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Abstract
Studies on gut microbiome in aquatic animals is a field that has grown equivalently with the increase in aquaculture
industry. Research in this field is progressing quickly focussing on nutritional manipulation, developments in microbiome
research and modification of the gut microbiota. The outcome of the research is helpful in fish farming as well as to maintain
host health and welfare. However, clear understanding of the specific role played by the different gut microbiota on diversified
fish species is still lacking. A number of important topics have been highlighted here which would be beneficial for further
research at potent areas.
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Introduction
A microbiome includes all the microorganisms
in a particular ecosystem. Occasionally it
comprises the total of the genetic material of the
microbes, symbiotic and pathogenic, living in
and on all vertebrates. The exothermic aquatic
vertebrates (i.e., fishes), and their associated
microbiota are mostly unexplored. Minimum
information exists on the biodiversity,
geographic distribution, and seasonality of
microbiota on marine, estuarine, and freshwater
fish welfare (Sandrini et al., 2015).

Studies on fish gut microbiome may help to
improve welfare of fish and aquaculture
practices. On the other hand, remarkable
differences between mammals and fish
metabolism and energy expenditure (Sandrini
et al. , 2015) survive and host-microbe
interactions and homeostasis disparity could be
expected among fish and mammals.

The work relating to the gut microbiota of fish is
dominated recently on humans and mammals.

This field has historical interest and  grown
significantly with the expansion of the
aquaculture industry and developments in the
research of microbiome. Major attention has
been focusses towards nutritional manipulation
and modification of the gut microbiota aiming
to support the fish farming, as well as to maintain
host health and welfare.Yet, there is a gap about
the basic understanding of the role of gut
microbiota (Egerton et al., 2018).

This review explains the role of the fish gut
microbiota in regards to the host physiology,
feeding, digestion and metabolism, and also its
control over stress responses, reproduction,
development, and immune responses.
Environmental and host-specific factors are also
discussed, in addition to future implications of
fish gut microbiota handling and possible
research guidelines for this growing field.

Gut microbiota
Gut or gastrointestinal (GI) tract is an organ that
starts from the mouth to the anus. It helps in
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digestion and absorption of nutrients and expels
the remaining waste as feces (Tarnecki et al.,
2017). Autochthonous (adherent) bacteria in the
fish gut take part in digestion processes. For the
examination of gut microbiota of fish,  feces used
to analyze allochthonous (non-adherent) bacteria
and intestinal rinsed was used to identify
autochthonous bacteria (there were significant
variances in the microbiota of feces). Generally,
loads of bacteria in intestine remained ranging
from 102 to 109 CFU/g (Tarnecki et al., 2017).
Allochthonous bacteria typically are more
numerous than autochthonous bacteria. It
was observed that feces have varieties of
microbial flora than rinsed intestine
samples. Gut microbiota in marine fish
predominantly include Vibrio, Pseudomonas,
Acinetobacter,Corynebacterium,  Alteromonas,
Flavobacterium  and  Micrococcus (Zhou   et al.,
2009). In freshwater fish, the gut microbiota
observed are Aeromonas, Pseudomonas,
Enterobacteriaceae, Micro-coccus, Acineto-
bacter, Clostridium, Bacteroides type B and
Fusarium. In comparison with freshwater fish,
marine  fish maintains a superior number
of Pseudoalteromonas and Vibrio in both feces
and intestine and a higher incidence
of Photobacterium in feces samples (Liu et al.,
2016).

Importance of fish microbiota
During initial metamorphic stage, bacteria can play
a vital role to host development and health. The
gut microbiota is necessary for proper growth and
functioning of immune system. For example, up-
regulation of genes associated in innate immunity
occurs in the presence of commensal microbes.
Gut microbiota influences adequate growth and
maturation of the gut-associated lymphoid tissues
which control immune functions in the GI tract and
additionally provide protection against pathogens.
The gut microbiota plays a critical role in host
nutrition from metabolizing compounds and
producing vitamins to aid the host in the uptake of
nutrients. Gut microbes help to metabolise the
cellulose and other complex polysaccharides as

fish have the lack of endogenous cellulase enzyme.
Gut  microbiota can generate vitamin
B12 (Cyanocobalamin) in freshwater. Some gut
bacteria can produce short-chain fatty acids as
metabolic end product  that the host can use for
energy or lipid synthesis (Falcinelli et al., 2018).

Physiological roles of gut microbiota
Feeding/digestion/metabolism: A few studies
have been conducted in fish microbiota influencing
feeding and metabolism, but there are evidences
of similarities with mammals (Fetissov, 2017). In
some studies the influence of microbiota on food
intake has been observed to compare feeding rates
and changes in microbiota composition, though
results are incompatible and difficult to compare.
Zebrafish fed with Lactobacillus rhamnosus have
reduced appetite compared to control fish (Falcinelli
et al., 2018). However, carp fed with fructo-
oligosaccharide (FOS) diet supplement exhibit
changes in microbiota composition compared to
fish fed with the control diet (Hoseinifar et al.,
2014).

The effect of gut microbiome on metabolism in
few fish species has been examined. Several
biosynthesis, and metabolism pathways of
carbohydrates, amino acids and lipids are
influenced in grass carp (Ctenopharyngodon
idella), because the colonization of gut
microbiota (Semova et al., 2012). In zebrafish,
the colonization of the gut microorganisms
promotes epithelial absorption of fatty acids
(Sheng et al., 2018). Fish with intact microbiota
have increased lipid accumulation in the
intestinal epithelium compared to fish who lacks
microbiota (Sandrini et al., 2015). Compared to
fish fed with control diets, Japanese flounder
(Paralichthys olivaceus) fed a diet supplemented
with Bacillus clausii exhibited higher weight
gain, feed effectiveness and growth performance.
All of these data suggest that gut microbiota has
strong control in metabolism of fish.

The gut microbiota discharges metabolites in
reaction to substrates present in the gut lumen.
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These metabolites stimulate the enteroendocrine
cells of the GI tract and reach the brain (Fig. 1).
The stimulated enteroendocrine cells discharge
gut peptides, act in the GI tract and affect brain
feeding centers, altering neuropeptide release,
and modifying feeding behavior and energy
homeostasis (Butt and Volkoff, 2019).

Stress response: The stress response is mediated
by a number of hormones and is a result of the
bi-directional communication between the brain
and peripheral organs (Sandrini et al., 2015).
Stress in fish can be caused by a number of
environmental factors like poor water quality,
high levels of particulates, oxygen levels,
temperature, high population density,
malnutrition (Cantas et al., 2012). When stress
occurs, the hypothalamic-pituitary-adrenal
(HPA) axis releases corticotrophin-releasing
hormone (CRH) that stimulates the anterior
pituitary for secretion of adrenocorticotropic
hormone (ACTH) which ultimately stimulates
the secretion of adrenal glucocorticoids to prepare
the body to cope with stress. In fish, as in
mammals (Sudo, 2014), the microbiome affects
the HPA axis, the stress response and behavior,

in particular, anxiety-like and locomotor
behaviors, which might in turn affect feeding
behavior and energy homeostasis. For example,
in zebrafish, the microbiota reduces anxiety-like
behavior (Davis et al., 2016) and decreases the
stress response by lowering CRH expression and
cortisol levels. Disruption of the gut microbiota
might thus decrease the ability of the fish to
forage for food and decrease feeding by
increasing levels of stress hormones, which
have been shown to inhibit feeding [e.g.,
rainbow trout (Oncorhynchus mykiss); goldfish
(Carassius  auratus)].

In fish, acute stress such as netting stimulates
an increased sloughing off of mucus and it
causes removal of autochthonous bacteria
which play a protective role against pathogens
(Vatsos, 2016). Largely,  stress results in
alterations of gut microbiota resulting to
decrease in feed intake as observed in Chinook
salmon (Oncorhynchus tshawytscha) (Bernier,
2010). However, different fish species may
survive with stress in different ways, so that the
effects of stress on gut microbiota may vary
among species.
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Fig. 1. Overview of the gut-microbiota-brain axis in feeding and digestion (Source: Butt and
Volkoff, 2019)



Reproduction: Reproduction is directly related
to energy homeostasis, and can only be
successfully completed when sufficient energy
stores are available (Carnevali et al., 2017). It
has been observed that probiotic administration
on fish gonad may enhance the reproductive
performance of the host. For example, when
Lactobacillus rhamnosus had been administered
continuously from birth to sexual maturation, it
altered the gut microbiota and accelerated larval
development of zebrafish by improving growth
and sex differentiation (Avella et al., 2012).
Adult female zebrafish treated with 
L. rhamnosus display an increase in the number
of vitellogenic follicles and higher gonadosomatic
indexes (GSI). Similar findings were also
observed in ornamental fishes species viz.
livebearer fish species and goldfish (Mehdinejad
et al., 2018) when their feed supplemented with
probiotic increases GSI, fecundity and fry
production of spawning females and length and
weight of fry though the mechanisms mediating
the actions of gut microbiota in host reproduction
are still under study.

Development: The development of tissues and
organs structure in an animal is largely
influenced by the presence and composition of
the microbiota and it is particularly observed
in the development of digestive system
(Stephens et al., 2016).

The composition of gut microbiota showed a
clear pattern of host development   (Yan et al.,
2016). In grass carp (Ctenopharyngodon
idella), bacterial communities differ in eggs and
the larvae and variety of bacteria population
increases as the fish grows from egg to larvae
(Wang et al., 2015). Intestinal cell proliferation
during the period of development from the
larval to the adult stage in different species of
fishes like grass carp, Chinese perch (Siniperca
chuatsi) and southern catfish (Silurus
meridionalis), it has been demonstrated that the
gut microbiota variation levels increase with the

development of fish. Zebrafish model was used
to study for effect of gut microbiota in epithelial
cell proliferation and the workers suggested a
direct evidence of the gut microbiota role in
gartrointestinal tract (GIT) development
(Cheesman et al., 2011).

Evidence suggests that the microbiota is also
involved in the neurological development (e.g.
zebrafish). Fish with microbiota disorder
following antibiotic administration indicate an
abnormal locomotive activity (Phelps et al.,
2017), which might have an effect on feeding
and foraging. The mechanisms behind this
interaction are still unidentified.

Immune responses: Intestinal microbiota
contribute to many aspects of host defence
against invading pathogens both through direct
microbial antagonism and promotion of
maturation of the intestinal immune system.
Bacterial metabolism results in the production
of several byproducts with an antimicrobial
effect, such as peroxides and various acids.
Some of these substances do not just inhibit the
growth of pathogenic microorganisms
themselves, but might also potentiate the
effectiveness of other antimicrobial substances
(Xiong et al., 2019). Several types of sentinel
cells, like M cells, luminal macrophages or
dendritic cells (DCs) are sensing the pathogenic
bacteria in the mucosal lumen and they play a
key role in immune response to limit the
colonization of pathogens in host (Ribet and
Cossart, 2015). It has been suggested
that the microbiota keep the host from
colonization and proliferation of environ-mental
pathogens, called “colonization resistance”
(Lawley and Walker, 2013; Kim et al., 2017).
Although the mechanism behind this resistance
is yet to be explored. The associated
commensal microbiota makes an important
contribution to the host fish immunity and
metabolism and the gut microbiota plays a
major role in the development and maturation
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of the gut associated lymphoid tissue (GALT)
(Lazado and Caipang, 2014; Wang et al. ,
2018). Administration of probiotics in rainbow
trout and gilthead seabream (Sparus aurata) by
Tapia-Paniagua et al. (2011) had improved both
the intestinal microbiota and the immune
response.

Factors affecting fish gut microbiota
Biotic (genotype, physiological status,
pathobiology, life style) and abiotic
(environmental) factors may affect the fish gut

microbiota and control its composition and
variety, with its function and metabolic activity,
growth, energy storage and health of the fish
(Ghanbari et al., 2015) (Fig. 2). This part will
evaluate the intrinsic and extrinsic factors and
give specific examples in which the gut
microbiota of various fish has been altered as a
result.

Environmental factors: Initially, fish embryos
develop in a relative constant bacteria-free
environment (within the egg or the mother). Fish
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Fig. 2.  Intrinsic and extrinsic factors can alter the gut microbiota and its downstream effects
on the fish host (Source: Butt and Volkoff, 2019)



are thus theoretically microbe-free at hatching
and they obtain gut microbes from surrounding
environments  (Li et al., 2017). After hatching,
environmental factors like water composition,
quality and temperature significantly influence
the gut microbiota throughout the life (Vatsos,
2016). It may be stated that compositions of
bacteria fluctuate between fish inhabiting
freshwater and marine ecosystems. Generally
 Aeromonas and Pseudomonas prevail in the
freshwater fish, while in marine fish, Vibrio is
the most common genus (Vatsos, 2016).

Different seasons stimulate food utilization
due to variations in nutrient loads of water.
As a result, the composition of the microbiota
may vary with particular seasons. It is observed
that gut bacterial load of tilapia decreases in
winter compared to other seasons, and
Pseudomonas,  Micrococcus ,  and Flavo-
bacterium are only present in the gut of hybrid
tilapia (Oreochromis niloticus × Oreochromis
aureus)  in the winter (Al-Harbi and Uddin,
2004).

Rearing conditions have been shown to control the
composition of the gut microbiota. Atlantic salmon
held in two different holding conditions (indoor
recirculating aquarium and cage culture in an open
environment) have different compositions of gut
microbiota (Dehler et al., 2017).

Environmental pollutants and toxins may also
influence the fish microbiota. For example,
common carp (Cyprinus carpio) exposed to
waterborne copper (Meng et al., 2018) and
zebrafish exposed to polystyrene microparticles
show disturbances of the intestinal microbiota
associated to immunity, these chemicals
increase susceptibil ity to pathogens and
inflammation. Other kinds of environmental
chemicals; pesticides (Kan et al., 2015), heavy
metals and antibiotics (Zhou et al., 2018) can
affect gut microbiota thereby reducing the
ability of absorbing nutrients.

Host-specific intrinsic factors: Fish microbiota
composition varies due to several factors,
including phylogeny, genetics and sex, age, and
diet.

Genetics/sex- Genetic condition influences the
gut microbiota (intra and inter-specific
variations). Interspecies differences in the gut
microbiota composition among individuals of
the same species may be present. It has been
observed that in rainbow trout, some bacterial
groups are associated with specific families,
which indicate the composition of gut
microbiota was dependant on diet (Navarrete
et al., 2012)

Fish sex may influence the gut microbiota
through sex-specific host-microbe interactions,
diet preferences or immune responses (Bolnick
et al., 2014). For example, differences in the
gut microbiota between sexes of the three spine
stickleback (Gasterosteus aculeatus) and
Eurasian perch (Perca fluviatilis) have been
reported, however, the gut microbiota of the
zebrafish is similar between sexes (Liu et al.,
2016b). On the other hand, with the different
studies, the underlying mechanisms are not yet
understood.

There are still questions on whether genetics or
the environment has greater influence on the
gut microbiota. To date, host genetics has been
considered the most significant factor in
determining the fish gut microbiota.

Age/sexual maturity- Differences in the
microbiota composition have been identified
between juvenile and sexually mature
individuals. Zebrafish juveniles gut have higher
bacterial affluence than adult fish, suggesting
an increase response of gut microbiota to higher
levels of circulating sex hormone levels in adult
compared to juvenile. In addition, the gut
associated lymphoid tissue (GALT) may
interact differently with the gut microbiota in
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juvenile and mature fish. Similarly, in southern
catfish, gut microbial diversity increases with
the host ages (Zhang et al., 2018).

The early developmental stages of fish showed
changes in the gut microbiota. In Atlantic
salmon (Salmo salar), intestinal microbiota
compositions vary between embryonic stages.
It is possible that modifications in diet added to
the differences between juvenile and mature fish
gut microbiota. Different ages of fish and sexual
stages might have diverse nutrient requirements
and adjust their diets and feeding rates to get
sufficient energy. As the diet and gut microbiota
composition change with age, the contribution
of the gut microbiota to host homeostasis also
changes. Though, further research is needed to
explain this probable relationship between fish
age, fish gut microbiota and energy homeostasis
(Zhang et al., 2018).

Feeding habits/diet- Feeding habits also alter
the structure and composition of the gut
microbiota. Gut bacterial diversity is generally
lower in carnivores, and increases in omnivores
and herbivores. The most abundant bacteria in
herbivorous fish include Clostridium,
Citrobacter, and Leptotrichia, Cetobacterium 
and  Halomonas (Li et al., 2014; Liu et al.,
2016a; Kashinskaya et al., 2018). This has also
been found in marine and freshwater fish,
signifying that the trophic level is one of the
most important factor affecting the gut
microbiota composition.

The gut microbiota can also vary within species
of the same trophic level. For example, the gut
microbiota of four herbivorous Asian carp
species (silver carp, Hypophthalmichthys
molitrix; bighead carp, Hypophthalmichthys
nobilis; grass carp, Ctenopharyngodon idella;
and common carp, Cyprinus carpio) reared in
the same environmental conditions exhibits
inter-species differences (Li et al., 2018).

Severe dietary alterations, such as fasting also
influence the fish gut microbiota. During times
of fasting, morphological changes in the GIT
occur due to the low nutrient uptake, which
may influence the changes in the gut
microbiota (Bruce et al., 2018). Besides, a
depletion of nutrients induces change in gut
microbiota composition to favor bacterial
communities that use more varying energy
sources and are able to survive under
inadequate nutrient. In the Asian seabass, 
Lates calcarifer, fasting induces a significant
enhancement of  Bacteroidetes and a depletion
of Betaproteobacteria (Xia et al., 2014).

The act of feeding itself can also control the
microbiota. In rainbow trout, 3 hours after feeding
is not sufficient to cause any considerable changes
in the bacterial composition, but can cause
changes in species richness and relative
abundance (Mente et al., 2018). Similarly, in
southern catfish, even if the diversity remains the
same, the relative quantity of bacterial phyla differs
at different hours of feeding, signifying that short-
term food digestion may alter community
structure, but has less effect on the microbial
composition (Zhang et al., 2018).

Fish age and growth: Age has a significant
influence on congregation of microbiota in fish,
particularly in the gut. Bacteria can colonize
quickly in egg where different  glycoproteins
on the surface of egg may develop in species-
specific microbiota. Bacterial diversity is found
more during first feeding and its population is
depending upon the nature of food items. The
diversity is continuing with the age of the fish.
Some common gut microbiota are also found
may be due to surrounding aquatic environment
(Zhang et. al., 2018).

Disease- Inadequate reports are available about
the effect of disease on fish gut microbiota. Use
of antimicrobial agent such as potassium
permanganate (KMnO4) is effective in
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disruption of the skin microbiota of channel
catfish and increase susceptibility to columnaris
disease caused by Flavobacterium columnare
(Mohammed and Arias, 2015).

Conclusion
Several studies strongly propose that the fish
gut microbiota influences the health of the fish
with physiology, digestion, stress response,
reproduction and the immune system.
Comparatively a few studies on the effects of
the microbiota on energy homeostasis have
been conducted till date and large variations
exist among the results. Studies on fish
microbiome had provided comprehensive idea
over proper understanding of host-microbe
interactions like how microbes influence
digestion, immune function, behavior and
overall fish health. Although researchers
working in this field have significantly
expanded our knowledge on this topic there is
still great scope for further research.

Diet  and trophic level are the obvious
influencing factors of fish gut microbial
composition.  Seasonal variation with the
associated changes in water temperature and
captive rearing has also been revealed to
influence microbiota composition and some
studies have cited the detrimental impact of
each. In this context, strategies to enable the
manipulation of gut microbiota composition for
healthy microbiota are necessary. Probiotics and

prebiotics are the forefront, though there is a
lack of baseline compositional data from
healthy wild fish in their natural environments.
Therefore, an increased focus toward collecting
such data is vital. The ultimate goal is to better
understand the innate relationship between gut
microbiota and their fish hosts.

Research in this field has considerably improved
our knowledge on this topic though there is still
great scope for further work. Data collection from
wild populations, laboratory experiments and
work within aquaculture will all be important
contributors. Unquestionably next generation
sequencing technologies will help this very much
and provide more broad datasets. Effects of
particular microbes and their associated
components on fish host will develop the ability
to manoeuvre and strengthen fish gut microbiota
to enhance health and aquaculture productivity.
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