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Abstract: Height structure and diameter class structure of natural and artificial forests of Kandelia candel
(Linn.) Druce in Fuding City, north marginal region of mangrove, China, were analyzed, and spatial
distribution pattern of natural and artificial forests and population structure characteristics of natural forest
of K. candel were researched by method of “space replacing time”. The resulis show that height structure
and diameter class structure of natural and artificial forests of K. candel at different beach places are not
constant obviously. Height of individuals in natural forest is concentrated in 0.0-0.5 and 1.5-2.0 m,
and that in artificial forest is concentrated in 1.5-2.0 m without seedling with height of 0.0-0.5 m and
a few individuals with height over 2.0 m. It is indicated that height structure of natural forest is uniform,
while that of artificial forest is obviously unreasonable. Based on basic diameter (D), K. candel
population is divided into thirteen diameter classes, in which number of individuals at different diameter
classes in natural forest decreases with increasing of diameter class, while there is a peak value at
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diameter class I (6 em<D<10 c¢cm) and no individual at above diameter class IX (30 em<D<34 cm)
in artificial forest. It is indicated that diameter class structure of natural forest is good. The distribution
pattern of seedling group in natural forest is clumped distribution, and that of small, big and old tree
groups is random distribution. While in artificial forest there are no seedling and old tree groups, small
tree group appears uniform distribution and big tree group appears clumped distribution. The analysis
result of static life table of population shows that interval mortality rate and disappearing rate in natural
forest population of K. candel reach the maximum at age classes 1 (D<2 c¢m) and 7 (22 em<D<
26 cm) , and those at other age classes are smaller and stable. Its survival rate of individual decreases
monotonically, cumulative mortality rate increases monotonically, and survival rate of individual is higher
than cumulative mortality rate only at age class 1, and cumulative mortality rate is higher than survival
rate from age class 2 (2 em<D<6 cm). Iis survival curve belongs to typical Deevey-1Ill type, which
shows that seedling in natural forest population of K. candel is abundant but interval mortality rate is
higher, while interval mortality rate of mature tree is relatively lower and individual number is stable.

Key words: north marginal region of mangrove; Kandelia candel ( Linn.) Druce; spatial distribution

523 4%

pattern; static life table

Bk ( Kandelia candel (Linn.) Druce ) HEIHH}
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Table 1 Height structure of natural and artificial forests of Kandelia
candel (Linn.) Druce at different beach places

P LN

B /m Inside beach Outside beach
Height W HBl% W il
Number  Percentage Number  Percentage
KIRMK Natural forest
0.0-0.5 216 41.0 110 33.1
0.5-1.0 50 9.5 7 2.1
1.0-1.5 49 9.3 23 6.9
1.5-2.0 137 26.0 126 38.0
2.0-2.5 75 14.2 66 19.9
AT Total 527 100.0 332 100.0
AT Artificial forest
0.0-0.5 0 0.0 0 0.0
0.5-1.0 7 0.9 [ 1.3
1.0-1.5 71 9.3 40 8.6
1.5-2.0 671 87.7 403 86.9
2.0-2.5 16 2.1 15 3.2
At Total 765 100.0 464 100.0
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Table 2 Diameter class structure of natural and artificial forests of
Kandelia candel ( Linn.) Druce at different beach places

RIRMR BT R £ N AR B £
7 K. candel number in K. candel number in
Diameter natural forest artificial forest
class" P Shite i St
Inside beach Outside beach  Inside beach Outside beach
I 130 88 0 0
I 107 40 110 44
i} 48 30 394 251
v 58 25 184 114
\Y 40 26 40 28
Vi 36 18 30 24
Vi 25 31 5 3
Vit 15 14 2 0
IX 14 11 0 0
X 14 12 0 0
XI 18 15 0 0
XI 11 9 0 0
XII 11 13 0 0
A7t Total 527 332 765 464

b B ELAE (D) K442 2 Diameter class is set up according to the base
M: 6 cm<D<
10 em; IV 10 em<D<14 em; V: 14 em<D<18 cm; VI: 18 ecm<

diameter (D). 1 :D<2em; II;2 em<D<6 cm;

D<22 em; VI: 22 em<D<26 cm; VII: 26 cm<D<30 cm;

IX:

30 em<D<34 cm; X: 34 em<D<38 cm; XI: 38 em<D<42 cm;

XI: 42 em<D<46 cm; XIlI: D=46 cm.
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Table 3 Spatial distribution pattern of natural and artificial forests of Kandelia candel (Linn.) Druce at different developmental stages")
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AN SRR BRI AR B Ry B AL oA TR 5 2
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BIS o3 AR R s R SR BN 2 (0 64 Bk 5 0
FEE) ) S5 AR R, Y R R A I RFE

KABBBE  Developmental stage 1 m"*/X Ca Cc k SrAik& )R Distribution pattern
RIRM Natural forest

K RE Seedling group 4.11 1.31 0.31 5.11 3.22 RS Clumped distribution

/NREEE Small tree group 0.68 1.08 0.08 1.68 12.17 BE#L53 75 Random distribution

K BE Big tree group 1.54 1.08 0.08 2.54 12.77 Ffi#L43 4 Random distribution

WL Old tree group 0.61 1.05 0.05 1.61 19.54 FEHL43 7 Random distribution
NTHK Artificial forest

XIHi B Seedling group - - - - - -

JNBHEE Small tree group -0.67 0.99 -0.01 0.33 -144.16 Y495743 4 Uniform distribution

KB Big tree group 22.11 1.23 0.23 23.11 4.38 RS54 Clumped distribution

EWEE O1d tree group -

1>I N FEE Clumping index; m /X SESPERE 5O
C: ¥ #E %L Diffusion coeffluem k. 71 IS4 Negative binomial parameter.
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Table 4 Static life table of natural forest population of Kandelia candel (Linn.) Druce'!

AyIE2)
Agﬂf\issz) a, a’ L d, 4, T, e, Py S, F, K,

1 218 218 1 000 432 0.432 3 440 3.440 0.568 0.568 0.432 0.565
2 147 124 568 923 0.163 2 656 4.675 0.837 0.475 0.525 0.178
3 78 104 475 923 0.195 2134 4.490 0.805 0.382 0.618 0.217
4 83 83 382 93 0.243 1706 4.460 0.757 0.290 0.710 0.278
5 66 63 290 33 0.113 1370 4.730 0. 887 0.257 0.743 0.120
6 54 56 257 9 0.036 1 096 4.268 0.964 0.248 0.752 0.036
7 56 54 248 103 0.415 844 3.407 0.585 0.145 0. 855 0.536
8 29 32 145 10 0. 069 648 4.470 0.931 0.135 0. 865 0.071
9 25 29 135 10 0.074 508 3.762 0.926 0.125 0.875 0.077

10 26 27 125 10 0.080 378 3.022 0.920 0.115 0. 885 0.083

11 33 25 115 10 0.087 258 2.240 0.913 0.105 0. 895 0.090

12 20 23 105 10 0.095 148 1.405 0.905 0.095 0.905 0.100
13 24 21 95 95 1.000 48 0. 500 0.000 0. 000 1.000 1.000

Da,: x P TETEEL Current survival number within x age class; a,* : 2J )G » WA TE 5 EL Current survival number within x age class
after smoothing; [, : x W IT U ET PR HEAFTE 2L Standardized survival number at beginning of x age class; d, : M x B x+1 % ARG AR IESE T
# Standardized mortality in the interval from x to x+1 age class; ¢, : M x | x+1 W AIWIAIZETK Interval mortality rate from x to x+1 age class;
L. Mox B a1 #59% 8] FE B AR METE TS S 14%% Standardized survival individual number in the interval from x to x+1 age class; T, : x W K UL %
AR B 5L Standardized total individual number from x to higher age class; e, : PEA x W PRI 3 22 F iy Average life expectancy of
individual into x age class; p, : x WY IIAETG R Survival rate at » age class; S, : ZEF£5 Survival rate; F: BITFFET-3 Cumulative mortality rate; K, :

Tk Disappearing rate.
2 ARG YL Age class is replaced by diameter class.
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Fig. 1 Curves of interval mortality rate and disappearing rate of
natural forest population of Kandelia candel (Linn.) Druce
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Fig. 2 Curves of survival rate and cumulative mortality rate of
natural forest population of Kandelia candel (Linn.) Druce
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Fig. 3 Survival curve of natural forest population of Kandelia candel
(Linn.) Druce

3 A

S SP NN 2eu ol Mk ) SN A )
AP BT — 5 RCER: B3 T I R T M A R B
A, RIERK AR R SRR 0.0 ~0.5 AT 1.5 ~
2.0 m AR T BOR EL B, 5 R IRARAR EE , BRI A
TARE R BELE R AN EL A B il = RS 4 i LA R Ak v
1 2.0 m Y AR, 1A i 2K AR bR f e
B EEFEF BB TR R S5 IIE T %
ML, S350 RO RIR MR A2 1T ~ AV ~ VI 2
BB A B AR AR ST RS 1K 46. 9%
F148.2% AR 25 AU ] 7 75 32, Al DL 2 A
W BB AERIOM BRI SR AR A 4 A 7 ) T e P B
By Forp i el LA RAa RS 4 1 i) /NS Ao 0 B B
Ja 3 AT A AR /N 1 R 1 i B B B i i A
DX BRI RS N AR ARG S5 R AN G B, 1 A P 3 i 1)
KR T 23 A AL T /I B B, R T 4 4 AN
R ANRETE O A A AR

MES [ A R R TR RO K SR AR BRAE 4l B
B OB RE S SRS ot A BUAR IR T REHL
SR SR X EE S RO AS YRR 19 A 58 5 7 X
AR, BRI Al e AR L A T — B[R]
TERER b7 B — s B B )i & v A BERR B 7% O 9% A
A L P S I A B, BT R )3k A R R B T
A TR AR R R PR BT T /Y A= 17 RE
Mg BE LR AR 2 g vl v ST | Bt ) 2 — o g
TURMCEE « X SRLEAF RO A, B — B 2 R T L
I B AT R AR A i AR T AR A U A 7 1 O AT
T o A i B AR 7 LR x SRR K
A AR AERERI VU 2 BRI A i 4
PER /IR B B e, — 7 TTRIF S X T i b s iy | Ol
HR MR Iy 4F FRAESEIN T 22 5K O3 — D7 i,
KRR A B A 355 i 2 R XA B DRI /IR R | SRR
RERMERBEREIL A . FERIA A TR /R
By R R A A0 s — B oL T, AR S
i 30F B 2 S o3 A RS O 5 DL, 9 X AL RK AR A
TARZ I L 220 3 A H/NRE A o5 AR Ee i, FE A
AJRE I N T A, S RO R A A SRR
A5 T A /RS TR A A R AN Bt B v AR
ZUNE PN S EIRIE R iy I EIRE SR & S50 Wi RN

MK R SRR (0 7 25 2 i 2 S A7 I A
JARZET AR LA A A M2 n] LUA Y« RO R SR b
e A R AL T AR B | U U TR L T 5 A
XA HAERASE . (BTG S rp RO AR T
BT 2 M IET R B BE, R4 i & /N A
N AT OB B BE , X — i HAR R A R o A —
B, T ROIRR Y « X HAEAE TR R B 2
3 Ik PR A e AN A BT — B BE, B A
KR, o TS TR R R A R LK Ao e il
ONENE:NE SN NN =R STi AN SV E2 S N
70U, BRI 5 ) B 4 RE T I Z B 2 i R
A BEFHRE ST (9 VAORE SR b i A X B R A 5 4
MR B IR S5

X AN TR HE B2 K R R SR AR B N AR F 5 4
T AR AR B R IR 14 1 JEE B AR R A5 R AE
WEFNSNHEZE S AN, AN 5 32 2135 287 PR IR o h
RIS AR R B A A0 T e, (H P 5 e Bt
S8 e L 25 R S AR G A v A% ARG L (AR AL, 1 T I
PN SINHE I 1) 7K 20 A 20 22 St 6 BRI A 1 K 7 1Y



52 4

AR, 45 R LD REAR I G DXRK AR Ff i 2 18] A 1 Joy A A5 A e ik B 47

SR AN 2 AL T Sz e 1 K At R A B 24 55 i 4 A
P . SRk AN AR H, BB R R AR AR Ak
345 FE RV P B2 /IS T N AR 70 AR ] 1) 37 4 1 AR
P, RIRMMU TR S BRE 501 0 859 A 1 229, 4k
SIS P 43 1 20 R T0% 1 90% , N T AR 3 i AN T
A B RO F A H S, S A 2
SRR B KIAIR G N TAREE VR B PRl Z AR
2% . TERONRY A A A 3, BOS R b B EIE 1 fE
% 5 ARY B0 % ( Bruguiera sexangula ( Lour.) Poir.) |
HAZEHR [ Aegiceras corniculatum ( Linn.) Blanco ) FIAHS
( Bruguiera gymnorrhiza ( Linn.) Savigny ) 55 £1F4 R4
Tofr | SRTIT X LR b 72 A BIF 5 DXl et 0030 8 AH 0 ¢
AT BLAEASHIFGE DX b Rk R AR B 18R At B 1 L
HAb M 022 | A0 ) ZRABOSR N TM- bk = 1. 79
m, ZEAR TR A ] 0 K At A8 N AR 4 8 1
2.89 m™ HA BAR TR BN 12 AR 2R RO L
B CFIRE 2.4 ~3.0 m) Y SRR B A
WFFE DI B2 vy L T ARG, 2 RN R £ bR R R
ARAEAC AL X, SRR AR T 5 3K — DX ) A= 455 2%
IR,

SE 0k

(1] # M. PEIOMMESRSEIM]. deat: Bz, 1997.
42-66.

[2] ZHANG Y H, WANG W Q, WU Q C, et al. The growth of Kandelia
candel seedlings in mangrove habitats of the Zhangjiang estuary in
Fujian, China[ J]. Acta Ecologica Sinica, 2006, 26 (6): 1648 -
1655.

[3] MR, Wesik, £ 8, % PEIHHRKR SIS XA
FETRBON RN HL TR Y T 45 R 25 ) A A AL LA [0 ). S
IEEY IR, 2013, 19(6) : 945-951.

(4] fZR#E, FRIFIHE, £ B, . [HZR I HLAS R IR B0 MR
GJBILR Zn Cd Cu 1Y BFG A RAE LB T]. bR
S HARBLERT, 2012, 41(2) : 187-192.

[5] fRiE, & B, BUNE, % WZREGWHE SR A SR
Wy RS LR IE[ T, AR AR S BE 24, 2014, 34(2) .
97-103.

(6] ZNI, MR, £ 8, % WAREBDHAESREMNRS Gk
WG], R 58, 2012(3) : 14-18.

(7] SEat. b i S LU AR A RSk [ 1], ARlk gz
i, 2006(1) : 142-144.

[8] £ #, ZWest, #4ahn, %, WARIMEHOL KRS N THAE
oot LB ()] PmAkes e, 2010, 30(1) : 16-20.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

BB, XML, BARTT. WAL AR 22 4 IX O 1L Y& A2 (Abies
Sargesii) PRFESFFRAE S 25 [ 0 A AR SR [ 1] . A2, 2009, 29
(5):2211-2218.
/NG, fARSE, Bt AR, S RSUE KRS AL RS Fh i 25 )
SRR T]. mREAl KRB . AR, 2009, 24
(5): 734-738.
st AR, B4R, B REE BARRY KRR R K
SRR s WA A SRS [ 0] TEPE AR~ 4f, 2009,
31(3): 422-426.
JH#E, 2 %, KSOWE, S IR AR BE R I AR AR 4
MR TSz W o3 A R [ 1], Mol Bk, 2012, 48 (4) 149~
155.
WA, B, TR, S VLI U LT R ke bk
PEAFp s 3 A% R [ 1], A, 2012, 32(9): 2729 -
2737.
WbV, R, MEHZE, S K H L Sk i AR SR R K
HAs ) ankg)m [ 1], MY, 2006, 30(5) : 743-752.
fZRAE, AFFRE, F B, A BRI G T AR S A
BNBATM ], REFE, 2009, 25(12) ; 44-49.
FAATR, 2oL, wABE WAEEEIM]. TN )RS
B AL, 1995.
g, XMEHE. AT BRI RF S5 B S 5 0 mtgm [ )],
YA, 1993, 35(7) ; 552-560.
BRODIE C, HOULE G, FORTIN M-J. Development of a Populus
balsamifera clone in subarctic Québec reconstructed from spatial
analyses[ J |. Journal of Ecology, 1995, 83(2) : 309-320.
NUSKE R S, SPRAUER S, SABOROWSKI J. Adapting the pair-
correlation function for analysing the spatial distribution of canopy
gaps[ J]. Forest Ecology and Management, 2009, 259 (1) 107~
116.
OTTO R D. An evaluation of forest landscape spatial pattern and
wildlife community structure[ J ].
1996, 89(1/3) ; 139-147.
ERE, K, WBUE, 5. /Nl ER % 8 R0 b
PR SEAE ()] i, 2012, 30(1) : 36-40.
TrRWY, SRR, A REEMKAEFE ARSI TS
AT SRR T]. R RO R i BARFLAE AR, 2004, 28
(3):71-74.
Blak, ERE, B, % WYIE M ICIHE 5+ R -Bdih
NTHEIBEFL[ ], Ml B 2285, 2001, 14(6) @ 610~
615.
PREZR, B3, K, % JoEs 055 BOmLR AT
MRS MOF ZHEEDETE[T]. DA 244, 2004, 15
(6):924-928.

Forest Ecology and Management,

(REHE: KAH)



