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The prevalence of Hematodinium in Nephrops norvegicus
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Infection of Nephrops norvegicus by a dinoflagellate parasite belonging to the genus Hematodinium, is
reported in populations of Nephrops from the Irish Sea. Diseased animals are recognized by an opaque
vivid body colour and high densities of parasites in the haemolymph. Infection causes a general morbidity
of the host along with a reduction in swimming performance, which eventually leads to the death of the
host lobster. Research vessel cruises performed over the period 1994-2001 have shown Hematodinium to
occur in populations of Nephrops from the Irish Sea throughout this period. High infection prevalence
during the month of April and negligible levels during October agree with published data on seasonal
infection levels in Scottish Nephrops stocks. Data on spatial and temporal infection prevalence are presented
for the first time for the Irish Sea and show variation between stations and between years. Mean infection
prevalence peaked at 18% of captured Nephrops during April 1996 and was followed by a downward
trend to 2001. Infection predominates in small Nephrops (<30 mm carapace length) and in females is
normally associated with immature animals. Although a positive correlation with seawater salinity was
noted, preliminary analysis did not show a relationship between prevalence and other environmental

factors.

INTRODUCTION

Crustaceans are hosts for a wide range of parasitic
microorganisms (reviewed by Stentiford, 2000). These
include species of virus, bacteria, fungi and protozoa
(mainly microsporidians). It is likely that all decapod
crustaceans act as hosts for protistan parasites, but have
yet to be described. Sprague & Couch (1971) provide a
review of the early literature. In addition to their impor-
tance to the phytoplankton dinoflagellates occur as
symbionts in a wide range of marine invertebrates
(Trench, 1987). Dinoflagellate parasites of the genus
Hematodinium have been reported infecting a number of
decapod crustacean hosts. Hematodinium perezi, the type
species, occurs in the portunid crabs Carcinus maenus and
Liocarcinus depurator from European waters (Chatton &
Poisson, 1931). More recently a description of H. australis
by Hudson & Shields (1994) suggest there to be higher
species diversity and host specificity by the parasite than
thought (Pouchet, 1885 1in Coats, 1999).
Hematodinium has now been described from a number of
crab hosts from around the world. It has also been
described from several species of pandalid shrimp
(Bower et al, 1993) and in benthic amphipods
(Johnson, 1986).

Field (1992), who described infected animals from the
Clyde Sea area, Scotland, first documented the occur-
rence of Hematodinium in Nephrops. Further investigation
demonstrated the presence of infected MNephrops from
other Scottish sites, both on the east and west coasts
(Field et al., 1992; Field & Appleton, 1995; Stentiford
et al., 200lc). In addition Hematodinium has been
reported in Nephrops captured from the German Bight
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(F. Redant, personal communication), the Skaggerak and
Kattegat (M. Ulmestrand, personal communication) and
from the Irish Sea (Briggs & McAliskey, 1996).

Research on Hematodinium infection in Nephrops from
Scottish waters has demonstrated a seasonal pattern in
infection prevalence, peaking during April or May
(Appleton et al., 1997; Stentiford et al., 200lb,c). In
addition infection appeared to be virtually absent in
animals caught during the summer and autumn months
(Stentiford et al., 200lb). Laboratory studies have
succeeded in maintaining isolated Hematodinium parasites
in vitro, enabling the progression of the parasite through a
series of characteristic developmental stages to be studied
(Appleton & Vickerman, 1998). Although the mode of
infection has not been discovered, the possibility of an
intermediate host has not been ruled out (Stentiford,
2000; Stentiford et al., 2001b,c).

Infected animals are recognized by an opaque vivid
body coloration, thought to be due to high densities of
parasites in the haemolymph. Infection causes a general
morbidity of the host along with a reduction in swimming
performance (Stentiford et al., 2000a) which eventually
leads to death. Anecdotal evidence suggests that the
muscle from infected animals has a bitter taste, this being
the basis of the term ‘Bitter Crab Disease’ applied to
infection of several crab species by Hematodinium-like
dinoflagellates. It has been shown (Stentiford et al.,
2001a) that Hematodinium places a heavy metabolic load
on the host by acting as a carbohydrate sink. Here, para-
sites are thought to remove glucose from the haemolymph,
thereby disrupting the release of the crustacean hyper-
glycaemic hormone (CHH). Infection also changes the
tissue amino acid profile and causes alterations in muscle
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sarcolemmal structure along with localized disruption
of myofibrillar bundles around the fibre periphery
(Stentiford et al., 2000b).

Nephrops are captured either by trawling or potting
(creeling) and form one of the most important fisheries in
the north-east Atlantic. The United Kingdom catch is over
30,000 tn annum ~! and is thus one of the most commer-
cially valuable species with a first sale value of over
£100m (Shellfish Association of UK Statistics). Irish Sea
stocks are exploited mainly in waters to the west of the Isle
of Man by vessels from Northern Ireland and the Republic
of Ireland. Combined mean annual landing of over
9000 tn are common in the Irish Sea fishery for recent
years.

This paper presents data on the spatial and temporal
prevalence of Hematodinium infection of Nephrops captured
from the western Irish Sea during surveys performed by
the Department of Agriculture and Rural Development
(DARD) over the period 1994-2001. As it is possible that
peaks of infection prevalence and the subsequent pro-
gression of the disease to advanced stages within the host
is triggered by one or more environmental factors the
relationship between depth, temperature and salinity
were investigated.

MATERIALS AND METHODS

Research vessel surveys (RV ‘Lough Foyle’) of the
western Irish Sea Nephrops grounds were completed

during spring (mainly April) and summer (mainly
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August) over the period of 1994-2001. In addition to
population data on Nephrops and associated species, data
were collected on the prevalence of Hematodinium infection
in Nephrops. Hauls of 60 min duration were completed at
each station. These stations were spread over the western
Irish Sea MNephrops grounds and have a depth range of
45-125m, as indicated in Figure 1. The gear, a custom
made 20-fathom Nephrops trawl net of nominal mesh size
50-mm throughout, was used in all cruises. Total catch
bulk was quantified by counting baskets filled from the
catch and sample baskets were sorted to provide an
assessment of species composition. The Nephrops in each
sub-sample were divided into male and female compo-
nents, carapace length—frequency was measured using
vernier callipers and the ovary maturity stage noted
according to an arbitrary scale described by Briggs
(1988) as detailed in Table 1. Initially during this study
a range of diagnostic procedures were used to assess the
prevalence of Hematodinium in Nephrops samples. In view
of the large number of individual lobsters to be screened
from each station however, the body coloration method
was adopted for routine assessment of Hematodinium
prevalence and provided a rapid assessment of the
prevalence of advanced disease stages. Because the body
coloration method is only reliable for detecting advanced
stages of infection it is likely that some animals deemed
‘clean’ by this method had low levels of infection.
Seawater samples were taken for analysis from a contin-
uous sampling device moored over the western Irish Sea
Nephrops grounds. Salinity was measured by a profiling

Table 1. Scale for classifying ovary development in Nephrops norvegicus (Briggs, 1988 and after Bailey, 1984).

Stage Description of ovary

I Immature; ovaries as thin white threads

1I Opvaries thicker than in ‘" with a tinge of pale green colour

I11 Opvaries larger than ‘I’ and dark green in colour

v Ovaries much larger than ‘IIT" and clearly visible through the carapace. Dark green/black
\% Opvaries pale green with dark green specks. Represents reabsorption of ovarian material
Berried Ovigerous females with eggs attached to the pleopods
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Figure 2. Temporal variation in Hematodinium prevalence (%) during Nephrops surveys over the period 1994-2001.
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Figure 3. Average prevalence (%) of Nephrops (sexes combined) at advanced stages of Hematodinium infection over the period
1994-2001. (Vertical bars are standard errors.)
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Figure 4. Size composition (carapace length in mm) of Nephrops captured during RV ‘Lough Foyle’ survey completed during
April 1996 showing number of animals with advanced stages of Hematodinium infection (shaded black) at length.
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conductivity /temperature/depth package and checked by
a bench salinometer at an independent reference labora-
tory (B. Stewart, personal communication). These data
have been collected since 1996 and were used to explore
the relationship between environmental factors and
Hematodinium infection.

RESULTS

Results of surveys of Irish Sea Nephrops fishing grounds
over the period 1994-2000 demonstrated a seasonal
pattern in the prevalence of Hematodinium infection, with
peaks in the spring (April/May). Each sub-sample of
Nephrops examined during spring surveys contained indivi-
duals with advanced stages of the infection in both sexes.
Although infection was widespread with a peak in preva-
lence during the spring of each year, there was a marked
spatial variability in infection (see Figure 1). Temporal data
demonstrated an infection peak during spring 1996
(Figures 2 & 3) with infection reaching over 35% at
some stations (mean level 18%). Examination of both
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male and female Nephrops size composition over this
period showed that although animals of >30mm cara-
pace length can be infected, Hematodinium infection pre-
valence is highest in smaller animals (Figure 4A,B).
Detailed study of infected female Nephrops at different
stages of maturity during the peak infection period of
April 1996 (Figure 5) showed the infection to occur in
33% of female Nephrops with stage I ovaries, but in only
1.4% of animals with ovaries beginning to mature (stage
IT). Advanced stages of Hematodinium infection were not
seen in mature ( =stage III) female Nephrops.

Investigation into the relationship between environ-
mental factors and Hematodinium infection indicated no
apparent correlation between average infection levels and
temporal trends in temperature or water depth. A positive
correlation was observed between seawater salinity and
Hematodinium infection (Figure 6). Although the salinity
range reported is relatively small the observation agrees
with those of Messick (2000), who described high infec-
tions of Hematodinium in the American blue crab, Callinectes
sapidus, during periods of elevated salinity.
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Figure 5. Number of female Nephrops at each gonad maturity stage with advanced stages of infection by Hematodinium.
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Figure 6. Linear regression of percentage of Nephrops (sexes combined) with advanced stages of Hematodinium infection and mean
seawater salinity over the period 1994-2000. (Vertical bars are standard errors.)
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DISCUSSION

Although the body coloration method has been shown
to be an imprecise method for Hematodinium diagnosis
because of uncertainties in the recognition in lightly
infected animals (Stentiford, 2001c), the method does
allow for rapid diagnosis of advanced stages of infection.
It is therefore a useful tool for screening large numbers of
Nephrops  from stations spread over a wide
geographic range, as in this study.

Seasonal variability in the prevalence of advanced
stages of Hematodinium infection in Irish Sea Nephrops,
follows similar seasonal trends to those described for
Scottish Nephrops stocks (Field, 1992; Field & Appleton,
1995, 1996; Stentiford, 2001c). It has been proposed (Field
et al. 1992) that the spring peak in Hematodinium pre-
valence is synchronized to the moult cycle of Nephrops,
which 1s known to undergo ecdysis at this time. Stentiford
et al.,, (200Ic) disputes the view that infection occurs
during this time via trauma sites in the soft cuticle of
females caused during mating, as males are also infected
during spring (Figure 2) despite moulting later than
females (Farmer, 1974). It is thus more likely that infection
occurs by the ingestion of motile or encysted forms of
the parasite during the period of food scarcity when
females spend a prolonged period in their burrows and
suspension feeding is known to occur (Loo et al., 1993).
It is also possible that males become infected at the same
time by ingestion of parasite forms (e.g. dinospores). It
has been reported that the period of peak Hematodinium
infection prevalence in Scandinavian waters is autumn
(Tarnlund, 2000) which does not coincide with the
mating cycle.

The advanced stage of infection observed using the
body coloration method occurred in a range of host sizes,
though highest infection prevalence was seen to dominate
in small Nephrops. Our results suggest that infection does
not occur in sexually mature female Nephrops. It is not
known why immature animals are more susceptible to
infection. Perhaps mature females produce some anti-
microbial compound that provides immunity. It is also
possible that physiological changes associated with the
onset of maturity provide some form of immunity.
Perhaps dietary changes with maturity are a factor or
maybe larger animals are generally more robust and can
withstand infection. As advanced stages of Hematodinium
infection are thought to always result in death of the host
(Field, 1992) there is likely to be an annual disease-
inflicted mortality in immature MNephrops. Infection preva-
lence was as high as 37% of Nephrops caught at one station
during the 1996 survey, with the annual mean infection
prevalence in that year being 18%. It is likely however
that these high mortalities are an artefact brought about
by the increased catchability of infected Nephrops. Studies
by Stentiford et al. (2000a) and Stentiford (2000) for
example, examined various components of swimming
performance in uninfected and infected Nephrops. Swim-
ming performance declined with increasing severity of
the disease. This is likely to result in the escape reaction,
studied in healthy animals by Newland et al. (1992), to be
less pronounced. It is proposed that reduced swimming
performance of Nephrops at different stages of infection
may lead to infection stage-specific alteration in the

several
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probability of trawl capture (Stentiford et al., 2000a).
Increased catchability of infected Nephrops is also caused
by extended periods of emergence from their burrows
compared to uninfected animals (Stentiford et al., 2001d).
Attempts to incorporate disease induced juvenile mortality
into Nephrops analytical stock assessment for the Clyde Sea
area (ICES, 1997) gave unrealistic estimates of recruit-
ment to the fishery due to an over estimate of juvenile
mortality, based on disease prevalence in catches. It is
also likely that infected animals are more susceptible to
predation, suggesting that the disease may not necessarily
add to overall natural mortality but replace some of it
(Stentiford et al., 2001d).

It should be emphasized that the body coloration
method for assessing Hematodinium infection used here is
only reliable for diagnosing the most advanced stages of
infection. The method has a very low sensitivity, compared
with other morphological methods such as the pleopod
index and with sensitive blood tests. These methods
would provide a more reliable estimate of disease inflicted
mortality. The pleopod method, for example, involves
examination of Nephrops pleopods for the presence of
agglutinated parasite and haemocyte material under low-
power microscopy (Field & Appleton, 1995). Diagnosis
can also be performed by direct observation of 0.1ml of
haemolymph, from the base of a leg using a 1-ml syringe.
A haemolymph smear is then air dried on glass slides,
stained with Leishman’s stain and examined under a
microscope for the presence of Hematodinium cells.
Another more specialized technique is immunostaining,
using polyclonal antibody specific to Hematodinium (Field,
1992), which provides unequivocal diagnosis of infecting
cells.

The juvenile mortality inflicted on the host stock by
Hematodinium must be separated from the artefactual
mortality estimates derived from MNephrops catch rates.
If significant, these mortality rates should be incorpo-
rated into the analytical models used to assess Nephrops
stocks and improve the quality of these assessments
and the scientific advice to managers. In order to
assess Hematodinium inflicted Nephrops mortality these
more sophisticated diagnostic procedures should be
developed and used rather than the method used in
this paper.

The data presented however does provide an overview
of relative fluctuations in spatial and temporal prevalence
of Hematodinium in populations of Nephrops from the Irish
Sea. It would appear that the disease has been present
at least since 1994 and despite inflicting juvenile
mortality on the Nephrops stock, recent assessments in-
dicate a stable situation with a status quo fisheries
management recommendations (ICES, 2001). Although
a correlation of temporal prevalence and salinity was
noted, this and the interrelationships of other environ-
mental factors impinging on the Nephrops stock needs to
be further investigated. In addition to using more precise
diagnostic methods to estimate mortality future research
should investigate the variability of Hematodinium pre-
valence in MNephrops stocks throughout the north-east
Atlantic and further explore the relationship between
infection and environmental factors. Thus providing a
means for understanding of the impact of Hematodinium
on Nephrops population dynamics.



Hematodinium in Irish Sea Nephrops

The authors wish to extend sincere thanks to Messrs.
McCurdy, Peel and Burns for technical assistance at sea and to
the Captain and crew of the DARD vessel RV ‘Lough Foyle’
Professor Chris Gibson and Mr Brian Stewart are thanked for
the provision of salinity data. Dr Dickey-Collas is thanked for
assistance with graphics.

REFERENCES

Appleton, P.L., Field, R.H., Vickerman, K., Atkinson, R.J.A.,
Taylor, A.C., Rogerson, A. & Neil, D.M., 1997. Mortality of
Nephrops norvegicus on the West Coast of Scotland. Report to
MAFF CSG, March 1997,

Appleton, P.L. & Vickerman, K., 1998. In vitro cultivation and
development 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.

Bailey, N., 1984. Some aspects of reproduction in Nephrops.
International Council for the Exploration of the Sea (CM Papers and
Reports), CM 1984/ K:33, 15 pp.

Bower, S.M., Meyer, G.R. & Boutillier, J.A., 1993. Disease of
spot prawns (Pandalus platyceros) caused by intracellular
bacterium and a Hemalodinium-like protozoan. Journal of
Shellfish Research, 12, 135a.

Briggs, R.P., 1988. A preliminary analysis of maturity data for
Northwest Irish Sea Nephrops. International Council for the
Exploration of the Sea (CM Papers and Reports), CM 1988/K:21,
16 pp.

Briggs, R.P. & McAliskey, M., 1996. The prevalence of
Hematodinium in Irish Sea Nephrops. ICES Nephrops SG, Lorient,
4 pp.

Chatton, E. & Poisson, R., 1931. Sur l'existence, dans le sang des
crabes, de péridiniens parasites: Hematodinium Perez n.g., n. sp.
(Syndinidae). Comptes Rendus des Séances de la Société de Biologie,
Paris, 105, 553-557.

Coats, DW.,; 1999. Parasitic life styles of marine dinoflagellates.
Journal of Eukaryotic Microbiology, 46, 402—409.

Farmer, A.S.D., 1974. Reproduction in Nephrops norvegicus
(Decapoda: Nephropidae). Journal of Zoology, 174, 161-183.

Field, R.H., 1992. The control of escape behaviour in, and histopathology
of, the Norway lobster, Nephrops norvegicus (L.). PhD thesis,
University of Glasgow, Scotland.

Field, R.H. & Appleton, P.L., 1995. A Hematodinium-like dinofla-
gellate infection of the Norway lobster Nephrops norvegicus:
observations on pathology and progression of infection.
Diseases of Aquatic Organisms, 22, 115-128.

Field, R.H. & Appleton, P.L., 1996. An indirect fluorescent anti-
body technique for the diagnosis of Hematodinium sp. infection
of the Norway lobster, Nephrops norvegicus. Diseases of Aquatic
Organisms, 24, 199-204.

Field, R.H., Chapman, C.J., Taylor, A.C., Neil, D.M. &
Vickerman, K., 1992. Infection of the Norway lobster Nephrops
norvegicus by a Hematodinium-like species of dinoflagellate on the
west coast of Scotland. Diseases of Aquatic Organisms, 13, 1-15.

Hudson, D.A. & Shields, J.D., 1994. Hematodinium australis n. sp.,
a parasitic dinoflagellate of the sand crab Portunus pelagicus
from Moreton Bay, Australia. Diseases of Aquatic Organisms,
19, 109-119.

ICES, 1997. Report of the working group on Nephrops stocks.
International Council for the Exploration of the Sea (CM Papers and
Reports) CM 1997/ Assess:9, pp. 356.

Journal of the Marine Biological Association of the United Kingdom (2002)

R.P. Briggs and M. McAliskey 433

ICES, 2001. Report of the working group on Nephrops stocks.
International Council for the Exploration of the Sea (CM Papers and
Reports), CM 2001/ACFM:16, pp. 516.

Johnson, PT., 1986. Parasites of benthic amphipods: dinoflagel-
lates (Duboscquodinida: Syndinidae). Fisheries Bulletin, 84,
605-614.

Loo, L.O., Pihl Baden, S. & Ulmstrand, M., 1993. Suspension
feeding in adult Nephrops norvegicus (L)) and Homarus gammarus
(L)), (Decapoda). Netherlands Journal of Sea Research, 31, 291-297.

Messick, G.A., 2000 Epizootiology of the parasitic dinoflagellate
Hematodinium sp. in the American blue crab Callinectes sapidus.
Diseases of Aquatic Organisms, 43, 139-152.

Newland, PL., Neil, D.M. & Chapman, C.J., 1992. Escape
swimming in the Norway lobster. Jounal of Crustacian Biology,
12, 342-353.

Pouchet, G., 1885. Novelle contribution a Ihistoire des
Péridiniens marins. Journal of Anatomy and Physiology, 21, 28—88.

Spague, V. & Couch, J., 1971. An annotated list of protozoan
parasites, hyperparasites and commensals of decapod crusta-
ceans. Jjournal of Protozoology, 18, 526-537.

Stentiford, G.D., 2000. Effects of Hematodinium infection on the
Norway lobster, Nephrops norvegicus (L).  PhD thesis,
University of Glasgow, Scotland.

Stentiford, G.D., Neil, D.M., Atkinson, R.J.A. & Bailey, N.,
2000a. An analysis of swimming performance in the Norway
lobster, Nephrops norvegicus L. infected by a parasitic dinoflagel-
late of the genus Hematodinium. Journal of Experimental Marine
Biology and Ecology, 247, 169-181.

Stentiford, G.D., Neil, D.M. & Coombs, G.H., 2000h.
Alterations in the biochemistry and ultrastructure of the deep
abdominal flexor muscle of the Norway lobster, Nephrops
norvegicus (L. during infection by a parasitic dinoflagellate
of the genus Hematodinium. Diseases of Aquatic Organisms, 42,
133—141.

Stentiford, G.D., Chang, E.S., Chang, S.A. & Neil, D.M.,
2001la. Carbohydrate dynamics and the crustacean hypergly-
cacmic hormone (CHH): effects of parasitic infection in
Norway lobsters (Nephrops norvegicus). General and Comparative
Endocrinology, 121, 13-22.

Stentiford, G.D., Neil, D.M. & Coombs, G.H., 200Ib.
Development and application of an immunoassay diagnostic
technique for studying Hematodinium infections in Nephrops
norvegicus populations. Diseases of Aquatic Organisms, 46, 223—
229.

Stentiford, G.D., Neil, D.M. & Atkinson, R.J.A., 2001c. The rela-
tionship of Hematodinium infection prevalence in a Scottish
Nephrops norvegicus population to seasonality, moulting and sex.
ICES Journal of Marine Science, 58, 814—823.

Stentiford, G.D., Neil, D.M. & Atkinson, R.J.A., 2001d.
Alteration of burrow-related behaviour of the Norway lobster,
Nephrops norvegicus (L.) during infection by the parasitic dino-
flagellate Hematodinium. Marine and Freshwater Behaviour and
Physiology, 31, 139-156.

Tarnlund, S.; 2000. 4 comparison of two methods for identifying and
assessing the parasitic dinoflagellate Hematodinium sp. in Norway
lobster (Nephrops norvegicus). MSc thesis, University of
Gotenborg, Norway.

Trench, R.K., 1987. Dinoflagellates in non-parasitic symbiosis. In
The biology of dinoflagellates (ed. F.J.R. Taylor), pp. 1-23. Oxford:
Blackwell Scientific Publishers.

Submitted 5 November 2001. Accepted 11 April 2002.



