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ABSTRACT
AquaBioPonics Bioflocs system, that synergistically combines aquaculture with bioflocs technology, algae cultivation,

hydroponics and rainwater harvesting, is an efficient aquaculture biotechnology to produce fish, shrimp and organic

vegetables. By adding a commercial probiotic to our systems, we observed an improved productivity and significantly

lower ammonia concentrations. We provide initial insight into the overall microbiome and the presence of nitrogen

metabolizing bacteria present in these high-yield aquaculture systems.
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INTRODUCTION

The efficiency of AquaBioPonics systems can be strongly
improved when bioflocs technology (BFT) is added as water
quality management technique. Bioflocs by their definition, are
clustered aggregations of microbial communities such as
phytoplankton, zooplankton, bacteria, and living and dead
particulate organic matter. Shrimp and tilapia especially benefit
from BFT due to their ability to filter-feed on floc in the water
column, thereby reducing feed costs by improving feed
conversion [1,2]. Recently, studies also show that bioflocs can be
collected from culture systems, dried and added as a component
to pelleted aquaculture feeds, substituting 2/3 of fish meal and
100 percent of plant meals. However, the economic feasibility of
employing flocs as a dried feed constituent demands more
research [3].

To promote biofloc production, it is important to control the
pH (7-8), ammonia, nitrite, nitrate, and sludge of the tanks/
raceways. In biofloc systems, there are three main processes that
control ammonia: algal uptake, bacterial assimilation, and
nitrification [4]. To maximize these processes, balancing input
C:N ratio is the major management strategy for ammonia
control in bioflocs systems, however it is expected that the
bacterial diversity of the aquaculture plays an important role as
well. To study the bacterial diversity, we tested our
AquaBioPonic Bioflocs systems with probiotics (APB;

Aquabioponics ProBiotics) and without applying commercial
probiotics (ANPB; Aquabioponics Non-ProBiotics). These
probiotic formulas are designed to digests organic sludge,
improve FCR and reduce ammonia, nitrite, and nitrate. In this
report, we describe how the ammonium concentration in the
cultures were reduced to very low levels, indicating the
ammonium was transformed into microbial biomass. To
understand more about the microbial processes involved in this,
we compared the microbial composition using 16S RNA
amplicon metagenomics between tanks with (APB) and without
probiotics additions (ANPB).

MATERIALS AND METHODS

The experiments ran for 60 days at ACI FishFarm, Florence
Arizona, using 6 nursery circular tanks (10 cubic meters –
12,000 fish with initial average weight of 0.9 g – final average
weight 32.7 g) and 6 raceways (201 cubic meters with 12,000 fish
with initial average weight of 36.5 g – final average weight 153.5
g), comparing them with other tanks/raceways also in full
production, but not using the probiotic (Figure 1). Fish (Tilapia)
were growing for 15 days in the circular tanks and 35 days in the
raceways, before applying the probiotics in a final concentration
of 0.5 mg/L. Total ammonium concentrations (expressed as
NH3-N), nitrite and nitrate concentrations were measured using
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the Total Nitrogen, Nitrite and Nitrate Reagent Hach Kit
(Hach).

Figure 1: AquaBioPonics Bioflocs systems at ACI FishFarm,
Florence Arizona, are set up as open, recirculating raceway (top
images) or nursery circular tanks (bottom images).

Water samples for 16S rRNA metagenomics were collected in
September 2019 from our tanks and raceways, shipped overnight
to the lab and stored at 4°C. Samples were taken from both the
ANPB and APB tanks 10 days after addition of the probiotics to
the APB tanks. Samples were collected in triplicate and pooled
for each condition. Total DNA was extracted using the PureLink
Microbiome DNA Purification Kit (Invitrogen), resulting in a
absorbance 260/280 ratio of 1.98 (ANPB) and 1.92 (APB) as
measured by Nanodrop (Thermo Scientific). A 16S rRNA
amplicon sequencing library was prepared for each sample,
following the 16S Metagenomic Sequencing Library Preparation
protocol (Illumina), using amplicon primers targeting the V3
and V4 regions [5]. The samples were sequenced using a 1.8 pM
library with an Illumina MiniSeq using paired-end (2 ×150 bp)
sequencing. Primer sequences were removed and reads with low
quality scores (average score<20) were filtered out using the
FASTQ Toolkit (Illumina, version 2.2.0). The 16S
Metagenomics app within BaseSpace (version 1.0.1) was used to
perform a taxonomic classification, which uses an Illumina-
curated version of the GreenGenes taxonomic database [6].
Default parameters were used for all the software applications.

RESULTS AND DISCUSSION

After 10-20 days, the total ammonium concentration in the
tanks and raceways were steadily at very low levels (=< 1.0 ppm)
in the probiotic-added tanks (APB), indicating that ammonium
was transformed into microbial biomass. Nitrite, and nitrate,
and sludge are also all within safe levels. Before we started using
probiotics and in the ANPB tanks raceways/tanks, these levels
reached 8.0 ppm on average and frequently spiked higher. To

control these parameters, we previously had to constantly apply
a local made bioflocs mix (brown/white sugars, molasses, starch,
cassava, and flours - wheat, oat, corn). This substantially
increased the labor intensity to maintain good water quality
levels. The basic differences observed in fish (Tilapia) yield were
increased survival rates (between 95% and 99%) and feed
conversation ratios (=< 1.0). We harvested the fish in the tanks
(at the end of the 60-day experiment) and continued in the
raceways until the fish reached 850 g (total time: 135 days).

Total DNA was extracted from water samples (5 ml) taken from
both the tanks and the raceways, obtaining an average yield of 5
ng/ul for the ANPB samples and 50 ng/ul for the APB samples,
with a 260/280 ratio of 1.98 (ANPB) and 1.92 (APB). Illumina
sequencing generated 438,278 reads for ANPB and 437,626
reads for APB, which were analyzed for metagenomic
composition using the Metagenomics app within Basespace
(Illumina). The two samples showed a clear difference in
bacterial composition at the family level and beyond. Table 1
illustrates the most abundant OTUs showing a significant
difference at the family level between the two samples. 79% of
the reads were classified to the genus level.

Table 1: Overview of the bacterial diversity at the family level, based on
16S rRNA gene amplicon analysis of samples from Aquabioponics
systems. ANPB is a sample without probiotics added, while APB is a
probiotic containing sample. Only families with abundances over 3.5%
of the reads are represented.

ANPB APB

Classification
% of
reads Classification

% of
reads

Rhodobiaceae 8.5 Chloroplast 7.4

Family_XIII 8.1 Rhodobacteraceae 5.5

Rhodobacteraceae 7.6 Saprospiraceae 4.4

Comamonadaceae 5.3 Planctomycetaceae 3.9

Notably, there was no chloroplast representation in the ANPB
top results, indicating less algal growth in these aquacultures.
According to a Shannon Species Diversity Analysis [7,8] each of
the samples contained around 2000 potential species. There
appears to be substantially higher representation of nitrogen-
metabolizing species in the APB culture compared to the ANPB
culture (Figure 2). Nitrosomonas contained 700 reads in APB and
167 reads in ANPB, and Nitrospira contained 1608 reads in APB
versus only 48 reads in ANPB species. No significant amounts of
Nitrobacter species was found in either sample. These results are
consistent with our observation of significantly less ammonia
and higher nitrogen assimilation in our APB aquacultures.
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Figure 2: Chart overview of the nitrogen-metabolizing species in the
APB cultures compared to the ANPB cultures. Values are presented
as percentage of reads for each species, normalized to the total
number of reads for each sample.

Several Nitrospira isolates are considered comammox (COMplete
AMMonia OXidiser) bacteria [9,10] and these appear to be the
major nitrogen-metabolizing species in the system. Based on our
16SrRNA identification, Nitrospira japonica (NR_114396.1) was
the dominant Nitrospira species in our cultures, while
Nitrosomonas aestuarii (FR828476), Nitrosomonas oligotropha
(FR828478), and Nitrosomonas ureae (FR828472) were the main
Nitrosomonas species. Nitrification is a central part of the
nitrogen cycle, and for more than a century, nitrification was
thought to be a two-step process involving ammonia oxidation to
nitrite by chemolithoautotrophic ammonia-oxidizing
microorganisms and nitrite oxidation to nitrate by nitrite-
oxidizing bacteria. All known comammox are members of the
genus Nitrospira and possess complementary enzymes for both
functions of ammonia and nitrite oxidation [9,10]. Metagenomic
evidence of the presence of comammox in drinking water
distribution systems [11, 12], groundwater-fed rapid sand filters
[13,14], wastewater treatment processes [15-18], and agriculture
soils [19] has been reported. Species identification based on only
16S rRNA analysis is certainly limiting, and it has been shown
that 16S rRNA alone should not be used to identify comammox
at the species level because these bacteria are not distinguishable
via phylogenetic analyses from strict nitrite-oxidizing bacteria in
the genus Nitrospira. Further analysis would be needed to
identify the true species identity of the dominant uncultured
Nitrospira species in our aquabioponics systems.

CONCLUSION

AquaBioPonics Bioflocs have been shown to be highly efficient,
especially for high-density tilapia aquaculture, and based on this
analysis we can conclude that the microbial composition,
particularly comammox bacteria, appears to play an important
role in removing the excess nitrogen that will otherwise poison
the fish. This method not only improves the water nitrogen
quality, but also significantly reduces the labor involved in
maintaining these systems.

Data availability

The 16S rRNA gene amplicon data sets have been deposited at
DDBJ/ENA/GenBank under project PRJNA599405 and can be
accessed with the SRA accession numbers SRR10843757
(ANPB) and SRR10843772 (APB).
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