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Abstract. This mini-review synthesizes current evidence on the relationship between the gut microbiome
and flight performance in racing pigeons (Columba livia), with emphasis on emerging mechanistic links.
The literature surveyed was identified through searches in major scientific databases (e.g., Web of
Science, Scopus, and PubMed), focusing on studies published in the last two decades that address avian
microbiomes, exercise physiology, and host-microbiome interactions. Available studies indicate that gut
microbial communities in racing pigeons are closely associated with host health, energy metabolism, and
endurance capacity, although direct causal relationships with flight performance remain insufficiently
demonstrated. Observational data show that lower pathogen burdens and more stable microbiota profiles
correlate with improved race consistency. Comparative insights from migratory birds and exercise
models suggest that microbiome remodeling during sustained physical effort enhances metabolic
pathways related to energy production, including fatty acid and carbohydrate metabolism.
Mechanistically, the gut-muscle axis, microbial-derived short-chain fatty acids (SCFAs), and immune
modulation appear central in mediating these effects. SCFAs contribute to intestinal integrity, energy
supply, and systemic immune regulation, while dysbiosis may impair performance through inflammation
and oxidative stress. However, experimental validation of these mechanisms in racing pigeons remains
very limited, with most evidence derived from correlational studies or extrapolated from other species.
Although pigeon-specific experimental evidence is still scarce, the integration of avian and broader
animal research suggests a potential association between the gut microbiome and endurance flight.
Future controlled intervention studies are required to establish causality and to develop microbiome-
targeted strategies for optimizing racing pigeon performance.
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Introduction. Despite the fact that the pigeon (Columba livia) does not hold as much
importance as other farm animals, the literature on this species is abundant in scientific
data, both regarding anatomy, morphology, and physiology (Ionescu & Oroian 2019;
Ionescu et al 2015; Popescu & Papuc 2026), as well as aspects related to maintaining the
health of pigeons (Oroian & Popescu 2026; Popescu & Burduhos 2026), due to its value
as a model organism (Zan et al 2023; Zhang et al 2023; Zhang et al 2024b) and the
large number of enthusiasts who keep pigeons as a hobby (Popescu & Cimpean 2026).

The available literature on racing pigeons and other high-endurance birds suggests
that gut microbiota are tightly linked to energy metabolism, immunity, and health during
prolonged flight, but direct causal links to flight performance in pigeons remain
emergent. Evidence comes from pigeon-specific microbiome studies and broader avian
and exercise-microbiome research in birds and other animals. Despite increasing interest
in the gut microbiome in animal performance, its direct role in flight performance in
racing pigeons remains poorly understood.

The aim of this mini-review is to critically evaluate and integrate current knowledge
regarding the role of the gut microbiome in influencing flight performance in racing

ABAH Bioflux, 2026, Volume 18, Issue 1.
abah.bioflux.com.ro 89



pigeons. Specifically, it seeks to: (i) summarize existing evidence linking gut microbial
composition to health and performance outcomes in pigeons; (ii) contextualize these
findings through comparative insights from migratory birds and exercise-related
microbiome research; and (iii) outline plausible biological mechanisms - particularly those
involving energy metabolism, immune regulation, and the gut-muscle axis - that may
underpin microbiome-mediated effects on endurance flight. We hypothesize that
microbiome-mediated metabolic and immune pathways may contribute to endurance
flight performance. Ultimately, the review aims to identify knowledge gaps and highlight
directions for future experimental research.

Microbiome Features in Racing Pigeons and Performance-Related Health. Racing
pigeons host diverse intestinal Enterococcus communities, dominated by E. columbae and
including at least eight additional species, many carrying virulence genes and high levels
of antibiotic resistance (Dolka et al 2020). During a racing season, health disturbances
(coccidiosis, trichomonosis, respiratory disease) and rising stress are associated with
increased coliforms and opportunistic pathogens (e.g. E. coli, Enterococcus faecium,
Enterococcus gallinarum, staphylococci), while birds with the lowest prevalence of these
pathogens and Eimeria spp. maintain the most stable and best race results (Kalinaj et al
2024).

Long-distance trained pigeons (2669 km in 9 weeks) develop a gut microbiota
taxonomically distinct from non-flying conspecifics; despite large taxonomic variation
among individuals, the inferred metabolic potential is relatively stable, and flying birds
show enrichment of biosynthetic metabolic pathways among the pathways most
associated with flight status (Ferrari et al 2023). This suggests functional convergence
toward enhanced biosynthetic capacity in actively flying pigeons (Table 1).

Table 1
Links between pigeon gut microbiota, health and race outcomes
Aspect Main finding Performance relevance References
Enterococcus 9 species, many with virulence genes, Potentlal c_hromc (Dolka et al
. L . inflammation, pathogen
community frequent antibiotic resistance - 2020)
reservoir
Higher coliforms, E. coli, E. faecium, E.
Seasonal health gallinarum, staphylococci with Ia_:)iwr(]esr a?tt:cgspeload (Kalinaj et al
and pathogens  stress/disease; low levels linked to best 9 2024)

. consistent performance
race points P

Indicates metabolic
adaptation of gut
microbiome to endurance

Flight training Distinct microbiota; enriched
vs. non-flying biosynthetic pathways in flyers

(Ferrari et al
2023).

Gut Microbiome, Endurance Flight, and Energetics in Birds. Across long-distance
migratory birds, active migration is often associated with reduced microbiome diversity
and expansion of specific taxa; some microbial traits correlate with body condition and
fat stores (Capilla-Lasheras & Risely 2025; Trevelline et al 2023). In Blackpoll Warblers,
fall migration is accompanied by convergent microbiome remodeling: marked increase of
Proteobacteria (Enterobacteriaceae) and enrichment of pathways for vitamin, amino acid,
fatty acid biosynthesis and carbohydrate metabolism, which correlate positively with body
mass and subcutaneous fat (Trevelline et al 2023). Similar functional shifts are reported
in shorebirds, where Corynebacterium and other taxa are enriched and may support
energy requirements during migration (Zhang et al 2021).

Stopover passerines immediately after long flights show Firmicutes- and
Proteobacteria-dominated communities; seasonal differences in microbiota are clearer
than relationships with momentary energetic condition, highlighting strong environmental
and dietary influences (Lewis et al 2016).

In black-necked cranes, late overwintering (pre-migration) gut microbiota are
enriched in Proteobacteria species capable of degrading chitin, cellulose and lipids, and
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producing acetate, glutamate, essential amino acids, and vitamins; functional pathways
for fatty acid degradation are also enriched, suggesting microbiota-aided energy
accumulation prior to migration (Li et al 2023) (Table 2). These findings may not be
directly transferable to pigeons due to species-specific metabolic adaptations.

Table 2
Functional remodeling of avian gut microbiomes around migration and energy needs

Bird system  Key microbial/functional change Energetic implication References
Blackpoll 1 Proteobacteria; 1 vitamin, AA, FA Supports fat and energy (Trevelline et al
Warbler biosynthesis, carb metabolism stores during migration 2023)
Migratory Enriched Corynebacterium, other taxa; Potential support for (Zhang et al
shorebirds diet-associated shifts energy requirement 2021)
Black-necked Proteobacteria with complex Enhanced digestion,

polysaccharide degradation; 1 FA energy harvest, feeding (Li et al 2023)
crane ; . .

degradation pathways stimulation
Migratory Reduced diversity, expansion of select Possible adaptive (Capilla-Lasheras

remodeling for migration

birds overall taxa during active migration
demands

& Risely 2025).

Mechanistic Links: Gut-Muscle Axis, SCFAs, and Immune Modulation. Although
not studied mechanistically in pigeons, broader animal and poultry data outline plausible
gut-flight performance pathways. The gut-muscle axis literature indicates that optimal
microbiota can improve muscle protein synthesis, mitochondrial biogenesis, glycogen
storage, and reduce oxidative stress and inflammation; dysbiosis from overtraining or
poor diet may impair adaptation and performance (Mach & Fuster-Botella 2016; Xie &
Huang 2024; Przewtdcka et al 2020; Zhang et al 2024a).

Endurance exercise in mammals is tightly connected to microbiota-mediated control
of oxidative stress, inflammation, and energy expenditure, and microbiome profiling may
reflect exercise-induced stress and metabolic disorders (Mach & Fuster-Botella 2016;
Zhang et al 2024a). Probiotic modulation can, in some contexts, improve general health,
energy availability, and performance (Mach & Fuster-Botella 2016; Przewtocka et al
2020; Zhang et al 2024a; Wang et al 2025).

Short-chain fatty acids (SCFAs), particularly butyrate, propionate, and acetate, are
central metabolites linking microbiota to host physiology. In poultry, SCFAs are major
energy substrates for enterocytes, lower gut pH to suppress pathogens, modulate
cytokines (TNF-a, IL-2, IL-6, IL-10), promote regulatory T cells, repair mucosa, and
strengthen tight junctions, thereby improving barrier function and reducing inflammation
(Liu et al 2021; Matis et al 2022). Butyrate supplementation in broilers improves
performance, tight junction protein expression, and endogenous SCFA production (Matis
et al 2022). In chickens, gut-derived butyrate regulates antiviral responses in lung
epithelium, shaping gut-lung axis immunity (Saint-Martin et al 2024), while broader
immunology work shows that SCFAs regulate mucosal and systemic immunity via G
protein—coupled receptors and histone deacetylase inhibition (Mann et al 2024). These
mechanisms are inferred from other models and remain hypothetical in pigeons.

In racing pigeons, bile acid supplementation in drinking water reduces Trichomonas
gallinae burden, improves intestinal morphology and immunity (higher soluble CD8), and
increases beneficial Lactobacillus dominance, thereby enhancing intestinal health,
reducing mortality, and supporting better tissue integrity under infection pressure (Ma et
al 2023). Alongside observations that low burdens of opportunistic pathogens and
protozoa are associated with better race consistency (Kalinaj et al 2024), this positions
gut health as a key mediator of performance.
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Take-home message: The gut microbiome in racing pigeons suggests a possible association with flight performance through energy metabolism,
immune regulation and stress resilience. However, causal links remain unproven, and controlled experimental studies are needed.

Figure 1. The gut microbiome and flight performance in racing pigeons: evidence, mechanisms anf future directions.
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Proposed Conceptual Framework for Racing Pigeons. Integrating pigeon-specific
and comparative data supports a conceptual framework in which long-distance flight
training and race stress select for a microbiome with enhanced biosynthetic and energy-
related functions (Ferrari et al 2023; Mach & Fuster-Botella 2016; Capilla-Lasheras &
Risely 2025; Trevelline et al 2023; Li et al 2023).

Evidence-based components. Available data indicate that such a microbiome may:

i) Improve digestion and energy harvest (including complex carbohydrates and lipids),
supporting glycogen and fat stores critical for prolonged flight (Ferrari et al 2023; Mach &
Fuster-Botella 2016; Trevelline et al 2023; Li et al 2023);

ii) Produce SCFAs and other metabolites that fuel enterocytes, stabilize barrier integrity,
reduce pathogen overgrowth, and modulate systemic inflammation and oxidative stress,
thereby protecting muscle function and recovery (Liu et al 2021; Saint-Martin et al 2024;
Mann et al 2024; Matis et al 2022);

iii) Interact with bile acids, protozoal infections, and opportunistic bacteria, where better-
controlled pathogen loads and intact mucosa correlate with more stable, high-level race
performance (Kalinaj et al 2024; Ma et al 2023).

Hypothetical components. Based on indirect and comparative evidence, it is proposed
that microbiome remodeling during repeated endurance effort may enhance host
metabolic efficiency and immune resilience in a manner that translates into improved
flight consistency and recovery (Figure 1). However, these relationships remain
inferential, as current pigeon data are largely correlative, with no direct manipulative
trials linking defined microbiome changes to measurable improvements in speed or
homing.

Experimental validation pathways. Future research should prioritize controlled
experimental approaches to test this framework, including:

i) Microbiome manipulation studies (e.g., antibiotics, fecal microbiota transplantation, or
controlled dietary interventions) to assess causal effects on performance metrics;

ii) Targeted probiotic or synbiotic trials designed to enhance specific functional microbial
groups associated with energy metabolism and immune regulation;

iii) Integrated metabolomics and multi-omics approaches to quantify microbiome-derived
metabolites (e.g., SCFAs) and link them to physiological parameters relevant to
endurance flight.

Together with strong mechanistic evidence from poultry and exercise studies in
other species, these approaches would allow a more rigorous evaluation of the pigeon gut
microbiome as a modifiable factor potentially influencing flight performance through
energy metabolism, immune competence, and resilience to race-season stress (Ferrari et
al 2023; Mach & Fuster-Botella 2016; Liu et al 2021; Kalinaj et al 2024; Saint-Martin et
al 2024; Przewtodcka et al 2020; Ma et al 2023; Zhang et al 2024a; Matis et al 2022; Li et
al 2023).

Conclusions. Current evidence suggests a possible association between gut microbiome
composition and factors relevant to flight performance in racing pigeons, including
metabolic efficiency, immune competence, and resilience to stress and disease. Birds
with more stable microbiota and lower levels of opportunistic pathogens tend to exhibit
more consistent racing outcomes; however, these observations remain primarily
correlational and do not establish direct causative relationships.

Comparative data from migratory birds and other animal models further indicate
that sustained physical activity may induce functional remodeling of the gut microbiome,
favoring enhanced biosynthetic and energy-harvesting capabilities. Proposed mechanistic
pathways involve the gut-muscle axis, microbial production of short-chain fatty acids
(SCFAs), and modulation of host immune responses. Nevertheless, the extent to which
these mechanisms operate in racing pigeons specifically remains insufficiently validated.

A major limitation of the current body of research is the lack of experimental and
causal evidence in pigeons, with most available studies relying on observational or cross-
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sectional designs. Consequently, the functional significance of specific microbiome
configurations for flight performance remains uncertain.

Future research should prioritize controlled intervention trials, including microbiome
manipulation and probiotic supplementation, to directly test performance outcomes. In
addition, longitudinal studies tracking microbiome dynamics across training and racing
seasons, as well as functional assays such as metabolomics and transcriptomics, are
essential to clarify mechanistic pathways and establish causality.
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