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Effects of simulated sea level rise on the mangrove Kandelia candel
YE YOl’lg] , LU Chang—Yil , ZHENG Feng—Zhong] . TAM I\IFYZ (1. Key Lab. for Marine Environmental Science of

Ministry of Education, Xiamen University, Xiamen, 361005, China; 2. Department of Biology and Chemistry, City University of Hong Kong,
Hong Kong. China). Acta Ecologica Sinica,2004.24(10) :2238~2244.

Abstract: Due to their special habitats, intertidal zones along tropical and subtropical coastlines, mangroves may be influenced
by decreased intertidal elevation and prolonged tidal inundation from sea level rise. Kandelia candel is a major viviparous
mangrove species of the east group and dominative along South China coastlines. The present study aims to investigate
propagule establishment, seedling growth and physiological responses of Kandelia candel to simulated sea level rise of 30cm
under different soil types.

Mesocosm experiment was set up as follows. Mature viviparous propagules of K. candel were planted in pots containing
soils from Mai Po and Sai Kung mangrove forests in Hong Kong with loamy-sandy (coarse) and silty (fine) textures. Four
tanks were used in this experiment, one for high water level with coarse soil (Treatment HC), one for high water level with
fine soil (Treatment HF), one for low water level with coarse soil (Treatment LC), one for low water level with fine soil
(Treatment LF). Artificial seawater with salinity of 15 was pumped into and out of the tanks at regular intervals so that the
systems formed simulated semidiurnal tidal conditions with two “flooding tide” periods and two “ebbing tide” periods everyday.
Daily inundation time of high and low water treatments was 16 h and 4 h. respectively. Water level of HC and HF was 30 cm
above soil surface, higher than those of .C and LF (0 cm). Each treatment had 3 replicate pots, i.e. , there were three pots in
each tank.

Under both high and low water levels, all propagules successfully established and the seedlings survived throughout the
mesocosm experiment. Acidity due to simulated sea level rise was more serious in fine soil than that in coarse soil. Propagules

had more rapid establishments under high water level and prolonged inundation. Water level rise of 30cm and prolonged
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inundation stimulated early growth especially in stem height increments during the first two months. However, relative growth
rates (RGRs) during the second two months did not significantly change with water level rise. The root/shoot biomass ratio in
seedlings treated with high water level was significantly lower than that treated with low water level, especially in coarse soil.
Biomass percentages of coarse roots significantly increased with water level rise. Water level rise led to decreases in chlorophyll
a/b ratios in leaves. Contents of N and P in roots tended to increase with water level rise and prolonged inundation.

To test the results from mesocosm experiment, field trials were set up in two intertidal zones, lower intertidal (LLI) and
upper intertidal (UI) zones, in seaward open flat of a natural mangrove forest at Sai Kung of Hong Kong. The annual mean
seawater salinity at Sai Kung was about 15, similar to that in mesocosm experiment. LI was about 20m farther from the forest
than UI and the latter was near the forest seaward fringe. The two zones had similar soil physio-chemical characteristics to
those in treatments HC and L.C of mesocosm experiment, with loamy-sandy (coarse) texture. Daily duration of tidal inundation
of the LI zone was about 4h longer than that of the Ul zone, and the elevation of the former was about 30cm lower than the
latter.

For the field trials, K. candel seedlings had similar high survival rates of over 90%. Survived seedlings from both
propagule plantation and seedling transplantation also showed higher stem increments during the first four months in lower
intertidal zones with higher water level and prolonged inundation than those in upper zones.
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Table 1 Effects of simulated sea level rise on some soil parameters
Coarse soil Fine soil
Parameter High water level Low water level High water level Low water level
E,(mv) —127410° —86415* —134+118 —106+£74
pH 7.2940. 16" 7.55%£0.25° 5.8540.07" 6.27+0. 124
N (mg/g) 0.3020. 04" 0.2940. 05" 0.9040. 214 1.084+0. 184
P (mg/g) 0.2340. 03" 0.2540. 03" 0.77-0. 07 0.82-0. 034
( s ) t- 0. 05 Means of the same soil type with

different letters (small and capital letters for coarse and fine soils, respectively) are significantly different at level of 0. 05 by /-test
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Table 2 Effects of simulated sea level rise on growth of K. candel seedlings
Growth Period (Months)
2 4 2 4 2 4 2 4
Treatment (cm) (mm) (em?)
Height Diameter Leaf number Leaf area
HC 27.1+0.9° 32.2+1.1° 5.2240.15% 5.734+0.07" 6.040. 47 8.0+0. 9% 16. 740. 4% 32.2+1.4°
HF 27.7+0. 3" 34.240. 6% 5.3040.19* 6.20+0.18° 5.8+0.2" 9.740.8" 21.2+1.1* 41.943.1*
LC 14.140. 8" 17.3+1.0° 5.24+0.29° 5.704£0.19° 5.140.5" 6.7+0.6° 16. 8+0. 9" 26.2+3.0°
LF 14.540. 2" 19. 840. 4" 5.3640.32% 6.100. 28 5.14+0.3" 6.1+0.3° 19.54+1.9° 35.5+1. 6"
0. 05 Means in the same column with different letters in the same column are
significantly different at level of 0. 05
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Fig. 2 Effects of simulated sea level rise on biomass of K. candel seedlings
3 (RGR)

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

/
RGR
Factor Leal biomass Stem biomass Root biomass  Biomass ratio of root/shoot Coarse root percentage
Level (L) 1. 82 172. 86" 0. 00 49.2677" 46. 377" 0.46
Soil (S) 87.127** 38.46**" 56.5077" 7.96* 6.26" 110. 85
LXS 0.33 6.79" 23.76%" 34.3577F 14. 08" 2. 68
F F-values are given and significant effects: * p<C0.05, ** p=<C0. 01, *** p=<C0. 001
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Fig. 3 Effects of simulated sea level rise on biomass partitioning and relative growth rate of K. candel seedlings
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Fig. 4 Effects of simulated sea level rise on photosynthetic pigment contents of K. candel seedlings
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Fig.5 Effects of simulated sea level rise on stomatal density and contents of N and P in roots of K. candel seedlings

4
Table 4 Results of two-way ANOVA on physiological parameters of K. candel seedlings
a/b N P
Factor Chl. content Ratio of chl. a/b Car. content Stomatal density Root N content Root P content
Level (L) 142.36*"* 64. 70" 37.43" 44. 48" 18. 60" 192. 20"~
Soil (S) 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<C0. 01, *** P<C0.001
N C 5 4), p
, P o
2.2
s un
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Growth of K. candel four months after propagule plantation and seedling transplantation in two intertidal zones, lower intertidal

(LI) and upper intertidal (UI) zones, in seaward open flat of a natural mangrove forest at Sai Kung of Hong Kong

9% (em)
Method Tidal zone Survival rate Height increment Leaf number increment
Propagule plantation Ul 93 19. 4 7.9
LI 97 21.0 6.6
Transplantation Ul 95 2.2 1.7
LI 100 4.5 1.2
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