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Spatio-temporal succession of microbial communities in
vertebrate bone remains and their paleoenvironmental
implications
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YUAN Junxia®’, SHENG Guilian"**
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2 State Key Laboratory of Geomicrobiology and Environmental Changes, China University of Geosciences, Wuhan,
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Abstract: [Objective] The microbial communities preserved within vertebrate bone remains serve
as crucial biological archives recording their burial processes and environmental histories.
However, how bone microbial communities respond to environmental changes across different
geographical and chronological scales, as well as their specific indicative potential in
paleoenvironmental reconstruction, remains unclear. This study aims to reveal the spatio-temporal
variation patterns of vertebrate bone microbial communities in northern China and evaluate their
feasibility as paleoenvironmental biomarkers. [Methods] Ancient DNA extraction and shotgun
metagenomic sequencing techniques were employed to analyze the microbial community
composition of 43 animal bone fossil or subfossil samples collected from different geographical
regions (Northeast and Northwest China) and geological periods (Late-Pleistocene and Holocene)
in northern China. Diversity statistics and differential species identification were combined to
systematically compare the spatio-temporal variation characteristics of community structures.
[Results] Microbial communities exhibited significant differences across both geographical regions
and geological periods. Samples from Northeast China showed higher microbial diversity, being
dominated by soil-derived taxa such as Acidobacteria sp. GGB63485, while samples from
Northwest China were dominated by freshwater and chemoautotrophic taxa including Curvibacter
and Sulfuricaulis. Cold-tolerant and oligotrophic taxa were enriched in Late-Pleistocene samples,
while taxa associated with aquatic environments and plant degradation were more prominent in
Holocene samples. [Conclusion] The compositional differences of microbial communities in bone
remains are jointly driven by local environmental factors and temporal climate change. The
structural characteristics can effectively reflect paleoenvironmental conditions including soil type,
hydrological status, redox potential, and temperature changes. This study provides empirical
evidence and methodological approaches for paleoenvironmental reconstruction with skeletal
microbiomes, expands the boundaries of traditional paleoenvironmental indicator systems, and
offers new perspectives for understanding the assembly mechanisms and ecological responses of
microbial communities during long-term burial.

Keywords: paleovertebrates; microbial communities; metagenomics; paleoenvironmental reconstruction
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Table 1 Sample information form in this study
Number Species Age Excavation site Buried soil Total reads
(CADG) type
412 KD Late-Pleistocene Harbin, Black 5 808 324
Equus dalianensis Heilongjiang soil/Chernozem
413 KikED Late-Pleistocene Harbin, Black 5093 877
Equus dalianensis Heilongjiang soil/Chernozem
420 RS Late-Pleistocene Harbin, Black 3007911
Equus dalianensis Heilongjiang soil/Chernozem
422 KD Late-Pleistocene Harbin, Black 3908 297
Equus dalianensis Heilongjiang soil/Chernozem
430 KiED Late-Pleistocene Harbin, Black 5110963
Equus dalianensis Heilongjiang soil/Chernozem
432 KiEL Late-Pleistocene Harbin, Black 7421 872
Equus dalianensis Heilongjiang soil/Chernozem
433 Kik oy Late-Pleistocene Harbin, Black 5709 357
Equus dalianensis Heilongjiang soil/Chernozem
434 P Late-Pleistocene Harbin, Black 7 648 787
Equus dalianensis Heilongjiang soil/Chernozem
435 KikL Late-Pleistocene Harbin, Black 8337073
Equus dalianensis Heilongjiang soil/Chernozem
440 KiEL (35070+110) cal BP  Harbin, Black 12 483 586
Equus dalianensis Heilongjiang soil/Chernozem
1030 R Holocene Harbin section of Black 3516443
Equus caballus the Songhua River soil/Chernozem
1049 R Holocene Zhaoyuan, Black 4638 021
Equus caballus Heilongjiang soil/Chernozem
1050 #4 Holocene Zhaoyuan, Black 129 419 745
Equus caballus Heilongjiang soil/Chernozem
1051 XL Holocene Zhaoyuan, Black 47 411 933
Equus caballus Heilongjiang soil/Chernozem
1076 R Holocene Daging, Black 14 229 783
Equus caballus Heilongjiang soil/Chernozem
1175 FALIG I Late-Pleistocene Zhaodong, Black 7984 052
Equus ovodovi Heilongjiang soil/Chernozem
1176 o Holocene Harbin section of Black 6512 858
Equus caballus the Songhua River soil/Chernozem
1179 R Late-Pleistocene Qinggang, Black 10 797 395
Equus caballus Heilongjiang soil/Chernozem
1181 *H Holocene Harbin section of Black 16 725 649
Equus caballus the Songhua River soil/Chernozem
1187 o Holocene Harbin section of Black 23379 348
Equus caballus the Songhua River soil/Chernozem
1188 KifED Late-Pleistocene Qinggang, Black 6770 197
Equus dalianensis Heilongjiang soil/Chernozem
(F52%)
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(B 1)

Number Species Age Excavation site Buried soil Total reads

(CADG) type

1193 o G Late-Pleistocene Harbin section of Black 4437 654
Equus przewalskii the Songhua River s0il/Chernozem

1255 G NA Qinggang, Black 8897 582
Equus ovodovi Heilongjiang soil/Chernozem

1256 Ktk (32 435+75) cal BP Qinggang, Black 6 007 466
Equus dalianensis Heilongjiang soil/Chernozem

1414 R Holocene Qinggang, Black 3939751
Equus caballus Heilongjiang soil/Chernozem

1608 A G L NA Jingwei Biota, Loess/Sandy 4397 646
Equus przewalskii Xi’an, Shaanxi soil

1609 I NA Jingwei Biota, Loess/Sandy 3798 952
Equus africanus asinus Xi’an, Shaanxi soil

1610 L [CIF o NA Jingwei Biota, Loess/Sandy 5 666 692
Equus przewalskii Xi’an, Shaanxi soil

1611 op NA Jingwei Biota, Loess/Sandy 8504 109
Equus africanus asinus Xi’an, Shaanxi soil

1612 [ NA Jingwei Biota, Loess/Sandy 4137934
Equus przewalskii Xi’an, Shaanxi soil

1614 o NA Jingwei Biota, Loess/Sandy 7532234
Equus africanus asinus Xi’an, Shaanxi soil

1617 KA Holocene Jingwei Biota, Loess/Sandy 7426 842
Bubalus bubalis Xi’an, Shaanxi soil

1621 4 NA Jingwei Biota, Loess/Sandy 6542 413
Bos taurus Xi’an, Shaanxi soil

1622 iiEs NA Jingwei Biota, Loess/Sandy 3488 391
Capra hircus Xi’an, Shaanxi soil

1623 LS NA Jingwei Biota, Loess/Sandy 11 983 645
Bos taurus Xi’an, Shaanxi soil

1624 e Holocene Jingwei Biota, Loess/Sandy 11592 931
Camelus bactrianus Xi’an, Shaanxi soil

1632 K4 Holocene Jingwei Biota, Loess/Sandy 10 154 922
Bubalus bubalis Xi’an, Shaanxi soil

1641 g NA Jingwei Biota, Loess/Sandy 4160 634
Camelus bactrianus Xi’an, Shaanxi soil

1642 PRIGLE Holocene Jingwei Biota, Loess/Sandy 45 625 006
Camelus dromedarius Xi’an, Shaanxi soil

1805 s NA Jingwei Biota, Loess/Sandy 27 534 097
Bos taurus Xi’an, Shaanxi soil

1811 R NA Liupanshan Site, Loess/Sandy 9190 403
Equus caballus Ningxia soil

ZDT4 G (25 160+£676) cal BP  Zhaodong, Black 27162713
Equus ovodovi Heilongjiang soil/Chernozem

ZDT7 G (34 950+319) cal BP  Zhaodong, Black 22 445798
Equus ovodovi Heilongjiang soil/Chernozem

The numerical ages listed in the age column are derived from radiocarbon isotope dating results.
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Figure 1

Microbial composition in vertebrate fossil samples from different geographical regions of northern

China [Northeast (NE) and Northwest (NW)]. A: Abundance stack plot (showing the highest species abundance);
B: Alpha diversity analysis box plot (the number between the two groups is the differential P-value of the
Kruskal-Wallis test); C: PCoA analysis based on Bray-Curtis distance; D: Bar plot of significantly different

species with LDA score greater than the preset value (2.0, P<0.05).
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Figure 2 Microbial composition in vertebrate fossil samples from different burial ages (Late-Pleistocene and
Holocene) in northern China. A: Stacked bar chart of abundances (showing the top 20 microbial genera by

abundance); B: Box plot of alpha diversity analysis (the number between the two groups represents the
differential P-value from the Kruskal-Wallis test); C: PCoA analysis based on Bray-Curtis distance; D: Bar chart
of significantly different species with an LDA score greater than the preset value (2.0, P<0.05).
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Figure 3 Damage profile of nucleotide transition frequencies at the 5" end showing the characteristics of ancient

DNA damage. This profile was generated from sequencing reads from bone fossil samples, with microbial genera

and sample numbers labeled in the figure.
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