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Abstract; Rocky desertification is one of the most serious economic and ecological problems encountered in the development
of southwestern China. Understanding the characteristics of bryophyte diversity and soil chemical properties in different
stages of rocky desertification, together with their response mechanisms to rocky desertification, is of vital importance in
limiting further species loss and in the selection of species suitable for restoration and regeneration. Bryophyte species
diversity, evenness, species richness, life forms, community characteristics and soil chemical properties were investigated
in areas with differing levels of rocky desertification in Karst Park, Guiyang, Guizhou Province, China. Eighty-four
bryophyte taxa from 29 genera and 14 families, were found in the study area; with the exception of 2 liverwort taxa from 2
genera and 2 families, all were mosses. The degree of rocky desertification in the study area was classified into five levels:
nil-slight-moderate-severe -extreme. The order of species diversity of bryophytes in each of these categories was; severe (i.e.
most species) > moderate > slight > extreme > nil (i.e. least number of species); the order of evenness index was
determined as: moderate > slight > severe > extreme > nil. As the degree of rocky desertification increased, there was a

corresponding decrease in the proportion of multi-species bryophyte communities and an increase in the proportion of single
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species communities. Wefts and turfs were the most commonly occurring life forms; with increasing rocky desertification,
there was a corresponding increase in the proportion of turfs. Total nitrogen, total phosphorus, and microbial biomass carbon
in the underlying soil, were markedly affected by rocky desertification, and decreased as the degree of rocky desertification
increased. Partial redundancy analysis determined that three bryophyte taxa, Brachythecium amnicolum, Palamocladium
nilgheriense , and Eurohypnum leptothallum , are suitable species for use in ecological restoration of areas affected by rocky
desertification. The degree of rocky desertification did not significantly influence bryophyte diversity, but it did significantly
affect community characteristics and life forms. Thus, monitoring changes in rocky desertification is possible by using
characteristics of bryophyte communities and life forms. Suitable bryophytes can also be used as pioneer species for the

restoration and recovery of areas of rocky desertification.

Key Words: rocky desertification ; bryophytes ; diversity ;soil chemical properties
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W EJE Extreme E106°36'47.8" N26°37'14.9" N160° 1264—1290 75.4

1.3 HEHEYIREE

{1 HWG- 1 BUXUGRTff E1) 45 LA B XSZ-107TS BDG2 W A Ch E & 88 &) (2—9 %) (mpEYE)
(18—19 45) SF 3 R BORHIA FhRA S 2
1.4 YT

A (M) (R T RERF R R S, AR S EEEIT AR AKX
(C+F)

200

A, MO EERY AR SE A, C AR R FONRERRE

K H Shannon-Wiener ZHEMFR%E(H) ) Pielou Y2 EH8 8 (E) 7 Z LR PESY . Shannon-Wiener 22
FEVETRECH .

M =

(1)

m

H=- 2 (P, x InP,) (2)
Kb, PoAREE A YRR R,
Pielou ¥J5]EREE .
H

[, H R Z R R S A YIFh gL
| o i iRl

T pH ER A 2.5:1 Bk 1, IR AR I s 4 N IR RO B IR /i 42 P TERBE P L (0%
cary100Bio AN G EETTHNAE ; 4 K I KIEIGEETT Rayleigh WEX-210 22 3 104 9w e ok FH G600 BE 7% 1R 1
5 f#H Elementar various TOC 4313 %E .
1.6 Hsabis ot

KM Excel HEATEHESETT, SPSS 21.0 HAFHEAT 7 225007 (v K36 | 2 8 LU HL ( Duncan K 56) AH M7 ;
Origin 9.0 22, Canoco #HFATIURHT .

2 HR55%H

2.1 AR E YR 2
AR IS UEEEAEY) 14 B} 29 J& 84 Fp &K 2R 2 J@ 2 Fh (3R 2) B8 0%, HER . (1)
TAEAIX 6 B9 J& 17 F LB R . PIEER} Thuidiaceae HITF &#EF} Brachytheciaceae ; S #Ff (M >0.037) W .

http ; //www.ecologica.cn



38 %

0200 -
- £10°0 - -
0€0°0 -

620’0 -
€00 -

- 9€0°0 — —

8L0°0 9L0°0
- 100 - -
200 -
- - 120°0

- - 1200 -
$20°0 0200
$10°0
6100
L10°0
610°0 -
1500 - - -

LOT°0

810°0 - - -
- 100 - -
- €20°0 - -
- L10°0 L10°0 -
- - $70°0 -

L200

8200
901°0

stsuoupuUNA uoponuy 47tz B 7
smjofimon uoponsy gtz 1y

vyunfjod sty 4@ %

vaow.namd A 53 T &
w1049 V]IS FEN LR

suados wnLAZ0D)g 35 4

auviofovwmyd wnudApy 4537

winnjoaas wnudApy 45 1y
osuGUDUUINA WNIDUIOWOF] 35 M Te K 7
wmFumavpd wnyuwowor] 45X 3 thdy
wnppyr01day wnudyony 47Xy
2121m2$q0 IsuaPISSLY $5 H V() Fi
sopropyoor3vyd suapissiy dg 2\ - kk
snajofixvy suapissiy 353 i

vao1dtp ~dsqng “auzony vaovapnd DIUDYID iy AR T (X T RE
DS.1000.JU0D "TBA DSIA0LU0D DISIOM iy T, (38 [/
sopropydiqopd st da [ [ 13k
DUOISOLONU VIS 4§ [/ []\[/

D1U2SXD VIS 45 Y[/ T S

pnoidsuoour visundYy da 1 ly)

vasod vyrydotH ST
wmyjofixapdwn wnuoSotpAy 453 by Ju %
vijofuiadsn pnqing 45 [ TIFI7

vpnpyfins DGy 45 | H-i (S

DILISU0D DINQIDE 355 || TE-fif7
vponONNS VD F 1 B -hid

Dx2)for DINGDY 453 I HE-f 2]

vp1sonFuo] vqg 45 [ L]
soproyoLIp vinqvg 45 [ A}
SISUDIUOYDY DODIMUDY() 35 M IYS]

uopouy 845tz

DIAISIA] E4 &
wnlAFAm] ] B35 W

wnudfpy 8 (3mX

wnipwowor] E4g X %
wnudfyoanyy (453 3

suapisst] (45X
DRUDYID P (XL T

DIS1oM (45 D[
vissounn (35 fu)
vprydot (gL

wnuoFoipAfy MMMWQ@

gy 53
DaDIIUDY() (45 Y

9BIORIUOPOIUT] \Imwmmm\w

ovoorudA L 3w X

QBIIRIUAPISSL {o 45 2 |y
QBAOBIUBLDIEI {53 T

0rOORINO] {45\
ABIORINSIT {4 4 Fik

QuIaIXy] 919A9g 91RIBPOTN ST
WD FEY YWD EE  WEDED WERDHES
onfe vourpodwit [eordofooy H) zmH G,

I'N
Pl

BXR],

e lh

BIQUDL)

i

sotrue |

g5

sgurpunoxins

UONEIJIIISIP AI0J ISIBY JO SIAIFIP JUAIPIP Jo safydoLiq Jo saadg 7 dqe]
DEEINEIE VDGRBS %

//www.ecologica.cn

http



U

S A1 AL RE S B AR ) 22 R SO, B A A R TR 3

R

17 #1

6€0°0

¥20°0 8¢0°0 -
¥€0°0
00 §20°0 -
— €00 —
L10°0 - -
£v0°0 -
§e0°0 - -

1€0°0 - -

900
9¢0°0
600
9¢0°0
LE00

900 -
9200 -
1€0°0 -

§20°0
§20°0
€00
— 0200 -
— 1200 1€0°0
20°0 - -
€00 0€0°0 020°0

- 200 -
- LE00 -
6100 - -
2100 - -

LT0°0

LT0°0

0r0°0
£€0°0
8¢0°0

asuaLLY S wWnpDPOWvID 45 |y Y
WOLOJYIMd WNIPDPIOWD]D] S8 455 1) B k7 ¥k
a12.000) wnyoukyamy 4536 3 ] 1
wmajsna wnyoulymyy 453513 |1
suDry wnryoulyansy Err Eans
wnDfopLIe WnYIvLg 5 H Y
wnso.qQans wnddYIAYoDLg sgEL Y
wnngDINL WYY g EL LA
wWNuvanioL Eiwmﬁb\csm wmm m_m_.m +uv\+
wnppoyomd wntayilyovig 45 H
wmsownyd wnayIyovLg g Ky ki
wnpnosmuv)d wmoayISyonag Ja Ky by
wnmosnunuiad wn1ayIfyonLg dgHA[/
wnpnpuad wnwayilyovag 45 H FEE
nyongou wnoyIlyonag $5 H [ [
asuaLiow wmyIyovLg 5 H 1y
wndys100my WnoyIyovLg 45 E Ly
wns02.v]5 wnayIyonLg 5 B Ly
wnmno EEumcﬁﬁ\oEm Mmmw%_u@
wWnUDa.105 WNYIKYIVIY F5 H 113
1nUPUDYING EEquKQoEm Mmmw%@%
wnoonuD wnayIyovLg J5 B xy
SUPGD WnYIYIvLG 45 KL H X
w.:E.Ntm%&E Loulpyy .&ﬁ:m uon,y wopowouy n_u%&m WW%MMWHHT,T
WNIDININUIP “IDA WNIDINIUIP E:.Swf&%&ﬂ« &%N‘Ew&wﬂmﬁ_\
swsusryuvg vizoydor & |13 i i
E:&ﬁc&d.\ E:.s%?&%&am %&mﬁgwgw_w
wmaonynl wnuoponIALY 45 I e e
10]0218.190 "IDA 1MIUDAI]INS UOPOJUT] i%&%@ﬂw%&m
ESS@@E\ uopoyuzy Mmm_m_u‘k

mﬁu%@ﬁ% uopojuy MWMMWM*M_\

wnpvpown]vd 845y

wnyoulyamsy EIET S

wnayovIg g E
wopowouy (45 1 -,
wn1ay1o18v] ] w(FH Y
vizoydo 8 E 3%
umCiordod(ry (493
wnguoponLy (45 e

oraorIdaIAYoRIy {gde L
ORAOBIUOPOWIONY {5 il o7
9BIIRIDOYIOISR ] L i
aroorrzoqdo | &t |13%
ovaoeiRiordodApy |y g 311

Eluerde

WE T HEWY

219A9g 9RIDPOIA SIS
Wi HE W HEGb M
onpea vourpodw [eordofooy H)zE G,

I'N
P aras

NNNH_

ik

N.Hmv;whrv

il

sor[uue |

1o

¥

//www.ecologica.cn

http



38 %

120°0

6£0°0
L20°0
L10°0
£€0°0
§e00
£€0°0
S¥0°0
120°0

110°0 - -

S¥0°0 - -
— — 120°0

— — 00

100 — ¥20°0
LETO0 - -

6100 120°0 -
€00 - -
€100 LEO0 -
- 9100 -
— - 9€0°0
- 9€50°0 -
$€0°0 - §10°0
- - £50°0

€00

L2700
€00
SY1°0

8200

wnpnamoat wnig 456 1y Sz
wnxuopvand wnA1g 45 T el I
uopmooyIuo] wniig 46T 1y i
wnuojoynp wnkig $5E 5 XK
wmpondsano wunkig 356 TG

opan]1q wWnkig 4F G

wnapuaSm wnkig 5% Jyilh

wnaoFp wnAig 56 [l 3

wnpnpuad wnpuowlyovig 45 1 T
pjooLmw wnuawlyonLg 4 [ & T 41
gy ydogda) wnpuawCyovIg 45 [ By 7
opxo wnnuawyovag 45 [ T 15
suopdo.orugns wnpimy | 4 fde 3y B
avpouny wnpmy J, 4 ik (1 5

apruassp wnipIny [ 4 37

wmovwAd wnud(y — ol 35k 7 Ak 52
wnijofisonSns wnipodon)?) 35 e W Ju e
wnp1dsnd wnnuordv] g 4 [
umsowadsqns wmFaisoyouiyy g% S] ML
sapronmdis wmSaisoyoulyy $53a > e
wnijofipao wmSarsoyoulyy 53131 il
tormnf wmSasoyoulyy 533} b3
wngovyu0d wn1Farsoyoulyy s3> byt

wnfig BiEvh=s

wnmuawAyon.g (49 [ T

wmpmny [ (45 kk

wnudy — o1A7) s 4F Kk iz
wnipodov]?) (33 ke I
wmuworFv] 8 4s e

wn1Farsoyoulyyy S35

Uﬁ@.\uﬁwﬁwﬂﬂrﬁ

EE S

QRIORIUIN ot [T

Eluerde

WE T HEWY

219A9g 9RIDPOIA SIS
Wi HE W HEGb M
onpea vourpodw [eordofooy H)zE G,

I'N
P aras

Nxmrﬁ

ik

N.Hmv;whrv

il

sor[uue |

1o

¥

%

//www.ecologica.cn

http



17 3] HRBE A O TR BEXNS B A 2R B A, B Al A 1R I i 52 7

K JKEE Eurohypnum leptothallum ) W 25%¥ Entodon flavescens , i ¥ 75 # Brachythecium planiusculum , 3¢ 240 ) #%
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Table 3 Diversity of bryophytes in different rocky desertification stages
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F 5 & Richness 17 26 27 31 19
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Fig.2 Distribution characteristics of bryophyte communities and life-forms
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Table 4 Comparisons of soil chemical properties of bryophytes among different degrees of rocky desertification surroundings

E‘Jﬁﬂ'}‘f‘%éﬁh 4 ek %%?L R0 A . ﬁii’#@iﬁf}%

Rocky desertification Community Total nitrogen/ Total phosphorus/ Total potassium/ Microbial biomass pH

degree (g'kg) (g/ke) (g/kg) carbon / (g/kg)

JG Nil S 0.434+0.012f 0.060+0.013e 1.913+0.014ab 253.552+10.531b 7.42+0.01e
M 1.768+0.197a 0.242+0.031a 1.870+0.030be 327.633+15.498a 7.17+0.01g

B RE Slight S 0.281+0.01g 0.056+0.003e 1.911+0.021ab 197.664+10.282cd 7.41+£0.01e
M 1.314+0.01b 0.093+0.014cd 1.921+0.013a 209.084+5.521¢ 7.19+0.02f

tHEE Moderate S 0.498+0.024f 0.064+0.014e 1.844+0.0187¢ 189.637+15.324cde 7.5+0.02d
M 1.104+0.153¢ 0.104+0.019bc 1.728+0.059d 193.909+20.629¢d 7.42+0.01e

Y Severe S 0.438+0.014f 0.053+0.014e 1.856+0.34¢ 169.253+£12.556ef 7.57+0.03b
M 0.934+0.033d 0.114+0.014bc 1.843+0.23¢ 182.866+6.757de 7.43+0.01e

W Extreme S 0.441+0.010f 0.072+0.011de 1.931+0.013a 162.745+£15.737f 7.82+0.02a
M 0.747+0.019¢ 0.114+0.012b 1.914+0.014ab 179.689+10.355ef 7.56+0.01c

S 45, Single community; M; {RAFEVE , Mixed community ; 3 HF BAG M [E] 7B TC B 35255, THIFR 73R8 A 835225 (P<0.05)

2.4 EHEERIYIRETE FIAL TR S R A v AR S

¥ 45 5 b 5 B AR A0 04 A 0 TR RV R i L5 R 3 fb 2= M AR AR AR DG (32 5) o TR A HEVE i Lb
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5, A BALPE O EA i IE AR G 288U | e S TN 2 2 R A OG, 5 A WAL PR W A O, RS
TN 20 AAC, 5A AT/ 52 38 E A OC U6 & B A ) B RE 7 RRAE AR 18 053 A0 R AiE 1T D3R AIE 7 188
FARBL ; TN \MBC 5 A BT o0 #BAA 76 0 25 IE AR OC Y G &, BT -3 v TN MBC 7] LSRR b 48 /R 1 B8 5T
AL
2.5 WA FREER R0 SRS R A R TUAR 73BT (partial RDA)

AR SCR R ICAR M7 48 7 A BE XS # A IREE 7R 3R [ A OGRSl B 2 S
FE A BRI DR 1435 17 1 A Rkt - 3 b B 5= I i SR, TR A A T (B BRI 18 A2l FI5 o i 58 X
%, it Partial RDA 43#T, 188 35500 FREE N TR Ah ) i E (18 4) , Hodig o500 5 Sk 2R BR
BeAs s LTS O L IR RS AR bR AR i, BT RN A R AT Sk 2 1R e A AR 2 AR B 2 ) A G
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Fig.3 Comparisons of soil chemical properties of bryophytes among different degrees of rocky desertification surroundings

x5 HXESW
Table 5 Correlation analysis
T e M‘E“f?:@’ Sjﬁf’ Semn e
Soil factor Score community community Wefts Turfs
TN -0.946"" 0.930" -0.930" 0.823 " -0.803 *
TP -0.589 0.655 -0.655 0.372 -0.367
TK -0.018 0.195 -0.195 -0.319 0.400
MBC -0.884 " 0.920 -0.920" 0.679 -0.648
A EEALTESY Score 1.000 -0.956** 0.956 ** -0.902* 0.867
#% R <0. 01; *; R <0. 05; TN; 2%, Total nitrogen; TP ; 2=, Total phosphorus; TK; =% | Total potassium; MBC ; ##{ £ #) 4 % Microbial

biomass carbon

o —HEF RS —HE R SRR AE(E 4> B8 0.725 F10.266 , 43 BIREE T 72.5% 1 26.6% H Py Rh %k 33 F1ER
BRIG NRRIE , BT R 99.1% , SOB T IREE— HIE—W Rl 9 4015 B . RDA 43T S G IR W pH |
TK F MBC JER R340 0 £ Z N, W45 PRBE N 52 P ik i P R s T8 — il e 15214l 522 00 401 T HE
Feah i, pH B R RDEIRE TK TP il MBC 43314340 55 — 4l 15 6 -2k, Ui T 52 2R B X 5%
SRR BT B R, S 1 SRR I B AR ARG N AR R A B AR AR IR TR T B R R R S K B X
2 IS5 27 P 5 HL 3% 43 [ AR F R, s B A kB

31 AEARXT R EAE Y 2R R R
WA AR BE IR 35 SR 10 AR PR 2 B TR B n a3, BE LR BE A I, 38K o R iRt 2k
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Fig.4 Partial redundancy (PRDA) analysis two—dimensional ordination diagram of Species, environmental factors and soil factors
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