3’) and jgHCO2198 (5’TAIACYTCIGGRTGI 
CCRAARAAYCA3’) (Geller et al. 2013). The OCRAll amplification was 
performed with the AccuStart™II PCR Supermix (Quantabio, Beverly, 
Massachusetts, USA) in a final volume of 25 µL containing 1 µL of each 
primer (10 pmol/µL) and 1–2 µL of DNA template. PCR products were 
visualized via electrophoresis on an 1.5% agarose gel. For each successful 
PCR, 10 µL of PCR product were purified with a 2.5 µL mix containing 
exonuclease I (20 U/µL) and alkaline phosphatase (1 U/µL) using an incubation 
of 15 min at 37 °C and 20 min at 75 °C. All purified PCR products were 
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sequenced in both forward and reverse directions by Macrogen Inc. 
(Amsterdam, the Netherlands) using M13 universal primers. 

Forward and reverse sequences were assembled using Geneious (v. R10, 
Biomatters, Auckland, NZ) and reciprocally verified to generate a complete 
contig of the sequenced fragment. All sequences were then exported in 
FASTA format and uploaded into BOLD’s species identification engine 
(Ratnasingham and Hebert 2007) for taxonomic assignment (consulted in 
September 2021). The comparison against available data was performed using 
only barcode records longer than 500 bp with species level identification. 

Environmental conditions in the native distribution range of  
Pagurus longicarpus 

We used data from the Global Biodiversity Information Facility (GBIF) 
and the GIS database MARSPEC to analyse the environmental conditions 
in the native distribution range of Pagurus longicarpus in order to compare 
them with the conditions in the German Wadden Sea. The GBIF query 
resulted in 917 distribution records of P. longicarpus that were restricted to 
records made after the year 1950, because these records have validated 
coordinates and no geospatial issues (GBIF.org 2020). MARSPEC is a 
high‐resolution GIS database of climatic and geophysical spatial data layers 
derived from in situ and satellite observations of the global ocean (Sbrocco 
and Barber 2013). The data were provided as ESRI raster grids at a 30 arc-
second spatial resolution (1 km grids) and used a common land mask. One 
geophysical layer and four climatic layers were used to describe the 
environmental conditions for the P. longicarpus native range: depth of the 
seafloor (m), sea surface salinity of the freshest and saltiest months (psu) 
and sea surface temperature of the coldest and warmest months (°C). 
Climatic data were derived from long-term monthly climatological means 
obtained from remotely sensed and in situ oceanographic observations (see 
Sbrocco and Barber 2013 for further details). All spatial analyses and maps 
were made with ESRI ArcMap 10.5. If the depth records were also included 
in the GBIF data, we used the observed GBIF depths instead of those from 
the modelled MARSPEC database. It should be mentioned, however, that 
the analysis provides only a rough idea of the environmental conditions in 
P. longicarpus’ native range, especially since the temporal scales of the 
GBIF and MARSPEC data do not align completely. 

Results and discussion 

The only hermit crabs identified previously from the Demersal Young Fish 
Survey (DYFS) have been Pagurus bernhardus and Diogenes pugilator. In 
August 2020, unusual hermit crabs were found in the Meldorf Bight near 
Büsum during the DYFS (Figure 1). Due to the unique shape and iridescent 
color, especially of the carpus of the right claw, it was obvious that these 
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Figure 2. Pagurus longicarpus Say, 1817: Dorsal view of individual with 11mm propodus length (left). In situ picture of P. longicarpus 
showing the prolonged, iridescent carpus of the right cheliped (right). Photographs by Hermann Neumann. 

Table 1. Results of the taxonomic assignment using the BOLD reference database. BOLD sample ID and GenBank Accession 
number are provided as a reference for the first best match. 

GenBank Accession Nr. Best Match on BOLD Genetic Similarity (%) BOLD sample ID/ 
GenBank Accession Nr. 

Barcode Index Number 
(BIN) 

OL630911 Pagurus longicarpus 99.85 L164AR1-10 BOLD:AAA5534 
OL630912 Pagurus longicarpus 100 AF483138 BOLD:AAA5534 

hermit crabs could not be assigned to either of the two previously known 
species (see Figure 2). However, exact identification of the new encountered 
species was initially difficult. Therefore, we applied DNA barcoding to two 
individuals of the unidentified hermit crab, which revealed the occurrence 
of Pagurus longicarpus in the study area (Table 1). Barcodes of both specimens 
were 661 bp long and were matched with high confidence (> 99%) to 
numerous sequences of P. longicarpus published in previous studies 
(Young et al. 2002; Radulovici et al. 2009) or publicly available on BOLD. 
The remaining individuals were identified following the barcoding analysis 
by using the keys of Williams (1984) and Strasser and Price (1999). In total, 
61 P. longicarpus individuals were identified at 9 stations in the Meldorf 
Bight during the DYFS in 2020 (Figure 1). In 2021, the total number of 
P. longicarpus caught in the DYFS increased and individuals were found in 
more northward locations up to Hallig Hooge. Pagurus longicarpus was 
reported from 12 stations during the 2021 DYFS survey. A total of 122 
individuals were sampled, with the highest number of individuals still 
occurring in the Meldorf Bight (Figure 1). The records of spread were not a 
result of increased sampling effort in 2021 since the northern areas were 
also intensively sampled during the 2020 DYFS survey. 
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Figure 3. Native distribution of Pagurus longicarpus (red circles) along the East Coast of North 
America based on GBIF data. 

Pagurus longicarpus is native to the East Coast of North America from 
the Gulf of Mexico to the Gulf of St. Lawrence (e.g. Provenzano Jr. 1959; 
Young 1978; Williams 1984; Abele and Kim 1986), which is consistent with 
the distribution records extracted from GBIF (Figure 3). The populations 
in its native range have been subdivided into a western Atlantic and Gulf of 
Mexico population based on morphological and genetic differences 
(Young et al. 2002). Our barcoding results showed a high similarity with 
the sequences of the western Atlantic population suggesting that the 
introduced individuals (or larvae) of P. longicarpus originated from this 
population. Sequence analysis is regularly used in population genetics to 
estimate population structure and reconstruct sources of haplotypes in 
different populations, often using neutral markers like mitochondrial COI 
used in this study. In particular, this method is used to identify source 
populations for invasion biology studies (Kelly et al. 2006). However, our 
hypothesis of the possible origin of these individuals being from the 
western Atlantic Ocean needs to be confirmed by additional genetic and 
morphological studies. 

Since the distance across the Atlantic is too far for a natural range 
expansion, it is likely that the introduction of P. longicarpus was caused by 
global shipping. The most likely vector is larval transport via ballast water, 
which has been considered one of the most important factors for species 
introduction into the North Sea in recent decades (Gollasch 2002; Gollasch 
and Nehring 2006; Seebens et al. 2016; Bailey et al. 2020). Like many 
crustaceans, P. longicarpus has planktonic larval stages that spend 2–3 
weeks in the water column and are easily taken up and released during 
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Table 2. Environmental conditions (depth, temperature, salinity) where Pagurus longicarpus 
was found in its native range based on occurrence data from the Global Biodiversity Information 
Facility (GBIF; see Figure 3) and German Wadden Sea (see Figure 1). 

 East Coast of North America German Wadden Sea 
min max min max 

depth [m] 0.1 310 2.5 18 
temperature [C°] 1.05 29.61 16.46 22.22 
salinity [psu] 27.42 37.14 24.89 30.43 

ballasting/deballasting procedures and thus may allow for long-distance 
dispersal (Roberts Jr. 1970; Hänfling et al. 2011). A plausible scenario is 
therefore, that larvae originated from ships entering or leaving Hamburg 
port or anchoring near Helgoland awaiting entrance to Hamburg port. 
Assuming this, larvae could have easily reached the Meldorf Bight and 
settled there due to favourable circulation patterns of surface currents in 
the German Bight (Stanev et al. 2015; Meyerjürgens et al. 2019). Current 
drift of larvae can also explain the northward spread of P. longicarpus up to 
Hallig Hooge within one year. Such yearly, stepwise spread along the 
German coast has already described for the Pacific oyster Crassostrea gigas 
(Wehrmann et al. 2000) and the Angular Crab Goneplax rhomboides 
(Neumann et al. 2013). Considering the residual current velocities given by 
Wehrmann et al. (2000) (4.5 nm/day) and the prevailing NE flow of 
currents in the German Bight, larvae could have been easily transported 
from Meldorf Bight to Hallig Hooge (30–35 nm) within their pelagic phase 
of 2–3 weeks (Roberts Jr. 1970). However, human-mediated transport, e.g. 
via shipping, cannot be completely ruled out for the observed northward 
spread of P. longicarpus. As mentioned above, a single individual of 
P. longicarpus was found by divers along the coast of Selsey (English 
Channel) in 2013. We were not able to validate this finding yet. However, 
we do not believe that the Meldorf Bight population originates from the 
English Channel. In this case, step-stone populations of P. longicarpus 
would mostly likely have already been discovered between the Channel and 
Meldorf Bight. To our knowledge, none of these populations exist, and we 
can rule out the area between Borkum and Cuxhaven by our own sampling. 

The overlap of the GBIF records with the MARSPEC data revealed a 
very broad range of environmental conditions in which P. longicarpus can 
survive. The analysis revealed that, in the native range, the species occurred 
at depths from 0.1 m to 310 m with temperatures and salinities ranging 
from 1.05 °C to 29.61 °C and 27.42 psu to 37.14 psu, respectively (Table 2). 
However, this does not necessarily imply that P. longicarpus is exposed to 
such extremes in nature since we used the annual max./min. values of 
temperature and salinity at the corresponding GBIF locations, and the 
species could escape these conditions by migration or other means. In the 
North Frisian Wadden Sea, P. longicarpus was found in depths from 2.5 to 
18 m at salinities of 24.89 to 30.43 psu and temperatures ranging from 
16.46 to 22.22 °C (Table 2), which largely correspond to the conditions in 
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its native range, even if we consider the high variability of temperature and 
salinity in the Wadden Sea. Pagurus longicarpus has broad salinity and 
temperature tolerances; often, this species inhabits tide pools with extreme 
conditions in its native range (Biggs and McDermott 1973; Sherman and 
Eichrodt 1982). However, Sherman and Eichrodt (1982) found that low 
temperature-low salinity conditions were stressful for P. longicarpus 
resulting in higher mortality, swelling and motor impairment. Additionally, 
P. longicarpus migrates into deeper water in autumn when the temperature 
drops below 10 °C and begins spring inshore migration as the water 
temperature rises above 5 °C (Rebach 1974; McDermott 1999). Interestingly, 
this migration pattern occurred at two locations independently at the same 
temperatures (Rhode Island waters and Cape May peninsula, New Jersey, 
USA). It can be assumed that P. longicarpus will display migratory 
behavior in the Wadden Sea as well to avoid high seasonal fluctuations in 
abiotic conditions. Young (1978) found that P. longicarpus is intolerant of 
water loss and that the species is rarely, if ever, exposed to air during low 
tide, which fits our observed minimum depth where we have found the 
species. This is contrasted by McDermott (1999) who stated that P. longicarpus 
occurred intertidally in shallow depressions in the mid-Atlantic, USA 
region. Systematic sampling in the intertidal of the North Frisian Wadden 
Sea is necessary to clarify whether the species also occurs intertidally. 
Sediment data were not taken during our survey. However, sediments in 
the Meldorf Bight are heterogenous consisting mainly of fine-sand to silty 
sediments with coarser sands at hydrodynamically exposed areas and finer 
deposits at sheltered areas (Ricklefs and Asp Neto 2005). These are bottom 
conditions that P. longicarpus also finds in its natural environment, where 
the species occurs on a variety of sediments and habitats (Young 1978; 
Wilber 1989). 

Fifteen males and 6 females were identified in 2020, while 39 males and 
73 females were identified in 2021. This results in two contrasting male-female 
ratios of 2.50 in 2020 and 0.53 in 2021. The reasons for these differences 
are unclear, but we do not necessarily see a causal relationship here. 
Possibly the number of samples in 2020 was simply too low for a 
representative result. McDermott (1999) calculated a male-female ratio of 
0.87 from 9034 samples from the Herefort Inlet estuary (Cape May 
peninsula, USA), which is similar to our result from 2021. No juveniles 
(one year classes) were found in our study whose shield length should have 
been < 2 mm (McDermott 1999, shield length = distance between the 
rostrum and the cervical groove). However, all of the females found in 
2020 and 2021 were ovigerous, which indicates a reproductive population 
and thus an establishment of P. longicarpus in the North Frisian Wadden Sea. 

Reproduction patterns of P. longicarpus can vary along the native range. 
The main reproduction period of P. longicarpus in New Jersey (Cape May 
peninsula, Hereford Inlet estuary, USA) was in the spring (McDermott 1999), 
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Figure 4. Results of morphometric measurements. (A) Length distribution of propodus (right cheliped) and (B) linear relationships 
of propodus length vs. carpus length (black) and propodus length vs. propodus width (grey). 

but it was in fall/winter in two populations in Florida, USA (Wakulla 
Beach and Bay Mouth Bar, Gulf of Mexico) (Wilber 1989). In New Jersey, 
McDermott (1999) found ovigerous hermit crabs from late March to 
October with a sharp peak in April (70.6–96.4%) followed by a noticeable 
decline from May to August, with very few ovigers in September and 
October (4 among 849 crabs). In Florida, Wilber (1989) found a distinct 
peak of ovigerous hermit crabs (70–90%) in October through December, 
followed by a sharp decline through May. Monthly sampling would be 
necessary to make any clear statement about reproduction patterns of 
P. longicarpus at the North Frisian coast. However, we found 100% ovigerous 
females in late August/early September indicating a reproduction pattern 
that is more similar to the one from the Gulf of Mexico. It can be assumed 
that the reproduction season is triggered by habitat-specific environmental 
factors and that P. longicarpus has a high plasticity in this regard, which 
allows it to colonize a wide variety of habitats successfully. But this could 
also be an indication that the North Frisian P. longicarpus originates from 
the Gulf of Mexico population rather than from the western Atlantic 
population (see discussion above). 

Size measurements of the right cheliped were made for 62 individuals of 
P. longicarpus. Regression analysis revealed strong linear relationships 
between propodus length and carpus length (y = 0.6478x + 0.4837; R² = 
0.9073) as well as propodus length and propodus width (y = 0.2825x + 
1.0622; R² = 0.7983) (Figure 4B). Propodus lengths ranged from 4 mm to 
11 mm indicating the existence of different size and age classes in the 
North Frisian P. longicarpus population (Figure 4A). Females were generally 
smaller in size (propodus lengths 4 to 6 mm), which was also found by Biggs 
and McDermott (1973) in two populations from southern New Jersey, USA. 
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Pagurus longicarpus has some characteristics that make them successful 
invaders, e.g., broad environmental tolerances, good dispersal abilities and 
high reproductive potential (high fecundity and the ability to reproduce 
more than once per season) (McDermott 1999). The rapid northward spread 
within one year indicates that further spread along the North Frisian coast 
is likely. Further spread into the Baltic Sea can also be expected, since 
secondary spread from species previously introduced to the North Sea is 
the main introduction pathway into the Baltic Sea (Ojaveer et al. 2017). 
Possible impacts of the introduction of P. longicarpus and whether it 
become invasive remains speculative. Non-native species generally have 
the potential to alter ecosystems, which could result in the decline or 
extinction of native species, global homogenization and the loss of 
ecosystem functioning and services (Olden et al. 2004; Vilà et al. 2010). 
One possible competitor for food and space is the native hermit crab 
Pagurus bernhardus. So far, our data show that P. longicarpus co-occurs 
with P. bernhardus at 11 stations, indicating possible co-existence, at least 
for now. In contrast, introduced species could also play a beneficial role in 
ecosystems by increasing functional redundancy and diversity (Reise et al. 
2006; Briggs 2010). This seems to be supported by long-term studies of the 
Pacific oyster Crassostrea gigas and the American razor clam Ensis directus, 
which are well-known invaders in the German Wadden Sea. Neither of 
them has suppressed any native species yet. Instead, they have increased 
diversity, served as additional food resource, stabilised the sediment and 
functioned as sediment traps for organic matter, thereby enhancing food 
availability for other species (Beukema and Dekker 2010; Markert et al. 2010, 
2013; Dannheim and Rumohr 2012). Long-term monitoring programmes 
such as the DYFS are needed to track the spread and abundance of 
P. longicarpus in future. 

Summary and conclusions 

This study describes the first records and spread of the long-wristed hermit 
crab Pagurus longicarpus in the North Frisian Wadden Sea (Germany). The 
species is native to the East Coast of North America and is most likely 
introduced through ballast water. The identity of the new species was 
verified by morphological and DNA barcoding approaches. Pagurus 
longicarpus has a high adaptability to a wide range of environmental 
factors suggesting that the species is able to survive under most coastal and 
estuarine conditions. We found different age- and size classes as well as 
ovigerous females, indicating successful reproduction and thus establishment 
of P. longicarpus in the North Frisian Wadden Sea. The study highlights 
the value of long-term monitoring programmes such as the DYFS beyond 
their designated tasks. Due to annual sampling of large parts of the 
German Wadden Sea during the DYFS it was possible to describe the 
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introduction of P. longicarpus from the beginning, and it will be possible to 
track the spread and population structure of this species in the future. 
However, further investigations would be necessary to clarify the origin of 
P. longicarpus, how it reached the German Wadden Sea and whether it 
occurs intertidally. 
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