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The growmth o Kandelia candd seedlings in mangrove habitats of the Zhangjiang
Egduary in Fujian Province, China

ZHANG Yi-Hui' , WANG WenrQing' , WU Qiu-Chend’ , FANG Bai-Zhou’ ,LIN Peng’ (1. Schod o Life Sdences, Xiamen
University , Research Cartter for Wetlands and Ecological Engineering , Xiamen 361005, China; 2. Administrative Bureau d Zhangjiang Estuary Mangrove National
Natural Reserve, Fujian, Yunxiao 363300, China) . Acta Ecologica Sinica,2006,26(6) :1648 1656.

Abgract : To eva uate the egablishment and early growth of the mangrove species Kanddia candd in the intertidd zone, and to
develop a better underganding of hiotic and abiotic factors irfluencing the regeneration of its seedings, we conducted a fidd
experiment in Zhangiang Eduary in Fuian. Different postions dong the intertidal gradent were sdected from 20 mto 120 m
horizontd distance down the shore, induding eight sanpling Stes in the mangrove areas. Equal numbers (75) numbers of meture
propagues df K. candd were planted in each sanpling dte. The fates of propagules and gronth of seedings were nonitored for 3
years.

The rates o rooting of K. candd propague varied gaidly. The lowes rates occurred in stes with an Avicennia marinar
dominated overgory (69.7 %) . The rates were higher in sanpling steswith a K. cande-dominated oversory (90.0 %) , a the
fringe of the mangrove fores (89.3 %) , and on the bare tida flat outsde the mangrove forest (82.7 %) . After 1 year, the
survival rates of seedings planted under A. marinafored, K. candd fores , a the fringe of the mangrove fores , and the bare
tidd flat were 13.7 %, 54.7 %, 76.0 %, and 34. 7 %, regectivdy. Anong the surviving K. candd seedings, those a the
fringe of the mangrove fores and on the bare tidd flat had grester height , dem diameter , lef number , led area, and biomass
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than did those under the A. marina and K. candd foreds. In generd , our experiment derondrated that egablishment and
gomh o K. candd seedingsoccurred successuly a thefringe of the mangrove fores but did worg under the A. marinafored.

We andyzed the factors which trandate K. candd seedings’ peformance into dgnificant dfferences in terms o
egablishment and early gromth anong dtes. The performance of K. candd seedings was not corrdated with sediment texture ,
pH, sinity , organic metter , totad N, and total P anong the dtes. However , intergpecies conpetition, propagule predetion by
insects and crabs, and the incidert light had dgnificant efects on seeding survivd and growth.

At the early gromh gage, the probability of egdablishment of K. candd propagules planted in the intertidd sediments was
irfluenced by predators and tidd disurbance. Under the A. marina forest , the compact root sysem o A. marina prevents K.
candd propagules from rooting 0 that the propagules tend to be carried avay by tidal currents. Insects and herbivorous crabs can
play a condderable role in the predation of mangrove propagules and possbly are a threat to the regeneration of mangroves. We
found that rates of insect and crab predation were higher in the intertidd location under intact canopies than a the fringe of the
mangrove fores and on the bare tidd flat.

Longterm survival of seedings and their development into saplings depend on light avalability. Andyses showed that
correlation between growth parameters of one year old K. candd seedings and light intensty was dgnificant. Shade reduced
seeding gowth in thefiedd. Only those seedings at the fringe of the mangrove forest and bare tidd flat esablished succesfuly
and grew to meturity. These dtes dford better growth conditions than the surrounding undergory and , as inmportantly , provide a
ref uge from predation by insects and crabs.

Our results d indicate tha the rgpid gromth of Spartina aterniflora reduces the regeneration of K. candd. As a
conpetitive plant to K. candd in the mid intertidd zone, S. adterniflora may be having a large inpact on the mangrove
cormposition of our gudy foreds. It is necessary to search for ways to protect this reserve area of mangrove wetland.
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Table 2 Ecdogical factors in sampling stes
(%) Edaphic physca and chemicd characters
Sanpling Relative light (%) (%) (%) (%) Ny
site number intensty il texture Organic netter Totd N Totd P Sirity P
1 7.15a+2.21 Sity day 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 Sity day 3.80c+0.25 0.33b+0.08 0.04a£0.01 19.40b +2.94 6.60a+0.09
3 16.0la+3.54 Sty day 3.9%c=+0.14 0.34b+0.03 0.03ax0.01 18.62ab+0.33 6.53a+0.14
4 14.51a+3.98 Sty day 3.61c+0.18 0.32b+0.08 0.03a+£0.01 16.68ab+2.25 6.54a+0.04
5 14.25a+3.30 Sty day 3.41b+0.35 0.32b+0. 06 0.03a+£0.01 15.97ab+1.45 6.55a+0.08
6 15.68a+4.11 Slty day 3.16ab+0.33 0.33b+0.08 0.03ax0.01 16.59ab+1.96 6.5la+0.07
7 83.77b+11.27 Sty day 2.74a%0.16 0.27ab+0.05 0.03a+£0.01 13.86a+2. 26 6.57a+0.04
8 100.00c =0.00 Slty day 2.45a+0.07 0.20a+0.02 0.03a+0.01 15.12a+1.04 6. 60a+ 0. 05
,p<0.05 Mean vauesinthe same column having the different |etters are sgnificantly different at
p<0.05 leve
, 1 8, , 0.39m( 1) , 1 8 ,
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Table 3 Satigic of different types o Kanddia candel seedlings in sampling sitesin 1 year. The values were the means o 3 replicates

Seediing’ s type
Sanpling B * Carti :
Item ried )
dte number . Quniva Desth Undameged Dameged  Newly recruited
Settled anay by tidd current vi - desth desth returally
Number 1 2.0+1.7 3.0+17 12.3+0.6 9.7+1.2 6.0+1.0 3.7+0.6 5.3+0.6
2 23.0+0.0 2.0+0.0 15.0+2.6 8.0+2.6 3.3+1.2 4.7+15 6.7+15
3 20.0+1.7 5.0+1.7 3.0+£0.0 17.0%1.7 2.7+0.6 14.3+15 0.7+0.6
4 16.7+0.6 8.3+0.6 3.3+0.6 13.3+0.6 1.0+1.0 12.3%1.2 0.3+0.6
5 16.3+2.9 8.7+2.9 2.0£2.0 14.3%1.5 2.3+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+15 1.3+1.5 2.0£0.0 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
1 88.0+6.9 12.0+6.9 49.3+2.3 38.7+4.6 24.0+4.0 14.7+23
(%) Percentage o 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
totd seedings plarted in - 3 80.0£6.9 20.0£6.9 12.0£0.0 68069 10.7+23 57.3%6.1
esch sanpling ste 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+6.1 9.3+2.3 48.0+8.0
6 66.7+10.1 33.3+10.1 21.3+2.3  45.3+12.2 53+2.3 40.0+14.4
7 80.3+2.3 10.7+2.3 76.0£6.9  13.3+6.1 5.3+6.1 8.0+0.0
8 82.7+4.6 17.3+4.6 3.7+41.1 48.0+44.5 48.0+44.5 0.0+0.0
*2002 6 Data were obtained in June of 2002
2.2.1
, 2002 6
12 , 1220% 8.0%, ; 3
6 , , 20.0% 33.3% 34.7% 33.3%:; 7 8
, 10.7% 17.3%
3 5
12 ,
2
53 /m 6.7 ; 3 6 , ; 7 8
, 33 /M 2.3 /nf
2.2.2 ,
1 , ( 3: 12 , 1/3 : 3
6 45.3% 68.0%:; 7 ,
13.3%:; 8 48.0%, ,
1 , 62.0%:;
2, 58.5%, ; 3 6
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, 834% 92.5%:; 7 ,
, 1.3 2.0 ;
8 1
, 2004 4 127 (2a 18.7% 23.2% 71.9%) ,
3 6 8 , , 1
2005 3a 7 (3a 68.2 %) , 12
2.3
1 4 6
1 1] 1
( 5 :
4 1
Table 4 Comparison of some growth parameters o one year dd Kandeia candel seedlings among sampling sites
Sanpling Ste number
Item
1 2 3 4 5 6 7 8
Shoot height (cm) 30.2b+2.7 29.7b+2.8 20.5a+2.2 22.9a*1.5 26.2+2.7ab24.4ab+1.9 52.7c+3.6 555c+4.5
Sem diameter (cm) 0.480+0.04 0.44a+0.01 0.45a+0.02 0.42a+0.02 0.44a+0.03 0.44a+0.01 0.91c+0.01 0.87c+0.04
Number
d 5.6b+0.2 53b+x0.3 4.0ax0.0 4.0a+0.0 4.0ax0.0 4.0a+0.0 41.1c+7.0 38.4c*6.5
leaves per plant
Led area
136.0b+9.8 81.8ab+15.5 26.6a+6.8 27.2a+8.3 35.2ax6.5 55.1ab+11.2 590.9c+33.2 534.9c+27.9
per plant (cn?)
Soot 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 6.04c+0.56
weight per plant (g)
: Led dy 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 6.88c+0.57
weight per plant (g)
Root dry

. 2.15b+0.29 1.98b+0.45 1.55ax0.26 1.57a+0.31 1.40a+0.38 1.71ab*0.25 12.88c+1.51 11.20c +1.05
weight per plant (g)

,p<0.05 Mean vauesin the same row having the different letters are dgnificantly dfferent a
p<0.05 levd ; The valueswere the meansof 6 9 seedings

5 1
Table 5 Corréation codficients between growth parameter o one year dd Kanddia candel seedlings and réative light intensity
item Soot Sem Number Soot Soot Soot
height diameter o leaves Led area dry weight dry weight dry weight
Qorreation . - - - . - -
0.954 0.975 0.981 0.959 0.970 0.971 0.971

codfficients

* * p<0.0l; * p<0.05

[3]

[3,11,21 27 28]



1654 26
1 1 1 1
1/3  1/4™ , ,
(p>0.05) ,
, (472 +63) /nf,
(2]
3.2
i 3a ’
(p>0.05) ,
, 83.4% 92.5%
Suaa M
, , Minchinton™ Krauss
28]
, [45,7]
7.15% 16.01 %, 3
1 ] 2 ]
;2004 2a ,
(2a 18.7% 23.2%) , 2005 3a
, 2 3
113 ” [29] 1 2 ,

3.3



6 1655
(28 3]
, 0.39m, )
13.86 21.79 , 2 :
H 1 1 pH
(p>0.05)
, [31] , 1
=2 ( Bruguiera gymnorrhiza) ( Rhizophora
stylosa) , mith™® ( Rhizophora mangle) tel
(K. candd)

References:

[ 1] LinP. Mangove Vegetation. Beijing: China Ocean Press, 1984.

[2] PadillaC, FotesM D, Duate CM, & al. Recruitment, nortdity and gromth of mangrove ( Rhizophora $.) seedings in Ulugan Bay , Pdawan,
Philippines. Trees gtructure and function , 2004, 18(5) :589 595.

[ 3] QakePJ, Kerrigagn RA, Wedphd CJ. Digersa potertid and early growth in 14 tropica mangoves: d early life hidory traits corrdae with paterns
o adult digribution ?Journal of Ecology , 2001, 89(4) :648 659.

[4] QakePJ, Allavay W G. The regeneraion niche of grey mangrove (Avicennia marina) : effectsof sdinity, light and sediment facters on egabli shment ,
gowth and survivd in the fidd. Oeoologa, 1993, 93:548 556.

[5] S9mthSM,LeeD W. Hfectsd light quartity and qudity on early seeding developmernt in the red mangrove, Rhizophora mangle L. Bulletin of Marine
Ssience, 1999, 65(3) :795 806.

[6] YeY,TanFY,LuCY. Hfectsd il texture and light on gronth and physology paranetersin Kanddia candd . Acta Phytoecologica Snica, 2001, 25
(1) :42 49.

[ 7] Bdl MC. Interactive dfects of sinity and irradiance on growth: inrplications for mangrove fores gructure dong sinity gradients. Trees gructure and
function, 2002, 16(2-3) :126 139.

[ 8] QarkePJ, Myersough PJ. Theintertidal digtribution of the grey mangrove (Avicennia marina) in Southeastern Audtrdia: the efect of physical conditions,
intergecific competition and predation on propagule esablishment and survival. Audrdian Journal of Boology , 1993, 18:307  315.

[9]1 Mckee KL. Sil physcochemicd patterns and mangrove gecies distribotion-reciproca efects ?Journd of Eoology , 1993, 81:477 487.

[10] LanFS,Li RT, Chen P, & a. The relaionship between mangrove and oilson the beach of Quanxi. Quiihaia, 1994, 14(1) :54 59.

[11] Minchinton T E. Canopy and subgratum heterogeneity influence recruitment of the mangrove Avicennia marina. Journd of Ecology , 2001, 89(5) :888
902.

[12] ZhangQM, YuHB, Chen X S, & al. The rdaionship between mangrove zone on tiddl flats and tiddl levels. Acta Ecologica Snica, 1997, 17(3) :258

265.

[13] Bdl M C. SHinity tolerance in the mangroves Aegiceras corniculatm and Avicennia marina . Water use in relation to growth , carbon partitioning and st
baance. Audrdian Journd of Hart Physology , 1988, 15:447 464.

[14] Robeton A |, Gddns R, Smith TJ . Seed predation by insects in tropicad mangroves foress: extent and dfects on seed viahility and the groath of

[15]

seedings. Oeoologia, 1990, 83:213 219.
Mckee K L. Mangrove ecies d gribution and propagule predation in Belize — an exception to the dominance predation hypothess. Biotropica, 1995, 27:



1656 26

[16]
[17]

[18]
[19]

[20]
[21]

[22]
(23]

[24]
[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]

[1]
[6]
[10]
[12]
[22]
[23]
[24]
[25]
[26]
[29]
[32]

334 345.

Farnsnorth EJ, Blion A M. Qobd paterns of pre-digersad propagule predation in mengrove foreds. Biotropica, 1997, 29(3) :318  330.

Susa W P, Kennedy P G, Mitchel B J. Popague Sze and predipersd damege by insects dfect egablishment and early gronth of mangrove seedings.
Oeoologa, 2003, 135(4) :564 575.

Rabinowitz D. Mortdity and initid propague sze in mangrove seedinds in Panama. Journd of Eoology , 1978, 66:45 51.

Lin G, Qernberg LDA SL. Varidion in propague mass and its effect on carbon asdmilation and seeding growth of red mangrove ( Rhizophora mangle) in
Horida, USA. Journd of Tropica Eoology , 1995, 11:109 119.

Rabinowitz D. Digpersa properties of mangrove propagules. Biotropica, 1978, 10:47 57.

Mckee KL. Seeding recruitment patternsin a Belizean mangrove fored : efectsof early gronth ahility and physco-chemicd factors. Oecologa, 1995, 101 :
448  460.

Mo Z C, Fan H Q. Allelopathy of Bruguiera gymnorrhiza and Kanddia candd. Quangx Sciences, 2001, 8(1) : 61 62.

Lin P ed. The Gnprehendve Report of Science Invedigetion on the Naturd Reserve of Mangrove Wetland of Zhangiang Egtuary in Fujian. Xiamen:
Xiamen Universty Press. 2001.

Wu Z Y. Vegetation of China. Beijing: Stience Press, 1980.

LicoB W, ZhengD Z, Zheng SF, e a. A Sudy on the Afforegation Techniques o Kanddia candd Mangrove. Fores Research, 1996, 9(6) :586
592.

Lu R Ked. Andyds Methodsdf il Agriculturd Chemigry. Beijing: Chinese Agriculture and Techrology Press, 1999.

Hder C, Rerdono L, Shnetter M L. Inmpact of ecologica factors on the regeneration of mangroves in the Genaga Grande de Santa Marta, Golombia.
Hydrobiologa, 1999, (413) :35 46.

Krauss K W, Allen J A. Factors irfluencing the regeneration of the mangrove Bruguiera gymnorrhiza (L.) Lamk. on a tropicd Pacific idand. Fores
Eoology and Management , 2003 , 176(1-3) 149  60.

Yan Z Z, Wang W Q, Huang W B. Development of the viviparous hypocotyl of mangrove and its adaption to inter-tidd habitats: A review. Acta Boologca
dnica, 2004, 24(10) :2317 2323.

Qake PJ, Kerigan R A. Do fores ggps influence the population gructure and species corrpostion of mangrove sandsin rorthern Audraia ?Biotropica,,
2000, 32(4) :642 652.

Sherman R E, Fahey TJ, BatlesJ J. Svdll-scde disurbance and regeneration dynamicsin a neotropica mangrove fores. Journd of Eoology , 2000, 88:
165 178.

Mo ZC, Fan HQ, HeB Y. Qowthfeature o seedingsd two mangroves under mother treesdf Bruguiera gymnorrhiza. Quangxd Sciences, 2001, 8(3) :
218 222,

, 1984.
) , . . , 2001, 25(1) : 42 49.
) ) - . , 1994, 14(1) :54 59.
) ) y . , 1997, 17(3) : 258 265.
) . . , 2001, 8(1) : 61 62.
, 2001.
,1980.
) , .. . , 1996, 9(6) :586 592.
,1999.
) , . . , 2004, 24(10) :2317 2323.
) , . 2 . , 2001, 8(3) :218 222.



