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ABSTRACT

Background: Birds-of-paradise, renowned for their stunning plumage and intricate mating rituals, have been
extensively studied for their external characteristics. However, the microbial communities inhabiting their digestive
tracts remain largely unexplored. The gut microbiome plays a vital role in host health and physiology, influencing
digestion, nutrient absorption, and immune function. Understanding the microbiome of birds-of-paradise, particularly
in their unique tropical rainforest habitats, may offer valuable insights into their adaptation and overall health.

Aim: This study aims to characterize the gut microbiome of birds-of-paradise and to explore the relationship between
microbiome and host.

Methods: Fecal samples were collected from Jayapura Regency, Indonesia, with non-invasive sampling methods.
DNA was extracted using the DNeasy PowerSoil Pro Kit. Shotgun metagenomic sequencing was performed on the
MGI DNBSEQ-G400 platform to obtain DNA sequences. DNA sequences were analyzed using DIAMOND followed
by MEGANG to provide insights into the relative abundance of bacterial taxa within the microbiome.

Results: Using Operational Taxonomy Unit analysis we identified 1,398,117 sequences from 5,048,280 initial
sequences. Proteobacteria, Bacteroidetes, Firmicutes, Actinobacteria, and Acidobacteria were the dominant phyla, with
other phyla present in smaller amounts. Burkholderiales, Hyphomicrobiales, Sphingobacteriales, and Enterobacterales
were dominant orders, each with specific functional roles. Family and Genus-Level Abundance: Flavobacteriaceae,
Comamonadaceae, and Sphingobacteriaceae were dominant families, while Flavobacterium, Delftia, and Pedobacter
were dominant genera. Delftia sp., Pedobacter sp., Klebsiella pneumoniae, Achromobacter sp., Bacillus pumilus,
Rhizobium sp., and Brevundimonas sp. were among the most abundant species.

Conclusion: The microbiome in the gut of birds-of-paradise is characterized by a diverse community of bacteria, fungi,
and other microorganisms. The abundance of specific orders, families, and genera varies between samples, suggesting
that differences in diet, habitat, or host genetics may influence microbiome composition. The findings reveal a diverse
and complex microbial community that likely plays a crucial role in host health and physiology.

Keywords: Birds-of-paradise, Microbiome characterization, Microbiome interactions, Shotgun metagenomics.

Introduction

Birds-of-paradise, endemic to the islands of Papua
and Maluku, have long been the center of attention
for biologists and nature lovers. The beauty and
uniqueness of this bird, especially in its spectacular
mating rituals, has gained global recognition. While the
focus of research has largely centered on the striking
external and behavioral aspects, such as the beautiful
plumage and extraordinary mating dance, we have
yet to understand the diversity of microscopic life
accompanying birds-of-paradise.

Nowadays, the understanding of the microbiota
ecosystem within the gut of birds is gaining more and
more attention. The gut microbiome, which includes a
variety of microorganisms such as bacteria, archaca,

viruses, and protozoa, and the complex interactions
between them, has been shown to play an important
role in the health and physiology of its host (Berg et al.,
2020). However, our understanding of this microbiome
in birds-of-paradise is too little. The birds-of-paradise’s
habitat, which includes dense tropical rainforests
and mountains, provides unique challenges and
opportunities for its microbiota. The combination of a
varied diet, including the consumption of fruits, insects,
and nectar, creates a rich and complex environment
within the gut; however, the gut microbiome’s
adaptation to this diet and its effect on bird health
remain unknown (Valdes et al., 2018).

Further understanding of the birds-of-paradise
microbiome needs to be improved, so this study
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approached it using the shotgun metagenomic method.
This method involves high-speed sequencing of DNA
fragments present in bird feces samples. The resulting
data is then analyzed using bioinformatics software to
identify and characterize the microorganisms present.
This approach will provide a comprehensive picture
of the diversity, composition, and interactions of
the microbiota within the digestive tract of birds-of-
paradise.

This study may provide new insights into how the
microbiome of the digestive tract of birds-of-paradise
contributes to their physiological functions, including
digestion, nutrient absorption, and even the immune
system as in previous studies (Waite and Taylor, 2014,
2015). A better understanding of this microbiome could
provide the basis for more effective conservation and
management efforts.

This study can also provide valuable guidance on the
state of health and adaptation of the microbiota when
birds return to their natural habitat. It can also provide
a richer picture of the biodiversity and biogeography
of birds-of-paradise. By understanding the complex
interactions between birds, microorganisms, and their
environment, we can appreciate their role as important
indicators of ecosystem balance in Papua Islands.

Materials and Methods
Sampling
The study area was Rhepang Muaif Monitoring
Site, Rhepang Muaif Village, Nimbokrang District,
Jayapura Regency. Six fecal samples were collected.
The identification of the birds-of-paradise for sampling
was conducted based on morphology. The sampling
method is a non-invasive method as per Fu et al. (2020)
and Safika et al. (2023).
DNA extraction
Fecal samples were extracted using the DNeasy
PowerSoil Pro kit (Qiagen, Germany) according to the
manufacturer’s procedures for the best performance
(Shaffer et al., 2022; Puarada et al., 2024).
Product qualification
Atotal of 25 pl of total DNA was taken and then the DNA
concentration was measured at the Advanced Research
Laboratory (Bogor) using a NanoPhotometer® N60/
N50 (Implen, Germany). The A260/A280 ratio was
recorded and calculated to determine the purity of the
DNA. Qubit fluorometric (Thermo Fisher Scientific,
USA) quantitation was then used to assess the extracted
DNA quality. Samples with a total DNA concentration
of >15 ng/ul were selected for sequencing. The
threshold for DNA quality typically refers to both the
concentration and purity of the extracted DNA, which
are crucial for obtaining reliable sequencing data.
A specific threshold, such as 15.0 ng/ul, is often set
to ensure sufficient DNA is available for successful
library preparation and sequencing. A threshold like
15.0 ng/ul ensures enough DNA is present for efficient
fragmentation, adapter ligation, and amplification

without introducing biases that could occur at lower
concentrations (Quince et al., 2017).

Sequencing

A shotgun metagenomic sequencing process targeting
the whole genome was conducted on the MGI
DNBSEQ-G400 platform. Sample testing included
sample integrity and purity. Sample integrity and
purity were detected by Agarose Gel Electrophoresis
(Concentration of Agarose Gel:1% Voltage:150V,
Electrophoresis Time:40 minute). Shotgun
metagenomic targeted the whole genome. DNA was
randomly fragmented by transposase enzyme. The
fragmented genomic DNA was selected by sequencer
DNBSEQ-G400 (MGI) purification kit to an average
size of 200-500 bp. Fragments were end-repaired
and then 3’ adenylated. Adaptors were ligated to the
ends of these 3’ adenylated fragments. Polymerase
chain reaction (PCR) products were purified MGI
purification kit. The double-stranded PCR products
were heat-denatured and circularized by the splint
oligo sequence. The single-strand circle DNA (ssCir
DNA) was formatted as the final library. The library
was qualified by QC. The qualified libraries were
sequenced by DNBSEQ: ssCir DNA molecule formed
a DNA nanoball (DNB). The DNBs were loaded
into the patterned nanoarray by using high-density
DNA nanochip technology. Finally, pair-end 150 bp
reads were obtained by combinatorial Probe-Anchor
Synthesis.

Bioinformatic

QC was performed using fastp v0.23.2 for quality
control, adapter trimming, filtering by quality, and
read trimming and KneadData v0.10.1 was used to
perform data filtering of these “contaminant” readings
from the host. The data were then assembled using
SPAdes genome assembler v3.15.5 and checked with
metaQUAST (Quast v5.2.0). Taxonomic classification
of the processed sequences is performed using
DIAMOND followed by MEGANG6 (Bagcr et al.,
2021). These tools provide insights into the relative
abundance of bacteria, offering valuable information
on microbial community composition.

Ethical approval

This study obtained a permit and a written
recommendation letter from Kementerian Lingkungan
Hidup dan Kehutanan Direktorat Jenderal Konservasi
Sumber Daya Alam dan Ekosistem (Number. AA
308148/SATS/K.4/2023).

Results

Samples characteristic

Initial DNA extraction resulted in six samples below
the required 15.0 ng/pl concentration threshold. Two
samples with the highest concentrations (14.0 and 14.6
ng/ul) and acceptable A260/280 ratios (1.59 and 1.75,
respectively) were selected for shotgun metagenomics
sequencing on the MGI DNBSEQ-G400 platform
(Table 1). Although these concentrations were not
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Table 1. Birds-of-paradise sample information.

DNA
Sample Bird species Morphology* Diet® Mating behavior* A2600/.A280 concentration
1D ratio
(ng/pl)
CDW2 Twelve-wired Color: vibrant yellow 50% fruits ~ Arboreal, loud 1.59 14.0
bird-of-paradise  and black, 12 black tail vocalization,
o . 50%
(Seleucidis string (male), diverse observable dance,
melanoleucus) Feather, beak and diet Succesful lek
claw: no observable (legume, mating: 4-5 times.
abnormalities insect
small
reptiles)
CDW6 Magnificent Color: dull yellow and 70% Fruits Terrestrial, loud 1.75 14.6
bird-of-paradise  black, blue feet, 2 blue 30% vocailization,
(Cicinnurus tail string (male) ek observable dance
) Feather, beak and and o minptes
claw: no observable cricket) (CIefm el
abnormalities e 53)
Succesful lek

mating: 2 times

“Non-invasive; can not be counted. "These values should be considered approximate indications of dietary preference. “Succesful mating indicate

healthy individual.

optimal, the DNA purity and the platform’s sensitivity
to low input amounts suggested sufficient data quality
could be obtained.

Profile of the bacterial microbiome

The profile of the bacterial microbiome in the digestive
tract of birds of paradise can be seen through Operational
Taxonomy Unit (OTU) analysis. Preliminary data
analysis showed the presence of bacteria, fungi, algae
(viridoplantae), and viruses in the microbiome of the
digestive tract of birds of paradise. The analysis results
showed OTU has 1,398,117 out of 5,048,280 initial
sequences. The arrangement of OTUs in the taxonomic
tree can be seen in Figure 1.

Bacterial microbiota composition dominated in the gut
of birds-of-paradise is the phylum Proteobacter (54.0%,
51.4%), Bacteroidetes (13.3%, 32.1%), Firmicutes
(11.4%, 2.2%), Actinobacteria (9.6%, 13.23%), and
Acidobacteria (4.4%, 0.1%). Only a few (<1%)
were found Candidatus Rokubacteria, Chlamydiae,
Chloroflexi, Cyanobacteria, ~Gemmatimonadetes,
Planctomycetes, and Verrucomicrobia. In
addition to bacterial microbiota, other microbiota
were found, namely Ascomycota (fungi) and
Viridiplantae (green algae) in small amounts (Fig.
2). The orders Burkholderiales, Hyphomicrobiales,
Sphingobacteriales, and Enterobacterales in the
digestive tract of birds of paradise had a dominant
abundance in each sample. Other dominant orders were
the Flavobacteriales at CDW2, while the Bacillales
and Caulobacterales orders were dominant at CDW6

(Fig. 3).

Metagenomic analysis of the gut of birds of paradise
showed the abundance of the bacterial families
Flavobacteriaceae (18.7%), Comamonadaceae
(13.7%), and Sphingobacteriaceae (12.4%) in the first
sample. The second sample showed the dominance of
Sphingobacteriaceaec (19.9%), Bacillaceae (16.6%),
and Caulobacteraceae (15.4%). Metagenomic analysis
at the genus level in the first sample, the dominant
bacterial genera were Flavobacterium (20.4%), Delftia
(13.8%), and Pedobacter (11.9%). The second sample
was dominated by Pedobacter (16.9%), Bacillus
(14.2%), and Brevundimonas (13.1%) (Fig. 4).

A total of 104 species were successfully sequenced
from the samples, 53 species from sample CDW2 (5
unspecified species) and 51 species from CDW6 (18
unspecified species) where 26 of the same species
were obtained from both samples (Fig. 5). Most of the
microbiome abundance in the digestive tract of birds of
paradise from both samples are Delftia sp., Pedobacter
sp., Klebsiella pneumoniae, Achromobacter sp.,
Bacillus pumilus, Rhizobium sp., and Brevundimonas
sp. with some differences in the species Flavobacterium
sp., Aquitaiea sp. in CDW2 and Acidobacterium sp. in
CDWGo, respectively.

Discussion

The birds-of-paradise in the northwest lowland of
Papua Island represent an extraordinary aspect of avian
biodiversity and serve as a symbol of the relationships
within rainforest ecosystems. These birds, known for
their extraordinary plumage and eclaborate mating
displays, inhabit diverse ecological niches, ranging
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Fig. 1. Gut microbiome phylogenetic tree of bird-of-paradise in the northwest lowlands of Papua. Each branch represents

a microbiome species.

from lowland rainforests to mountainous regions
in Papua Island and surrounding areas. The twelve-
wired Bird-of-Paradise (Seleucidis melanoleucus)
is a species distinguished by its physical and
behavioral characteristics, particularly exhibited by
male individuals during courtship displays. The male
12-wired Bird-of-Paradise is characterized by a glossy
black body that shimmers. However, the most striking
feature that captures attention is the 12 eclongated,
slender filaments, commonly referred to as “wires,”
that extend from the male’s tail. These distinctive
appendages, which are bare and delicate, curl slightly
at their tips, creating a breathtaking display during the
male’s courtship rituals. Similarly, the Magnificent
Bird-of-Paradise (Cicinnurus magnificus) captivates
all who encounter it. This small yet extraordinary avian
species measures approximately 23-25 cm in length
and serves as a testament to the intricate beauty of
evolution and the complexities of the natural world.

The male’s body glistens with an enchanting array
of colors; iridescent yellow-green feathers shimmer
alongside striking blue-green and deep black plumage.
Among these features, the most visually arresting
aspect is the long, elegant tail feathers that trail behind
the male, enhancing his regal appearance (Frith and
Beehler, 1998).

The gut microbiome of birds-of-paradise is indeed a
remarkable aspect of their biology. The gut microbiome,
a complex community of microorganisms including
bacteria, fungi, and archaea, is integral to their health
and adaptation to these environments. The initial
analysis has suggested a “slight variation” in microbial
composition between CDW2 and CDW6, but a deeper
dive into the data and subsequent analyses could reveal
more substantial differences. Both samples shared a
core microbiome, consisting of common bacterial taxa
found in the gut. This core microbiome could have
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Fig. 2. Relative microbiome abundance of birds-of-paradise at the phylum level. Data were alphabetically. The
highest abundance is marked by a line limit (----) and number of abundance.

100% B Xanthomonadales
[ Vibrionales

. Verrucomicrobiales
Thermomicrobiales
L Streptosporangiales
Streptomycetales
Sphingomonadales
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29 more

Fig. 3. Relative microbiome abundance of birds-of-paradise at the order level. The highest abundance is marked
by a line limit ( ) and number of abundance. Order with abundance <1% on both sample are catogorized in
other.
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Fig. 4. Top 10 microbiome abundances of birds-of-paradise in family level (A) and genus level (B).

masked the more specific differences at the species
level.

Phylum diversities

The gut microbiome of birds-of-paradise is a complex
ecosystem teeming with diverse microbial communities.
The dominant phyla in the gut microbiome of birds-of-
paradise were Proteobacteria, Bacteroidetes, Firmicutes,
Actinobacteria, and Acidobacteria, accounting for
over 90% of the total microbiome. This result is per
the research of Wang ef al. (2022) which states that
the normal flora of some wild birds is dominated by
the phylum Proteobacteria and Firmicutes. Waite and
Taylor’s (2015) review study showed that Firmicutes,
Proteobacteria, Actinobacteria, and Bacteroidetes are
the dominant phylums, characterized by an abundance
exceeding 1%. However, in contrast to this study,
Proteobacteria was more dominant than Firmicutes and
Bacteroidetes. These results suggest that the function
of the gut microbiome of wild birds such as healthy
birds-of-paradise may be more variable and that the

major axes of taxonomic variation in the microbiota do
not necessarily capture most of the functional variation.
Bodawatta et al. (2018) study of the passerine bird in
New Guinea yielded similar results and added that
insectivore species were dominated by Firmicutes and
omnivores were dominated by Proteobacteria.

Proteobacteria were an important part of the birds-
of-paradise gut microbiome. This is shown by the
percentage of about 54.0% and 51.4% of the entire
microbiome in the bird-of-paradise gut. Proteobacteria
are known for their metabolic flexibility and role in the
nitrogen cycle, with some taxa potentially aiding in
immunity (Bradley and Pollard, 2017). Proteobacteria
are involved in breaking down complex carbohydrates
and synthesizing essential nutrients, which are crucial
for the birds’ nutrition, especially given their varied
diet of fruits, insects, and small animals (Ali et al.,
2022). Some Proteobacteria are also known for their
capacity to degrade toxic compounds (Poyntner et al.,
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Fig. 5. Top 10 species-level microbiome abundances in samples CDW2 (A) and CDW6 (B).

2021), which could help these birds handle potentially
harmful substances found in their food.

Bacteroidetes specialize in polysaccharide degradation,
which contributes to the breakdown of complex
carbohydrates in poultry diets. A higher abundance of
Bacteroidetes is often associated with fiber-rich diets,
reflecting their adaptive role in nutrient utilization.
Firmicutes are versatile fermenters and contribute to
the extraction of host energy from the diet (Bradley
and Pollard, 2017). The abundance ratio of these two
phylum (F/B ratio) is still low. In production birds, a
high F/B ratio is linked to greater productivity, although
this ratio may vary across species and is understudied
in wild birds (Lundberg et al., 2021). This could also
be due to the different diets of production birds. Birds-
of-paradise have a diet of fruits and insects while
production birds have their own formulated feed.
Orders, families, and genus diversities

A key finding is the dominance of Burkholderiales,
Hyphomicrobiales, Sphingobacteriales, and
Enterobacterales orders across various samples.
These orders have specific functional roles, including
regulating gut homeostasis, degrading complex
organic matter, and participating in nitrogen cycling.
Diving deeper into the taxonomic hierarchy, we
find that Flavobacteriaceae, Comamonadaceae, and
Sphingobacteriaceae families are prevalent in the gut
microbiome. Flavobacterium, Delftia, Pedobacter,
Bacillus, and Brevundimonas are particularly abundant
at the genus level. These bacteria are known for their
diverse metabolic activities, including the breakdown
of complex organic compounds and pollutants (Mondal
et al., 2023; Liao et al., 2024). The presence of
Sphingobacteriales highlights their role in decomposing
plant materials and complex carbohydrates (Kimeklis et
al., 2023). There are some variations in the dominance
patterns across these levels, consistent findings include
the prominence of the families Flavobacteriaceae,

Comamonadaceae, and Sphingobacteriaceae. These
families were consistently observed to be among the
most abundant in both CDW2 and CDW6 samples,
supporting their dominance in the gut microbiome
of birds-of-paradise. Future research could focus on
conducting more detailed comparisons at any level
of taxon to gain a deeper understanding of the factors
influencing this dominance in birds-of-paradise.
Species diversities

The presence of specific bacterial species, such as
Delftia sp., Pedobacter sp., Klebsiella pneumoniae,
Achromobacter sp., Bacillus pumilus, Rhizobium sp.,
and Brevundimonas sp., further highlights the diversity
and functional potential of the gut microbiome. These
species contribute to host health by aiding in digestion
and nutrient acquisition, although some may cause
infections under specific conditions.

The bacterial species mentioned represent a wide
variety of genera, each with unique characteristics
and potential impacts on the microbiome of the
digestive tract of birds of paradise. Delftia sp. and
Achromobacter sp. are capable of metabolizing a wide
range of organic compounds, which may aid in the
breakdown of complex dietary components. Delftia sp.
is also a normal flora in the cloacal mucosa of condor
birds where these bacteria function in degrading
biofilms (Jacob et al., 2020). Some species of Delftia
sp. such as Delftia acidovorans play an important role
in the metabolism of Propinoate, which is one type of
carbohydrate. Research by Bilal ef al. (2021) showed
that this bacterium can help bird immunity under
suboptimal environmental conditions. Bacillus pumilus
is added as a probiotic to improve the production,
immunity, and digestive tract health of production
poultry. The normal presence of this bacterium in the
digestive tract of birds-of-paradise may affect their
immunity.
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Bacteria such as Rhizobium sp. and Klebsiella
pneumoniae can make a positive contribution to the
host by fixing nitrogen, potentially increasing nutrient
availability in nutrient-poor environments (Milenkov
et al., 2011). Brevundimonas sp. has been associated
with aquatic environments but discoveries have shown
its normal presence in the body mucosa (Leung ef al.,
2019).

Pedobacter species are known for their ability to degrade
a wide range of polysaccharides, including cellulose,
hemicellulose, and pectin (Cho et al., 2021). This is
particularly beneficial for birds-of-paradise, which
consume a diet rich in plant matter. Pedobacter species
have also been implicated in bioremediation processes,
suggesting they may play a role in detoxifying the host
bird (Lors <AQ3> et al., 2010). Achromobacter species
are versatile biodegraders, capable of metabolizing
a wide range of organic compounds, including
hydrocarbons, phenols, and pesticides (ElI-Kurdi et
al., 2024). This ability could be beneficial for birds-of-
paradise exposed to environmental pollutants.

Factors influencing microbiota composition

For birds-of-paradise that consume significant amounts
of fruits or seeds, these bacteria are vital in breaking
down plant-based components. The variations observed
in the microbiota composition between samples are
likely attributed to differences in diet, genetics, and
behavior. Their dominance in the avian gut highlights
their critical role in efficiently processing and managing
the diverse and complex dietary components consumed
by birds-of-paradise.

There were differences in the microbiota composition
of these two samples. These differences can be
attributed to the different physiological and metabolic
characteristics inherent to each species. Even
within the same genus, variations in physiology or
metabolic requirements may select certain microbiota
communities that are better suited to support host
health and nutrition.

Small differences in preferences, feeding behavior, or
dietary specialization between two species can lead to
different microbiota compositions in their gut (Table 1).
There is a slight variation in genetic makeup between
CDW6 and CDW2, which may also affect their
respective microbiomes. CDW2 has a high abundance
of the order Flavobacteriales, some of whose functions
are to metabolize fiber, carbohydrates, and chitin
(Gavriilidou et al., 2020). As observed CDW?2 birds
have a high-fiber diet with a more diverse diet such as
legumes, small reptiles, and insects. Sample CDW6 was
dominated by the orders Caulobacterales that function
to digest lipids in a high-fat diet and some Bacillales
can process diets high in cellulose or hemicellulose
as this species tends to eat more fruit than CDW2
(Harirchi et al., 2022; Ignatiou and Pitsouli, 2024). But
Bodawatta et al. (2018) also suggest that some species
maybe with a specific can have a different microbiome
even though they are in the same family.

Behavioral differences, including specific mating rituals
or social interaction patterns unique to each species,
may expose them to different microbiota communities,
thereby affecting the gut microbiome. Interactions with
the same and other species, as well as with the physical
environment during various behaviors, play a role in
the acquisition and modulation of the gut microbiome.
Understanding these subtle differences and similarities
is essential in gaining comprehensive insights into their
biology and ecology, supporting informed conservation
strategies for these amazing birds-of-paradise (Sun et
al., 2022).

Implications for conservation and ecological roles

The microbiome of birds-of-paradise is a complex
ecosystem that plays a vital role in their life.
Understanding the factors that influence microbiome
composition and function is essential for developing
effective conservation strategies.

The birds-of-paradise’s diet, which likely consists
of fruits, insects, and nectar, directly shapes their
microbiome. Conserving their food sources and habitats
is crucial for maintaining a healthy microbiome and
overall health. Additionally, climate change and habitat
destruction can disrupt food availability and alter the
microbial environment, further impacting the birds’
health.

The microbiome acts as a first line of defense against
pathogens. Identifying key microbial taxa associated
with disease resistance can aid in developing
targeted disease prevention strategies. For example,
understanding the role of specific bacterial species
in immune function can inform the development of
probiotics or prebiotics to support microbiome health.

The microbiome plays a crucial role in nutrient cycling
within the digestive tract. By breaking down complex
nutrients into simpler molecules, the microbiome
enables the host to absorb essential nutrients.
Understanding the microbial functions involved in
nutrient degradation and assimilation can help us
appreciate the ecological roles of birds-of-paradise in
nutrient cycling within their ecosystem. Furthermore,
the microbiome may also influence the birds’ ability
to detoxify harmful substances present in their
environment.

The interactions between the microbiome and the host
are complex and multifaceted. Investigating these
interactions can provide insights into the factors driving
microbial community structure and function. This
knowledge can inform conservation strategies aimed
at maintaining the health and well-being of birds-of-
paradise. For example, understanding the factors that
influence microbiome diversity can help us identify
potential threats to microbiome health and develop
strategies to mitigate them.

Research into the gut microbiome of birds-of-paradise
is still in its early stages, but it holds the potential
to uncover fascinating links between these birds’
distinctive ecological adaptations and their microbiota.
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By unraveling the complexities of this microbial
ecosystem, we can develop targeted conservation
interventions to protect these exceptional and
ecologically important species. Understanding these
relationships could provide deeper insights into the
evolution and ecology of these extraordinary birds.

Conclusion

The dominant phyla in the gut microbiome of birds-of-
paradise are Proteobacteria, Bacteroidetes, Firmicutes,
Actinobacteria, and Acidobacteria, which together
account for over 90% of the total microbiome. At the
genus level, Flavobacterium, Delftia, Pedobacter,
Bacillus, and Brevundimonas are particularly
abundant. These bacteria have diverse metabolic
activities, including the breakdown of complex organic
compounds and pollutants. The factors influencing
microbiota composition include diet, genetics, and
behavior. Birds-of-paradise that consume significant
amounts of fruits or seeds have microbiota communities
that are specialized in breaking down plant-based
components. Understanding the microbiome is
essential for developing effective conservation
strategies. Conserving their food sources and habitats
is crucial for maintaining a healthy microbiome and
overall health. Additionally, climate change and habitat
destruction can disrupt food availability and alter the
microbial environment, further impacting the birds’
health. Future research should focus on investigating
the specific functions of different microbial taxa, the
factors that influence microbiome composition, and the
interactions between the microbiome and the host. By
unraveling the complexities of this microbial ecosystem,
we can gain deeper insights into the evolution and
adaptation of birds-of-paradise and develop effective
conservation strategies to protect them.
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