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Fig.3 Hematodinium parasites in hemolymph of diseased

Chinese swimming crab P. trituberculatus

a: ; b ( )
); c: 5 d:
0.05% (W/V, 1xPBS) , =10um
9—15um,
b
3—5
2.3
Hematodinium
Hematodinium ,
b
b
(  4a) Hematodinium
— iV,
4 (Hematodinium sp.)
Fig.4 Histopathology of Chinese swimming crab
P. trituberculatus infected with Hematodinium sp
a. : (Hemal space, HS)

( ), L: ; b

s

=100pm

( 4b)
2.4
Hematodinium
sp. Hemato-
dinium sp.

5 >
; (alveolar membrane)

B

Hematodinium sp. Hema-

todinium perezi (trichocyst)
(Apicomplexans)

(micropores)(  5)

5 Hematodinium sp.
Fig.5 General ultrastructure of Hematodinium cells in hemol-
ymph of infected Chinese swimming crab P. trituberculatus.

a: ;b N: , M: , Ve
, L , =lpum
2.5
Hematodinium sp. RNA
(SSU) (~1750bp) Hematodinium
(GenBank No. EF065718)
Hudson  (1994) PCR s
Hematodinium sp. 630bp
, SSuU , ITS 1
5.8S , ITS 1 344bp ITS 1
s Hematodinium sp.
, 88 4
, 145 1 ,
105 (T-0)
Hematodinium sp. (Genbank

Nos. EF173451—173454) ,



45

780
, s Hematodinium perezi 95%
Hematodinium sp. ITS 1 R
(99% ); (GenBank Nos. EF065714— Hematodinium sp. ,

065716, EF153724—153726) (GenBank Nos.
DQ925231—925236, FJ844430—844431)

Genotype llI oebﬁbgp N\ 99

Hematodinium perezi

( 0

Genotype Il

6 Hematodinium

e
o
3

< Genotype |

Hematodinium

Fig.6 Molecular phylogenetic anaylsis of Hematodinium sp. identified in China based on genetic distances analysis of the first internal
transcribed spacer (ITS1) of IDNA

Hematodinium 1 (ITS1)

SDO01ITS1, SDO15ITS1, SDO19ITS1

>

(Hematodinium spp.)

(Penacidae)
(white spot syndrome virus, WSSV)
(Palinuridae)

(Gaffkemia disease) (Stentiford et al, 2005);

, Hematodinium
(Burkholder et al,
2006; Frischer et al, 2006) 2004 ,
( )
Hematodinium ,
Hematodinium ,

2004

SDO021ITS >

(Maximum Likelihood method)
GenBank

MEGA5

>

( , 2007a, b;
Li et al, 2008),

Hematodinium (Xu et al, 2010),
Hematodinium
Hematodinium s
«C )
(Stentiford et al, 2005)
Hematodinium
Hematodinium
s Hematodinium
, 2010
2009 44 , 9.6
(polyculture

(rotation culture) ,
(Wang et al, 2004)

system)



4 : (Hematodinium sp.) 781

, (
)
(
) )
, Xu (2010)
Hemato-
dinium s ;
) Hematodinium
Hematodinium
S Hematodinium )
(Hematodinium spp.)
, 30
Hematodinium ,
Hematodinium
(Appleton et al, 1998; Li et al,
2011), H. perezi
Hematodinium
sp. ,
(dinospores), (trophonnts)
(sporonts) ,
(filamentous trophonts or plasmodia) (
, 2007a, b; Li et al, 2008; Xu et al, 2010)
Hematodinium
spp-
s Hematodinium

(Newman et al, 1975; Appleton et al,
1998; Li et al, 2011) ,

Hematodinium sp. ,

Hematodinium
Hematodinium perezi  H ematodinium australis,
Hematodinium sp.

Hematodinium sp. Hematodinim-like sp.

s Hematodinium
RNA Genbank ,
ITS 1 ITS 1
, Hematodinium
ITS1 ,

(Genotype 1I),
(Genotype III)
, Small  (2012)

Hematodinium s

(Genotype I)

Hematodinium

Hematodinium s

, 2007a.
, 37(6): 916—920
, 2007b.
, 31(5): 27—32
(Exopalaemon
, 41(3):

, , , 2010.
carinicauda)
396—402
s , 2014.
spp. . ,45(1): 1—10

> ) , 1996.

Hematodinium

20(2): 186—189

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(2): 115—130

Burkholder J M, Azanza R V, Sako Y, 2006. The ecology of
harmful dinoflagellates. In: Graneli E, Turner J T eds.
Ecology of Harmful Algae. Springer-Verlag, Berlin: 53—66

Field R H, Chapman C J, Taylor A C et al, 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

Frischer M E, Lee R F, Sheppard M A et al, 2006. Evidence for a
free-living life stage of the blue crab parasitic dinoflagellate,
Hematodinium sp.. Harmful Algae, 5(5): 548—557

Hudson D A, Adlard R D, 1994. PCR-techniques applied to
Hematodinium spp. and Hematodinium-like dinoflagellates
in decapod crustaceans. Diseases of Aquatic Organisms, 19:
203—206

Li C, Miller T L, Small H J et al, 2011. In vitro culture and
developmental cycle of the parasitic dinoflagellate
Hematodinium sp. from the blue crab Callinectes sapidus.
Parasitology, 138(14): 1924—1934



782

45

LiY, Xia X, Wu Q et al, 2008. Infection with Hematodinium sp.
in the mud crabs Scylla serrata cultured in low salinity
water in southern China. Diseases of Aquatic Organisms,
82(2): 145—150

Messick G A, Shields J D, 2000. Epizootiology of the parasitic
dinoflagellate Hematodinium sp. in the American blue crab
Callinectes sapidus. Diseases of Aquatic Organisms, 43(2):
139—152

Meyers T R, Koeneman T M, Bothelho C ef al, 1987. Bitter crab
disease: a fatal dinoflagellate infection and marketing
problem for Alaskan Tanner crabs Chionoecetes bairdi.
Diseases of Aquatic Organisms, 3: 195—216

Newman M W, Johnson C A, 1975. A disease of blue crabs
(Callinectes sapidus) caused by a parasitic dinoflagellate,
Hematodinium sp.. Journal of Parasitology, 61(3): 554—557

Sheppard M, Walker A, Frischer M E et al, 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. Journal of Shellfish Research, 22(3):
873—880

Shields J D, 1994. The parasitic dinoflagellates of marine
crustaceans. Annual Review of Fishery Diseases, 4: 241—271

Small H J, Shields J D, Reece K S et al, 2012. Morphological and
molecular characterization of Hematodinium  perezi
(Dinophyceae: Syndininiales), a dinoflagellate parasite of
the harbour crab, Liocarcinus depurator. Journal of
Eukaryotic Microbiology, 59(1): 54—66

Stentiford G D, Evans M G, Bateman K et a/, 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. Diseases of
Aquatic Organism, 54(3): 195—202

Stentiford G D, Green M, Bateman K S et a/, 2002. Infection by a
Hematodinium-like parasitic dinoflagellate causes Pink Crab
Disease (PCD) in the edible crab Cancer pagurus. Journal of
Invertebrate Pathology, 79(3): 179—191

Stentiford G D, Shields J D, 2005. A review of the parasitic
dinoflagellates Hematodinium species and Hematodinium -like
infections in marine crustacea. Diseases of Aquatic
Organism, 66(1): 47—70

Tamura K, Peterson D, Peterson N et al, 2011. MEGAS:
Molecular evolutionary genetics analysis using maximum
likelihood, evolutionary distance, and maximum parsimony
methods. Molecular Biology and Evolution, 28(10):
2731—2739

Wang R, Yan J, Zheng X, 2004. Current status of polyculture and
rotation culture in Chinese mariculture industry. Acta
Oceanologica Sinica, 23(3): 505—512

Wheeler K N, Shields J D, Taylor D M, 2007. Pathology of
Hematodinium infections in snow crabs (Chionoecetes opilio)
from Newfoundland, Canada. Journal of Invertebrate
Pathology, 95(2): 93—100

Xu W, Xie J, Shi H et al, 2010. Hematodinium infections in
cultured ridgetail white prawn, Exopalaemon carinicauda, in
eastern China. Aquaculture, 300(1): 25—31

PRELIMINARY STUDY OF HEMATODINIUM INFECTIONS IN CULTURED CHINESE
SWIMMING CRAB PORTUNUS TRITUBERCULATUS IN SHANDONG PENINSULA, CHINA

LI Cai-Wen', SONG Shu-Qun', LIU Yun', WANG Jin-Feng"? ~XIAO Jie’

(1. Key Lab of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071,
China; 2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China,
3. The First Institute of Oceanology, SOA, Qingdo 266061, China)

Abstract

trituberculatus, Scylla serrate, and Exopalaemon carinicauda along coastal areas of southern China. However, no

Parasitic dinoflagellates Hematodinium has become a threatening pathogen in cultured Portunus

Hematodinium infections had been reported in northern China. In 2012, we sampled P. trituberculatus in polycuture ponds
and adjacent coastal waters from two sites in Shandong Peninsula. Hematodinium infections were identified in 4 crabs
collected randomly from polyculture ponds, while no infections were observed in wild crabs from adjacent coastal waters.
Filamentous trophont, uninucleate trophont, trophont clumps, and multinucleate sporonts were observed in hemolymph
of diseased crabs. The Hematodinium sp. shares similar morphologic features and caused typical pathological changes
in major tissues of infected hosts as other Hematodinium spp.. The laboratory trials indicated that this parasite was
infectious and caused similar pathological alterations to crab hosts. Molecular analysis indicated the Hematodinium
isolates were closely related to those reported in southern China. Our findings indicate an alarmingly broad distribution of
the infectious pathogen along the coastal areas of China. The polyculture pond system that are widely used in those culture
regions in China may prompt transmission or spread of Hematodinium among susceptible hosts, which urges further
investigation of its major routes of transmission in such a culture system along with better understanding of its life cycle.

Key words parasitic dinoflagellate; polyculture; transmission;

life cycle; phylogenetic analysis



