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Abstract: The gut microbiota is a critical component in the modulation of host metabolism and the adaptation to
environmental conditions. Its composition is significantly influenced by dietary intake and evolutionary genetics, making it a

key factor in the survival and health of various species. This study delves into the gut microbiota and dietary habits of the
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Marco Polo sheep ( Ovis ammon polii) , across different seasons. The aim is to elucidate how the microbiota enhances the
host’s resilience to environmental stressors, thereby informing conservation strategies for endangered species. To achieve
this, we collected 12 fresh fecal samples from the Marco Polo sheep during both the warm and cold seasons. Employing DNA
metabarcoding and 16S rRNA sequencing, we comprehensively analyzed their dietary and gut microbial profiles. This
approach allowed us to reveal the seasonal dynamics and understand how these dynamics affect the sheep’s ability to adapt
to varying environmental conditions. Our analysis reveals that the Marco Polo sheep have a wide dietary spectrum,
consuming plants from 36 families and 57 genera. A notable difference in dietary composition was observed between the
warm and cold seasons, with plants from the Rosaceae and Amaranthaceae families consistently predominating in their diet
across both seasons. This consistency suggests a preference or necessity driven by nutritional needs or availability. The
calculated nutritional niche width was 3. 18 for the cold season and 2.94 for the warm season, indicating a broader
nutritional niche in the colder period. This broader niche may reflect the sheep’s adaptive foraging strategies in response to
the scarcity of food resources during winter. Such strategies are essential for their survival, as they must maximize the
utilization of available resources to maintain their health and energy levels. Significant seasonal variations were observed in
both the o and B diversity of the gut microbiota, with strong correlations between dietary abundance and gut microbial
composition. The gut microbiota of the Marco Polo sheep showed marked seasonal fluctuations that corresponded with dietary
shifts. This synchronization suggests a dynamic relationship between diet and gut microbiota, where changes in diet directly
influence the microbial community. Functional predictions of the gut microbiome indicated a substantial increase in the
relative abundance of genes associated with ester compound biosynthesis, protein digestion, and metabolism during the cold
season, a time of food scarcity. This adaptation likely facilitates enhanced nitrogen utilization and energy storage, improving
the sheep’s ability to withstand the harsh winter conditions. The ability to adapt their gut microbiota in response to dietary
changes is a critical survival mechanism for the Marco Polo sheep. These findings deepen our understanding of the complex
interactions between gut microbiota and their hosts in Plateau ecosystems. The insights gained from this study into the
dietary and microbial strategies employed by the Marco Polo sheep to increase their resilience against environmental

challenges are highly relevant for the conservation of endangered species in the context of environmental change.
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Fig.3 Analyses of diet and gut microbial composition of Marco Polo sheep in warm and cold seasons
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Fig.4 Analysis of o diversity and {3 diversity of diet and gut microbial in Marco Polo sheep during warm and cold seasons

% P<0.05 ( Wilcoxon Rank Sum Test) , ** P<0.01, *** P<0.001
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Appendix table 1 Diet composition and the consumed proportion of a given food of Marco Polo sheep at family, genus and species level

Bt Family R P& Bt Family B g
J& Genus Cold Warm J& Genus Cold Warm
A Family season/ % season/ % it Family season/ % season/ %
TP} Rosaceae 32.29 64.56 I AERLFAE Dracocephalum heterophyllum 0.55 0.21
AU WL 27.18 52.86 T} Fabaceae 1.03 1.25
W3R Potentilla 4.41 10.89 PR Oxytropis 1.00 1.16
IR Rosa 0.48 0.51 W B Astragalus 0.00 0.05
BH TR Sibbaldianthe 0.01 0.06 FAB} Pinaceae 0.82 0.02
HER G Comarum 0.01 0.24 LA Picea 0.82 0.02
PEILTHEZEBR 3 Comarum salesovianum 0.00 0.12 FI K2 Picea schrenkiana 0.42 0.00
Bi#} Amaranthaceae 20.71 8.01 IEFL Cyperaceae 0.43 1.26
AL T B} 2.52 0.21 ZEH)E Carex 0.43 1.26
)& Chenopodium 17.93 7.76 RALEEHL Carex microglochin 0.21 0.60
%2 Chenopodium album 9.18 3.78 ZETi} Plantaginaceae 0.32 0.24
98 3E )R Krascheninnikovia 0.14 0.04 %)@ Plantago 0.32 0.23
HARGEHFE Krascheninnikovia compacta 0.07 0.02 -4 Plantago depressa 0.16 0.11
BRAEZER Blitum 0.12 0.00 FHR} Polygonaceae 0.24 4.93
ERAEZE Blitum virgatum 0.06 0.00 i & & Polygonum 0.03 0.15
KB R} Ephedraceae 16.58 1.74 K¥&JE Rheum 0.20 4.77
K8 Ephedra 16.58 1.74 KK HE Rheum wirtrockii 0.10 2.33
WEHEWR L Ephedra fedtschenkoae 8.48 0.85 AP} Brassicaceae 0.13 0.17
2P} Asteraceae 14.56 7.46 HAEFHEF Plumbaginaceae 0.11 0.27
AU 4R 14.39 7.30 ML JE Limonium 0.11 0.27
KGEEE Leontopodium 0.09 0.05 FRKF} Crassulaceae 0.09 0.21
HIE Artemisia 0.07 0.00 £150 RJE Rhodiola 0.06 0.18
E56)E Aster 0.00 0.11 215K Rhodiola kirilowii 0.03 0.09
TR EESE Aster tongolensis 0.00 0.05 BEAEF! Primulaceae 0.03 0.62
L1718l Caryophyllaceae 4.29 3.05 Hed- )L R Geraniaceae 0.02 0.60
RAEL Poaceae 3.43 4.11 LSRR Geranium 0.02 0.60
KU EARAF 2.42 2.28 FHE WL Geranium pratense 0.00 0.29
¥ )8 Stipa 0.36 0.15 KU B H unidentified Lamiales 0.19 0.21
Pt )@ Elymus 0.63 1.67 HAL(EL) Others 0.33 0.35
JEIERL Lamiaceae 1.08 0.44 H4r2 (Bh) Unassigned 3.32 0.50
T 228 Dracocephalum 1.08 0.44

BE 1 B0 T AR OR SRR KT 0.19% MR B H AR T 0.05% 1 8 S5 7D
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