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Species abundance distribution pattern of plant communities
in different terrains in subtropical karst area
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Abstract; In order to explore of the species abundance distribution (SAD) pattern of plant communities under different
terrains in subtropical karst area, to reveal the SAD formation mechanism of the community under different terrains, and

to enrich the theory of plant community construction in this area, the arbor layer and shrub layer of plant communities
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under four typical landforms of ridge, trough valley, saddle and depression in Maolan karst area of Guizhou Province
were used as the objects. The empirical cumulative distribution function( ECDF) was used to characterize the SAD, at
the same time, the Wilcoxon rank sum test was used to analyze the differences in species abundance between different
terrain. Then different ecological models were used for fitting, and Kolmogorov-Smirnov ( K-S) test and Akaike
Information Criterion ( AIC) were used to detect model acceptance and goodness of fit. The results were as follows: (1)
There were differences in the number of individuals and species in plant communities under different terrains, the
number of individuals in saddles was the most, the number of species in depressions was the most, and the number of
individuals and species in ridges was the least. (2) There were significant differences among shrub layers, between ridge
and saddle, between ridge and depression, between saddle and trough valley, and between saddle and depression, while
there were no significant differences in the SAD of arbor layers in plant communities under different terrains. (3) The
SAD of the arbor layer under different terrains was well accepted by the neutral model. The ridge fitted best, but all
terrains were poorly accepted by ecological models, only the ridge and saddle passed through the two niche models, and
the goodness of fit was not as good as that of the neutral model. The shrub layer was also well accepted by the neutral
model with the best fit of the saddle, but it was poorly accepted by the niche model, and only the depression passed the
broken stick model. Overall, the arbor layer was more acceptable to the two ecological models than the shrub layer,
probably because the SAD of the arbor layer had more obvious imprints of ecological processes. However, the difference
in the goodness of fit of the shrub layer under different terrains is greater, which may be related to the more drastic

changes of the shrub layer species to the environment. Consequently, different terrains lead to different ecological

42 %

processes of community construction, and the SAD pattern gradually adapts to the terrain.

Key words: terrain, species abundance, model fitting, karst forest, Maolan
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Table 1  Basic information of sample plot
e . -
S5 e K S5 4K T AR
Terrain tvpe Altitude Slope Aspect Soil tye Investigation area
yp (m) (°) P yp (m?)
I Ridge 759 45 B4 South £ JK £ Limestone soil 2 700
F4% Trough valley 850 40 ViR Southwest £ JK £ Limestone soil 2 700
T Saddle 869 21 4 South £ JK £ Limestone soil 2 700
#E M1 Depression 845 13 4=]1] Omnibearing £ Kt Limestone soil 2700

Wilcoxon k1A 56 %5 bb AN [w] b JE 1) 1 P =2 18] 79 4
225 5
1.4 TEFARN

K H W Fh 8 2E{H (importance value, IV ) i 5 ff
v TP i SRR EE (9K T TH A, 2020) o L4 R
Hi BT v A i 40 P B S BE A TSRO W) OB T
TEARZGHERJZ R T 82, & EAH = (M X
202 RN B0 + A X R R ) /3, Hoh X £
JE =By Z /T AT W) b 22 BN AR A =
By i B BT AT YR R TR KRR )
Foft A ARG S8 2 B8 = S — 0 i e s e T BRI A )
o e v DRI T AR, TE R JZ W ARG (3 T = —
Py b B S TR I A e S TR

1.5 SERBYUSREE

151 AR (1) 24K E 2 00 AR
( meta community zero-sum multinomial , mzsm ) 2 1
20 AR R A A P AR B : — 2 R B AR RE v TP BT
A AP AR B SR B A2 B, BE TR AN TR ) A
LA E— N F MG R (Luis et al., 2012) , 40
R— DY Z R IN, 2 B — W Fh 2 B S
I O RAAL, BN F T REE A
TR0 ) LEA7 LA R ) TR il 38— B, AL
TR AR

S = ) (=) d (1)
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(2) Volkov #5251 ( Volkov model , Volkov)

Volkov 15 #1 J& & T 5 il 2 0 AR AL 4 1 iy
BRAMBETIEAEZ T 1 A E 8 R E( Volkov et
al.,2003) , Volkov AU AT .

J1 T(n+y)(T(n+y)

S = U= T+ T+ y)
I'(z) = wtz" e’dt (5)

:—CEEP:)’ FIEHERY SR E  m T R
1.5.2 AR (1) EBAI R S
BB ( geometric series model , gs)

A BAE B JE T N W RO S o5 A R TR
PEEFNHY kA 05 2 DAY R A RTT R
GEURE kA3 B0 k(1 =k) o Jim T BB RO o 4 o
HIIRNE A G AR T BB b0y, BB IR,
REIE IR B AL AN T — PRk A, W5
AFh Y £ B ( Whittaker, 1965) , 2SR UWF .

A(1-K)""(i=1,2,3",5) (7)

(2) Wi ( broken-stick model , bs)

R RR R — IR B I IrA A BA K
N1 BRI MRS Ry s B AR B A
SO s DR G RAUECE s DR A A A
MR G RS 5 ), HAERET b [A) Ik i B
JFRRTEE IR AR S, A, FOREE R
ZJZ (Robert, 1957) , AxUNF

AT
A= LY —(i=1,2,3-.5) (8)
S x=i X

1.5.3 #hig 4R
(1) XTECH AR (log-series model ,1s) (73
WA 1997) AT

S(n) = aX; (n=1,2,3,4--) (9)

L S(n) RIRZHN n BIYIFE o RETETE
WA Z R

(2) X % IE 25 43 A £ B (log normal model,
Inorm) ( Preston, 1948) , /A=W TF .

A = lr Hes@re(j=1 2 3 ... ) (10)

A w HIES A BIME ; 6 ANRTT 254,
5 i MR Z R,
1.6 BEMREI

K HL Kolmogorov-Smirnov i % ( K-S) 2 £ 46 45
RIS 2 A5 0L il 2o LU A% B R 1Y 1 35 PR
(P); K H 78 b {5 B & W] ( Akaike Information
Criterion, AIC) B E U4 (61 , LA SN« AIC =
= 2In(L) + 2k @2 s YRR HL A
ZEMPE I, AIC FEAE M AN SRtk A<4aF
SR AL S 73 TR AR Excel 2010 H5E AL, 1L
AR5 2K R-3.6.3 Ak T, Horp B
TG 2 AIC KSR 1E  sads” 1 H 521, K-S £
I57E “ Matching” £, 5¢ B, ( Anchi, et al., 2019) ,

2 RGN

2.1 BEEYFARN

TE 4 il P B 9% 4 3t A 36 98 £ B FF KR 1 442
thORIETT R EEAE M (R 2) R ARRAATEH
#AR ( Boniodendron minus) . & & # ( Platycarya
strobilacea) 6B ( Cornus wilsoniana) (W M85
JZ ( Clausena dunniana) % ik & X ( Cyclobalanopsis
multinervis ) 5 3= 5L W) B 5 )8 A 2 HE AR 9 005 ¥k,
AKNIZA LB EF (Murraya exotica) Fd K AT ( Nandina
domestica) .\ JI| #£ ( Cinnamomum wilsonit ) | /)N I #ifi
( Diospyros mollis ) . ¥ 16 7% %5 1€ ( Echinacanthus
lofouensis) %5 FZ W) s 4 P IE 0 BE 95 SR80S
PR AL W3R 3, B 3R 3 AT SRR A AR B
e (3 483 #k) . HRJEME AT (2 864 k) (1L H
(1 626%k%) , MAKURAR A S HHE (2 474 BR) , AN [H]
B YR ECRAFAE 22 5 FETR R 2 WA B T
F ST > B> LR TERE R W) R U
S BN ST > 1R, PR 2 IR TE V) AL
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B AR b E R Y R o 8 (Fe AR 65 i,
K140 By T LA MR B9 3 95 SR80S PR RO
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Table 2 Main species composition of community

H2 AR HEH EA A
Rank  Tree Importance value Shrub Importance value

1 ALK Boniodendron minus 7.08 JLELFE Murraya exotica 17.17

2 WHER Platycarya strobilacea 6.60 B KA Nandina domestica 10.97

3 HEHBRAR Cornus wilsoniana 6.58 JIIEE Cinnamomum wilsonii 9.52

4 K5 K Clausena dunniana 5.99 JNI A Diospyros mollis 5.46

5 ZWkE X Cyclobalanopsis multinervis 4.51 A A AE Echinacanthus lofouensis 4.57

6 ZERLTH Evonymus dielsianus 4.48 35 17 Clausena dunniana 2.78

7 KU Acer wangchii 4.03 B Lindera communis 1.82

8 INSRIE R Machilus microcarpa 3.86 Kok B BER Distylium myricoides 1.80

9 M Sinosideroxylon pedunculatum 3.28 Bt J5 4T Chimonobambusa angustifolia 1.64

10 JNIEAT Diospyros mollis 2.80 BAEW Myrsine seguinii 1.39

®3 FEMBEZAMFAK
Table 3 Species composition of communities under different terrains
S I/,\_ﬁ;;ﬁ FeARJZ Tree layer HEAJZ Shrub layer
Terrain type ndividual
number B Family J& Genus i Species B Family J& Genus i Species

LI Ridge 1 626 30 42 47 50 76 92
HE4% Trough valley 2 864 34 41 53 61 100 132
3R Saddle 3483 30 41 51 63 105 134
#EH Depression 2 474 39 55 65 61 105 140

22 AEAME THEDHSENHIER
B LR TR ARV 4 Rl e 0 .
YRR BT A ik 2 Bros, mE 2 AT,
AR HTE T B 7% B b A K AR ) ECDF 2 S 8l —
SERRRENY S B BT HuIE T BV YA B G A
FL A5, HAS W) H% ™ B 95 (9 % A B L 8RR T i
ARIZWEL BT AR Z B &, AR PG Wilcoxon Bk FILAS
BSARH0, AN [F IR N BV (19 77 R 2 ECDF Z [ 378
BEEER(P>0.05) ,4 FiE FREEEARZ K
WHZZERAEREES, HPILBFESEK(P=
0.049) JEHB(P=0.004 8) £ 55 B &, B 54
(P=0.001 26) JEHB(P=0.000 1) tLAFLE i EAA]

23AEMETEHEYME EEANE
2.3.1 REBOT D BEE RN E DAY 5 AR S
4 i TR B TR Y T AR ARV T K2 1
ZRE A AR R G ROR LK 4, & K-S KK
55 AIC K23 & B, 1L 1 004 00 B8 P Sy o A
RIS aliGe i A > AR A AR AL Hop o 2 A VR &
22 I AR A 4 32 e o (AIC = 242.1) | X T fiE A

T L 3 ( AIC = 260.9) |, 111 % T JLART 9% B dss
B2 i 2% (AIC=1 862.6) , K 3 thtin] WA
e A B B Y B 2 B S S LR R R £ i 45
REPIEROR, R ILE M2 T YR 2 8
HUHIAANL 52 vh Pk o R 4 1, 3 52 — o R 1Y A 28
7S TR 5 W) 5 R A X6 T v PR RS B i 4 AR R 42
Z AT, H PR A 8800 22 AR/ 6 T AR
BRI 37 350 2% Wi iR RS () $UL & 1B 319.1,
fE2 T LA GOBOBE RS | U Wi bR R IR R 2 B
FhZ By gt = DL b e R Ol ) W AR A RUAR 3R
YA AL R A K 4 AR, JLAAT 9 BB BAR 3R 1)
T R A T T 5 8 35 X6 AN ) B AU 0L RUOCR 5 1L A
oL, [A) Ik 32 A 25 000 3 F 5 v P R A o #U5 A E
BN Sk v PSS A > 4 G T B Y > A A8 A A A | o
P R AR B 1 b (O] v P A R 4 A7 AT
FELE T P ol A 257 A5 TR0 R 440 45 5 28 e %) X6 1
AR R W% MY Py Fh 2 B A B i A A A
b AR AN WY i B A T, PR ek R Rk 32 AR AL
il o F AR ATED, A R P AN TR R IR R R
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Fig. 2 ECDF of species in different terrain communities

. o JII{E L . o J{E
1% Ridge Observed value o0 R4 Trough valley Observed value
V mzsm V mzsm
204 A Volkov 9 A Volkoy
8 < bs £ 20l Qo
—§ & gs = L 8
£ 104 & 1s Z & Is
e @ lnorm 2 10} @ lnorm
3 g
g 54 &
v @K 5t
= R
‘%\ &
T 27 ] 5|
11 ) . ) ) . ) " * 1t ) ) ) ) ) . e . .
5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45 50
Wifh 4 BELESR  Species abundance rank YifhZe B4 4% Species abundance rank
BeHf Saddle ©® XL B & i Depression o ME
20+ Observed value Observed value
o V¥V mzsm 3 V¥V mzsm
2 A Volkov £ 20 ¢ A Volkov
3 & bs = O bs
£ 10} L & ] X
s & Is g 10} & 1Is
2 @ lnorm 3 @ lnorm
251 &
@ +
= a3
%) )
& &
| £
2 2t
1F 1F . . . . . ) . ) ..:.- T - .
5 10 15 20 25 30 35 40 45 50 55 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Yy % 459 Species abundance rank Yy % FE459% Species abundance rank

mzsm. 5 A REEZ ML ; Volkov. Volkov 57, bs. WiARFIAY; gs. JUEAERL; Is. XPEEA R ; Inorm. X 4L IE 4
SRR W E R AR Z R, T,
mzsm. Metacommunity zero-sum multinomial distribution model; Volkov. Volkov model; bs. Broken-stick model; gs. Geometric series model ;

Is. Log-series model; Inorm. Lognormal model. Observed value represents species abundance. The same below.

Bl 3 AREIMIE T I AR Z YT 2 B o0 A RAS T &

Fig. 3 Species abundance distribution and model fitting of tree layer under different terrains
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Table 4 Model fitting of species abundance in tree layer of different terrains
Tieﬁzifst)%e [4 T*e(ﬁ;?/rir\n}e]t}{lzo 1 mzsm Volkov bs gs Is Inorm
11174 Ridge 14.94 0.88 AIC 242.1 244.2 260.9 1 862.6 242.22 251.8
D 0.022 0.022 0.217 0.261 0.022 0.174
P 1 1 0.227 0.0873 1 0.49
T4+ Trough valley 15.93 1 AIC 287.9 289.8 319.1 2 537 287.8 297.7
D 0.075 0.075 0.245 0.321 0.075 0.17
P 1 1 0.082 <0.05 = 1 0.43
3 Saddle 19.65 0.88 AlC 296.9 299 318.5 2342.6 297.1 309
D 0.086 0.086 0.224 0.241 0.086 0.19
P 0.98 0.98 0.109 0.068 0.98 0.25
HEH1 Depression 26.54 1 AIC 344 345.9 386.3 27329 343.8 363.9
D 0.081 0.081 0.257 0.324 0.081 0.257
P 0.97 0.97 <0.05 = <0.05 = 0.97 <0.05 =

H. 0. R Z RIS m. BHEER AL AIC. FRMUE B HEN; D. k-s KEIR ST, * P<0.05, #* P<0.01, F/m i 40z 8
mzsm. &5 PEET ML AA ; Volkov. Volkov 44 ; bs. Wit AR ; gs. JLATZCHRARL ; 1s. XTELCEAAY ; Inorm. X4 IE 4070

B, T A,

Note: 6. Basic diversity index; m. Community migration coefficient; AIC. Akaike Information Criterion; D. Statistic of k-s test. * P <

0.05, #* P < 0.01, indicating that the model is rejected ; mzsm. Metacommunity zero-sum multinomial distribution model; Volkov. Volkov

model; bs. Broken-stick model; gs. Geometric series model; Is. Log-series model; Inorm. Log normal model. The same below.
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Table 5 Model fitting of species abundance in shrub layer of different terrains

WK , Kot Jrik ol ) 1 1
Terrain type Test method mzsm ooy s 8 s form
LI Ridge 20.1 0.72 AlC 635.8 636.3 723.5 11 579 634.9 642.4
D 0.076 0.076 0.315 0.359 0.076 0.098
P 0.95 0.95 <0.01 = <0.01 #x* 0.95 0.77
T4+ Trough valley 29.1 1 AlC 862.9 863.8 1049.4 17 933 861.8 887.4
D 0.128 0.12 0.383 0.451 0.12 0.15
P 0.23 0.29 <0.01 = <0.01 #x* 0.29 0.1
0 Saddle 9.44 0.22 AlC 341.2 334 351.7 5035.3 340.9 319
D 0.25 0.182 0.341 0.318 0.273 0.182
P 0.13 0.46 <0.05 =* <0.05 * 0.08 0.46
HHb Depression 35.36 0.23 AlC 498.9 497.3 521.7 4228.5 499.2 505.7
D 0.071 0.051 0.111 0.202 0.071 0.172
P 0.97 1 0.574 <0.05 * 0.97 0.11
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Fig. 4 Species abundance distribution and model fitting of shrub layer under different terrains
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