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Abstract: To evaluate the establishment and early growth of the mangrove species Kandelia candel in the intertidal zone, and to
develop a better understanding of biotic and abiotic factors influencing the regeneration of its seedlings, we conducted a field
experiment in Zhangjiang Estuary in Fujian. Different positions along the intertidal gradient were selected from 20 m to 120 m
horizontal distance down the shore, including eight sampling sites in the mangrove areas. Equal numbers (75) numbers of mature
propagules of K. candel were planted in each sampling site. The fates of propagules and growth of seedlings were monitored for 3
years.

The rates of rooting of K. candel propagule varied spatially. The lowest rates occurred in sites with an Avicennia marina-
dominated overstory (69.7% ) . The rates were higher in sampling sites with a K. candel-dominated overstory (90.0% ), at the
fringe of the mangrove forest (89.3%), and on the bare tidal flat outside the mangrove forest (82.7%). Afier 1 year, the
survival rates of seedlings planted under A. marina forest, K. candel forest, at the fringe of the mangrove forest, and the bare
tidal flat were 13.7%, 54.7% , 76.0% , and 34.7% , respectively. Among the surviving K. candel seedlings, those at the

fringe of the mangrove forest and on the bare tidal flat had greater height, stem diameter, leaf number, leaf area, and biomass
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than did those under the A. marina and K. candel forests. In general, our experiment demonstrated that establishment and
growth of K. candel seedlings occurred successfully at the fringe of the mangrove forest but did worst under the A. marina forest.

We analyzed the factors which translate K. candel seedlings’ performance into significant differences in terms of
establishment and early growth among sites. The performance of K. candel seedlings was not correlated with sediment texture,
pH, salinity, organic matter, total N, and total P among the sites. However, interspecies competition, propagule predation by
insects and crabs, and the incident light had significant effects on seedling survival and growth.

At the early growth stage, the probability of establishment of K. candel propagules planted in the intertidal sediments was
influenced by predators and tidal disturbance. Under the A. marina forest, the compact root system of A. marina prevents K.
candel propagules from rooting so that the propagules tend to be carried away by tidal currents. Insects and herbivorous crabs can”
play a considerable role in the predation of mangrove propagules and possibly are a threat to the regeneration of mangroves. We
found that rates of insect and crab predation were higher in the intertidal location under intact canopies than at the fringe of the
mangrove forest and on the bare tidal flat.

Longterm survival of seedlings and their development into saplings depend on light availability. Analyses showed that
correlation between growth parameters of one year old K. candel seedlings and light intensity was significant. Shade reduced
seedling growth in the field. Only those seedlings at the fringe of the mangrove forest and bare tidal flat established successfully
and grew to maturity. These sites afford better growth conditions than the surrounding understory and, as importantly, provide a
refuge from predation by insects and crabs.

Our results also indicate that the rapid growth of Spartina alterniflora reduces the regeneration of K. candel. As a
competitive plant to K. candel in the mid intertidal zone, S. alterniflora may be having a large impact on the mangrove
composition of our study forests. It is necessary to search for ways to protect this reserve area of mangrove wetland.
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Table 2 Ecological factors in sampling sites

HEHFES MMEREE(%) 13 = E B {L ¥ ] Edaphic physical and chemical characters

Sampling Relative light + R HHF(%) SRE(%) SRRR(%) £ (%0)

site number intensity Soil texture Organic matter Total N Total P Salinity pH
1 7.15a+2.21 # ¥ + Silty clay 3.34b+0.33 0.33b+0.06 0.04a + 0.01 21.79b+1.35  6.55a+0.08
2 14.15a+2.80 K £ Silty clay 3.80c £0.25 0.33b+0.08 0.04a £0.01 19.40b+2.94  6.60a+0.09
3 16.0l1a+3.54 # ¥ £ Silty clay 3.94c+0.14 0.34b +0.03 0.03a +0.01 18.62ab+0.33  6.53a20.14
4  14.51a+3.98 # ¥ + Silty clay 3.61cx0.18 0.32b+0.08 0.03a+0.01 16.68ab+2.25  6.54210.04
5  14.25a%3.30 ¥ L Silty clay 3.41b£0.35 0.32b+0.06 0.03a+0.01 15.97ab+1.45  6.552:0.08
6 15.68ax4.11 W¥it Silty clay  3.16ab+0.33 0.33b+0.08 0.03a+0.01 16.59ab+1.96  6.51az0.07
7 83.77b:11.27 ¥+ Silty clay 2.74a£0.16 0.27 ab + 0.05 0.03a£0.01 13.86a+2.26  6.57a+0.04
8  100.00c = 0.00 K £ Silty clay 2.45a % 0.07 0.20a+ 0.02 0.03a £0.01 15.12a+1.04  6.60a+0.05

R—FBENTRFEERREERREEEREE,p<0.05 Mean values in the same column having the different letters are significantly different at
p <0.05 level

BeS, MRETT 1 BB DT 8 R EERBEMRK TR, BEEX 0.3 m(B 1), 2350, E/HF 1~8 21|,F
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Table 3 Statistic of different types of Kandelia candel seedlings in sampling sites in 1 year. The values were the means of 3 replicates
KR Seedling’ s type

H HAES ERGHRET RGERET sk
Ttem .Samplril:;)ge CEN HiE * Carried R B T T Undamaged Damaged  Newly recruited
site number Settled away by tidal current Survival Death death death naturally
A3 Number 1 2.0+1.7 3.0£1.7 12.3:0.6 9.7+12 6.0:1.0 3.7:0.6 53206
2 23.0+0.0 2.0£0.0 15.0£2.6  8.0:2.6 3.3:x1.2 4.7z1.5  6.7z1.5
3 20.0+1.7 5.0x1.7 3.0£0.0 17.0£1.7 2.7:+0.6 143:1.5  0.720.6
4 16.7£0.6 8.3:0.6 3.3:0.6 13.3:0.6 1.0£1.0 123:x1.2  0.320.6
5 16.32.9 8.7:2.9 2.0£2.0 143:1.5 23:0.6 12.0:2..0 0.0:0.0
6 16.7+2.5 8.3+2.5 5.3£0.6 11.3£3.1 1.3:0.6 10.0£3.6  0.0£0.0
7 22.3:0.6 2.7+0.6 19.0£1.7 3.3:1.5 1.3:1.5 20200  3.3:1.2
8 18.7+4.2 6.3:4.2 6.7+11.5 12.0:11.1 12.0£11.1 0.0£0.0  2.3:1.2
ERFLAENESR 1 88.0£6.9 12.0£6.9 49.3+2.3 38.7:4.6 24.0:4.0 14.7:2.3
(%) Percentage of the 2 92.0:0.0 8.0£0.0 60.0+10.6 32.0+10.6 13.3:4.6 18.7£6.1
total seedings planted in 3 80.0£6.9 20.0:6.9 12.0£0.0 68.0:6.9 10.7+2.3 57.3:6.1
each sampling site 4 66.7+2.3 33.3:2.3 13.3:2.3  53.3:2.3  4.0£4.0 49.3:4.6
5 65.3+11.5 34.7:11.5 8.0£8.0 57.3:x6.1  9.3:2.3 48.0£8.0
6 66.7+10.1 33.3210.1 21.3+2.3 4532122 5.3:23 40.0:14.4
7 89.3+2.3 10.7£2.3 76.0£6.9 13.3x6.1  5.3:6.1 8.0£0.0
8 82.7+4.6 17.3:4.6 34.7+41.1 48.0:44.5 48.0:44.5 0.0:0.0

* 2002 £ 6 B W 3 IE Data were obtained in June of 2002

2.2.1 @& EEMIENKIMSE ATHEEORMEMEREWNBRNEREREBEEERKRFEKEE
X—38,E 200246 AGRATE—KREMNEZE , AEREAERMEE. AREFAKMSEEES
KEWERR B 1.2 BEEMREMNMEED, G RIESER 12.0% 1 8.0% , M50 B E A& L EH T 3
~6 RS E R ANMER S, 55 5 RSB/ 20.0% .33.3% .34.7% 1 33.3% ;B 7.8 EE IR R %K
WD, SR EAEK 10.7%M17.3%,

BEI~S AGAHBELOKMEMKERENHE, BEEF - RKAENE P UREBSE T P HHA

ShRIFEEA KK SEAKMSE . REBEFPIRKANE OB WARR HEF 1.2 & FRABAT, 5k
BB NEETFRE, 3R 5.3/m M6.7H/m* ;TERET 3~6h , AT RAME BT 7MEF S
sl SIS L 43BN 3.3 BR/m® R 2.3 BR/m’
2.2.2 BmHEEEEFEDHES MNTREELRIEEELEKMKMSE . B EEMEHNERKRIES,
ZAREENH WML, REBEWM ,FET AT 45 ARG EMERGHR TR LR, BT &R KRN
MM MRS MAT, LR FRRMEK KBEFZEWEM T A= LRI E ;5EHK
RSB NEE W, AU R ER A AT EREANBBRGEORT. BERSHEREBTR
J& , U3 RT AR Bl T 3 4K 1 BT B R 5%, K 8 JB LT I A

BIE1EN, AR PRMHEIFETHMEBAR (R 3):EHFT 129,85 13 MEET RT3
~6 PR MER RS, WRIEBIEE 45.3% ~68.0% ;K75 7T BT BIFE TS MERSOER D, (U 38 Bkl
13.3% ;TR 8 4B LB NMEA BB BIRIEHIAN 48.0% , TERHATFEAKREEAKY ¥, SHEFHE /)
B EHE ST,

BRI PRSI G TR ERE AHF | W UERGHIET A E, ST A 62.0%; BIRY
2, T R RN ST B RN E SN 58.5%, BT TIERGHER T NMEYGERY 3~6 P,
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BHEFE T MY ST BRI KIS, N 83.4% ~92.5% ;K 7 b, MG T- M EAE T Z B M
FRTHAERBORE , R FE T RS M MEABULS 318 1.3 R 2.0 8, /N FREB T HFET-MESGH
T8 AWMAERGHATRENHE HEFEEZA D LW EKXEMNESBI.

MG, B 2004 £ 4 AL BREETT 1.2.7 PANE BKAGS B AFIE Ah (22 BTG BRI N 18.7% .23.2% M 71.9% ),
BJ73~6 Ml 8 PRk 2B, HP MELEKENFE ST K, BE 1 NIETHSHELEE
THIC, ME 2005 4, BRI 3a 5 AUEF TR ERMGEHE B KL (3a BIER KN 68.2%) , B 1.2
PRI Bt 2T,

2.3 ERBEKGSEHEK

BET 1 FRUMDERERSERER 4, ETAKSEYUERIRIETRK . TIEMKK 6 MY
FLORALERT RSB RNAERKT TEHEER, BRELIREKRSEFEAHRAENE R, TUB L . EEBIE
FRIBK A0 4 8 B SR AE ORI R 2 b ARSI Rl BRI IR 2, BB SR B 2

BEAN AR ARA L, ERT T | FRUMSIENETERSENEN ERBEZ AIYEREETMHX
KER(RS) . RIUNCBKFEMUMSERA L FFEMMRAEHR ZE HHRESERKNEYEY
BEW,

£4 ERTIEHAKIEEKSMUR

Table 4 Comparison of some growth parameters of one year old Kandelia candel seedlings among sampling sites
¥ 7 5 Sampling site number

B Item
1 2 3 4 5 6 7 8

Z# Shoot height(cm) 30.2b+2.7 29.7b+2.8 20.5a+2.2 22.9a+1.5 262+2.7ab24.4ab=1.9 52.70£3.6 55.5024.5
%2 Stem diameter (cm) 0.48b+0.04 0.442£0.01 0.45a+0.02 0.42a+0.02 0.44a+0.03 0.44a£0.01 0.91c+0.0l 0.87c+0.04
B HR0t A B Number of 5.6b+0.2 53b+0.3 4.0a+0.0 4.0a+0.0 4.0a+0.0  4.0a£0.0 41.1c+7.0 38.4c%6.5
leaves per plant

1 Leaf
ﬁﬂwm*’uz area 136.0b+9.8 81.8abx15.5 26.6a+6.8 27.2a+8.3 35.2a+6.5 55.labx 11.2 590.9¢ £ 33.2 534.9¢ + 27.9
per plant (cm®)

3 h
BB TR Shoot dry 0.95b+0.13 0.90b+0.11 0.54a+0.10 0.54a+0.12 0.67a+0.11 0.71a£0.12 6.97c£0.79 6.0dc £ 0.56
weight per plant (g)
B T E Leaf dry

. 1.07b+0.110.81ab+0.07 0.42a+0.06 0.48a+0.05 0.50a+0.05 0.36a+0.05 7.74c+0.69 6.88¢c+0.57
weight per plant (g)

HHM T E Root dry

X 2.15b+0.29 1.98b+0.45 1.55a+0.26 1.57a+0.31 1.40a+0.38 1.71ab+0.25 12.88¢ + 1.51 11.20c £ 1.05
weight per plant (g)

FA—fTRENFRAFEERRLERBERERREFE,p <0.05 Mean values in the same row having the different letters are significantly different at
p <0.05 level; The values were the means of 6 ~ 9 seedlings

£5 BRI ERBAHEERSUESHEIARBENEXRSY
Table 5 Correlation coefficients between growth parameter of one year old Kandelia candel seedlings and relative light intensity

A lem ZE B Shoot 12 Stem B A 3 Number ot R Bi% T H Shoot " FE Shoot T H Shoot
N height diameter of leaves Leaf area dry weight dry weight dry weight
X R B Correlati -
~ P Lomelation 0.954* * 0.975" 0.981" " 0.959° * 0.970" 0.971"" 0.971""
coefficients

* % p<0.0l; * p<0.05
3 it
3.1 EmEBmEmENEEERNWER
W [R) A 1A% MRS BRI VR B R A AR, BV R4 A0 IR oP i B, ZE B VA B 0 10 4 5 T MK 5 . WK Fh E
AE S AR KR, RBRAEK PRI TEEEED
MAWEY P EHERKMBIR RN, KR LR 78K B W i IR L R 7K 0 2 B o 2T AR A ) 4 o

RURRERNERIFE . RG220 7 00 6 1R 5 B0 197K 8 s B G K 0 056 78 4 AR ) 41
SR AR R RAE R B, 2148 32 B MK b R B 5 F s s 120780 B9 o Bk AR L e O —
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HEHTFERETAEARMEREHR, SR THAEREERXEFAE. SWHRE, REEKRER T
W1 A/MEF AT/ BN L, ZEK R E WA RSk EESNS  HESE T AMREIEE, BAK
B T 1 AR o K IR B S BE EG B — B I AT, £ PR K S A B B AR R R K U 18 B S i ot O o N S AR B B
PRI 1/3 ~ 1747 MRAMNEK R ER AN, BEAGS iki EEEM T B R TR T B &84, B
W LAE R MR A KR ER RN HEEE KT ROEWE., FR ARSI TERA, &R
FHHEX ERBEMER T REAEFE MR EERBRAMEXXR(p>0.05), BHHERT HRURIKR
ot $-3 08 SN HEE Y b0

LR, W] A AT AT L i A FROR R R R B B3k (472 2 63) &R/m’, WAME BB KR R £+
WrhF AL ERAR, AR ARESHURBEEKRELFSIMMBRO LEIRLAETRERRALH. AE
GREREAETEATHRHEMEAERRNE, XV ETRRANFERNHKNG M EROEERXER
£, BEMHNBEEHA - STR CEAETRNBERRTN KRR EELBEAY UREIRSE, X
ST THROAMKBEENRHLEER  HRIMEERRABRAEER XL,

3.2 EmkMHSEFENREER

BE2EEAKMBMSBEEERIES A TRE AWK RERNYED , HEZRANEREHY
BRI T4 b BB E S, ARARE . BB ARNABENIT., 2R P, FARFEF L#E
R LB KB EN MK EHE T RBRAMEERXRE(p>0.05), XA L HURKIXBERETIE
KMSE TN EERRE,

T R RE 7 Bk Al 40 B B FE T- MR BURIFE - KRR B, B AU S s W 0 IR R S BB 40 7
ABRRTHEFERR FUATEARNBRR R, HRGHEATHME ST B1KK 83.4% ~92.5%,
THRMB MG ERRA KA SHEF PR B TER L BEa/NLEE, 2R AINE, LA AR 2EH
FiE R BEER S WM AN KSR DR A/ L, BRLOBRE, FLAEXE R, Sousa £ R LI, EHAA
EAZGT  BRAKESHFEME S ERMES, FBLHE L. TR TLIHAEE BB Hh4h 5 SRR
TEW AT , FIE TR B AE 40 18 RIS SR, MAKIME B BBR A9 40 8 4% 2 o Minchinton'") | Krauss
PP EY SR AMEY S EEE TR, AFMAAEERR, B &S T IR Y 408
MM, 5 THRE., XMAEPRNER -,

HBEEHAREYEFTNEIEASATF, ZROAMY B EEEHNME, FEEBZ TR, &3
30 B HUBK R HE X O BB SR BE U AR S e MERY 7.15% ~ 16.01% , K LIBK i K T B /b . IRZEREBEH, KRS
FRMEN KA E N FE AR E | FRIFHN  RAKGRG B SEPERISET 2 MA AW,
LK Bh AR P 4G BE B 40 8 MR BRI B 2 5 Bl 2004 SEARIT 2a B, BB AR T B AR 4 & £ T, KB AR T B A
BN BEFE(2a BIEFE N 18.7% ~23.2%) , H 7 2005 SER I 3a BAKFAR TR T HEIRK i 4 1 th &35
T, oAb, ERE PR AIEL ORI AR B R TR MM RS ARG H U RARSNEME b 70 85 & 4
AT KAXEEFREHBL BFINRAEKMKT 2 EEM3 EENRMSERBAR TR, SN EDRTE
BB TRRER AR R B, R HKE BE ATEASEARAERTANE ML E R,
ENEEENRAESRE W, AR ERKFURRHBSHNERRETEREESRTZRLAE
E— T REEMER, RETXNTEAR, WA A TEEEERRFSHEMERD , E1~284EKHKN,H
TRASTE BT BERBNARER AR EEE, YRR EEKDE 3 £, ERMUERY
FRR  EFGEEKNEFRRSFEN A EEERARE A TEEBRETHELEGETENIET, S8

BT WO EARATRRGT B KA E R AU RSB SHYEDHEMRE, H— S5
TS E ST,

3.3 BHBHAHEKMER
MM FEF R MR EZBEWE KEGEH AV TREAHBENME. B KBk
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EX M EREER SILSE BEER AKUREEARSBERME ™™, KPR, FH
B E SR ERAER ., MEMBIRMNMERENY 0.39 m, EARA MR T8, BN ST BT AL 6
MROLBERE FKBENEEJNAKX VER T HNEERE, BEANKABIRI L REEETHRES,H
BEEEBEF T HREIREEEE 13.86~21.79 ZH, ARSI B EBROEKBERER"S . W5, HoH
FRARS B A KRB AR PR S B, DIREE AR R A A KW FER R N LA VLR LK pH
ERAFER VRPN ERNERZETHRER(p>0.05), M ERIE KR HEAE T2
WikRE , BARRE TR ER FHFEE  BEARERERTHKMNBEERERWEERZWE T,

MY EERBREARE TRROER DA EEFXARAKRNES, EEXAR TR/ NENEE R AEKR
B CHBEETHE ., AHAERRE, EHFTT 1 ERKAYENETEKSEAAEN L RREZ [YE
MEBFEMRKR, RUELBAKFZABKAL 8 HCE A, I ET XA R ZE ESERMAE
MBHEL W, EHER WBTRNE R XY R L R KM ( Bruguiera gymnorrhiza ) . €L ¥§ # ( Rhizophora
stylosa ) B BIE KT EE , MBRERAGATH RS EEK, Smith!* Xt X ZL# ( Rhizophora mangle ) S B
XHRKAI (K. candel) KIBFIE G5 R R AL WA 4 B EMSNLEMRNERK B ELT

FHIERB, MR b, B FEEKEREAKIFBREAMNRS A, BEHAENRR LT REWERR
S AENKASEEHEER  ARZABREEEFAKM WAL, ARARMERRE -S4 SMME
EFEERKREEGNESRS PR, AT REENEAETEIORM RN RRAT BNER. ALEH#iTO
WHYMEEREZ AHRXRRRANFRIFRBEENEEURP RO KEREPEK,
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