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Bacteria associated with early life stages of the great scallop, Pecten maximus: impact on larval survival
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A bacteriological study was carried out at a scallop (Pecten maximus) hatchery near Bergen, western Norway following a severe increase in mortality rates during the larval stages of the scallops. No larvae survived to settling, except for those in groups treated prophylactically with chloramphenicol. In order to identify pathogenic strains of bacteria, we performed a challenge test on 10-to 16-day-old larvae using isolated bacterial strains from the hatchery. Infection with six of these strains produced mortalities that were not statistically different from that resulting from infection with the known pathogen Vibrio pectenicida. However, about 5% of the strains tested in the challenge experiment produced higher motility rates than found in the unchallenged control group, indicating a possible probiotic effect. On the basis of 16S rDNA analysis on these strains, the phylogenetic tree indicated two groups of apparent pathogens: (1) one strain, LT13, grouped together with Alteromonas/Pseudoalteromonas; (2) a cluster of strains grouped together with Vibrio splendidus (LT06, LT21, LT73, PMV18 and PMV19). Strain LT13 was isolated from cultures of the microalga Chaetoceros calcitrans used for feed, while the other strains were isolated from larval cultures. Transmission electron microscopy showed intracellular bacteria that resembled bacteria in the groups Chlamydiaceae and Rickettsiaceae.

Introduction

Many countries worldwide are currently expending considerable effort and resources towards the establishment of a sustainable production of spat of various marine species for use in aquaculture. Among the species being investigated, the great scallop, Pecten maximus, is attracting much interest due to its natural occurrence in Norwegian waters, its high market price and the existence of established markets in other countries (reviewed by [START_REF] Bergh | Great scallop, Pecten maximus, research and culture strategies in Norway: a review[END_REF]. The stable production of sufficient spat is crucial to the establishment of a scallop industry. Scallop spat is currently produced commercially at one hatchery in Norway (Scalpro A/S), located at Rong in the County of Hordaland. A research facility is also operational at the Austevoll Research Station of the Institute of Marine Research, also situated in Hordaland county. Like all marine organisms, shellfish live in an ecosystem that contains large numbers of bacteria, among which opportunist species may be frequent. Bacterial diseases in bivalves occur mainly during the larval stages. As early as 1965, [START_REF] Tubiash | Bacillary necrosis, a disease of larval and juvenile bivalve molluscs[END_REF] demonstrated bacterial necrosis in mollusc larvae from the United States, and subsequent investigators have reported that bacterial diseases can severely limit bivalve larval production [START_REF] Elston | Pathogenesis of experimental vibriosis in larval American oysters, Crassostrea virginica[END_REF][START_REF] Nicolas | Isolation and characterisation of a pathogenic bacterium specific to Manila clam, Tapes philipinarum, larvae[END_REF][START_REF] Nicolas | Bacterial problems associated with scallop Pecten maximus larval culture[END_REF]Riquelme et al. 1995a). The early life stages of bivalves are typically susceptible to bacterial pathogens that apparently do not affect post-larval stages if precautions are taken [START_REF] Nicolas | Bacterial problems associated with scallop Pecten maximus larval culture[END_REF]. However, the identification of causative agents of epizootics at the early life stages of aquatic organisms has been hampered by a lack of challenge protocols for fish and invertebrate larvae. Several recent studies have addressed this problem, and protocols have been developed for challenge tests that are capable of verifying the pathogenicity of bacterial causative agents of disease in fish and bivalve larvae [START_REF] Bergh | Experimental infection of eggs and yolk sac larvae of halibut, Hippoglossus hippoglossus L[END_REF]Riquelme et al. 1995a;[START_REF] Lambert | Vibrio pectenicida sp. nov., a pathogen of scallop (Pecten maximus) larvae[END_REF][START_REF] Sugumar | Vibrio spelndidus biovar II as the causative agent of bacillary necrosis of Japanese oyster Crassostrea gigas larvae[END_REF]. Culturable bacteria that result in the mortality of shellfish larvae have been assigned to four genera: Pseudomonas [START_REF] Brown | A pigment-producing pseudomonad which discolours containers of embryos of a bivalve mollusc[END_REF], Alteromonas [START_REF] Garland | Bacterial pathogens of oyster larvae (Crassostrea gigas) in a Tasmanian hatchery[END_REF], Aeromonas (Riquelme et al. 1996a) and Vibrio [START_REF] Nicolas | Isolation and characterisation of a pathogenic bacterium specific to Manila clam, Tapes philipinarum, larvae[END_REF]Riquelme et al. 1995b[START_REF] Sugumar | Vibrio spelndidus biovar II as the causative agent of bacillary necrosis of Japanese oyster Crassostrea gigas larvae[END_REF][START_REF] Torkildsen | Minimum inhibitory concentrations of chloramphenicol, florfenicol, trimethoprim/sulfadiazine and flumequine in seawater of bacteria associated with scallops (Pecten maximus) larvae[END_REF]. In many cases, the causative agents have only been identified to the genus level. Vibrio appears to be the genus most frequently involved in bacterial mortality of shellfish larvae. A Vibrio anguillarum-related strain pathogenic to the Chilean scallop, Argopecten purpuratus, has been identified (Riquelme et al. 1995a), while Vibrio pectenicida has been isolated and described by [START_REF] Lambert | Vibrio pectenicida sp. nov., a pathogen of scallop (Pecten maximus) larvae[END_REF] as being the major cause of mortality during the production of P. maximus larvae in France. We report here our investigation of the bacteria associated with P. maximus larvae in which we employed a challenge test to identify both pathogenic and possible beneficial strains.

Materials and methods

Source of scallop eggs and larvae

All egg groups were collected from a commercial scallop hatchery, Scalpro A/S, Rong, near Bergen, Norway. The broodstock originating from Hordaland County was conditioned in the hatchery following standard operating procedures. The eggs were collected in March and April 1997, and from March to June 1999. Samples were taken from eggs and from larvae 3, 10, 13 and 17 days after fertilisation. Spawning was induced by thermal shock. Eggs were fertilised following the method described by [START_REF] Gruffyd | Determination of the optimum concentration of eggs and spermatozoa for the production of normal larvae in Pecten maximus[END_REF]. After fertilisation, the embryos were allocated to two tanks (800 l) containing seawater obtained from the nearby fjord at a depth of 60 m and filtered through a 1-lm bag filter; the embryos were kept in the stagnant seawater at 18±1 °C. The seawater in the tanks was replaced three times a week with fresh seawater from the fjord. In order to compare the survival of larvae in the experimental groups with that of the untreated groups, the larvae in one of the tanks were treated prophylactically with chloramphenicol (10 mg L -1

). The first treatment was given 3 days after spawning, and then at every renewal of water. The larvae were fed monocultures of the algae Isochrysis galbana (Parke) Tahitian strain, Pavlova lutheri (Droop) and Chaetoceros calcitrans (Takano) in a 1:1:2 ration to a total concentration of 50 cells L -1 .

Isolation of bacteria

Bacterial strains were sampled in triplicate fromfertilised eggs, fromlarvae treated with chloramphenicol and from untreated larvae. Each sample was counted using a dissection microscope and consisted of approximately 100,000 eggs and between 50,000 and 100,000 larvae. The eggs and larvae were washed three times in autoclaved seawater at a 25‰ salinity (SSW) prior to homogenisation in 10 ml SSW. Dilution series were made using 25‰ SSW plated out on petri dishes containing Difco 2216 Marine Agar (MA) (Difco, Detroit, Mich.), Tryptone Citrate Bile Sucrose agar (TCBS) (Oxoid, Basingstoke, UK) and Tryptone Soy Agar (TSA) (Oxoid). Following aerobic incubation for 3 days at 18 °C, representative colonies (120) were selected for further characterisation. Some of the bacterial strains were isolated from algal cultures used as feed for the larvae.

Challenge test

Of the strains isolated as described above, about 100 were tested using a bath challenge test. Larvae were sampled from chloramphenicol-treated cultures at the hatchery between 10 days and 16 days after spawning and placed in a 24-well plate, at 20_30 larvae per well, in 2 ml SSW. This was followed by the addition to each well of 100 µl of a 24-h bacterial culture that had been washed twice in SSW. Twelve replicates of each strain were made. Inoculations were repeated with 10-fold and 100-fold dilutions of the bacterial culture (5 105 cells L -1 1 ). One 24-well plate without bacterial addition was used as the control. The strain A496 of Vibrio pectenicida was used as a positive control. The plates were incubated at 16 °C in an air-conditioned room. Afte r 48 h, the number of dead larvae was determined by counting (with a Leitz DM IL inverted stereoscopic microscope) the number of non-swimming larvae lying on the bottom with closed valves (dead larvae plus non-active larvae). This count was made for at least six wells for each bacteria strain and for each bacterial dilution. Wells with fewer than ten larvae were discarded. The results for each bacterial strain in the challenge test were compared with the positive control using a chi-square goodness-of-fit with p=0.05.

Biochemical tests

All strains were Gram-stained (Merck, Germany). Biochemical tests were performed using API 20E (BioMerieux, France). In addition, the following tests were carried out at 18 °C according to the method described by [START_REF] Hansen | Improved method for phenotypical characterization of marine bacteria[END_REF]: oxidative/fermentative metabolism of glucose, aerobic acid production from fructose, sucrose, mannitol, mannose, glycerol, ribose and N-acetylglucosamine, gelatinase, nitrate reductase, Voges-Proskauer, methyl red, production of indole from trytophan, and degradation of Tween 80. The citrate test was carried out with 2% NaCl added to Simmon's citrate medium. The strains were tested for growth on TCBS; the oxidative carbohydrate tests were incubated for 5 days, the fermentative glucose test for 7 days and the indole, Voges-Proskauer, methyl red, nitrate reductase and TCBS tests for 14 days, while the citrate tests were incubated for 4 weeks. Polymerase chain reaction amplification of 16S rDNA genes Each bacterial strain (102 strains in total) was grown to visible growth (24_48 h) at 18 °C. The bacteria (1 ml) were harvested by centrifugation (16,060 g), washed twice with 0.9% NaCl and resuspended in 100 µl distilled H2O. Universal eubacterial primers were used (27f and 1492r, Escherichia coli numbering). The PCR was performed in reaction mixtures of 50 µl containing 0.025 U Taq DNA polymerase (Promega, Madison, Wis.), 200 µM of each of the four dNTPs (Promega), 0.1 µM of each primer and 2.5 mM of MgCl2. In addition, 1 ll of the bacterial sample was added. Distilled water was used as control for contamination, and Vibrio anguillarum was used as a positive control. PCR amplification was performed in an automated thermal cycler (Gene Amp, PCR system 9700; Perkin Elmer, Foster City, Calif.) with an initial denaturation at 94 °C for 5 min, 30 cycles of denaturation (1 min at 94 °C), annealing (30 s at 60 °C) extension (3 min at 72 °C ) and a final extension at 72 °C for 10 min. Amplified DNA (5-µl aliquots) was examined by horizontal electrophoresis on a 1% agarose gel (Promega).

Amplified rDNA restriction analysis (ARDRA) ARDRA was performed as described by [START_REF] Vaneechoutte | Rapid identification of bacteria of the Comamonadaceae with amplified ribosomal DNA-restriction analysis (ARDRA)[END_REF] and [START_REF] Jensen | Use of PCR-RFLP for genotyping 16S rRNA and characterizing bacteria cultured from halibut fry[END_REF]. Restriction was carried out overnight (minimum of 6 h) at 37 °C in 25 µl of incubation buffer (Promega) containing 4 U of a restriction endonuclease -CfoI (GCGC), HinfI (GANTC) or AluI (AGCT) (Promega) -and 10 µl of PCR product. Restricted DNA was analysed by horizontal electrophoresis on a 2.5% Methaphor gel (FCM BioProducts, Rockland, Maine) in an electric field of 6.5 V cm -1 . Gels were stained with ethidium bromide (1 lg ml -1 ) for 1 h and then photographed (Polaroid type Polapan Pro 100 films). Differences in restriction fragment patterns indicated differences in DNA sequences. Photos were scanned and banding patterns aligned into groups for each enzyme using the software GelCompar 3.1 (GelCompar, Kortrijk, Belgium). For analysis, patterns were coded as 0 (band absence) or 1 (band present). The results were used in a phylogenetic analysis using the PHYLIP software package [START_REF] Felsenstein | PHYLIP (Phylogeny Inference Package) Version 3.5c. Distributed by the Author[END_REF].

Sequencing of 16S rDNA

Of those bacterial strains found to cause mortality to the scallop larvae, those whose 16S rDNA was determined not to be different from that of Vibrio pectenicida in the challenge test were sequenced. The PCR product was purified using a Concert PCR Purification System (Life Technologies GibcoBRL, UK) and subsequently stored at ) 20 °C. The sequenc ing reactions were performed according to a protocol from Perkin _Elmer with some modifications. A reaction mixture of 10 µl was used: 4 ll BIG DYE-Terminator Ready Reaction Mix (Perkin Elmer), 4 µl template and 2 µl general eubacterial primer (27f, 530f, 926f, 685r, 1100r and 1492r; E. coli numbering). The reaction was performed in a GeneAmp PCR system 9700, with 25 cycles of 96 °C fo r 10 s, 50 °C for 5 s and 60 °C for 4 min. Sequences were obtained using an ABI 377 sequence analyser (Perkin-Elmer Applied Biosystems, Foster City, CA).

Phylogenetic analysis

The small subunit (SSU) sequences were aligned by eye to alignments of bacterial SSU rRNA sequences obtained from the rRNA website of the Department of Biochemistry, Molecular Biology, University of Antwerp (UIA), Belgium (Van de [START_REF] Van De Peer | The European subunit ribosomal RNA database[END_REF]. These alignments were used in the phylogenetic analysis using the PHYLIP software package [START_REF] Felsenstein | PHYLIP (Phylogeny Inference Package) Version 3.5c. Distributed by the Author[END_REF].

Electron microscopy

Larvae from the different groups were sampled between days 3 and 20 after spawning. The samples were kept at 4 °C, and sparkling mineral water was added for approximately 2 min before the fixative was added. The larvae were fixed in a modified Karnovsky fixative [START_REF] Karnovsky | A formaldehyde glutaraldehyde fixative of high osmolarity for use in electron microscopy[END_REF], in which distilled water was replaced with Ringers solution: 9.0 g NaCl, 0.14 g KCl, 0.12 g CaCl2, 0.2 g NaHCO3, 2.0 g glucose in 1 l distilled water. Osmolarity was adjusted by adding sucrose up to an osmolarity of 8%. The samples were kept in fixative at 4 °C for a min imum of 24 h before being washed in phosphatebuffered Ringers solution (PbR) and treated with 2% OsO4 for a minimum of 1 h. They were then washed again, decalcified with 1% ascorbic acid in 15 N NaCl for 24 h and given a final wash (in PbR) before being dehydrated through a graded series of acetone and embedded in TAAB 812 Resin. The ultrathin sections were stained in 2% uranyl acetate for 60 min and 1% lead citrate for 5 min.

Results

Larval survival in the hatchery

In the hatchery, no untreated larvae survived until settling in any of the three batches used in this study. Survival in the three treated groups was calculated to be 3, 16 and 19%, respectively.

Challenge test

The average mortality of the larvae in the unchallenged control groups was 19.4%. Of the 100 bacterial strains tested, larval survival rates were significantly (p<0.05) affected by 71 of them in that they caused increased mortality. The greatest impacts on larval mortality were caused by six strains (LT06, LT13, LT21, LT73, PMV18 and PMV19), which caused mortalities not significantly different from that caused by V. pectenicida. The average mortality of the groups challenge with V. pectenicida was 67.1%. One of the bacterial strains, LT13, that caused a higher mortality than that observed in the control group was isolated from a culture of the alga Chaetoceros calcitrans. Strain LT47 was also isolated from C. calcitrans and was grouped together with LT13 by the ARDRA analysis. In the challenge test, however, strain LT47 did not cause any higher mortality than the control. Apart from strain LT13, the remaining strains were isolated from larvae aged 3 days (LT06), 13 days (LT73) and 21 days (PMV18 and PMV19). These larval batches were not treated with any antibacterial agent. One strain (LT21) was isolated from larvae (10-days-old) treated with chloramphenicol. Five percent of the larval groups, i.e. five bacterial strains in the challenge test, displayed increased motility compared to the control larvae.

Phenotypic characterising

All strains that were isolated were Gram-negative, and all except one were rodshaped. Nearly all of the bacterial strains tested (92%, n=50) were sensitive to diagnostic discs containing 150 µg O/129, (Oxoid, Basingstoke, England). Of the strains tested, 56% (n=25) showed haemolytic properties. None of the strains isolated from eggs could use glucose fermentatively. Significantly (chi-square goodnessof-fit with p<0.05) more bacterial strains fermented glucose in the untreated larval culture than in the culture treated with chloramphenicol. Phenotypic characterisation of the six strains that produced the same mortality as V. pectenicida in the challenge test as determined by API 20E (Table 1) gave a cluster of five strains that were almost identical according to their biochemical profile (LT06, LT21, LT73, PMV18 and PMV19) and one that was different (LT13). These strains differed with respect to the following tests: PMV19 tested negative for arginine dihydrolase, whereas the others were positive; LT06 and LT21 produced H2S; PMV19 was positive for urease; LT73 was negative for VP-acetoine; LT06 and LT21 did produce acid from saccharose; LT21 was negative for nitrite (Table 1). Otherwise, the strains gave identical profiles. Phenotypic characterisation by the [START_REF] Hansen | Improved method for phenotypical characterization of marine bacteria[END_REF] method (Table 2) gave a cluster of four strains (LT06, LT73, PMV18 and PMV19) and one strain (LT21) as a separate group. LT13 was not further characterised by this method. LT21 tested negative for the carbohydrates.

ARDRA ARDRA was performed on 102 strains isolated from scallop larvae and algae and on 11 reference strains. The results from the ARDRA were phylogenetically analysed with parsimony, Dollop, and a consensus tree was drawn. The significance of the tree topology was tested by means of bootstrapping. The supports for the branches were in most cases lower than 50%, and the results overall were inconsistent.

Phylogenetic analysis based on 16S rDNA sequencing

We sequenced six strains isolated from scallop larvae and two strains of V. anguillarum (01 and 02). The piece of the SSU rDNA that was sequenced varied from 1436 to 1447 bp for the strains isolated from scallop larvae, while it was 1431 for both of the V. anguillarum strains. The SSU sequences were aligned with similar bacterial sequences obtained from GenBank (Table 3). This alignment contained 20 bacterial strains, with Vibrio cholerae as an out-group. Most of the differences between the strains lay in regions 6 and 18 according to the secondary structure (Van de [START_REF] Van De Peer | The European subunit ribosomal RNA database[END_REF].

Phylogenetic analyses of the aligned sequences were conducted with parsimony, the distance method (Kimura-2 parameter with neighbour joining) and the maximum likelihood method (ML). The use of parsimony, the distance and ML method produced trees with similar overall topology. The significance of the tree topology was tested by means of bootstrapping (Figure 1). The analysis shows that the strains could be divided into two groups: LT13 grouped with Alteromonas and Pseudoalteromonas in group I; LT06, LT21, LT73, PMV19 and PMV18 grouped with Vibrio splendidus in group II. Vibrio fischeri grouped with either group I or group II according to which method was used:when parsimony and the distance method were used, V. fischeri grouped with group II, and when the ML method was used V. fischeri grouped with group I.

Transmission electron microscopy (TEM) TEM screening of the early developmental stages of P. maximus revealed surprisingly few bacteria in the digestive system. Those that were present in the digestive system were rod-shaped. No further attempt was made to identify these bacteria. Only a few bacteria were found in the tissue of the larvae. These included two different types of intracellular bacteria of the gut epithelium. One type was located within the vacuoles of the host cells, and the nucleus of the host cell appeared to be slightly flattened compared to the uninfected neighbouring cells. The cytoplasm of the infected cells was dominated by mitochondria and membrane accumulations that may be endoplasmatic reticulum.

These appeared to be more electron-lucent than those of the uninfected cells. These bacteria were pleomorphic, had elongated, branching, were at least 5.0 µm long (Figure 2, lower) and contained no obvious nuclear areas. The second type was also intracellular, but with two different free stages in the cytoplasm of the gut cells (Figure 2, upper). The host cell cytoplasm was denser than that of the surrounding non-infected cells, which made it easy to locate the infected cells in the gut epithelium of the larvae. The different morphological stages of this bacterium were classified as reticulate bodies (RB) and intermediate bodies (IB). Both morphologies occurred in the same cell. The RBs were slightly irregularly shaped, with the largest being at least 2.5 µm long. They contained homogeneously distributed granular material, probably ribosomes, and several chromatin strands distributed throughout the cytoplasm. The smaller, elliptical IB, about 1.5 µm long and about 1.0 µm in diameter, had a centrally vacuolated cytoplasm and seemed to contain one or two chromatin strands. The cytoplasm near the cell membrane was highly electron-dense and seemed to consist of granular material (ribosomes).

Discussion

None of the larvae in the hatchery survived until settling without prophylactic antibacterial treatment during the pelagic stages, indicating a bacterial cause of mortality. In the challenge experiments, 71% of the bacterial strains that were tested caused a significantly higher rate of larval mortality than was observed in the unchallenged control groups. Of these strains, six (32%) produced mortality rates that were not statistically distinguishable from that caused by Vibrio pectenicida. 16S rDNA was sequenced from these strains, and a maximum likelihood tree was drawn. Different tree-building methods have different powers to resolve a phylogeny, and simulation studies have demonstrated that ML is superior to other methods [START_REF] Hasegawa | On the maximum-likelihood method in molecular phylogenetics[END_REF][START_REF] Kuhner | A simulation comparison of phylogeny algorithms under equal and unequal evolutionary rates[END_REF][START_REF] Huelsenbeck | The robustness of 2 phylogenetic methods -4-taxon simulation[END_REF]). The phylogenetic tree classified the strains into two groups of apparently pathogenic strains: (1) LT13, which resembles the Alteromonas/ Pseudoalteromonas group; (2) strains that resemble the species Vibrio splendidus. Phenotypic characterising by API 20E of these six strains gave the same grouping of strains as the results obtained from the sequencing of the 16S rDNA. However, some differences in grouping were found when the data from the multidish method was analysed; this could be due to different results found with slow-growing bacteria due to the longer incubation period and/or possible pH differences between the tests. However, we did not investigate this point in any depth. Both groups of suspected pathogens are known. [START_REF] Nicolas | Bacterial problems associated with scallop Pecten maximus larval culture[END_REF] demonstrated that some strains resembling V. splendidus are pathogenic to P. maximus larvae. V. splendidus has been associated with disease outbreaks in a wide range of marine species, including bivalves. Mass mortalities of the related species Argopecten purpuratus larvae in hatcheries in northern Chile have been explained by V. splendidus infections (Riquelme et al. 1996b). [START_REF] Jefferies | Three Vibrio strains pathogenic to larvae of Crassostrea gigas and Ostrea edulis[END_REF] demonstrated that V. splendidus is also pathogenic to Pacific oyster, Crassostrea gigas, larvae, and [START_REF] Ivanova | Phenotypic diversity of Pseudoalteromonas citrea from different marine habitats and emendation of the description[END_REF] isolated representatives of the genus Pseudoalteromonas from the Japanese scallop Platinopecten yessoensis. Recently, [START_REF] Sandaa | Characterisation of the bacterial community associated with early stages of great scallop (Pecten maximus), using denaturing gradient gel electrophoresis (DGGE)[END_REF] confirmed the finding of V. splendidus-like and Pseudoalteromonas-like bacteria associated with larvae in the hatchery by means of a molecular fingerprint method, denaturing gradient gel electrophoresis, using LT21 and LT13 as markers, respectively. None of the bacterial strains isolated from the shrimp eggs were able to ferment glucose. Similar results have been obtained from strains isolated from eggs of Atlantic halibut, Hippoglossus hippoglossus [START_REF] Bergh | Bacteria associated with early life stages of halibut, Hippoglossus hippoglossus L., inhibit growth of a pathogenic Vibrio sp[END_REF]. [START_REF] Bergh | Shift in the intestinal microflora of Atlantic halibut (Hippoglossus hippoglossus) larvae during first feeding[END_REF] found that the microflora of halibut larvae was dominated at the outset by non-fermentative bacteria, which were gradually replaced by fermentative strains that were capable of producing acid from a wide range of carbohydrates. These studies indicate that the onset of exogenous feeding is the time of transition between the two kinds of bacterial populations, similar to the shift demonstrated in the intestinal flora of Masu salmon (Oncorhynchus masou) and chum salmon (Oncorhynchus keta) [START_REF] Yoshimizu | Microflora of the embryo and fry of salmonids[END_REF]. When the digestive tract was activated, the intestinal flora of these species changed from a Pseudomonasdominated flora to one dominated by Aeromonas and Vibrio. Although the number of strains is limited, our results suggest that the shift occurs when the algae are added and feeding commences. A significantly higher fraction of fermentative strains were found among the bacterial strains present in the untreated larval cultures than from larvae treated with chloramphenicol. Most of the strains examined were sensitive to the diagnostic disc (O/129), indicating that they belong to the Vibrio group. While not all vibrios are sensitive to the diagnostic disc [START_REF] Aoki | Changes in drug resistance of Vibrio anguillarum in cultured ayu, Plecoglossus altivelis Temminck and Schlegel, in Japan[END_REF] and although strains belonging to other groups may also be sensitive [START_REF] Hansen | Bacterial colonization of cod (Gadus morhua L.) and halibut (Hippoglossus hippoglossuss) eggs in marine aquaculture[END_REF][START_REF] Sugita | Identification of O/129-sensitive Aeromonas by microplate hybridisation method[END_REF], it is accepted that most vibrios are sensitive to these discs and that only a few strains belonging to other groups are sensitive. In the course of our study we screened Norway's two scallop hatcheries for V. pectenicida on the basis of colony morphology (data not shown). This screening process led us to the tentative conclusion that V. pectenicida was not present in the hatcheries and that it should therefore be regarded as an exotic pathogen inNorway. The ARDRA results were inconsistent with respect to the phenotypic characterisations and the 16S rDNA sequencing of the pathogens. Grigioni et al. (2000) found a consistency between ARDRA results and sequencing of 16s rDNA on strains isolated from Sepia officinalis, and [START_REF] Spangaard | The microflora of rainbow trout intestine: a comparison of traditional and molecular identification[END_REF] found good consistency between physiological characterisation and characterisation by partial sequencing of 16S rDNA of strains isolated from the gut of rainbow trout (Oncorhynchus mykiss). It is possible that ARDRA provides better resolution with more closely related strains, as has been shown in a recent study with strains of low diversity isolated from the intestine of halibut, Hippoglossus hippoglossus L. [START_REF] Jensen | Use of PCR-RFLP for genotyping 16S rRNA and characterizing bacteria cultured from halibut fry[END_REF]. One of the pathogenic strains, LT13, was isolated from the microalga Chaetoceros calcitrans. This finding supports the hypothesis that pathogens can proliferate in algal cultures. Riquelme et al. (1996a) found that Vibrio alginolyticus was the predominant species present in microalgae (Chaetoceros spp. and Isochrysis galbana), swimming larvae, seawater from larval culture tanks and in 50-lm filtered seawater held in the reservoir tank of in a Chilean hatchery of the scallop Argopecten purpuratus. All of the V. alginolyticus strains that were isolated, except for one (isolated from swimming larvae), were pathogenic to the scallop larvae. It has been reported that the gastropod mollusc, Clithon retropicus, acquired an increased level of V. parahaemolyticus by feeding on attached microalgae [START_REF] Kumazawa | Ecological cycle of thermostable direct hemolysinproducing strains of Vibrio parahaemolyticus in a brackishwater area with special reference to molluscs and attached microalgae[END_REF]. It is not possible, based on morphology alone, to assign the intracellular bacteria of the gut epithelium of the larvae to a specific genus. However, morphologically similar bacteria have been associated with both Rickettsiaceae and Chlamydiaceae [START_REF] Turnbull | Rickettsias and chlamydias[END_REF][START_REF] Nylund | A morphological study of the epitheliocystis agent in farmed Atlantic salmon[END_REF]. [START_REF] Avakyan | Rickettsiae and Chlamydiae: comparative electron microscopic studies[END_REF] have provided morphological criteria that can be used to separate these two groups of bacteria, including characteristics such as normal anatomy, the formation and structure of altered (abnormal) forms and features of their interaction with host cells. On the basis of these criteria, the intravacuolar bacteria displayed similarities with Chlamydiaceae, while the other intracellular cells showed similarities with some Rickettsiaceae. However, the observations presented in this study are still too meager to base any firm conclusions on the relationships of any of these bacteria. A thorough study of the morphology, development and genetics of these bacteria will be required before the correct taxonomic status of these bacteria can be determined. Intracellular bacteria are common among bivalves, especially Rickettsiceaelike and Chlamydiaceae-like bacteria. While these microorganisms occur in healthy animals without any apparent detrimental effect [START_REF] Elston | Rickettsia and Chlamydia of molluscs[END_REF], there have been reports of mass mortalities caused by these organisms. Le [START_REF] Gall | Branchial Rickettsiales-like infection associated with a mass mortality of sea scallops Pecten maximus[END_REF] reported mass mortalities of Pecten maximus that resulted by bronchial infections caused by Rickettsiales-like organisms, and [START_REF] Leibovitz | Chlamydiosis: a newly reported serious disease of larval and ostmetamorphic bay scallops, Argopecten irradians (Lamarck)[END_REF] established that chlamydiosis is a fatal disease of hatchery-reared larval and postmetamorphic bay scallops (Argopecten irradians). Although prokaryotic infections in marine bivalves molluscs do not appear to promote a response in the host, it has been suggested that heavy infections may reduce the metabolic efficiency and alter the nutritional status of the host [START_REF] Otto | Status of selected unicellular eukaryote pathogens and prevalence and histopathology of inclusions containing obligate prokaryote parasites in commercial bivalve molluscs from Maryland estuaries[END_REF]. The bacteria are most commonly found in the epithelial tissues of the gills and digestive gland of the host bivalve mollusc [START_REF] Elston | Rickettsia and Chlamydia of molluscs[END_REF]) and also in the digestive diverticula and kidney of the bay scallop (A. irradians) (Morrison andShum 1982, 1983). Le [START_REF] Gall | Epizootiological study of rickettsiosis of the Saint-Jacques scallop Pecten maximus[END_REF] suggested that scallops from Norway appeared to be rickettsia-free based upon histological examination of 20 scallops collected in August 1988. Our study showed that challenge with some of the strains resulted in improved motility compared to the controls. It is possible that some of these strains could be used as probiotics. Strains that possess antagonistic effects on pathogenic Vibrio species have been isolated from scallop (Pecten maximus) larvae (Ruize-Ponte et al. 1999), and similar findings have been reported from Chilean scallops (Argopecten purpuratus) (Riquelme et al. 1996b[START_REF] Riquelme | Potential probiotic strains in the culture of the Chilean scallop Argopecten purpuratus (Lamarck, 1819)[END_REF][START_REF] Jorquera | Production of bacterial substances by a marine vibrio isolated from cultures of the scallop Argopecten purpuratus[END_REF]) and from studies with Pacific oyster (Crassostrea gigas) larvae [START_REF] Douillet | Effects of marine bacteria on the culture of axenic oyster Crassostrea gigas (Thunberg) larvae[END_REF][START_REF] Gibson | Probiotic activity of Aeromonas media on the Pacific oyster, Crassostrea gigas, when challenged with Vibrio tubiashii[END_REF][START_REF] Nakamura | Vibriostatic bacteria isolated from rearing seawater of oyster brood stock: potentiality as biocontrol agents for vibriosis in oyster larvae[END_REF], suggesting that beneficial strains may be relatively common in bivalve larval cultures and that their potential should be further investigated.

Conclusions

The following points summarize the results of the investigation reported here:

no larvae survived without prophylactic antibacterial treatment, indicating a bacterial causative agent; two groups of bacteria produced high rates of mortality in the challenge tests: one cluster of strains was similar to Vibrio splendidus, while the other belonged to the Alteromonas/Pseudoalteromonas group; intracellular bacteria probably belonging to the Chlamydiaceae or Rickettsiaceae were found; five percent of the bacteria tested in the challenge test caused increased motility of scallop larvae.
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