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Abstract: The surveys about cliff plants have been faced with the problems of high costs, high risks and difficult
identification because they are inaccessible. In this study, an innovative survey method, UVA close-range photography, is
proposed for the identification of cliff plants. By studying the relationship of the Margalef index, Simpson index and Pielou
index of cliff plants, the effects of altitude, light, site conditions and water vapor conditions on cliff plants are explored. In
total 267 species of cliff plants which belong to 58 families and 140 genera are found in this survey. The results show that

the relationship between the species of cliff plants and the change of altitude follows a normal distribution, reaching the
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peak at the middle altitude 700—800m. The Simpson index and Pielou index reach the peak at low altitude, which decrease
with the increase of altitude, but do not show an obvious change rule; under different site conditions, the species
composition, dominant species and occurrence frequency of plant communities are different; the correlation analysis of cliff
plants shows that there are different significant relationships among the indexes of cliff plants when the light conditions are
different or the site conditions are different. The difference between the cliff plants close to the water area and the control
group shows that the species composition and quantity of cliff plants are affected by the water vapor conditions among the
cliff walls, and the higher the water vapor condition is, the more abundant plant species are in the area. The characteristics
of the distribution of cliff plants are the result of the combination of altitude, light, site conditions and water vapor

conditions.
Key Words: UAV; cliff plant; close-range photography; plant diversity; plant correlation

“HER A R s TR PG AL B LR AR T B I SRS I IX R E 14 ARl b AR ) 2 HE T
Xz — ) RBRIR X A ZRE R A B T O RIS S s, JE P - H AR X R
SRR X, SR A X A0 AT | 2R A 22 10 iy 38 SR AN rp R A A B R O A DX A o A
Frf BB RAL TR AR A = By BN SE s i T A R A SR i M R SRR IR A
U 3103 JB , WA S A AE MR AK 200—1200m , WA B LK B LEORANGE , 5 1A Sk 22 F T AR MiE
WIRETE L H 1959 AEE A B NN R EARYEAS RN B OR AR R A T 0% K A A, (R 5 318 L 2 76
S ] LIRS A sk , i AR TR RE . MY — EoR R G A g Y

W e R B S — HR IR E SRR S 2 — 1 [ N Ah 2 3 R ) 22 R A 8 2 T 5 45
SRR IR E JEIR ST T R IR N R R A R R O A AR K B R Y R AR
FERBEIREE AR ] S5 B AL G vk AN FE R PR, PR IAT 56 B2 BEAR 0 1 2 REPET 5 43 B
FEARH W, R REHDIABENY , 2R ZHUR IR IR ae 1 25, 4 Rk A e v A a2 BE A ) B
HA — Y Y A2 AP R AL 2 R e Al I8 A s il Az vk | AR A IE N 2 T I A Ry
PECY DRI, B RE R A R A RS T A A TR S A T AR E R R SR, TR B Ak T
X ARSI E R,

JEE RER I 5 S W R FH R CRAE 7 VA 73 2 I fE R K AR IR A 8 I T Ik A I %, T 2 S FR
BEAARZRE Y AN 0 SR T R e 0SS B A0l , 30 el b ) R A T IS IX R, 285 A e PR B
TF IR B REMIRIIF 5T, (R0 A vk R B F AR M bR 32 R E ek 22 BEE B APLE AR B
S J  FRR R A R) RGBS AS RS e, (8 0 A ALAE AR A A 5 5 W) v 3 A5 32 I ) R BE R R A
BE T AMLRE 5 A A 5T 55D | 28 35 4 Hh—Fh 3 T AMLAL S5 (0 i RIOJR 4 Jr vk | O B T L 0 98 4 F 5 446
— BT TN R AR ) B RER Y AR B BB LR 4 AR 1) ANFEDCIREE T R
FEY B TR R AR AT (TR 2 2) BERERE ) 2R S ST AR Z Y SE Ry 3) B EERE W) 2 FE MRS 4L
(] PR AR O DG R AT 7 4) IKIRAR 2 A5 5 i 22 BEAE ) Z2 Rtk 2 LU Ay 2 AT ) A B e — oA s s i, A
WFFE A= 358 T R A A R R —FloBT I
1 WRMER

B 7 SR8 =7 T [ A RS 4 PE LR, M AL 2R 28 110°20730"—110°41'15" b 45 29°16'25"—
29°24'25" 2 [i], X N A AV A TEARF & 24 Wkt @ B AT, B R E0%  IROKRE I 2 . N2 A b 5
WAL R AT 2R Fe R AR 55, K 23 28 e, WA A A AR AR R AN PR 0 A b F) A A
FREL S B A= Z e AE A AR AR S T B R B o ZU A Rt . BB VR 5 A AR5t b s vh
VARG LR 2 XU R A | X AR R4 /K B 1380—1450mm, 55 AR R 1 274d

http ; //www.ecologica.cn



16 1 RAEN A5 T AL SR B BN A B BERR ) 2 REPE AT 52 PP ) 1 6667

1 FREHER
Fig.1 The study area

2 MEEAEE

2.1 SLHLEA

IR EE (BN TTFAE SR ETE ) ARG, TTANLEE R T 2019 4E 7—9 H . SEHiH A
i, EA Wb R A [R] A B BEAIL Pk 33 o 2 IF 98 XY 150 2H R BEAEAS | I 22 50 2% A A AT ik
B, SZ WA RGPS {55 B2 BE ] SA PR A5 DR 2R R, SIS 1 01 G 07 2 11 3 0 1 BE T ) A R kb T T 00 B
BEREAS SR A 1 197 JEEERE

TAHLE LS, DIT Mavie 2 PRO JC MLV I T B )™ S OB 45 ke R M . 8
6, TAHLE RJG 78 AT 5L AT WL L P ) 2 o 1 B | A8 & 30 1 T, DR BE S AR T 1 A R I b &3 [A)B% 10m
(PRAE B2 REAR W 77 [A]—BETA b A LL0E ) R — B RERR R JC A ML 45 o I 25 B BE T 3—6m (fRIERE A3
W7 7S R BEARIRRAE ) | F0K 10m [~ RR 5 0 #1148 2—3 5K B REAR Y IR v 705 AL B p R0 OR B FR
2.2 HEYEE

AR R IR B A SR b R B IR SR, B 3 A DL B T E R MAEY R T K A
FIRE) (TR HEAR JBEAS) FETT“ T 55757 S8 TAE , 38 IR U 1) 48 5 435
2.3 HEAE

W BEBERE ) S e S5 R Excel 3RA% , 17 B BEAE W) B 5 | 1 4% BE BEAR W) 5 T AHLAR R 18] )7 i ) 22 443
JEE HFHR R B AT A B ARG N ) ARG 0L o RS e AL A JBE R0 S 2 BE AL ) i ALk 9] YT ] B i 5 g o
) R I RS b AR
2.4 Hdukb

TF5 DX I B AR TRE AR 2494 400m, B (R TR 20 1100m 25 R B 5 DX Hi P 114 65 W R R SE M JEE | K Vg A 4
100m [B] FRR0 480 B2 | FF-S8 11 BE R W) R T e AR B2 7S AL U . g — TR AORE JEE | X 2 E R R AR ) A1 1) H
EAEYHEAT G BUBEG TR, LIS E BRI

AR Wy b S 5 25 5 11550 F I8 A [ B TR R T 22 RE MR B, A4S Margalef F R SR H(D,,) |
Simpson §4((D) #1 Pielou ¥ EH8¥()) , BEITHEAKXUT .

Margalef =& FEH5 4L

http ; //www.ecologica.cn



6668 JAE = 41 %

D, =(S-1)/InN
Simpson 541
D=1-23p
Pielou 5] EHR%L
J=(- Y plnp,)/InS

Krp, SIREBFEE , p, =n/N R i DNYIFAXT Z R, n, B i DFAEREE , N SBEE A R
RN

iz ] Excel 2013 SPSS AT 5 G 1T A, %F R B FR AT AN 6] 57 o 25 F RS T i R
JE g SRR OGO RTINS

3 HBREHS

AR A I B 267 FPEREM Y, 3@ 58 BHAI 140 J& , Horp i BUUEUR 2 R I AL HE AR ( Ericaceae,
s=2077) KA 73 Bl (Fagaceae, s = 1299)  FAFL (Pinaceae, s = 1042) , H BSR4 531 4 22.2% . 13.9% F1l
11.1% . PR i BHEY N 35858 ( Rosaceae ,n=27) , iR WFEES LR} (Ericaceae ,n=17) , B F} ( Lauraceae,
n=14) PG HEL ( Rubiaceae,n=12) , . F} ( Fabaceae,n=12) , ELIIFA ( Pinus tabuliformis var. henryi) . 2 X ¥k
( Quercus phillyreoides) . J& FZ 1 ( Daphniphyllum oldhamii) SFFEY) 43 AR TG BB, HLAE I A R b A 505 B e s
He
3.1 AEDGREGAS T HEY) o3 A A2 AR

PR T 7% 5468 4%, 438 53 126 J& 236 T Em O o
Fir, B A M40 5 3890 4%, 43I 52 B} (116 J& | 187 o &7 hmdh e BURGD
RGN SN R Il e S AL LT o ol JEAN
(Smilacaceae ) | 44 Wi i B} ( Staphyleaceae ) H 7E B I 73 100 -7 \\

90
80

fi, 1 # B F B} ( Elaeagnaceae ), b i # Al

( Verbenaceae) #iiF}( Ebenaceae ) {X 43 #i 7 BH A, 58 ¥ ol

I3 I6FY T A A P e 5 B A o R T S AR IR B E S 53 A 60 |

[ B T A A Rk g Rl B H 5 Margalef 35 8035978k 700— 50 |

800m Z3 B N ILBIIEAE (&1 2 &1 3) . BIBH Y B2 REAE ) T

TEA R HEH S B P HE R L O IR (K 1) 1
R [ T A B A AL IR G R L AR IR R X B,

TR ISR 2 ) R 28 i ) B R 33 3 T (. 38 25

Bl VR P T, 2 XU ( Quercus phillyreoides) i L1 21

( Rhododendron mariesii) % LA ( Pinus tabuliformis var.

henryi ) - H A PH ik 1) B REAEL ) DL S5 Fh . PH THT 22 B E2 MHE.AEES AR 5D

THYI Simpson FEROAENEIFIR 500—600m 1% F {1, B Fig.? S.um?y si'de, shady side plant distribution family, genus,

HEHR 02 ok B AU BRI Pielou HHs gl T

35 G Pielou 488U L& AH R, B4k 2w A7

Ak,

FFY 1T 22 BEAE ) 1Y) Margalef 840 7E 3K 400—500m X835 2 41X, 75 900—1100m 34 X 8] H 21 ] 7 90 5
(E3), BIE R Simpson FEEE(E T PLAE 400—500m I X (1], 118 B2 REAF 1 Pielou & B BE IR 1 5
BIETREG b T 28 A 5, F i AR BLAE T8 4K 800—900m X [1], Bl 4 ¥ $& 19 7 &1, B LU AR ( Pinus
tabuliformis var. henryi) BT XIBE ( Quercus phillyreoides ) B A B THT H AT fe 22 (A 358

¥ Quantity

500—600 r
600—700 r
700—800 r
800—900 r

400—500
900—1000 [
1000—1100

HFPK X ] Altitude interval/m

http ; //www.ecologica.cn



16 4

FRES

A TN S B O B BERE ) 22 REVE AT 52 PP A 1

6669

Margalef=3£ 5 5

Margalef richness index

SimpsonFg %

Simpson index

095

0.90 r

0.85

0.80 f

0.75 t

Picloudy 5] BE+ %k

Pielou evenness index

0.70

0.65

400—500

500—600

600—700

700—800

800—900
900—1000

1000—1100

400—500 r

500—600

600—700

700—800

800—900

1000—1100

W IX 6] Altitude interval/m

0.975
0.970
0.965
0.960
0.955
0.950
0.945
0.940
0.935
0.930
0.925

400—500
500—600
600—700
700—800

800—900

1000—1100

HEK X ] Altitude interval/m

Dma-T

Dma-Y
Dma-G

B3 [HE.AEENFEERN. SHEEER DAEREREESH

Fig.3 Plant richness index, diversity index and evenness index were distributed vertically on sunny and dark sides
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Table 1 Distribution of dominant plant species on cliff at different altitudes
i TEAR B B AL PEFRh Kt B
Serial number Altitude/m Sample size Dominant species and frequency of occurrence
2 15, XK SRt
vl 400—3500 i WL 12 o L X BR 2 dike
Rhododendron mariesii Quercus phillyreoides Pileostegia viburnoides
- <00 585 49 L E il 33
415 Quercus phillyreoides Daphniphyllum oldhamii Rhododendron mariesii
Y3 600—700 L XIHR 127 TRz HE 71 Wil 70
791 Quercus phillyreoides Daphniphyllum oldhamii Rhododendron mariesii
y.4 700—800 X 172 i 124 WL 109
1148 Quercus phillyreoides Pinus tabuliformis var. henryi  Rhododendron mariesii
B XI#k N i ALIES
v.s 800900 5 XA 108 Ciliios LT3 -
809 Quercus phillyreoides Pinus tabuliformis var. henryi  Rhododendron mariesii
5 IER 1 v 162 WAL 117
Y-6 900— 1000 5 X AR 6? ' EIJ.WL 6' . . i ITEAN o
1120 Quercus phillyreoides Pinus tabuliformis var. henryi  Rhododendron mariesii
LA LS LA
V.7 10001100 Liliror . '%l_H"fL68' . WiLLZL 60 o
603 Pinus tabuliformis var. henryi  Quercus phillyreoides Rhododendron mariesii
% Rz A Wig X ¥k
G-1 400—500 ERii 8 y ALIEL 8 o SIS
132 Daphniphyllum oldhamii Rhododendron mariesii Quercus phillyreoides
Cn 500600 TR B 13 WL 12 LR 12
116 Daphniphyllum oldhamii Rhododendron mariesii Quercus phillyreoides
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Fig.4 Diagram of site conditions of cliff plants
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Fig.5 Vertical distribution of plant richness index under different site conditions
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Fig.6 Vertical distribution of plant diversity index under different site conditions
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Fig.7 Vertical distribution of plant uniformity index under different site conditions

Pl o B A~ B AR IR 22 - Dy, =T Dy, =Y Dy, -G 735U S BT BH T AY Pielou 5] EEFREY Pielou evenness index
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Table 2 Correlation of species diversity of cliff plants

DY
Dya-G

1000—1100 r

Margalef Margalef Simpson Simpson Simpson Pielou Pielou Pielou HEZ73

[S3N] [ SPEEL [S3N] PR T SFEEL Sl FH I Altitude
Margalef 545 % 0.523 0.854 " -0.142 0.005 -0.229 -0.418 -0.273 -0.729 -0.240
Margalef B i 0.493 -0.823 -0.690 -0.805 -0.922 -0.919 -0.280 0.690
Margalef [ [ -0.284 -0.317 -0.184 -0.506 -0.316 -0.702 -0.138
simpson &5 EL 0.897 ** 0.909 ** 0.953** 0.930 " 0.226 -0.867
simpson I T 0.640 0.837" 0.839" 0.138 -0.808
simpson [ATH 0.870 " 0.829" 0.194 -0.794
pielou 55K 0.958 ** 0.413 -0.731
pielou BH T 0.284 -0.817
pielou FATA 0.246

wx FHEHT BENEKT P<0.01, = AHIEMT B3 K F P<0.05
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Table 3 Correlation of species diversity index of rock wall
Margalef ~ Margalef  Simpson Simpson Simpson Pielou Pielou Pielou (223
I i A SFEEL I 1 FH SFEEL I 1 PR Altitude
Margalef &35 %L 0.241 0.774 " -0.188 0.010 -0.412 -0.387 -0.073 -0.586 -0.306
Margalef B i -0.323 -0.267 -0.158 -0.478 -0.304 -0.502 -0.280 0.249
Margalef AT -0.292 -0.211 -0.306 -0.453 -0.071 -0.605 -0.161
Simpson SAFEEL 0.966 ** 0.936 ** 0.974 ** 0.922 ** 0.903 ** -0.845
Simpson B 0.823" 0.914 ** 0.925 ** 0.796 " -0.909
Simpson FHTA 0.949* 0.868 " 0.937*" -0.712
pielou E5 %k 0.897 ** 0.968 ** -0.726
pielou FATE 0.777" -0.874
pielou FHTA -0.566
% AHOCAMT B KT P<0.01, * AHOCHMT % HEKF P<0.05
F4 EMERDTESEEREHEXXER
Table 4 Correlation of species diversity index of vegetation
Margalef Margalef Simpson Simpson Simpson Pielou Pielou Pielou TR
S3N] A R4 3 e FH IH SFEEL it} FHH] Altitude
Margalef A 455X 0.574 0.951** 0.574 0.260 0.806 " -0.871 -0.719 -0.870 0.331
Margalef B i 0.328 -0.124 0.864 " 0.385 -0.700 -0.845 -0.691 0.705
Margalef AT 0.628 -0.018 0.852" -0.819 -0.587 -0.815 0.241
Simpson EIEEL -0.334 0.513 -0.211 0.063 -0.198 -0.268
Simpson BAT 0.019 -0.407 -0.565 -0.463 0.414
Simpson FH A -0.870 -0.613 -0.809 0.567
Pielou B 5%k 0.885 ** 0.965 ** -0.671
Pielou B i 0.800 " -0.766
Pielou FHTA -0.561
% AHOCAHT R FEMEKE P<0.01, * ARICSHHT 2 HKF P<0.05
x5 ETHEEDMSEEREHEXXER
Table 5 Correlation of species diversity index of cliff top
Margalef Margalef Simpson Simpson Simpson Pielou Pielou Pielou TR
[S3N] FH THT SFEEL [S3N] FH 1H7 SFEEL it} FH I Altitude
Margalef A 455X 0.865 " 0.819" 0.437 0.604 0.498 -0.525 -0.755 -0.595 0.830 "
Margalef B i 0.590 0.701 0.880 " 0.287 -0.239 -0.636 -0.243 0.613
Margalef [H 1 0.180 0.397 0.839" -0.678 -0.808 -0.789 0.934**
Simpson &\ F5 5L 0.881** 0.104 0.484 0.041 0.409 0.067
Simpson BAT 0.190 0.142 -0.307 0.115 0.317
Simpson FH A -0.475 -0.581 -0.632 0.807
Pielou B 5%k 0.877** 0.966**  -0.793
Pielou B i 0.845" -0.915
pielou FHTA -0.867

“ AR BFENEAKF P<0.01, = HASHT REMEKFE P<0.05

3.4 KPS EERERIYI Z R RY

S2A
o

M)

AR R RERE AR T AL T 1097 SRIE/K EREERE AL . A T IRGEKIR SRR B BERE ) AP TC 5
e, FRATT B AL = 2 45 1097 S5AR 3K B2 BERCHR AR S X B AT 20 B o 3 7K 8 BEAE 1 4 v il IR AE AR 4k
400—800m , H#EHA = T 800m JEAHYIBHE A & A T REEH, IFTE 1000m BRI SR (18 8) o [a]x B 2H % dis
AL, K R RERE YA 2 Y R BcE . HH B C B ( Menispermaceae ) B T~ F} ( Elaeagnaceae ) Al £}
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Fig.8 Vertical distribution of the number of plant species near the cliff and the control group
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Fig.9 Vertical distribution of plant diversity index near the water cliff
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