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Effect of Restoration Methods on Species Composition of Bryophytes in
Karst Habitats

WANG Peng, WEI Hong", CHEN Mingyue, ZHANG Mei, ZENG Chenwu, ZHANG Xuechao

(Key Laboratory of Eco-environments in Three Gorges Reservoir Region (Ministry of Education), Chongqing Key Laboratory of Plant Ecology and Resources

Research in Three Gorges Reservoir Region, School of Life Sciences, Southwest University, Chongqing 400715, China)

Abstract: In order to explore the effects of ecological restoration methods on bryophyte, the species composition
in different habitat types in Zhongliangshan Karst area of Chongqing, China under natural abandonment and
conversion of farmland to forest, et al. was studied. The results showed that there were 41 species of bryophytes in
15 families and 26 genera, including 39 mosses and 2 liverworts, and Eurohypnum leptotholum was the dominant
species. Lithophytic mosses occupy a large proportion, and their life forms are mainly tiled and clustered. The
species diversity and similarity index of all habitats were low on the whole. Bryophytes in bamboo forest and
Masson pine forest had higher species diversity than those in abandoned weedy land, shrub land and economic
forest. Redundancy analysis showed that canopy density and light intensity were the key environmental factors
affecting bryophyte distribution, tree forest provided more suitable habitats for bryophyte growth. Therefore,
compared with natural restoration and economic forest restoration, returning farmland to forest was a more ideal
ecological restoration method for karst degraded habitats.

Key words: Karst habitat; Ecological restoration method; Bryophyte; Biodiversity

MR R S MU S ARSI, BT SRR R 9. e MEES — R SNE IS MR
AR AR EEIERARAERE R A AT PR R X A S I EE A )

AR B #: 2022-03-11 32 H#: 2022-06-02

EEWA: E 5K EAHR R H (2016 YFC0502304) ¥ B

This work was supported by the National Key Research and Development Program (Grant No. 2016YFC0502304).
EH IS TEMS(1997 F24), 95, WA A, FEUFA T MABEVE LRSS . E-mail: 320053854@qq.com

* J@IRE# Corresponding author. E-mail: weihong@swu.edu.cn




706 HAH W AR 27

¥31%E

W71, WAk FIEFENN TR T BRESR
G, ERERGRAL. KR A AR R K
PR RR JEER, MEEEITR T KERT A
BACIBAE S RGHEBIRE MW TT, AESWE W
AN R A R P, o RN TR 5%
AR W R R S PR 2 AF ), AT A 07 1 e S8
FrE S RGBT A SRS T RE . WAL
R, AFEA SR E T IR B ROR AR UK 22
5, AT RN RETP

YRR YR SIS TAE Y. B2RH)
IR A I A K T A e B A —E IR
e, MRS TR YIRS LR A A5 2%
0L, BT ITHER SRR, K2 HE s 1
JE4EHE, HRmICRIPIERATUZ, WIERAA
B R, R AR AR A A A B (ZE A FRR R
AT R oA O W R (EARE T T
FLSHEY), A EEEYISE AN S0 R XSS i PP R
i, FEFFFH B 2. (N RS R E
B, GEREYI AR 2, JR IR I
5, REMSTERRI S AR A AR 2 SEREIXT TR
MBEARIENE, REEIEERRER 1 A Ab i
b RAEAH X A SR R S A AR S ),
FEAE A T ARG B2 A TR SRR e AR
Bt mE/E M. R, wERr b X e
PO LS S D RE RO T T FE AR R

PR A B 1 DARE SR 3 O SR AR L
B, 2 b A HREPRIRILE 2, RV
Fib HH e A A P, R R 1 5 L A 1 — 2
fra s, BA AR TR SURHE . 1960
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M By R RAMREE MR B SR TR R AR L
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& GEFEAI TR VDR AL AR R, DAYTRE 4 1
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1.1 BRI
HF 78 DX AL T 25 P 7 0 B AR X A 2 1 e R

FEAS BN BT, 8 P R MR 2 RS (X, A&
B, WEFH, FEFHRE 168 °C, FHFKE
4'1200~1 300 mm, 4R 360~700 m'"™, iz X TT/E
IBHHEM TR, RIS IR 13E 52
¥ (Pinus massoniana) Mk, I8 &8 73 #8 AK (Cupressus
Sfunebris) K FJIFE (Robinia pseudoacacia)tk; 1L JE
B X JE 320 Kol 0 00 A sk A (%) WU AT (Phyllostachys
sulphurea) 12817 (Bambusa emeiensis)bk. HEARMNE
B 2 N R G BARIRE TR R, HhEEARZ DL
FIAR(Quercus fabri)« 1 V1(Ligustrum lucidu)%) i 5
PL3h; BEAREMPA A5 (Imperata cylindrica)~ B
T2 H(Dicranopteris linearis)5. XN NG LK
A= BN B RIS SR B (Actinidia
chinensis)~ 1% Wk(Juglans regia)5 2 5% MR FI £ 2K
(Zea mays)~ +5.(Solanum tuberosum)=5 L AEYIS),
1.2 FE KA TS BURE

Z: JRAH SC B F 0t 1B A AR 53 ik &2 07 X R 43 T7
EIEAT FERbE U 2 Y AR, B e T Skt
VEARMRHY 5 RRASBR ATARAERIERRAR 5 FhAESG, 4>
AR AR FEHE . IBBHIEARAN N T B AR SE AR 1
73, WhEE T FOHIX AR R AR
HEFRIAFE 3 NGR 1), FEEAREIDN 10 mx20 m.
A A RE H 3 B AL R N (106°25'29.977~106°25'56.61"
E, 29°46'06.39"~29°46'32.74" N). F#FH AFEHHG
HAAMKE 2~5 a IR A 2R B, 250 A R B
- B3, B RS EEAMHCHFRE BA
WA 5~10 a JE B E RIR A TV, 2225040 AR
ZERN (B L ui(Bh). B AN RIESE. TR
JEHEEARN THRE L) 20 a 7247, EEEFCNE R
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HEEMN TIRE L 20 a 7247, @BEMOSRITT, B
Wb vt B, AR LT e H AR R . Bk
MRETFRbRM, MR A/ K D, MR A,
WA 10a it

Z8 (CEVZ AR TN U85 & # e
EWFETT, AR E 9 MET. HTHFEX
BEAEY) T B A RIS AR, HAFH
AR BRI, AR TR AR RE T RN T B
7920 cmx20 cm, DAHEEE 474 EE AN [ RE o B A
MY BE2E o RS BERE )R Veoo T AR B
R, T 2020 4 6 H—8 JH R E ZE i I (RUR>
35 COJFRE 7 3 REFAMARE, SRRHAE 5 (%
AEBERAL 1 AN, FLRE 15 MR, S 135 AMFEDS
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R 1 AP SRR E(n=3)

Table 1 Environment character of plots (n=3)

‘VXE}JEE El}%%ﬂ {&ﬂi ﬁ‘tﬁﬁaﬁfﬁ 1% ﬁﬁl’ﬂlg jﬁﬁg jﬁiﬁﬂ Ei?gr%—rg (m) FLH: 1%
Recovery Habitat type Altitude Light intensity Cal?opy Slope Aspect Comrpumty Ratio of stone
method (m) density /% ©) ©) height to soil
HAR 7 HF Abandoned — FF#HiH: 616.0£2.0  643+84  203+£50 314450  250.0+6.0 0.3+0.1 50+5
farmland Abandoned farmland
HEAM Shrubwood 661.0£1.0 58.3+7.4 36.549.3  32.249.5 198.0+8.0 0.84+0.2 70+0
BHHLH Returning Iy FERAK 678.0+£0.0 43+03  49.7#24 329424 192.0+5.0 10.0£1.0 7045
abandoned farmland Pinus massoniana forest
to forest NIk Phyllostachys — 679.0£1.0 53438  70.5454  40.6£3.7  214.0+10.0 10.0+2.0 75+0
sulphurea forest
PNERZS79 7N FrAERk AR 682.0+1.0 51.3+4.7 332452  36.8+6.0 183.0+2.0 2.0+0.5 60+5

Artificial economic forest Actinidia chinensis forest

1.3 FEEFNE KEDH AR E

RS U RO FEE )RR, TR RSN
FEHLHEAT RAE REERT, ¥ GPS (HOLUX, m-241plus)
WHE G BB AR 7 O B, FrRRE G i Eol
3, REUFFH AL WIREE: B RET
(EXTECH, LT45)7 i E T A& O E &
FEHL AN AR AL, AR iE % 3 IRiAL, @ AR
JEHE 5 A IR E AR SR U 6 B idi s R 2 23k
ORI RS . SR %E 5 AU B A H & A
18 JFC At v S5 A0 PR A 9 v RE ANV P BBE o A
LM E SRS, R IE R AL 1 emx
1 em) e S Fh 85 FE, 0 AR K I 5 R AR 3
88, HEREMMIFEA 300 &1
1.4 FEAREE

BREAR BRI RAE 5 AT TR A MR, FIH
SZ810 1A R 1HEE K BK6000 A=W B iisi i KA1
BN, M. R R, mdE,
ST A AT WS 8 o SEAEREARAEAE TE 7 K
S IR PR IX AR A A A B SR
1.5 VMR E

M EEEY A E A G R, KDL E &
MY ERE 2 T E, AASHEKEL
FH) CBEAS) WU TR Z R, &
BAHPYIRIL T IR AERE VA I E A, P=(C+F)/2,
X, PNEEEYNAESEEME, C MM EE;
F NAHXT AR o

o Z FEVE S S BRI S R B R oA o 22
FE—AN bR, FERAEFE AR S PR 2H A A~
PRBCER 53 AT FRRAE o ARIGIE L Patrick 35 R 4L
(R)~ Simpson Z FEM:FE%0(D)+ Shannon-Wiener % £
PEFEE(H) A Pielou ¥ 2] FER%U(J) - Patrick T5%1 R=S,
Simpsom 8% D=1-X(N/N)?, Shannon-Wiener #&%{

H=-%(P¥InP;), Pielou 184 J=H/In(S), \f, S )
FREL, N ORES | DNIRRN SRR, N ONET R YRR 0 5
A, PONEE | AN AR G 55 B

A5 K FH Sorenson 2 A 14 18 £l & AN [F) A=
Brh B SV R, p=2c/(a+b), X,
c NN ESRILEYFEL av b 2RI ERT
LURL A
1.6 HImabE

K H Excel % J5 40 $dli 247 % 28, F|H SPSS
WA R R R 22 A iR A A A [R) AR 85 R A
VI AEIERR RN 2 7 W 5 1 R CANOCO 4.5 X
VIR AR AL J5 I BB R B AT TUR 0 FIFH R
TS T mantel test i 56 PRI PR 0k & @A Fh o3 A7
S, HAR N vagan £ vedist() B E T S ARALIA: FE S,
ape BH" mantel() iR £ 47 mantel test 7347, Hrd)
s A Barry-Curtis #5155, 33853587 H Euclid
PR,

2 SR

2.1 YIFh L BRUARFAE

SHEFANE A IRELL 300 AR AT VEAAE €,
BARE XA 15 B 26 J& 41 Py, H
B39 M, B2 M. HE 1A, BHREX M
# R} (Pottiaceae) M & MEERZ, A 78 11 7
HIN K EE R (Hypnaceae)H 4 J& 4 Fh . P& FL(Thui-
diaceae) 3 J& 4 FhFI175 & £} (Brachytheciaceae)f 2
J& 6 Ff, XEEHRLE G AN 2.

XPAN R A 55 vh SR ) B E M R N Gt 4
KL, BRFHER L BT & e A
BEERIEN B PG N TR R R
BEAEYIRHE P EEUD (R 2) K & SEE Y R AL
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EhE Number

ff ¥ Number of species
[ Js % Number of genus

B 1 EEE R R R

Fig. 1 Number of family, genus and species of bryophyte

R 2 LB E SRR B

Table 2 Characteristics of bryophyte families and genera in different habitats

Fl Family

; ’ EEVE e YRR ECE 2 R YIFECE B )R
AR . S .
- Number of family/ Family with the largest Genus with the largest
Habitat type . . .
genus/species number of species number of species
FE#HHh Abandoned farmland 8/10/11 MEEF} Pottiaceae O 8 )% Barbula
Iy RABK Pinus massoniana forest 11/15/15 K%} Hypnaceae
WIPTH#R Phyllostachys sulphurea forest 10/16/19 MEEF} Pottiaceae 6% 8 Brachythecium
HEAM Shrubwood 8/12/13 HEEFL Bryaceae HEEEJE Bryum
BRERRAR Actinidia chinensis forest 6/8/10 MEERL Pottiaceae WO#)E, 5888 Barbula, Brachythecium

R BHE SCIRAEL, Yinds 2 )& € U
HE . B R & SR AL 5
NIKEER R E £ R (Bryaceae) /b, HiAth 3 FhAE R R &
VBRI N NEERL, F & (Brachythecium)
ALV EE 8 (Barbula) NAR RS
AHEFOR R b A (P)=0.10 K& S E
SXOFH P FR . B 3 AL, ANEAES & S
RAFRRAFRRE AR ESR, T, GEM
My PTHRIE 5 FRBYF, T REARMFIRR R AR
I3 3 8 2 il e SEAREEAEAN R R R Y AR,
BERAEERA—EER, HAEFPH., 5k, #
AMFIBR AR 35 5 AR, A E S Eiadkd
N & K IK & (Calohypnum plumiforme) 5 32 EALH .
MR AR TTACRE, Pk i 3s 8 aE ) £ DL

BAEK, AN ECONE, WSEKEE. HEEG Y
(Racopilum cuspidigerum); T HARA 5 H FIR A
T 25 B — AN O3 B s 2R e o MR ARG, a4
[ % (Barbula subcontorta) %195 37 1 &% (Physco-
mitrium eurystomum). J<KEELEFTA R AR AR I
W RE R, BB E I A
2.2 A TEAYRHE

MARKIETTRE, rh 32 0 0 Rr b [X 1 36 75
YA A A AR AR A (R AR R AEAN [F) 2L 1) 3
Fie BABILIRAEEE N E(LE L =50%): 58
Hiy b b A SR A o B ARE (BRT 30%), 1 HiAth AR
Bi A EEER) o EE I ARG 2), X AT RE S
FEHLAT T HOARA OG, T AR 5 e KA B A
BRSO T B 2 AR KA.
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Table 3 Importance value of dominant bryophytes

iR FERkHL A %E’:*’A’M‘A EIRERZS WA ﬁfﬂzﬁﬂkﬁ
Species Afbandoned Pinus massoniana Phyllostachys sulphurea Shrubwood .Acttrfldla
armland forest forest chinensis forest
FKIKEE Eurohypnum leptothallum 0.42 0.17 0.27 0.56 0.58
EELBNIEE Racopilum cuspidigerum - 0.10 0.16 - -
MREEEE Tuxiphyllum aomoriense - - 0.11 - -
Lehi B 8% Bryum billarderi - 0.16 - - -
B K E#E Fissidens dubius - 0.14 - - -
KIKEE Calohypnum plumiforme - 0.30 - - -
e &6 Brachythecium curtum - 0.21 - -
RS EE B. campylothallum - 0.17 - -
BentHl O & Barbula subcontorta 0.16 - - 0.31
ZLFASLIEE Physcomitrium eurystomum 0.16 - 0.19 -
IRERFYEE  Palamocladium nilgheriense - - 0.10 -
58 Anomodon minor 0.15 - - -
/N5 #E Brachythecium perminusculum 0.16 - - -

{1 Rock ]+ Soil A Mixed

100F \ N\ \ N

80+

60F F

40t

A HE2ETY Habitat type
B2 ARARTEEEAERER. A 8 B: BEMM; C: NI
IRk, D: BEARHM; E: BRfEpkbk. T

Fig. 2 Substrates of bryophytes in different habitats. A: Abandoned farmland;

B: Pinus massoniana forest; C: Phyllostachys sulphurea forest; D: Shrub-

wood; E: Actinidia chinensis forest. The same below

AR B B AR TR AL AR b, 3R S Al
WIEEA 3 AR, BIFARE . AR 4IAL,
FHIE 3 AT %0, BFFUIX & BEAE Y 32 B P T A R
R R, 2D o WNAE TR e SR e 2
ORI B, A8 SR IR AE SR A BT AE
A RE B o B BRI, TP TR B
TEWITE D RAMRRIT MR 5 LR, T 7E LA ke
BRI HABA R
2.3 BEHEYZ R

SRR AL, T RAA AR TR SR B
BRI F R T AR AR Bk AR (P <

G Weft [ BT Mat AR Turf
RS

4SS Habitat type
B3 TR A B A A R

Fig. 3 Life forms of bryophytes in different habitats

0.05), AREF N> 15 R Fa > T f > E AR bR
WAEREAR s Simpsom F1 Shannon-Wiener % #14: F5 44
(AR — 2, ST RS> B BRSPS FE 0 > A
RS HEARIR,  FLrp BEARMRANER R AR 2T
fih 3 FhETY, TR, TR FERE BRI H 3 v
(IR 35 5 BE (] 4).

EU A58 & A b v o AR A0 ) b 2E R AH ABL A
L B AR 5 R AR b AR A O R O
790429, BHREEMAHLOKT SRR SRR AR
IYE R ECH 0.240, ERAAHBIKT; FHoAh AT Ha A
AL 48 208 0.250~0.400, J& T WP AR 2 AN AH
LK (G 4), U BT 70 [X 8 S5 HE 0 4 Fh A oL
PRI, AS AR 07 SO0 FF e 5 EEAE A 50 A1
i A 7]
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v
4+
. 0.2
0 0
25 1.0+
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515 I 5 o6t I
5 ¢ £ |
z T be E
S 10 z 2 04t
J
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05 02
0 0
A B C D E A B C D E
H: 457 Habitat type H: R 428 Habitat type

K 4 REAESE SR o ZREMEIREG BT RSP ] 22 57 5.3 (P<0.05).

Fig. 4 a Diversity index of bryophytes in different habitats. Different letters upon column indicate significant difference at 0.05 level.

R 4 RFAEBE YN Sorenson Z LIRS

Table 4 Sorenson diversity index of bryophytes in different habitats

T DR AT A . T BB A
o b;; 7: Pinus massoniana  Phyllostachys sulphurea Shrubwood Abandoned Actinidia chinensis
abitat type forest forest Tubwoo farmland forest
Iy BFAMK Pinus massoniana forest 1 0.353 0.429 0.308 0.240
NIV #k Phyllostachys sulphurea forest 0.375 0.267 0.345
AR Shrubwood 1 0.250 0.348
3+ #FHh Abandoned farmland 1 0.286

BBk Actinidia chinensis forest

1

2.4 B0 E A A7 RIS

R T AR SRR X A R AR 7 R
EEE YIRS AT R, PR OGRS L AT A
FE MR B Y. BRI S R kAT
TILRERGI, S1ER T 2>0.7 H P<0.05 FIIAEIA T
(R 0 P o W 9T X N ARURE =3 [ B B P S5 308
IR 7 B4 S R 3EAT DCA 4307, 45 5RFRH, 55—
PEFEKEE N 2.76, DAL, A58 ] R A 2k M A Y
BEATHE—25 /) RDA 4347, RDA HEF 45 R itAT B i
s, /N T 0.05 (P=0.002), BiHHET 45 R AT
DA 2 FRBE IR - 0 0 P o A IR R (3R 5) - HE /T
R 4 HlI )7 Z RN 42.62%, BFRJT Z AR R LB
1K 95.75%; H A S —HBRHEEY 0.179, 25

IRFIE(E N 0.129. & 5 NIRRT )51 RDA &, 41
kR R &, GGk iR MR B
SRR IR T s Sk (B AR R R R A IR AR
() (R R D 5 JE K 1 AN PRBE AR & (1 #5209
FiZA BT LT MR AR LR b, R 1 NI EEAR
25BN OAE M. A FSLAED
i, AN S AR A0 AR B BRI N Ty 1)
Sk 8] 1) F FE RN PR 2 [ AR O, 2 A P B
B, ISR IE, A KT 900K, UrfelAH
KRG Gk KR B 2R B IE & Mbs
. FoE U, FATTAT DU R A A Ak
PO B S5 A Sk PERAR LR b, SRIEE— M)
b 5 AR I AR M . an SRR R 2 kA
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PRI R (E R, WA SRYET N E . R ) i
SR ELBCR B d A B Sk 2k b, TR
AU S A R PA I A B 2 TR AR Sk o 1050 A
Hi kA 7 ) EVE AT, OGRS, ARER IR
R(F R FBRE AR I T%, R
B R TR RTT R, UFRIIAR SR et AR
PRI DR 1 xR S 2, 2R BT DR e 1 X
FEARE RO S AT, B EEEY M S
15 5% {8 P2 VRIS P B LA o (K AR O, SR KB

5 IURHTER

Table 5 Redundancy analysis result

(Eurohypnum  leptothallum)~ % 75 &% (Brachythecium
buchananii)~ /N5 8%(B. perminusculum) 11 1 4$(Bar-
bula ehrenbergii) S5 YCRARIMEEOR, Silgdk LA E
SR TIGHAEE . B A AN I
W15 A RIS P S A DA K T S5 6 B 2 AR O
K FH Mantel for 56 P8 35 K] 5~ X & &£ 48540 73 A7 (1)
oM, S5O, GRS B EEAEY) A BA R
SO, ISP X & SERA o A FoA R R, T
P BFE Wm0 & S 7 AT ISR 6).

WiH Item 3518 Axis 1 28l Axis 2 53 8l Axis 3 2 4 il Axis 4
¥FEME Bigenvalue 0.179 0.129 0.078 0.039
fRFAZ (2 ) Proportion of explaintion 17.925 30.866 38.680 42.624
RBP4 28 S (2441) Cumulative proportion 40.260 69.340 86.900 95.750

1.0

-0.6 sp2_ spd
-1.0 1.0

Bl 5 FRBEEE 70 B S A IR . spl: JEAKEE; sp2: AMAHE; sp3:
AR EE; spd: KIKEE; sp5: WEEGAIEE; sp6: &M REEE; sp7: th
DI EEE; sp8: TIEE; sp9: G B IEE; spl0: HIHIEHEE; spll: Bt
O spl2: HOSE; sp13: ZEAEM & spl4: TEHFEE; sp15: FHL
T8E; spl6: HRCTTEE; spl7: NTTEE; spl8: HILHIAE; spl9: KINA

BE; IL: JGIETREL: AS: Ha); AL: W4K; CD: ABFARE; SL: .

Fig. 5 Effect of environmental factors on bryophyte distribution. spl: Euro-
hypnum leptothollum; sp2: Gollania clarescens; sp3: Taxiphyllum taxira-
meum; sp4: Hypnum plumaeforme; sp5: Rhacopilum aristatum; sp6: Fis-
sidens cristatus; sp7: Bryum billarderi; sp8: Trichostomum brachydontium;
sp9: T. crispulum; spl0: Hyophila involuta; spll: Barbula unguiculata;
spl2: B. ehrenbergii; spl13: Ptychomitriun gardneri; spl4: Brachythecium
oedipodium; spl15: B. campylothallum; sp16: B. buchananii; spl17: B. permi-
nusculum; sp18: Physomitrium eurystomum; spl19: Entodon macropodus;

IL: Light intensity; AS: Aspect; AL: Altitude; CD: Canopy density; SL: Slope.

# 6 Mantel test fs 38R 55 H 7 5 & BEYUF R AH M
Table 6 Correlation coefficient between environmental factors and bryophyte

species

A5 Environment

Wil IR 2 k9% R EL Spearman P

variable correlation coefficient ()
4R Altitude 0.172 0.055
JEIEGRSE Light intensity 0.306 0.001
Y% Slope 0.071 0.239
BT Aspect 0.159 0.094
HRHIE Canopy density 0.204 0.034

3 e i

W TR A A A SRR R, AR B
S Z TR PR (R S . A AR )20, AT Fe L A
B 41 FrEEREY) . AT HADB TR AESE, s
AR EE RS, A X S &R 2 R
BARIRAR, 7T B85 RE A BT B B A i i A R (-
A 50%~75%) P B EEAEY) R FEVA TR G I S e
W, WHAESTEESRIENAE S, BRI EEEY A
TER DL RI A RO T, OB T — B8 NAF
PRINIZE I AR TS TR ASRRAE, ] LA G 3 2 18 Hip
FTRERE., MEMEMHEY EERET%EE
K, BRI SAEM R I, AifA R T
BEARAE A 7K 23 IR ZE B 24 17~ 2 o AR ) B
A B e R A A R R A (IR K IR K RE A0S0, b
BAL A S s A B AR B L. DR,
AP RE BRI AE B, JEARMR. FERF R RR ARk



712 HAH W AR 27

¥31%E

AP AR EESR LUK, UL SRR BESE mT e T
e ' R R PR A e PR A
FEABEAKE SRR, TR T ARESK
27 L BN BEACIR B A T A R
Wigl20), AHF L T HARFEHE BPHEMAIA L
Dbk 3 Ml R R 73, BRIEFIR A I AR A5 IR 1
PIRPLH MR 7200, REdhR] SR AR oA R 0
WAL, 7E— @R LW T AR i 75 200 A
BRAAFRRESEW. MICR2HTRY], e
I8 A1 JRE & 52 WiV BE 91X B AR 0 A 1) 2 B S 1
T ROV AR AAFIR B 1 06 Z0H REVE 51T,
HAR W TR BB R 0%, Mg, &
BOLKGREZFU R, MEEEDETOLataRs
AR A PR AIE 22 R0 s IR S AR R I AN R R FE 1
M2, RHER 7> & SR e IR 7R EBAK, BEFE
RIS T 5E i A2 B B foR e & EH . (A
AT BT S I BAT B T 52 4%, A T s AL
R DXIRET280, A A EEAN AT ASE MR P K2R
855, W] LSSV K oy SR, AT R
PAEMM AR K EP, IR, K- fRFFRE
TR HoAb A S RGeS, A P B RV S B Y
SN SE g w200, KRR TR, AR R N
BERE) ) A AT 22 BEIE O B BB PR 1), 7
AR, SAEBCA ORI, H T K
TIRBE SIS, ToVRIR I 5 B A SR AL AR K
gy, TeHS P L RO YT AR ) FE R bR REA A0 AR T
a, BREDK R, I & SR A 54
A BELW . BHIEM AW 7 U &
IR T BARR A5
MEEERTE, AR E SR H R
A, IERAERGR A KB R I AN S, R
AN ) B A 35 PR B T 2 ) T e o AR P 1)
KM AE RSB, & SRV U Sk T
AESEIIAR AL, AN PR R 1 0 S AL R A
ARSI TT AN R 2257 . AR BE .
BEG MRS 7T e S I I S P EE ARG IR 5, i gkt
FHIE, 213 S 6 DU AR P RE i e BRI vh
ZAFAE, X ATRES B SRS 7K 90 55K 22 57 LK i
BHUEIAFA R AT HA P R EEE, 4006k
B RIHERE G BE (N b M R AR, 5
MR RN, & ZBE R A B A fE
HERF B B IR HAERCIRS, TS SR £L35 R
B DN T A A DR O A AR R BN, 0 K 23 7 SR A

%, DRI AEAERAR P 2 X Sk tB e 2 A

BRI R A B 1 A R BRI
FEB T E S Z R RE . AT, AR
WRE 5 2 B S 2R BAT W R R, B AL
PRI BT RN R AR bR 5 B AL B A T e i)
ZREE, X SMAUATAEEECR, BEA URFFAR T2
RIRSE . A RPN, M T AP B AR KE
TERCHIVEARRR, PR H & BEAEY) 2 VA X
i, XTI RES B FEHEAR A R RO AR, AR
BRI A RPN, BRR b b & SR A
HURAK, T RERE 23 1 BN R 2L N NS B I 5
Wiy, AL, ARZGRBHAEAR S, B REE - E
PR bSO & SR B KA, LA TERR R A 175
BEAT IR RIRIEIC . BRI AR 5 SR 2 1k
TREONEY 2] FEAR BUBCRE AR R, R PR SR B
AR DB R R P8 BB AR Bl
ARSI FE XA BAT R A E R

Zr b, WEFC XA R 5 s B A 85 o B
TR AR AN RURAE S 2 eV HR 2L
PRI — e =5, WA R I AR S TR T Aoxt
I S 3t (X R AL D A R AL SRR AL B AT S R
HALE HARE RN T TR, IR PO IS B 1 ¢
WA, A B TR mz X & S 2
VEo SEAREEEW I I L ZAL WA, M AEBHE
UGN RE ST, ATAR e v ke A S AR AR S e
Z—

BEH

[1] SONG T Q, PENG W X, DU H, et al. Occurrence, spatial-temporal
dynamics and regulation strategies of karst rocky desertification in
southwest China [J]. Acta Ecol Sin, 2014, 34(18): 5328-5341. [‘KR[F{#,
SRR, AR, S5 o VG R SR A A R AR AR . AL
ISR [ AR, 2014, 34(18): 5328-5341. doi: 10.5846/
stxb201405090929.]

[2] DAI Q H, YAN Y J. Research progress of karst rocky desertification
and soil erosion in southwest China [J]. J Soil Water Conserv, 2018,
32(2): 1-10. [FA2JE, ™ ACdk. VAR E Ui A AL S K R R AL
BERE 7] Kb AREEER, 2018, 32(2): 1-10. doi: 10.13870/.cnki.
stbexb.2018.02.001.]

[3] LIUY G, LIU C C, WEI Y F, et al. Species composition and commu-
nity structure at different vegetation successional stages in Puding,
Guizhou Province, China [J]. Chin J Plant Ecol, 2011, 35(10): 1009—
1018, [XIEME, <k, BAMESy, &, St 2 B R &



5

TEMSEE: AR T3 2R 0 7R A 1 25 B AR A A 2L BT B2 713

B B A AL S BV S ARHE [0]. RS ER, 2011, 35(10):
1009-1018. doi: 10.3724/SP.J.1258.2011.01009.]

[4] HU F, DU H, ZENG F P, et al. Dynamics of soil nutrient content and
microbial diversity following vegetation restoration in a typical karst
peak-cluster depression landscape [J]. Acta Ecol Sin, 2018, 38(6):
2170-2179. [W177, #Lp%, BEEF, 55 MAIREHTRRE AN R
WS H IR BAE Y SRR ()], RS,
2018, 38(6): 2170-2179. doi: 10.5846/stxb201703180458.]

[5] CHENGHT, LI Q F, WANG X M, et al. Effects of different vegetation
restoration strategies on soil penetrability of karst ecosystem in
Guizhou Province [J]. J Soil Water Conserv, 2020, 34(6): 110-116. [f£
P, BT, R, & AFERIK I RIS 5L g BB 7S
ARG HESBERFERR M (7], K EORRRSEHR, 2020, 34(6): 110-116.
doi: 10.13870/j.cnki.stbcxb.2020.06.017.]

[6] LIQK, MAK P. Advances in plant succession ecophysiology [J]. Acta
Phytoecol Sin, 2002, 26(S1): 9-19. [ZEPcRE, Doi V. MBS
R R A B A A R SO AR IR T ARG [T]. MR
A%, 2002, 26(S1): 9-19.]

[7] CUTLER N. Nutrient limitation during long-term ecosystem develop-
ment inferred from a mat-forming moss [J]. Bryologist, 2011, 114(1):
204-214. doi: 10.1639/0007-2745.114.1.204.

[8] YUAN C J, XIONG K N, RONG L, et al. Research progress on the
biodiversity during the ecological restoration of karst rocky deserti-
fication [J]. Earth Environ, 2021, 49(3): 336-345. [N %E, fERET,
N, S MR A AL SR Th A 2 T T R ().
HER S5 ERER, 2021, 49(3): 336-345. doi: 10.14050/j.cnki.1672-9250.
2021.49.061.]

[9] SARDANS J, PENUELAS J. Drought changes nutrient sources, content
and stoichiometry in the bryophyte Hypnum cupressiforme Hedw.
growing in a Mediterranean forest [J]. J Bryol, 2008, 30(1): 59-65. doi:
10.1179/174328208X281987.

[10] KORANDA M, MICHELSEN A. Mosses reduce soil nitrogen availa-
bility in a subarctic birch forest via effects on soil thermal regime and
sequestration of deposited nitrogen [J]. J Ecol, 2021, 109(3): 1424—
1438. doi: 10.1111/1365-2745.13567.

[11] MENG W P, DAI Q H, RAN J C. A review on the process of bryophyte

SCHE,

Karstification [J]. Chin J Plant Ecol, 2019, 43(5): 396-407. [%
&R,

Wa)E, MER. B EENPCERE (7). mES
2019, 43(5): 396-407. doi: 10.17521/cjpe.2019.0020.]

[12] WEI X P. The study on the characteristics and mechanism of soil
erosion in karst valley area, Chongqing [D]. Chongqing: Southwest
University, 2011. [BEX%PE. AR 2R X K 900 R 45 AE &AL BRI 72
[D]. MK PHRER4%, 2011

[13] ZHENG H R, LUO H X, ZOU Y Q, et al. Quantifying vegetation
restoration in a karst rocky desertification area in Chonggqing based on
Geo-informatic Tupu [J]. Acta Ecol Sin, 2016, 36(19): 6295-6307. [}
i, PLE, AR, & TG B BRI EDCA A EAL
BT EHITE [J]. EEHR, 2016, 36(19): 6295-6307. doi: 10.
5846/stxb201411122233.]

[14] ZHANG Y Z, JIANG Y J, L1Y, et al. Effects of tunnel excavation on
slope runoff and soil erosion in a karst trough valley [J]. Acta Ecol Sin,
2019, 39(16): 6126-6135. [KiTla, ¥ FHZE, 45, &, il TR
W SO R 2 DX T 0 e SRR A s [J]. AEZS A, 2019, 39
(16): 6126-6135. doi: 10.5846/stxb201812052655.]

[15] WANG Q R, JIANG Y J, HAO X D, et al. Relationship between
surface soil pollen and modern vegetation in karst trough area of
Zhongliang Mountain, Chongqing City, SW China [J]. Carsol Sin,
2021, 40(3): 466-475. [{ERUE, HHE, MHR, 5. BRPPELE
T X R A 5B B R /T (7], b A, 2021,
40(3): 466-475. doi: 10.11932/karst2021y20.]

[16] YANG Z J, WEN C, YANG L, et al. Effects of different restoration
methods on ecosystem multifunctionality in the semi-arid loess small
watershed [J]. Acta Ecol Sin, 2020, 40(23): 8606-8617. [#%%%:, /=,
Wdg, & P RE /NSRRI E T O S RS2 DRetkn
s [J]. AEASEER, 2020, 40(23): 8606-8617. doi: 10.5846/stxb2020
02010187.]

[17] ZHAO Y, ZHANG W, HU P L, et al. Responses of soil organic carbon
fractions to different vegetation restoration in a typical karst depression
[7]. Acta Ecol Sin, 2021, 41(21): 8535-8544. [z, TkfH, #HREE,
S5, PG b R e A e A R R 2 T U 3 LR A
BACRHE [J]. AEA 2, 2021, 41(21): 8535-8544. doi: 10.5846/
stxb202101140151.]

[18] Ministry of Environmental Protection of the People’s Republic of
China. HJ 710.2—2014 Technical guidelines for biodiversity monitoring:
Lichens and bryophytes [S]. Beijing: China Environmental Press, 2015.
[P N R ATE BRSSP E. HI 710.2—2014 “EW) 2RI
RSN HRAEEE [S]. dbnt: HEFRERE IR, 2015.]

[19] ZHANG J T. Quantitative Ecology [M]. 2nd ed. Beijing: Science Press,
2011: 86-122. [Fk&E. MR M) 58 2 iR b5 Bl2Alig
#,2011: 86-122.]

[20] LI J F, WANG Z H, ZHANG Z H. Bryophyte diversity and the effect of
soil formation along with water conservation in karst rocky deserti-
fication region [J]. Res Environ Sci, 2013, 26(7): 759-764. [ZEZ 1%,
ERE, IR IR A AL X 8 2 R ROK  RIFEE A
[, FREERLEWIST, 2013, 26(7): 759-764. doi: 10.13198/j.res.2013.

07.68.1ijf.005.]



714 FAGHT T HAHT A ) 27 1

¥31%E

[21] TAN H Y. Study on bryophytes species diversity in karst ravine from
Guizhou Province [D]. Guiyang: Guizhou University, 2017. [ikt5E, 5t
PR TRRAR & SRR Z REERT AT [D]. 5ERH: STMIRSE, 2017.]

[22] LI X F, ZHANG Z H, LI C Y, et al. Diversity of bryophytes in under-
ground forest of Monkey-ear Tiankeng [J]. Acta Bot Boreali-Occid Sin,
2018, 38(12): 2324-2333. [Z&=/NJ5, SKEAME, ZR7K X, 5. StMIEEH-
RYTHL R BHRAE B 2 FEPERHERT A [J]. PEALHEY 3R, 2018,
38(12): 2324-2333. doi: 10.7606/j.issn.1000-4025.2018.12.2324.]

[23] TOBIAS M, NIINEMETS U. Acclimation of photosynthetic charac-
teristics of the moss Pleurozium schreberi to among-habitat and within-
canopy light gradients [J]. Plant Biol, 2010, 12(5): 743-754. doi: 10.
1111/5.1438-8677.2009.00285 .x.

[24] CONG C L, LIU T L, KONG X Y, et al. Flora and species diversity of
epilithic mosses on rock desertification in the Puding Karst Area [J].
Carsol Sin, 2017, 36(2): 179-186. [I\&E, ¥R, fLEEE, & 5t
T W R 2 AR RS R G A AR RS X R S 2 REPE R AT
[J1. HEEE, 2017, 36(2): 179-186. doi: 10.11932/karst20170204.]

[25] RICE S K, GAGLIARDI T A, KRASA R A. Canopy structure affects
temperature distributions and free convection in moss shoot systems [J].
Am J Bot, 2018, 105(9): 1499—1511. doi: 10.1002/ajb2.1145.

[26] ZHANG J P, ZHANG J G, DUAN A G, et al. Ecological control of
rocky desertification in karst areas of southwestern China [J]. Sci Silv
Sin, 2008, 44(7): 84-89. [FKMR MM, sk [, Btz M, &5 b pywgny
T s AR IR HE (). ARALRE, 2008, 44(7): 84-89. doi: 10.
3321/j.issn:1001-7488.2008.07.015.]

[27] PENTECOST A, ZHANG Z H. Response of bryophytes to exposure
and water availability on some European travertines [J]. J Bryol, 2006,
28(1): 21-26. doi: 10.1179/174328206X90431.

[28] KIMMERER R W, DRISCOLL M J L. Bryophyte species richness on
insular boulder habitats: The effect of area, isolation, and microsite
diversity [J]. Bryology, 2000, 103(4): 748-756. doi: 10.1639/0007-
2745(2000)103[0748:BSROIB]2.0.CO:;2.

[29] FAN X X, DU Z X, CHAI S L, et al. Comparison on chlorophyll
fluorescence kinetic response of six bryophytes to different light
intensity [J]. N Hort, 2018(20): 84-90. [#40% /8, FL&=, 4L, 5.
JGHR A R N8 SR R VLR Rz S ()], ETs
[l 2, 2018(20): 84-90. doi: 10.11937/bfyy.20173946.]

[30] ZHANG L H, QI J Q, LI T T, et al. Effects of stand density on under-
story plant diversity and biomass in a Pinus massoniana plantation in
Wenfeng Mountain, Xinjin County [J]. Acta Ecol Sin, 2019, 39(15):
5709-5717. [GKHMIME, FPEREK, ZR0505, S5, PROp 4 X HE SO L
AN N TARAR R Wb 2 BEPE R AR R S (7], A 4R,
2019, 39(15): 5709-5717. doi: 10.5846/stxb201808151747.]

[31]1 LU X Q. A study of theory and technique on the vegetation restoration
and reconstruction of degraded ecosystem in karst mountain area [D].
Nanjing: Nanjing Forestry University, 2006. [ /535, %W rEE
WARMES RGN E S BRI KRS [D]. B Bkl
K2, 2006.]

[32] PAKEMAN R J, BROOKER R W, O’BRIEN D, et al. Using species
records and ecological attributes of bryophytes to develop an ecosystem
health indicator [J]. Ecol Indic, 2019, 104: 127-136. doi: 10.1016/].
ecolind.2019.04.084.

[33] TURETSKY M R, BOND-LAMBERTY B, EUSKIRCHEN E, et al.
The resilience and functional role of moss in boreal and arctic eco-
systems [J]. New Phytol, 2012, 196(1): 49—67. doi: 10.1111/j.1469-
8137.2012.04254.x.

[34] ZHOU H Y, ZHANG J, ZHANG D J, et al. Community characteristics
of soil fauna for different canopy density of a Pinus massoniana
plantation [J]. Acta Ecol Sin, 2017, 37(6): 1939-1955. [JH5kl#, ki,
gRPHE, S5 AFEECHA T S B (Pinus massoniana) N THR 1
BV BERE [7]. AR, 2017, 37(6): 1939-1955. doi: 10.
5846/stxb201510232148.]

[35] WAITE M, SACK L. How does moss photosynthesis relate to leaf and
canopy structure? Trait relationships for 10 Hawaiian species of
contrasting light habitats [J]. New Phytol, 2010, 185(1): 156-172. doi:
10.1111/5.1469-8137.2009.03061 .x.

[36] HRBACEK F, CANNONE N, KNAZKOVA M, et al. Effect of climate
and moss vegetation on ground surface temperature and the active layer
among different biogeographical regions in Antarctica [J]. Catema,
2020, 190: 104562. doi: 10.1016/j.catena.2020.104562.

[37] GARCIA-CARMONA M, ARCENEGUI V, GARCIA-ORENES F, et
al. The role of mosses in soil stability, fertility and microbiology six
years after a post-fire salvage logging management [J]. J Environ

Manage, 2020, 262: 110287. doi: 10.1016/j.jenvman.2020.110287.



