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ABSTRACT The Pacific oyster, Crassostrea gigas (Thunberg), and the Portuguese oyster, C. angulata {Lamarck), are two closely
related taxa. Although these two taxa were both introduced {rom Asia into Europe, one (C. gigas) was voluntarily introduced in the
carly 1970s, whereas the other (C. angulara) was presumed to be present in Europe for at least four centuries, bul nearly disappeared
because of disease. Few C. angulata populations remained in southern Portugal, Spain and Morocco and their putative origin was traced
in Taiwan. The prescent paper reports evidence for its presence in Northern China. We reanalyzed recently published mitochondrial
cytochrome oxidase C subunit I (COI) sequence data from presumed Dalianwan oysters (C. talienwhanensis) and compared them with
those of C. gigas and C. angulata. Additionally, two new C. angulata haplotypes from Portugal were identified. The resulis clearly
showed that some of the C. talienwhanensis sequences cluster with C. angulata sequences. The relative divergence between C. gigas,
C. angulata, and C. talienwhanensis haplotypes indicated that C. angulata-like oyslers are present in northern China. This opens new
perspectives 1n terms of genetic resources and population genetics of C. gigas and C. angulata, two oyster species of aquacultural

importance.
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INTRODUCTION

The phenotypic plasticity of oysters and their wide range of
distribution are known to have led to numerous taxonomic mis-
classification or redundancy in species names. However, during
the last decade, molecular tools have contributed in highlighting
and resolving scveral of these cases. For exumple. Anderson and
Adlard (1994) proposed that Saccostrea commercialis and S. glo-
merata should be regarded as synonymous taxa based on rDNA
internal transcribed spacer sequence data. More recently, Kench-
ington et al. (2002) suggested that Ostrea edulis and O. angasi are
conspecific. In addition. O’Foighil et al. (1999) confirmed the
transoccanic range (New Zealand and Chile) of O. chilensis using
mitochondrial COI sequence data and proposed that dispersal by
rafting was the most likely explanation for this distribution. Simi-
larly, the mangrove oyster Crassostrea gasar was shown to be
present not only along the coasts of Western Africa but also along
the Atlantic coasts of South America where some specimens had
been wrongly described as C. rhizophorae (Lapeégue ct al. 2002).

In this context. the relative taxonomic status of the Portugucse
oyster. C. angulata, and the Pacific oyster, C. gigas, may be con-
sidered as a case study. C. gigas and C. angulata werce classified
as two different species by Thunberg in 1793 and Lamarck in
1819, respectively. This classification was chiefly due to appar-
ently separated geographical distribution ol the two species. be-
cause C. angulata was described in Europe and C. gigas in Asia.
However, following morphologic comparison (Ranson 1948), ex-
perimental hybridization (reviewed by Gaffncy & Allen 1993,
Huvet et al. 2001, Huvet ct al. 2002) and allozyme dala (Mathers
et al. 1974, Buroker et al. 1979, Mattiucci & Villani 1983). the
authors concluded that there was only a single species, grouping
Portuguese and Pacific oysters. Yet, significant phenotypic differ-
ences between the two taxa were observed, in terms of production
yield (Bougrier et al. 1986, Héral 1986, Parache 1989. Soletchnick
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cupped oysters, Crassostrea angulata, Crassostrea gigas, Crassostrea talienwhanensis, cytochrome oxidase C

et al. 2002), and eco-physiologic characteristics (His 1972, Goul-
letquer et al. 1999, Haure et al. 2003). Furthermore. differences
have now been observed (1) from karyotype analyses (Leitdo et al.
1999b) although these two taxa exhibited a close genetic similarity
in comparison with other cupped oyster species (Leitio et al.
1999a); (2) in the genetics of the two taxa based on the mitochon-
drial COI gene (Boudry et al. 1998, O'Foighil et al. 1998) and
nuclear microsatellites (Huvet et al. 2000).

The introduction of the Pacific oyster was relatively well docu-
mented because it was a recent voluntary introduction. Hence, the
introduction of C. gigas from Japan into Europe was made in the
early 1970s to replace the Portuguese oyster in the shellfish in-
dustry (Grizel & Héral 1991) that nearly disappeared probably due
to an iridovira] disease (Comps 1969). As indicated by its common
name, the Portuguese oyster, was believed to originate from Por-
tugal or at least southern Europe. However, results from nuclear
and mitochondrial DNA studies (Boudry et al. 1998, O’Foighil
et al. 1998, Huvet et al. 2000) suggested an explanation for the
separated geographical distribution of these genetically closcly-
related taxa by supporting the hypothesis of the introduction of
C. angulata from Asia (and more precisely Taiwan) o the Portu-
guese coast by merchant ships during the 16th century. Until now,
no C. angulata specimens werc observed in any other Asian lo-
cation (see Lam et al. 2003, Boudry et al. 2003).

China is the country with the largest C. gigas production (in
1997: Mainland China: 2.3 10® metric tonnes, Taiwan: 24 10°
metric tonnes, Hong Kong: 66 metric tonnes, according to FAO,
1999). However, Guo et al. reported in 1999 that it is not C. gigas,
but another species, C. plicatula. that accounts for the main 50%
to 60% of the production, C. ariakensis for 20% to 30% and
C. gigas for only 10% to 20%. Qi (1989) also cited the Dalianwan
oyster (C. talienwhanensis) as of commercial importance after the
Zhe oyster (C. plicanula) and the Suminve oyster (C. ariakensis)
(Qi 1989). Many other differcnt taxa have been reported along
Chinese coasts and species identification is often uncertain. In
Northern China, C. talienwhanensis, C. plicarula and C. gigas
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were considered as sibling species (Liu & Dai 1998). In the East
and South China, at least nine species have been described (Ber-
nard et al. 1993). Recently. a new species was described in Hong
Kong (Lam & Morton 2003, Boudry et al. 2003). Finally, a recent
study based on mitochondrial DNA sequences showed that
C. ralienwhanensis specimens trom Northern China were geneti-
cally close to C. gigas spccimens which suggested that the Dalian-
wan and Pacific oysters belong to the same species (Yu et al.
2003). Similarly, their results suggested that C. plicatula and
C. ariakensis are closely related.

In the present paper, we compared DNA scquence data of
C. gigas, C. ralienwhanensis, and C. angulata to establish their
genetic relationships. To do so, we reanalyzed the mitochondrial
COl sequencc dala of C. talienwhanensis specimens from Yu et al.
(2003) and compared with those of known haplotypes from
C. gigas, C. angulata (Boudry et al. 1998) and two newly identi-
fied C. angulata haplotypes.

MATERIALS AND METHODS

New Crassostrea angulata Sequence Data

A total of 218 cupped oysters from Portugal were sampled in
Oclober of 2002 from 2 locations, 109 in the Sado estuary (Monte
da Pedra sitc: 38°25'N, 8°39'W) and 109 in the Mira estuary
(Roncdo Velho site: 37°42'N, 8°44'W). DNA extraction of etha-
nol-preserved gill fragments was pertformed by a phenol/
chloroform method. as described by Moore (1993). A partial COI
fragment was amplified using the primers and conditions detailed
in Folmer et al. (1994). Polymorphism was first studied using
restriction enzymes as described by Boudry et al. (1998). Some of
these PCR products were sequenced as described by Boudry et al.
(2003). All the novel sequences have been submitted to the EMBL
nucleotide sequence databasc.

DNA Sequence Analysis

The COI sequences ol the new haplotypes, together with some
sequences alrcady obtained for Crassostrea gigas and C. angulata
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(Accessions AJS53901, AJS553902., AJS553903. AJS553904,
AJ553905; Boudry et al. 2003), C. virginica, C. ariakensis, and
C. sikamea (Accessions AF152566, AF152569. AF152568;
O’Foighil et al. 1998) and C. talienwhanensis (Yu et al. 2003)
were aligned with CLUSTALW (Thompson el al. 1994). Pairwise
sequence divergences between species were estimated with the
DNADIST program in PHYLIP (Felsenstein 1989) according to
Kimura’s two-parameter model (Kimura [980). Phylogenelic
analyses were conducted using the program FITCH. Bootstrap
analysis with 100 replicates was pertormed with the SEQBOOT
and CONSENSE programs.

RESULTS

PCR-amplified fragments [rom the COI genc were obtained for
218 individuals from the newly sampled Portuguese populations.
The PCR-RFLP analysis detected 2 new haplotypes, which were
called F and G here. Haplotype G lacked a Sau3A restriction site
when compared with the others haplotypes of Crassostrea gigas
and C. angulata described by Boudry et al. (1998). For haplotypc
F a new restriction site was observed using Msel when compared
with the same haplotypes. These new haplotypes are rare. each one
being present in one of the two populations: the frequency of
haplotype F is 5% in Mira and the frequency of haplotype G is 2%
in Sado. The COI sequences of haplotypes F and G, together with
haplotype J—that had been described by Boudry et al. (2003), but
not scquenced—werc respectively registered as Accessions
AY397685, AY397686, and AY455664. Wc compared the se-
quences ol these haplotypes, F, G, and J, with those of haplotypes
from C. gigas (haplotype C, D. and E; Boudry et al. 2003)
C. angulata (haplotype A and B; Boudry et al. 2003), and
C. talienwhanensis (haplotype talienwl, talienw2, talienw3,
taliecnw4, and talienw5; Yu et al. 2003). The multiple alignment
showed that haplotypes C and talien] had exactly the same se-
quence. The distances computed after this alignment is presented
in Table 1. The phylogenelic tree obtained from sequence diver-
gence ol the COI (ragment according (o Kimura’s model (Kimura

TABLE 1.

Pairwise sequence divergences, for the mt COI DNA fragments (C. angulata haplotypes are in bold).
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Haplotype E 0

Haplotype C  0,0036 0

Haplotype D 0.0055 0,0018 0

tatienw?2 0.0055 0,0018 0,0036 0

talienw3 0,0055 0,0018 00,0036 00036 0

Haplotype A 0,0279 0,0241 0,0222 0,0260 0.0260 0

Haplotype B 0,0337 0.0299 0,0279 00318 0,0318 0,0055 0

Haplotype G 0,0317 0,0279 0,0260 0,0299 0.0299 0,0036 0.0055 0

Haplotype J  0,0375 0,0337 0,0317 0,0356 0,0356 0.0091 00110 0,0091 0

Haplotype ¥ 0.0317 00,0279 0,0260 0,0298 0,0298 0,0110 00129 00110 00166 0

talienw4 0,0298 0.0260 0,0279 0,0279 0,0279 000055 00073 0,0055 0,0073 0,0129 0

talienw3 00279 00241 0,0260 00260 0.0260 0.,0036 0,0055 0,0036 00091 00110 00018 0

C. sikamea 0,1051 0,1053 0,103} 0.1075 0,1075 0.1007 0,0986 0,1007 0,0984 0,1050 0,1029 0,1007 0

C. ariakensis  0,1623  0,1625 0.1650 0,1650 0,1601 0.1652 0,1725 0,1701 0,1723 0,1723 0,1676 0,1652 0,1679 0

C. virginica 0,2590 10,2538 0.2512 02565 02512 02513 0.2567 0,2567 0,2569 0,2592 02594 0,2567 0,2627 02789 0

talien] and haplotype C have the same COI sequence.
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1980) is given in Figure 1. The 12 haplotypes clustered into 2
groups (100% bootstrap P value) with a divergence varying from
2.2% to 3.7% depending the pairs of haplotypes being compared.
One group encompassed the C. gigas haplotypes (C, D, and E) and
the C. talienwhanensis haplotypes (talienwl, talienw2, and
talienw3). The second group included the C. angulata haplotypes
(A. B. J, F, and G) and the C. talienwhanensis haplotypes
(talicnw4 and taliecnw5). The nucleotide divergence within the first
group varies from 0.2% to 0.5% and in the second group from
0.2% to 1.7%. C. sikamea and C. arienkensis, two other Asian
cupped oysters species, respectively exhibited about 10% and 16%
divergence with the C. gigas and C. angulata haplotypes. The
American oyster, C. virginica, showed about 26% divergence with
the C. gigas and C. angulata haplotypes and was considered as an
outgroup.

DISCUSSION

The geographic distribution of the closely related taxa Cras-
sostrea gigas and C. angulata in southwesteru Europe is now well
documented, so is the genetic variability within the populations
and the genetic differentiation between the populations. C. gigas
was observed in northcrn Europe bordered by the headland of
northern Spain (La Corogne) in the south. C. angulata was ob-
served in southern Spain, Portugal, and Morocco (Boudry et al.
1998. Fabioux et al. 2002, Huvet et al. 2004). According to the

0.1

100

761

grouping of the haplotypes observed here. haplotype F and G,
detected in the new samples from the Mira and Sado Portuguese
populations, can be considered as two new C. angulata haplotypes.
This is confirmed by the divergence values that are of the order of
those reported by Boudry et al. (2003): less than (.5% for the C.
gigas group compared with 0.2% to 0.5% in this study, and less
than 1.1% for the C. angulata group compared with 0.2% to 1.7%
in this study. When observing the resulls for the C. talienwha-
nensis haplotypes from Yu et al. (2003), talienwl (identical to
haplotype C), talienw2 and talienw3 are grouped with the C. gigas
haplotypes, and talienw4 and talienw5 with the C. angulata hap-
lotypes. Consequently, oysters of talienw [, talienw2 and talienw3
can be considered as C. gigas, as proposed by Yu et al. (2003), and
the others (oysters of talienw4 and talienw5) can be considered as
C. angulata. This partly confirms that the Dalianwan oyster, de-
scribed by Zhang and Lou (1956), is another nume for the Pacific
oyster in China (Li & Qi 1994), but also supports that C. talien-
whanensis being considered as C. angulata. After the evidence of
the presence of C. angulata in Taiwan (Boudry et al. 1998), this
species is now found existing in the northern China (Dalian, Liao-
ning province and Rongcheng, Shandong province) suggesting a
broader Asian geographical distribution. Additionally, it should be
noted that the cupped oysters specimens found in Hong-Kong
(Lam et al. 2003, Boudry et al. 2003) and considered as belonging
to a putative new taxa, cannot be considered as C. talienwhanensis.

talienw 5§

talienw 4

— Haplotype J
" Haplotype G C. angulata
~ Haplotype B
"~ Haplotype A
Haplotype F

95

100

100 Haplotype D
Haplotype E
talienw 3

C. gigas
talienw 2
Haplotype C J

C. sikamea

C. virginica

C. ariakensis

Figure 1. Phylogenetic trees obtained from sequence divergence of a 551 nucleotide mitochondrial COI DNA fragment according to Kimura’s
model (Kimura 1980) for C. gigas, C. angulata, and C. talienwhanensis haplotypes. talienw1 to 5 correspond to the haplotypes described by Yu
et al. (2003). The sequences of haplotypes A, B, C, D), and were described in Boudry et al. (2003). The sequences of C. ariakensis, C. sikamea and
C. virginica were obtained from O’Foighil et al. (1998). The sequences of haplotypes F, G, and J were described in this study. C. virginica was
used as an outgroup. Numbers on the branches indieate bootstrap P values.
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In total, 1t C. angulara COL haplotypes (A, B, and J {rom
Boudry et al. 1998; angull, angul2, angul3, and angul4 from
O'Foighil et al. 1998; talienw4 and talienw5 reanalysed from Yu
et al. 2003: F and G in this study) and 5 C. gigas COIl haplotypes
(C, D. and E from Boudry et al. 1998; talienw! (identical to
haplotype C), talienw2, and talienw3 reanalysed from Yu ct al.
2003) have now been described. Interestingly, using relatively
equivalent amount of research on both taxa, the level of variability
of C. gigas appears to be lower than that of C. angulata for the
COI sequence. Furthermore, studies based on allozyme data by
Buroker et al. (1979) also showed a high genetic variability in
C. angulara. from Portuguese populations, relative to other Cras-
sostrea species. More data are needed from other mitochondrial
and nuclear markers, but this high genetic variability obscrved in
C. angulata opens interesting perspectives for the development of
conservation programs lor this taxa in Europe. Consequently this
also underlines the importance of C. angulata as a potentially
useful genetic resource for C. gigas aquaculture.

Although the two 168 haplotypes described for the 10 C. talien-
whanensis individuals from Yu et al. (2003) study were each found
in 2 different sampling locations (Dalian & Rongcheng), the 5 COl
haplotypes (talienw! to talienw5) distribution indicated that
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C. gigas and C. angulata co-occur in the two sampled locations.
Hence, one individual has the talienw ], one the talienw2, one the
talienw3, four the talienw4, and three the talienw5 haplotypes.
This result needs to be confirmed, because the number of samples
(5 in each location) is low. It would be of particular interest to
focus on the sympatric status of these two laxa in this region as it
was done in Southern Europe. In Portugal, there was evidence for
hybridization between C. angulata and C. gigas in the wild where
the two taxa are in contact due to recent transportation of C. gigas
stocks for aquacultural production (Huvet et al. 2004). An exten-
sive sampling protocol is clearly needed in Northern China to
investigate this hybridization in the native region of these two taxa.
and, more generally, their relative evolutionary history.

ACKNOWLEDGMENT

The authors thank H. McCombie for help with the English.
This work was made possible by an FCT grant (SFRH/BD/8972/
2002) and a Marie Curie Training fellowship (PLUDAMOR.,
QLKS-CT-2000-60036) to F. M. Batista. This work was partly
supported by the Région Poitou-Charentes (Convention N°2001-
RPC-A-212).

LITERATURE CITED

Anderson, T. I. & R. D. Adlard. 1994. Nucleotide-sequence of a rDNA
internal transcribed spacer supports synonymy of Saccostrea commer-
cialis and S. glomerata. J. Molluscan Stud. 60:196-197.

Bernard, Fo R Y. Y. Cai & B. Morton. 1993. Catalogue of the living
marine bivalve molluscs of China. Hong Kong: The University of Hong
Kong Press. 146 p.

Boudry, P.. S. Heurtebise, B. Collet, F. Corneite & G. Gérard. 1998.
Difterentiation between populations of the Portuguese oyster, Crassos-
trea angulara (Lamarck) and the Pacific oysler, Crassosirea gigas
(Thunberg). revealed by mtDNA RFLP analysis. J. Exp. Mar. Biol.
Ecol. 226:279-291.

Boudry. P.. 5. Heurtebise & S. Lapegue. 2003. Mitochondrial and nuclear
DNA sequence variation of presumed Crassostrea gigas and C. angu-
lata specimens: a new oyster species in Hong Kong? Agquaculture
228:15-25.

Bougrier, S.. G. Raguenes, E. Bachere, G. Tige & H. Grizel. 1986. Essai
de réimplantation dc Crassostrea angulata en France, résistance au
chambrage et comportement des hybrides C. angulata-C. gigas. ICES.
Copenhagen (Denmark). /CES. CM. F/38.

Buroker. N. E., W. K. Hershberger & K. K. Chew. 1979. Population
genetics of the tamily Ostreidae. I. Intraspecific studies of Crassostreua
gigas and Saccostrea commercialis. Mar. Biol. 54:157-169.

Comps, M. 1969. Observations relatives & I'infection branchiale des huitres
portugaises {Crassostrea angulata Lmk). Rev. Trav. Inst. Péches Marit.
33:151-160.

Fahioux. C.. A. Huvet, S. Laptgue, S. Heurtebise & P. Boudry. 2002. Past
and present geographical distribution of populations of Portuguesc
(Crassostrea angulata) and Pacific (C. gigas) oysters along the Euro-
pean and north African Atlantic coasts. Haliotis 31:33-44,

FAO. 1999. Aquaculture production statistics 1988-1997. FAO Fisheries
circutar n°815, revision 11,

Felsenstein, J. 1989. PHYLIP-Phylogeny Inference Package (Version 3.2).
Cladistics 5:164--166.

Fotmer, O., M. Black. W. Hoech, R. Lutz & R. Vrijenhoek. 1994. DNA
primers for amplification of mitochondrial cytochrome ¢ oxidase sub-
unit [ from diverse metazoan invertebrates. Mol Mar. Biol. Biorechnol.
3:294.-299.

Gaffney, P. M. & K. S. Allen. 1993. Hybridization among Crassostrea
species: a review. Aquaculture 116:1-13.

Goulletquer, P., M. Wolowicz, A. Latala, P. Gceairon, A. Huvet & P.
Boudry. 1999. Comparative analysis of oxygen consumption rates be-
tween cupped oyster spat of Crassostrea gigas of French, Spanish and
Taiwanese origins. Aquar. Living Res. 12:271-277.

Gricel, H. & M. Héral. 1991. Tntroduction into France of the Japanese
oyster (Crassostrea gigas). Journal du Conseil international pour
Uexploration de la mer. 47:399-403,

Guo, X,, S. E. Ford & F. Zhang. 1999. Molluscan aquacuiture in China. J.
Shellfish Res. 18:19-31.

Haurc, J.. A. Huvet, H. Palvadeau, M. Nourry, C. Pénisson. I. L. Martin &
P. Boudry. 2003. Feeding and respiratory time activitics in the cupped
oysters Crassostrea gigas, Crassostrea angulara and their hybrids.
Aquaculture 218:539-551.

Héral, M. 1986. L’ostréiculture frangaise traditionnelle. In: G. Barnabé.
editor. Aquaculture, vol. 1. Lavoisier, Paris: Tech. & Doc. pp. 345-390.

His, E. 1972. Premicrs éléments de comparaison entre I’huitre portugaise
et I"huitre japonaise. Science et Péche. Sci. Péche 219:1-9.

Huvet, A.. S. Lapegue, A. Magoulas & . Boudry. 2000. Mitochondrial and
nuclear DNA phylogeography of Crassostrea angulata, the Portuguese
oyster endangered in Europe. Conserv. Genei. 1:251-262.

Huvet, A.. K. Balabaud, N. Bierne & P. Boudry. 2001. Microsatellite
analysis of 6-hour-old embryos reveals no preferential intra-specific
fertilization between cupped oysters Crassosrrea gigas and Crassos-
trea angulata. Mar. Biorech. 3:448-453.

Huvet, A., A. Gérard, C. Ledu, P. Phélipot, S. Heurtebise & P. Boudry.
2002. Is fertility ol hybrids enough to conclude that the two oysters
Crassostrea gigas and Crassostrea angulate arc the same species?
Aquat. Living Res. 15:45-52,

Huvel, A.. C. Fabioux, H. McCombie, S. Lapegue & P. Boudry. 2004.
Natural hybridization between genetically differentiated populations of
Crassostrea gigas and C. angulata highlighted by sequence variation in
flanking regions ol a microsatellite locus. Mar. Ecol. Prog. Ser. 272:
141-152.

Kenchington, E.. C. J. Bird, 1. Osborne & M. Reith. 2002. Novel repeat
elements in the nuclear ribosomal RNA operon of the flat oyster Ostrea
edulis C. Linneaus, 1758 and O. angusi Sowerby. 1871. J. Shellfish
Res. 21:697-705.

Kimura, M. [980. A simple method for estimating cvolutionary rates of



THE PORTUGUESE OYSTER 1S PRESENT IN CHINA

basc substitutions through comparative studies of nucleotide se-
quences. J. Mol. Evol. 16:111-120.

Lam, K.. P. Boudry. S. Heurtebise & B. Mortoan. 2003. Merphological and
mitochondrial DNA characteristics of two cultured species of Crassos-
trea (Bivalvia: Ostreidae) in Hong Kong: towards a significant taxo-
nomic name change. In: B. Morton, editor. Proceedings of Hong Kong
workshops reunion conference. Hong Kong: perspeclives on marine
environmental change in Hong Kong. Hong Kong: Hong Kong Uni-
versity Press. pp. 331-346.

Fam, K. & B. Morton. 2003. Mitochondrial DNA and morphological iden-
tification of a new species of Crassostrea (Bivalvia: Ostreidac) cul
tured for centuries in the Pearl River Delta. Hong Kong, China. Aqua-
culture 228:1-13.

Lapéguc, S.. I. Boutet, A. Leitao, S. Heurtebise, P. Garcia, C. Thiriot-
Quiévreux & P. Boudry. 2002. Trans-Atlantic distribution of a man-
grove oyster species revealed by 16S mtDNA and karyological analy-
ses. Biol. Bull, 202:232-242.

Leitao, A., P. Boudry, J. P. Labat & C. Thiriot-Quiévrcux. 1999a. Com-
parative karyological study of cupped oyster species. Malacologia 41:
175-186.

Leitao, A.. C. Thiriot-Quiévrcux. P. Boudry & 1. Malheiro. 1999b. A
« G » chromosome banding study of three cupped oyster specics:
Crassostrea gigas, Crassostrea angulata and Crassostrea virginica
(Mollusca: Bivalvia). Genet. Sel. Evol. 31:519-527.

Li, X. & Z. Qi. 1994, Studics on the comparative anatomy. systematic
classification and evolution of Chinesc oysters. Stud. Mar. Sin. 35:143-
173.

Liu, B. & 1. Dai. 1998. Studies on genetic diversity in oysters Crassostrea.
J. Fish. China 22(3):193-198.

Mathers, N. F., N. P. Wilkins & P. R. Walne. 1974, Phosphoglucose
isomerase and esterase phenotypes in Crassostrea angulata and
C. gigas. Biochem. Syst. Ecol. 2:93 96.

Mattiucei. S. & F. Villani. 1983. Studio elettroforetico dei sistemi gene-

763

enzima in ostriche classificate come Crassostrea gigas (Thunberg,
1793) ¢ Crassostrea angulata (1.amarck, 1819) (Mollusca: Ostreidace).
Puarasitologia 25:21-27.

Moore, D. 1993. Preparation of genomic DNA, from mammalian tissuc. In:
F. M. Ausubel, editor. Current protocols in molccular biology. Vol. 1.
New York: Wiley. pp. 1-2.

O"Foighil, D.. P. M. Gaffney, A. E. Wilbur & T. J. Hilbish. 1998. Mito-
chondrial cytochrome oxidase I gene sequences support an Asian origin
for the Portuguese oyster Crassostrea angulata. Mar. Biol. 131:497-
503.

O'Foighil. D.. B. A. Marshall, T. J. Hilbish & M. A. Pino. 1999. Trans-
Pacific range extension by rafting is inferred for the flat oyster Ostrea
chilensis. Biol. Bull. 196:122-126.

Parache, A. 1989. Growth performance of oyster Crassostrea angulata and
Crassostrea gigas reared in Arcachon Bay between 1950 and 1986:
First results, Haliotis 19:227-236.

Qi, Z. 1989. Mollusc of Yellow Sea and Bohai Sea (in Chinese). Beijing:
Agricultural Publishing Housc, pp. 176-180.

Ranson, G. 1948. Ecologie ct répartition géographique des Ostréidés vi-
vants. Rev. Sci. 86:469—-473.

Soletchnik, P.. A. Huvet, O. Le Moine, D. Rarct, P. Geairon, N. Faury. P.
Goulletquer & P. Boudry. 2002. A comparative field study of growth,
survival and reproduction of Crassostrea gigas, C. angulata and their
hybrids. Agnat. Living Res. 15:243-250.

Thompson. J. D., D. G. Higgins & T. J. Gibson. 1994. CLUSTAL W:
improving the sensitivity of progressive multiple sequence alignment
through sequence weighting. position-specitic gap penalties and weight
matrix choice. Nucleic Acid Res. 22:4673--468().

Yu, 7.. X. Kong. L. Zhang, X. Guo & J. Xiang. 2003. Taxonomic status of
four Crassostrea oysters from China as inferred trom mitochondrial
DNA sequences. J. Shelffish Res. 22:31-38.

Zhang, X. & Z. Lou. 1956. Studies on oysters in china. Acta Zool. Sin.
8:65-94.




