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Abstract: Population is not only the fundamental unit of a species for existence, adaptation, and evolution, but is also the
link among individuals, communities, and ecosystems. Analysis of plant population structures can reflect the current state of
populations, and help to reveal future population dynamics. In this paper, the population structure and dynamics of four
mangrove species ( Kandelia obovata, Aegiceras corniculatum, Avicennia marina, and Bruguiera gymnorrhiza) in the Beilun
Estuary National Natural Reserve, Guangxi, were analyzed. This study illuminates the structural characteristics of
populations and communities, as well as potential mechanisms driving the population dynamics of mangrove species, and
provides a fundamental understanding and scientific basis for the protection and restoration of mangrove ecosystems in
Guangxi, southern China. Using survey data from 12 permanent plots (each 20 m X 20 m) , in this study we analyzed the
height class, size class, static life tables, survival curves, and time sequences to describe and predict the population
structure and dynamics of four mangrove species. Seven aggregation intensity indexes, including mean crowding index,
clumping index, patchiness index, etc., were applied to analyze the spatial distribution pattern of mangrove plants with
different size classes. The height structure and size structure analyses indicated that seedlings and saplings of B. gymnorrhiza
and K. obovata were relatively abundant, and also that their populations showed robust regeneration. The regeneration of A.
corniculatum was hindered to some extent, and there were fewer adult plants, although the quantity of seedlings and the
overall population were relatively stable. There were fewer individuals and no seedlings in the A. marina population, which
showed poor regeneration and an obvious decline. The static life table analysis showed that the survival of different age
classes of the four mangrove plant species differed greatly, and that the survival and life expectancy gradually decreased with
increasing age. The survival curve analysis suggested that A. marina showed a Deevey type I curve, and all individuals
reached the average physiological life expectancy. B. gymnorrhiza and K. obovata showed Deevey type Il curves, and
individuals of different age classes had relatively consistent death rates. The survival curve of A. corniculatum fell between
the Deevey type I and the Deevey type II curves, and while the death rates of young age classes were relatively high, they
gradually stabilized after reaching middle age. Through time sequence analysis, it was predicted that the population of A.
marina would decrease; the number of young individuals of A. corniculatum would decrease and that of adult individuals
would increase, and the population size in the future would display a stable trend with a slight decline; and the number of
young individuals of B. gymnorrhiza and K. obovata would increase, and the population size within different age classes
would regenerate well; hence, their future population sizes are predicted to increase. The calculations of seven aggregation
intensity indexes demonstrated that populations of different age classes of the four mangrove plant species mainly exhibited
clumped distributions, and the aggregation intensity always tended to decrease with increasing age. The population dynamics
of the four mangrove species and succession stages of the mangrove communities were closely related. The population of the
pioneer plant, A. marina, was in a stage of relatively rapid depression, and the population of A. corniculatum, typical of
early and middle succession stages, was stable with a slight decline. The populations of B. gymnorrhiza and K. obovata,
typical of middle and late succession stages, displayed growth of various degrees. These results suggested that the mangrove
communities investigated in this study were in the middle stage of succession, and that A. marina and the association of A.
marina and A. corniculatum will gradually give way to an association dominated by B. gymnorrhiza. The population dynamics
of mangrove plants were regulated by multiple factors such as habitat condition, intra— and inter—species competition, and
insect pests. The clumped distribution of the four mangrove plants at different age classes was closely related to their
reproduction modes and habitat conditions. The gradual decrease of aggregation intensity with increasing age might be caused

by self—thinning, or thinning effects as a result of intensified intra— or inter—species interactions.
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Fig.1 Population height structure of four mangrove plants in Beilun Estuary
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S EAr S LRI PR T , HAAERS S BB T R = , Fig.3  Survival curves of four mangrove plants in Beilun Estuary

I TR] P2 S BT SRR (3R 2) TEZE 17 24,6 8 W Z I, FI B S A5 W R e i) I i ARl e g i Js
WEAEC A R FA 1o, 55 VINE 2 b BRAE ) 70 RIS ANE] 4 8905 B9 141 Bk, 6 WL RAR 2 95 #k , S ddr 1+
W T e 22 BE B A0 B AT B TR SRR AP EICRETE 2 W5 A T T A, ARG I ORI R S5 i 22 2 PR3 114 34
KAV AR AEAL 1 b, 8 WS 55 78 0 389 ik s BRI 45 e ZR Ml AR 00 o 149 1 BRI A 34 (L6 3 B2 A R
G WAL AN [T e ORI 1 B W) A & e e, b I I IV I R e it B AP B AR, V VT VIR R R 2
AN ARSI AT AT L A SR AR Rl R R R W BRI, R I8 20 3R 5 A FE R R ZI AR
BOREART AR AR B  TEAR R BEAERS— i RO FIIE B RE ) , PR SR DU AR AT I s ARREANRK I 4 4F
AR Z | AR PRITEAN 78 RAF DA SRR RO R T34

£2 dbSAO 4 FAREMFE BT A EF 247

Table 2 Time sequence analysis of age structure of four mangrove plants populations in Beilun Estuary

PSR 1) DY 2 1 ANIEYE Y N ]
Fi ek ViR Survi\lfzfgffmber Survixl'a?:nxfmber Survi\lfa?:;fmber Survi\lfzjlqgffmber
Population Age class Primary data after two age after four age after six age after cight age
class M,V class M,V class My class My ("
FIE I 0
A.marina I 2 1
ll| 168 85
v 198 183 92
\Y 129 164 124
M 70 100 141 95
Vil 19 45 104 98
Vit 8 14 57 99 74
AR I 909
B.gymnorrhiza I 1336 1123
i} 534 935
v 239 387 755
\Y 60 150 542
Vi 25 43 215 517
VI 10 18 84 367
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PR Sa B VU i 2 J55 14 IR VAN 2 3=y b
NN NN NN NN
Fivie LS Ytk Bt Sun*i\lfﬁ:rf{mbcr Survixlfa?gjfmbcr Survi\lfa1lz'gn§fmber Survixlfa{ldgrf{mbcr
Population Age class Primary data after two age after four age after six age after eight age
class M, D class M,V class Mg class My ("
VI 1 6 24 145 389
Bt I 733
K. obovata I 593 663
I 198 396
v 462 330 497
\Y 272 367 381
Vi 105 189 259 394
Wi 37 71 219 278
VI 37 37 113 185 305
i AL I 291

A. corniculatum I 392 342
I 637 515
v 791 714 528
\ 101 446 480
VI 12 57 385 371
VI 1 7 226 322
VI 0 1 29 257 278

3.6  FPEEMAS [ S0 AT AE )R

ZEA T PR R R B AR RTINS R W (3% 3) , BR A VTG A A6 A% VI AN A I8 B AL 53 A7 1, 4 Fh 2L g
FE YA RS G R SA 2 I LR 5 o O SR AR TR B, AN RIS G 1) SR AR AR S Fr 22 5, (EL AR SR I A 3R 45 o B B o
BRI B RS, L IRZE SRR Jb-CM] 20K 4 Fi 200 A 40 i 3 S22 30 P S 119 255 ] SR AE A0 A, 3 ol
RAEFFIE ] A5 H B R LA S AR B S A O

F3 RO 4 MOAKBEYHENTESHES
Table 3 Population distribution patterns of four mangrove plants in Beilun Estuary

T 5 PebEE B e

. “jt/l\é& Mean }L\d:?‘éfﬁ Patchiness Canic ?.'E’T bR ?zﬁlf?éﬂl N.egali-ve )r‘%?!‘/ﬂ'éﬁ s
Population Size class crowding 'Clumpmg index ' Cassie 'lefusm% bionmial ' (;reenv Result
X) (m*) index (1) (m* /m) index (C,)  index (C) parameter  index (GI)
(K)
SRS I — — — — — — — —
A. marina I 1.04 1.00 25.00 24.00 2.00 0.04 0.01 A
I 19.89 16.39 5.68 4.68 17.39 0.21 0.17 A
v 16.93 12.81 4.11 3.11 13.81 0.32 0.13 A
v 10.64 7.95 3.96 2.96 8.95 0.34 0.08 A
A 4.92 3.46 3.37 2.37 4.46 0.42 0.03 A
VI 1.95 1.55 4.92 3.92 2.55 0.26 0.02 A
VI 1.04 0.87 6.23 5.23 1.87 0.19 0.01 A
AL | 52.94 34.00 2.80 1.80 35.00 0.56 0.34 A
B. gymnorrhiza I 78.28 50.45 2.81 1.81 51.45 0.55 0.51 A
1 32.73 21.60 2.94 1.94 22.60 0.52 0.22 A
v 20.07 15.09 4.03 3.03 16.09 0.33 0.15 A
v 4.42 3.17 3.54 2.54 4.17 0.39 0.03 A
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¥ W%
B L T N Negan_vf& LT
Population Size class crowding ,u“mp‘“g index . Lass"i ,D‘H‘“‘"g bionmial ) (’reenw Result
X) (m*) index (1) (m* /m) index (C,)  index (C) parameter  index (GI)
(K)

Vi 1.15 0.63 2.22 1.22 1.63 0.82 0.01 A
VI 0.43 0.22 2.04 1.04 1.22 0.96 0.00 A
I 0.02 0.00 1.00 0.00 1.00 ® 0.00 R
B I 51.09 35.82 3.35 2.35 36.82 0.43 0.36 A
K. obovata I 36.12 23.77 2.92 1.92 24.77 0.52 0.24 A
i} 14.70 10.57 3.56 2.56 11.57 0.39 0.11 A
\% 19.72 10.09 2.05 1.05 11.09 0.95 0.10 A
\ 11.65 5.99 2.06 1.06 6.99 0.95 0.06 A
Vi 6.61 4.42 3.02 2.02 5.42 0.49 0.04 A
VI 2.93 2.16 3.80 2.80 3.16 0.36 0.02 A
I 4.20 3.43 5.45 4.45 4.43 0.22 0.03 A
He AEARS I 27.26 21.20 4.50 3.50 22.20 0.29 0.21 A
A. corniculatum 1l 31.03 22.86 3.80 2.80 23.86 0.36 0.23 A
I 49.96 36.69 3.76 2.76 37.69 0.36 0.37 A
\% 71.57 55.09 4.34 3.34 56.09 0.30 0.56 A
\ 6.91 4.81 3.29 2.29 5.81 0.44 0.05 A
VI 3.76 3.51 15.04 14.04 451 0.07 0.04 A
VI 0.02 0.00 1.00 0.00 1.00 o 0.00 R
VI — — — — — — —

AR Aggregated distribution ; R ; Ffi#L43 75 Random distribution

4 gLt

4.1 ZIMAEYIR IS S B S

MORESS AL 32 2 Ay (AR PRI ) 524 o HUTE R TI055 ) SRR (3R AL R o OB IREE ) 162
PR BYIL RIS, 0 A AR 2 A4 A B T HE T AR A4 Sl i e B PR A A A 25 AL J2 480 7 e A= A IR A
BHRMG ) E IR 2 —[34-36 ] AR T R BRI/ NRAEH A A AR A7 thZ LUK i [) 7y 51 Fi
S MINEYI BN — SR Y AL ST 1 4 FRZOWHLY T, SRR T 0] A 0 B RN A , A AR b R A
HAT I, TRKGT AU & T S R AO3E RURR R . A A8 D0, B RN e T2 28040 TR , S 0 B v T RF
F1% 5 TS0 ST B ol e AR oAb A IR0 A PP s, — SRR DM 1) o (RITIVT I B B, BRI 22 00 A
T Jm TR R T SR LR AR A T R A R TR O S R LAk [ 10,3738 ],
P AT 4 BhZIAR Y 0 R ST S A 4 RAR A M EIIE T R WL, 3 W1 £ AR AR 00 ol A 8 25 5 2 W A
W v T A BT O B LB O . SR B AR AL TR R B B, AR A Rl AR X AR S L (E el T 4l
AR Z 0 R AR K 1T b 2 o J 391 AR A AR e A 3 AN ) R B 0 1, 3 IR ] A T Y
AR LA AR TE AL T8 1) P B

CLR AR 4 SRR OO -5 FE T AR B BEA AR B A5 E R DIAR OC . i HEAE D AL -G T 1 2R AR e
), FLRRUIR A BRI RR A AR T R 8 AR AR 2R 25 M (e L A b o5 05 A= R, 3 s N v b2
A A ISR AT B4 ) S e [ 37 SEBEERIE UG TS5 T WUR B Rk, s 1 AR e A4 SRR
PeAer 13T ik EAA BT, EREEHE N, Al R e A 5 i HA LD AR ) 5 e 3 1 S AR, I S £
JRE I MR B35 14 eSO SR A ST AR W 40y v i LD o, OB 2 L[ 25,37 o PRIk, ARG (BK i 25 P 8 i 2 B0
R ARG 17 358 e A B T 20 BRSO . YRGS [ 11 1A AL 1] 1 ZEAREBR A T2 KL S < 2 LA | o R R
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H AR R S5 (T PN 1 HE AT AR A DIt 35T 1 B A BT A DI 3 A T A A A 18 3 A T A 1
G EEERVR MR R SRR RN . DI ARBIFIR A5 SR A ) M SR T X — X, BRG] AR XA 1 R
SR 1 TR AT DK 28 AR5 A AR SR D 3R B TE A, A + KR B A ACHES + Bkt — i 46 A% e A
ARBIHE

B T AR A RN, Bl oA R ) S | B S A ) DR 2R T R AR 0 AR A R R L AN TR R B A R
I R e PR R T U RERR A 5 4 1, X2 () B 507 IR RGBSR IR B 5 SR AR X 14 K, 5 BRI B P
TR 23 (B RN T IR I R A B SE 4, PN SES A A BAE R o AN, SHRAEAR RO (1 ol ] 35 4
W R A BRI, BAERE T T B, WA AE 6 R A B e 1 B iR, Ak, 35 TR AR PE 2R L
PR R AR B b 2 U e T SR A A K A2 B P B AE LT S LR AR R BB TS [ 21,
I, HUE R MAE D R Sh S BB R, B, ) M/ NBEEE ( Oligochroa cantoonella) & —PEHUE H
HHER I XHRAERT B IR A T AR D | 32 5 ™ 5 1 P SRR 90% LA 1 i T4k B4R g ik
BWIHAE[20] . AN, BRI LA TR E 20 ARG F2 04, /G X 2 AR A0 3 s 10 A3Fh, R B
IR AL AR 18 37 1) RS B K T A LT A [ 38 ] £ LAk, AT B (B SRR AR A AR i L AR [
FERE AR Ak AT -5 B0 V& b A 0 18] 3 40 A P A0 A B 20 bR e 3 1) 2R 56 BZ IR I8 ik — 4
Ik
4.2 LIRRLYI ORI RS 18] 40 A 4 o)

T e 25 1R 43 A M8 S S A R X PR35 003 I e i 46 S0 | SR A0 A 5 A B8 S M i 1 B0 B3R A LA
Foft PRI ) 5 4 VE P S5 VD O 2R, 2 Bl ot AR R A 285 28 0 v e Sk 3 ki 1940 A 00 P A 235 0 40 A A Jy 000
ARWFGE T, 4 LAY AN TR & B B B Pl S ok 2 B0 Ry SRS A0 AT, SR 4 5 I A 4 2 ) 84 Jon i 2 T R
LA 5T 2T, W Tk S5 i R A AR | B R SR T AR TR A RK A R AR B R i R R
FEHE VT TR A6 B 0 i 40 S A Pl R 2 S s R R AR A, DL A, W AR ZE U 0 A R
( Ceriopstagal ) FIHEFE i A P 2B R R AR A0 AR T ALV R M 1) £ VA o A A v 8 iy 8 T 8 b o
T RENME'S . L7 LR, EE U, Z WA AR BT S v Cn, $h B O IE %) Mk A B AR R AESS
I, B E AL AE ) s Jey SR RUBE I 1) SR 0 A1 IO 1% e ) VA i £ A0 A 4 10 e A A Jeg 11 2
HH,

—JBER ZER /N L RIS (8] 40 A s Je ] BE PR TR TR BE ARl A sl 1) 5 4 b4 IR 1 45 4
PR 2 T, T AR KR 1 2 180 43 A A Jm W) T B el 0 o0 A3 1 5 e A R R 380K 43 37 43 5 b B S5 3R AR 38
B S B B 0 ARG 4 FhLLRIAE R RS T IR AR O A 2 L 1 B A A A S A T T A 1Y
IREE R S0, EAR R RN AE A R B IR A A, T L 5 TR R G A VA R T AR IR AL 43 A, (H
Jetk 2R ERHRRE LA BORE I B 52 v (A B T R SR BT B0 N, oA A (1 R A A R
B2 437 55 BURE HbL ™ YDA (R B T A 5, T A T 2 R B8 T 2 B R A= 1, NI R B a0 A1, AR TR
e R AR LU AR, G A 4 A B B IS AL PR R T BT PSR AU IR
L, DRI AR S mo O O TG A T BORR e R AR i T ARG 2 [ SR Ak, LA, SR A 3 Bt A R
WS 0 18 TR T R AOR A i AR AR BB 0 B 4 R B FREATE S K, B AT
BV ) T R A5 N, ol P SO R R A P 5 1T o A 2 M 1 B R A R, R ORI A 1A
B i I, T AR T R oA I SR AR R

A 19 5 T 20 ARRE B b B 2 () 3 A s oy Jr T I 9 22 2 3 /N ROBE A L (2, 10m X 10m B, 20mx20m £
H) A3 M ARG SR ) T RRRE AS 18] 40 A5 A% SR 43 M 45 SR B A P EBURE R OB S e B BV R R
I A ESORE IR AR B S A AR 2 = AR N[ A A SR 2 0 TR, e o 2 A AR 3 2 [ 4 A A% SRy O T F 9 2
5 A T EURE RURE RN AR B 2R R BT S A SR, FE£T R A 20 A DX 7 K RUBE A 20 BB 1 2 i b, A,
FRLHE Y7, 100mx300m FEHE (3hm® ) B K T AURE b, 0T LA 35 22 Bl [B) 47 28 BRI A= 38, O LT LIS T
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SRR N AT AR T R R I 23 RUBE R JR 1 DG R, BORE T LS S A B BT 2R AR A R 2 A
IFHEWTAR SR U AR 2 L] o PR, 2B A A i £ PR A 252 T 50 o 7 22 s 5 R RUBE [ 3 Rt O
PEATELAR SR A -5 BRI A S T
4.3 RLRARERA ST

LEEAE ST Al Tolks Y AR AR AT R A L T R B AR AL T RS AR
VSR IE N | BE NS AR Y SC O SEY AR R N iR SN ARy NI A AV N TE AN PN AFAR CE VS EER S
WITE WU A 25 R G5 A AP REAE AR TARR G018 U UL 201 Rt iR AR 4P R 5 W Fh 2 R
77 I FIAE ZS 05 ARXT R i R KSR LI AR, X6 BRAT R AR ZLAR PR N7 21 AR 8 05 P2 AR 3 00 T4 42 1
Z ST RAF RS SRR AN S A, S A BRI AL B4 ift S BOR SR LD AR BB A i AR 25 TR, %o fh T
PUiiad TR R SR BN TIEE R , (S A 0] B D7 A0 LR 3, 3 e ZIb 149 B i 23 A0 BSOMR B 3 1T A
[l ISR LR N TARR R AN 7, 2200 2 A PR 2L [ B3 d S0RT , A AR M AL i R A I

RS2 A 25 R G IR AT FR R S 5 D AR IK A B HEIE THERTHIKCF ) #3887 A 20 bR Ak
G S , TR T PG LT AR AR A A TR R AR R AR L 30— M B P B e 5710 LT ey T
0255 T B LA IUAT ) R IR ZL R AR R RE 7 S5 MR IE N S IR AR AR R O 1 AR A N LD obk 23254 1 2
REM AL L BRI RAR S AR LRAE Y B S R 1 A 25 A A 25 A R P38 1 T AN TR] i A B 2
L, ZLRAAAE 2R A P AT A L AR 4 S, A 0 X A PR R AL A A S R DR 2K, FE AN TR TR i 1
YO T 1) T AR AR IGC B I, LA & EAR Rl o 3 ORI R RS FITT HEAS & 1007 M DA e 7, A
T3 SR T bR s ] 25 K S A M RV AR 1

VGRS LIRS AR L & L AR FI AR FE R F0 15 | ISR LN AR RIS b JC A6
3 (Sonneratia apetala) yF o X TR I AL TR AL B BEAY 1B SRR A6 A S5 S B O T AR R E
PN ANBESR TN KM S B A Tt Ak SR AR e B LU AR Y , TR 2 IRZIRE AR [ SRR O L, 5 IR AN ok
TR TR TR ARl AR RN LI 55 | (5 2 AT 5 T2 ML ) 7 T P SR IR S AR AR 0 4, DT 88 i
TEVE R Y ZREE VR AR TE MR S8k 5T . X T BUA YLD AR AR (I JCHREE AR B SRR, iT 25K
SREZLREAR A4 Py o C B, SR HB] R AB S RIAME S A S RIS ARy P (8 & - Z0RHRE Y , T2 BN O S AR
LR | A SR A TR AT, AT 4@ TH 2L AR B - i B2 AR TR S | SR B PR 1R 3 18 A
JE I s A Ak ) H Y

22 3L HK ( References)

] Harper J L. Population Biology of Plant. London: Oxford University Press, 1977.
]k ZERMEEZSE. JERt: hEBO R, 1992
[3] M. AERFEY—FRESS et B, 2016.
1 XIS, SREIE, T 5, SR, SRR, o, FAEER, OB, CURIREEN - BDCH. RID 2RSSR ITTE. Mol B2 irot,
2011, 24(5): 659-662.
[ 5] Galal T M. Size structure and dynamics of some woody perennials along elevation gradient in Wadi Gimal, Red Sea coast of Egypt. Flora
Morphology, Distribution, Functional Ecology of Plants, 2011, 206(7) : 638-645.
[ 6] pz, SR, KRAES], TRITA. R R LA P RS R Sh AT, Al B, 2013, 49(8) : 154-160.

[ 7] Li W, Zhang G F. Population structure and spatial pattern of the endemic and endangered subtropical tree Parrotia subaequalis ( Hamamelidaceae ) .

Flora Morphology, Distribution, Functional Ecology of Plants, 2015, 212 10-18.
[ 8] B, 28, KEZE, & hEIOMMKRE SEEEAR. Jua. Bt 2010.
[ 9] kMY, WA4kES. TVURYLIREAR. VYY), 1983, 3(2): 95-102.

[10
[11
[12

BEAJE. IR E BB ST, TOERL:, 2000, 7(3) : 210-216.

WAL, 2440, JIREEE. )AL AN AR S R S — IR S PR Junt: ReEdiaL, 2015,

LiS S, Meng X W, Ge Z M, Zhang L Q. Vulnerability assessment of the coastal mangrove ecosystems in Guangxi, China, to sea-level rise.
Regional Environmental Change, 2015, 15(2) ; 265-275.

[13]) skide, SR, SR IOLLMARBE IR S ORd. IEPEFRBERNE, 2007, 26(3) : 275-279, 282-282.

[ T R

http ; //www.ecologica.cn



9

[ LKL SR B v e G R EAR =K E L By s RS R Bt 1 13

[14]
[15]

[16
[17
[18
[19
[20
[21
[22
(23
[24
[25
[26
[27
[28

P U i}

[29]
[30]
[31]
[32]
[33]
[34]

[35]
[36]
[37]
[38]
[39]

FHT, AR 1960—2010 45 PHLLRARZS (] A AR AL ARA524), 2015, 35(18) : 5992-6006.

BBk, BSOS, RIM, SR, Sk, HLES, XIHLr. b E AR B I O B 2. A SR 4, 2016, 25(7) .
1237-1243.

TKEL, BRIEAE, T2, | oIL AR R i LR R R, ) PG R 22 FHARBLAMR, 2015, 40(6) : 1570-1576.

BRIG, BARER. JTGRLIMRIARE . AR, 1983, 25(1) ¢ 95-97.

AME, B, B S )T PELLIBE R AR M R AE P . TR AR AR, 1992, 31(2) : 199-202.

WAL, MPERIR. J0CTT 1 ALK B A SRS SR, T Pa Rk, 2001, 8(3) : 210-214.

WAL, B e, A E AR S RLLRIAR A R SRS, SR, 2004, 24(6) : 558-562.

WAL, XISCE, WIRK. )7 RHLLRARE B 94 SR S 5 A BA BRI, Juat: Blegdiiit, 2012.

WALH, B, Mpatis, 9% Ris. N TASRAN SLRARER. Jbat. hEMl SR, 2014,

QA PO R VD A SRR AR AR AT, )T RIS, 2001, 8(1) : 57-60, 69-69.

QI AREY AR IBREL D] 7N, LR, 2002.

QA XN, . LG E R AR XLRAEYREEDI S, TGRS 7. A ARRARR, 2004, 22(2) : 70-76.
AP, BUEF, ESCM, BREIEE, BRSO, A6 REME KA T 4 H I DR 4 v AR AR A B BN TR R, 2007, 26(2) : 42-49.
BB, BOUR, TS, BT, MR DT il rh TR AR RO R 5 25 ) A A% Ja). A2 254k, 2008, 32(4) ; 825-837.
Wu J X, Zhang X M, Deng C Z, Liu G J. Structure and dynamic of Populus euphratica population along Tarim River. Pakistan Journal of Botany,
2012, 44(5) : 1651-1656.

AT, BB, EMG, XIH B S ORI M A AARI B M 5 302, MolkRk#, 2015, 51(2) ¢ 1-10.

TRISOHE, AL, HEKAE, XUREHE. BTG AP R FIZLAZ TR AR I 25 1 B G (8] Py 50 0000 23 A . A=) 2246, 2004, 12(3) : 361-369.
W%, IV, ZRHELL, XSHRE WEEY KAWL BRI RO 2078, YRS, 2004, 28(2) : 252-257.

e, 5, KDY, XELE, i AFRESTT GBI AR IS L Zh SR, PR AR, 2015, 39(10) : 980-989.
AR, BT, IMETK, BIRIF. FERIE S (TR . AT mSASECE L, 2007

Velazquez E, Kazmierczak M, Wiegand T. Spatial patterns of sapling mortality in a moist tropical forest: consistency with total density-dependent
effects. Oikos, 2015, 125(6) ;: 872-882.

FRBAE N, . 5 SRR kv e R R SO Rl ) 2 1B AT R SR SO IR, AR AR, 2015, 35(24) ¢ 8221-8230.
EEAS, WR, TG, U, AP, R, INEE. RILTE IS AL ARSI R 2R AR Z R, 2016, 24(3) : 252-261.
Bk, WREEER, 2RI A ZORPMORIY AR AR R R MR R G )M AR I ik, 2007.

ERA. AMMASREI SBEHOR. Jeat. B2, 2013.

Condit R, Ashton P S, Baker P, Bunyavejchewin S, Gunatilleke S, Gunatilleke N, Hubbell S P, Foster R B, Itoh A, LaFrankie J V, Lee H S,
Losos E, Manokaran N, Sukumar R, Yamakura T. Spatial patterns in the distribution of tropical tree species. Science, 2000, 288 (5470) :
1414-1418.

Zhang Z H, Hu G, Zhu J D, Ni J. Aggregated spatial distributions of species in a subtropical karst forest, southwestern China. Journal of Plant
Ecology, 2013, 6(2) : 131-140.

BEAE RTINS R R S A AR SR OO AEASREE, 1998, 17(1) ¢ 25-31.

I, BESER, BREERR, IR, BRAR, XA, BRI, B L. GRS T2 AR AT 2 T
2%, 1994, (1) . 82-86.

SRH. AR L O LR AR BOR R B HGRAEALHRIAT R [ D], A8 fREER AR, 2008,

KEER, BB, B/, AR, B0, BOUR, BREE, TRISTS, SRR, AREERER, SN, SRR, 1 RS AT HE AN [ 1) AR
TG B At Jm. B AR5, 2015, 6(4) « 388-396.

JETEHE, EmEIR, FAERR, T RRLLGEHAEE I8 RAUFS. P, 2013, 33(4) : 496-501.

Z/NKL LU AR BE SR A M R R SR ZR. L) TR, 2010.

BRI, REEOR, B LA )T VUB RHE LI AR AR B RESS A BT T, TR ERETRNE , 2009, 28(3) : 301-304.

SRl AEYIFEEAS 18] A0 1SR R . ARSI, 1998, 22(4) ¢ 344-349.

Wiegand T, Moloney K A. Handbook of Spatial-Point Pattern Analysis in Ecology. Boca Raton: CRC Press, 2014.

Dale M R T, Mah M. The use of wavelets for spatial pattern analysis in ecology. Journal of Vegetation Science, 1998, 9(6) : 805-814.

L. ZRePE SRR, LR

Ferreira A C, Ganade G, de Attayde J L. Restoration versus natural regeneration in a Neotropical mangrove: effects on plant biomass and crab
communities. Ocean & Coastal Management, 2015, 110 38-45.

Nam V N, Sasmito S D, Murdiyarso D, Purbopuspito J, Mackenzie R A. Carbon stocks in artificially and naturally regenerated mangrove
ecosystems in the Mekong Delta. Wetlands Ecology and Management, 2016, 24(2) . 231-244.

Chen L Z, Wang W Q, Zhang Y H, Lin G H. Recent progresses in mangrove conservation, restoration and research in China. Journal of Plant

Ecology, 2009, 2(2) . 45-54.

http ; //www.ecologica.cn



