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Abstrak

Ulasan dilapangan dilakukan untuk mengetahui faktor aldatikbiotik yang mempengaruhi pertumbuhan
dan kemandirian bibit Perep@dnneratia albpadihutan bakau. Pertumbuhan dan kemandirian bibit pohon
Soneratia albayang ditanam dan tumbuh secara alami di daerah bawahikartap dan daerah yang
terkena sinar matahari pada tiga zona tikas pasang satutlighonitor selama 12 bulan. Hasil penelitian
menemukan tingkat kemandirian bibit yang ditanam dan tunskechra alami di daerah yang terkena
dibawah cahaya matahari adalah lebih tinggi secara ikmmiflibandingkan dengan yang hidup daerah
yang terlindung dibawah kanopi hutan. Harga kemandirian ®dnineratia albguga lebih tinggi secara
signifikan di daerah zona tikas pasang surut yang lebih retfidahdingkan dengan zona yang lebih tinggi.
Perbedaan zona tikas pasang surut dan intensitas cahawgengaruhi laju pertumbuhan dan kemandirian
bibit anak bakau. Ulasan dampak pemangsaan ke atas bibit Benegdtidup di tiga zona tikas pasang
surut turut dilakukan di lapangan. Ada perbedaan yang signifikaadap efek pemangsaan keatas bibit
Perepat di tiga zona tikas pasang surut dan dikawasan kangmt3eneg dominan. Studi yang dilakukan
sebagian mendukung hipotesis penguasaan model predator.

Katakunci:Sonneratia albakemandirian, bibit, zon tikas pasang surut, pemangsaan

INTRODUCTION In Sarawak, only few studies have investigated
The establishment and survival of seedlingsthe effect of abiotic and biotic factors on mangrove
directly affect species distribution and abundancelants (Chai, 1975; Chai, 1982). Field study were
patterns (Smith, 1987a; Krauss et al. 2008)conducted to acess the impact of several physical
Seedling establishment is a critical phase in the lifend biological factors on the establishment of
cycle of all seed plants, but it is particularly crucial Sonneratia albaseedling across the intertidal
for mangroves due to the unstable stabstrate and tli@rest zoneSonneratia albas a pioneer mangrove
influence of tidal inundation within the mangrove tree which colonizes newly exposed mud and sandy
(Tomlinson, 1986; Krauss et al. 2008). eTh area near the mouth of tidal rivers (Chai, 1982;
processes before and after the establishment @ksornkoae et al. 1992).
mangroves, such as dispersal, predation, Although seedlings oSonneratia alba are
competition and other factors influence initial easily reared from seeds in nuseries, however
patterns of distribution and abundance acrosdetailed studies on the effect of biotic and abiotic
intertidal forest zone (Smith, 1987a; Mc Kee, 1995;factors on their establishment is currently lacking.
McGuinness, 1997a&llen et al. 2003 Thus, the results of this study would provide
Transplant and field experiments have beennformation about abiotic versus biotic factors
used to examine factors that influence survival and@ffecting mangrove regeneration patterns.
establishment of mangrove species and also to
address questions about the cause of mangroddETHODOLOGY
zonation patterns and the distribution andStudy species
abundance of mangrove species across the Sonneratia albais a pioneer mangrove tree
intertidal zone (Rabinowitz, 1978; Smith et al. which colonizes newly exposed mud and sandy
1989; Ellison and Farnworth, 1998pch, 1997, areas near the mouth of tidal river in Sarawak. Aslo
Dahdouh-Guebas et al. 1988). known as the mangrove appl8,albais usually
found at lower elevations in the intertidal zone
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where inundation is frequent (Chai, 1982). As aexperimental plot under forest gaps, and twenty
pioneer speciesS. alba maintains its status by seedlings were planted under two adjacent canopies
colonization rather than regeneration in mangroven each of the three forest zones (Figure 2). The

forest (Chai, 1975). seedlings were numbered and tagged for studies of
growth and survival. The seedling were allowed to
Study Site established for one year. Seedling survival, height,

Fieldwork was carried out in the mangrovestem diameter and number of leaves were
forest at Asajaya Laut Estuary°(35°5”, 110° N monitered at two-month intervals for a year.
35’ 20” E) in Samarahan,Sarawak (Figure 1). The  The effect of intertidal position and light
mangrove of Samarahan covers 1, 946 hectareavailibility were also assessed for naturally
The common mangrove species in the area amegenerate®. albaseedlings. Seedling were tagged
Sonneratia alba, Avicennia allEndA. marinaat  with nylon twine. Growth and survival of the
lower intertidal zone Rhizophora apicula,  seedlings were monitered by measuring the height,
Bruguieraspecies Ceriops tagal, Nypa fruticans, stem diameter and leaf numbers at 2 month interval
Aegiceras corniculatum, Acanthus ilicifolind  for 12 months at twanonth intervals for a year.
Acrostichum aurenoccur at the middle and higher
intertidal zones.

Distance from sea Block 1 Block 2

(0-50m) D I D I
STUDY SITE G F G F
Moaee 150- 200m D I D I
G F G F
300-350m D I D I
G F G F

—Z

Figure 1. Map showing the location in Sg. Asajaya
Mangrove Estuary.

_ ) Figure 2. Schematic diagram showing the design of the
Experimental design transplanted seedling experiment. The treatment were:

Observation of seedling densities in the studyCanopy, light level and intertidal position. G = Cap@ap;
area were determined from the three intertidaf=Forest canopy.
forest zone; lower middle and higher. The numbe

of seedling were counted in four plots in 10piots Experiments were conducted during the season

at each intertidal Zones. when mature fruits drop from the parent trees. The
A transplant experiment was conducted to

s alb dli tablish t and : Iexperimental design followed Smith (1987a).
?‘Sjﬁes ._a}[ ?_sdeel flng fs a 'S_ lmen an.d(sjl:rv'vadExperimental plots of approximately 60?were
In three interlidal Torest zone. lower, MIACIe andyqiaplished in each of three forest zones: lower,

higher. Sonneratia albaseedlings of 3-4 cm in . - -
. i . o middle and higher zones. Twenty seedlings were
height with 2-3 leaves weidentified and collected tethered on 1 m nylon twine per plot in each

from the study area. To remove the seedlings,

) intertidal forest zone. Four replicate plots with 20
methods as described by Osunkoya and Creess%edlings in each plot were randomly established in

(1997) were followed. A core was used to dig hole

. ; each forest zone. Predation was measured by
to transplant the seedlings at the experimental plot§OIIOWirlg the fate of seedlings tethered on 1 m

Twenty seedlings were planted in each of two

Predation experiment
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length of nylon twine. Predation was defined as anygurvived at higher zone at the end of the
evidence of animals damage to seedlings, such &xperiments. The ANOVA of survival after 12
consumption of plant tissue. Experimental plotsmonths for transplanted seedlings showed a
were checked as days 2, 4, 6, 8, 10 and 18 days aftgignificant interaction between light and
the start of experiment then each week for the twantertertidal zone, indicating that survival was
following month. Seedling were recorded andhigher in middle and lower intertidal positions but

examined as intact, damaged or missing. only for seedling in canopy gaps (Table 2
Survival of naturally occuring seedling was
Statistical Analyses significantly affected by both intertidal position and

SYSTAT Version 7 (1996) was used for all light availability (Table 3). Survival of naturally
statistical analyses. The relationships betweeccuring seedlings was significantly higher a lower
seedling density and intertidal gradients wereand middle than in the higher zone. At all intertidal
analysed with regression analyses. Growth ang@ositions, seedling survival was significantly
survival of transplanted and naturally occurringgreater in canopy gaps than under forest canopy.
seedlingss were analyzed with two factorNo seedlings survived under forest canopy
ANOVAs. After analysis of varianceTurkey’s  treatment in higher zone after 12 months.
post-hoc test were used to test the differences in

seedling survival, height and diameter incremenfrable 2: Summary of two-factor ANOVAs for percergag
and leaf number in three intertidal zone. survival of transplanted seedlings after 12 months in three

. . jntertidal zones and under forest canopy and canopy gap.
Comparison of the amount of predation &_lmondSignificant, *:P < 0.05, ns: not significant.
the three forest zones were perfomed using the

percentage of seedling consumed after 60 days. Th&ource of variation df MS F P
effect of seedling preda_ttlon was examme_:d using & o 0 1E124230.00
two factor ANOVAs, with intertidal position and Light (1) 1 0.152243.00.00
forest dominance being the two factors. IxL 2 004775 0.00
RESULTS

. T Table 3: Summary of two-factor ANOVAs for percentage
Seedling (_1|Strlbut|0n and abundance survival of naturally occuring seedlings after 12 months in

Seedling ofS. albaoccurred throughout the three intertidal zones and under forest canopy and cayagpy
three intertidal zones at the study site. There wer8ignificant, *:P < 0.05, ns: not significant.

no significant differences (P > 0.05) in seedling
density among the three intertidal zone (Table 1)
The overall mean seedling density in the threesource of variation df MS F P
intertidal position ranged from-04/n?.

Intertidal (1) 2 007 6 004

_ _ _ Light (L) 1 0.24121.9 0.004
Table 1: Analyses of variance for seedling density of |xL 2 0.0010.07ns
naturally occuring of. albain three intertidal forest zone. P
> 0.05. ns; not significant
Source of variation d MS F P The effect of intertidal position and light
Intertidal (I) 2 896.30.43s availability on seedling growth.
Transect (T) 1 27307 1.38s For transplanted seedlings, mean stem height
IxT 2 33733 162ns

growth was not significantly differed in three
intertidal zone (P > 0.05). The height increment
The effect of intertidal position and light showed a significant interaction between light and
availability on seedling survival. intertidal position indicating that mean height was
Survival of transplanted seedlings in canopyhigher under light gaps than in the forest canopy in
gaps was higher at a middle position and lowest itthe highest intertidal zone. Mean stem diameter
the higher zone. Survival of seedling under foresvaried significantly (P < 0.Qdunder interactions of
canopy was higher at lower and middle zondight and intertidal position, indicating the stem
(22.5% and 20% respectively), and no seedlingliameter was higher under canopy gaps for higher
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intertidal position. Mean leaf number was greater irKrauss et al. 2008). In the study, the overall
the highest intertidal zone for canopy gap seedlingroportion of seedling surviving to 12 months was
only. 30.8% for transplanted seedling and 30% for
Despite lower survivorship of transplanted naturally occuring seedlings. Studies on other
seedling in canopy gaps at higher intertidal zonemangrove species, such as Awicenniaspecies
average seedling height was greater for the survivdlave shown a higher survival rate over 18 months
seedlings. Mean stem diameter increment was alssompared with the present study (47% - 6%
greater in the higher zone in the canopy gaps, an(Burns and Ogden, 1985; Clarke and Allaway,
seedling in this treatment also produced morel993).
leaves. Seedling survival inS. albawas greater in
For naturally regenerated seedlings, meariower and middle intertidal position than in the
height increament, mean diameter increment antigher intertidal position for both transplanted and
mean leaf number of seedlings were significantlynatural seedling. In addition, no seedling survival
(P < 0.05) greater in gaps than in understoreyinder forest canopy in higher intertidal zone
microcites. There were no significant (P > 0.05)compared with some survival under ligh gaps
differences in diameter and height incrementindicated that factors other than intertidal position
among the three intertidal positions. Leafsignificantly influence seedling survival of
production was significantly greater for seedlingsSonneratia alba
in gaps at lower position, seedling at the middle  The importance of light availability for
position did not differ between gaps and under thesurvival and establishment of mangrove seedlings

canopy. has received comparatively little attention
compared to other environmental factors (Smith,
Seedling predation 1987b; Ellison and Farnworth, 1993; Clarke and

Significant differences (P < 0.05) in predation Allaway, 1993). Light
on S. alba seedlings existed among the threeis an important factor for mangrove seedlings to
intertidal zones (Table 4).The propotion of develop to sapling stage (Koch, 199Bopez’
seedlings consumed by predation was significantljHoffman et al. 2007). The present study showed
greater at the higher intertidal position than inthat light significantly influenced seedling survival
middle and lower position. There was significantrates in the three intertidal zones.
differenc in predation between lower and middle  Seedling survival of both transplanted and
zones (Turkey’s test). The type of seedling damage  naturally occurring seedlings was significantly
was due to predation from snails and grapsid crabsigher in canopy gaps than under the forest canopy.
particularly the small gartropod an8esarma The data from the experiments are consistent with
species. studies by Burn and Ogen (1985) and Clarke
(2004) that light is a limiting factors o&. alba
Seedling survival. This indicates that seedling
establishment is dependent on light.

Table 4: Result of the analysis of variance examining th
effect of predation on percent survival®flbaseedlings in
three intertidal zones. Percentage of seedling scordxdevia

after 60 days. Lower and middle zones dominate8.bgiba Clarke and Allaway (1993) and Koch (1997)
and higher zone dominated By apiculataP < 0.05 found that canopy gaps stimulatedizophoraand

— Avicennia marinagrowth rate. The present study
Source of variation di MS F P

showed that light significantly stimulated height
Intertidal position 2 5233459 0 and stem diameter increment, and leaf number
production of seedling for both transplanted and
naturally occuring seedlings.
Predation on seedlings is likely to account for
DISCUSSION higher initial mortality rate and the overall the
Seedling transplant experiments allowedlower survival in the present study compared with
examination of factors that influence establishmensudies by Burns and Odgen (1985) and Clarke and
and survival in different microsites of mangrove Allaway (1993). Predator consume mangrove
forest (Smith, 1987a, b; McKee, 1995; Koch, 1997 propagules at Asajaya as been observed in

R 9 1.14
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numerous other areas of mangrove forest (Smithglba. Biotic factors such as the predation on

1987a,b; Smith et al. 1989; Dahdouh-Guebas et amangrove propagules significantly affect the

1998; Allen et al. 2003 Smith (1987a,b) showed survivorship of seedlings.

that crab feed on propagules of several mangrove The present study showed that competition for

species and affect seedling establishment anboth light and regulation of predation limits

influence mangrove community structure. Snailseedling survival and recruitment 8f albato the

feed by scraping into a propagule with the radulasapling stage.

whereas most grapsid crabs have strong claws
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