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Abstract: Rock outcrop is a typical feature of karst ecosystem, on which there are complex
microhabitats and various colonized plants, but the relationship between these plants and
microhabitats is not clear. Taking a tropical seasonal humid forest in Xishuangbanna as the
research object in this study, we measured the morphological characteristics and external
environmental factors of 586 microhabitats on rock outcrops surface. All colonized vascular
species on these microhabitats were identified and counted. Then, Pearson correlation analysis and
redundancy analysis (RDA) were used to reveal the relationship between microhabitats (including
morphological characteristics and environmental factors) and vascular plants richness. The results
were as follows: (1) In tropical karst forest, the microhabitat characteristic such as soil depth
[(4.9244.00)] cm and area [(532.28 =1 575.10) cm?] have great variability. (2) A total of 1 518
individuals of 90 species belonging to 82 genera and 44 families were recorded in all
microhabitats, and karst preferent species that dominants on limestone accounted for 35.6%. (3)
The area size and soil depth of microhabitat can explain more than 70% of species composition
and colonized plants richness in RDA model. (4) The species-area relationship between the
richness of the colonized plants and the area of rock outcrops microhabitats shows an obvious
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exponential decay. In conclusion, microhabitats on rock outcrops in the tropical karst forest is
highly heterogeneous, the area size and soil depth are the key factors affecting plant colonization,
and the species-area relationship dominates the species richness pattern on rock outcrops
microhabitats.

Key words: karst, rock outcrop, microhabitat, habitat heterogeneity, karst characteristic species,
species-area relationship
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A. Distribution of rock outcrops survey sites; B. Schematic diagram of rock outcrops and microhabitats; C.
microhabitats on rock outcrops surfaces.
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Fig.1 Distribution of survey sites and microhabitats on rock outcrops surfaces in the

research area
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Table 1 Morphological characteristics and environmental factors of control checks and rock
outcrops microhabitats

, s . A 5
AR PRI P bR g%
Factor Habitat type ~ Average value SD /&V
HR CcK® 610.42 30.90 5.06
Altitude (m) MH? 626.66 23.56 3.76
Wehr CK? 1.80 0.84 46.48
Gradient MH? 251 0.93 37.14
B CK® 3.20 0.84 26.15
Aspect MH? 224 1.05 46.79
Y R CcK® 19.00 7.04 37.03
Slope (° ) MH? 16.74 16.69 99.72
P CK? 84.37 12.24 14.51
Canopy density
%) MH? 77.25 14.04 18.17
mE
MH i ) )
Height (cm) 127.70 98.16 76.87
VXA 4
MH ) ) )
MSR 0.59 0.26 44.06
S SN
MH 4.92 4.00 81.27
Depth (cm)
HIB MH
22 1575.1 295.92
Area (em?) 532.28 575.10 95.9
X MH
148. 1501.92 11.
Volume (cir?) 514833 31501.9 611.89
K
MH 24.02 29. 121.
Length (cm) 0 9.08 03
TR L
MH i ) )
DWR 0.39 0.43 109.10
5 42 i
LR MH 0.52 0.20 37.24
Circular

VE: CK. YR, MH. SO RMEMAR: a A CK 5 MH A& 520 K 112 5 B & Anid, ¥Whafr
ERARE.
Note: CK. Control checks; MH. Rock outcrops microhabitats; a indicates the significant difference level in each

factor between CK and MH, the same a means that differences are not significant.
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[B &5 1% Circular

B A 1
Circular

MSR. fifiith: DWR. IRFEH . *£RBEKT P<0.05; **LRLEE KT P<0.01; **FR/KEE KT
P<<0.001. T~
MSR. Microhabitat-stone ratio; DWR. Depth-width ratio. * indicates significant level at P<<0.05; ** indicates
extremely significant level at P<<0.01; *** indicates extremely significant level at P<<0.001. The same below.
B 2 MAESESRHME R EEE T Pearson X
Fig.2 Pearson correlations between morphological characters and environmental factors

rock outcrops microhabitats
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£ 586 M A Y, L& S| 1545 PRYEE RED MK, PR B 2.6 PRk H
W27 BRANMR MAE Y M LSS E, MORTEA, HiR 1518 #RAMAZ & 44 B 82 J& 90 Fh. JH
JEAED I EAYIIEL (36 FiD) >PEAR (31 F) >FrRk (23 M) , HIFARZE (763 #k) >k
K (494 %) >EAR (261 #%) , TR ZEL ARG HEFAEKR (66.0%) >T¢
AR (553%) >HA (30.5%) (K2) o U I 1 #REELARL NEWES (Ornithoboea
henryi) , BfIEFF (34 Bl 54 )8 57 F0) Wk B MEXES TEEM (20 30 J& 32 F ,
MEEAZ L (986 ¥R LINBEEF (531 #%) MIMIfE, EEMPGEERE (86.0%) KTk
WA (65.5%) (£2) o FTeARPLLUEEMANE, AR U@ AT, FATEHEIERAH
SHEEME A (K2 .

JEfEHEYH, KEEl (Euphorbiaceae) FIFFEE} (Urticaceae) #Fh%ii %, HH 6 .
Z &5 LRl Z IR N AR AR (Cleistanthus sumatranus)  (33.5%, FvAK, EEFD
Z A58 (Pseuderanthemum polyanthum ) (7.4%, H#EAR, FEM) H5i Mk (Lasiococca
comberi var. pseudoverticillata) (7.3%, FvAR, EHEF o JHJEFRFT ZKIONHIEAR (29.4%,
TeAR, &EEM)  Z2HIL7E (15.5%, #EAR, BEEM) . ZFm¥ik (Reissantia arborea)
(9.2%, ¥R, EHFD o

K2 BAMESEEEYIEER KA EERNERBEHR (n=586)
Table 2 The life forms and karst adaptability types of colonizing plants in rock outcrops
microhabitats (n=586)

AR AVEN REEE EEH mRbt Z2ESR VE) RS
Life PR Family  Genus Species Abundance  Distribution
form Karst ratio ratio ratio ratio ratio

adaptability (%) (%) (%) (%) (%)
group
PN EH M 0 0 0 0 0



Trees Exclusives

A

15.9 14.6 14.4 494 53.2
Preferents
EBE:)
&?Lﬂj 22.7 12.2 11.1 0.9 2.0
Indifferents
ANt
38.6 26.8 25.6 50.3 55.3
Sum
%;ﬁ.ﬁj 0 0 0 0 0
Exclusives
3 SERT
A SEEA 159 110 10.0 8.6 18.1
Shrubs Preferents
[SiEBEEY
1. 24.4 24.4 23. 48.
Indifferents 318 39 80
ANt
40.9 354 344 325 66.0
Sum
%ﬁ.ﬂ] 2.3 1.2 1.1 0.1 0.2
Exclusives
\ﬁﬂ—p
S BEF 20.5 11.0 11.1 6.9 14.7
Herbs Preferents
EBE:)
&?Lﬂj 38.6 293 27.8 10.2 15.7
Indifferents
Nt
50.0 37.8 40.0 17.2 30.5
Sum

E: BHEE (%) = BEVEUREY S R#Ex100; &5 (%) = SEYIER RS S8 <1005 Yifh
(%) = B SFEx100; ZRELLE (%) = FHEVRBNZ E/ B2 =100 FEE
F (%) = BAHYIIY G JE A SR U S < 100

Note: Family ratio (%) = Number of families by each plant type / Total number of families *x100; Genus ratio (%)
= Number of genus by each plant type / Total number of genus x100; Species ratio (%) = Number of species by
each plant type / Total number of species X100; Abundance ratio (%) = Abundance of each plant type / Total
abundance x 100; Distribution ratio (%) = Microhabitats number of each plant type / Total microhabitats number

x100.
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Pearson HHPESE RIS, MELT AN T GREfl, 800 R, B2 mHEE .
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PR LIRS YRR A BOR IE AR A

AR ST R STHAR SL S iR, PP a3V, ROCHERR L
AR AL, Z S A SR R 1 5 S A A LR E TR 70 (RDA) (K 4),
RDA1 Bl (1 il B FE XL 90%, THAUN RDAL Hif Slk B R (3R 3) IR AY 1) fid e
K, BIEE 50%, HOGREG, 8 20%, WAR. IR A AR R L e AR A SR AR AR
ENERBPAYETE S AR
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Fig.3 Pearson correlation between factors and species composition richness in rock outcrop

microhabitats
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A. RDA ordering map of life form; B. RDA ranking map of karst adaptability types.
K 4 EAMERYHETS5HEEYMNEEER RDA HFE
Fig.4 RDA ordination map of factors and species composition richness in rock outcrop

microhabitats

®3 BEAWMERYHETSWMHAREEE RDA EEEHFNEZERK
Table 3 Results of RDA importance ranking and significance testing of factors and species
composition richness in rock outcrops microhabitats
A s A T R A
Life form Karst adaptability group
AR HIM ffREAR HEM fil A

Factor HF Explanatory F i PE Hee Explanatory F1a P1E

Importance variable F value P value Importance variable F value P value
ranking (%) ranking (%)

% 4 1.6 4.4 0.014* 8 0.2 0.5 0.598

Altitude (m)



1A
Aspect
W
Slope (°)
IS A
Canopy 9 1.0 2.7 0.060 9 0.1 0.4 0.642
density (%)
=58
Height (cm)
AL
MSR
+F
Depth (cm)
[iigA
Area (cm?)
RTE L
DWR
HEE
Circular 6 1.4 3.8 0.024% 6 0.9 2.7 0.096
coincidence
(%)

5 1.4 3.8 0.041* 7 0.6 1.8 0.154

8 1.1 3.0 0.051 4 1.0 3.0 0.071

3 2.0 5.6 0.009** 3 1.4 4.2 0.024*
10 0.5 1.3 0.250 10 0.0 0.1 0.863
2 25.5 71.4  0.001*** 2 23.8 70.2 0.0071***
1 50.1 140.1  0.001*** 1 50.5 149.2 0.0071***

7 1.1 32 0.035%* 5 1.0 2.9 0.066

7E: MSR. fAf7ith; DWR. iRTELl. *RREZFKT P<0.05; **RKRIEZ KT P<0.01; R RIEH

7KF P<<0.001.
Note: MSR. Microhabitat-stone ratio, DWR. Depth-width ratio. * indicates a significant level at P < 0.05; **

indicates a very significant level at P<<0.01; *** indicates a very significant level at P<<0.001.

ORI A R B, R B B TR 6 R — R AR MO A % R
(y0.13-7.96 % pog ss) » BRTTBUHEK, PORREL 5 Sttt K T 5 2B M K S
FROEMEMES (A S) o BRETBIGRK, BB KRB RLON 10, M

FREH (Sm X 5m) FIFEMIRECN 9.6 B, —FHMIEL. AN, BRIL 88%IKEE KEA
YR BN 1 A2 X3, 7ETEA/NT 2 000 cm? AV 4E T 29 93% 0%, 1 70% 1 5 s S h 7E

MHAL/NT 200 cm?.

10
8 |
7]
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3
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Fig.5 Species-area relationship of rock outcrops microhabitats
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31 AABRAROMEBESRERKTE

AR B R 1 R A T X T B MR ) OB R 2 (Ben-Hur et al., 2020) , A2 5T £ 2L
IR M B EAR LR MR B R AR SR e R M S A 2 A G R GRIBLE, 202D,
AN T AR —thom e, BRARIEEAFENEYEN GEAESE, 2018) o KPS
(2002) fz 7 A4 0 SRt 32 /N AR B K A0 A Re ARl 40 5 Vs /N AE B 2R A, FE P R WP 3T
W XN BERIE U AR 2072 B o ARHIE 7T DLV ARV b 8 A 32 T T AR AN A B D A
WARHAR RIS FEEER LR,

IREZH R CAH R T AR ADNERE RIS /NS AR L ET S
R 72 R 2 [0 & CEHEANSE, 2007, BHEHLEE, 20105 XI54%, 20165 RKAESE, 2018).
IAEs AR, T R A AR BRI e U v AR EIAE A B RR B I e FE AR e, iR B, KCBE
AL AR TR GRIEEL. RIRFARD , Wl AIE R SRR e RN 2R A
T FC ) B8 A T AR SR A TR 221X 20 100 m 3G B A AR AR, TR 2 B e I TIp v L
AR T %08 95% LA b, 045 R ROBE T /K SRR I s 22 5, BB DAL - o) Al A 55 e I
PR TTERAR O DN, WA X AL T S RE SR R T e B 22 57 o DAL, AHIEFe () iR
A TR AR R 1 S o P ol | SRR e, JUH R AR FIRFE o 245 BOAS [A] (R AEL A 26
RAR, B A R T AR 35 R PR DR 1 22 BV 3 K, AT RE A BT 150 ol A 5 S o 28 1) i ik A2
Bl 35K
3.2 FEEEEEY VPP A RURE

AREFEH, FEA AR BT E4EE Y E L 1.1 [F] DX B SV AR AR X A 4
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