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Abstract

The gut microbiota of the wildlife are results from coevolution of the host and environmental
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factors, which responds rapidly to environmental variations. Data on the composition and influenc-
ing factors of gut microbiota could provide new insights into the physiological adaptation of the
animals to their changing environments. The white-headed langurs (Trachypithecus leucocephalus)
are karst-endemic animal exclusively distributed in the limestone forests of Guangxi, Southwest
China. Information regarding the gut microbiota are important for us to understand the population
health and environmental adaptation strategies of these animals, consequently facilitating devel-
oping conservation plans for primates. In this study, we first describe the characteristics and spati-
otemporal variation patterns of the gut microbiota in the white-headed langurs, and then detect the
predominant influencing factors. The results show that the phylum Bacillota (=Firmicutes) is the
dominant bacterial group in the gut microbiota of the white-headed langurs, with a fluctuation in
their relative abundance (ranging from 47.00% to 87.31%) among groups and seasons, which indi-
cates highly adaptation to the fiber-rich diets of these langurs. There are marked spatiotemporal
variations in the gut microbiota of white-headed langurs, which could be associated with the dietary
nutrients, climatic factors, and environmental microorganisms. This paper suggests that future re-
search should integrate multi-omics analyses to investigate gut microbial functions to explore the
physiological adaptation of white-headed langurs to the fragmented limestone forests, thereby
providing scientific support for species conservation.
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1. Bl

il

H kM A% ( Trachypithecus leucocephalus) sk J& R H (Primates), MR+ Cercopithecidae), FEMEIEFH Colo-
binae), MR JE(Trachypithecus), ¥EHAE K —JH f R B LS. SRS YR, BT
AT SR T BN A B 200 km? (R kA LLIX, AUEECRZ908 1300 R 1]. W HRe 2 —Fhke ik
FIHSRE T, DURRER 1A Ll e BONSIE, B R AEKRE /1 22 . BAANIESE . IR A9BSR 2] [3].
AR, LR 2 TR AISRES LA RS N T HUINER 7 A L X e e A AR B (4]0 0 T4k I A Ll
ASE, Bk B A SRR AT NS SRS, ARIUAE TS B TR S S ]-( 7] WS RI[2] 8]y BEALEL[9]
(1015577 - K1, BEAE ORI TAEMIASKIRN, B— IAT AR 48 5 B M DA 4 T S Wi 4 ol T i 110 2
AL B S AR 3R AL [11]0 BRIk, 256 2 MARRS = SO TV E RN AR, 2 2 RAKF R
SEIFI A BOIR DL S T BEE RIRE J7, OO ST ORI A i FE R B 207 1m) [12]-[14]

T AR 1E £ S R 7Y, BRRouE B < RERA” , HERS Y E#ES
Lifg ERE TR BRI RIEKE KA NS Re ) RE[15]-[19]. Wi i i A Bom 1 45
FRTEAVE, RetE PR SE R B R M SRR B R R, DAAGRAR . TR WS RS A A
IR R, FEER B RSP R RGN b B AT ERIER[15]-[19]. £T W
TE TR A 518 T A BRI PR B 18 N A 2 8] BB ) G TG, il B ARV 20 i O M D B A R KSR Eh)
fa BRI BT B [ 1310 30 s I T T 0 1) B a8 A8 A0 R A b e b B G B IR BN R 3, A R TR BUM e
FRARIL S o IRV S A v S ST TR AR B, RO A AR A2 7 0 3R TR YA O AR Rt B
HESR TR Y[12]-[14].
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A Ll AR AE R R e iR AR SR b R R B R, HEAG S TS T AR AT SR T R A R
HARANEMAES RS ARSI A Lk, JT RREIE R IBIT, a7 R K
FRIFRFAE IR DL . PRI 87 s UL fll i B2 DR 15t BAT L S5 E. JEHK, BE% 16S rRNA
eIy AN D AL PP R oR I R e, Sk i e R AR FE S T — RPN Z R, FREF T
AN RV BBAE AR EAT 2 AT AN [R] 235 (0 LRI 7, 387 17 1 Sk PR PR A O T R 2L BRI S AR A LA . K 4
WEFEAGERA T AT A Sk A B RIAL R BRAR B DR SR 1 ) E 3R B T8I . AT RSt
BB 1 AR SR TE R I FERRR s MIEASERRFAE . AT 2N 32 B M (K 3R =5 T AT 45
B, FHRSARRBE T FREATRE, DI Sk R H o e RACSR R SR 21K A

2. B3KM R EE R A9 E AR B RUFHE

E Sk AR S SR it RS, B TE W REE AL T 5 2 RN ARG B () SR 454 . 22 T 7
—HRE, JEEER ] Bacillota J2& 3k A 1 T8 B A IO 485 DR 35 B RE, RV AN =F B2 (47.00%~87.31%) £
ARV PR B 1S (AU AFAE B B, (HAR 2R i 3 S AL (R 1) X —RFEHAE K RES (Ailuropoda melanoleuca)
[20] E54& 224%(Rhinopithecus brelichi) [21]. HE4(Bos grunniens) [22)55 8 & M FLAIY Pl A7 15, R
ANF SR A Y Y A H A A R R TG B SR . ARG H R i s S A 4R R AR 4R R AR
FRENE AL, M hWTE 5 DR AL B = g AH S 00 g IR, A1 2 B B IR Uz - 1 [ 23] -
BRI, RS A 5 EEM T T B R I 2T 4E R g ae 3R BCE R MIRe i . WEFUR ], R BETE [ R4 w20
R A AL AR R, HAHBEE TR A M BRK AL B WSS G IS Vi 45 & B A RRS RUN FR 45 G IR e 41 4,
DLUOE A (M B AR I NE (241 (RIS, JERERR T8 & dwbs 2 M /K MR 2R IR, 2 2RI 7 B 1 41 4 1 A b R
HEEEH, Hr=¥Y))HE 551 ER(Short chain fatty acids, SCFAs) 578 FREE LA . & FRWIR A DL K S
RAFRA YRR VIAIC[25]-[28]. FEMERA ILASEF, B Sk DUE 5 IR £ 2 4E R - (ot
BCGAMY N, WTE e SR B O HAE A IR B SR A T 4R R B WS COP i R A 1 E BEAR R

Sk A R T B 1 L R PE B B 1T VAT 18 1] (Bacteroidota) . iUZR 1 11 (Actinomycetota) . A8 ]
(Pseudomonadota), = SAHXTF B EL 10%~30% (4 1) SFFETTR2% RIRBET, HARmMLEER
IR AN S AP Y R BGEE D, R4 M BE b ) SRR BT (AR SR S5 R A 2 WE A o 1) o0 fife oA B2
YER, XS JERETR | T & 41 4E R Mk R B AN 78[29] [30]. BEAN, FUAFEE1IE R 2 5 [ R s fn oAb &
Yirb B B RS R EOKA S (217 [31]. 0] =4 SR B ER PR AR SR, A4 Bhg 0 a4
O EE s AR KLy, R B SR BRI ALER [32] . ARTBE T BRAE R 3 R AR R AR B P
EReE . mE AN BN TG, SEAR. SRR VIR OC[33]. seA, AR TR EF
ZEURMAEY), HEERRE A SIEE 578 R R EERGEC,  FInTVE Y MR Sk o b g
FRARZS () B ZAR M [34] 0 IX YU B 5 JEBE R |1 LD e ELANP PR EARI I 26, SERITE R T 3 S0t &
2hYE. IE TR BRI AOR AR & .

ERKT B, Ak E R AR e T R R 1], EAHE BMS & L (Oscillospiraceae) «
5L 7 e A% B9 FH(Christensenellaceae) norank o Clostridia UCG-014 F1-E 2 i€ i #}(Lachnospiraceae) . iX
SRR ST YE R B VIR DS, Rets ™k Z ML qE R G AL LT 4Ry, 2R 2 08 73 N
SCFAs, Afa EHALEEE[35] [36]. BURIEHEHE T 25K A A7) MEaERNmERRZERF
By, PIAENTE N T RO, ORI I R I G SR A 4R I EE R AR I AR 0 =, A R i
RIERE[36] [37]0 XF TR A LR T &, BUR B RS 5 4E 47 IR B AR S X 4EFRE LR TE AL
RGHMERE L EK,

IRGE IR EERYET XS 16S tRNA V3-V4 X, BT RS0 EERR S, X Sk i A Y 8 s R 0 4 Fh
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Y REZTET VKRB T8I R 16S tRNA 3 R4 Kl 5 FR B 22 B R A P AR, M
VIR KSFAR 7R T S M T8 B R I S5 MRAE (380 45 R, B Skt i) il i A7 AR R BEAREE R AR 4y
REIGHHEHE, FEAIRTFI 1199 NEFE MAGs H, RZRECRES 7= 14018 L ik 89.5% [38]. [FIAT,
I FLIYE A SRR E R AL SRR e T JEBE R 1], 345 Christensenellaceae R-7 group. Ruminococca-
ceaec UCGO14 _uncultured bacterium. Ruminococcaceae UCG010 uncultured bacterium 5 Campylobacter trog-

lodytes [38]-

Table 1. Summary of research on the composition of gut microbiota in white-headed langur (at phylum level)

F 1. B R EREFEEMARICE0TKF)

JEEER ]

AT ]

RG]

BT

g FE I I Z2% R
B WEFE 12 Bacillota Bacteroidota Actinomycetota ~ Pseudomonadota SR
23331162:22(())2211 71 86.30% + 8.60%  4.75% +4.70% 3.88% +3.56% 1.90% + 5.29%
1 [36]
23(?31162:22(())2211 '71’ 78.85% £10.35%  13.65% £ 9.73% 1.82% + 2.04% 2.20% + 5.59%
2 — 47.00% — — — [39]
4 20202'(9)’2%0721'1’ 70.06% 15.76% 4.25% 4.92% [38]
5 22331162:22(())2211 '71’ 86.18% £ 8.66%  4.77% +4.72% 3.89% £+ 3.57% 1.95% =+ 5.44% [35]
6 2021.8~2022.7  67.62%+21.32%  2.43% +2.68% 1.57% +3.04%  24.97% +21.65% [40]
2021.4~2021.11  83.99% + 13.72%  3.38% +3.93% 4.92%+4.80%  6.01% + 12.48%
7 [41]
2023.3~2024.2  83.65% + 15.95%  4.76% + 3.60% 4.32% + 6.67% 4.35% +12.73%
8 2023.3~2024.2  83.66% £ 15.99%  4.77% +3.61% 431%+6.69%  4.35%+12.77% [42]
2023.5~2023.7  84.98% £ 11.04%  4.10% +2.09% 5.93% + 7.54% 2.70% + 6.48%
9 [43]
2023.5~2023.7  86.08% +10.72%  2.83% =+ 2.46% 5.37% + 5.75% 3.66% = 7.70%
10 2021.8~2022.7  65.78% +20.89%  3.28% +6.17% 1.24% +2.47%  26.89% + 19.67% [44]

baiE

“——" FORICHR T H R .

SR, K I8 R 0 21 S S 2R ) e R RS DIR[0 [10]. ATHALIX S E

TR EY, ENENRGRE T W RIEN R . MRS 1oRE , FORIR s B
EREA TR, AR T A LER AR BRI 2 [45] . FESRAT B T pH (BIE H (REFLE 5.0~6.7, &
VFRE R AN E IRV AT K8 DL BRI AR AR A FER B SOy — MRS E R4S, T
K. HERMARBRE VNS = RV, LR B0 R S5 Al 4R F 18 TR 5 [46] -
Sk A5 14 J 3 T R 54 5 i W A B A5 R AN B PR R S DA OG, 5 Al R g e e s — e, B
Fa & R BT T AT 4R AN 2R AE, WS S22 Mk (21155

3. BRI EERFIZELIE

RIS Sk A B T8 TR R A E 7T 3 28 rh T I R AR AR (35] [36] [42] [43]. FERFIEIRUEE b, kit
Tk 60 T R R R B 8 5 A PR 22 (350 ol T AL A 2 USROS, ) 16 76 i P e S e [X LA
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TR AT R AR IR . IR FCRMH R TE ) o Z2REME. DURIUATEETT . BREAA ]
(Spirochaetes) 1 F5 1K [ B Bt (Prevotellaceae) [ AH X =F 34 3 35 | T 2 1 52 3 2 DA E vy Ll 1) JE e
PTTS TERBE ] TR ] BUEE R RFIE[35]. BhAh, 1B 508 NBEVE M AL 0 HT T SRR 2
S, SSRRERE R T, gog g R BN E T W, TR RENE S T RE35].
T8 B BFAEAN [R) 215 HR B i Bl ml e 5 W BE VR 5 AU I AR A B UIAROR[35] . [RIAF IR SR R0, RV il 1
B o ZREMEAFAERZEZ R, EENA RS F VR A &P RFERE, JTHEE
JEKT LRI, PER: R 8 (Kurthia) FVEEER B )& (Streptococcus) 55 H AT PR 26 BB A a7 BB S AR BE 7110
P AE R B 5, T2 & & (Pantoea) RAZF A 15 J& (Solibacillus) 35 F £ S A bk AL & 1 6e 1) 40
TR E 522 (A0 = B B e 441

T U SR 7O R Bk R E W R, PRI R B K AT T
LA, D 7 Z AR [42]. S5 R, Sk AR T B A AR 2 DA T B R A ) Ry
fEs KEMEREHN o ZFEHBREE S THE=ATN, £4F, BT T R iE £
norank_o__Clostridia UCG_014 15, B30 [ 2k B R S5 SME AO AR 0 =2 5 38 AIS, AR TR B 1) SUAF T ]
FEOOT = B2 2 25 T [42] . Sk i T B AL I 1) RUBE b AR AR B R AT B X w8, R o AV S
SRS BRI ZETIIERS), X B kO B 2 AR A SRS A B R .

FEZS AR b, 1 S 05 1A i A A1 E BB A A PR AN (] PRV S A 0 SR 0 (2 22 00 (36 [43] il b
AL B0 B SRR A AR I E LN R, A AR A R P O S AE R A AL . B S5 VR AN AR
PUIRIE EAAAEZER[36] [43]. FERFACIEEEIRMER X, BRMBRZIEEFIE E & o 280, H
5 5 Bl S KA S A RINAS TR T T UAF BT ] 51 0T B8 35 IR IR R AR 42t 2
W MAEBONBRE IR X, Sk R TE N 22 S R S R A A A R TE ] JERETE
PR TR B v B AR AL, norank o Clostridia UCG 014 [36]. [k MM 38 T AR I st i 2
F Al A SRR E RN B TR A 00, SRS I 1 T TR R AT S BT B ) AR AR 1
M V. [36]

it LU BCHIE ST R A B, R 1 BT R AL SR R RR AR ASE , BB 70 TR R I LD W B e 2 e
PRI N JE K F L 1] unclassified f Lachnospiraceae~ UCG-005unclassified f Oscillospiraceae Monoglobus
A UCG-002 %5 B AEAEACRINERE 7 18 B A P 00 s SRR FE B35 T BB [43]. FARFR Tt R Pt
SK A i T R B R SE AR 3 22 (43 ], RIRTERE I 2 e vl e S RO W E TR el ok,
AN 5 iy OB ) B b v b R R B S 38 AN TR, R Sk i A TR T B E R R AR A A
HHIERPE R A2 [43]. LA TR, 1 Sk M i 10 R A AE 2 (B AT ) RUBE b 3907 8 2 3 R A A, R
Sk A6 1) i 0 TR AT BRI T S, R i v 3 Sk MR BB R A A B R 1) B 49 9 U Y 2 7
HA#EEZ .

4. BM R ERFNEIERMER

P Sk A T TR R PO I 22 AR A2 2 AR R IE AR 5 . BUA T TR, RWE SR U
R MM R R B R S I B R R, P R B AR S W i R e LR A )
FR[42] [43]0 KT HE PR E SRR 5, B BRI 2204 S B i 42 JL T8 BRI 25 )
FIRZ O IREN R R . ERRIREO AL ZE S, ARBTErangiort . AR B AR B S I M % o N DDA G
[35]. EPEWFTER, ERVIBHEBOVER N, SRR I o AR SE RN, AR B R R 2R
Phs TS0 BB R I, S A R [35] [47]. E IR RIRN SRS S BAEAN R BB AF
FEZESE, WM SRS E SRR . O e R R AL S, TR TR AR R R L SRR S
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AR At (1) i B 4P 4R RO & R . B TR 0 0 B3 Sk A i TR PR U 4 A FH 1 31K & SE e 2E 1
WESE. Fln, wHRI A Sk R EYHHE R e AARD & EE BEMINEER, MIEEEERE
ERI 2 S B E SR SRR T ) 7 31.84% (117K ) 27.45% (REKF) [42]. &R 2 F0E 5%
B AT R B AR T AR AE B OCHK, RIUNTEITAKE b, IR W AR S A4 &R MR EIE
K, SRp&E, BN EEAKSEERE MM, MBS 2 &R PO A =55
WG WA RN [42] 6 BFFCIRUESE, AN [EIRERALAT St o 1 Sk P00 4 BR1 A PR AFDGS = B2 -5 T b
RO NR T A GE R 1 & B OQ (4310 BEITE IR T 1 Sk e 7 T R A 45 A R R P AL T Be N AN R 2
B IR RS0 i T R R e I B ), TG EC AR B R R T RS TR A T B, RATERS '
Vg AR IL RS R R A AS A,  PREETE T ROM & 0197 [48] [49]

A GRS [ Sk A i T TR R ) EE B PR 3R 2 —[42]. BEFU ORI, B ER 0) iE  AEAS
A2 2 S (P AR IS 26.95% (117K AIT 20.57% (BEKT) [42]. o, DURBERIRS o W35, FER
IR T 350U 5 5 2 24 3% I At R JSE B B 1D B G 1T R B e B B norank_o_ Clostridia UCG_014 F13g HL
e AR B RS A AR N = B 3B AR AR R [42] 0 1245 AN [F) T HoAth R A SR BN) rh JERE TR 1B = A (R
T2 DISG IR A R I, JERER T IAEFER TR TR, v RE S IR AL T B W E A B R
B HAE R R ARG K[42] [50] [51]0 A7 UM HOE S FN e REAAR, F Sk RO SR AR B = R AR
WG, RAS IR AR AAE F S REAT Ny B R, i AR S AN e 7, T AT RE
P B8R 2 98 1 L T TR A A R 242

WAL, PR 1 Sk M i 8 R IR L ZOR R . Zhou et al. [31HITAEYIRIE /T s, B2k
WA i R A A A G — R B AR TR I R . AE R, 4 9% i E Rk BOKIE: FERT SR,
21 2% pEE AR H &Y. b, BAA R ETTERAZ O ASV ¥RIET Pandoraea norimbergensis, TE3
BEFEAGK. 3. YA E S il & B Bus R, JF Hazah C e sEn] W B 4 5945
B, P HAT DUE N AL R NS L 70E([38]. AR, AR, BkMEmIE R E S S
ANFIRVR IR R HEAAAE R E 2, BRI TE T AR A B R A DR BEAAAE T LR b . BEAh, 10
FEIBHE HAE A Sk 708 P 25 4F 807 B Micrococcaceae (E 3 A AN £ FE KT 1%, FERRATRIET
IRBE (I A D AE SRR 00 T T B e 5 1 AR [42]

5. iR E5RE

o T ) T S 1 S A AE R R A — L A SR A 1L PR B v 4 R E T (R O B
ARG AL o 1 Sk A P T AR AT IR B R A G R BE B 110N, T TR R P9 A D B R R T E AL
SEFFE AT e R A s P4 ARE TR B BRI s R AR 2R o 1 Sk i i A I ek e v 1) T
I8k, AFESNFIAET TG EEYE IR URSRAE . IR AN [RIRE L R0 i 1 A 1 4L
LT XA I8 i ) A A B 1 4 AR B A S AR B B 28 I e = e . R, ST SO SR KT A
LR ERISEREATIANE I, P EON R R B SZ IR . 34k, SURERALS I R VPG 1 Sk A5
EHBERE NG ), AR BE D AN G R . A SR T BAR U I8 T R 2h
BE; R RIEAMEVUIME R AT hids MBTR Y. AOissh Fouas 8, A2 4L R B Sk
X SRS B AL A S ML, R DR AR SR AR 2. TSR E IR S %,
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