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ABSTRACT

This study investigated if the intensity of sedimentation through settling tanks modifies the
bacterial community composition of biofloc systems and affects performance of shrimp. A 50-
day trial, which was conducted with Pacific White Shrimp juveniles (2.6 g + 0.0 g) stocked at
a density of 906 shrimp m™, evaluated two different biofloc concentrations, i.e., total
suspended solids: T500 (~ 500 mg L!) and T700 (~ 700 mg L™!). To characterize the bacterial
community, 40 water samples were taken for high throughput 16S-rDNA amplicon
sequencing. Water quality variables were statistically similar among treatments and remained
within the appropriate range for shrimp growth. No significant difference in the performance
of animals was observed between treatments. Shrimp survival was high in both treatments (~
90%), but the coefficient of the variation was 5.5 times higher in T500 (11.5%) than that

observed in the T700 (2.1%). Bacterial richness was higher in T700, and composition of the
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bacterial community was different from that of the T500. We argue that a higher intensity of
sedimentation, which decreased the TSS level in the T500, promoted changes in the
microenvironment of these tanks. This, in turn, affected the ecological state of the system by
destabilizing the bacterial community and promoting proliferation of opportunistic species
(e.g., Vibrio) in tanks with lower floc levels. The higher presence of opportunists is likely
related to a reduction in microbial carrying capacity (CC) and an increase in substrate supply
per microbial cell promoted by the higher floc removal. Under such conditions, fast-growing
opportunistic r-strategists are favoured because they perform better in uncrowded
environments with high resource availability per cell. Conversely, tanks with higher floc
levels, closer to the CC, and thus with scarcer resources per cell, result in strong competition
and selection of slow-growing competition specialists - the K-strategists. In conclusion, our
results show that the control of floc levels can be an important strategy to obtain bacterial
control and should be considered in management practices.

Keywords: BFT, Settling, Microbial Ecology, Metagenomic, Shrimp

1. Introduction

Biofloc Technology (BFT) represents one important strategy to achieve a sustainable
aquaculture (Martinez-Cordova et al., 2015). In this system, bacteria play a fundamental role
in nutrient cycling, which allows reduced water usage and makes BFT environmentally
friendly and more biosecure (Avnimelech, 2012). Although many heterotrophic bacteria are
beneficial, opportunistic pathogens may grow and impact production negatively (Johnson et
al., 2008; Krummenauer et al., 2014; Moriarty, 1997; Skjermo & Vadstein, 1999; Toranzo et
al., 2005; Tran et al., 2013). Thus, identifying which factors affect the dynamics of the
microbiota in both bioflocs and water is necessary to have a better control and predictability

of these systems. A common practice in BFT is the removal of excess microbial flocs because
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they can clog the gills of shrimp (Schveitzer et al., 2013). It has been shown that floc removal
through settling tanks modifies the structure of the bacterial community, probably due to
bioflocculation that changes settling properties of flocs (Schveitzer et al., 2020). In addition to
this short-term effect, this routine process may also act as a long-term selection pressure that
reduces the microbial biomass in relation to the microbial carrying capacity (CC) and
increases the resources supply per microbial cell. These changes in the ecological state of the
culture systems may destabilise the microbial community and promote proliferation of
pathogenic opportunists (Vadstein et al., 2018).

The differentiation between opportunistic and non-opportunistic species is probably a
more adequate and successful strategy to manage microbial communities in aquaculture
systems than using a species level approach (Vadstein et al., 1993; Vadstein et al., 2018).
This division is theoretically formalized in the r/K-selection theory (MacArthur & Wilson,
1967), which states that selective pressure drives selection in one of two generalised
directions by favouring species with distinct growth strategies. The r-selected organisms have
high growth rates at the expense of competitive ability and specialisation, and they rapidly
colonise unexploited environments with high resource availability per cell. In BFT tanks,
biofloc levels below 800 mg Lt are suggested as safe for Litopenaeus vannamei farming
(Schveitzer et al., 2013). Below this threshold, however, systems can be operated in different
ranges of minimal and maximal levels: e.g., 300-500, 400-600, 500-700 and 600-800 mg L.
A problem which might emerge in systems operated at the lower limits (e.g., 300-500) is that
microbial biomass would be reduced in relation to the CC. Carrying capacity is the maximum
number of cells that can be sustained in the system over time (Vadstein et al., 1993), and it
has been shown that recirculating aquaculture systems operating below their CC are more
susceptible for r-strategists proliferation (Attramadal et al., 2016). The r-selected species are

often referred to as opportunistic, and most pathogens are characterised as r-strategists
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(Andrews, 1984). In this sense, keeping floc levels in low levels may select for growth of
undesirable microorganisms, as the opportunistic pathogenic bacteria within the Vibrio genus

(Brown et al., 2012; Vadstein et al., 2013).

One alternative to restrict proliferation of potentially harmful bacteria (r-strategists)
would be the establishment of communities with predominance of non-opportunistic K-
strategists (Salvesen et al., 1999; Skjermo et al., 1997). These organisms have traits that make
them successful in crowded environments, with microbial densities close to the CC, and they
are competition specialists with high affinity for resources (Vadstein et al., 2018). In BFT,
systems with higher floc levels and thus closest to the CC are hypothesized to select for a
community with predominance of K-strategists. This is expected to occur because those
systems have a more competitive environment with a low substrate supply per cell due to
higher biomass, and they would reduce the probability of proliferation of opportunistic r-
strategists by filling the niches of the rearing water and bioflocs with harmless K-strategists.

In the current study, we tested the above hypothesis by investigating if a higher
intensity of the floc sedimentation, which reduces the TSS levels in culture tanks, modifies

the structure of bacterial community and consequently affects the performance of shrimp.

2. Material and methods

2.1 Source of biological material and biofloc-rich water for the experimental phase
Ten-day-old specific pathogen free post-larvae (PL1o) of Litopenaeus vannamei

(Speedline Aqua) were acquired from Aquatec LTDA, Canguaratema, RN, Brazil. Post-larvae

were cultured in an intensive nursery tank at a stocking density of 18 animals L™* for 16 days

according to established procedures (Schveitzer et al., 2017). The survival rate in this phase

was 98%.
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Following the nursery phase, PLs were raised at a stocking density of 940 post-larvae
m2in a1 m? cylindrical tank (matrix tank) containing artificial substrates (Schveitzer et al.,
2018). The final weight and survival of shrimp after 72 days were 2.7 g and 92%,
respectively. The matrix tank was initially filled with natural seawater and no water was
exchanged during the culture. The shrimp were fed a commercial feed with crude protein
constituting 38-40% (Guabi Nutricdo e Saude Animal, Campinas, SP, Brazil) (Guabi
Potimar). The temperature and the dissolved oxygen in the matrix tank were kept in ~ 28° C
and ~ 6 mg L2, respectively. The maximum concentration of total suspended solids (TSS)
was ~ 700 mg L; salinity was ~ 20 g L; pH 7.5-8.0; alkalinity 100-150 (mg CaCOs L).
Average ammonia nitrogen (mg TAN L) and nitrite (N-NO2") concentrations were 0.19 and
0.17 mg N L, respectively.

Ammonia was controlled by different pathways during the culture. In the beginning,
glycerol was added to the tank to stimulate the production of heterotrophic bacterial biomass
from ammonia (Avnimelech, 1999). This action was initiated when total ammonia nitrogen
(TAN) increased above 1 mg L2, The amount of glycerol was calculated based on
Avnimelech (1999) and (Samocha, 2019), i.e., 20 g of carbohydrate (6 g of organic carbon)
per 1 g of total ammonia nitrogen (TAN). After this initial period, the daily addition of
calcium hydroxide was necessary to compensate for the acidification, which is an indicative

of nitrification (Ebeling et al., 2006).

2.2. Experiment and sample collection

A 50-day (7 weeks) experiment was conducted to study the bacterial community
composition in shrimp culture tanks submitted to two different biofloc concentrations,
expressed as total suspended solids: T500 (~ 500 mg L) and T700 (~ 700 mg L™?). Each tank

was randomly assigned to a one-factor experimental design with three replicates per
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treatment. Each experimental unit was stocked with 29 juveniles of L. vannamei (average wet
weight of 2.6 + 0.0 g) from the matrix tank, representing a stocking density of 906 shrimp m=,
Samples for bacterial analysis from each experimental unit were collected weekly. In total, 48
samples were collected, but only 40 were sequenced because eight samples were lost during
the DNA extraction process. Each sample of biofloc-rich water was collected at mid-depth of
the water column in the center of the tanks.

The water used in the experimental units was pumped from the matrix tank on the
same day as the shrimp were stocked. This water had a TSS concentration of ~ 700 mg L™
and no adjustments were required for the T700. For the T500 treatment, TSS reduction was
accomplished by decantation in settling tanks. The experimental units consisted of rectangular
plastic tanks (0.45 m length x 0.32 m width x 0.26 m height), with a useful volume of 32 L
(0.22 m height). Each tank contained a hose with micropores, which were used to oxygenate
the water and keep the solids in suspension. A 1.0-HP regenerative blower was used to aerate
all tanks. The tanks were kept in an isolated room and received only artificial lighting (LED
lamps) with 12/12 photoperiod. Water temperature was kept constant using 50-W submersible
heaters connected to thermostats (one thermostat for each three heaters). Conical bottom
settling tanks with a useful volume of 2.5 L were used to maintain the required TSS levels for
each treatment. In T500 and T700, the settling process occurred when TSS increased above
500 and 700 mg L™, respectively. After removal of solids from the settling tanks, the solids-
free water was returned to the respective tank.

A 35% protein commercial feed (Guabi Nutricdo e Saude Animal, Campinas, SP,
Brazil) (Guabi Potimar) was offered four times a day. About 5-10% of the feed in each
feeding was placed in checking trays to evaluate consumption and to adjust the amount
offered. Tray checking was performed 1 hr after offering feed. The addition of calcium

hydroxide Ca(OH): (hydrated lime) was used to maintain alkalinity close to 150 mg L.
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Water was not exchanged during the experiment, but new freshwater was added to
compensate for water loss due to evaporation (dechlorinated with sodium thiosulphate).

Glycerol was not added to the tanks during the experimental phase.

2.3. Water quality variables

Dissolved oxygen and the temperature were measured twice a day using an YSI 550A
probe (YSI Incorporated, Yellow Springs, OH, USA). The pH (pH meter PHB-500, IONLAB,
Araucéria, PR, Brazil) and total suspended solids (TSS) (APHA 2005—2540 D) were
analysed daily. Salinity (refractometer RHS-10, YHequipment, Shenzen, China), alkalinity
(APHA 2005 2320 B), ammonia (total ammonia nitrogen) and nitrite were analysed three
times a week. TSS were measured using 0.6-um fiberglass microfilters (GF-6, Macherey-
Nagel, Duren, Germany). Total ammonia nitrogen (TAN) and nitrite (N-NO) analyses
followed the spectrophotometric methods described by Koroleff (1970) and Bendschneider

and Robison (1952), respectively.

2.4 Shrimp performance

To assess the performance of the shrimp we used final average wet weight (g), average
wet weight gain (g week™), survival (%), final biomass (kg wet weight m®) and the feed
conversion rate (FCR). The initial stocking biomass was subtracted from final biomass in the
calculation of FCR. Seven shrimp per experimental unit were sampled and weighted
individually every two weeks to monitor health, growth, and to adjust daily rations of feed.
After weighing, the shrimp were returned to their respective tanks. In the end of the

experiment, all shrimp from each experimental unit were weighed and counted.
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2.5. Bacterial community analyses

The characterization of bacterial community composition was determined by high
performance sequencing and bioinformatics, with annotations up to genus level.
Approximately 50 ml of water from each tank were collected with a syringe, immediately
before the first feed ration that day, filtered with Sterivex filter (0.22 um), and stored with 1.8
mL of TE buffer (50 mM Tris-50 mM EDTA) at -20 °C until the extraction.

Samples were lysed with 0.5% SDS and 50 mg of proteinase-K (Machery-Nagel™)
inside the Sterivex filter at 50 °C for 60 min, and then transferred to microtubes. DNA was
extracted with phenol:chloroform:isoamyl alcohol (25:24:1) and precipitated with ethanol.
After extraction, the concentration of DNA (ng uL™) and the purity (A260/280, A260/230)
were measured with a NanoDrop 2000 Spectrophotometer® (Thermo Scientific, Wilmington,
DE, USA).

The hypervariable V3-V4 region of the 16S ribosomal RNA gene (16S rDNA) was
amplified with broad coverage primers (Klindworth, 2013) with commercial adapters
recommended in the 16S Sample Preparation Guide (llumina). PCR products with adaptors (~
460 bp) were indexed and quantified according to standard protocols. The amplification and
the sequencing were made at the Centro de Metagenomica Funcional ESALQ/USP
Piracicaba, employing a pair ended protocol with a 600 cycle kit for Illumina MiSeq
platform.

The raw sequences were dynamically trimmed using SolexaQA ++ (Cox et al., 2010),
and barcodes and short sequences (< 75 bp) were removed. Paired ends were organized with
PAIRFQ (open license software) and joined with PANDASEQ (Masella et al., 2012).
Identical reads replicas were grouped using a grep command at the prompt system. Chimera
were checked through CATCh, in self reference mode (Mysara et al., 2015), and no chimera

were found. To group the data into OTUs we used SWARM (Mahé, 2014). Mothur 1.36
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(Schloss et al., 2009) was then used for taxonomic assignment of the OTUs (classifiy.seqs)
using the Silva SSU database (v1. 32) (Quast et al., 2012) made available by Mothur. OTUs
representing eukaryotic and archaeal amplicons were removed before further statistical
analysis. Data was normalized to the lowest read count (78,365) to avoid bias in diversity

analyses due to variable sequencing depth.

2.6. Statistical analyses

Data on shrimp performance and water quality variables were analysed by one-way
ANOVA. Prior to the analysis, normality (Shapiro-Wilk test) and homogeneity of variances
(Levene test) were tested (Zar, 2010). Survival data were angular transformed before analysis.

Two-way ANOVA was applied to test the significance of the differences in the alpha-
diversity indices (richness and evenness) of the bacterial communities, with treatments (solids
level) and time (culture weeks) as the two factors. Richness was represented by the count of
OTUs; and evenness was calculated as e"/Richness, where H refers to the Shannon diversity
Index (Hill, 1973). For ordination of samples we used non-metric multidimensional scaling
(nMDS) based on Bray-Curtis similarity (Bray & Curtis, 1957). Two-way PERMANOVA
based on Bray-Curtis similarities was used to test for differences in community structure due
to treatment (solids level) and time (culture weeks) (Anderson, 2008).

Data analyses were conducted using the software STATISCA (Statsoft Inc., Tulsa,
Oklahoma, USA), PAST v.4.03 (Hammer et al., 2001), and PRIMER v.6 (Clarke & Gorley,

2006) with the PERMANOVAL1 package (Anderson et al., 2008).
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3. Results
3.1. Water quality variables and performance of shrimp

Significant differences in water quality variables between treatments were observed
only for alkalinity and nitrite, which were higher 9.5% and 87.5% higher, respectively in T500
(Table 1). TSS were controlled according to the experimental design (Figure 1), and the
concentrations were kept at 514 + 9 mg L™ (T500) and 724 + 43 mg L™ (T700). There were no
significant differences in the shrimp performance between treatments (Table 2). Importantly,
the coefficient of the variation in the survival was 5.3 times higher in T500 (11.6%) than in the

T700 (2.2%).

3.2. Bacterial community composition

The Illumina sequencing yielded a total of 1,768 OTUs, and the sequencing depth
ranged between 78,365 and 135,429 reads per sample. To avoid sequencing depth bias, all
samples were normalized to the lowest read for any sample (78,365). Nine OTUs occurred
with abundance higher than 1% in both treatments, representing ~ 34% of all the reads (Table
3). Another six OTUs in the T500 and two in the T700 occurred with abundance > 1% (Table
3).

The OTU Richness was 3.7% lower in the T500, and evenness was statistically similar
between treatments (Table 4). The variable time (culture weeks) also affected richness
significantly and, in general, there was a reduction in the species number from the begging to

the end of culture in both treatments (data not shown).

Visualization of similarities between samples with ordination by nMDS indicates
separation of the samples based on differences in solids levels throughout the experiment
(Figure 2). Moreover, for both treatments there is a shift in position with time along the first

axis. The results of the two-way PERMANOVA reveal a significant effect on the bacterial
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community structure by both the level of solids and the time (culture weeks) (Table 5), but
without an interaction effect between these two variables. We conclude that the bacterial
community composition was affected by the differences in selection pressure due to the solid
level in the tanks, and that the community composition did not seem to stabilize during this 50

days experiment. (Table 5).

4. Discussion

4.1. Water quality variables and performance of shrimp

The water quality variables remained within the appropriate range for L. vannamei
culture (Van Wyk & Scarpa, 1999). Alkalinity was lower in T700, and this is probably related
to the higher nitrification activity in this treatment, which produces acidification. This is
supported by the lower nitrite concentrations observed in these tanks, indicating a more
complete oxidation of nitrite to nitrate (Cohen et al., 2005). In T500, however, higher nitrite
concentrations may be associated with the higher intensity of floc removal. In such
conditions, cell retention time can be reduced beyond the generation time of nitrifyers,
lowering the biomass of these bacteria and promoting accumulation of nitrite (Schveitzer et
al., 2013).

Although the average survival was high in both treatments, the coefficient of variation
was higher in T500 with survivals of the 100.0, 93.1 and 79.3%. A higher variability in
performance is a typical characteristic for r-selected communities (Vadstein et al., 2018)
hypothesized for the microbial community structure in tanks with lower floc levels (discussed
below). This argument is reinforced by the fact that mortality outbreaks in shrimp farming
accompany the disruption of the core microbiota present in the shrimp intestine (Vadstein et
al., 2018; Yao et al., 2018), which is induced by shifts in the environmental microbiota

(Landsman et al., 2019).
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4.2. Bacterial community composition

One of the hypotheses of this study was that tanks with higher floc levels would have
higher richness and evenness of OTUs. Indeed, richness was higher in T700, and this may be
related to a higher presence of rare species. These low abundant OTUs were probably
associated with settled floc particles that were more frequently removed from the T500
treatment due to a higher sedimentation frequency. This is supported by our previous work
(Schveitzer et al., 2020), which showed that sedimentation decreased the abundance of
microorganisms strongly associated with settled flocs. Regarding the other alpha-diversity
indices, no significant differences were observed between treatments. This is likely because
the richness differences of rarer groups have less impact on the evenness.

Our data also showed that the bacterial community structure was altered in tanks
subjected to different sedimentation intensities. We argue this change is related to a
modification in the ecological condition of the culture environment due to the perturbations
promoted by the process of sedimentation. The reduction of the microbial density (bioflocs)
by settling increased the difference between the microbial biomass of the tanks and the
microbial carrying capacity (CC) of the system. This enriched environment (high availability
of nutrients per cell) with space for colonization (low competition) benefits fast-growing
opportunistic r-strategists (Vadstein et al., 1993; Hess-Erga et al., 2010). In the T500
treatment, floc levels were lower and the microbial biomass was more distant from the CC, a
condition that supported the proliferation of opportunistic r-strategist bacteria such as Vibrio
spp. (discussed below). Differently, tanks with higher floc levels (T700) in which the biomass
of microorganisms was closer to the CC, the occurrence of K-strategist bacteria was
encouraged (as discussed below). This occurs because K-selection takes place in stable

environments (less disturbed, e.g., by sedimentation) where the ability to compete
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successfully for limited resources (e.g., dissolved organic matter) is important, i.e., in a
community close to the CC (Vadstein et al., 2018).

As mentioned above, the management of solids applied on the T700 tanks appeared to
have created an ecological state that was more suitable for K-strategic microbes. For example,
we observed a higher occurrence of bacteria of the family Rhodobactereaceae in these tanks.
They are colonizers of biofilm and predominantly K-strategists (Table 3, Fig. S1) (Bruhn et
al., 2007; Cardona et al., 2016; Xiong et al., 2018). Organisms from this family have also
been suggested as probiotic species due to the antagonism towards members of the
Vibrionaceae family (Fjellheim et al., 2010; Prol-Garcia et al., 2014). Additionally, they are
considered important organisms in water treatment (Zheng et al., 2017) and in promoting the
health of cultivated shrimp (Cardona et al., 2016; Wang et al., 2014; Yao et al., 2018).
Bacteria of the family Rhodobactereaceae are also found in higher abundance in the intestine
of healthy compared with sick shrimp (Chen et al., 2017; Yao et al., 2018; Zhu et al., 2016).

In tanks of the T500, however, potentially pathogenic bacteria occurred in a higher
proportion, e.g., members of the genus Vibrio (Table 3, Fig. S1). Vibrio are opportunistic r-
strategists and some species are related with diseases in fish and shrimp (Fjellheim et al.,
2010; Sudheesh et al., 2012). Representatives of this group can have a doubling time of 24
minutes under optimal conditions, and an even faster growth (10 minutes) is possible in
glucose-rich environments (Long et al., 2017). Other organisms associated with diseases in
aquatic organisms were also more abundant in the T500. The genus Tamlana and
Aurantivirga are both members of the family Flavobacteriaceae, which includes fast-growing
pathogenic organisms (e.g., Flavobacterium) (Table 3, Fig. S1) (Farkas, 1985; Holt et al.,
1989; Nematollahi et al., 2003; Starliper, 2011; Wakabayashi et al., 1989). In addition, the

genus Cyclobacterium and the family Pseudoalteromonadaceae (genera Pseudoalteromonas
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and uncultured) belong to a group of bacteria that often are pathogenic (Table 3, Fig. S1)
(Huang et al., 2020; Xiong et al., 2018).

The selective effect of the sedimentation on particles with different settling properties
may also have contributed to some extent to the change in the structure of the bacterial
community. This has already been suggested in a previous study which observed that dense
floc particles removed from the water column by sedimentation have a different set of species
when compared to the unsettled particles (Schveitzer et al., 2020). These authors argue that
settling process removes dense floc particles from water column and reduces the abundance of
microorganisms affiliated with the settled flocs, possibly floc forming bacteria. As the tanks
of the T500 treatment were submitted to more frequent settlements, the removal of dense
bioflocs was more intense in these tanks. In fact, tanks of the T700 had a higher abundance of
bacteria of the Rhodobactereaceae family, whose abundance is often highest in association
with organic particles, suggesting that cell-surface interactions are a defining feature of
lineage members (Slightom and Buchan, 2009). Similar results were observed by Schveitzer
et al. (2020), which registered a higher abundance of Rhodobactereaceae in samples with
TSS between 680 and 1030 mg L™ than in samples in which TSS was lower than 200 mg L.

Differences in the alkalinity and concentration of nitrite between treatments were
observed, and we have suggested that this was a consequence of the reduction of the nitrifying
bacterial biomass. Nevertheless, one may hypothesize that these water quality variables could
have affected the composition of heterotrophic bacteria instead of, or additionally to, the
solids level. Alkalinity is a variable that should affect autotrophic bacteria because it implies a
source of inorganic carbon, or heterotrophic bacteria through pH. However, pH was equal
between treatments and thus it is unlikely that alkalinity had affected the community of
heterotrophic bacteria. A higher concentration of nitrite theoretically could inhibited specific

groups, thereby conferring competitive advantages for some bacterial species. Few reports of
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nitrite affecting bacteria are available, which impairs our discussion. For instance, Lin et al
(2020) reported the inhibition of freshwater annamox bacteria in very high nitrite
concentrations (above 450 mg L), way above the values reported here. Nitrite could
represent a substrate in processes such as aerobic nitrite oxidation or anaerobic ammonia
oxidation. In this case, it should influence more autotrophic communities than heterotrophic
ones such as in our study.

It is worth noting that the feed supply increased in both treatments during the culture
period (Fig. 1). This, in turn, increased the CC of the tanks because parts of the feed that are
not utilized by the shrimp are thus available for bacteria. As the floc levels remained constant,
the difference between the microbial biomass in the tanks and the CC increased over time in
both treatments. This change, which modified the availability of nutrients per microbial cell
and affects the competition between microorganisms, may have been responsible for the
temporal shift in the bacterial community in all tanks. Nevertheless, the microbial biomass in
T700 treatment seemed to be high enough to assure selection against opportunists even when
the feed load was increased.

The present results have practical implications for the management of biofloc system.
It has been shown that some solids removal is essential to keep water quality stable and to
prevent clogging of gills in cultured organism (Gaona et al., 2017; Ray et al., 2010; Ray et
al., 2011, Schveitzer et al., 2013). However, our findings indicate that it would be
microbiologically safer to keep higher floc concentrations in culture tanks as long as adequate
concentrations are maintained for the cultured animal. This seems to be a better choice
because a less perturbed system (i.e., lower number of settlings) is less prone to proliferation
of opportunistic pathogenic bacteria. Thus, to increase the probability of better crop yields
and healthier animals, the choice of a target floc concentration by the farm managers needs to

consider the different variables affected by the solids management — physicochemical water
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quality, microbial water quality, and animal welfare and viability. Target floc concentrations

still need to be determined, as they can vary between species.

5. Conclusions

We have shown that the bacterial community composition and the probability of
detrimental bacteria depends on the intensity of the floc sedimentation process applied in
culture tanks. Culture tanks operated with higher TSS (close to 700 mg L) have greater
bacterial species richness and are less susceptible to the occurrence of opportunistic
pathogenic bacteria (including vibrios), than tanks in which TSS were kept lower (close to

500 mg LY).
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Figure captions

Fig. 1. Total suspended solids (TSS) (mean + SD) in T500 (o) and T700 (o) during 50 days of
culture of L. vannamei at a stocking density of 906 shrimp m. Numbers below and above the
TSS is the number of times per week the settling process was performed: T500 (A) and T700

(V). The two lower lines [T500 (...) and T700 (- -)] represent feed consumption per week.

Fig. 2. Non-Metric Multidimensional Scaling (nMDS) ordination based on the Bray-Curtis
similarities from abundance data of tanks of L. vannamei reared under two TSS
concentrations during 50 days at a stocking density of 906 shrimp m™. Numbers above the

symbols indicate the sampling date.
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Table 1. Water quality variables in tanks of L. vannamei reared under two TSS concentrations

during 50 days at a stocking density of 906 shrimp m=,

Variables T500 T700 p-value?
Temperature (°C) 293+0.3 295+£0.2 0.2540
Dissolved oxygen (mg L") 6.2+0.1 6.2+0.1 0.7380
Salinity 20+0 200 0.3739
pH 7.9+0 7.9+0.1 0.3824
Alkalinity (mg CaCO; L) 153.6 +1.7 140.3+3.6 0.0042
Ammonium nitrogen (mg TAN L) 04+0.1 03+0.1 0.1713
Nitrite (mg NO, - N L) 1.5+0.1 0.8+0.1 0.0004

Values are means =+ standard deviation.

? Bold values stand for significant effects by one-way ANOVA.

Table 2. Shrimp performance (means + standard deviation) in tanks of L. vannamei reared

under two TSS concentrations during 50 days at a stocking density of 906 shrimp m~. Weights

given as wet weight.

Variable T500 T700 p-value

Final average weight (g individual ") 6.3+0.5 6.7+0.1 0.1625
Avg. weight gain (g week™) 0.5+0.1 0.6+0.0 0.1625
Survival (%) 90.8 £10.5 90.8+2.0 0.6821
Final biomass (kg m™) 52+0.9 55+0.1 0.5450
Food conversion ratio (FCR) 3.1+£0.6 2.8+0.1 0.1625

Initial average weight: 2.6 + 0.0 g individual ™.



630 Table 3. Relative abundance (percentage) of the most prevalent OTUs (abundance > 1%) present in tanks of L. vannamei reared

631 under two TSS concentrations during 50 days at a stocking density of 906 shrimp m™. All OTUs belong to the Bacteria domain.
Phylum Class Order Family Genus T500 T700
Bacteroidetes  Bacteroidia Chitinophagales Saprospiraceae uncultured 9.1+54 10.1+5.8
Chloroflexi Anaerolineae Caldilineales Caldilineaceae uncultured 55+37 9.9+6.0
Actinobacteria Actinobacteria PeM15 PeM15 fa PeM15 ge 30+4.1 <10
Proteobacteria Gammaproteobacteria Alteromonadales Pseudoalteromonadaceae Pseudoalteromonas 2.1+ 1.3 1.3+£0.6
Bacteroidetes  Bacteroidia Chitinophagales Saprospiraceae Phaeodactylibacter 2125 24126
Proteobacteria Gammaproteobacteria Alteromonadales Psychromonadaceae Motilimonas 2007 20+0.8
Proteobacteria Alphaproteobacteria ~ Rhodobacterales Rhodobacteraceae Donghicola 15+28 20+38
Proteobacteria Deltaproteobacteria PB19 PB19 fa PB19 _ge 14+14 1.0£1.0
Bacteroidetes  Bacteroidia Flavobacteriales Flavobacteriaceae Aurantivirga 1.3+15 <1.0
Proteobacteria Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 1.2+15 <10
Proteobacteria Gammaproteobacteria Alteromonadales Pseudoalteromonadaceae uncultured 1.2+0.7 <10
Bacteroidetes  Bacteroidia Flavobacteriales Flavobacteriaceae Tamlana 1.1+06 <1.0
Bacteroidetes  Bacteroidia Cytophagales Cyclobacteriaceae Cyclobacterium 1.1+27 <10
Proteobacteria Alphaproteobacteria ~ Rhodobacterales Rhodobacteraceae Litorisediminivivens 1.1+1.4 11+£12
Chloroflexi Anaerolineae SBR1031 Adb Adb_ge 1.0+£08 1.2+09
Proteobacteria Alphaproteobacteria ~ Rhodobacterales Rhodobacteraceae Maliponia <10 16+£19
Proteobacteria Alphaproteobacteria ~ Rhodobacterales Rhodobacteraceae Rhodobacteraceae_ge < 1.0 16+£27

632 Values are means =+ standard deviation; n = 20 in T500 and n = 20 in T700.

633 <1.0: abundance lower than 1%.



634 Table 4. Alpha-diversity indices for bacterial communities in tanks of L. vannamei reared
635 under two TSS concentrations during 50 days at a stocking density of 906 shrimp m™, and

636 results from two-way ANOVA testing for differences between groups and sampling time.

Index Treatment ANOVA
T500 T700 TSS Time TSS x Time
(culture weeks)
OTU-Richness (S) 994 + 65 1033 + 48 0.0337 0.0009 0.3732
Evenness 0.127 + 0.025 0.124 + 0.029 0.5409 0.9149 0.4867

Values are means + standard deviation.

Bold values stand for significant effects by the two-way ANOVA.

Table 5. Results of the two-way permutational multivariate analysis of variance
(PERMANOVA) of the microbiota from samples of tanks of L. vannamei reared under two

TSS concentrations during 50 days at a stocking density of 906 shrimp m.

Source df SS MS Pseudo-F P (perm) Perm.
TSS 1 3140 3140 5.0251 0.0010 997
Time (culture weeks) 7 23101 3300.1 5.2813 0.0010 997
TSS x Time 7 5710.1 815.72 1.3054 0.0670 997
Res 24 14997 624.86

Total 39 48433

Bold values stand for significant effects.
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