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Effects of smulated sea level rise on themangrove Kandelia candel
YE Yong', LU Chang-Yi', ZHEN G Feng-Zhong', TAM NFY? (1. Ke/ Lab forM arine Enviromental Science o
M inistry o Education, X iamen U niversity, X ianen, 361005, China; 2. D gpartment o B iology and Chemistry, City U niversity o H ong K ong,
H ong K ong, China). Acta Ecologica Sinica, 2004, 24(10): 2238 2244
Abstract: Due to their gpecial habitats, intertidal zones along tropical and subtropical coastlines, mangrovesmay be influenced
by decreased intertidal elevation and prolonged tidal inundation from sea level rise Kandelia candel is a major viviparous
mangrove ecies of the east group and dominative along South China coastlines The present study aims to investigate
propagule establisiTment, seedling grow th and physiological reponses of Kandelia candel to sinulated sea level rise of 30an
under different il types

M eocosn expermentwas set up asfollows M ature viviparous propagules of K. candel were planted in pots containing
ils from M ai Po and Sai Kung mangrove forests in Hong Kong w ith loany-sandy (coarse) and silty (fine) textures Four
tanksw ere used in this experiment, one for high water level w ith coarse il (Treatment HC), one for high w ater level w ith
fine il (Treatment HF), one for low water level with coarse il (Treatment LC), one for low water level with fine il
(TreatmentL F). A rtificial seav ater w ith salinity of 15w aspumped into and out of the tanks at regular intervals © that the
systan's formed simulated samidiurnal tidal conditionsw ith wo" flooding tide” periods and wo* ebbing tide” periods everyday.
Daily inundation time of high and low w ater treatmentswas 16 h and 4 h, regectively. W ater level of HC and HF was 30 an
above il surface, higher than thoseof LC andL F (0 an). Each treatment had 3 replicate pots, i € , therew ere threepots in
each tank

U nder both high and low w ater levels, all propagules successfully established and the seedlings survived throughout the
meoosn experiment A cidity due to simulated sea level risswasmore serious in fine il than that in coarse il Propagules
had more rgpid establishments under high water level and prolonged inundation W ater level rise of 30an and prolonged
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inundation stimulated early grow th egecially in stem height increnents during the first wo months How ever, relative grow th
rates (RGRS) during the second two monthsdid not significantly changew ith w ater level rise T he root/shoot biomass ratio in
seedlings treated w ith high w ater level w as significantly low er than that treated w ith low w ater level, egecially in coarse il
B iomass percentages of coarse roots significantly increasedw ith w ater level rise W ater level rise led to decreases in chlorophyll
a/b ratios in leaves Contentsof N and P in roots tended to increasew ith w ater level rise and prolonged inundation

To test the results from mescosn experiment, field trialswere set up in two intertidal zones, low er intertidal (L 1) and
upper intertidal (U I) zones, in seaw ard open flat of a natural mangrove forest at Sai Kung of Hong Kong The annual mean
seaw ater salinity at Sai Kungw as about 15, smilar to that inmescosn experment L Iwasabout 20n farther from the forest
than U | and the latter was near the forest seawv ard fringe The two zones had smilar il physio-chenical characteristics to
those in treatmentsHC andL C of mesocosn experiment, w ith loamy-sandy (coarse) texture Daily duration of tidal inundation
of theL | zonew as about 4h longer than that of theU | zone, and the elevation of the former w as about 30an low er than the
latter.

For the field trials, K. candel seedlings had smilar high survival rates of over 90%. Survived seedlings from both
propagule plantation and seedling tranglantation alo show ed higher stem incraments during the first four months in lower
intertidal zonesw ith higher w ater level and prolonged inundation than those in upper zones

Key words sea level rise; Kandelia candel; il texture, mangroves
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Table1l Effectsof simulated sea level rise on some il parameter s
Coarse il Fine il
Parameter High w ater level L ow water level High water level L ow water level

En(mv) - 127+ 1P - 86 152 - 134+ 118 - 106+ 7

pH 7.29+ 0.16° 7.55+% 0.25% 5.85+ 0.078 6.27+ 0.12*

N (mg/g) 0.30+ 0.04% 0.29+ 0. 05% 0.90+ 0. 217 1.08+ 0. 18

P (mg/q) 0.23+ 0.03 0. 25+ 0.03 0.77+ 0.0 0.82+ 0.03

( , ) t- 0.05 M eans of the sane il typew ith

different letters (small and capital letters for coarse and fine ils, regectively) are significantly different at level of 0. 05 by t-test

2.1.2 , , (1,
(F= 149. 4, p< 0.001) (F= 149.0, p< 0.001) , ( )
(F= 4.0,p> 0.05) (F= 4.3,p> 0.05)
2.1.3 2 , , 27am, ( 14am) 2

( 2, : ,
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Table 2 Effectsof sinulated sea level rise on growth of K. candel seedlings
Grow th Period (M onths)
2 4 2 4 2 4 2 4
T reatment (am) (mm) (an?)
Height D iam eter L eaf number L eaf area
HC 27.1+ 0. 92 32.2+ 1.12 5.22+ 0.152 5.73+ 0.07° 6.0+ 0. 42 8.0+ 0.9%® 16. 7+ 0. 4° 32.2+ 1.4°
HF 27.7+ 0. 32 34.2+ 0.6% 5.30+ 0.192 6.20+ 0.182 5.8+ 0.28 9.7+ 0.8 21.2+ 1.12 41.9+ 3.12
LC 14.1+ 0.8° 17.3+ 1.0°  5.24+ 0.29* 5.70+ 0.19° 5.1+ 0.5 6.7+ 0.6° 16.8+ 0.9°  26.2+ 3.0°
LF 14.5+ 0. 2° 19. 8+ 0. 4° 5.36+ 0. 322 6. 10+ 0. 28 5.1+ 0. 3# 6.1+ 0.3° 19.5+ 1.92 35.5+ 1.6°
0.05 M eans in the sane colunn w ith different letters in the same column are
significantly different at level of 0. 05
}3 a a 1.2 a 1.5 a
~u L ~w 1.0 ~wn
CERTINY b 8% gl > cH b T
g g c g 1.0
HEos HE o6 d i & c
V5 06 85 0 83
=3 02 M2 02 B2
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2
Fig 2 Effectsof smulated sea level rise on biomassof K. candel seedlings
3 [RGR)

Table 3 Reaults of two-way ANOVA on biomass partitioning and relative growth rate of K. candel seedlings

/
RGR
Factor L eaf biomass  Stem biomass  Root hiomass Biomass ratio of root/shoot Coarse root percentage G
Level (L) 1.82 172.86""" 0. 00 49.26""" 46.37""" 0. 46
Soil (S) 87.12""" 38.46""" 56.50""" 7.96" 6.26" 110.85"""
LxS 0.33 6.79" 23.76"" 34.35""" 14.08"" 2.68
F F-values are given and significant effects “p< 0.05, ""p< 0.01, """ p< 0.001
( 3 3 )
(35.0%) (11. 7%)
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Fig 3 Effectsof smulated sea level rise on biomass partitioning and relative grow th rate of K. candel seedlings
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Fig 4 Effectsof smulated sea level rise on photosynthetic pignent contentsof K. candel seedlings
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Fig 5 Effectsof smulated sea level rise on stomatal density and contentsof N and P in rootsof K. candel seedlings

4
Table 4 Reaults of two-way ANOVA on physiological parameter sof K. candel seedlings
a/b N P
Factor Chl oontent Ratio of chl a/b Car. oontent Stomatal density Root N content Root P content
Level (L) 142.367"" 64.70""" 37.43""" 44. 48" 18.60"" 192.20"*"
Soil (8) 2.23 4.86 4.71 0.03 0.99 1055.94"""
LxS 2.89 0.67 0.34 0.21 0.04 135.86"""
F F-values are given and significant effects ~"P< 0.01, """ P< 0.001
N (5 4 P
, P
2.2
un

()] ) 90% (5 LI Ul
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Table 5 Growth of K. candel four months after propagule plantation and seedling transplantation in two intertidal zones lower intertidal

(L 1) and upper intertidal (U 1) zones in ssaward open flat of a natural mangrove forest at Sai Kung of Hong Kong

(%) (am)
M ethod Tidal zone Survival rate H eight increnent L eaf number incrament
Propagule plantation Ul 93 19.4 7.9
LI 97 21.0 6.6
T rangplantation Ul 95 2.2 1.7
L1 100 4.5 1.2
3.1
, "I Delgado
, (L aguncularia racem osa) (A vicennia gem inans)
2] : 30am ( ) (1
3.2
12]
[13,14]
[12] [3]
, 30an 2 ( 2,
, 2
: ( 3 3, : :
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16an 12
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