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Abstract: This study aims to systematically document the resources and distribution of medicinal
bryophytes in Medog County, to enhance research on bryophyte diversity in the region, and to
supplement fundamental information on bryophyte-derived medicinal resources. This study

involved multiple field expeditions to Medog County, Xizang Autonomous Region, conducted in
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2020, 2023, and 2024. Medicinal bryophytes were collected, identified, and recorded through
extensive field surveys. Species composition was systematically documented, and the medicinal
properties as well as species diversity of these bryophytes were analyzed in detail. The resuls were
as follows: (1) A total of 91 medicinal bryophyte species were identified in the Medog area,
belonging to 44 families and 59 genera, indicating a remarkably high level of species diversity in
medicinal bryophyte resources. (2) The metabolites of these medicinal bryophytes were highly
diverse, with a total of 81 metabolic pathways annotated. The identified metabolites were
significantly enriched in pathways associated with the biosynthesis of plant secondary metabolites,
highlighting the potential pharmaceutical value. (3) Analysis of eight distinct substrate types
showed that species richness and diversity indices ranked in descending order as follows:
lithophytic > terrestrial > thin soil on rock > epiphytic > lignicolous > aquatic > saxicolous >
humucolous. The highest similarity coefficient (0.524) was observed between lithophytic species
and thin soil on rock species, with 27 species shared between these two substrate types, suggesting
notable ecological overlap. In summary, the medicinal bryophyte flora in Medog is characterized
by exceptionally high species richness and diversity, surpassing that of many other regions in both
taxonomic composition and ecological complexity. The metabolites derived from these bryophytes
comprise diverse terpenoids and various other secondary compounds, with significant enrichment
observed in plant secondary metabolic biosynthesis pathways, indicating substantial
pharmaceutical potential. Among the eight substrate types identified, lithophytic bryophytes
exhibit the highest species abundance, the greatest diversity indices, and the most pronounced
species richness. The distribution of bryophyte species across different substrate types displays
considerable heterogeneity, and the compositional patterns as well as quantitative distributions are
intimately associated with the distinctive habitat characteristics of Medog, including microclimatic
conditions, moisture regimes, and substrate stability. These findings underscore the unique
bryological significance of Medog and provide critical baseline data for the conservation and
sustainable utilization of its medicinal bryophyte resources.
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Elevation
No. Latitude and longitude Place Vegetation type Major species
(m)
TAEAS AP IPERIAR
95° 15" 23.82" E 2.5.6.7.25,
MTI1 Yarang 638 River valley tropical
29° 16" 55.22" N 27. 31
Village seasonal rainforest
T2 Al 2T N
95° 24’ 23.81" E KHF 1. 2.3, 4.5,
MT2 . , 856 River valley tropical
29725 434" N My Village 6. 7+ 8.9

seasonal rainforest

10, 11, 12, 13,

W2 T2 Al 2T PE T A
95° 10" 28.39" E 14.15.16. 17,
MT3 29° 14’ 419" N Beibeng 889 River valley tropical
: 18,19, 20. 21,
Village seasonal rainforest
22
G T2 A 2T PE T AR
95° 10" 10.23" E 12, 15,17, 18,
MT4 Maniweng 912 River valley tropical
29° 16" 31.18" N 2
Village seasonal rainforest
A= =5 AR PENIAR 23,24, 25, 26,

95° 20’ 2.04" E

MTS5 Rengin 1118 River valley tropical 27, 28, 29, 30.
29° 19" 37.66" N

Beng seasonal rainforest 31. 32




MT6

MT7

MTS

MT9

MT10

MTI11

MTI12

MT13

95° 19" 55.02" E

29° 19’ 41.07" N

95° 10" 14.64" E

29° 13" 093" N

95° 39" 56.87" E

29° 26' 54" N

95° 7' 39.713" E

29° 22" 199" N

95° 29’ 3.63" E

29° 39" 24.92" N

95° 34" 5526" E

29° 42" 3558" N

95° 40" 37.12" E

29° 44" 17.69" N

95° 41" 10.92" E

29° 45" 17.73" N

Temple
St E
Medog

County

AR
Gelin

Village

HARRAY
Zhangenka

village

2 Khan

Mi

80k

62k

52k

W Bz (5%
Galonla

Tunnel

1131

1791

1926

2157

2221

2812

3443

4345

T4 FAHT 2 T T AR

River valley tropical

seasonal rainforest

E AR L e

# Subtropical low
mountain evergreen
broad-leaved forest
R VM Mixed
coniferous and
broad-leaved forest
Bt AR b Mixed
coniferous and
broad-leaved forest
R VRS Mixed
coniferous and
broad-leaved forest
£ Ak Coniferous
forest
£ Ak Coniferous

forest

=1 LM Alpine scrub

1. 2.5.6.25,

29, 30

33.34.35.36.

37.38. 39. 40.

41, 42, 43

4. 5. 13, 37,

38, 41, 44. 45

25. 26+ 27, 31

47. 48. 49. 50.

51.52.53. 54,

55. 56

57, 58, 59. 60

57, 58, 61, 62

63. 64

Table 1 Basic information and vegetation composition of the sample plot

E: 1. MR Lagerstroemia subcostata; 2. Fo3EH Mytilaria laosensis; 3. B8 Musa balbisiana; 4. K
HRYT Bambusa eutuldoides; 5. RYWHE Ficus tinctoria; 6. ¥HYE Lepidogrammitis drymoglossoides; 7. H
% Adenostemma lavenia; 8. KWgT % Girardinia diversifolia; 9. 1535 Hk Vittaria flexuosa; 10. B8 Musa

basjoo; 11. ¥9%E Castanopsis tibetana; 12. HAKIE Elaeocarpus japonicus; 13. SVE¥ Ficus formosanas
14. JBVH/RKEEF Saurauia napaulensis; 15. J&JN Indofeviliea khasiana; 16. /KIFIK Ficus fistulosa; 17. 5
LEAR (BEAD  Nothapodytes pittosporoids; 18. F3JRT Brucea javanica; 19. 288 Koelreuteria paniculata;
20. WK Trema dielsiana; 21. MKZE Polygonum caespitosum; 22. #§w 1135 Alpinia hainanensis; 23.



A Noulelia insignis; 24. ¥R Swida macrophylla; 25. 8 Aidia cochinchinensis; 26. A& Piper kadsura;
27. B Ulmus changii; 28. 75EkBR Brainea insignis; 29. WAREF G BR Athyrium dentilobum; 30. 5 5%
Sanicula chinensis; 31. M ILE Arthraxon lanceolatus; 32. "FHEH (4 Diplopterygium chinensis; 33. #iH
2= RKBIAR Homalium zeylanicum; 34. A Pinus griffithii; 35. FRW Emmenopterys henryi; 36. HRHY
Sphaeropteris brunoniana; 37. = F T UI# Excoecaria acerifolia; 38. £ Wk Macrothelypteris oligophlebia;
39. AR Conyza japonica; 40. XUHWE Tripterospermum chinense; 41. ¥ >%4F Mentha spicata; 42. T8 /7
SEYK Viburnum fordiae; 43. FE2% Cymbidium kanran; 44. KUK Baccaurea ramiflora; 45. NP Pinus
bhutanica; 46. SN H A Lilium medogense; 47. SR M Laurocerasus undulata; 48. WREEFLAR Aralia
echinocaulis; 49. Pi1% ¥ MW Helwingia himalaica; 50. 4:¥kM] Maesa montana; 51. AW % Rubus
innominatus; 52. VUESKL Celtis tetrandra; 53. B F Rubus idaeus; 54. Wik Hypolepis punctata; 55.
BT Rubus metoensis; 56. Ju‘f: Begonia henryi; 57. 821442 Abies delavayi var.motuoensis; 58. =
MYAS Tsuga dumosa; 59. /NEM 24T Ilex nothofagifolia; 60. Z=Fd%T Ilex yunnanensis; 61. SAKHLA
A% Abies georgei var.smithii; 62. KR Bryocarpum himalaicum; 63. & ILFEEY Rhododendron lapponicum;
64. 21 5:K Rhodiola rosea
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Table 2 List of medicinal bryophytes in Medog

%} Family J&#L No. of genus %L No. of species
L EFL Aneuraceae 1 1
P & Rl Aytoniaceae 1 1
i EFR} Conocephalaceae 2 2
FEHEFL Dumortieraceae 1 1
/NHEFL Fossombroniaceae 1 1
HE#Fl Frullaniaceae 1 3
BYI-E %L Herbertaceae 1 1
&%l Jungermanniaceae 1 1
MEEE Rl Lejeuneaceae 1 1
M &Rl Lepidoziaceae 1 1
WEE Rl Lophocoleaceae 1 1
& F} Marchantiaceae 1 3
&R} Mastigophoraceae 1 1
B E R Pelliaceae 1 1
PIEFL Plagiochilaceae 1 1




i EFL Radulaceae
G &R Scapaniaceae
FHOEFR Solenostomataceae
FLIRE R Wiesnerellaceae
Wi &£} Amblystegiaceae
Zk#¥ Rl Bartramiaceae
E#¥ %l Bryaceae
it E#£%l Dicranaceae
LB Rl Ditrichaceae
4H#¥%l Entodontaceae
AR #ERL Fissidentaceae
#if 8%k} Funariaceae
KEEEFR] Grimmiaceae
JRE#ER Hedwigiaceae
##EFlL Hylocomiaceae
K& Hypnaceae
HP6EFl Leskeaceae
H i85l Leucodontaceae
L #EFl Meteoriaceae
ST #ERL Mniaceae
“F#£%l Neckeraceae
Hp#%l Plagiotheciaceae
4 KEEFL Polytrichaceae
MEEFRL Pottiaceae
B EERl Pterobryaceae
4 KEEFL Pylaisiaceae
A # L Rhabdoweisiaceae
Yem#ERl Sphagnaceae
fikI-#£ Kl Taxiphyllaceae
41t Total 44

59
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Fig. 1 Statistics of the number of medicinal bryophytes in different regions
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Table 3 Medicinal efficacy of medicinal bryophytes in Medog

F Species

2 I3, Medicinal properties

K& Riccardia multifida

iR Reboulia hemisphaerica

W& Conocephalum conicum

/NIEE Sandea japonica

EHER Dumortiera hirsuta

/NWE Fossombronia pusilla

S ENE Frullania moniliata

Xt KB 4 M#3EPE Displays inhibitory activity
against KB cells
VABRAT A . MG H %S Treat bruises, swelling,
pain, external bleeding, etc
BEFUEIAS . FIEIMEE . A5, HHT. Beli%E Treat
snakebites, abscesses, scalds, fractures, burns, etc
HAMR IR, MSERIh6e. HTamm. 7.
TR %5 Possesses disinfectant, analgesic, and
detoxifying functions. Used for carbuncles, furuncles,
snakebites, etc
25 [FliEE Similar to conocephalum conicum in
medicinal effect
PUIE Antibacterial
HOWE. ANE, HTHAME, IR% Clear the

heart ,brighten vision, nourish the kidneys, and use it




' Species

ZiH Th3X Medicinal properties

LWEME  Frullania muscicola

FKE-ME Frullania tamarisci

]

HBIE  Herbertus sakuraii

f

HEM B E  Liochlaena subulata

ML E Acrolejeunea sandvicensis

RWARM & Lepidozia fauriana

REE Chiloscyphus polyanthus

RIEHAER Marchantia emarginata subsp. tosana

M HMAER Marchantia paleacea
M Marchantia polymorpha
WAE Mastigophora diclados

SR E Apopellia endiviifolia

JIM-2PE  Plagiochila sciophila

B Y Radula complanata
HIWM®EE Radula perrottetii

TG E Scapania parvitexta

R 10 E Solenostoma comatum
WX E Wiesnerella denudata

18 Cratoneuron filicinum

EMEREE Bartramia ithyphylla

FUBHEREE Bartramia pomiformis

V8% Philonotis fontana

RIVPEEE Philonotis turneriana

for red, swollen and painful eyes, and fog in the eyes
PiEE, W%, JRIEARS Antibacterial,
anti-inflammatory, treats mumps
X} KB 4i G ##1EH Displays inhibitory activity
against KB cells
AR e 28 70 A A T S E Bl 2 L A A T v 1
Promotes neurite outgrowth and enhances choline
acetyltransferase activity
P&tk Antioxidant
Xt KB 4 A #0354 Display inhibitory activity
against KB cells
Pl PLERE. PUEIETE Antibacterial, antifungal,
anticancer activity
PUE Anti-cancer
PURIARE, HUR, $TEE, ARG
Anti-nasopharyngeal cancer antibacterial, antifungal,
muscle relaxation
MTRIT R Treat mucositis
23 FdE & Similar to conocephalum conicum in
medicinal effect
R 2 70 A A AT S E Bl 2 B A A T v 1
Promotes neurite outgrowth and enhances choline
acetyltransferase activity
PR Anti-tumor
L9844 Accelerate axonal growth
FEPLIME %7K Antagonizes angiotensin
Y. PLERE. PUEIETE Antibacterial, antifungal,
anticancer activity
P&tk Antioxidant
J e M B 15 % Inhibition of thrombin activity
Xt KB 4 A #0354 Display inhibitory activity
against KB cells
FRL LM, IR0 LBk A IETI5E Nourishes the
heart and calms the mind, treats palpitations, heartbeat,
neurasthenia, etc
B RAE . WSS, EEFLM Treat stroke and
speechlessness, epilepsy, etc., and calm the nerves
Ko v EL 4T L P 097 AR o £ G2 4 L 5 )
Inhibits lymphocytic leukemia and glioma cells
THRRE, JRIETT. kAL, RIS, LRPIRIE
SiEZE Clear heat and detoxifies, treat boils, tonsillitis,
laryngitis, upper respiratory tract inflammation, etc

AR, RUERE A, R, KR, A




Fh Species

ZiH Th3X Medicinal properties

“FEREE Plagiopus oederianus

H#E Bryum argenteum

BEHL A& Rhodobryum giganteum

i K& Rhodobryum laxelimbatum

ERE E&E Dicranum fuscescens

Z 9 8% Dicranum majus

HiBEE Dicranum scoparium
WA EHE Ditrichum pallidum

FF258E Entodon challengeri
L R BEE Fissidens dubius
REREEE Fissidens gymnogynus
KRJE#E Fissidens nobilis

it R EEE Fissidens taxifolius

B EH P 8% Funaria attenuata

i8¢ Funaria hygrometrica

HiIfll Clear heat and stop bleeding, diuresis and
swelling. Used for sore throat, edema, trauma and
bleeding
23 FE B BRkEE Similar to bartramia ithyphylla in
medicinal effect
TEARTE, AR MERTR . B3R5 Clear heat and
detoxifies, treat bacterial dysentery, sinusitis, etc
gL, EHPH, HRANE . B0, 4,
H7x, J15%% Nourishing the heart and calming the
mind, clearing the liver and eyes, aphrodisiac and
nourishing the kidneys. Used for coronary heart
disease, calculi, conjunctival congestion, knife
wounds, etc
230 FIRE KT #¥  Similar to rhodobryum
giganteum in medicinal effect
23R B ARk EE Similar to bartramia pomiformis in
medicinal effect
10, JEH, . T iU Relieve cough,
clear heat, remove toxicity. Used for cough due to
lung heat
BEEEZ . BATHG. KIBAAR Treat cough,
bruises, rheumatism and numbness in the elderly
1, ¥8/NJLIER Treat convulsions in children
R, 1bi. AT KM, Sl Diuretic,
hemostatic. Used for edema and epistaxis
TERERE . T AR, S48 Clear heat and
detoxifies. Used for sore throat, rhinitis
TERERE . T AR, S48 Clear heat and
detoxifies. Used for sore throat, rhinitis
Z EG R JE 8 Similar to fissidens dubius in
medicinal effect
TERERE . T MHAGERR, S48 Clear heat and
detoxifies. Used for sore throat, rhinitis
MR, BUH, . AT RATHMG, K. JFR
VA& 9% Diuretic, analgesic, and swelling. Used for
bruises, edema and also be smoked to treat various
sores
TR, &7 I, UL, iRl 2k
FIHU5 B SHR  B55 5% . 96T % Dispel wind and
dehumidity, relax tendons and activate blood,
analgesic and stop bleeding. Treat lung heat and
vomiting blood, bruises, dampness and foot pain,

sinusitis, arthritis
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' Species

ZiH Th3X Medicinal properties

SWiEE Physcomitrium sphaericum

RITEEEE Grimmia fuscolutea
OISR EE Grimmia ovalis
[RE#E Hedwigia ciliata

/NE#E Meteoriella soluta

RINIKEE Hypnum callichrom

EHMisE Ptilium crista-castrensis

UII#E Abietinella abietina

et /NPIEE Haplocladium angustifolium

M/ NPIEE Haplocladium microphyllum

KPIEE Thuidium cymbifolium

KEIPEE Thuidium kanedae

R AN EE Leucodon secundus

EHEE Aerobryidium filamentosum

2247 #% Floribundaria floribunda

HTeLEE Neodicladiella pendula

VM, BUE, FPR. HTKM, BRFTMYE Reduce
swelling, analgesic, and diuretic. Used for edema,
bruising and pain
FIJR, 7K Diuresis and treatment of edema
FIJR, 7K Diuresis and treatment of edema
YU Antibacterial
WbMyE 4, Mt B i, fibng i %
Hemostatic and anti-inflammatory, treat traumatic
bleeding, gastrointestinal bleeding, pulmonary
hemoptysis, etc
AR B, VAWM . . Bl
Anti-inflammatory, pain-relieving, antipyretic, treating
pharyngitis, pneumonia, appendicitis
2RI BBk EE Similar to bartramia pomiformis in
medicinal effect
EARERE. FTHE. 215, F1F Clear heatand
detoxifies. Used for burns, scalds, erysipelas

1B %, RIREEERG. Bk, FURE. ik,
W % 95 45 Relieve pain and reduce inflammation, treat
urinary tract infections, gastroenteritis, mastitis,
pneumonia, pharyngitis, etc
23 [Em/NFI%E Similar to haplocladium

angustifolium in medicinal effect

AN TERRRE, 1R A RGN it 2 Bk
Remove decay and muscle growth, clear heat and
detoxify, and treat burns. Effectively inhibits

pneumococcus

PUETH R, A RN ST O G ERTE  IRAT
KWGFF B FiEFF B Antibacterial and
anti-inflammatory, effectively
inhibiting ,taphylococcus aureus, dysentery bacillus,
escherichia coli, and bacillus subtilis
B M, varE L. BRFTHE Disperse blood stasis
and reduce swelling, treat vomiting blood, bruises,
swelling and pain
EIIH 25, VAKEMS Clear heat and reduces
inflammation, and treat burns
16 M5 I K B8 W I Treat traumatic bleeding and
gastrointestinal bleeding
LEMyE R, M. BEdi. i L% Stop
bleeding, reduces inflammation. Used for external

bleeding, gastrointestinal hemorrhage, pulmonary
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' Species

ZiH Th3X Medicinal properties

BT Plagiomnium cuspidatum

WA B AT & Plagiomnium ellipticum

M BT & Plagiomnium maximoviczii

HBETEE Plagiomnium rhynchophorum

[FH-EJAT & Plagiomnium vesicatum
Jati#E Homalia trichomanoides

W HREE Plagiothecium undulatum

MBS EE Atrichum undulatum

HM/Ng R Pogonatum contortum

RI/NG R #E Pogonatum inflexum

INCUNGE i Pogonatum microstomum

W& KEE Polytrichastrum alpinum

e RERBM Polytrichastrum alpinum var. alpinum

BEMEKEE Polytrichastrum formosum

4 K& Polytrichum commune

WA IKEE Barbula arcuata

HLO#¥ Barbula unguiculata

12

hemoptysis, etc
TEH 1k Sl U FUHEE Clear heat and
stop bleeding. Treat nosebleeds, leakage, and anti-liver
toxin
NFAL I HEE =2 Serves as the secondary host
for schlechtendalia chinensis (Chinese sumac aphid)
RNFAL I HEE =7 Serves as the secondary host
for schlechtendalia chinensis (Chinese sumac aphid)
1k i, YA S A S Stop bleeding, cool
blood, treat epistaxis and leakage, etc
RNFALFIF HEE =7 Serves as the secondary host
for schlechtendalia chinensis (Chinese sumac aphid)
PLEE Antifungal
23R B ARk EE Similar to bartramia pomiformis in
medicinal effect
FFRERR 2 HE, PN Used for inflammation of the
lymph glands, anti-cancer
ERER, REFEBE . HIH Clear heat and
detoxifies, treat ulcers and back abscesses
AR, VRO EEIEM . FREIEES. MR SO S0
%% Calm the mind and treat palpitations, neurasthenia,
chest tightness and angina
RO HeA IR, TR IHSERASE Reduce
swelling and stasis, relieve pain by removing stones,
treat gallbladder stones, etc
HITesmee, »i, TaMeE, AU, B
Used for boils, boils, burns, nameless swelling and
poison, fever and convulsions in children
SN . FT/NLIJA The clear heat is shocking.
Used for pediatric strokes
sk, KT, 5L Astringent, sweating, and
strengthening
A WSk, ERERANE . T 040
L 1SS A 1 12 N - 11 = N 7
Laxative, astringent and hemostasis, clearing away
heat and detoxifying the kidneys. Used for knife
wound bleeding, nosebleeding, vomiting blood, blood
in the stool, blood collapse, tuberculosis, carbuncle,
and anti-cancer
TEIALF, VAANEHERIE Clear heat and stop
dysentery, treats bacterial dysentery
TERRTE, AREME R, B3R Clear heat and

detoxifies, treat acute and chronic rhinitis and sinusitis



' Species

ZiH Th3X Medicinal properties

/NFBE Weissia controversa

SURHECFEE Calyptothecium hookeri

KIKEE Calohypnum plumiforme

M5 %E Oncophorus wahlenbergii

IEE¥ Oreas martiana

RIFPEIREE Sphagnum capillifolium

Atie IR EE Sphagnum girgensohnii

AR Ye R &E Sphagnum junghuhnianum

VeREE Sphagnum palustre

MIJe Rk EE Sphagnum squarrosum

QUMY EE Sphagnum teres

HSL G EE  Taxiphyllum arcuatum

kI8¢ Taxiphyllum taxirameum

TERRTE, AREE R, B3R Clear heat and
detoxifies, treat acute and chronic rhinitis and sinusitis
TERERE . F T W AGER, ST Clear heat and

detoxifies. Used for sore throat, boils and abscesses
ERGL, TR S, e, ek,
2% Clear heat and cools blood, and used for treat
burns, epistaxis, hemoptysis, vomiting blood, blood
collapse, etc
FERIE, i P b I H T KGR FRA, 405 il Dispell
rheumatism, clear heat and stops bleeding. Used for
rheumatism numbness, trauma bleeding
FERGE 22pi SR . AR, FEEERRE . 4h
fHH I Treat rheumatism, calming the nerves, and
analgesic. Treat rheumatism numbness, cold
coagulation abdominal pain, and traumatic bleeding

FIREPELNE S Indications for acute conjunctivitis
WHAERS . Bom. TR RS AU R

Fi# Treat corneal opacity, skin disorders, and insect
bite itching. After disinfection, can be used as an
absorbent cotton substitute
HERWIE, . AT HEAERE, R, SRR
$E Clear heat and brighten the eyes, relieve itching.
Used for eye clouds, skin diseases, and insect bites
I Abdn: AAREARE. BARME. B, T
FF =208l Antipruritic, hemostatic; treat corneal
opacity, conjunctival congestion, and skin disorders.
Applicable as medical dressing material
Dhak[E A e EE Similar to sphagnum
girgensohnii in medicinal effect
WG M. WE. B, RAEAK. B

JE%5 Clear heat, reduce swelling, brighten the eyes,

reduce clouds, treat corneal leukoplakia, redness,
swelling and pain, etc
THABIR, BEEM. HTABEAR, HARME.
Clear heat and brightens the eyes, reduce darkness and
swelling. Used for corneal leukoplakia, redness,
swelling and pain

9%, 1EIM Anti-inflammatory, hemostatic

3. 3KEGG R iE Bk BT

T H B ) SR M2 B B A A 44 SO SR 24 S B R A T AU T 7, R SR 24 ) &
245 F TR 290 B ELAE oAt X8 AP ARER, i B M B R . /g & RN 85 25 4
WIROPIEE . W8, Brecsf. VeoREE. RRMUOKMEE. KOKEE. &A6E. BT, dhEsE. &

BEREAT LC-MS A . 12 Fh2h F & B VAU e AL, 25T KEGG Hiodfs o Xt 4
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E B WA AT FERE RN 4328, B KEGG M@ E& S BT X) 12 Bl e AP A U Pt 47 3L (7] 18 2k
B, NIHACHMEE Rt T B i, SRR, LIRS 204 MUY, 7 AnfE 81 4R
whaE ek b, HAHr 20 NE Sl N ABC ¥igtk (124  EYIRERB =AD& (20
A BB AR (64 « FIEEIERAW (7 D-ZEERAW (114 L K
WE YA (134« B-WRBRAE (6 1)  ZRNEREY A (14 « KRR
B0 EEASEEE A AR (114, SRR SRR R AR EYE R (5
A o-TERRERACIE (104N« B (74« FEERERIER (TCA 183 (54,
AAMBERRIL (4« EEAEMER (14 1), ANAR . BERMEARED AR (10
A, B IR AEM AR (81 , KMAREDAER (741 , WA, REARRM
HEBAH (104 o AR EE &2 KRR O E Y IR A =AY & G BRER
KRB (aspartate). {05 82 (tryptophan). 7K A& R (phenylalanine). F& %2 (tyrosine). FIKEZ
(prephenic acid). M5|Wk(indole)+ FF# & (shikimic acid)+ f#F-My(bergaptol). F ¥ #A(medrysone)-.
3577 N ik (bergapten). 7 B %5 Bli(scopoletin).  2-F23& A R (2-hydroxycinnamic acid). 5-%%
H-8- F A SN IR 25 (5-hydroxyxanthotoxin). LM P EE(aesculetin). 28 7 & (fraxetin). 5
WEE(scoparone) <> (umbelliferone). 551 H 2 (oleanolic acid). 7 B %5 i (isoscopoletin)
T 5 H(osthenol), Z 5K =W ED& R R & E%E (K2 .

y HEE. RESEAA IR | ®
Alanine, aspartate and glutamate metabolism
HEmEYEM | @
Arginine biosy nthesis
AN KB Ak | ®
Cutin, suberine and wax biosynthesis

CENER. BmEAmRAGERETAK | ®
Phenylalanine, tyrosine and try ptophan biosynthesis

e o

Ajlmmacyl—iRﬁﬁﬁﬁosyﬁthzs i ® Bk

- S feBk L
Oxidative phosphorylation 4
FrigmibaEr (TCA #3F) | °
Citrate cycle (TCA cycle)
| >
Linoleic acid metabolism
Alpha—Linolenic ﬂflzlilgﬁdmbi{ﬁsﬁ i ®
GAEER 3 ERR A 0 EORR 21 1 ik
Valine, leucine and isoleucine biosynthesis
A SRR A A |

Flavone and tlavonol biosynthesis ®

000 .
2

P - i
EP AR | P —value
Phenylalanine metabolism
KPR A A | ° . 0.015
Phenylpropanoid biosynthesis

B-rA AR [ 0.010

Beta Alanine metabohsm
 EMEAEMAE | ® 0.005
Flavonoid biosynthesis
_ pEEmRm| g
D Amino acid metabolism
 EEEECEERRICH [
C yanoammo acid metabolism
PTRERIE S | .
Monobactam biosynthesis
. L HPERM A A [ o
Biosynthesis of various plant secondary metabolites
ABCEEE (K |
ABC uansp‘orlcrs

[GE s
Enrichment score
B 2 KEGG Rl EL£E
Fig. 2 KEGG metabolite enrichment map

3.4 BRI H EHEMERERS T
B EEFEA) AR BN S I E AR R, g TR U AR B R BRI, (H & B
PR O AR AL e MR 55 B R — e (BPURTSE, 2021) , HEHEY 5+
A BIORSEAN R 2 AR, ANFIEAR 12 R i 5 SRR K R 2R 5 0 A i
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Blo MW EEHHEMEEMNELEL, A B KRB ARSEAESE B P EBiX  91 M & ¢
WEWHAT S, HBAERKERR G A fA. BAE ATE L. WAL A,
KA JEFAAESL 8 P AE KB R (R 4) . B & B AR E SR S BN
52.75%. LAERERMIAIE . NG CTEREE. BT EESE, ZACERURMAR T IRIE 1%,
MRS, FB Iy LA AR AR R MRS, HAR M XK IGR AR £ AR
B E SRS AR, AR A RS S e RIVEREEE., TR, &5
SR 64.84%, PRIILIARMIRIE 2 /9, ABCT HAREY), & eER AR K OE RO 5O
MEEACRAERBEAIS, 7040 Tz i 25 & SER YRR IS 5 Lh i % o« BB ARV AT I 5
S RIS R NEE, RS, RN 29.67%. JEARAREEA BIREH M A .
TeanE . MEEE. RMIREESE, LAY 29.67%. BB RRAESRRHE SR, X
BN EERRFE, REXIER 2 600 ~4 000 m XA, RE X ISHEH H 5>
N R 2 R R T Ry s S R AR, DB KR X, HAR IS K s, N2 DB
5, HEH e B A BIAREE 2 . Pl R S SR A, I AEMERNEE . &
AUEREA B, RWHER. KOREESE, 5 EHUN 10.99%. LAERFUVEHREWA . 65
ARRED, 2L, 5aims L LIRIERR AR EAR. LadiEvg 2 E
TRASMANET IR « ARGk B30« K A B B s 2 A I S TR e, R w7 g FE IR, AR5
BONTRE, BEMEED, SR LRRAARLIRN G Hitk, BMOCH &, SIpissss, &
SH 48.35% . ZFERZ N . BEARN A%, S5, SARMAELZERE. KA
WA /MU . R, JERBESE, (5 10.99%, FEHEPEAA ML KH6E, e, HUik
WEEE, 15 10.99%. KAEINEE T BB BE R, JRTEIT LSO HEY) . A3 ELE,
IKA B TR BT AR R AR K B o SR A 2 B, R e A i

XF 2 & B A 2 MR EOHEAT 0 A (R 4) , 8 FHEEITZEALIY) Margalef & BEHR %L
J% Shannon 2 FEVESRBURK IRy A1 Az > A >0 1 > B 22> J3 AR A2 > oK A > 2> TR A o
.o Pielou $5] FEFRBUR MR LR, RIS R BT S8R rp 24 HI & BEAE )R B 0 A AR AR 4L
NHET . Simpson 0 BEHE BB AN HBUEEUIC, R W] 8 Mk 5 25 A Rh iR 34 2 $55%
o JEIEXS AR 5 A KRR AR 0 15 A R o o BE MR 2 Ak (3R 5D,
T RS SERN R 5 A B AR U R B, PRI RRSE 27 Rl SR E T
AR G SR BONRIEAR T, 5A A S SR KIAETEONAEAL, PR EE BT . OB AE
REFEN JAARAEMIKAE Lo RN FE A AR REORAR, 2 RR, FEEIEEN
AEAREE T PR, A7 B .

R4 8 MEAE RS LIRS
Table 4 Diversity index analysis of eight substrate bryophytes

+4 a4 A% HmEL JE TR A
e BME AL K .
Terrestri ~ Lithophyti ~ Saxicolo  Thin soil ) ) o ) Humucol
Type Epiphytic  Lignicolous  Aquatic
al c us on rock ous
T
i 48 59 10 44 27 27 10 10
Species
Margale
. 10.445 13.274 3.509 9.785 7.255 7.001 3.753 3.323
fHEEE
Shannon
ZFEE 3.744 3.981 2.245 3.623 3.184 3.064 2.272 2.176
ERA
Pielou
0.967 0.976 0.975 0.957 0.966 0.930 0.987 0.945
BI5 R
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Eizk:14

Simpson
it 0.016 0.008 0.038 0.020 0.021 0.040 0.018 0.067
R
R 5 8 PhER B RER AR U R BT
Table 5 Analysis of similarity coefficients of 8 substrate moss species
R
L
R itk A o B A KA #
Thin soil on
Terrestrial Lithophytic Saxicolous . Epiphytic Lignicolous  Aquatic ~ Humuc
roc
olous
+E
0.523 0.207 0.500 0.373 0.320 0.310 0.172
Terrestrial
At
— 0.232 0.524 0.395 0.372 0.174 0.1734
Lithophytic
T4
— — 0.222 0.054 0.216 0.100 0
Saxicolous
I
Thin soil on — — — 0.254 0.338 0.148 0.111
rock
W B A=
— — — — 0.222 0.216 0.054
Epiphytic
JEAE
— — — — — 0 0.216
Lignicolous
/KA Aquatic — — — — — — 0.300
JE3 5 A
Humucolous
4 PFig
4.1 YIFh Rt T

S HEEEEY) 44 B} 59 J8 o1 F, (HEM B EEDE. B M 41.58%. 19.06%-
8.48%, Fb. JE. Ptk s, ZMEERZ . 4 EREYEER A 545703,
G RPN A UKL Wy, SR B 2 ME R PR, BRI A 2RI A KA,
AR Rk o AN BLARE B B A & R K 23 e TP B . & R T
B IR AR P e LR W 2 A2, Ik e o A AR B A AR 2 R T AR AR TR B B,
HAWIRIER o DRk S8 I 24 F 8 SR A U2 & WP 2 BEPERC o 24 F 2 ) FRof e
IRAE N E K R EY), KM B8 5 et (VUD  CERHELERSE, 20200 , Z5H
Y IR E R 2 HO AR R R, 0 E B 2 SR R I T S R
PR IR . FIHRES (2024) HIBRIEB SR 8 MUARF 7 AMRIRIIZGHES, 5
MEFJET 3 MEFEL S . BHAFLE (2025) HRIE B BB 12 MUBERH 11 ME
AR I B . S BBV, S W, 250 &6 R8T & M 2 5A
AAARIZG R D, Tt — DXt FE AR e, £ 8 24 & E YR 2R .

4. 2 AR
& SEREA R R AT W 2 L 24 T 0000 2 R, LAt it [X 24 1Y o5 S AR B3 350 & 00
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B SR DI RO B AT BB, AHIE O — D U H I 2 Y SER AT A
Rl o H AT SCRRBT S0 R DL, 5 BT IS B A B A B AT AL T R IR = D K I AS 454
KA, H BRSO R RACE W 2T AR &5 R Seit, AHE ORI,
sSefhl 12 FEGH B EErh BB, FTLLBE. BRMUORIHEE, KOKEE. RATEE. hRREE. PEEERER
WA ARERILED) 4 Fl, ZRERIED 14 B, ZHEE 19 B, ERER10EM 9
i, HORBER 5 M, HAREEERRGE A S TR . W5 & S BT R S AN 40 M A
WACZE RSy o PIERT & SEAE D A 2 il BEAT R 29 N, 2 24 & Bttt — 2B T2 A I
R TR ACE B ] T S AR A & R R . B B Y E S Y IR,
ZRCHPAESERAHIE . FIRIEM .. BNk, REER. KNER. TR, FFERE
EEAEY A ) CEANNEE, 2022) , 52 HTHRE ) & S B A
—8, KPS HREHRIRAEY G RN R AR E %, BRGNS E
WEMIFIAIE GRAF&LLLAE, 2019) o S HEMIRAEAU WA G SR B 1R
B, o BRI AR B, BN B SR AR G T RS R
A BB PO RIE R RCR , #87> R AR I, 2 v B2 i 2 B R (AR, 2021
FHECH . EEMER R RRER. RPIH . AW L R8-7-0- % &
A HENESERERREIRC S HRA IR JURBIRCR, SR 2L
WEY, REYTURIEH N EZL ST, 2 E s N2 10 25 RORIE . ARt e
AU RSN, RIS B B A S S I A UMY B — kR, AW ARSI
AR LG R B AL . T B ATEE 3 000 AR A0 & B, X & SEAEA) IR AAR
PRI SR B B o i & B A A IE S, AR o B A A Y
AR5 g A%« TR A & R B (S AR, Tnsmt 24 ) & B3 1R il HEAT IR e A
WORIEE, ik 7C & SRR A PR 25 1 b 250 ], idt— 20 % e 5 SERE I B2 25 T R 4R it
FtiAA Ak o

4. 3 EKFEF 4T

BB A KIA B AR A BURR, AT AR T AN EE T, i A A A PR S M HL A 858 00 A1 S
SR S B R — B PUE AR A 12 8, ZREERUE AR 79 B, 3 Bk 3 R EAT
43 Fh, BEEREY AR EET 2 AL, SRWTR I XA B L E Y AR K B NI R D
R A, e, AMeE . Bk HEE. DA UM R 5 R R DL,
W WY I 6 5 B A 1S A1 A8 5 XA RO N R, AR SR I X T MR AR AR SR, AR A IR AT
SR AR AL, 5IHMIE S BCR, BERIHE & Z 4 45 A AT
RENEF AR 2 PR R AL, Dy AN RIS 1) 5 (it B 22 R AL AR 2 0 A i A 458, HLBER S s
AR 75 FE A s, RELAAT P 2 v o L R R AR A, B A KA A E . 1
SR B E BRI OL R, E AN R SR R S R AR, A B R BE AL
(Henriques et al., 2017) , 8N & EE YT ZFEVE . R FOK A KL g 5N 8 B,
5 H Ayt X PR RS TR S AH EE S8 5 A A A A o 3 AR P MRS DX 43 o A A BRI
B EEYIRN R AR 2 F B AR A SRR P XL, X SR O BB AT G . 5 Ho At B o
WEHLL, AAEREFUNRE AR IS, HAE />, HER ot X OB A%,
A E SRS B AR SR A SR R AEBON SR GG ARAR, DRAF B e %, LUK ¢ it
MRE, BT A AR, MoRRE, HREMIRE, TERRKEE MR 5R
N T B SRR 2, AT SR ot X SR A AR AR SR AR IO e %, MRS ha
Lo S AR S R BN, BRI SARE, A0 REE NS, ERRRE, &
BERFUE AR R, e AT AR AE N TR KR, A0 R IR AW RAUE G LR,
MR B 7 BEE (s, 2022) « MAESEAZXBAEFE. SNESRSR
1) 5E BN B BRI 2 PRI B B LR 3R o BE T e & SR A 0 AT I B LR, AN [R] S
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JiR R BN RIRIR EE SR AN R, SR B AR KB AN A | e v A AR S o
IKBEAIEES, MG TN IR MECR, HEEREGE, HE S RKAE IS,
8 B A SRR R N AR AR AT RS, B AR R 2 R R 3R Kk o 2 A, ELB A 2
BTG E, Tl mE G LI L2, KRNI A S s A K BRI, R
B EEFE = DL SR B B K R R IR B (7K 20 SRR T B i AR AR R A S R AR AL
{ELSR M 24 HY & SER A SR b i o LB, e A AR A R A AR S e T R A 3, SR AR
BT PO AAR X, MRS A TR R St TR A, MRS
AR AT AR SRS A R AR e (8 28 R AR AP IR R SR T ORI, RIS, 3BT
ReAE ST IR AR e AT, FhAh, TSI R KA A T S DRI R 2 AR B
AR B SR P PR SRR

Sl & SRR AL A S BRI S B ORI R, i X SR A B R AR K
A ERAMREEN . AP s R AR 2 R Sk A BN, LT A A S AR RE
REACRRSE G5 o A A2 SRR HE . MR B A I 3R R, i XA B R 3t 17 2 i Bt
JRRAY, [RI BiE 1R Hal B M A SR AR, RN ERL 3R AR {8 S M O & BRI 2 A IR
IR RE . AED 5 B I AR MR 4 M AT K SO R A DR SR & B 2 A PR A 0 o

5 45t

SMAHEEHEMEEE, 44 R 59 J8 91 Fh, &R 19 Bl 20 J8 25 Fh, #EEHE
)25 Bt 39 J& 66 Fi. ST -TAERGE AL XA LG, S SRR R E R,
s X IR S R ) A A R R R R, R T A EEEEY MR R 8 A
FHOCSCHR BB 91 Fh 5 #EAEY 2 AR, EZONTEAMERE . R . (Rf B, B
ISR, 5 2 SR BB IR ZH D @it 12 B s Y KEGG &4
ST, RFRHRWY EZ AT 81 R ubdEs -, HeEmy) -hRHER 22 = E 0 N HE
IR AEARH = E WA G B, & SR AR = B A BRI H R AR FE
RN EY . BMAHEEEY) 8 FiAEKIE S, AEMEYMERZ HoZ R B s,
ZRPEEFE AR Z, I YRR ALE R B M A AN R SR RS R ROR
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