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Characteristics of fungal community structures in guts of wild
birds and sympatric poultry in Chaohu Lake

WANG Lingyi"?, HUANG Haoyuan', SHUI Ku', XIANG Xingjia"*"

1 School of Resources and Environmental Engineering, Anhui University, Hefei, Anhui, China

2 Anhui Province Key Laboratory of Wetland Ecosystem Protection and Restoration, Hefei, Anhui, China

Abstract: [Objective] Birds, with unique life history characteristics, are ideal models for studying
gut microorganisms. The niche overlap between wild birds and poultry increased the risk of
interactive transmission of pathogens. This study focused on the community characteristics of gut
fungi and pathogens in wild birds (crested myna, tundra swan, and common coot) and sympatric
poultry (domestic duck and domestic chicken) in Chaohu Lake. [Methods] High-throughput
sequencing (Illumina MiSeq) was employed to analyze the fungal communities in guts of wild
birds and sympatric poultry in Chaohu Lake of China, and the characteristics of gut pathogens of
each species were particularly studied. [Results] The gut fungal diversity of domestic duck and
common coot was significantly higher than that of domestic chicken, crested myna, and tundra
swan. There were significant differences in gut fungal community composition among different
species. Due to grain-based diets, the guts of poultry were significantly enriched with the fungal
taxa related to grain degradation, such as Ascomycota, Mortierellomycota, and Kazachstania.
Tundra swan is herbivorous waterfowl. The genus Cladosporium, efficient plant-degrading fungi,
dominated in the gut of tundra swan. The gut of tundra swan maintained higher relative abundance
of plant saprotroph. The fungal community assembly in guts of wild birds was dominated by
deterministic processes, which indicated that wild birds had a stronger gut filtering capacity. In
addition, wild birds had lower diversity and relative abundance of pathogens. [Conclusion] The
characteristics of gut fungal communities in wild birds and domestic poultry showed significant
host specificity. Due to grain-based diets, the guts of poultry were significantly enriched with
fungal groups related to grain degradation. The guts of wild birds had a stronger filtering capacity,
which reduced the diversity and relative abundance of pathogens.

Keywords: gut fungi; pathogen; wild birds in Chaohu Lake; poultry
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Figure 1 Intestinal fungal alpha diversity in different wild birds and poultry. A: Chaol index; B: ASV richness.
JY: Domestic duck; JJ: Domestic chicken; BG: Crested myna; XT: Tundra swan; BD: Common coot. Different
lowercase letters indicate significant differences at 0.05 level. The same below.
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Figure 2 The gut fungal community composition and community assembly processes in wild birds and poultry.

A: Gut fungal community composition; B: Community assembly processes.

x1 BUMSTERAFHEESRSHERERREHEHMZENESR

Table 1 The analysis of similarity showing the differences in gut fungal community composition among wild

birds and poultry
Treatment ANOSIM Treatment ANOSIM
r P r P
JY vs. 11 0.198 0.001 JTvs. XT 0.947 0.001
JY vs. BG 0.195 0.003 JJvs. BD 0.897 0.001
TY vs. XT 0.436 0.001 BG vs. XT 0.133 0.025
JY vs. BD 0.439 0.001 BG vs. BD 0.171 0.001
1) vs. BG 0.723 0.001 XT vs. BD 0.095 0.046

r: Dissimilarity index; P: Significance.
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Figure 3 The differences in relative abundance of dominant fungal phyla in different wild birds and poultry. A:

Ascomycota; B: Basidiomycota; C: Chytridiomycota; D: Mortierellomycota.
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Figure 4 The differences in relative abundance of dominant fungal genera in different wild birds and poultry. A:

Kazachstania; B: Alternaria; C: Cladosporium; D: Thelebolus.
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x2 TEYIMZESTHERER

Table 2 Indicator genera in guts of different hosts

Group Taxonomy Indicator P Relative Group  Taxonomy Indicator P Relative

value abundance value abundance
(%) (%)

Y Candida 0.402 0.011 1.744 XT Cladosporium 0.379 0.003 11.620
Cephaliophora 0.596 0.004 1.582 Cystobasidium 0.569 0.002 0.611
Trichomerium 0.912 0.001 0.918 Preussia 0.410 0.002 0.224
Wallemia 0.567 0.001 0.504 Neosetophoma 0.495 0.009 0.118
Moesziomyces 0.464 0.007  0.388 Papiliotrema 0.305 0.036 0.112
Strelitziana 0.495 0.001 0.233 Coniothyrium 0.449 0.011  0.067
Neoroussoella 0.307 0.029  0.095 Naganishia 0.314 0.021  0.038
Keratinophyton 0.270 0.009  0.057 Inopinatum 0.222 0.012  0.030
Ustilaginoidea 0.358 0.048  0.056 Arxiella 0.336 0.003  0.021
Cutaneotrichosporon  0.372 0.001 0.030 BD Curvularia 0.605 0.001  2.658
Tilletia 0.595 0.001 0.028 Amphobotrys 0.400 0.002  0.950
Gaertneriomyces 0.288 0.001 0.025 Albifimbria 0.510 0.006  0.645
Paraconiothyrium 0.350 0.003  0.014 Purpureocillium 0.458 0.019  0.551
Trichosporon 0.310 0.007  0.014 Rhizophlyctis 0.352 0.009 0.163
Epichloe 0.284 0.009  0.011 Acremonium 0.345 0.018 0.141

1 Kazachstania 0.604 0.001 27.100 Talaromyces 0.441 0.002 0.134
Diutina 0.584 0.001 2.855 Pseudopithomyces  0.320 0.019 0.133
Debaryomyces 0.712 0.001 0.669 Neopestalotiopsis 0.293 0.006 0.102
Botryotrichum 0.578 0.001 0.026 Cryptococcus 0.342 0.014  0.100

BG Alternaria 0.339 0.026 18.230 Sarocladium 0.361 0.001  0.050
Geotrichum 0.342 0.024  0.460 Moesziomyces 0.150 0.038  0.043
Aureobasidium 0.484 0.043  0.455 Paramyrothecium  0.307 0.047  0.039
Selenophoma 0.392 0.045 0.348 Betamyces 0.246 0.032  0.030
Meyerozyma 0.337 0.008  0.147 Ustilago 0.332 0.010  0.020
Mucor 0.349 0.017  0.118 Robillarda 0.155 0.047 0.016
Buckleyzyma 0.348 0.031 0.057 Emericellopsis 0.230 0.009 0.013
Coprinopsis 0.200 0.015 0.044
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Table 3 SIMPER analysis showing the contribution of fungal genera to the differences of fungal community

composition
Group Taxonomy Contribution (%) Group Taxonomy Contribution (%)
JY vs. 11 Kazachstania 35.30 1 vs. XT Kazachstania 36.90
Alternaria 13.70 Alternaria 12.00
Diutina 5.90 Cladosporium 10.50
Cephaliophora 3.70 Thelebolus 7.00
Thelebolus 3.40 Diutina 3.80
JY vs. BG Kazachstania 22.10 JJ vs. BD Kazachstania 37.40
Alternaria 17.00 Cladosporium 7.10
Cladosporium 7.00 Alternaria 6.70
Cephaliophora 2.80 Thelebolus 4.90
Diutina 2.70 Diutina 3.80
JY vs. XT Kazachstania 21.30 BGvs. XT Alternaria 17.40
Alternaria 13.80 Cladosporium 11.60
Cladosporium 10.90 Thelebolus 7.90
Thelebolus 7.70 Kazachstania 5.90
lodophanus 4.00 lodophanus 4.50
JY vs. BD Kazachstania 21.00 BG vs. BD Alternaria 15.40
Alternaria 10.70 Cladosporium 7.70
Cladosporium 6.90 Kazachstania 5.70
Thelebolus 5.20 Thelebolus 4.90
Curvularia 3.10 Curvularia 3.50
1) vs. BG Kazachstania 36.40 XT vs. BD Alternaria 13.50
Alternaria 16.20 Cladosporium 11.00
Cladosporium 6.90 Thelebolus 10.80
Diutina 4.50 lodophanus 5.40
Aspergillus 1.80 Curvularia 3.70
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Figure 5 The Co-occurrence network analysis of gut fungal communities in wild birds and poultry. A: Domestic

duck; B: Domestic chicken; C: Crested myna; D: Tundra swan; E: Common coot.

*4 HESRERSHEEELINERIMHES

Table 4 Gut fungal Co-occurrence network topological features statistics in wild birds and poultry

Group JY A BG XT BD
Nodes 313 261 303 208 307
Edges 5368 3856 4536 3710 4944
Density 0.055 0.057 0.050 0.086 0.053
Modularity 0.821 0.807 0.864 0.728 0.847
Degree (average) 17.150 14.774 14.970 17.837 16.104
Network diameter 14 13 14 9 11
Clustering coefficient 0.814 0.877 0.842 0.923 0.808
Path length (average) 4.262 5.252 4.946 3.656 4.513
Betweenness centrality (average) 513.170 568.050 525.840 116.465 548.570
Eigenvector centrality (average) 1.000 1.000 0.714 0.016 1.000

UL 10 AT ESORAE I RO A BT S B KR, 0 i
ol # W (Aspergillus

VG (32 6). W 2 Jig T8 B0 0 DT 1 2 RETE
ZAR T R & (P<0.05). HE— X 2 19 J5 1 TR

(Aspergillus terreus).

flavus) . BE%U%Tﬁ@%(Malassezia restricta) . R
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*5 HESRESHEEVELER. IREENSERERE D
Table 5 The analysis of plant saprotroph, animal pathogen and avian pathogen in guts of wild birds and poultry

Group Plant saprotroph Animal pathogen Avian pathogen
Diversity Relative Diversity Relative Diversity Relative
abundance (%) abundance (%) abundance (%)

Y 0.70+0.05a 0.04+0.04b 3.70+1.69a 0.40+0.30a 2.10+0.72a 0.21+0.20b

Al 0.95+0.62a 0.06+0.07b 3.53+1.17a 0.39+0.22a 2.16+0.83a 0.30+0.18a
BG 0.65+0.74a 0.07+0.08b 2.61£1.54b 0.32+0.28a 1.50+0.76b 0.11£0.09¢
XT 0.79+0.80a 0.15£0.18a 0.79+0.70¢ 0.03+0.06b 0.50+0.19¢ 0.01£0.01d
BD 0.75+0.72a 0.06+0.06b 1.95+1.36b 0.10+0.10b 1.35+0.93b 0.07+0.06¢cd

ANF/ING FREFIRTE0.05 K- 22 5 i3

Different lowercase letters indicate significant differences at 0.05 level.

*6 HOESRBMERREEMNE

Table 6 The pathogen species in guts of wild birds and poultry

Pathogenic species Symptoms

Infected target

Aspergillus terreus
Aspergillus flavus
Malassezia restricta
Malassezia globosa

Cladosporium halotolerans

Exophiala nishimurae Phaeohyphomycosis
Exophiala castellanii Phaeohyphomycosis
Trichosporon asahii Trichosporonosis
Cyphellophora fusarioides Onychomycosis

Cyphellophora suttonii

Respiratory aspergillosis
Invasive aspergillosis
Malassezia infection
Malassezia infection

Respiratory tract infection

Skin or nail infection

Human, bird, poultry, etc.
Human, bird, poultry, etc.
Human, bird, cattle, etc.
Human, bird, dog, horse, etc.
Human, bird, frog, etc.
Human, fish, amphibian, etc.
Human, fish, etc.

Human, reptile, etc.

Human

Human

TE 1L {5 i (Malassezia globosa) M it E6 A5 7045 T4
(Cladosporium halotolerans) (3% 6). % 5 i iE
B 2395 i TR 22 A OB X = B I 2 I T R K
B (P<0.05), /INKHE 738 Hh 5 205 J o 22 R PR A
AFXT 2 A
3 Wik

KRR G AT T S 4 SR N R
1. AT B S FEEAE . 1K)
Vs 1 LR I SO D TR ) A SRR . R ER A
INRIE i v HLE 2RV AR, X ATRERE T
NRIGH B B . NRIG R MK S,
HAE MR & ERagd. SRk
& T BUNKRE i B 2 AR Y R
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ZHE E T A A T EOR S A T
T EL R AR I i T R

TR i 32 3 L TR R s 2 S B K
S, UL IE A B W A A R
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J A 22 S /I T B 1 B G [ v 2 22 5
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SR HE— DI B i 25 A (VR A AL
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REEALS 1 TR I 9 U5 v e o R Ik T
{15 28 & TR FE B 2K FE ALY B S AR ST
A5, NI B DA B AT o 2 A 3 5 A B A 2
AP,

Zhang SEIFTE R I, P R R b 2 R
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