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Abstract
Hematodinium is a parasitic dinoflagellate with a wide distribution along the European coastline. We investigated whether 
Hematodinium occurs in the Wadden Sea, a large tidal flat system spanning the Netherlands, Germany, and Denmark, where 
to date no records exist. In total, we investigated eight different species from six sites at the southern (Texel, the Netherlands) 
and northern (Sylt, Germany) ends of the system. Based on microscopic hemolymph screening, we did not detect Hemato-
dinium in any of the 1252 investigated individuals. An extensive additional literature review revealed 1489 Hematodinium 
records in Europe from 14 crustacean species, most locally occurring at high prevalence. This makes our finding of lack of 
Hematodinium infections surprising and suggests that environmental factors such as a lower salinity may limit the distribu-
tion of Hematodinium at the investigated locations at both ends of the Wadden Sea. However, whether the entire Wadden 
Sea represents a distributional gap for Hematodinium remains to be investigated.
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Introduction

Hematodinium is a genus of parasitic dinoflagellates and 
infections have been reported in over 40 marine crustacean 
species, including crabs, lobsters, shrimps, and amphipods 

(Chatton and Poisson 1931; Stentiford and Shields 2005; 
Small 2012; Li et al. 2021). Hematodinium mainly occurs 
in the hemolymph of hosts or in the hemocoels of affected 
tissues or organs, often leading to mortality due to mas-
sive proliferation in the late stage of infection (Field and 
Appleton 1995; Taylor et al. 1996; Sheppard et al. 2003; 
Wheeler et al. 2007). Over the past decades, Hematodinium 
caused severe epizootics in wild crustacean populations and 
cultured stocks of commercially valuable species, such as 
“bitter crab disease” in snow crabs (Chionoecetes opilio), 
“pink crab disease” in edible crabs (Cancer pagurus), and 
“milk disease” in Chinese swimming crabs (Portunus tritu-
berculatus) (Meyers et al. 1987; Stentiford et al. 2003; Wang 
et al. 2017).

Hematodinium has a wide global distribution (Small 
2012; Li et al. 2021). In Europe, Hematodinium infections 
have been reported from the continental coasts of France in 
the South to Norway in the North, as well as from England 
and Ireland, sometimes with high local prevalence in native 
crustaceans, such edible crabs (Cancer pagurus, 77%), and 
Norway lobsters (Nephrops norvegicus, 93.8%), causing 
huge economic losses to local fisheries (Field et al. 1992; 
Chualáin et al. 2009). Interestingly, distribution records are 
absent from the continental side of the European North Sea 
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(Small 2012; Li et al. 2021). This includes the Wadden Sea, 
the largest temperate tidal flat system in the world, which 
is a designated UNESCO natural world heritage site and 
stretches from the Netherlands over Germany to Denmark 
(Kabat et al. 2012). This extensive marine ecosystem exhib-
its a high biomass of invertebrates, including decapods and 
other crustaceans, and it serves as an important stop-over 
site for millions of migrating birds (The Wadden Sea Quality 
Status Report 2017). The Wadden Sea is known to harbor a 
rich parasite and pathogen fauna in invertebrates and verte-
brates (Thieltges et al. 2006a, b; Thieltges et al. 2013; Wend-
ling and Wegner 2015; Waser et al. 2016; Goedknegt et al. 
2017), but to date there are no records of Hematodinium. It 
is unclear, whether this is an indication of the absence of 
Hematodinium in the area or a reflection of an absence of 
research effort.

The aim of our study was 2-fold: first, we thoroughly 
reviewed the literature and built hosts records dataset to 
identify the currently known distribution of Hematodinium 
in Europe, and second, we extensively sampled various 
crustacean species from the southern (Texel) and northern 
(Sylt) ends of the Wadden Sea ecosystem to identify whether 
Hematodinium also occurs at these locations.

Materials and methods

We searched ISI Web of Science using the keyword “Hema-
todinium” from 1900 to 2022 and conducted a supplemen-
tary search with Google Scholar. By checking every indi-
vidual publication retrieved, we identified 50 studies that 
included Hematodinium records from Europe. For each 
record, we noted the host species (corrected for synonyms 
with WoRMS), temperature, salinity, testing methods, preva-
lence, coordinates, and sampling month and year. Moreover, 
the sampling months were grouped into seasons, including 
Q1 (Mar–May), Q2 (June–Aug), Q3 (Sept–Nov) and Q4 
(Dec–Feb). Data from graphs were extracted using the free 
software ImageJ (https:// github. com/ imagej). When not 
given in the original studies, the coordinates were obtained 
from Google Maps (https:// maps. google. com), and a central 
coordinate was chosen when the sampling location was a 
larger region. We then plotted Hematodinium distribution 
records per location (i.e., multiple sampling events over sev-
eral months or years at a specific location were lumped into 
a single record) with Surfer (v.17).

Sampling of crustaceans was carried out from Septem-
ber 2021 to July 2022 around the islands of Texel (Nether-
lands) and Sylt (Germany) (Fig. 1; Table S1). Around Texel, 
crabs were collected from a long-term fish monitoring net 
maintained by the NIOZ Royal Netherlands Institute for Sea 
Research (site 1), by hand in the intertidal (sites 2 and 3), 
and by dredging or setting traps around Griend (site 4) in a 

long-term monitoring campaign conducted by Wageningen 
Marine Research. Around Sylt, crabs were collected in the 
subtidal with a dredge (1 m width, mesh size: 1 cm; site 5) 
and in the intertidal by hand from a mixed mussel/oyster bed 
(site 6). Sample sizes differed among sites depending on the 
local abundances of crustacean species (Table S1). After 
collection, crustaceans were temporarily stored in containers 
for subsequent Hematodinium diagnoses.

Hematodinium infections were diagnosed with hemo-
lymph smear assays as described in Stentiford and Shields 
(2005). Briefly, aliquots of 2–3 drops of hemolymph were 
withdrawn with 27-gauge needles and mixed with an equal 
volume of 0.04% (w/v) neutral red in filtered seawater. For 
brachyuran crabs, hemolymph was taken from the juncture 
between the basis and ischium of the 5th leg. For shell car-
rying Pagurus bernhardus, hemolymph was withdrawn from 
the juncture of claws. The hemolymph of brown shrimps 
(Crangon crangon) was withdrawn from the ventral sinus 
or heart. All hemolymph smears were then screened by an 
expert (Qian Huang: Huang et al. 2019, 2021) with a light 
microscope (Leica DM2000, Germany) at 200× and 400× 
for the presence of Hematodinium cells.

Results and discussion

Since Hematodinium was first discovered in the 1930s in 
green crabs (Carcinus maenas) and harbor crabs (Liocarci-
nus depurator) along the French coast, the number of host 
species and distribution records have increased gradually in 
the past decades (Chatton and Poisson 1931; Li et al. 2021). 
In total, our literature search identified 1489 Hematodinium 
records in 14 different species in Europe, with multiple sam-
pling events over several months or years at many of the 
specific locations counted as separate records (Tables 1, S2). 
Hematodinium positive infections were reported in 13 of the 
crustacean species belonging to two orders, Decapoda and 
Amphipoda: Callinectes sapidus, Cancer pagurus, Carcinus 
maenas, Crangon crangon, Eriphia verrucosa, Liocarcinus 
depurator, Munida rugosa, Necora puber, Nephrops nor-
vegicus, Pagurus bernhardus, Pagurus prideaux, Portum-
nus latipes, and Tryphosa nana. These results suggest that 
Hematodinium is a generalist parasite that may pose infec-
tion risks to other crustacean species in Europe. Addition-
ally, host diversity has been shown to play an important role 
in maintaining Hematodinium infections in hot spots along 
the east coast of North America (Pagenkopp Lohan et al. 
2012). Hematodinium infections were widely distributed in 
Europe, spanning over 20 degrees of latitude and concen-
trating around the British Isles and France (Fig. 1). Along 
the Atlantic coast, Hematodinium prevalence was high in 
some species such as Cancer pagurus and Carcinus mae-
nas, with up to 77% and 50%, respectively (Fig. 2; Table 1). 

https://github.com/imagej
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In Pagurus bernhardus from the Baltic Sea, Hematodinium 
infections of up to 80% were observed (Table 1). However, 
our literature and dataset survey confirmed that there was 
an absence of research effort regarding Hematodinium in 
the Wadden Sea. 

Although being a generalist and broadly distributed in 
Europe, as revealed by our literature search, we did not 
detect Hematodinium in any of the 1252 crustacean indi-
viduals of 8 crustacean species from 6 sites in the Wad-
den Sea, including Hemigrapsus sanguineus, Hemigrapsus 
takanoi, Cancer pagurus, Carcinus maenas, Hyas araneus, 
Liocarcinus holsatus, Pagurus bernhardus, and Crangon 

crangon (Fig. 1; Table S1). Four of the crustacean spe-
cies that we investigated (H. sanguineus, H. takanoi, H. 
araneus, and L. holsatus) were previously not investigated 
for Hematodinium infections in Europe. Interestingly, the 
same crustacean species were found to be infected elsewhere 
with relatively high prevalence such as C. pagurus in France 
and P. bernhardus in Denmark (Latrouite et al. 1988; Eige-
mann et al. 2010). Likewise, the invasive crab H. takanoi 
is a potentially susceptible host for Hematodinium as it is 
infected in its native habitats in Asia (Gong et al. 2023). 
A susceptibility of invasive hosts in their introduced range 
is known from blue crabs (Callinectes sapidus), which is 

Fig. 1  Crustacean hosts and sampling locations from which Hema-
todinium infections have been reported in Europe in the literature. 
Insets show the sampling area in the present study: top (Sylt, Ger-
many) and bottom (Texel, the Netherlands). The pies show the 
composition of investigated host species per sampling location. The 

relative number of individuals per species is given by the size of the 
respective pie chart part. In the legend, circles represent only host 
species in the literature, triangles are for investigated species in the 
present study, squares mark species with both
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one of the main Hematodinium hosts in America, and where 
introduced populations of the crab species in Italy are also 
infected (Patrizia and Giorgio 2018). This makes our find-
ing of lack of Hematodinium infections surprising and sug-
gests that environmental factors may limit the distribution 
of Hematodinium at the investigated locations at both ends 
of the Wadden Sea. One of these potentially limiting fac-
tors could be salinity as there can be strong salinity changes 
in the sampled locations, especially around Texel (23–29) 
through the input of freshwater from Lake Ijssel (Ridderink-
hof et al. 2002; Aken 2008a, b). Although salinity does not 
impact Hematodinium proliferation in hosts, its dinospores 
decay quickly with a decrease in salinity, especially under 
low salinity (<20) which might hamper Hematodinium 
transmission (Coffey et al. 2012). Furthermore, according 
to the positive infection records with environmental param-
eters, Hematodinium preferred to occur where salinity was 
more than 32 along European coasts (Briggs and McAliskey 
2002; Hamilton et al. 2009; Albalat et al. 2016). However, 
there may also be other factors underlying the observed lack 
of Hematodinium infections at the sampled locations and 
whether the entire Wadden Sea represents a distributional 
gap for Hematodinium remains to be investigated.

In the present research, the hemolymph smear assay with 
neutral red was chosen as a cost-effective and time-efficient 
diagnostic method for Hematodinium detection. The active 
absorption of neutral red by Hematodinium lysosomes 
results in distinct staining, providing visual contrast to host 
hemocytes (Stentiford and Shields 2005). The hemolymph 

smear assay has been used as an initial assessment tool due 
to its high specificity and sensitivity (Ni Chualáin and Rob-
inson 2011; Shields et al. 2015). Notably, a review of the 
global diversity and distribution of Hematodinium revealed 
that 46% of the reports relied solely on light microscopy 
(Small 2012). Similarly, in the European records we identi-
fied, the hemolymph smear assay accounted for 56.1% of the 
observations, excluding the color and pleopod method (CP) 
specifically used for Norway lobsters Nephrops norvegicus 
(Table S3). Despite its efficacy, the hemolymph smear assay 
has limitations in detecting latent infections compared to 
PCR analysis. For instance, in American blue crabs (Calli-
nectes sapidus), the positive predictive value of hemolymph 
smear assay was 97% during October outbreak but dropped 
to 56.7% in winter surveys (Shields et al. 2015). Our field-
work period, covering three quarters of the year (Q1, Q2, 
Q3), aligned well with literature dataset records, indicating 
that the two locations in the Wadden Sea lacked Hemato-
dinium infections even during potential outbreak seasons 
(Fig. 2; Table S1). Hence, based on these methodological 
considerations and the fact that the screening was conducted 
by a highly experienced observer, we are confident that the 
absence of Hematodinium infections at the investigated loca-
tions is not a methodological artifact. However, for future 
investigations, PCR-based methods, with a detection limit 
of 0.3 Hematodinium cells per 100 μL hemolymph and less 
than one cell per 100 mL water or 1 g sediment, should 
be considered to enhance diagnostic accuracy (Small et al. 
2007c; Li et al. 2010).

Table 1  Hematodinium prevalence (%) in Europe as noted in the literature and results of our sampling in the Wadden Sea around Texel and Sylt 
(sample size given in parentheses)

 
Host species Texel Sylt Elsewhere in Europe References 

Calanus spp.   0 Hamilton et al. (2011) 

Callinectes sapidus   6.0 Patrizia and Giorgio (2018) 

Cancer pagurus 0 (7) 0 (10) 0-77.0 
Latrouite et al. (1988); Stentiford et al. (2002); Stentiford et al. (2003); Small (2004); Robinson et al. (2005); Small et al. (2007a); Small et al. (2008); Hamilton et al. 

(2009); Chualain et al. (2009); Chualain et al. (2011); Bateman et al. (2011); Smith et al. (2013); Smith et al. (2015); Thrupp et al. (2015) 

Carcinus maenas 0 (659) 0 (70) 0-50.0 Chatton and Poisson (1931); Stentiford and Feist (2005); Hamilton et al. (2007); Hamilton et al. (2009); Bojko et al. (2018); Davies et al. (2019); Davies et al. (2022) 

Crangon crangon  0 (15) 1.6 Stentiford et al. (2012) 

Eriphia verrucosa   3.0 Patrizia and Giorgio (2018) 

Hemigrapsus sanguineus 0 (239) 0 (12)   

Hemigrapsus takanoi 0 (44) 0 (28)   

Hyas araneus  0 (28)   

Liocarcinus depurator   0.6-87.5 Chatton and Poisson (1931); Hamilton et al. (2009); Eigemann et al. (2010); Small et al. (2012) 

Liocarcinus holsatus 0 (3) 0 (87)   

Munida rugosa   0-50.1 Hamilton et al. (2009); Hamilton et al. (2011) 

Necora puber   0-87.0 Wilhelm and Boulo (1988); Wilhelm and Mialhe (1996); Stentiford et al. (2003); Hamilton et al. (2009) 

Nephrops norvegicus 

  

0-100 

Field et al. (1992); Hudson and Adlard (1994); Field and Appleton (1995); Field and Appleton (1996); Taylor et al. (1996); Field et al. (1998); Appleton and 

Vickerman (1998); Stentiford et al. (1999); Stentiford et al. (2000); Stentiford and Neil (2000); Stentiford et al. (2001a, b, c); Small et al. (2002); Briggs and 

McAliskey (2002); Small (2004); Small et al. (2006); Small et al.(2007a, b); Hamilton et al. (2007); Eigemann et al.(2010); Beevers et al. (2012); Albalat et al. (2012); 

Stentiford et al. (2015); Albalat et al. (2016); Morado et al. (2006) 

Pagurus bernhardus  0 (50) 11.8-80.0 Small (2004); Small et al. (2007b); Hamilton et al. (2009); Eigemann et al. (2010) 

Pagurus prideaux   0-29.0 Hamilton et al. (2009) 

Portumnus latipes   22.5 Gallien (1938) 

Tryphosa nana   0-38.5 Small (2004); Small et al. (2006) 

Yellow shading indicates species and locations that have been investigated, while gray shading indicates non-investigations



Marine Biology          (2024) 171:63  Page 5 of 8    63 

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00227- 023- 04381-3.

Acknowledgements This study was financially supported by the “Joint 
Training Program” from the University of Chinese Academy of Sci-
ences. Thanks to Dr. Karin Troost in Wageningen Marine Research for 
kind assistance during sample collection.

Author contributions All authors contributed to the study conception 
and design. Material preparation, and data collection and analysis were 
performed by QH, AMW, and DWT. The first draft of the manuscript 
was written by QH and all authors commented on previous versions 
of the manuscript. All authors read and approved the final manuscript.

Funding This study was funded by the “Joint Training Program” from 
the University of Chinese Academy of Sciences.

Data availability The datasets generated during the current study are 
available in the Version 1. 4TU.ResearchData. dataset. https:// doi. 
org/https:// doi. org/ 10. 4121/ 3676d 955- 69c4- 489c- b961- f59ea de2e5 5d.

Declarations 

Competing interests The authors declare that they have no known 
competing financial interests or personal relationships that could have 
appeared to influence the work reported in this paper.

Ethics approval The applicable national and institutional guidelines 
for sampling, care, and experimental use of organisms for the study 
have been followed.

References

Aken HMV (2008a) Variability of the salinity in the western Wadden 
Sea on tidal to centennial time scales. J Sea Res 59:121–132. 
https:// doi. org/ 10. 1016/j. seares. 2007. 11. 001

Aken HMV (2008b) Variability of the water temperature in the western 
Wadden Sea on tidal to centennial time scales. J Sea Res 60:227–
234. https:// doi. org/ 10. 1016/j. seares. 2008. 09. 001

Fig. 2  Hematodinium prevalence in different quarters of the year in the four host species with the most records based on our literature and data-
set search. Q1: Mar–May; Q2: June–Aug; Q3: Sept–Nov; Q4: Dec–Feb

https://doi.org/10.1007/s00227-023-04381-3
https://doi.org/
https://doi.org/
https://doi.org/10.4121/3676d955-69c4-489c-b961-f59eade2e55d
https://doi.org/10.1016/j.seares.2007.11.001
https://doi.org/10.1016/j.seares.2008.09.001


 Marine Biology          (2024) 171:63    63  Page 6 of 8

Albalat A, Gornik SG, Beevers N, Atkinson RJA, Neil DM (2012) 
Hematodinium sp. infection in Norway lobster Nephrops norvegi-
cus and its effects on meat quality. Dis Aquat Org 100:105–112. 
https:// doi. org/ 10. 3354/ dao02 500

Albalat A, Collard A, Mcadam B, Coates CJ, Fox CJ (2016) Physi-
ological condition, short-term survival, and predator avoidance 
behavior of discarded Norway lobsters (Nephrops norvegicus). 
J Shellfish Res 35:1–13. https:// doi. org/ 10. 2983/ 035. 035. 0428

Appleton PL, Vickerman K (1998) In vitro cultivation and developmen-
tal cycle in culture of a parasitic dinoflagellate (Hematodinium 
sp.) associated with mortality of the Norway lobster (Nephrops 
norvegicus) in British waters. Parasitology 116:115–130. https:// 
doi. org/ 10. 1017/ S0031 18209 70020 96

Bateman KS, Hicks RJ, Stentiford GD (2011) Disease profiles differ 
between non-fished and fished populations of edible crab (Can-
cer pagurus) from a major commercial fishery. ICES J Mar Sci 
68:2044–2052. https:// doi. org/ 10. 1093/ icesj ms/ fsr148

Beevers ND, Kilbride E, Atkinson R, Neil DM (2012) Hematodinium 
infection seasonality in the Firth of Clyde (Scotland) Nephrops 
norvegicus population: a re-evaluation. Dis Aquat Org 100:95–
104. https:// doi. org/ 10. 3354/ dao02 473

Bojko J, Stebbing PD, Dunn AM, Bateman KS, Clark F, Kerr RC, 
Stewart-Clark S, Johannesen A, Stentiford GD (2018) Green crab 
Carcinus maenas symbiont profiles along a North Atlantic inva-
sion route. Dis Aquat Org 128:147–168. https:// doi. org/ 10. 3354/ 
dao03 216

Briggs RP, Mcaliskey M (2002) The prevalence of Hematodinium 
in Nephrops norvegicus from the western Irish Sea. J Mar Biol 
Assoc UK 82:427–433. https:// doi. org/ 10. 1017/ S0025 31540 
20056 84

Chatton E, Poisson R (1931) Sur l’existence, dans le sang des crabs, 
de Peridiniens parasites: Hematodinium perezi n. g., n. sp. (Syn-
dinidae). CR Sceances Soc Biol Paris 105:553–557

Chualáin CN, Hayes M, Allen B, Robinson M (2009) Hematodinium 
sp. in Irish Cancer pagurus fisheries: infection intensity as a 
potential fisheries management tool. Dis Aquat Org 83:59–66. 
https:// doi. org/ 10. 3354/ dao02 013

Coffey AH, Li CW, Shields JD (2012) The effect of salinity on 
experimental infections of a Hematodinium sp. in blue crabs. 
Callinectes Sapidus J Parasitol 98:536–542. https:// doi. org/ 10. 
1645/ GE- 2971.1

Davies CE, Batista FM, Malkin SH, Thomas JE, Bryan CC, Cro-
combe P, Coates CJ, Rowley AF (2019) Spatial and temporal 
disease dynamics of the parasite Hematodinium sp. in shore 
crabs. Carcinus Maenas Parasit Vectors 12:1–15. https:// doi. 
org/ 10. 1186/ s13071- 019- 3727-x

Davies CE, Thomas JE, Malkin SH, Batista FM, Rowley AF, Coates 
CJ (2022) Hematodinium sp. infection does not drive collat-
eral disease contraction in a crustacean host. Elife 11:e70356. 
https:// doi. org/ 10. 7554/ eLife. 70356

Eigemann F, Burmeister A, Skovgaard A (2010) Hematodinium sp. 
(Alveolata, Syndinea) detected in marine decapod crustaceans 
from waters of Denmark and Greenland. Dis Aquat Org 92:59–
68. https:// doi. org/ 10. 3354/ dao02 257

Field RH, Appleton PL (1995) A Hematodinium-like infection of the 
Norway lobster Nephrops norvegicus: observations on pathol-
ogy and progression of infection. Dis Aquat Org 22:115–128. 
https:// doi. org/ 10. 3354/ dao02 2115

Field RH, Appleton PL (1996) An indirect fluorescent antibody tech-
nique for the diagnosis of Hematodinium sp. infection of the 
Norway lobster Nephrops norvegicus. Dis Aquat Org 24:199–
204. https:// doi. org/ 10. 3354/ dao02 4199

Field RH, Chapman CJ, Taylor AC, Neil DM, Vickerman K (1992) 
Infection of the Norway lobster Nephrops norvegicus by a 

Hematodinium-like species of dinoflagellate on the west coast 
of Scotland. Dis Aquat Organ 13:1–15. https:// doi. org/ 10. 3354/ 
dao01 3001

Field RH, Hills JM, Atkinson RJA, Magill S, Shanks AM (1998) Dis-
tribution and seasonal prevalence of Hematodinium sp. infection 
of the Norway lobster (Nephrops norvegicus) around the west 
coast of Scotland. ICES J Mar Sci 55:846–858. https:// doi. org/ 
10. 1006/ jmsc. 1998. 0357

Gallien L (1938) Sur la presence dans le sang de Platyonychus latipes 
Penn., d’un peridinien parasite Hematodinium perezi Chatton et 
Poisson. Bull Biol FranceBelg 72:261–267

Goedknegt MA, Havermans J, Waser AM, Luttikhuizen PC, Velilla 
E, Camphuysen KCJ, Meer JVD, Thieltges DW (2017) Cross-
species comparison of parasite richness, prevalence, and inten-
sity in a native compared to two invasive brachyuran crabs. 
Aquat Invasions 12:201–212. https:// doi. org/ 10. 3391/ ai. 2017. 
12.2. 08

Gong M, Xie GS, Wang HL, Li XS, Li A, Wan XY, Huang JX, Shi 
CY, Zhang QL, Huang J (2023) Hematodinium perezi naturally 
infects Asian brush-clawed crab (Hemigrapsus takanoi). J Fish 
Dis 46:67–74. https:// doi. org/ 10. 1111/ jfd. 13718

Hamilton KM, Morritt D, Shaw PW (2007) Molecular and histological 
identification of the crustacean parasite Hematodinium (Alveolata, 
Syndinea) in the shore crab Carcinus maenas. Acta Protozool 
46:183–192

Hamilton KM, Shaw PW, Morritt D (2009) Prevalence and seasonality 
of Hematodinium (Alveolata: Syndinea) in a Scottish crustacean 
community. ICES J Mar Sci 66:1837–1845. https:// doi. org/ 10. 
1093/ icesj ms/ fsp152

Hamilton KM, Tew IF, Atkinson RJA, Roberts EC (2011) Occurrence 
of the parasite genus Hematodinium (Alveolata: Syndinea) in the 
water column. J Eukaryot Microbiol 58:446–451. https:// doi. org/ 
10. 1111/j. 1550- 7408. 2011. 00570.x

Huang Q, Li M, Li CW (2019) The parasitic dinoflagellate Hematod-
inium perezi infecting mudflat crabs, Helice tientsinensis, in poly-
culture system in China. J Invertebr Pathol 166:107229. https:// 
doi. org/ 10. 1016/j. jip. 2019. 107229

Huang Q, Li M, Wang F, Song SQ, Li CW (2021) Transmission pattern 
of the parasitic dinoflagellate Hematodinium perezi in polyculture 
ponds of coastal China. Aquaculture 538:736549. https:// doi. org/ 
10. 1016/j. aquac ulture. 2021. 736549

Hudson DA, Adlard RD (1994) PCR techniques applied to Hemato-
dinium spp. and Hematodinium-like dinoflagellates in decapod 
crustaceans. Dis Aquat Org 20:203–203. https:// doi. org/ 10. 3354/ 
DAO02 0203

Kabat P, Bazelmans J, Dijk JV, Herman PMJ, Oijen TV, Pejrup M, 
Reise K, Speelman H, Wolff WJ (2012) The Wadden Sea Region: 
towards a science for sustainable development. Ocean Coast 
Manag 68:4–17. https:// doi. org/ 10. 1016/j. oceco aman. 2012. 05. 022

Kloepper S, Baptist MJ, Bostelmann A, Busch JA, Buschbaum C, 
Gutow L, Janssen G, Jensen K, Jørgensen HP, de Jong F, Lüerßen 
G, Schwarzer K, Strempel R, Thieltges DW (2017) Wadden Sea 
Quality Status Report. Common Wadden Sea Secretariat, Wil-
helmshaven, Germany

Latrouite D, Morizur Y, Noel P, Chagot D, Wilhelm G (1988) Mor-
talité du tourteau Cancer pagurus provoquée par le dinoflagelle 
parasite: Hematodinium sp. ICES: Comité des Mollusques et 
Crustacés

Li CW, Shields JD, Miller TL, Small HJ, Pagenkopp KM, Reece KS 
(2010) Detection and quantification of the free-living stage of 
the parasitic dinoflagellate Hematodinium sp. in laboratory and 
environmental samples. Harmful Algae 9:515–521. https:// doi. 
org/ 10. 1016/j. hal. 2010. 04. 001

Li CW, Li M, Huang Q (2021) The parasitic dinoflagellate Hematodin-
ium infects marine crustaceans. Mar Life Sci Technol 3:313–325. 
https:// doi. org/ 10. 1007/ s42995- 020- 00061-z

https://doi.org/10.3354/dao02500
https://doi.org/10.2983/035.035.0428
https://doi.org/10.1017/S0031182097002096
https://doi.org/10.1017/S0031182097002096
https://doi.org/10.1093/icesjms/fsr148
https://doi.org/10.3354/dao02473
https://doi.org/10.3354/dao03216
https://doi.org/10.3354/dao03216
https://doi.org/10.1017/S0025315402005684
https://doi.org/10.1017/S0025315402005684
https://doi.org/10.3354/dao02013
https://doi.org/10.1645/GE-2971.1
https://doi.org/10.1645/GE-2971.1
https://doi.org/10.1186/s13071-019-3727-x
https://doi.org/10.1186/s13071-019-3727-x
https://doi.org/10.7554/eLife.70356
https://doi.org/10.3354/dao02257
https://doi.org/10.3354/dao022115
https://doi.org/10.3354/dao024199
https://doi.org/10.3354/dao013001
https://doi.org/10.3354/dao013001
https://doi.org/10.1006/jmsc.1998.0357
https://doi.org/10.1006/jmsc.1998.0357
https://doi.org/10.3391/ai.2017.12.2.08
https://doi.org/10.3391/ai.2017.12.2.08
https://doi.org/10.1111/jfd.13718
https://doi.org/10.1093/icesjms/fsp152
https://doi.org/10.1093/icesjms/fsp152
https://doi.org/10.1111/j.1550-7408.2011.00570.x
https://doi.org/10.1111/j.1550-7408.2011.00570.x
https://doi.org/10.1016/j.jip.2019.107229
https://doi.org/10.1016/j.jip.2019.107229
https://doi.org/10.1016/j.aquaculture.2021.736549
https://doi.org/10.1016/j.aquaculture.2021.736549
https://doi.org/10.3354/DAO020203
https://doi.org/10.3354/DAO020203
https://doi.org/10.1016/j.ocecoaman.2012.05.022
https://doi.org/10.1016/j.hal.2010.04.001
https://doi.org/10.1016/j.hal.2010.04.001
https://doi.org/10.1007/s42995-020-00061-z


Marine Biology          (2024) 171:63  Page 7 of 8    63 

Meyers TR, Koeneman TM, Botelho C, Short S (1987) Bitter crab 
disease: a fatal dinoflagellate infection and marketing problem 
for Alaskan Tanner crabs Chionoecetes bairdi. Dis Aquat Org 
3:195–216. https:// doi. org/ 10. 3354/ dao00 3195

Morado JF, Jensen PC, Hauzer L, Lowe V, Califf K, Roberson N, 
Shavey C, Woodby D (2006) Species identity and life history of 
Hematodinium, the causative agent of bitter crab syndrome in 
northeast pacific snow, Chionoecetes opilio, and tanner, C. bairdi, 
crabs. Report

Ni Chualáin C, Robinson M (2011) Comparison of assessment methods 
used to diagnose Hematodinium sp. infections in Cancer pagu-
rus. ICES J Mar Sci 68:454–462. https:// doi. org/ 10. 1093/ icesj ms/ 
fsq197

Pagenkopp Lohan KM, Reece KS, Miller TL, Wheeler KN, Small 
HJ, Shields JD (2012) The role of alternate hosts in the ecology 
and life history of Hematodinium sp. a parasitic dinoflagellate of 
the blue crab (Callinectes sapidus). J Invertebr Pathol 98:73–84. 
https:// doi. org/ 10. 1645/ GE- 2854.1

Patrizia P, Giorgio M (2018) Parasites affect hemocyte functionality 
in the hemolymph of the invasive Atlantic blue crab Callinectes 
sapidus from a coastal habitat of the Salento Peninsula (SE Italy). 
Mediterr Mar Sci 19:193–200

Ridderinkhof H, Haren HV, Eijgenraam F, Hillebrand T (2002) Ferry 
observations on temperature, salinity and currents in the Mars-
diep tidal inlet between the North Sea and Wadden Sea. Elsevier 
Oceanography Series 66:139–147. https:// doi. org/ 10. 1016/ S0422- 
9894(02) 80018-6

Robinson M, Hayes M, Allen B, Thorne K, Jenkins E, Stafford P (2005) 
Monitoring the prevalence of the parasitic dinoflagellate Hemato-
dinium in Irish brown crab fisheries. Report

Sheppard M, Walker A, Frischer ME, Lee RF (2003) Histopathology 
and prevalence of the parasitic dinoflagellate Hematodinium sp., 
in crabs (Callinectes sapidus, Callinectes similis, Neopanope sayi, 
Libiniae marginata, Menippemer cenaria) from a Georgia estuary. 
J Shellfish Res 22:873–880

Shields JD, Sullivan SE, Small HJ (2015) Overwintering of the para-
sitic dinoflagellate Hematodinium perezi in dredged blue crabs 
(Callinectes sapidus) from Wachapreague Creek, Virginia. J 
Invertebr Pathol 130:124–132. https:// doi. org/ 10. 1016/j. jip. 2015. 
07. 013

Small HJ (2012) Advances in our understanding of the global diversity 
and distribution of Hematodinium spp.—significant pathogens of 
commercially exploited crustaceans. J Invertebr Pathol 110:234–
246. https:// doi. org/ 10. 1016/j. jip. 2012. 03. 012

Small HJ, Wilson S, Neil DM, Hagan P, Coombs GH (2002) Detec-
tion of the parasitic dinoflagellate Hematodinium in the Norway 
lobster Nephrops norvegicus by ELISA. Dis Aquat Organ 52:175–
177. https:// doi. org/ 10. 3354/ dao05 2175

Small HJ, Neil DM, Taylor AC, Atkinson RJA, Coombs GH (2006) 
Molecular detection of Hematodinium spp. in Norway lobster 
Nephrops norvegicus and other crustaceans. Dis Aquat Org 
69:185–195. https:// doi. org/ 10. 3354/ dao06 9185

Small HJ, Shields JD, Hudson KL, Reece KS (2007a) Molecular detec-
tion of Hematodinium sp. infecting the Parasites affect hemocyte 
functionality in the hemolymph of the invasive Atlantic blue crab 
Callinectes sapidus from a coastal habitat of the Salento Penin-
sula (SE Italy) Callinectes Sapidus. J Shellfish Res 26:131–139. 
https:// doi. org/ 10. 2983/ 0730- 8000(2007) 26[131: MDOHSI] 2.0. 
CO;2

Small HJ, Shields JD, Moss JA, Reece KS (2007b) Conservation in the 
first internal transcribed spacer region (ITS1) in Hematodinium 
species infecting crustacean hosts found in the UK and Newfound-
land. Dis Aquat Org 75:251–258. https:// doi. org/ 10. 3354/ dao07 
5251

Small HJ, Shields JD, Neil DM, Taylor AC, Coombs GH (2007c) Dif-
ferences in enzyme activities between two species of Hematod-
inium, parasitic dinoflagellates of crustaceans. J Invertebr Pathol 
94:175–183. https:// doi. org/ 10. 1016/j. jip. 2006. 10. 004

Small HJ, Sturve J, Bignell JP, Longshaw M, Lyons BP, Hicks R, Feist 
SW, Stentiford GD (2008) Laser-assisted microdissection: a new 
tool for aquatic molecular parasitology. Dis Aquat Org 82:151–
156. https:// doi. org/ 10. 3354/ dao01 983

Small HJ, Shields JD, Reece KS, Bateman K, Stentiford GD (2012) 
Morphological and molecular characterization of Hematodinium 
perezi (Dinophyceae: Syndiniales), a Dinoflagellate parasite of 
the harbour crab, Liocarcinus depurator. J Eukaryot Microbiol 
59:54–66. https:// doi. org/ 10. 1111/j. 1550- 7408. 2011. 00592.x

Small HJ (2004) Infections of the Norway lobster, Nephrops norvegicus 
(L.) by dinoflagellate and ciliate parasites. University of Glasgow, 
PhD Thesis

Smith AL, Hamilton KM, Hirschle L, Wootton EC, Vogan CL, Pope 
EC, Eastwood DC, Rowley AF (2013) Characterization and 
molecular epidemiology of a fungal infection of edible crabs 
(Cancer pagurus) and interaction of the fungus with the dinoflag-
ellate parasite Hematodinium. Appl Environ Microb 79:783–793. 
https:// doi. org/ 10. 1128/ AEM. 02945- 12

Smith AL, Hirschle L, Vogan CL, Rowley AF (2015) Parasitization 
of juvenile edible crabs (Cancer pagurus) by the dinoflagellate, 
Hematodinium sp.: pathobiology, seasonality and its potential 
effects on commercial fisheries. Parasitology 142:428–438. 
https:// doi. org/ 10. 1017/ S0031 18201 40012 55

Stentiford GD, Feist SW (2005) A histopathological survey of shore 
crab (Carcinus maenas) and brown shrimp (Crangon crangon) 
from six estuaries in the United Kingdom. J Invertebr Pathol 
88:136–146. https:// doi. org/ 10. 1016/j. jip. 2005. 01. 006

Stentiford GD, Neil DM (2000) A rapid onset, post-capture muscle 
necrosis in the Norway lobster, Nephrops norvegicus (L.) from 
the West coast of Scotland. J Fish Dis 23:251–263. https:// doi. 
org/ 10. 1046/j. 1365- 2761. 2000. 00241.x

Stentiford GD, Shields JD (2005) A review of the parasitic dinoflagel-
lates Hematodinium species and Hematodinium-like infections in 
marine crustaceans. Dis Aquat Org 66:47–70. https:// doi. org/ 10. 
3354/ dao06 6047

Stentiford GD, Neil DM, Coombs GH (1999) Changes in the plasma 
free amino acid profile of the Norway lobster Nephrops norvegi-
cus at different stages of infection by a parasitic dinoflagellate 
(genus Hematodinium). Dis Aquat Org 38:151–157. https:// doi. 
org/ 10. 3354/ dao03 8151

Stentiford GD, Neil DM, Coombs GH (2000) Alterations in the bio-
chemistry and ultrastructure of the deep abdominal flexor muscle 
of the Norway lobster Nephrops norvegicus during infection by 
a parasitic dinoflagellate of the genus Hematodinium. Dis Aquat 
Org 42:133–141. https:// doi. org/ 10. 3354/ dao04 2133

Stentiford GD, Neil DM, Atkinson RJA (2001a) The relationship of 
Hematodinium infection prevalence in a Scottish Nephrops nor-
vegicus population to seasonality, moulting and sex. ICES J Mar 
Sci 58:814–823. https:// doi. org/ 10. 1006/ jmsc. 2001. 1072

Stentiford GD, Neil DM, Atkinson RJA (2001b) Alteration of burrow-
related behaviour of the Norway lobster, Nephrops norvegicus 
during infection by the parasitic dinoflagellate Hematodinium. 
Mar Freshw Behav Physiol 34:139–156. https:// doi. org/ 10. 1080/ 
10236 24010 93790 68

Stentiford GD, Neil DM, Coombs GH (2001c) Development and 
application of an immunoassay diagnostic technique for studying 
Hematodinium infections in Nephrops norvegicus populations. 
Dis Aquat Org 46:223–229. https:// doi. org/ 10. 3354/ dao04 6223

Stentiford GD, Green M, Bateman K, Small HJ, Neil DM, Feist SW 
(2002) Infection by a Hematodinium-like parasitic dinoflagel-
late causes Pink Crab Disease (PCD) in the edible crab Cancer 

https://doi.org/10.3354/dao003195
https://doi.org/10.1093/icesjms/fsq197
https://doi.org/10.1093/icesjms/fsq197
https://doi.org/10.1645/GE-2854.1
https://doi.org/10.1016/S0422-9894(02)80018-6
https://doi.org/10.1016/S0422-9894(02)80018-6
https://doi.org/10.1016/j.jip.2015.07.013
https://doi.org/10.1016/j.jip.2015.07.013
https://doi.org/10.1016/j.jip.2012.03.012
https://doi.org/10.3354/dao052175
https://doi.org/10.3354/dao069185
https://doi.org/10.2983/0730-8000(2007)26[131:MDOHSI]2.0.CO;2
https://doi.org/10.2983/0730-8000(2007)26[131:MDOHSI]2.0.CO;2
https://doi.org/10.3354/dao075251
https://doi.org/10.3354/dao075251
https://doi.org/10.1016/j.jip.2006.10.004
https://doi.org/10.3354/dao01983
https://doi.org/10.1111/j.1550-7408.2011.00592.x
https://doi.org/10.1128/AEM.02945-12
https://doi.org/10.1017/S0031182014001255
https://doi.org/10.1016/j.jip.2005.01.006
https://doi.org/10.1046/j.1365-2761.2000.00241.x
https://doi.org/10.1046/j.1365-2761.2000.00241.x
https://doi.org/10.3354/dao066047
https://doi.org/10.3354/dao066047
https://doi.org/10.3354/dao038151
https://doi.org/10.3354/dao038151
https://doi.org/10.3354/dao042133
https://doi.org/10.1006/jmsc.2001.1072
https://doi.org/10.1080/10236240109379068
https://doi.org/10.1080/10236240109379068
https://doi.org/10.3354/dao046223


 Marine Biology          (2024) 171:63    63  Page 8 of 8

pagurus. J Invertebr Pathol 79:179–191. https:// doi. org/ 10. 1016/ 
S0022- 2011(02) 00028-9

Stentiford GD, Evans M, Bateman K, Feist W (2003) Co-infection by 
a yeast-like organism in Hematodinium-infected European edible 
crabs Cancer pagurus and velvet swimming crabs Necora puber 
from the English Channel. Dis Aquat Org 54:195–202. https:// doi. 
org/ 10. 3354/ dao05 4195

Stentiford GD, Bateman KS, Small HJ, Pond M, Ungfors A (2012) 
Hematodinium sp. and its bacteria-like endosymbiont in European 
brown shrimp (Crangon crangon). Aquat Biosyst 8:24. https:// doi. 
org/ 10. 1186/ 2046- 9063-8- 24

Stentiford GD, Neil DM, Albalat A, Milligan RJ, Bailey N (2015) The 
effect of parasitic infection by Hematodinium sp. on escape swim-
ming and subsequent recovery in the Norway lobster, Nephrops 
norvegicus (L.). J Crustac Biol 35:1–10. https:// doi. org/ 10. 1163/ 
19372 40X- 00002 296

Taylor AC, Field RH, Parslow-Williams PJ (1996) The effects of Hema-
todinium sp.—infection on aspects of the respiratory physiology 
of the Norway lobster, Nephrops norvegicus (L.). J Exp Mar 
Biol Ecol 207:217–228. https:// doi. org/ 10. 1016/ S0022- 0981(96) 
02649-4

Thieltges DW, Hussel B, Baekgaard H (2006a) Endoparasites in com-
mon eiders Somateria mollissima from birds killed by an oil spill 
in the northern Wadden Sea. J Sea Res 55:301–308. https:// doi. 
org/ 10. 1016/j. seares. 2005. 12. 001

Thieltges DW, Krakau M, Andresen H, Fottner S, Reise K (2006b) 
Macroparasite community in molluscs of a tidal basin in the Wad-
den Sea. Helgol Mar Res 60:307–316. https:// doi. org/ 10. 1007/ 
s10152- 006- 0046-3

Thieltges DW, Engelsma MY, Wendling CC, Wegner KM (2013) Para-
sites in the Wadden Sea food web. J Sea Res 82:122–133. https:// 
doi. org/ 10. 1016/j. seares. 2012. 06. 002

Thrupp TJ, Pope EC, Whitten MMA, Bull JC, Wootton EC, Edwards 
M, Vogan CL, Rowley AF (2015) Disease profiles of juvenile 

edible crabs (Cancer pagurus L.) differ at two geographically-
close intertidal sites. J Invertebr Pathol 128:1–5. https:// doi. org/ 
10. 1016/j. jip. 2015. 04. 003

Wang JF, Li M, Xiao J, Xu WJ, Li CW (2017) Hematodinium spp. 
infections in wild and cultured populations of marine crustaceans 
along the coast of China. Dis Aquat Organ 124:181–191. https:// 
doi. org/ 10. 3354/ dao03 119

Waser AM, Goedknegt MA, Dekker R, Mcsweeney N, Witte JIJ, Meer 
JVD, Thieltges DW (2016) Tidal elevation and parasitism: pat-
terns of infection by the rhizocephalan parasite Sacculina carcini 
in shore crabs Carcinus maenas. Mar Ecol Prog Ser 545:215–225. 
https:// doi. org/ 10. 3354/ meps1 1594

Wendling CC, Wegner KM (2015) Adaptation to enemy shifts: rapid 
resistance evolution to local Vibrio spp. in invasive pacific oys-
ters. Proc R Soc B 282:20142244. https:// doi. org/ 10. 1098/ rspb. 
2014. 2244

Wheeler K, Shields JD, Taylor DM (2007) Pathology of Hematodinium 
infections in snow crabs (Chionoecetes opilio) from Newfound-
land, Canada. J Invertebr Pathol 95:93–100. https:// doi. org/ 10. 
1016/j. jip. 2007. 01. 002

Wilhelm G, Boulo V (1988) Infection de l’etrille Liocarcinus puber 
(L.) par un dinoflagelle parasite de type Hematodinium sp. Int 
Counc Explor Sea CM-ICES/K 41

Wilhelm G, Mialhe E (1996) Dinoflagellate infection associated with 
the decline of Necora puber crab populations in France. Dis Aquat 
Org 26:213–219. https:// doi. org/ 10. 3354/ dao02 6213

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/S0022-2011(02)00028-9
https://doi.org/10.1016/S0022-2011(02)00028-9
https://doi.org/10.3354/dao054195
https://doi.org/10.3354/dao054195
https://doi.org/10.1186/2046-9063-8-24
https://doi.org/10.1186/2046-9063-8-24
https://doi.org/10.1163/1937240X-00002296
https://doi.org/10.1163/1937240X-00002296
https://doi.org/10.1016/S0022-0981(96)02649-4
https://doi.org/10.1016/S0022-0981(96)02649-4
https://doi.org/10.1016/j.seares.2005.12.001
https://doi.org/10.1016/j.seares.2005.12.001
https://doi.org/10.1007/s10152-006-0046-3
https://doi.org/10.1007/s10152-006-0046-3
https://doi.org/10.1016/j.seares.2012.06.002
https://doi.org/10.1016/j.seares.2012.06.002
https://doi.org/10.1016/j.jip.2015.04.003
https://doi.org/10.1016/j.jip.2015.04.003
https://doi.org/10.3354/dao03119
https://doi.org/10.3354/dao03119
https://doi.org/10.3354/meps11594
https://doi.org/10.1098/rspb.2014.2244
https://doi.org/10.1098/rspb.2014.2244
https://doi.org/10.1016/j.jip.2007.01.002
https://doi.org/10.1016/j.jip.2007.01.002
https://doi.org/10.3354/dao026213

	Lack of Hematodinium microscopic detection in crustaceans at the northern and southern ends of the Wadden Sea and an update of its distribution in Europe
	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Acknowledgements 
	References


