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Health &
Welfare

Di�erences in intestinal microbiota in
Paci�c white shrimp from greenhouse
and aquaponic systems

13 March 2023
By Dr. Hui Shen

Shrimp gut micro�ora is largely derived from the aquatic
rearing environment

An aquaponic system is characterized by a symbiotic relationship among aquatic animals, plants, and
bio�oc. Bacteria are responsible for transforming nitrogen-rich e�uent into metabolic forms that can be
absorbed by plants, thereby improving nutrient removal e�ciency and supporting vegetable production.
In recent years, aquaponic systems between �sh and vegetables have been a focus of research,
particularly in terms of freshwater �sh and vegetables.

However, there are no reports involving an aquaponic system for Paci�c white shrimp (Litopenaeus
vannamei) and various vegetables under brackish conditions (salinity 5–15). In this study, an
aquaponic rearing mode between L. vannamei and the boxthorn shrub (Lycium barbarum) is explored
under the condition of 10 ppt salinity.

This article – summarized from the original publication (https://doi.org/10.3390/life13020525) (Dou,
Y. et al. 2023. Intestinal Microbiota Differences in Litopenaeus vannamei Shrimp Between Greenhouse
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and Aquaponic Rearing. Life 2023, 13(2), 525) – reports on a study that explored the differences in
intestinal and water microbiota between greenhouse and aquaponic production systems for L.
vannamei.

Study setup
In this study, authors collected shrimp samples from greenhouse-rearing (WG) and aquaponic-rearing
(YG) ponds, and water samples (WE, YE) and investigated the intestinal and water microbiota between
the two rearing modes.

(https://bspcerti�cation.org/)

This study investigated the differences in intestinal and water microbiota between greenhouse and
aquaponic production systems for L. vannamei. Photo by Fernando Huerta.
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Shrimp juveniles from a commercial marine shrimp hatchery were cultured at 400 animals per square
meter in the greenhouse system, and at 1000 shrimp per square meter in the aquaponic system. Water
samples and shrimp intestines from the greenhouse ponds (WG) and aquaponic ponds (YG) were
collected when the animals had been reared for 60 days, and shrimp body sizes ranged from 11.9 to
12.7 cm. Water and gut samples were subjected to a variety of analyses.

For detailed information on the experimental design, animal husbandry and sample collection and
preservation; DNA extraction, PCR ampli�cation and other procedures, and statistical analyses, refer to
the original publication.

Results and discussion

There is a lack of understanding of the difference between greenhouse earthen ponds and aquaponic
ponds rearing L. vannamei. In our study, the analysis of speci�c diversity measurements showed that
the microbial diversity of the water samples (WE, YE) was signi�cantly higher than that of the intestinal
samples (WG, YG). This suggests that the micro�ora in shrimp intestines was largely derived from the
nearby aquatic environment or that the two contributed to the formation of micro�ora, and that the
shrimp intestinal microbiota can act as a barrier against the surrounding environmental microbiota.

At the phylum level, the statistical analysis between WE and WG revealed that the common bacteria
were, in descending order, Proteobacteria, Actinobacteriota, Bacteroidota, Patescibacteria and
Chloro�exi. These are different from the common bacteria between YE and YG: Proteobacteria,
Actinobacteriota, Firmicutes, Bacteroidota and Verrucomicrobiota. Other researchers have previously
reported that Proteobacteria, Firmicutes, Actinobacteria and various others are the dominant phyla in L.

Intensive Peruvian operation produces
shrimp in greenhouses

Langostinera Florida is an intensive shrimp farm with controlled
conditions. Greenhouses can operate in areas where diseases have
affected the industry.
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vannamei and the surrounding environment. In our study, Proteobacteria and Actinobacteriota were the
most prevalent bacteria in both culture modes.

Fig. 1: Greenhouse rearing mode and aquaponic rearing mode. (a) The external structure of the
greenhouse ponds; (b) internal structure of greenhouse ponds with about 0.8 m depth water; (c) rearing
pond of aquaponic rearing mode; (d) recyclable biobased packages combined with plants of aquaponic
rearing mode.
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At the genus level, the analysis between WE and WG revealed that Amaricoccus, Micrococcales,
Flavobacteriaceae and Paracoccus were the dominant bacterial genera, while Acinetobacter,
Demequina and Rheinheimera were the dominant bacterial genera between YE and YG. This indicates
that the core �ora between the greenhouse and aquaponic modes was signi�cantly different. The
Amaricoccus, Paracoccus and Tessaracoccus bacterial genera were common between WE and WG,
signi�cantly higher than those between YE and YG. The Amaricoccus and Paracoccus genera are
typical aerobic denitrifying bacteria that have the ability to decompose a broad range of organic
compounds and transform nitrate into nitrogen gas.

The YG group had higher abundances of Acinetobacter, which are opportunistic pathogens.
Additionally, the presence of Rhizobium, a symbiotic bacterium typically found in plant roots in the YG
group suggests that the shrimp intestinal microbiota interacted with bacteria from the plant roots.

Previous studies indicated a strong relationship between the microbiota of shrimp intestines and their
surrounding water, suggesting that microorganisms from ambient water can interact with the
microbiota of aquatic animals. We identi�ed 20 common phyla between WE and WG and there were no
unique phyla in WG compared to WE. In contrast, eight unique phyla were observed in YG compared to
YE, suggesting that the interaction between the shrimp intestines and water in greenhouse mode was
stronger than that in aquaponic mode. It is likely that the presence of micro�ocs in the water body of
the greenhouse mode is what caused the strong shaping effect on the shrimp intestines as they fed on
these micro�ocs.

Despite the considerable distinctions between the greenhouse and aquaponic systems, nitrogen cycles
such as denitri�cation, nitrous oxide denitri�cation, nitrite denitri�cation, nitrate denitri�cation, nitrite
respiration and nitrate respiration did not show signi�cant variations. This suggests that the
autotrophic and heterotrophic denitri�cation systems in the YE and WE groups were capable of
effectively removing water nitrogen.

Perspectives
We compared the microbiota of shrimp samples from greenhouse-rearing (WG) and aquaponic-rearing
(YG) ponds, and water samples (WE, YE) to determine differences in microbiota populations between
greenhouse and aquaponic modes. Our results revealed that there were basically no signi�cant
differences in speci�c diversities between the two production systems in terms of shrimp intestinal
microbiota and water microbiota. However, the common bacteria between WE and WG differed
signi�cantly from those of YE and YG when analyzed at the phylum and genus levels. Various
metabolic pathways – including the biosynthesis of secondary metabolites, microbial metabolism and
carbon metabolism – were signi�cantly more activated in WG than in YG.
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