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Three moss genera from the Middle Miocene of Fujian, southeastern China
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Sciences, Nanjing 210008, China;
2 Sun Yat-sen University, Guangzhou 510275, China;
3 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract Cenozoic bryophytes are rare in Asia. Zhangpu amber is the only known Cenozoic amber containing bryo-
phyte fossils in low latitudes of China. Zhangpu amber was formed during the warmest period of the Mid-Miocene
Climatic Optimum (MMCO, ~14 to 17 Ma), which is also well known for the appearance of Dipterocarpace-
ae-dominated megathermal seasonal rainforests. The warm and humid climate of these forests may have triggered the
diversity, evolution, and three-dimensional preservation of bryophytes. Here, three moss genera, including Leucobryum
Hampe, Anomodon Hook. Et Taylor and Homalia (Brid.) B.S.G., are reported from the Middle Miocene Zhangpu am-
ber, Fujian Province, China. This study also includes the first study of an amber inclusion of Leucobryum utilizing
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X-ray microcomputed tomography. The new fossil specimen, assigned to Leucobryum cf. humillimum, is most similar
to extant Leucobryum humillimum Cardot. The new Anomodon and Homalia specimens represent the first fossil rec-
ords preserved in amber from East Asia. The fossil mosses from Zhangpu amber increase the bryophyte diversity in the

Middle Miocene and enrich the poor Cenozoic bryophyte fossil record in the low latitudes of East Asia.

Key words Fujian, amber, Middle Miocene, Bryopsida, diversity

& SEAEY) YA BCE LT T A, R
R AR Y AL R 2R =, 124 2% 8 2923000 Ff
(Goffinet and Shaw, 2009). {1 Bt EZA KRG R
NHE L, BEEYESSEEY ARG K E DR
A — 2K, B & A Y R i A 4 B,
Fxt b 5T Py ST AR 2 2R S8R TE BORRR A P A
A H B (Gignac, 2001; Wang and Wu, 2007). &
BERE A AT BT 5T AR RS YR AN B0 Ak B L
FEAEYE, RN R IR R R ke Egh
AR 3SR o I B A BTk b 1) E 22 40 4y (Floyd and
Bowman, 2007).

SYEEHYALL, BeEme g AL, R
AT 255, S T8 524 FRAR R AN AR ) [ A (Moisan
et al., 2012), BIRAF WA LE R KD F4h,
B SR ERUN, IR 5 A A PR b B
B X EE P 3R G EUE SR YA BT SRR 0 A 2
(Moisan et al., 2012). HFl, 550 & & HEY KL
ORI T WAL R 48 (~385 Ma) (Hernick et
al., 2008; Clarke et al., 2011); FAEAR DLSR & B4
g R, P gif. EEL R e RS
W3 H K BL(UN: Ignatov et al., 2011; Heinrichs et
al., 2014a, b; Li Rui-yun et al., 2021; Li Ya et al.,
2022). SETAEARHY S B R ) A0 HOE AR AN BT S N
(1: Wang B. et al., 2021; Feldberg et al., 2023; Guo
et al., 2023; Wang et al., 2023), Hi b 4 n2
TRAFAE I 2 (1) 3 36 37 THE A0 22 0K J im0 (] rgr it
BRI BIAR A (40: Frahm and Newton, 2005; Frahm
and Grohn, 2013). 14 H i CiE M & &iba, 3
L WK E B S A R A AR ZE UK, T
B HR B A K & SR C 5 A S 2E
AR B, RO E ey R g LIARE
BERE ) [X R i) H B P24 1Y (Feldberg et al.,
2014; Laenen et al., 2014).

#5 2 AH 4 (B A7 900013000 Fl) /2 25 & 15 4
PR 2 1) — N KHE, R B AER T A AR
Fifi AR AW 1) 2 4> T (Renzaglia et al., 2007; Taylor
et al., 2009; Magill, 2010; Magallon et al., 2013). #t
L] S SR A R I T R A R S(~340
Ma) (Hiibers and Kerp, 2012), . #24E4C LRI #E
KIE WA A W45 il 22 i 38 (W1: Frahm, 2004; Frahm
and Newton, 2005; Taylor et al., 2009; Katagiri et
al.,2013; Wang B. et al., 2021; Feldberg et al., 2023;
Guo et al., 2023; Wang et al., 2023). H I E AT
BEIAEM 29200670 ( (b B A=V 445D 20220R),
FRR T I E D ACE R 2 e, HA g
FXHME D, B R AE BB — 8 RMRE R ik
MNFEERD R LT HE R WG e g
368 b 95 D% 1L 7 L o9 5 b R L (o 2
e 16 5 R DRI 9 BT R g 5o AR I o i e
A S, 1978; XIFEE . PhIkAr, 1996;
FME, 1999; SFEI, 1999; Wu et al., 2000; Yang et
al., 2004; Guo et al., 2013; Heinrichs et al., 2014b;
Feldberg et al., 2023; Guo et al., 2023; Wang et al.,

2023). TR AT AR ERAE X I R PR
P, FEEREEMLEY RGTEN . 2RI
ABHERR B ERZ T H.

% B A 3 R 2 DR AT B B AE A o5 PR AR A RL
BORT DL T b I 55 1 e B o, R A
SERE I = SR WA B B A S5 AR,
BRI 7 R AN AR E E A
s FREAR R EH R T REREREENIE
RYJEVJR AN = 48 B 924k 47 (Wang B. et al., 2021), [A]
IIE ORAF A 5 1S B BRI BRI AR A A
SO A A T R b B AR A b ) SR
AT 708, LRIREERAEY3RL3 @3, I
AT T H A0 A R 68 Leucobryum AT - A Hf
FEON AT AE T Hb X 5T g sk i) 1 vy — A A B A i
R S 2 RV SR R T AR .
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2 FRLRITTA

2.1 HIRXHFEMIFER

A S FU R 4B B SR A W bR A3 IR A7 T 3R
o, X EAR A MR ENE D
(24°15'19"N, 117°53"34"E){I R gt b 2R . FEH
B T4 44 2R B I E o, B N S el P b )
REggt, Wik RS 2 FE—Ew, EHYE
WRAIE IR 2k, DABRIN . VR IEAE 28 B8 3 (5K
B, 2005; XIEH5E, 2009). HUBrH O 2 3 R AF
TRA, K REE BK WAL EHY. #
MBS KB . SR AR N by
Ny NERHLE W TR FE VR, A NP AR
Fos WA PR IR R TUA | i R ik
R — B RN2-72 m, F=mAAK K AEY) AR AL
Fo TEBHLE S ATE) T, N—BEM LA, ik
1-3ZPTHE; JEEKT56-153 m. L3 LT A
BEIE—H, AVENRE. DS DS, A
KM X R, EY AR A, JF106 m
B H . TESCHF, 1994). A SCHEFT I & #EAE Y1
FRAE T 00 28 R A PR 2 R K A s
Wb . Zheng®5(2019)F FH* A/ AR AL 2 5 1%
X BEUURE B X A 3T T E S, BoR
il S AEPDFER R N o (14.7 £ 0.4 Ma), X
— SR EAE . ECT (199 RYE U A 515 H
&R —2.

2.2 WMREXCAHRHERE

WERE ZZ IR EY A, GFEER. A
FK. MR SRR ILLIMNAT, LB
W AV AR ST (Wang B. et al., 2021). %4
SR S S AR S — A DU A L R R
REFN R} A 3 0 s 22700 1 28 AR (Wang B.
et al., 2021), ZAHYIF SR EHYRTERFEE,
RAFAEFE U R AR e 2 — o i SR EE AL
ARBRAFFEE, OIREEY A0 F, BHE:
W =g SR ) R SRR DL R B E A A bR AR (Shi
and Li, 2010; Shi et al., 2014a; Jacques et al., 2015;
Lin et al., 2015; Wang et al., 2017, 2019a, 2019b,
2019c¢, 2019d, 2020, 2022a, 2022b, 2022¢; Dong et
al., 2018a, 2018b, 2021, 2022a, 2022b). Shi

£ (2014b)F FASAH JZ BT 57 15 SO AF 7 X 1R 3% 31k
177 B i, S5 R BRBEH 7 1 0 B ARk
JET R BHEY - Sk B R BRI R DL K
TSR A T R IIE S 7 A 2 T b X e o
e o A AR AR AE o 5 A e i A AR ) 43 A R L,
I %R A o A 6 B SR AL, O R R R 2
TV A DX S SR 1 T O IR R R, I A R
)4 47 (Shi and Li, 2010; Shi et al., 2014a; Wang B
et al., 2021). BRI RAEA R EHRE 1) B AL A
B BRERAHELA, HhrEmtaasss
EBERLY) . MY P MGG A %5 (Wang B. et al.,
2021). BN HAECN L, #FFXILIRIE R B G A
114N &, Hrh M6 8 Pelekium Mitt. (Wang et al.,
2023)F1 A % #% J& Leucobryum Hampe (Feldberg et
al., 2023) 45 FE A 5T -

2.3 ELWHE

B EI A bR AR BT AR R N M8,
T € & BERE A 0 A B e 5 2 bRad, H/h T
il 2 R IR EIY) 25 G R A BN BRI
AT3T BE (MR A% FH 500425000 H (I RP4R), 43 il 48 A
2000 H %7000 H HIH5 48 I LU 5382007 1 35 2 %
BEHEAT I (— OB BEFARE AT BE B R TR I B
T FI), [F I 7E RS 4R 3 K DL AR 3% 3 2R 1T iR
B, Bk 3 DRI R o v T Ak, S IR H )
WEAR(10000 B HAT BEL iy, & e F P06 R %
Hibr A B R T AT I, (TR B s W
SR AR A GH AR E . BRI A5 A 18 SR Zeiss
Discovery V203744 S AU8E (R 7B FE 5 o
AT SR AT IR, R A R SRR S Rk
1T AME . BT A B #8248 G 9 48 B0
Helicon Focus 6 (www.heliconsoft.com)¥} K #1205k
PRST ARSI R S hnda . FF Zeiss 520 Versa
= XS 2R T JE A G B (R A B A R
A FE TR R R T A A R AR 2 AT T
T FMSECH: &mE AR R=3.8821 um,
=3 W, JEHE=40 kv, BEGHE]=3 s, #%5¥
=2501. AJHALAE VG studio MAX 3.0%% 4 (15 [ ;
PRATSC A WLBHAES 1) o BT B #8218 FH Corel Draw
202 VR AFHIAE o 08 55 B L A S5 0 R 15 2 ]
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Heinrichs 2 (2014a) 1 2 S FE45(2018) . A SCHE 7T
B A AR A ILARAT T R 27 Bt w5 7 2R
W58 B (bR A 4 5 W PB23890, PB23891, PB23892,
PB23894).

3 RGULEME

3.1 BLERE
HZEFH Dicranales
HA&# Leucobryaceae

. " & P O -
8t i R
N L c R4 R |

& '
\\‘ s t e
b

+

HX%%JE Leucobryum Hampe
R B A BRI Leucobryum cf. humillimum

Cardot

Ml PB23894 (K1-A, 1-B).

FRAFM MR A ER R R AR
BT

BN M EM TR SR, P
HoBT i SR K O B D

eaEER  RIENE TR, TR, AT K
/NAIAB.4 mm*2.9 mm, FIEHARRIE(EL-A, 1-B).

B Bt A AR EE (FRUFT) Leucobryum cf. humillimum
Fig. 1 Leucobryum cf. humillimum in Zhangpu amber
A, BMITHNL, FrA S : PB23894; COU Mt th A TR 40 L, DM 2RI 3 il B, ER M IIT L. ELBIR: (A, B) = 400 pm; (C, D) = 100 um; (E) =200 pm.
A, B. Lateral view, Specimen No.: PB23894; C. Lateral view of a portion of a leaf showing rectangular cells; D. Line drawing of cells shown in C;
E. Leaves in lateral view. Scale bar equals 400 pm in A and B, 100 um in C and D, and 200 um in E.
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S SRS, BRI, 525 5350500,
A ER ARG Z9130 pum, M EES TS i, 8k
26 Vi W Al [e) S0 25 il (12-A-2-E) o XS AR, 2RI B8k
PEL T, MAKIRITE 3 5 46 /N 28R 2, B4k
K1.4-2.5 mm, 218 %16-81%, 2790.2-0.3 mm
(KI1-A, 1-B, 1-E). MHAREBEH B, H/RAI(E
1-E). M _EEHO6HE (E1-E). Milges, £
FEER TN, FETES N ™ # (J5]2-B, 2-D). it
1 B 6-847 T T B T AN e 4L R (B 1-C, 1-D), THis
B3 H1 3547 28 % 40 M 2 B (BT 1-E) . ZH
30-67 pm, FEAN21-31 pm, Z40M0EEadE . EEE(A
1-C, 1-E). Mty B BEAE RS w3l A TS 43 0 24
N60 pm. 23 umA152 pm (BE2-F-2-H).
PSSR R N IR R R i N L i k= 3
WEIRIFHKIMLE, %NS, A5, X
BERRAE 5 BLAF (1) 8 R A W e K &% )& Sphagnum L.
1 & &% J& Paraleucobryum (Limpr.) Loeske. [ H#
%% J& Leucophanes Brid.. J\ % &£ J& Octoblepharum
Hedw.. [ K% )& Brothera Muell. Ha. fl [ & & J&

Leucobryum Brid. JE 5 ML Hh, A KEEE.
IR A S A\ G 8 R A B A IR &, R IE AN Y
WA AN N GILG AR . R &g K 25
Ry R B T, 2P, T4 RTbs
A K H2HEE . %A%, 5K EEE
DXl oAb, IR ) R TS TR iR R,
M ETAR AR T - 25 ERTIR, WRIEHATE
AANRE, BETACA T LSRR B E . REE
J& WA REE . R E )4 R X 0Tk .
LR AR 295 E . G525 BNE. R
B A B SRR Y SRR S A ) R R AR
AEH AL B, Hariea NIHE T B K EEE .
WA, A A KRG8 Leucobryum™] 4y
VIR RI (B3, R1; & HESE, 1994; Yamaguchi,
1993; Gao et al., 1999): 1H4(E3-A), M E#TIE,
Zh, A EKEE, T, MG L
AR A [ TN (R BE L. javense (Brid.) Mitt.];
Y (KI3-B), W52 ORI, JH0 2 50 T8 46 [
W, TR BEd, MIEIL =72z — Ik

B2 BRI R E R A R EE (MR Leucobryum cf. humillimum 7 Micro-CT SR T AR A9 (WA SO TLBHE S1)
Fig. 2 Micro-CT images of Leucobryum cf. humillimum in Zhangpu amber (See S1 for the video file)
A, COHMTETNL; B T AL ; DOABEUITH; BV DI ; F-HO BN (MU G 0 BoR), F. BEFEREUITH; G. B0 H. BHBBEUIm . ER: (A,
B) =500 pm; (C) =300 um; (D, E) = 300 um; (F, G, H) = 100 pm.
A, C. Volume renderings in lateral view. B. Volume renderings in top view. D. Transverse sections of leaves. E. Longitudinal sections of leaves. F. Trans-

verse section of a leaf base. G. Transverse section of a middle portion of a leaf. H. Transverse section of a leaf apex. Scale bar equals 500 um in A and B,
300 um in C, 300 um in D and E, 100 pm in F, G, and H.
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L

i) b IR AR 2 (W an et (1 K & L. scabrum Sande
Lac.); AL (K] 3-C), M 28AEHTE, FH 550 50 3
W, TinBi R B A, ML) =52 — A RIRE
AE 4N (A R EE L. glaucum (Hedw.) Angstrom]; IV
iﬂ(l@ 3-D), ”1‘5'57??&%*%, MFEFBPY 73 2 — Kb 7]
BUAR A, RIS R B MR T, Tl T A8 &
@E"\(W' Ll %Hfélﬁﬁi L. chlophyllosum Mill.
Hal.). a7 A B R TIVAL, e [EILAF
HREE R, Bt 3 K& L. bowringii Mitt.. 21
F & L. juniperoideum (Bird) Miill. Hal.. 547
KEE L. humillimum Cardot FIZEM K& L. chlo-

®

rophyllosum J& TIVHII . KT, MA7fLA P A
(2-2.8 mmx0.3-0.5 mm)JHR~FE L. bowringii
(1020 mmx0.7-1.4 mm)M L. juniperoideum (5-7
mmx1-2 mm){ it RSF/MREZ, K EEMRN S
WAFH L. chlophyllosum R L. humillimum 5 N HHAL,
B2 abr At s, m L.
chlophyllosum W5 [ _FEEA NN, B/ANE. L
humillimum W5 TH F2EEOCH, 58004 &N
AL BT A S I bn A Sk = ARGl S5, IF AR
F— /Ny, IR Z I RRE CiRAEA A R,
EAT 4 L VA &8 T 1 R BE AR AR Leucobryum cf.

© )

B3 B A R R A AN [ ST i 2
Fig.3 Line drawings of different leaf types of extant Leucobryum

AU, 2T, B, EKETE, TmiiR,
EILA =0y 2 —IFIRIZ

EREIE, NIEEIG 2 —IHIGEHR R4, ML

N BT 48 128 1) A
Zir EAR A CONINEY, R4 )Y, BMmE iR, JumbiR B, WML =02 —hRMRm B2 %; DAIVE, 2
. EMREE, Seimii ket

BN, w2EEHEE, BAE AR, JoomiiRE=al, N

A. Type I: leaf falcate and flexuous with an oblong base and acuminate apex, and gradually narrowed upward from the base. B. Type II: leaf ovate-lanceolate
with short-broadly elliptic base and acuminate to blunt apex. C. Type III: leaf lanceolate with short-broadly elliptic base and acute to blunt apex. D. Type IV:
leaf narrow lanceolate and gradually narrowed at the basal one-fourth, with auriculate and narrow elliptic base and acuminate to blunt apex.

#1 HABA4A#HBUANRASPERLSHBEINEMIRSHEXTEE
Table 1 Comparison of morphological characters of fossil species and those of extant Leucobryum species from China
LR g7 I Fr K (mm) Iy %% (mm) RN RS O AR
HT AR EE R IVE 2-2.8 0.3-0.5 RN MR T el
L. sanctum (Brid.) Hampe 1 53-7.1 1.0-1.5 BB RS, BEAR A, HAE
L. bowringii Mitt. VA 10-20 0.7-1.4 RIEN ZENGIE T S
L. glaucum (Hedw.) Angstrom A 5.9-6.8 1.3-1.6 Bl oL A 1 T Jal
L. juniperoideum (Bird) Miill. Hal. VA 5-7 12 RN MR T el
L. chlorophyllosum Miill. Hal. Vi 2-4 0.5-1 N AR T A, HAE
L. boninense Sull. et Lesq. 17 4.1-7.4 0.9-1.4 RN R oL A 1 T A, B
L. aduncum Dozy et Molk. % 3.04.5 0.6-1.3 RN JoL BRI T Ao, B
L. scabrum Sande Lac. A 5-8 0.6-1.0 PN N TR T e, KK
L. javense (Brid.) Mitt. 7 10 2 TN KETE A, BAMyE
L. humillimum Cardot IVE 2.7-4.5 0.7-1.5 KIEN L o A0 I 2 8 [ T
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humillimum Cardotlt 3 A 14 . fERFKVEHEN, AKX
aF @ AL R AR E M D>, HATAE 2 oK Jé gt
T B tH g8 3 R BT % )8 34 AR E M (Frahm
and Newton, 2005). H - Leucobryum sp. 1 (Frahm
and Newton, 2005) T 2 5 9 (P REAE 5 A A
AR EE B A A, Leucobryum sp. 2 (Frahm
and Newton, 2005)F1Leucobryum sp. 3] HHEF
ik, REDSAR RN AREX 5 HF. fil,
Feldberg®$(2023) 4 18 T 1 IR H A A I 1) (R B
(RIEFI) Leucobryum sp., i Fr K/ S5
YHTAA AR A AL, (H TR LEE BB 1 IR,
AN RIR AT RS M HT A A [F —Fh, M IHA
KA A R B (FAALFR) Leucobryum cf. humillimum .

3.2 EHIRIAPHMEF ALY
X% E Hypnobryales
4 HEER  Anomodontaceae
4 FEEE Anomodon Hook. et Tayl.
S EBEGREM) Anomodon sp.
#H&  PB23890 (/K4-A), PB23891 ([X4-B,
4-C).
RAGFERM S R B i s i 2B
WHFEHT -
FEUEAL AR AR M TR L S PR,

R S K A BT

LA#EE  Yuifba ZEE, AARIEAR
A i 2R BERAE A T Rl HHE S R (El4-A,
4-B); M H5EMIERTE; M 2EINEEEE, A
Wi, K2 5389 um, %21 4187 um (K4-A,
4-B); W I O R B B T, AR 3 T B Ae Bl
W WG ag VR, B—%%M, hihAs
X, FEM AR R (B4-C); 2 g 52 AR ) 2
W, KZ818 um, 521810 um, HPE(E4-C).

A eSS A N K A o a7 Ny = DI A Ay
¥, B BKEIRAE, 5520 F SR A O 6 R A0
#¥ £l Sematophyllaceae [1] J 47 &% J& Glossadelphus
Bho fH2 S Jm E 2 2% Wy, R ANAS R HL it
AAMPRAC, XEURHE S AT AR A AN F o S HT bR A
LA BB A, EM SRR, s — A
o X, TEM R R SERRE, 545 68 8 IRk

Ti5EEH
FE#ER  Neckeraceae
B#EEE  Homalia (Brid.) B.S.G.
RIXEE REM) Homalia sp.
M PB23892 (&5-A-5-F).
FRATERM R E R 2B B T A

Isobryales

B 4 EEIWBEI A A4 6F )8 CR E RN dnomodon sp. (Anomodontaceae)
Fig. 4 Anomodon sp. (Anomodontaceae) in Zhangpu amber
A WARARIES, WA BNEPR KL, #5405 PB23890; B, C. A LI SNJEELE TEM, #rA S PB23891, C. i oSk b vy Wrp il
LB R (A) = 1 mm; (B) = 500 pm; (C) = 100 um.
A. Overview showing irregularly bipinnate ramifications, Specimen No.: PB23890; B, C. Broadly ovate or lingulate leaves, Specimen No.: PB23891,
blue arrow in C indicates the costa. Scale bar equals 1 mm in A, 500 pm in B, and 100 um in C.
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W FE AT

FEHEAL AR Rl N T B D,
HoBT A SR K B A

AR A REHS KL N8 mm, &
PR K7 (E15-A); 1P H 2 DU BRI i 5 A T
KB, 2R 5 R g A [F] (K] 5-A-5-D) . ZEI
EE T, PSS AR, ToIRS, 23 5l ok
Y, FEEEE, wg N E, — AT (EIS-B). Znt
K 40.3-0.4 mm, f&%EAZIH0.2 mm (E5-B); I
BEE ANV, AR A% (B S-F);, Bd i, 4
59, kM A 1240 (B5-E); W BB M /N 4 5]
F, AN ZE T, B A M R K 5 T 5L

&y, Py, o, PEMBKL 8185 um, %L
6.6 um; M Zx kb 2 1 8k K I A A 2 Rk (]
5-E-5-F) B ELZE /N, K 280.2-0.3 mm, 5 %6 &b
90.1 mm; #E4R L REMETE, TR, gL
WeZE (K 5-C-5-D).

eS8 Ui abe A& 2 PR, o
e PR, R TE AR ST, WA FR, 2
T TS REE, 5T EER R RREAR L. A4
AR AS I T30 (50 4 52 B T, B P BT &,
Jy B — SRR AIE 5 $U Y- 4 J& Neckeropsis Reichardtfll
Ji A% 8% J& Homalia IR AEARCL . {H 2 T8 s 1) 25
b R R AL, MM AT bR A ZE T KA, 5

Bl 5 Jm BRI ) R b 8% JE (R 5 Fh) Homalia sp. (Neckeraceae) ()
Fig. 5 Homalia sp. (Neckeraceae) in Zhangpu amber

A WHERAIEZ, brAS: PB23892; B. ZEM (A BEF LA MHFS); C. At (AP G AR LA RIFES); D. REFEIF BT (A 2L 3 Sk b iy
5); E. FH(A R EERAE RS, AT (8 Sk A — M L 2 A T G k) B TR ARAR U (D B Ei k). BB (A) = 1 mm; (B) =
400 pum; (C) = 300 pm; (D, E) = 100 pm; (F) = 60 pm,

A. Overview, Specimen No.: PB23892; B. Close-up of a portion (indicated by black arrow in Fig. 5-A) to show detailed features of stem leaves; C. Close-up a
portion (indicated by green arrow in Fig. 5A) to show detailed features of branch leaves; D. Close-up of a portion (indicated by red arrow in Fig. SA) to show
detailed features of the closed branch leaves; E. Stem leaves showing a costa (indicated by blue arrow) and one side of leaf margin recurved (indicated by yel-
low arrow); F. Stem leaves showing marginal teeth (indicated by red arrows). Scale bar equals 1 mm in A, 400 pm in B, 300 um in C, 100 um in D and E, and
60 um in F.
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4.1 EHFEREYEHPEEHEYNS N

W E S EE Y 2R E N E XK
Z—, L3460 %, 415 EkMI16% (B F, 2006),
B & SEAE DA AT SR B N 2D o AR N AL & A
W) & G A I B B 2A 1Y (Feldberg et al., 2014,
Laenen et al., 2014), &5 #HAEMRICH 2 H L4 H
B A REIEE AR B, XER L E
Yy i3 40 DA S 2R L BE AR e b Ok B (P
1999; Guo et al., 2013), 5 HIAFF & MYFh 2+
P IEAFHIR

164 Rk, R R ORI & s Y LA 7
BH2JE (AL, Wang B. et al., 2021; Wang et al.,
2023), HAHRMED3IFR6JE [ g1 8F 5 &}
Lejeuneaceae ] Jt i & J& Cololejeunea (Spruce)
Schiffn.. ¥ J& Leptolejeunea (Spruce) Steph.
Z ¥4 & J&Spruceanthus Verd., Jii% & #lRadulaceae
1 W = & J& Radula HoaE #
Plagiochilaceae '] *F] & J& Plagiochila (Dumort.)
Dumort., & #lCephaloziaceae], ¥ EIHY4F} 6%
(B 45 P4 Bl Thuidiaceae I B3 W 4% J& Pelekium Mitt. ,
-7 &% £t Anomodontaceae [ 4 T &¥ J& Anomodon -
% M % J& Haplohymenium Dozy et Molk., /& &%}
Leucobryaceae ] H K &f J& Leucobryum, -1~ &% F}
Neckeraceae ] i % &% J& Homalia F1 V- £ & J&
Circulifolium Olsson. Enroth et Quandt). 75 %250
M4, A SCHEFT I 4 5 6% J8 Anomodon T i 17 % )&
Homalia¥?) & 7R WHL X BB RS « 1K 2e4b A7 (1)K
PR, HoE e R X S EE Y O &
SEUHR S ZFEE, 2 AR R RGP AR T
Bl B R 2 —

Dumort.,

4.2 HELTEX
RN FE WA A AR AR S R G AN v B A — 56
gy, TEYEFRF R Z FEME . (RN AES Rt

FEFIIG NI Re J7 Th K #8422 5% B 2 1) 4F H (Chastain
et al., 2006). Vil K& SEAEDA A B IR A7 T 35
h, [RI, VRV BT O SR AR A R B B H(Wang
B. et al., 2021), FHIHR1R 7T AE L 55 F2 AE A B L
K. BLAETEESE & & Cololejeunea M i % & J& Lepto-
lejeuneaZ T W TR, HELET AT, W
i #¢ 8 Homalia. % %% )& Haplohymenium. #5W§
¥ J& Pelekium « P & J& Plagiochila 1 Ji % &
Radula’&7& 5 THF WAL, WG4 T4 I E0R L,
H K& &% J& Leucobryum ~V-F{ #% J& Circulifolium 14
8§ J& Anomodon s £ T W T B A T (R MG FE 5%,
2018). HEFA B> 7 L 3 A R YR T e i A
FEPI(Shi et al., 2014b), " HEM 71 & YA
A RE B AR T it e o A R A i W B L
Bewe K BT BB R b, IR R TR T A
Ao YRR R E A a0
JeRw AR, BRI RS (Wang ef al., 2017,
2019a, 2019b), TN AR HEERIRICGRARHZ AR
T TR = 1 B LA BG4y, RT DUONAR R A AR
BRI ROGIE ) AEAF 3 (Pascal et al., 2004),
U, X R AT g o i B AR ) SR A
RN S Tk, VEIRAEAAE ORI T R
WTHHEMNA, GlinigEibE. EEEMEZE(E
ZB%E, 2021; Dong et al., 2021; Wang et al., 2022a).
XA R R ) R L R, A o
DR p NER SR A oy (A

5 B ¥

WA & SEEY AP RO, 2
F 70 B AR GUIR AL B B B A Y HAT R 2
Hogr EACTRIAW PR K H A6 S A0 W i X, i S
M DXH AT I AT L AR H i D o I B DL =
LRI R T & B BAIE RS, T H
ARAE T IH R LA S5 RF AL, A ge 25 LA R
W30 G A A5, T BN B HL 4 T AR R
AT 1 X SRR . RN, I BRI R 12 S
IR 28 32 s [X R ) 5 — > & BEAE AL A 1Y)
BAARTRIAT K o H B0 E0 VR BRI 8T 7T 2 0
TREMAA, XEDA T L ERE e, R
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