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Abstract
Gut microbiota play a central role in the health of animals. The bacteria that individuals acquire as they age may therefore 
have a profound effect on their future fitness. Since most birds are capable of flight, they can be widely distributed in and 
adapted to various ecosystems. Moreover, birds are also challenged by the need to digest a wide range of food resources in 
their guts. However, little is known regarding how the microbial community structure in birds, especially wild birds, changes 
with host age. Here, we used high-throughput sequencing of the 16S rRNA V3–V4 region to depict the microbial composi-
tion and structure in the adults and nestlings of Jankowski’s bunting (Emberiza jankowskii), an endangered species of bird, 
during the breeding season. The results showed that the phyla Proteobacteria (52.45%), Firmicutes (13.87%), Bacteroidetes 
(5.76%), Actinobacteria (4.95%), Planctomycetes (4.36%), Euryarchaeota (3.20%), Acidobacteria (2.59%), Fusobacteria 
(2.24%), and Chloroflexi (1.8%) dominated the gut microbial communities in Jankowski’s bunting. There was no significant 
difference in the alpha diversity and richness among different age groups. There was also no significant difference in species 
richness and diversity between the nestlings and adults. However, we observed different bacterial compositions at the genus 
level. The genera Photobacterium and Brochothrix were detected only in the nestling groups (at days 3, 6, and 9), while 
Diplorickettsia was detected only in the adult group. In summary, this study can provide additional information regarding 
the intestinal microorganisms of wild passerine and grassland birds and provide theoretical evidence for methods to protect 
Jankowski’s bunting.

Introduction

The class Aves occupies an important ecological niche in the 
ecosystem and exhibits the most diverse range of ecological 
functions among vertebrates [24]. Similar to other verte-
brates, birds harbor diverse communities of microbiomes 
within their guts that collectively fulfill vital roles in provid-
ing nutrients to the host and protecting the host from patho-
gens [31]. Since most birds are capable of flight, they can 
be widely distributed in and adapted to different ecosystems 

[24]. In addition, birds are challenged by the need to digest 
a wide range of food resources and thus harbor highly com-
plex microbiome compositions in their guts. Across the field 
of avian microbiology, knowledge is unevenly distributed, 
with several species accounting for an overwhelming major-
ity of all microbiological investigations [32]. For example, 
research has mainly focused on birds that are important in 
agricultural production, such as chickens [2, 9], turkeys [18], 
and ring-necked pheasant [20], ornamental and laboratory 
birds such as Zebra Finches [1], and birds of evolutionary 
significance [7, 22, 29, 31]. However, wild birds have a 
wide range of lifestyles (such as migration), feeding habits, 
physiological characteristics and developmental processes 
that lead to complex changes in intestinal microbial flora. 
Therefore, the study of intestinal microbial research in wild 
birds is of great significance for the comprehensive under-
standing of the interaction between birds and microbial flora 
and the coevolution of birds and microorganisms under the 
pressure of natural selection.

Diet is considered an important factor that affects the gut 
flora composition of animals. Intestinal microbial studies of 
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birds have been performed in some birds that have unique 
diets. For example, recent studies on the gut microbiome 
of hummingbird (Trochilidae) [21], which suggested that 
diet had a major influence on the microbes in birds’ guts, 
and research on hoatzin (Opisthocomus hoazin) [7, 8] and 
kakapo (Strigops habroptilus) [13] showed that diet-related 
species and differences in dietary habits could lead to dif-
ferences in the gut microbiota. All of these studies were 
based on adult birds, and there have been few studies on the 
intestinal microbial differences between chicks and adults 
in wild birds. Only in the study of kakapo and hoatzin did 
the results show that there was no significant difference in 
the intestinal microbial community structure between chicks 
and adults due to the extremely low diversity of the intestinal 
microbial community [7, 30].

Studies on the gut microbiome of small passerine birds in 
the wild are relatively rarer. Francoise studied the differences 
between and influential factors of the intestinal microbes in 
the great tit (Parus major) and blue tit (Cyanistes caeruleus) 
in the nestling stage. The results showed that environmental 
factors were the main factors affecting the intestinal micro-
bial changes in chicks [19]. Teyssier used the same method 
to study the influential factors of the intestinal microbes of 
great tit nestlings, and similar results were obtained. The 
most dominant phyla were Actinobacteria and Firmicutes, 
followed by Proteobacteria, in the intestine of great tit nest-
lings [27]. However, the intestinal microbes of the sparrow 
(Passer montanus) were significantly different from those 
of the great tit and were mainly composed of Proteobacte-
ria and Firmicutes [16]. Major species in urban and forest 
ecosystems have been studied, but little is known about the 
composition of the intestinal microbes of birds in the most 
threatened grassland ecosystems, which cover 30–40% of 
the earth’s land area [35] and are most severely disturbed by 
human activities such as grazing [12].

Jankowski’s bunting is a small grassland bird [14] 
that was listed as ‘Endangered’ on the IUCN Red List of 
Threatened Species in 2018 (https ://dx.doi.org/10.2305/
IUCN.UK.2018-2.RLTS.T2272 0905A 13200 4685.en.). It 
has disappeared from most of its former breeding distribu-
tions, with the exceptions of Dagang, Xiergen, and Tumiji. 
Recently, 13 new breeding sites were discovered in Inner 
Mongolia. The population size of Jankowski’s bunting is 
approximately 10,000 individuals, which are distributed 
within discrete patches [10]. The study of its intestinal 
microbes could enable us to understand the community 
structure and composition of gut microbes in grassland 
birds.

We had two goals in this study. Our primary aim for the 
current study was to describe the gut microbial community 
structure and composition of wild Jankowski’s buntings 
using 16S rRNA gene high-throughput sequencing. Second, 
we aimed to compare the difference in the gut microbiota 

between nestling and adult Jankowski’s buntings and to 
understand the succession of the gut microbiota commu-
nity structure in Jankowski’s bunting. Our study not only 
enriched the research available on Jankowski’s bunting 
and provided a theoretical basis for its protection but also 
enriched related research on wild birds.

Materials and Methods

Sample Collection and Preservation

We searched for Jankowski’s bunting nests in the breeding 
season (May–July, 2018) in the breeding areas in Zhalute 
Qi, Tongliao City, Inner Mongolia, China (43  50′ 13″–45  
35′ 31″ N, 119  34′ 48″–121  56′ 50″ E). The nestlings′ feces 
were collected during the nestling period (3 days, 6 days, 
and 9 days) by holding the nestlings in gloved hands for 
one minute. Because the amount of feces collected from the 
nestlings was particularly low, we pooled the feces of three 
nestlings into one sample. To reduce the likelihood of nest 
abandonment as a result of early interference, adults were 
captured by mist nets during the nestling period, 6–8 days 
after hatching, and paper was placed in the cage under the 
captive bird to collect feces samples. Because Jankowski’s 
bunting is an endangered bird, our sample size was relatively 
small, but this could be appropriate for a preliminary study 
to answer the proposed research questions. We collected 24 
chick feces samples from 10 breeding nests and 6 adult bird 
feces samples from 6 breeding nests. Information regarding 
the feces samples is shown in Table 1. All samples were 
frozen immediately in liquid nitrogen in the wild and stored 
at − 80 °C after being transported to the laboratory.

DNA Extraction, PCR Amplification, 
and High‑Throughput Sequencing

DNA was extracted from the feces samples with the EZAN 
Mag-Bind Soil DNA Kit (OMEGA, USA). A Qubit2.0 
DNA detection Kit was used to precisely quantify genomic 
DNA to determine the amount of DNA to be added to the 
PCR. We amplified the hypervariable region V3–V4 of 
the 16S rRNA gene using the primer pair 341F: CCT ACG 

Table 1  The number of samples in different ages in the nestling stage

Age Samples Individuals Nests Mixture

3 days 3 9 6 3
6 days 2 6 5 3
9 days 3 9 2 3
Adults 6 6 6
Total 14 30 13

https://dx.doi.org/10.2305/IUCN.UK.2018-2.RLTS.T22720905A132004685.en
https://dx.doi.org/10.2305/IUCN.UK.2018-2.RLTS.T22720905A132004685.en
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GGNGGC WGC AG and 805R: GAC TAC HVGGG TAT CTA 
ATC C [11]. Amplification was performed in a total volume 
of 30 μl, with 20 ng DNA template, 15 µl 2 × master mix, 
1 µl Bar-PCR primer F (10 µM), 1 µl Primer R (10 µM), and 
 H2O to a final volume of 30 µl. The PCR program was as 
follows: 3 min of denaturation at 94 °C; 5 cycles of 30 s at 
94 °C, 20 s at 45 °C, and 30 s at 65 °C; 20 cycles of 20 s at 
94 °C, 20 s at 55 °C, and 30 s at 72 °C; and a final elongation 
for 5 min at 72 °C. In the second PCR, with the same reac-
tion mix as that described above, the conditions were 3 min 
of denaturation at 95 °C; 5 cycles of 20 s at 94 °C, 20 s at 
55 °C, and 30 s at 72 °C; and a final elongation for 5 min at 
72 °C. High-throughput sequencing was performed using 
the Illumina MiSeq platform following the manufacturer’s 
instructions at Sangon, Shanghai, China.

Sequence Analysis and Statistical Analysis

Cutadapt (1.2.1; to cut joint sequences), PEAR (0.9.6; to 
merge sequences) [38], and Prinseq (0.20.4; for quality 
control) [23] software was used to preprocess the obtained 
sequences. Usearch (5.2.236) [5] was used to remove the 
nonamplified sequence region after the pretreatment of 
data, sequence correction, and identification of chimera by 
Uchime (4.2.40) [4]. Then, we performed blastn compari-
sons between discarded chimera sequences and representa-
tive database sequences. Results below the threshold were 
considered to be the outer sequence of the target region and 
thus eliminated. All sequences were classified into opera-
tional taxonomic units (OTUs) at a threshold of 97% similar-
ity by Usearch, and representative sequences of each OTU 
were generated simultaneously. Taxonomic assignment of 
representative sequences was performed with the Ribosomal 

Database Project (RDP) naïve Bayesian rRNA classifier 
at an 80% confidence level [34]. The OTUs were used to 
analyze the alpha diversity (Shannon index and Simpson 
index) and richness (ACE index and Chao1 index) of the gut 
microbiota community structure of Jankowski’s bunting in 
different stages, and ANOVA was used to determine the dif-
ferences among the different nestlings’ groups and between 
the nestling and adult groups. All statistical analyses were 
carried out in R.

Results

Sequencing Data of Jankowski’s Bunting

After quality filtering, we obtained a total of 522,321 high-
quality reads from 14 fecal samples, averaging 37,309 reads 
per sample, with a median sequence length of 416 bp. The 
Good’s coverage percentage ranged from 99.54 to 99.85% 
for each sample, suggesting that more than 99% of the bac-
teria present in samples were identified in this study (Sup-
porting Information Table S1).

Gut Microbiota Communities in Jankowski’s Bunting

A total of 6733 OTUs were identified at the 97% sequence 
similarity level, and each sample contained 388-1640 OTUs 
(Table 2). Based on phylogenetic classification, 6733 OTUs 
could be assigned to a total of 42 phyla, 74 classes, 109 
orders, 245 families, and 852 genera from the 14 fecal sam-
ples (Table 2). The unclassified mean rates of OTUs at the 
phylum and genus levels were 2.03% (0.48–3.52%) and 17% 
(9.78–27.25%), respectively.

Table 2  The number of 
operational taxonomic units 
(OTUs) and different bacterial 
taxonomic units of each 
Jankowski’s Bunting sample

A 3-day sample, B 6-day sample, C 9-day sample, Ad adult sample

Sample OTUs Phylum Class Order Family Genus

A1 744 27 47 67 127 259
A2 653 27 46 66 113 201
A3 1640 34 61 83 169 384
B1 694 26 45 63 126 240
B2 764 27 47 75 154 271
C1 1550 29 50 78 167 377
C2 827 28 48 69 131 241
C3 621 25 47 62 109 198
Ad1 388 21 37 58 105 172
Ad2 424 20 37 56 98 151
Ad3 680 21 42 61 116 220
Ad4 644 30 52 72 137 253
Ad5 730 29 52 72 138 271
Ad6 694 26 47 67 130 245
Total 6733 42 74 109 245 852
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At the phylum level, Proteobacteria held the overwhelm-
ing majority, with an average relative abundance of 52.45%, 
followed by Firmicutes (13.87%), Bacteroidetes (5.76%), 
Actinobacteria (4.95%), Planctomycetes (4.36%), Eur-
yarchaeota (3.20%), Acidobacteria (2.59%), Fusobacteria 
(2.24%), and Chloroflexi (1.8%) (Fig. 1a). The cumulative 
abundance of these 9 dominant phyla was above 91.22% 
across all samples. At the genus level, the 17 most abun-
dant genera were Serratia (4.27%), Acinetobacter (3.87%), 
Escherichia/Shigella (3.84%), Phenylobacterium (3.81%), 
Aeromonas (3.76%), Lactobacillus (3.59%), Sphingomonas 
(2.24%), Cetobacterium (2.14%), Mesorhizobium (2.07%), 
Pseudomonas (1.75%), Methylobacterium (1.62%), Entero-
coccus (1.55%), Plesiomonas (1.52%), Lactococcus (1.41%), 
Delftia (1.24%), Methanothrix (1.13%), and Staphylococcus 
(1.04%) (Fig. 1b). Among these top 17 genera, 11 genera 
belonged to the phylum Proteobacteria, 4 genera belonged 
to the phylum Firmicutes, and the other 2 genera belonged to 
the phyla Fusobacteria and Euryarchaeota. The compositions 
of the microbial community at the levels of class, order, and 
family are shown in Supporting Information Figs. S1–S3.

Comparison of the Gut Microbiota Compositions 
in Nestlings and Adults

Our samples included three 3-day-old nestlings, two 6-day-
old nestlings, three 9-day-old nestlings, and six adult birds. 
There were no significant differences in the gut microbiota 
community richness (measured by the Chao1 index and 
ACE index) and alpha diversity (Shannon index and Simp-
son index) among the different stages of the nestling period, 

Fig. 1  The composition of gut bacteria in Jankowski’s Bunting on Phylum and Genus in different samples

Table 3  Compare diversity and richness estimators calculated by 
using OTUs of 97% sequence similarity

p1 the different among nestling groups; p2 the different between nest-
ling and adult groups

Sample 
group

Shannon 
index

Simpson 
index

ACE index Chao index

3 days 4.906 0.043 1107 1108
6 days 5.571 0.015 896 832
9 days 5.134 0.027 1148 1093
Adult 4.897 0.042 800 733
p1 0.3664 0.3774 0.7599 0.7608
p2 0.4119 0.4796 0.1114 0.1096
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nestlings, and adults (Table 3). However, we observed dif-
ferent bacterial compositions at the genus level. The genera 
Photobacterium and Brochothrix were detected only in the 
nestling groups (at days 3, 6, and 9), while Diplorickettsia 
was detected only in the adult group. With increasing age, 
the genera Serratia, Delftia, and Streptococcus tended to 
decrease in abundance, while the genera Phenylobacterium 
and Methylobacterium increased with age (Supporting Infor-
mation Table S2).

The results of ANOVA showed that at the phylum level, 
there was a significant difference between nestlings and 
adults in the abundance of Woesearchaeota, Euryarchaeota, 
and Crenarchaeota (P < 0.05). At the genus level, there was 
a significant difference in Woesearchaeota Incertae Sedis 
AR16, Methanothrix, Brachybacterium, Roseburia, Delftia, 
Methanomethylovorans, Rudaea, and Phenylobacterium.

Discussion

In this study, we compared the gut microbiota community 
structure of nestlings and adults of the critically endangered 
species Jankowski’s bunting and discussed the compositions 
and changes with age of the gut microbiota community 
structure of this typical grassland bird species. We found 
that the microbial community compositions and structures 
changed from nestlings to adults.

Our results showed that the microbial community of 
Jankowski’s bunting was mainly composed of Proteobac-
teria, Firmicutes, Bacteroidetes, and Actinobacteria at the 
phylum level, accounting for 77.03% of the total community 
abundance, which coincided with previously described core 
gut microbial communities in wild birds [31, 32]. The gut 
microbiota community of Jankowski’s bunting was domi-
nated by Proteobacteria (52.45%) and Firmicutes (13.87%), 
accounting for 66.32% of the total community abundance, 
which was similar to the results of Kohl’s study on spar-
rows [16]. The dominant phyla of intestinal flora vary among 
birds, for example, hoatzin [7, 8], kakapo [13], barn swallow, 
and bar-headed goose [15]. Different birds consume differ-
ent diets, and the decomposition activities of the microbiota 
in the guts are different [32]. Jankowski’s bunting feeds on 
locusts [6], and its intestinal microflora is dominated by Pro-
teobacteria, which include a variety of species with different 
metabolic activities to degrade organic substances for energy 
[25], specifically for the growth of nestlings and energy 
expenditure of adults in the nestling period. Hoatzin feed 
on plants [7]; therefore, the dominant phyla were Firmicutes 
and Bacteroidetes, which can decompose carbohydrates and 
plant cell wall components.

The taxonomic composition of the guts of Jankowski’s 
bunting nestlings was characterized by a predominance 
of Proteobacteria and Firmicutes and a low abundance of 

Actinobacteria. This was obviously different from the intes-
tinal microbial community structure of great tit nestlings, 
which was dominated by Firmicutes and Actinobacteria and 
a low abundance of Proteobacteria [27]. Although the great 
tit and Jankowski’s bunting feed on insects, the species of 
insects vary. The great tit feeds on forest pests such as pine 
caterpillar and moths [36], while Jankowski’s bunting feeds 
on locusts. The different microbial compositions in different 
insects and environments may lead to the significant differ-
ences in microbial community structure between the nest-
lings of these two birds.

Our results are somewhat similar to those of other studies 
comparing microbial diversity between nestlings and adult 
birds. There were no significant differences in the alpha 
diversity of the microbiota between nestlings and adult 
hoatzins [7] or kakapos [30]. However, the alpha diversity 
metrics were higher in adult than in nestling barn swallows 
[17], house sparrows [16], and black-legged kittiwakes [28]. 
Differences in diet or other evolutionary characteristics may 
underlie the differences in microbial succession between 
these avian hosts [16].

We detected no significant differences in the gut micro-
biota within the nestling period. This result is similar to 
studies on barn swallows [17] and house swallows [16]. 
Although these studies revealed significant differences in the 
gut microbiota of adults and nestlings, it could be for other 
reasons. First, Kohl found that there was a significant differ-
ence between the intestinal microbial community structure 
of sparrow nestlings and adults. However, he collected the 
adult feces samples after the breeding season (in Sept–Oct). 
During this period, the diet of sparrows changes, and it 
includes more than just insects, as some of them feed on 
grass seeds and have a plant-based diet. Therefore, the pro-
portion of Firmicutes in their intestines is slightly higher. We 
collected feces samples from adults in the nestling period, 
and the adults and nestlings were both feeding on locusts. 
However, we observed different bacterial compositions in 
the guts between the two groups. The intestinal microbial 
community structure of the nestlings was not only influenced 
by diet but also by the living environment of the nestlings 
(i.e., the microbial community structure in the nest material) 
[27]. In the nestling period, the environment in which the 
nestlings live changed, and the gut microbiota community 
structure of the nestlings was similar to that of the adults. 
Second, the sample size was insufficient, and only 14 sam-
ples were obtained in this study (8 nestling samples, 6 adult 
samples). Third, some birds, such as barn swallows, have 
nearly unchanged diets in both the adult and during the 
nestling period [17]; therefore, the host development of the 
immune system and other physiological systems could drive 
the changes in the microbial community structure.

The ANOVA results indicated that, at the phylum level, 
Woesearchaeota, Euryarchaeota, and Crenarchaeota were 
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significantly lower in nestlings than in adults. The reason 
for this finding is that these three phyla are archaebacteria, 
the main function of which is carbon dioxide fixation, and 
these phyla also participate in some carbon fixation path-
ways in the organism [37]. The adults were stronger than 
the nestlings in their capacity to fix carbon. At the genus 
level, Photobacterium and Brochothrix were detected only 
in the nestling groups (at days 3, 6, and 9). Brochothrix is 
a genus consisting of putrefying bacteria and is harmful 
to nestlings [3]. Photobacterium is an indicator of organic 
pollutants [33]; the complete metabolic system had not yet 
developed in the nestlings’ bodies, and organic pollutants 
could not be metabolized out of the body. The adults had a 
complete metabolic system and could discharge some harm-
ful substances from their body. Photobacterium and Brocho-
thrix were eliminated in the competition between microbial 
species in the adult guts. Diplorickettsia was detected only 
in the adult group, which may be the result of adult birds 
being bitten by certain ticks (Ixodes ricinus) or infected with 
certain parasites while feeding [26]. The genera Serratia, 
Delftia, and Streptococcus are pathogenic bacteria, and as 
the immune capacity of the organism increased with age, the 
contents of these genera decreased. Phenylobacterium and 
Methylobacterium metabolize the organic waste generated in 
the organism. With the increase in the age of the nestlings, 
the organic waste generated by the organism increased, and 
the content of these two bacterial groups increased.

Our study was the first to focus on an endangered bird in 
the grassland ecosystem and studied the composition of the 
gut microbiota community and the process of microbiota 
community development in Jankowski’s bunting. However, 
because Jankowski’s bunting is an endangered bird, the num-
ber of samples collected was relatively small, which may 
not be able to fully reveal the community structure of the 
intestinal microorganisms. In the future, increasing attention 
should be paid to the potential sources of microbes and the 
interaction between microbes and hosts to more comprehen-
sively reveal the mechanism underlying the development of 
the gut microbiota community structure in wild birds.
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