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Abstract; The underground forest of the degraded karst tiankeng is mainly distributed on the inverted stone slopes of
different slope aspects. In this paper, we explore the role of environmental filtering, competitive exclusion and random

processes in the underground forest community assembly in karst tiankeng, which is helpful to reveal the value of species
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refuge of the karst tiankeng, and provide scientific reference for the protection of tiankeng plant diversity and ecological
restoration of surface outside the karst tiankeng. This study took the Shenxiantang degraded tiankeng in Zhanyi, Yunnan as
an example. Mainly combined with functional trait ecology and phylogenetic methods, we investigated the soil environmental
characteristics, functional diversity variation, phylogenetic signals and phylogenetic diversity of plant communities in
different slope aspects. The results showed that: (1) the soil environment varied greatly from slope to slope, with the
greatest degree of variability on the eastern slope compared to the southern and northern slopes. (2) The dominant
populations varied considerably across the slopes, among them, Fagaceae plants had relatively large abundance, Quercus
pannosa had the highest population abundance on the northern and eastern slopes, and Cyclobalanopsis glauca had the
highest population abundance on the southern slope. The functional traits of dominant species were different across the slope
aspects, the degree of variation was medium on the whole, but the degree of variation was the largest for the dominant
species on the southern slope. (3) Leaf width, leaf aspect ratio, leaf thickness and specific leaf area had strong and
significant phylogenetic signals (K>1, P<0.05), which showed that the evolution of traits was strongly influenced by
genetic factors; While leaf length, leaf area, leaf dry weight, leaf dry matter content and maximum tree height had weak
phylogenetic signals (K<1), which indicated that the evolution of traits was greatly influenced by habitat factors. (4) The
assembly process of plant community in each slope acpect was dominated by the environmental filtering and competitive
exclusion effects of niche theory. During the transition from the slope aspects from north to east and south, the environmental
filtering effect of plant community assembly gradually decreased, and the competitive exclusion effect gradually increased.
The northern slope may be dominated by xerophytes as the mainly constructive species for a long time, while the southern

slope may eventually succeed to a subtropical humid climatic top community in the future.
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Fig.1 Location map of Tiankeng and schematic diagram of plot layout
N: dt North; E: 78 East; SSE: ARl south-southeast.; S: B South; WS: FiFg southwest; I . KI E#Bil1 A Upper boundary of tiankeng;
I . 33 T Bl Lower boundary of tiankeng slope; I : KILFFAKET Arbor quadrat in tiankeng
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Table 1 Soil environmental factors of different slopes aspects of Shenxiantang

it 5iH AR e HHEAHUR 25 e e A T HAL
Slope Lo WO/ o SOM/ ™/ TP/ TK/ AN/ AP/ AK/

aspect (g/kg) (¢/kg) (g/kg) (g/kg) (mg/kg)  (mg/kg) (mg/kg)
Jek il 31.63 7.49 55.30 2.03 0.67 11.75 105.3 475 139.50
North slope  ZRRH/% 4474 2.17 69.30 55.52 19.45 48.75 25.65 447 28.89
FR B 39.50 7.16 64.40 2.66 0.50 5.10 185.20 5.14 87.93
East slope A SRR % 23.57 19.21 98.81 94.49 21.99 30.50 71.22 86.61 78.83
bk il 42.06 6.55 68.80 2.65 0.55 14.33 164.67 771 113.93
South slope  BFREE% 13.98 10.74 35.37 38.85 19.93 41.08 39.84 43.74 43.35

SWC: 137K Soil water content; SOM: LHEAHLITT Soil organic matter; TN 2% Total nitrogen; TP 2§ Total phosphorus; TK: 24 Total potassium; AN
AR A Available nitrogen; AP B Available phosphorus; AK: FEELA Available potassium

2.2 AN[EBE A FEYI VR AL
AT IR 26 Bl 40 J& 47 FhpFp (B 2) , Hdrdbds 15 F 23k 20 Fl, B3 45 B, A SCHAS A B R)
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weinmannifolia) , FEHAT P A SR DU BE L ( Dendrobenthamia capitata) . 75 K ¥4 ( Broussonetia papyrifera )
(%£2),

g &
S s R
=} = 3
= 3 o “\\
(:\} = 8 3 \5 é
E E 2 £ $ §
~ = 2z T § § ¥ 5§ ¢
-2, % > = o °‘1 5 o §
° = Vo Y g 3 N § S .
% © 2 o 3 = | N N Q& &
= < = \ a S o s $ | X
@ Z =2 =z $ z 8 § § 5 & ¢ %
e{% = % % —3(; = X ‘g N § § \o\b@
. =, - =
< < = = Q %0 o > 0‘5\ OON\
2 N > > § . .
k k = e & 3
% 7, = g . )
N2 2 \ ‘0\\\
’ K o n
% < o E
’3' Ze, @(\ Q
’ ) WS
%y o Dy e\’c “
@, \ |
B, 2y, ” y
Ber, (2 excus/
2 g, o’
Z,
Urny, )
el
\Pr,,pl. N |
. sis_glaw
lobalanoP
o Cyc
\congest”m "
Carpinus.monbezgzana
Tylophora_ovata
i Coriaria_nepalengig
meinus,grlff” !
Qufy
. "a_bracy,
retuS -
| - (S
Chlonan (4 QCIQ .
h'mans ) .
an,
um N "
(and g )
o0 .
)0 o e .
| / S,
S\m ¢ ) < A
T L,
ol o 5 )
R 4 ‘xo“ N % 2 .
A ¢ & "y ., )
A Y 3 ~ 3 ] .
a© & & N\ S s 3 5 ,
N & Yy X s . N 2T e > %,
\Y & N § § & o ¥ = T . o )
& N N SN 3 g ) 2 5 . 3
N\ B\ @ § B > % % . 3
vy & § 8 3 8 Loz 7 %
O T T 3
& N % 2 I E} = \w;
¥ O N S 5 1 .
Q 8 5 S > % 1
i ] S . .
Q 5 g . 3
& $ 2 1 5
S 3 S
§ z 3
S 3

B2 REREH
Fig.2 Phylogenetic tree
Berberis pruinosa Ay iF /N BE . Toxicodendron succedaneum: WY ; Rhus chinensis: f;’iﬂk?k, Pistacia weinmanniifolia ; bk N Zanthoxylum
bungeanum ; TEML; Hypericum acmosepalum ; UNE Y% Populus yunnanensis ; H s Xylosma racemosum ; *’F?k, Dalbergia mimosoides ; % }%%;
Acacia farnesiana ; &AW Bauhinia brachycarpa : ¥ 2EEG W Coriaria nepalensis: ©3%; Carpinus monbeigiana = R A Quercus aliena
WiBk s Quercus variabilis . 1 B8k ; Cyclobalanopsis glauca: T W5 Quercus pannosa; ¥i5 Kk ; Rhamnella franguloides ;: JiiFL; Celtis tetrandra ; VUES
K Morus mongolica: 523&; Broussonetia papyrifera ; Y8 ; Debregeasia orientalis: /KWK ; Photinia loriformis W A #; Pyracantha fortuneana .
K35 Cotoneaster franchetii ; VQFGHIF ; Armeniaca mume: H§; Photinia glomerata: BRAEATIR ; Cerasus scopulorum : EEFEME ; Fraxinus griffithii: St
BERS 5 Chionanthus retusus ; I 5 Tylophora ovata ;s T JLIE ; Rubus rosaefolius ;. %5 038 ; Viburnum propinquum ; BRAZ%IEH ; Viburnum congestum ;
BEAEIERE ; Rhododendron spinuliferum: $EALAE; Camellia pitardii: V88201128, Ternstroemia gymnanthera: J& 575 Diospyros kaki: B Hiy
Diospyros lotus: 75 it F; Myrsine africana: #:4T; Maesa japonica. ¥:25 115 Alangium chinense: /\ i ; Swida oblonga. ¥ [ M %k A ;

Dendrobenthamia capitata; S<RVUHBAE ; Pinus yunnanensis; ZFaHN; Pinus armandii: 810K ; Keteleeria evelyniana ; = F§ilAZ
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Table 2 The top five importance value species in different slopes

YFh i e Yy e
I 1) YiFp EEA Ratio of B 1) Yy Ff EEAH Ratio of
. Importance . . Importance .
Slope Species dominant Slope Species dominant
value/ % . value/ % .
species/ % species/ %
B#73 B R 36.29 65.00 BRAZ 9.90 15.11
North slope ISRV N 18.15 15.25 Stk Y R AE 8.18 0.20
BRAZ 8.68 4.00 pd SR A 30.30 7.88
% 8.37 0.25 South slope HMX 13.99 33.81
T H Bk 8.03 3.00 Tt 7.40 14.19
R B 24.04 32.41 KR A 5.88 7.23
East slope T B2 BR 20.12 15.11 e Bz AR 5.60 5.81
HEA 10.40 17.3

Pt oty LG 25 W R A o5 253 1 B A W R R G L

2.3 BRI RIUAFRE AR DR RAS SRR

URBEIE A 1 A B R SRR SRR v 45 SRR Z R AfE 22 5% . 3R 3 Ok B 7edudk , i ThfE
PR AR S8 B o KR R I TR, i /N AR B H T 530 P o A I PR 0 S R B e G, I v R S R /)N
TR A 3 A 2 TR S AR B A K P B A S R /I 5 AR BT AR R R B RS A AR S AR R A O,
Fdpe/IN, T A T FR AR SR R AR, 5 B/ 0 5 T 30 S FR D R A R Ry A 7 A 1 A S R e R, R B
JIN TR R T A SRR e K, R B /N = AN ) A P A e 2R 3 i R A I AR SRR K
(54.26%) , 7% 2L Fe/IN(8.66% ) W L2 e 3 75 X R I, AR b A B A b A S5 A8 B A R, AR BBEIR
Z, A R A AR B RN

R3 RIGERREEAE DI IR T R

Table 3 Variation characteristics of functional traits of dominant species in different slope directions of Shenxiantang

i DRER e oo ke wER g owen (T8 TR
Slope e Item LL/mm LW/mm LWR LA/mm? LT/mm LDW/g IDNC/(/e)  (em¥g)
h[#)3 B R HifE 58.29 53.03 1.1 2618.69 0.51 0.5 0.67 51.4
North slope i 12.54 11.21 0.12 984.06 0.15 0.15 0.21 7.61
5 RE % 21.51 21.13 10.82 37.58 29.2 29.33 31.17 14.8
KRk HE 49.87 34.99 1.43 14.71 0.46 0.35 0.59 41.46
ik 10.44 4.34 0.28 4.09 0.14 0.07 0.15 4.68
S AR % 20.93 12.40 19.38 27.79 29.60 20.45 24.88 11.29
PRI HiH 38.46 23.91 1.62 726.53 0.38 0.14 0.7 53.08
IR 13.99 2.64 0.57 283.48 0.09 0.04 0.13 19.11
5 RE % 36.37 11.04 35.12 39.02 24.83 26.00 17.82 36.00
R ELS B 54.10 59.77 0.9 26.50 0.55 0.49 0.60 53.96
East slope bR 8.50 27.17 0.22 12.29 0.19 0.16 0.17 12.35
R ZE % 15.72 45.46 22.30 46.37 34.95 32.79 28.95 22.89
AR Ml 107.22 54.22 2.04 4766.36 0.28 0.6 0.59 79.13
R 13.22 10.72 0.41 1390.61 0.08 0.15 0.16 10.41
S5 AR % 12.33 19.78 20.23 29.18 28.41 25.64 27.87 13.16
THRA HifE 19.93 14.78 1.35 234.91 0.17 0.04 0.72 64.33
i 7.54 1.34 0.5 88.99 0.06 0.01 0.08 34.90
55 BB % 37.84 9.04 37.36 37.88 38.54 29.41 11.13 54.26
Wi ScRpUsEE ¥ 74.64 40.14 1.91 23.77 0.29 0.23 0.42 107.77
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s DA L S Y R TS S
Slope e Item LL/mm LW/mm LWR LA/mm? LT/mm LDW/g | ves () (en¥)
South slope R 12.27 10.23 0.32 6.09 0.07 0.08 0.13 32.45
SRR % 16.43 25.49 16.79 25.63 23.70 32.18 31.18 30.11
X Ml 78.83 49.77 1.58 29.16 0.28 0.30 0.52 98.20
i 13.78 431 0.25 5.62 0.08 0.0 0.15 17.76
A5 5 Z B % 17.48 8.66 15.54 19.29 27.88 17.44 28.97 18.09
iy B 54.14 65.55 0.95 29.39 0.30 0.22 0.60 157.11
i 10.25 30.27 0.36 13.65 0.13 0.12 0.23 55.59
S RE % 18.93 46.18 37.31 46.45 45.16 54.12 38.52 35.38

LL: 4 Leaf length; LW M58 Leaf width; LWR: K5 Length-width ratio; LA ; M-I Leaf area; LT, I JELEE Leaf thickness; LDW; MTH Leaf dry weight;
LDMC: M-T#) 5 Leaf dry matter content; SLA: FLIHTAIF Specific leaf area

2.4 BAERIUAES A I REMR I R A B S S

TRV b o o R R IR 8 o AR AT A B R B s R A 2 W R STIR B 3
S AR B TR S R R A KRN T 1 SRR IR R B 1 R Sk
FAE TS, X 5 P BEMIRER B AT B ) R SR T AR <P PRARTE 1t AR i 7 Hh 52 2B 5550 Wy 5K T 5
Fem AR KR TE L HREER K ERT 1, BT RETEIR R I M R K TR T 0, 2L IR .35 (P<
0.05) (K 4) , RUITE REE ST ARl SHRETER BOARMUEE &

R4 RBEEFEEEDDEERRZLZEFESRE

Table 4 Phylogenetic signal test of plant functional traits in different aspects of Shenxiantang

PRI P
Iij::rir%litional traits K P gifri%ﬁitiona] traits K r
M4 LL /mm 0.2677 0.414 T LDW /g 0.3112 0.502
5% LW /mm 1.4310 0.012 95 LDMC /(g/g) 0.2451 0.426
KIEL LWR 6.0584 0.001 FeH AR SLA/ (em?/g) 1.1639 0.004
A LA /mm? 0.4746 0.427 R R H/m 0.7680 0.008
MR LT /mm 1.0408 0.001

H: f KW Maximum tree height

2.5 R REUAFESE MBS 0 R 50K B I RE TR 254 1) 22 57

W ST AR T DT IR B B SR I E Y% NRI NTI F1 traitSESMPD | traitSESMNTD ¥k T 0, 2 W R 50 8 B 45
DIfe R EE P R4 . MR SAE Y A7 1% NRLNTI $540F traitSESMPD | traitSESMNTD 48443/ 0, & W 1)
REPEIRZEA R RE MR EE M KB, R VR R G 4 B IR B A —30 NRLF8EUN T 0, I R 4t
KRB EEGNTLIEBOR T 0, R RS K T 450 R4 e MR Z5 M 45 2 trait SESMPD Hl traitSESMNTD 1
ERT 0, BB I BE MR ZE M B 42 . NRINTI F1 traitSESMPD | traitSESMNTD #1525 3¢ 1] 28 4k ( AL - 43 - %)
FELEARIR] AR Ak A BV RE 2 3% ] B 284k 3R G0k B S5 H0 RN D) Re AR 5 0 # J2 INAR SR B Wi e A8 R (&1 3)
3 iFig
3.1 KUY RS KT SYIRe ARG T R R 1) i B AL AR

TR 56 3 37037 DY 1 0 R RE 1430 R4 R, AN ) 5 67 H AR SRS A, S TR AR B 52 T 3%, ST S TRl 38 1)
A B v R B 28 TS [R), LR O b AL O R A R 22 5 VDB AR B 5% 4R 25 1% 2% ( Eupatorium
adenophorum ) MMREK G YER TR &P, SRR L AR YU A R , FEARTEVE R I, T AR b B A
B A, VU ra 3t B AR AU 3 AR A bR PH A AR 2 o B AR A ) . ASDFSE 3R IR BRI A S i R L B 48

http ; //www.ecologica.cn



8058 A E = 2%

BN VARG 5 KA AR 1A ka3, R3]

MM FAK TR0, DR R A R B, §

I3 T LR (R G TR § | K 1
IR R BRI R I R R A ORI o 2 L[ D

RIS R, FLIIL BT A M iy 1= E2 12

Tro AL FIRO MRS HO R OO S TRTR S5 0%

RURFAEBAERAT NRURERI R R AL L 8F 01

OB NT SRR R SR TS, Rk 23 o 7

M R B A R PR RS § o |

REFIBT—H, RUPTHRER THREGERAR, 200

ATREA IR — R PTR RS IR E AR, 50 1 1 1
NRI 52445 MU L TR K T | I A 2 £ NRI ‘ NTI  traitSESMPD VtraitSESMNTD
R R T NTI AR BT R Phylogenctic o et index
ARSI RIE R G R LR, R TR H3 REREE R SRR g

T2 ELURBE  ZR IR TS IR B 9 1) JEHBAY ,  mig3 Phylogenetic structures and functional structures of
PREE S5 AN ) 5 G 2L [R) 2 e TR A EVE A i, A2 different slope
T P RE A SEERY S ), 9 e R H B A 3 4 S L TR I NRI. %Fh ]2 R AEEL Net relatedness index; NTI. $5ifrF i)
PEAUHE R B | A KR, I S M FLE K RIEHL Nearest taxon index; trait SESMPD; #R7ELF &) -
AN SRR 0 il e ot s 0
Bk, B SRS BRI AR B BRI o it distance
BHIBERE T R A 1) 32 A T 5 T T8 o 0 i BB A B g, )%
W, ISR S, IR B E, SAESALTE AR SR I REAE FOAG AR 45 R i IR AR 32, A Z2 ek el 1
— ST REERA LA B P PR A 2507 2 Y R KT 5 DR 56 4, X S R = = 86 IR 25 53— 38, B3 4 4
J S B RE T A Y T2 AR T 5 RSB S AU SR B i SR ity | Tl 2%, 52 PR A 5 R e 9 2k [ 4
o WAL R, #3) B B AR M VR A B R v PR B A HTB s/ | 5 - HE e VR T B M 1S R, M
T 7R FRTES S PR AR AR I BT 0 R e R B TR 33X =3 Il A A 18 T — BV T R 1
32 KUt REE M b i A Y g b

A F A L BB RIA B MBI KIS, Wb TR M1 T SR Sk R S5 o 20 Ay s A L e o ) 5
R PR AR S A ek U I SR A A AR Y P ) SE R BRI S5 R R S I B R R 2 —,
SEFEIE SR S HER S8 4 68 1 55 19 W) b 2 i RE I b v IR, B S B 0 A ) R A 145 Y i S
DT YRR BT RAE . RN AR S 2R RO R A T RE MR A A A EE R M S A S RE AR 1 AR
ZIEEH (R MY R A ) B 52 m (A D e MR Z ) A EAE R R Y Ackerly 5T
ORISR WY TR AL HOE IR R R A A 22 57, S BUR R il R Al N S RE IRt IR S5 o AT S b3
Je B, SRR BE R, T3 35 IR, B TR BRI X ST | 25 SRR A S BRI R I8 (0 R A5t SR AR i
BT IIRETER BRI . TR R B, LK B R B SR SR YRR B A B TR IR A
Mo R HEA SR  MYIREIS )38 P HE T o5 B R, S BUE Y SRR i s AL, e S 0 34T o 48 R
P SRR RESR 2 Rl IR 155 A T B S R B RV ORGP 3 5 0] B 1 A S R ae Oy 45 P I S
SR — 2, R T B A Y A 5 22 5 S B ) 28 A R AR W D RE TR S5 A0 A7 A 22 e i) R . ARk
SIS R A S RS R T B, A AU AR R A 5 K S L TR
I F AT BN R 8 57 | T BB DR SR R 3 LA R A B ARy T AR S R ol 22 BE AR TN 7 S
JE S YR 2 B U DEOCR DY R Ry E DR E PR IR IR RE ) 5 TH 25 AR, I LRI N A SRR EE RN
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4 £t

AR S 3 X TR B S R A R TUAS [R] 3% i A ) D) RE VAR TN R 48 % 5 9T % B - VR B B R DA [ 3 1] 1) 3R 48
KB I REEAR G A A — Bk (AR Z AR £ 5, B ISR fe iy F2hLH, 3
GrHF RS2 F AN A T AL X T AR X A A 45 0ok Y DI, A2 B PR o DR SE A HE R 9 SR RIVE . BT
B ) D RE T IR A2 352 4% PR AN A S i S [RIVE D 70 AS ] X 38 1y A 3 A S5 v SRIBOAS [] ) A A7 SR, #8705 17 35 )
A BE X AR T S RETEAR A2 . AR T LAZS & 4 DEIR UK SRS IR - i — 20 R AL PR IR 1A ) 3
AE YR A P VR, Sl 2= B s SRy RGO ) B2 OR3P A BT R DU AR OR3P AV S T AR 2 (R B i
S
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