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ABSTRACT

Aims. Bryophytes are commonly overlooked in field observations and collections due to their small size, making it
difficult to obtain an objective and exhaustive checklist of bryophytes in a region. As a result, there are great limitations
in the general study and conservation of bryophyte diversity. Taking Tianmushan National Nature Reserve (TNNR) in
Zhejiang as an example, this paper aims to investigate the diversity of bryophytes by sampling strategy combining two
methods, namely floristic habitat sampling (FHS) method and plot sampling (PS) method.

Methods: Using the two sampling methods (FHS and PS), the study systematically investigated the diversity of
bryophytes in different vegetation types along the elevational gradients of the reserve, and compiled a bryophyte
checklist in this reserve by combining the current and historical information.

Results: There are 394 species of bryophytes obtained from 143 genera in 56 families, including 103 species of
liverworts obtained from 30 genera in 16 families and 291 species of mosses obtained from 113 genera in 40 families,
with 5 of these species being endangered. Compared with the historical data of the reserve, 4 families, 31 genera and
182 species were newly added in this study. Among them, 1 family, 8 genera and 33 species were newly records in
Zhejiang Province. The FHS and PS methods contributed 81% and 72% of the total number of species, respectively, but
when the survey was restricted to epiphytic habitats only, the total number of species and the newly added species
obtained by the PS method were higher than those by the FHS method. Although the number of species from the survey of
eight plots/tree (represented a high sampling effort) was significantly higher than the results of two plots/tree, the sampling
results of only two plots/tree (only sampling from the 0.3 m and 1.5 m of a tree) contributed 75% of the total richness.
Conclusion: The results indicated the sampling strategy in this study obtained a high number of newly-added bryophyte
species. Further, since the species composition indicates great differences in the temporal gradient, it is recommended to
conduct similar surveys and studies in other nature reserves in an effort to update the bryophytes checklist of each
reserve, and to provide the latest detailed information for researching bryophyte conservation.

Key words: species diversity; bryophytes; biodiversity inventory; subtropical forests

AW A A4 e — A AR R DI B AT B
T X R AL EERE TR, RN S AR
i 2 S S AT A W 2 R VEIE FU R AL A, R e 2R
V2 BE VR OR P AR 2 X 3 LAl (Mueller et al,
2007; Westgate et al, 2014; 5 5°F, 2015). A1, B
A5 0F T A5 4 8 AR R A B P X LSBT AT 78 08
(RIZETE, Xof FL 2 R S o0 AT FORS B it ikt 2 A 2 1Y)
(Hurlbert & Jetz, 2007; Costello et al, 2013). HTX
FESS IR FEANGE, FEYLE BT AR A B A 58 4 )
FIRAESE— W I R (Chen et al, 2013), 1R
RIG— DRI Fh 4 5% (Sastre & Lobo, 2009).

HEHEY(OFEE L. sRNmER)2ENE
FEME ) — AN Z A 4y, At FlTHA 17,9005
(Magill, 2010; Séderstrom et al, 2016), HEZFEMETE
EEEY P OR T THEY) . EESRGT, 6
TEAE RS IR BT K ORFE L A E A
Ry A 4l A AR B 7 T A 4% A
F(Beringer et al, 2001; Delach & Kimmerer, 2002;
Uchida et al, 2002; Turetsky, 2003; Soudzilovskaia et
al, 2013). {HZ, HHELTYEEEY), &y M AL

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

WA /)N, TS Ty 15 B AW EE T R AR v bl e (9 e
IR, 2009), BUARMESRAG — DM FERIHIX 44
K, FEON 2 R R0 SR ORI 2 B R 1

WA ) BB 2 — P o SR A 5% 0 R T B
T N (Nilsson & Nilsson, 1985; Archaux et al, 2006;
Archaux, 2009). F3 Ak, KFETTIEXT 45 AL HEY
M, 1) 7 A D SRAE 7 RN SRS — AN HBIX P S 11
Yy % FEYEAE | 588 (Vanderpoorten et al, 2010). &
e 4 () TR A R0 IBORE R 3R T vk, BIVRE 42 (line
intercept, L1)7%. #£77 (plot sampling, PS)iEMI X R4
5i(floristic habitat sampling, FHS)HZ&£(1li¢ et al,
2018)0 FEZVE I 3 22 1] B2 45 By it MR /N 28
#(Stehn et al, 2010), FEF7VEREAE A REFIZREL
i LA FEDEAG L H B K oA, HHE 2 2
W& H A i (Vanderpoorten et al, 2010), 1 X R AESE 1
PV N Be4E S M A AP ISR EXZE (Tu. et al, 2020).
Newmaster 55 (2005 ) AR #5 XJ 4 77 75 F X 2 A 53 7
ER TR, RILX R AR A A RE N SRS 5 S )
FhEEE.

WK Bl B K B AR RS XA T R 2R
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A AR 2, 2T E E R L2040 B R g E A
TRY X 2 —, A 5 AR B R A X ) 485 Bl B
(TIR4A5E, 2009) E 21 IR LR 208G + &
i 2 REE U, E201 L 70ER ISR, ERE
BEAE ) WL R B I E KK H R R X &
EERLDEAT T R BRI . 25 7 S0 B0 %
XEAEIE, AN TS 75 (1981) 1 Rk sk 1T ik
PIX ERAE25FI34 )@ 65, #EAKAEYASEI121)8
214F0, B, 250 5525 (2006)ARIEXHZ R X A H
R 5100 mPREHL DI AE, 0% T & R YeE
9J@24%h, SERMM33IFIT3E 1520, FETH N T T
175 (198 1) [ Al LB 71018, EI8E5(2012)
FR A KT 12 AR 37 X 7 Fh 32 2 AR MR 4 R A gk AT R A
R E BRI R 32F0, &R M31RI67)F
1095, 75 7 P9 U 25 (19 JE Al = SOB g 7 23 7
IS EEQ013) 1% A N 72 M 475 (1981) IR 4R
AT T EBCRAE, K1 E B 18F128 B 49Fh,
B4R 122168, TE RT3 A AL - SOH
W7 ATH . ZEEAUCRELS R, bR B iRE
(Zhu, 1995; Zhu et al, 1998; So, 2001; Hang et al,
2009; Zheng & Zhu, 2009; He & Zhu, 2011), #iiLK
HiEZERARRY XA EEEY 7451858
456750, 3l G BIHLA & eEE AR T8 M T71%.
58%A1138%.

JEAE RS T P HAR B AR GRS X, WL R H W
[l X 2 AR ORI X1 & A 40 1A 2 AN 9T A 24
RGEARN, KRR T RGNS IR, H kT
(1) R BEAE RAE IO B AR A 7 % EIe B — 1R
PR, BLandA NS £ 40755 (1981) K5 H45(2013)
PR IR (1) SR A % 42 1 2 5K FHRE 263610 A6 6 L 3 1 )
AT REE, REXIZ N AKWB ™, [FR T
K IR RIEAR TR ) AR/ RN . ke
Z5(2006) AL S HE2E(2012) BARIE TR T I 28 2 1L TE
A FIRE A R B T o X, B =R R ik
BEAT, A AT REACAL M Pl =& B BLA 5 R A B
Ko NRLIERAE T IEN — N X I E YR 2 6
PERIRZI, AHE T AR B L E X% EH R R X
R FLIX I, R X R A S A AR A A A
(10U 7 SR, 7 i 25 26 L T A P S )R e B P
TR T A 52 T 37520 m x 20 mi: M k4T & A
Y2 TR RGERE, BRET ISR R

12 SRR SS IR BN 5 B 5 LR . R,
ST B 2 A A S R A A R & T
TRA TR, TR H i E R E R R XX
AR T B SRR AT SO 78 X, PR
AHIEFTHY 55— A H 9 A 3R E 2 /72 R 7 X R
FE b S A SR, DU B R R S
BEREY) 2 FEVE DRI SRR AR AR, IR At X (1
GV RIS % .

11 HRAREFMEE

AHIT ST B S RE 1 B TE A A R T Ll AR
Y2 petE KO D K 2% (Biodiversity along
Elevational gradients: Shifts and Transitions, BEST)
TFRE . BEST SR AT 3 [E A5 A8 A A0 = s ) Y 52 i
THRZRBAEMZ RIS, CrEHRE H
S B L X AR AN AS A LA v B A 2 A
WFFERI A I 2 At T 2 2R B 2 R i
AR, PAATH TR R E 2 R RE DL A
A i B Ry o A M R A 3K 3 R 3R (https://
BEST-mountains.org). A5t HBAFE#TVL R H 1l
K AR X Ik 273-1,467 mit L & T
BTSN E R (1) o i S B K 24 b 5K
2y, IS G RER RS, R R EUA A
WEARER . AT P ERES R X, K
MG FEIEBCE R, JFR TR PR,
TN TR AR 5PN FE AR 1 5 22 24
9100 m, FEHATEIADH20 m x 20 m.

AN T-2017-20184F (0] 5% ] X F A58 1 A%
HVRETT 12 AH 25 6 1 J7 122500 B> FE LN 1 & BE AR )
BT IRE . X RS RARE SN — g
P A AR B SRR (G BE . KV AR ) BEAT I A
(Vanderpoorten et al, 2010), ARHFFHE1ZTEG]I HN
XFEEAN20 m o x 20 miA i P REA AR S5 (g B A
A EAE AR RORA )BT 2 TH A A,
KA R B M A SR A P i 5 B, 1C 30U
SRR E SR YIRS 5 . AP S A B 2R
SRR o FETTORAE R I N BEALIE L SER A
KF15 emfFRAR, FER T A3 e b B0 3 i s
0.3 m (BFE)F1.5 m (WF)4b, {420 cm x 20 cm
AR TRURE O MEBEAT TRRE O R o RRE T HEARERI 3
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Bl #NIXELUEREBRRIPXIT S E
Fig. 1 Distribution of the 37 plots in Tianmushan National
Nature Reserve, Zhejiang Province
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ANFEH R HCI2AN e, RS HLBE AL P 1081 A
BRT1S emI 7oAk, S5 dae N RILAE A3
BEEBQO15)MUA 1) (AW 2 FEELIIE A T HiAK
FIEEE(HD 710.2-2014)) F A 7 R, ST EE
BHLEO0.3 my 1.1 m. 1.5 mAl1.8 mIL4AN i FE 4y
BEAT R BN B ] I BRORE T & SRR A 2 R
Ao [\, 7 ORI & SR EE S B R A 7850
P, BRI AN AR B 2R 59 7 1 (1) &
FHFEZH5IHE . RESARA 5 5 B E P& A
B L AT S, A B M AR AT [ P AH SR
LRWMBNEE . BT A FEUFARAAE UE A AR I K
AP E(HSNU).
1.2 HiEAIE

BEIYHNRAE KA A K A5 R, TR 2R

PR R KM ARHE, ST (RS Y 2 R 1 g
HY (CRERZ, 2023)F1 (o E AR ST GE—
B M W DA (B (ERIFAZE, 2018)f 2 #HT
AFESEYIRN, X R AR 2 B ) 44
SEY (R T4, 20178 58 SZ B A BT I
A& AW 5325 R Fi(Soderstrom et al, 2016) S H
fih L RHE J8  JALEE, BEIEHTR H L E R H H R
TR X SRR (A A A E 4775, 1981 2k
B 2006; VERSHEEE, 2012, 2013), FHELEFHIRFK
SEXTZARY X & YA EE TR, T
FlRAE T AER AR R PP ok, T AN )
AR BER AL 3 M T B PP AEAS R AR 1) oy A 1B L, 43
M4 5 RFE 75 B H SO IR B, BT 120 1
PR K PR B A SRR AN (R SR S % T 45 SR LL
YN RFESS JIRE BT & B A F & FE R ok .

21 BEEYMEEARRRERE

AU EILREE BRI A5 27200 R A,
HrpE2K1,8011, #8263,4714), FIET56FH143)8
39470, HA&EREM16E30/8103%, EEH140
BHI13JE291 74

¥ B B P EL TR0 SO R SR ARL,
M R BRI 64N (R D), L 541814150,
730 Az AR X TSR A AR AR L O Rl
[128.7%F135.8%, HHHFERM S MMERE, N
320, 5 R ANES. 1% o K MBI TR S & 2 X
FthH g, W CRERRH BA 101 (GEL),
T120, S ORA XK A B AE A S R
30.7%, F: 45 &% )& (Entodon) f1 )t 2 & & (Porella)
P& Mun 2, YIN1TR, &5 B8R E4.3%.
2.2 ZRAMITERR KBRS

AR X 52 B S AR A LS A, R R
4% #% (Glyphomitrium minutissimum) 4% f&(CR), 3=
B AR TE B R AL I T b o 1SR4 5% %5 (Lejeunea
pallide-virens). “F-i-F-#%(Neckera laevidens). %
&f (N. perpinnata) 1 & Il 5+ 4 %% (Regmatodon
longinervis)’h 2 fi(VU), Horp [ SREm 6 75 Fl 327 6%
FESALE T EIFERAL, TP 05 SR ) e 1 8¢
W = ZE AR BRI R AL (R2).
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#1 HIXRBLUEREEAFRIFXESEIRERRLE
Table 1 The dominant families and genera of bryophytes in Tianmushan National Nature Reserve, Zhejiang Province
%%} Dominant families {3 J& Dominant genera
B EEHY) HTI A & S T B EEREA)
Bryophytes INewly added bryophytes IBryophytes INewly added bryophytes
e ¥ Hr R Family T mEath |)# i Eao |8 T Aot
Family No. of  Percent No. of Percent Genus No. of Percent [Genus No. of Percent
species species species species
R 32 8.12% |4z 18 9.89% YE R 17 431%  |knEE)E 8 4.40%
Brachytheciaceae Lejeuneaceae Entodon Plagiothecium
A 26 6.60% |THERH 17 934%  |rmzmE 17 431% |[BEHSRE 7 3.85%
Lej euneaceae INeckeraceae Porella Frullania
SRR} 26 6.60%  |paaER 14 7.69% LRy 16 4.06% 4G5 R 7 3.85%
Neckeraceae Plagiotheciaceae Frullania Lejeunea
T BER 20 5.08%  [HATEER 11 6.04% AR 8 12 3.05% |EERE 7 3.85%
Mhniaceae Mniaceae Fissidens Porella
teaeRl 19 4.82% | REER} 9 495%  |HaE)E 12 3.05% |PaEE 6 3.30%
Plagiotheciaceae Hypnaceae Plagiothecium Neckera
EBER 18 4.57% 5 10 254% |BEE)E 5 2.75%
Entodontaceae Brachythecium Entodon
TR 10 254%  [BFug)E 5 2.75%
Plagiomnium Homaliodendron
KR, 9 228%  |\PEEsE IR 4 2.20%
Hypnum Cololejeunea
s E 9 228% |RURHE 4 220%
Lejeunea Fissidens
Bod 9 228%  |EE)E 4 2.20%
Thuidium Hypnum
T 6 4 220%
Plagiomnium
R R 4 2.20%
Soruceanthus
ST Total 141 35.79% |3t Total 69 37.91% 1T Total 121 30.71% |5 it Total 65 35.71%
#2 HIIRBLUERRBRAFRFXBEHREH
Table 2 The endangered bryophytes in Tianmushan National Nature Reserve, Zhejiang Province
L/ WK PRALE K AN
Species Endangered level No. of specimen  Elevation Habitat
VE P S AEE Glyphomitriumminutissmum 4%/ Critically Endangered (CR) 1 1,439 m BT Tree trunk
H4RA5E Lejeunea pallide-virens St Vulnerable (VU) 3 950-1,360m & HE: Tree trunk, tree base
“FikiF4¥ Neckeralaevidens % & Vulnerable (VU) 1 665.62 m T Tree trunk
V8 Neckera perpinnata % & Vulnerable (VU) 4 1,083-1,085m  #F-. 3, F5AK Tree trunk, tree
base, rotten wood
KR 1%# Regmatodon longinervis 516 Vulnerable (VU) 1 431.95m BT Tree trunk

23 REHWERFBEARFRIFXEILEBEEY
HicH

FR YA D7 52 Wk, Wil R Bl E X% E
SMRY X Sl 7 B R T4RI (I E R RL &
F26kl, K478 185E(AE KR, HHR39E,
BE2R145)8) 456 Fh (& 2K 1R, & 25102%, #5353
Bl HAH IR AEIRMEY). 48R & B HEMA95
T FAE AL AT F0 AR 2 o TR EE G SR %,
AR ORISR B 1L & B 8250 (& K 147121849

T, 8E233F176J8 1330, FrigRiaN(ERIEL, &
3R, FIGEIIAN(E KR, #ER25E); WiilH
FricxBHAS, RILEZ AR FridEe, Wi
3 #% J& (Cryphaea) . .14 #¥ J& (Dozya) . Ji§ K& )&
(Heterophyllium). #U\[7]H- &% J& (Isopterygiopsis). X
] %% J& (Leptopterigynandrum) . £ % #¥ J& (Lescur
aea). Jt ik #¥ J& (Scabridens) fll 4N i £ J& (Solmsiel a);
FridgM33As, BAEERIFQRRE), #2305
(178k25)8) (F3%1).
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D)o Z5A Pr s 8ds LA LA R, R E IR X 3L
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24 JIRRENESHEES ERTTR

BT R RAFRERIREH ILERE
HAR R X 7 s 44 5%, FF ST SUCR B M P
FREL(EI2), KILBE R LI T R HERS, WFh 8 &
“UIE oA, BPBE A& RSB Gm, Pokh 5 2
LA T RER G St . H 198 14F 1 Ik
ZRY X EE ARG, BUCRE MY R
BB, AHE20134E I BT, A AT 5T N
e BE e K, IR 182FH, 1mr T BB | 7 U R 52 8 14 ) Fif

B M,
25 FMREGTEMYMESERFEMAEHN

AHE TR X R A M VA IRAT 132270 & B
FEVI(E RIS, BESAEN2345h), RAFETT %
RAG 1283 R B (R TTRE, BESRAEY

[ = %244 Liverworts
400 == B Mosses
— B EEEHY) Bryophytes (newly added) .

HyF% Number of species
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S
(=]

0 DN s
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N + OIS I B
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Fig. 2 Statistics of historical collected and newly added
species of bryophytes in Tianmushan National Nature Reserve,
Zhejiang Province

206%h) . FrIGEEEY T, KHX RERREER
3 7135 (B RAE 38 Fh, BERMEOTHN), KK
TR T 127 & BERE ) (5 AP35 Fh, #EAH
Y1927

T X RAETH LA TR T A4
BRRAY, AR5 R AR B AR SR AT R
N T B R R R A0S BTSRRI AR ) S
OGO DTk, X R AR A AT RS
(PP Fo 3 RS B A A SRR A AR S R R B, I 5y
WS EET AT LR (EI3). ATLLEH, 7E & #EEY)
S TR 3a) FBT S M) Fh B (E3b) |, TEil 2T
TW B A & AL 2 B AW, FE 7V DTk
mT X RS A fEX RAETRELH, W
A2 SRR (W b H BT P Rk RO s T A AR
58, T AR P AR S S AR A BP0 B R S P R A ) 35
IR T H AR .
26 EHEZBHEENBHEYESENTE

R A XE 124N 4 Y AR R AN [F] R AE 5% T3 2 BE (1)
WE R, AR 44 = B 1R A A
FEJ7 /A% FLSRAZ A B 28 & S AE ) 12200 (B 2 AE 54
P, BEAEPI68F). Hdh, RARERIL . 245
()R A (AN FE T7 /) FL SRS B AR B SRR 920 (B
A2 Fh, EERESOF), HrdLEEANE . 4
AN FE R FI U 75% (B 2RAEY) (5 78%, #ERAE
Y574%) (Fl4a). 1 H, R ICRFESS JIFEFE8
ANEETT /A% B R 2 BT SRS B 3 s T2 AN T/
P (El4b).

LR, fEEBEEFNAMS T, REKE
BRI YR S 2V H IS T B2 s, R
B AP A 44 3 (2022R) ) A AT I E s, FE H
B A & B Y 16081632)83,108Ff(The Biodiversity
Committee of Chinese Academy of Sciences, 2022).
B, A SEYEE ST LR 2
75 g H AR B Z (R T 4%, 2022), T4 FoKF
I i 22 Ao P 500 ) 2 R B & B AR ER P X
DUk . SO ORA I LASR ) DX Soxt o SRR R B
AT BRI UHE O T R A, 2022), (HRZER K
SR 6 EH AR RY R Y 1 R AR SR (Aranda et
al, 2010). 256 X RAETGWEVEARE %, A7t
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B3 XREEEEMET A E E () FFTEI MR (D) TRk PSEMFHS ER BIRRHTTAMRX R ERIFHEL R

ERRMEELR, FHSOHRRE AL R FELFENHMER.

Fig. 3 The contribution of floristic habitat sampling (FHS) method and plot sampling (PS) method to species richness (a) and newly
added species (b). PS-E and FHS-E represent epiphytic habitat investigated by plot sampling method and floristic habitat sampling
method, respectively, FHS-OH represents other habitats investigated by floristic habitat sampling method.

E4 A#RR2AHMARKFILRARENESEQRMES/M)EE. JLEEANSE @ MEA /) MM B EHENIFH (e

it SR FERE () (FAh k& RRFE, ** P<0.01)

Fig. 4 Species number of epiphytic bryophytes (a) and box plot of diversity for each plot (b) at two heights in the north-facing trunk
(2 plots/tree) and four heights in the south and north-facing trunks (8 plots/tree) in 12 plots of this study (solid lines in boxes show

median values, ** P <0.01)
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