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Simple Summary

Wild birds host a diverse intestinal microbiota influencing their nutrition, physiology, and
overall health. The yellow-headed blackbird (Xanthocephalus xanthocephalus), a migratory
and highly social species, winters in urban and agricultural areas of northern Mexico, where
it interacts closely with human-modified environments. In this study, we analyzed the fecal
bacterial microbiota of this species using DNA sequencing and computational analyses,
combined with a conservative screening of tentatively identified bacterial species, to assess
potential zoonotic relevance. The gut microbiota was dominated by the bacterial phyla
Firmicutes_D, Actinobacteriota, and Campylobacterota, reflecting strong environmental
and dietary influences. A small number of bacterial species previously reported as human
pathogens or potential zoonotic agents were detected; however, all occurred at very low rel-
ative abundances and therefore do not indicate a significant public health risk under natural
conditions. This work provides the first microbiological baseline for X. xanthocephalus and
highlights its value as a sentinel of environmental microbial circulation within a One Health
framework in semiarid regions of Mexico.

Abstract

The gut microbiota plays a key role in the health of wild birds, reflecting the influence of
diet, habitat, and social behavior. Migratory and highly gregarious species such as the
yellow-headed blackbird (Xanthocephalus xanthocephalus) provide valuable opportunities to
explore host-microbe—environment interactions within a One Health framework. During
migration, birds are exposed to diverse environments and dietary sources, which can
promote highly diverse intestinal microbial communities and facilitate transient acquisition
of environmental microorganisms. Here, we present the first taxonomic characterization of
the fecal bacterial microbiota of X. xanthocephalus in northern Mexico based on 16S rRNA
gene sequencing of the V3-V4 region. In addition, we performed a conservative screening
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to assess whether any bacterial taxa tentatively assigned at the species level have been
previously reported as human pathogens or as having potential zoonotic relevance. Fecal
samples were collected noninvasively from communal roosts within an urban—agricultural
landscape of the Comarca Lagunera region during a winter season. A highly diverse
bacterial community (39 phyla, 369 families, and 1195 bacterial species) was identified.
Firmicutes_D, Actinobacteriota, and Campylobacterota were the dominant phyla. Among
the bacterial taxa tentatively assigned at the species level, only three have been reported to
exhibit zoonotic potential in the literature; however, none corresponded to avian-adapted
pathogens or bacterial species historically associated with major zoonotic outbreaks, and
all were detected at very low relative abundances. Overall, our findings establish an initial
microbiological baseline for X. xanthocephalus and underscore the role of migratory birds as
indicators of environmental microbial dynamics rather than direct sources of zoonotic risk
in semiarid regions of northern Mexico.

Keywords: avian microbiota; wild birds; 165 rRNA; One Health

1. Introduction

The intestinal microbiota plays essential roles in the physiology, nutrition, and health
of birds, contributing to digestion, energy metabolism, immune modulation, and protection
against pathogens [1]. In avian ecology, the analysis of the fecal microbiota provides valu-
able insights into how diet, habitat, and behavior shape microbial communities, while also
offering a noninvasive window into population health and ecological status [2]. Beyond
host ecology, avian fecal microbiota can influence microbial persistence, colonization resis-
tance, and environmental dissemination across natural and human-modified landscapes [3].
In this context, the detection of opportunistic or potentially zoonotic taxa in wild birds is
best interpreted within a One Health framework, emphasizing ecological circulation rather
than direct disease risk [4].

Previous studies have shown that avian gut communities are typically dominated by
Firmicutes, Bacteroidota, Actinobacteriota, and Proteobacteria, with relative abundances
strongly influenced by trophic ecology and environmental exposure [1,5]. For example, rap-
tors and scavengers often harbor communities enriched in Clostridium, Peptostreptococcus,
and Fusobacterium, reflecting protein- and lipid-rich diets [6,7]. In contrast, domestic birds
(chickens, turkeys, and ducks) exhibit high proportions of Lactobacillus, Bacteroides, and
Faecalibacterium associated with carbohydrate fermentation [8,9]. Urban and synanthropic
species such as the Rock Dove (Columba livia), House Sparrow (Passer domesticus), and
gulls (Larus spp.) show increased representation of Firmicutes, Actinobacteriota, Enter-
obacteriaceae and Staphylococcaceae, reflecting their access to human-influenced food
sources [10-12].

The yellow-headed blackbird (Xanthocephalus xanthocephalus) is a particularly informa-
tive model for studying avian microbial ecology. This migratory passerine (family Icteridae)
native to North America winters in northern and central Mexico, including the Comarca
Lagunera region between the states of Coahuila and Durango, where large flocks roost in
urban trees and forage across agricultural landscapes [13]. Its gregarious behavior, omnivo-
rous diet, and seasonal mobility provide an ideal ecological framework for exploring how
habitat heterogeneity and social dynamics influence the composition and function of the
intestinal microbiota [14]. Understanding the microbiota of migratory birds is also relevant
from a One Health perspective [15]. Their long-distance movements and frequent use of
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human-modified habitats facilitate microbial exchange among regions, environments, and
species, highlighting a potential role in the ecological circulation of bacteria [3,16].

Despite its abundance and ecological importance, the fecal microbiota of X. xanthocephalus
remains virtually uncharacterized, limiting our understanding of its microbial ecology and
its relevance within a One Health framework. High-throughput sequencing of the 165 rRNA
gene [17], combined with established bioinformatic pipelines (QIIME2), provides a robust
approach for characterizing fecal bacterial communities at fine taxonomic resolution. In this
study, we aimed to characterize the fecal bacterial microbiota of the yellow-headed blackbird
in northern Mexico and to apply a conservative, ecology-oriented screening of bacterial taxa
tentatively assigned at the species level and previously reported as having zoonotic potential.
Rather than assessing disease risk, this approach evaluates whether bacteria historically linked
to human infections are detected at biologically meaningful abundances or instead occur
sporadically at very low levels consistent with environmental circulation. Within a One Health
framework, our results establish a first microbiological baseline for the yellow-headed blackbird
in Mexico and support the interpretation of migratory birds as indicators of environmental
microbial dynamics, rather than as sources of zoonotic threat.

2. Materials and Methods
2.1. Study Area

The study was conducted between December 2023 and January 2024 in four urban
parks and green areas located in the municipalities of Torre6n (Coahuila), Gémez Palacio,
and Lerdo (Durango), northern Mexico (25°32/38" N, 103°25'08" W; Figure 1). The area
is characterized by a semiarid warm climate, mean annual temperatures of 18-22 °C, and
annual precipitation of 100-400 mm concentrated during summer months [18]. Peripheral
areas are dominated by xerophytic shrubland (Larrea tridentata and Prosopis glandulosa),
whereas the sampling sites within urban areas contain introduced ornamental vegetation,
including trees commonly used in parks, medians, and public plazas [19]. Sampling
sites were selected based on their regular use as communal roosting areas by flocks of
X. xanthocephalus and their accessibility for noninvasive fecal sample collection. These sites
are embedded within human-modified environments influenced by urban infrastructure
and surrounding agricultural activity.

103°48.00'W. 0.00'W.
e ———

Sampling locations

5
I
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103°30.00'W 103°12.00W

Figure 1. Location of the study area in the Comarca Lagunera region, northern Mexico, showing the
municipalities of Torre6n, Gémez Palacio, and Lerdo (red area). Yellow points indicate the four sam-
pling locations where fecal samples of the yellow-headed blackbird (Xanthocephalus xanthocephalus)
were collected.
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2.2. Fecal Sample Collection

Fecal samples were collected from trees used as communal roosting sites by flocks
of X. xanthocephalus. Prior to sampling, each flock was visually confirmed to consist exclu-
sively of this species to avoid interspecific contamination (Figure 2a). At each sampling
site, sterile paper bags were placed beneath roosting trees (Figure 2b). Pooling of ten fecal
deposits per sampling site was employed as a non-invasive strategy to characterize the
fecal microbiota associated with communal roosts. The number of deposits per pool was
selected as a balance between capturing representative microbial diversity at the roost
level and maintaining logistical feasibility and consistency across sampling sites. Pooling
multiple fresh deposits increases the likelihood of incorporating microbiota from multiple
individuals and dietary inputs, thereby broadening taxonomic coverage and reducing
the influence of idiosyncratic microbiota from a single bird. Due to the large flock size
(dozens to hundreds of yellow-headed blackbirds) and the simultaneous defecation of
multiple individuals, fecal material accumulated rapidly beneath roosting trees. Only
visually fresh deposits were collected within a short time window, and although deposits
were not necessarily widely spaced, the high number of birds defecating concurrently
made it highly unlikely that multiple deposits within a single pool originated from the
same individual. Under these field conditions, the probability of repeated sampling from
a single bird was considered negligible. Each pooled sample (1 = 4) was transferred into
a tube containing 750 uL of Zymo Research BashingBead™ lysis/stabilization buffer (Zymo
Research, Irvine, CA, USA) and silica beads to ensure DNA preservation. Samples were
homogenized for 30 s using a TerraLyzer™ mechanical disruptor (Zymo Research, Irvine,
CA, USA) and transported under refrigerated conditions to the Conservation Medicine
Laboratory, Faculty of Biological Sciences, Juarez University of Durango State, where they
were stored at —20 °C until further processing.

Figure 2. (a) Flock of yellow-headed blackbirds (Xanthocephalus xanthocephalus) roosting in an urban
park in Lerdo, Comarca Lagunera, northern Mexico. (b) Sterile paper bags placed beneath roosting
trees (yellow arrow) to collect freshly deposited feces for noninvasive sampling.
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2.3. Laboratory Work

Bacterial DNA was extracted using the ZymoBIOMICS™ DNA MiniPrep Kit (Zymo
Research, Irvine, CA, USA), following the manufacturer’s instructions. All laboratory
procedures were conducted in a UV-sterilized laminar flow cabinet to reduce the risk
of low-level background contamination. However, taxonomic assignments and relative
abundances were interpreted cautiously, particularly for low-abundance taxa.

Extracted DNA was sent to Novogene Corporation, Inc. (Davis, CA, USA) for amplifi-
cation and sequencing of the V3-V4 region of the 165 rRNA gene. Universal primers 341F
(CCTAYGGGRBGCASCAG) and 806R (GGACTACNNGGTATCTAAT) were used. Poly-
merase chain reactions (PCRs) were performed in a final volume of 15 uL using Phusion®
High-Fidelity PCR Master Mix (New England Biolabs, Ipswich, MA, USA), with 2 uM
of each primer and approximately 10 ng of template DNA. The thermal cycling program
consisted of an initial denaturation at 98 °C for 1 min, followed by 30 cycles of denaturation
at 98 °C for 10 s, annealing at 50 °C for 30 s, and extension at 72 °C for 30 s. Amplified
products were visualized by electrophoresis on a 2% agarose gel stained with SYBR™ Green
(Thermo Scientific, Waltham, MA, USA) using 1 x loading buffer. Amplicons were pooled
in equimolar concentrations and purified with a QIAquick Gel Extraction Kit (Qiagen™,
Hilden, Germany). Sequencing libraries were prepared using a TruSeq® DNA PCR-Free
Sample Preparation Kit (Illumina, San Diego, CA, USA), incorporating index codes for
sample identification. Library quality and concentration were assessed using a Qubit® 2.0
fluorometer (Thermo Scientific) and an Agilent Bioanalyzer 2100 system (Agilent Technolo-
gies, Santa Clara, CA, USA). Finally, sequencing was performed on an Illumina NovaSeq
6000 platform (Illumina, San Diego, CA, USA), generating paired-end 250 bp reads. Extrac-
tion blanks and PCR negative controls were not included in this study; therefore, formal in
silico decontamination approaches (e.g., decontam) were not applied. This methodological
limitation is acknowledged and was taken into account during downstream analyses and
interpretation of the results.

2.4. Bioinformatic Analysis

Sequence processing was conducted in QIIME2 (Quantitative Insights Into Microbial
Ecology) version 2023.5 on a Linux-Ubuntu environment [20]. Raw paired-end reads were
denoised using the Divisive Amplicon Denoising Algorithm (DADAZ2) pipeline [21] to
remove low-quality reads and chimeras and to infer high-resolution amplicon sequence
variants (ASVs). Good’s coverage [22] was calculated for each pooled sample to assess
sequencing depth completeness; values between 0.95 and 1.00 were indicative of adequate
coverage. Taxonomic classification was performed using a Naive Bayes classifier trained
on the Greengenes?2 reference database [23].

Heatmaps representing the relative abundances of ASVs at the phylum, family, and
genus levels were generated using Morpheus software https:/ /software.broadinstitute.
org/morpheus/ (accessed on 5 December 2025). Each flock was represented by a single
pooled sample composed of ten fecal depositions; consequently, no formal statistical tests
were applied and results are presented descriptively. Species-level assignments were
attempted using strict BLAST+ 2.17.0 criteria (E = 0.0, >98% sequence identity, 100% query
coverage). However, taxonomic resolution based on the V3-V4 region of the 165 rRNA
gene is inherently limited for several bacterial groups, particularly among closely related
taxa. Accordingly, species-level assignments derived from partial 165 rRNA sequences
were considered tentative and interpreted with caution [24-26].

Alpha diversity metrics, including observed ASVs, Shannon diversity, and Pielou’s
evenness, were calculated using the giime diversity alpha plugin. Observed ASVs were
used as an estimator of taxonomic richness, Shannon diversity as a composite index incorpo-
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rating both richness and relative abundance, and Pielou’s index as a measure of community
evenness, following standard ecological and microbiome analytical frameworks [27,28].

2.5. Conservative Screening of Tentatively Assigned Bacterial Taxa for Potential Contamination
and Reported Zoonotic Associations

Bacterial taxa that achieved tentative assignment at the species level based on strict
BLAST criteria (Table S2) were subjected to a conservative, multi-step screening to pro-
vide ecological context for downstream interpretation. Because extraction blanks and
PCR negative controls were not included, workflow was designed as a sensitivity-oriented
screening rather than a formal contaminant removal procedure. First, each taxon tentatively
assigned at the species level was evaluated to determine its likelihood of representing kit-,
reagent-, or skin-associated contamination, based on published lists and discussions of
recurrent contaminants in low-biomass microbiome studies [29,30]. In parallel, taxa were
annotated with environmental context using EFILTER (Environmental FILTERing [31];
https:/ /efilter.shinyapps.io/EFilter-app/ (accessed on 7 January 2026), which assigns taxa
to broad habitat categories (e.g., human/skin, built environments, laboratory settings, soil,
water, gut/digestive system). Taxa primarily associated with human skin, built/laboratory
environments, or other non-gut habitats unexpected for fecal samples were flagged as “pos-
sible contaminant” for cautious interpretation; this step was used exclusively for contextual
screening and did not constitute contaminant exclusion (Table S4). Second, taxa not flagged
as potential contaminants by the above conservative screening were treated as plausible
biological signals in fecal/gut-associated communities and were further assessed for re-
ported human pathogenicity by cross-referencing the Bacteria-Human Pathogens Database
(BaHPD) and its associated source list [32], complemented by targeted literature searches
in PubMed, Scopus, and Web of Science. For each taxon retained, reported clinical contexts
and typical exposure routes (e.g., inhalation of airborne spores, ingestion/fecal-oral, direct
contact/environmental) were extracted. Finally, evidence for documented zoonotic trans-
mission (animal-to-human infection or clear zoonotic attribution) was assessed through
targeted literature reviews (Table S5). Throughout, detections were interpreted as evidence
of environmental presence rather than infection, transmission, or public health risk, and the
presence of a taxon was not taken as proof of pathogenicity or epidemiological relevance.
This conservative framework was designed to maximize ecological interpretability while
minimizing overestimation of zoonotic relevance.

3. Results
3.1. Alpha Diversity: Bacterial Richness, Abundance and Evenness

A total of 3162 amplicon sequence variants (ASVs) were obtained from the four pooled
fecal samples collected from X. xanthocephalus in the Comarca Lagunera. The average
number of raw reads per pool was 181,018, and the mean number of nonchimeric reads
after DADAZ2 filtering was 162,275, representing 82.92% retention. Good’s coverage values
were 0.999 for each pool, indicating that sequencing depth was sufficient to capture the
majority of bacterial diversity (Table S1). Across all samples, 39 phyla, 74 classes, 206 orders,
369 families, 843 genera, and 1195 bacterial species were identified. Of these, 211 taxa with
valid Latin binomials underwent manual NCBI BLAST validation to support their tentative
species-level assignment (Table S2).

At the phylum level, the most abundant groups were Firmicutes_D (¥ = 38.56%),
Actinobacteriota (x = 29.56%), and Campylobacterota (x = 13.10%) (Figure 3). At the family
level, Mycoplasmoidaceae (¥ = 22.31%), Mycobacteriaceae (X = 22.28%), and Campylobac-
teraceae (¥ = 9.05%) predominated (Figure 4). At the genus level, Ureaplasma (x = 22.09%),
Corynebacterium (x = 19.83%) and Campylobacter_D (x = 9.04%), were the most abundant taxa
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(Figure 5). Alpha diversity metrics varied among pools, reflecting differences in community
structure at the flock level (Table S3). Observed ASV richness ranged from 558 to 1450,
Shannon diversity values ranged from 3.90 to 6.46, and Pielou’s evenness ranged from 0.42

to 0.63.
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Figure 3. Heatmap showing the relative abundances (%) and the mean of the 30 most abundant
phyla across the four pooled fecal samples of Xanthocephalus xanthocephalus collected in the Comarca
Lagunera, northern Mexico.
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Figure 4. Heatmap showing the relative abundances (%) and the mean of the 30 most abundant
families across the four pooled fecal samples of Xanthocephalus xanthocephalus collected in the Comarca
Lagunera, northern Mexico.
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Figure 5. Heatmap showing the relative abundances (%) and the mean of the 30 most abundant
genera across the four pooled fecal samples of Xanthocephalus xanthocephalus collected in the Comarca
Lagunera, northern Mexico.

3.2. Conservative Screening of Tentatively Assigned Tnxa and Potential Zoonotic Relevance

Among the 211 bacterial taxa tentatively assigned at the species level and supported
by manual BLAST validation, 22 were classified as likely contaminants based on avail-
able literature describing recurrent kit-, reagent-, or skin-associated taxa in low-biomass
microbiome studies (Table S4). The remaining 189 taxa were cross-referenced with the
Bacteria-Human Pathogens Database (BaHPD) and its associated source list [32]. Of these,
35 taxa have been previously reported as human pathogens under specific clinical con-
texts [33-54]. Importantly, only three taxa (Enterococcus faecalis, Clostridium perfringens, and
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Clostridioides difficile) have documented evidence of zoonotic potential based on published
reports [52-54]. All three were detected at very low relative abundances across samples
(<0.007%; Table S5).

4. Discussion
4.1. Fecal Bacteria in Xanthocephalus xanthocephalus

The present study provides the first comprehensive characterization of the fecal bac-
terial microbiota of X. xanthocephalus in northern Mexico. The high taxonomic richness
detected (39 phyla and 1195 species) reflects a complex and dynamic microbial community
shaped by environmental exposure, dietary plasticity, and the migratory ecology of this
species. Such patterns are consistent with observations in other free-living and migratory
birds, where gut microbiota composition is strongly influenced by habitat heterogene-
ity, foraging behavior, and contact with anthropogenic landscapes rather than strict host
specialization [1,5,55].

At the phylum level, the dominance of Firmicutes, Actinobacteriota, and Campy-
lobacterota aligns with previous reports from birds [11,56,57]. These phyla are commonly
associated with carbohydrate fermentation, lipid metabolism, and rapid microbial turnover,
processes that may support energetic demands during migration and fluctuating dietary
inputs [1,58]. The presence of Campylobacterota, although variable in abundance, has been
recurrently reported in migratory bird systems and may reflect environmental acquisition
rather than stable host association [55].

The genus Ureaplasma was detected at high relative abundance in two of the four fecal
pools analyzed. This genus has been previously reported in association with the conjunctiva,
nasal cavity, oropharynx, and upper and lower trachea of clinically healthy chickens [59,60].
However, its presence has more recently been documented in fecal samples from apparently
healthy tropical larks (Alaudidae) [61] and vampire finches (Geospiza septentrionalis) [62],
similar to the blackbirds examined in the present study. Therefore, the ecological signifi-
cance and potential role of Ureaplasma within the fecal microbiota of domestic and wild
birds remains to be elucidated. The pronounced heterogeneity observed among pooled
fecal samples likely reflects differences in flock-level habitat use, local foraging substrates,
and micro-environmental exposure. Pooling fecal samples is a common strategy in non-
invasive wildlife microbiome studies when individual identification is not feasible [63];
however, it can mask within-flock variability while amplifying signals from transient or
environmentally derived taxa. This is particularly relevant in migratory birds that exploit
multiple habitats over short temporal scales, leading to frequent microbial turnover and
limited community stabilization [1,55]. Accordingly, the detection of low-abundance en-
vironmental or reagent-associated taxa is not unexpected in low-biomass fecal samples,
especially in the absence of extraction blanks or PCR negative controls [29,30]. Rather than
excluding these taxa outright, they were interpreted conservatively within an ecological
framework, acknowledging both environmental circulation of microorganisms and method-
ological limitations inherent to wildlife microbiome studies. These considerations were
explicitly incorporated into downstream taxonomic interpretation to avoid overestimation
of biologically meaningful associations.

4.2. Zoonotic and Opportunistic Potential of Fecal Bacteria

None of the detected taxa corresponded to avian-adapted pathogens or bacterial
species historically associated with major zoonotic outbreaks. Although a subset of taxa
tentatively assigned at the species level corresponded to bacteria reported as human
pathogens in clinical databases, the vast majority lacked documented evidence of animal-to-
human transmission. These findings support the interpretation that the fecal microbiota of
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the yellow-headed blackbird primarily reflects environmental microbial circulation rather
than representing a significant source of zoonotic risk. Nevertheless, even after conservative
screening, the detection of low-abundance taxa previously reported as zoonotic cannot
exclude contributions from environmental deposition or residual reagent contamination,
and confirmatory approaches such as culture-based assays, shotgun metagenomics, full-
length 16S rRNA sequencing, or targeted qPCR are required to validate true host association
and microbial viability.

Although a limited subset of taxa tentatively assigned at the species level corresponded
to bacteria previously reported as human pathogens, only three have documented evi-
dence supporting zoonotic transmission (Enterococcus faecalis, Clostridium perfringens, and
Clostridioides difficile) [52-54], and all were detected at extremely low relative abundances
(<0.007%). This pattern suggests that the presence of clinically relevant taxa in the fecal
microbiota does not necessarily imply epidemiological risk. These results align with recent
studies emphasizing that migratory birds often act as transient carriers of environmentally
acquired microbes rather than stable reservoirs of zoonotic pathogens [1,55]. The lack of
taxonomic convergence across migratory systems further suggests that similar ecological
functions may be fulfilled by different microbial assemblages, shaped primarily by environ-
mental recruitment and diet rather than by long-term host—microbe coevolution [64].

Our findings are further supported by culture-based evidence from North American
populations of the yellow-headed blackbird. A study conducted in North Dakota reported
the presence of facultative enteric bacteria, including members of Enterobacteriaceae,
in fecal samples of X. xanthocephalus, with Pantoea agglomerans as the most frequently
isolated species and only sporadic detection of Escherichia coli [65]. Although some E. coli
isolates exhibited virulence traits and pathogenicity in experimental chicken embryo assays,
these strains were neither widespread nor associated with major avian disease outbreaks
or extensive antimicrobial resistance. Together with our amplicon-based results, this
convergence across methodologies and geographic regions supports the interpretation
that the fecal microbiota of X. xanthocephalus primarily reflects environmental exposure
and microbial circulation within agro-urban landscapes, rather than stable colonization by
avian-adapted or zoonotic pathogens.

In urban and agroecosystem contexts, fecal accumulation beneath communal roosts
can facilitate environmental dispersal of microorganisms through dust, runoff, or mechan-
ical vectors. However, the present findings indicate that such dispersal does not equate
to elevated zoonotic risk. Instead, these microbial assemblages should be interpreted as
part of a broader environmental microbiome shared among soils, water, vegetation, and
wildlife [66]. Preventive measures such as routine cleaning of heavily used roosting areas,
public hygiene education, and urban habitat management can further mitigate exposure
without contributing to stigmatization of migratory bird species.

Within a One Health framework, the fecal microbiota of X. xanthocephalus appears
to function primarily as an indicator of environmental microbial dynamics rather than
as a source of zoonotic threat. These findings reinforce the importance of integrating
ecological context, conservative taxonomic interpretation, and transmission evidence when
evaluating potential public health implications of wildlife microbiomes.

4.3. Methodological Scope and Future Directions

The noninvasive sampling approach employed in this study proved suitable for obtain-
ing high-quality bacterial DNA while minimizing disturbance to birds. This methodology
aligns with ethical recommendations for wildlife microbiome research and reduces potential
behavioral and physiological impacts associated with invasive sampling techniques [67,68].
Although cloacal swabs or postmortem intestinal sampling can provide more anatomically
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precise information, such approaches may introduce additional biases as well as logistical
and ethical constraints, particularly when studying free-ranging migratory species [69,70].
In this context, the collection of freshly deposited fecal samples under sterile conditions
represents a practical and ethical compromise between biological representativeness and
animal welfare [71].

From a methodological perspective, the integration of high-resolution amplicon se-
quencing with conservative taxonomic validation and ecology-oriented screening enabled
the generation of a robust baseline description of the fecal microbiota of X. xanthocephalus.
The analytical framework adopted here prioritized cautious interpretation of taxa tenta-
tively assigned at the species level, explicit consideration of environmental and method-
ological confounders, and avoidance of overinterpretation of low-abundance taxa.

Beyond the taxa tentatively assigned at the species level, a substantial proportion of
ASVs could not be confidently classified to known species under short-read 165 rRNA
(V3-V4) sequencing and strict BLAST criteria. These unresolved taxa likely represent poorly
characterized environmental lineages, novel bacterial diversity, or taxa underrepresented in
current reference databases, a common limitation in wildlife and environmental microbiome
studies. While their taxonomic identity and potential functional roles remain unknown,
their presence highlights the need for continued investigation of the fecal microbiota of
X. xanthocephalus using complementary approaches such as full-length 16S sequencing,
shotgun metagenomics, and longitudinal sampling. Such efforts will progressively refine
taxonomic resolution and improve our understanding of the ecological and potential health
relevance of the broader microbial diversity associated with this migratory species.

Future research should expand our X. xanthocephalus microbiome knowledge by incor-
porating longitudinal sampling across the migratory cycle to assess temporal microbiome
dynamics, as well as habitat-specific comparisons to disentangle environmental from host-
associated microbial signatures. The application of shotgun metagenomics would allow
direct assessment of functional genes and metabolic potential, while targeted screening
for antimicrobial resistance (AMR) determinants could further refine the One Health im-
plications of migratory bird microbiomes. Together, these approaches would strengthen
our understanding of how the yellow-headed blackbird interacts with its environment and
participates in microbial exchange across natural, agricultural, and urban landscapes.

5. Conclusions

This study provides the first comprehensive characterization of the fecal bacterial
microbiota of the yellow-headed blackbird (X. xanthocephalus) in northern Mexico, inte-
grating taxonomic composition, alpha diversity metrics, and a conservative screening for
zoonotic associations. The fecal microbiota of this bird was highly diverse and reflected
the combined influence of habitat heterogeneity, social flocking behavior, and the use of
urban-agricultural landscapes characteristic of the Comarca Lagunera region.

Although three taxa tentatively assigned at the species level have been previously
reported as having zoonotic potential, all were detected at very low relative abundances
and none corresponded to avian-adapted pathogens or taxa historically linked to major
zoonotic outbreaks. These findings suggest a minimal public health risk under natural con-
ditions and support the interpretation of migratory blackbirds as vectors of environmental
microbial circulation rather than sources of zoonotic threat. Importantly, the detection
of low-abundance taxa previously reported as possibly zoonotic should be interpreted
cautiously, as presence in fecal material does not imply host colonization, microbial viability,
or transmission potential.

From a One Health perspective, this study highlights the value of free-ranging mi-
gratory birds as sentinels of landscape-level microbial dynamics, reflecting environmental
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exposure and habitat use rather than active disease transmission. These findings underscore
the importance of cautious, ecology-oriented interpretation of wildlife microbiome data,
particularly when analyses involve low-biomass samples and taxa tentatively assigned
at the species level. Despite being based on a limited number of pooled samples, this
work establishes a foundational microbiological baseline for X. xanthocephalus in Mexico.
Future studies incorporating replicated and longitudinal sampling across seasons and
migratory stages, together with shotgun metagenomic approaches and targeted screening
for antimicrobial resistance, will further elucidate the ecological interactions linking birds,
their microbiota, and human-modified environments in semiarid regions.

Supplementary Materials: The following supporting information is available online at
https:/ /www.mdpi.com/article/10.3390/birds7010015/s1, Table S1: DADA2 read-processing statis-
tics for V3-V4 amplicon sequences and Good’s coverage estimates from fecal samples of the yellow-
headed blackbird (Xanthocephalus xanthocephalus). Table S2: Relative abundances of bacterial taxa
detected in fecal samples of the yellow-headed blackbird (Xanthocephalus xanthocephalus); species-level
assignments were considered tentative and supported by conservative manual NCBI BLAST vali-
dation; query coverage, E-value, percent identity, and accession numbers are reported only for taxa
meeting these criteria. Table S3: Alpha diversity metrics across pooled fecal samples of the yellow-
headed blackbird (Xanthocephalus xanthocephalus). Table S4: Conservative screening of taxa tentatively
assigned at the species level for potential kit-, reagent-, or skin-associated contamination based on
published low-biomass microbiome studies and environmental metadata (screening was performed
for contextual interpretation only and did not involve contaminant removal). Table S5: Bacterial taxa
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