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Water supply may in uence the bacterioplankton community
structure

This study showed that water supply may in uence the bacterioplankton
community structure in a sole RAS hatchery. Source: Benjamín Núñez
González [CC BY-SA 4.0 (https://creativecommons.org/licenses/bysa/4.0)].
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Technologies like recirculating aquaculture systems (RAS) with shallow raceway systems (SRS) allow more controlled and
cost-effective production conditions, while having a reduced environmental impact. RAS is an advanced approach that
reuses water in the production system with mechanical and biological lters. SRS contribute for an optimized
hydrodynamic performance over common raceways, allowing a lower water level and plug- ow pattern that enables high
sh stocking densities, improving overall productivity.
The use of high sh densities during production may result in more rapid and severe disease outbreaks. Outbreaks of
parasitic, bacterial and fungal diseases are among the most important limiting factors for the success of aquaculture
production, leading to high mortality rates and important economic losses. For example, the production of Senegalese
sole (Solea senegalensis), a species of considerable commercial value, is strongly limited by its sensitivity to infectious
diseases such as pasteurellosis, vibriosis and exibacteriosis.
The aquaculture water microbiome is essential for maintaining water quality (nutrient recycling) and sh health during
intensive sh production. Naturally occurring or introduced bene cial bacteria (probiotics) may contribute to improve
water quality, inhibit the development of sh pathogens, improve the sh immune system and promote the balance of the
sh bacterial ora.
In previous studies, we showed that S. senegalensis appears to in uence the bacterial communities in a grow-out RAS and
that, despite the presence of several potential sh pathogens, no diseased sh were observed during the study period. Our
ndings indicated that the water in grow-out RAS was dominated by naturally occurring bene cial microbes (antagonistic
populations), which may have played an important role in suppressing the development of putative pathogens. However,
we could not determine if such a trend would also be detectable in RAS systems used for production of juvenile
specimens (hatchery), which are managed under different conditions and stocked from hatching until juvenile stage.
This article – adapted and summarized from the original (https://doi.org/10.1371/journal.pone.0211209) – reports on an
investigation of bacterioplankton community composition and diversity in the water of a commercial hatchery operating a
RAS for the production of Senegalese sole juveniles, and compares results with those previously recorded for sole growout in RAS. We also evaluated our results in light of the putative function of bacterioplankton populations in the hatchery
RAS.

Study setup
Fieldwork was conducted at a RAS hatchery using shallow raceway systems (SRS) for production of more than 1 million
Senegalese sole juveniles annually, grown from hatching to a weight of about 40 grams. The hatchery recirculated water at
less than 5 percent of total system volume per day.
The water supply reservoir (Sup) is lled with seawater pumped through an inlet pipe from the ocean and ozonized in a
tank connected to a protein skimmer (Ozo) before entering the pre-production reservoir (Pre), the hatchery with ~4-gram
juvenile sole at densities about 3.7 kg per square meter. Water from Pre is recycled by passing through a sedimentation
tank (Sed) where mechanical ltration is also carried out. After mechanical ltration, water ows to a bio lter tank (Bio) for
biological ltration and is subsequently pumped back to Ozo where it reenters the system. Water samples for bacterial
community analysis and chemical characterization were collected in triplicate from all ve different compartments (Sup,
Ozo, Pre, Sed and Bio), and several analyzes performed.
For additional information on the study setup, including water chemistry analysis, DNA analysis, and bacterial
communities, please refer to the original publication.

Results and discussion
DGGE analysis (PCR technique used to identify microbial populations) of bacterioplankton communities showed that,
despite the young age of shes and their relatively short period in the tanks (45 days), there was a signi cant separation
between water supply and RAS compartments. The communities of RAS compartments de ned by DGGE also tended to
cluster together.
To examine changes in bacterial richness, rarefaction curves (technique to assess species richness for a given number of
individual samples) were generated for all compartments (Fig. 1). Controlling for sampling size, operational taxonomic
unit (OTU; an operational de nition used to classify groups of closely related individuals) richness in the Sup compartment
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was 35.79 ± 1.02. In the aquaculture tanks, richness was lowest in Sed (69.84 ± 1.74) and highest in Ozo (92.88 ± 4.82).
The high diversity detected in Ozo may be due to an important fraction of dead microorganisms that accumulate in this
compartment naturally derived from water supply and sh and feed waste from Pre tank and from the bacteria that
proliferate in the bio lter.

Fig. 1: Rare ed OTU richness in all sampling compartments. Sup: water
supply; Ozo: ozonation tank; Pre: pre-production tank; Sed: sedimentation
tank; and Bio: bio lter tank.
Results indicate that, despite the fact that the bacterioplankton communities in the water supply were clearly distinct from
RAS tanks, several dominant bacterial communities in the hatchery tanks were originally introduced in the system through
the water supply. This nding is in contrast with the results obtained for sole grow-out RAS, where only few bacterial OTUs
were found to be dominant in the water supply and sh tanks. Probably, due to the early life stage development of the sh
in this study, gut microbes released to the environment via feces may have had lower in uence on hatchery water
bacterioplankton than in grow-out RAS.
Fig. 2 shows taxonomic information about the most abundant OTUs and phylogenetic analyses to identify ecotypes
(genetically distinct geographic varieties, populations or races within a species, genotypically adapted to speci c
environmental conditions) related to these OTUs in different RAS compartments. This approach allowed us to better
understand the composition and putative ecological role of the dominant bacterial populations in the RAS
bacterioplankton.
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Fig 2. Relative abundance of the most dominant bacterial groups (4
phyla, 7 classes, 9 orders) in each sampling compartment.
The overall taxonomic analyses showed that Proteobacteria was the most abundant bacterial phylum in all RAS
compartments (average relative abundance 94.60 ± 4.10 percent), followed by Bacteroidetes (average relative abundance
2.65 ±1.30 percent). The phyla Firmicutes and Actinobacteria were more abundant in the water supply (7.50 percent and
4.13 percent, respectively) than in the hatchery RAS (0.04 percent and 0.05 percent, respectively). The most abundant
orders detected in this study were Alteromonadales (54.98 ± 2.16 percent), Rhodobacterales (28.22 ± 8.17 percent),
Oceanospirillales (2.73 ± 1.41 percent), Vibrionales (2.14 ± 2.32 percent), Flavobacteriales (2.05 ± 0.94 percent),
Lactobacillales (1.50 ± 3.35 percent), Thiotrichales (1.38 ± 0.89 percent), Burkholderiales (1.22 ± 2.62 percent) and
Bdellovibrionales (0.97±0.62 percent).
Overall, our results showed that, with exception of two, all dominant OTUs detected in the hatchery tanks were originally
present in the water supply before entering the RAS. To evaluate the composition of potential sh pathogens in the
hatchery RAS we also speci cally searched for OTUs related to bacterial genera which often comprise known sh
pathogens. We identi ed Vibrio ichthyoenteri, previously reported to be a pathogen of olive ounder.
Likewise, we identi ed a microorganism similar to Vibrio anguillarum, a pathogen that causes vibriosis in approximately
50 species of sh. Two other pathogens, Serratia marcescens and Francisella philomiragia, were identi ed in low
abundance inside the RAS and only the former was detected in the sh compartment (Pre). This species is an
opportunistic waterborne pathogen able to cause disease in a range of animals, including n sh species. However, in line
with our previous study and despite the presence of potential pathogens, no disease outbreak occurred in the hatchery
RAS during this study.
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Perspectives
Exploring the potential of naturally occurring microorganisms as biocontrol agents in aquacultures is not a new concept.
The development of microbial management or modulation approaches should be based on a fundamental knowledge
about the aquaculture microbiome.
This study provides baseline information about the bacterioplankton community composition and diversity of a
commercial hatchery RAS for the production of juvenile Senegalese sole. Our results showed that despite the differences
in relative abundance, the most abundant orders detected in the hatchery RAS (Alteromonadales, Rhodobacterales,
Oceanospirillales, Vibrionales and Flavobacteriales) were also the most abundant detected in the sole grow-out RAS
characterized in our previous study.
Curiously, in contrast to our ndings for grow-out RAS, our results indicated that the bacterial assemblage of the water
supply played an important role for the colonization of bacterial populations in the hatchery RAS. Most remarkable, here
water supply seems to contribute for a strong colonization of Pseudoalteromonas sp. in the tanks, which in turn may play
a role in suppressing the development of potential sh pathogens in the aquaculture system.
Our results suggest that the bacterial community of the water supply may in uence the bacterioplankton community
structure of sole hatchery RAS. However, considering the results obtained for sole grow-out RAS, the contribution of the
water supply to shape RAS bacterioplankton communities may vary between different RAS. Further studies are needed to
investigate the effect of reared sh species and aquaculture practices for identi cation of the key drivers of RAS
bacterioplankton communities.
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