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1.0 Introduction
1.1 Background
Coral reefs are the most diverse, high dynamic and productive ecosystem
(English et al., 1994; Alquezar and Boyd, 2007). Coral reefs play vital ecological
roles towards the marine environment by providing refuge, habitat, breeding and
nursery ground for vast number of marine organisms which include molluscs, fishes,
and other organisms (Hoegh-Guldberg et al., 2007). Unfortunately, coral reef
ecosystems are degrading through the multiple disturbances that become more
frequent and severe. The coral reefs will be lost in the next 30 years if current
degradation continues unabated (Wilkinson, 2000). The major threats that contribute
to the declining of coral reef coverage are sedimentation caused by coastal
development and shipping activities, overfishing, tourism activities and also
increased of sea water temperature (climate change) which subsequently caused the
bleaching problem and diseases (Rogers, 1990; Birkeland, 1997; Talbot and
Wilkinson, 2001; Burke et al., 2011).
Malaysia and Indonesia are the countries in the Southeast Asia which are rich in
coral reefs biodiversity. In addition, both of these countries and Thailand fall in the
coral reef triangle. However, the coastal development, climate change and siltation
problems caused by the sediment discharge from the construction area threatened the
coral reefs in both of these countries. Due to the climate change, coral under
temperature shock under bleaching process where expulsion of zooxanthellae from
coral tissues causes whitening of the corals. Severity of coral bleaching and slow
recovery has resulted in the declination of live hard coral cover on many coral reefs
throughout the world (Loya et al., 2001). The widespread bleaching events in year
1998, 2004 and 2010 gave big impacts to the coral reefs worldwide. El Niño had

1

caused the sea surface temperature rise above the tolerance levels. According to
Wilkinson (1998), the worst episode of mass coral bleaching events in the world
happened in year 1997 to 1998.
Consequently, studies on coral status had been conducted worldwide which
include reefs of South Asia and other countries. Bangladesh, India, Indonesia,
Malaysia, Maldives, Myanmar, Sri Lanka and Thailand are working together through
the Bay of Bengal of Large Marine Ecosystem (BOBLME) project which designed to
improve the lives of the coastal populations through the improved of regional
management and fisheries. Universiti Sains Malaysia (USM) is engaged in research
on coral reefs in northern part of the Straits of Malacca (Langkawi, Malaysia) and
also covering the coral reefs around Pulau Weh (Aceh, Indonesia) and is ready to
implement studies on the coral bleaching and its recovery effects on sedimentation,
lights and seawater temperature.
This project was funded by the Bay of Bengal Large Marine Ecosystem. We wish
to acknowledge the students and staffs from Universiti Sains Malaysia for the
tremendous support and data collection.

1.2 Research objectives
This research is a combination of coral coverage, sedimentation, light and
temperature effects on the coral reefs in northern Straits of Malacca, Pulau Langkawi
(Kedah, Malaysia) and Pulau Weh (Aceh, Indonesia).


To determine the status of coral bleaching and recovery at the reefs of
Northern Straits of Malacca.



To investigate the influence sedimentation, temperature and light intensity to
the coral recovery of Northern Straits of Malacca.
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2.0 Materials and Methods
2.1 Research sites
The research was carried out at two different islands which located at northern
Straits of Malacca, Pulau Langkawi (Kedah, Malaysia) (Figure 1) and Pulau Weh (Aceh,
Indonesia) (Figure 2). Langkawi reef, located at Teluk Nyior, monitoring was carried out
during the spring low tide of the tidal periods where the reef was fully or partially
exposed. Coral reef in Langkawi was monitored at shallow reef (25 m from shore) and
deep reef (50 m from shore). In Pulau Weh, the monitoring project was carried out at the
coral reef in Gapang and Lhok Weng. The reef in Gapang and Lohkweng was always
submerged in the water. Coral reef monitoring in Pulau Weh was conducted at two
different depths: 4m (shallow reef) and 8m (deep reef) for both of the reefs.
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Figure 1: Base map of study sites in Pulau Langkawi, Malaysia (modified from
Samsudin, 2010)

Figure 2: Study sites in Pulau Weh, Aceh (Indonesia) (modified from Campbell et al.,
2007; Agustan et al., 2009)
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2.2 Coral coverage (Photo-quadrat method)
The status of the bleaching of the corals was studied using photo quadrates method.
Photographs of 1 x 1 m quadrant was taken from 25 m transect. Transect lines were
placed at shallow reef (25 m from the shore) and at the deep reef (50 m from the shore)
(Figure 3 and Figure 4). The sampling was carried out every 6 months. In Gapang and
Lokh Weng, SCUBA diving was needed to place underwater photoquadrate
underwater photography was taken.

Deep
reefreef
Deep
Shallow reef

Shallow reef

Figure 3: Arrangement of the permanent transect lines.

Figure 4: Arrangement of 1m x 1m quadrant placed on the transect line which was
marked every 1m along the 25m transect line without overlapping.
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and

The percentage of coral categories in each quadrant was estimated based on the
photographs. The photos were analyzed based on the biotic and abiotic components. The
biotic component consists of live coral, dead coral and macro-algae whereas the abiotic
components are sediments, coral rubble and sand. The categories and description of
biotic and abiotic components used for the analysis were modified from English et al.
(1994) (Table 1). The photographs of the quadrants were analysed in two dimensions.
The components for the coral coverage analysis were estimated by using 10 x 10 grids as
shown in Figure 5. The total coral coverage was calculated manually.

Table 1: Description of the biotic and abiotic components (modified from
English et al., 1994).
Category
Live Coral

Dead coral

Criteria
Normal coral

Living coral colonies has uniform colour.

Bleached coral

Living coral colonies in white colour.

Recovering

Living coral colonies with mixed colour of white

coral

and brown.
Coral covered with algae or sediment, still
standing and only skeleton is remain and
corallites still recognizable.

Macroalgae

All types of macroalgae attached or living with
the substrate.

Sediment

Gravel size less than 0.1cm.

Coral rubble

Unconsolidated

coral

fragments

of

broken

finger-like form diameter between 0.5 and 15cm.
Sand

Gravel size less than 0.5cm.
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Figure 5: An example of the coral coverage analysis using 10 x 10 grids on a
photographed image.

2.3 Sediment measurement
Sedimentation rate was determined by collecting two sediments traps
(Figure 6) in the shallow and in deep reef each. The sediment samples were collected
every 6 months. The sediment analysis was carried out following standard practices
of sediment rate determination.

Figure 6: The setup of the sediment trap in the field.
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2.4 Temperature and light intensity
Figure 7 showed the HOBO pendant Temperature/Light Logger UA-002-08
with built in light sensor was used in this study. The logger was used to record the
readings of temperature and light intensity that coral experienced at Teluk Nyior,
Langkawi and Pulau Weh. These loggers would be replaced with new loggers every
two months. The data were downloaded before being re-launched and replaced at the
study site.

Figure 7: HOBO Pendant temperature and light logger.
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3.0 Results
3.1 Coral coverage in Pulau Langkawi (Malaysia)
Research site in Pulau Langkawi (Teluk Nyior) comprises of a large area of coral
reef and can be access through walking during the lowest spring tide. Development
on the island had progressed rapidly especially related to tourism industry where
tourists had increased from 1.9 million to 2.3 million between year 2004 to 2008
(Samat, 2010). The corals at this study site were distributed in patches. Most of the
corals near the shoreline area were exposed to sedimentation problem. The overall
coral coverage of biotic and abiotic components on the shallow and deep reef at
Pulau Langkawi, Malaysia from year 2010 to 2013 is shown in Figure 8.

3.1.1 Coral coverage at shallow reef
Normal coral increased from 2010 (5.72%) to 2011 (18.26%) and sharp
decreased in year 2012 (1.3%) and increased steeply in 2013 (10.9%). In year 2010,
there was a mass coral bleaching event, coral in Teluk Nyior also reported the
bleaching event. In this research, bleached coral was recorded in year 2010 (7.28%).
After the bleaching event, some corals underwent recovering process. From the
observation, bleached coral changed from white back to light brown. Recovering
corals were recorded in year 2010, 2011 and 2012 with the percentage of 5.12%,
7.26% and 6.76% respectively in Teluk Nyior. The results showed that the dead coral
was the major coverage component at the shallow reef in year 2010 (59.22%) and
2011 (61.34%). Macroalgae was only recorded in year 2012 (20.58%) and rapidly
increased in year 2013 (48.22%).
Based on the shallow reef coverage of biotic and abiotic components, dead coral
showed a gradual increased from year 2010 to 2011 during the post-bleaching event.
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The increased of the dead coral might be resulted from the death of bleached and the
recovering coral was unable to recover. The dead coral and live coral in this site was
replaced by macroalgae and sediment in year 2012 and 2013. According to Jonsson
(2002), the 60% of the dead coral in this area were covered by sediment. This
explained that the high number of the sedimentation and macroalgae cover on the
dead coral. Area coverage of normal coral varied due to the effect of sedimentation.
Sediments did not permanently settle on corals because it was re-suspended by wave
action (Phongsuwan, 1991). Therefore, coverage of live and dead coral could be
affected by covering and exposing of sediment and macroalgae.

3.1.2 Coral coverage at deep reef
Normal coral area coverage varied from year 2010 to 2013. About 12.14% of
normal coral was observed in year 2010. The coverage increased in year 2011
(17.24%) but decreased in 2012 (10.98%). However, the normal coverage increased
slightly from 2012 to 2013 (18.04%). Area coverage of bleached coral showed only
about 0.38% in year 2010, bleached coral was not detected in deep reef in year 2011
and 2012. However, in year 2013 there was 0.10% of bleached coral recorded.
Recovering coral at deep reef was decreasing since year 2010 to year 2013; 5.52% in
2010, followed by 2011 (1.50%), 2012 (0.42%) and 2013 (0.36%). Dead coral in year
2010 and 2011 was major component observed on the deep reef. The results showed
that the area coverage of dead coral slightly decreased from 2010 (39.44%) to 2011
(38.92%). However, the dead coral was not the major component in the deep reef in
year 2012 and 2013. It was replaced by macroalgae and coral rubble.
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Figure 8: The overall area coverage of the biotic and abiotic components on the shallow and deep reefs at Teluk Nyior, Pulau Langkawi,
Malaysia from year 2010 to 2013.
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3.1.3 Sediment analysis
Sediments analysis was only conducted in Teluk Nyior, Pulau Langkawi,
Malaysia as there were some restrictions in Indonesia. Detailed investigation of
different particle size was done with the sediment sample from the four sediments
traps. Four classes of particle sizes were observed and measured. Sediment particle
500 to 1000 μm was the biggest particle size, followed by 250 to 500 μm (medium
sand), 63 to 250 μm (fine sand) and the smallest particle size was <63 μm (silt). The
trend for the distribution of the particle size at shallow reef was similar compared to
deep reef. The biggest particle, coarse sand (500 to 1000 μm) at shallow and deep
reef was decreasing from 2010 to 2011, increased in 2012 and decreased again in
year 2013. For particle size in range 250 to 500 μm (medium sand) was low in year
2010 and 2011. However, there was the rapid increased in year 2012 to 2013. Fine
sand (63 to 250 μm) showed not much of fluctuation from year 2010 to 2013 at both
shallow and deep reef. The highest percentage of silt (<63 μm) was recorded in year
2011 on shallow and deep reef. There was a sharp decreased in year 2012 and slight
increase in 2013. Figure 9 showed the percentage of the distribution of the particle
sizes in both shallow and deep reef in Teluk Nyior, Pulau Langkawi, Malaysia from
year 2010 to 2013.
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Figure 9: The total mean of percentage of sedimentation according to different particle sizes on the shallow and deep reef at Teluk Nyior,
Pulau Langkawi, Malaysia from year 2010 to 2013.
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3.1.4 Temperature analysis
The monthly mean temperature for the shallow and deep reef at Teluk Nyior,
Pulau Langkawi was plotted. The maximum temperature was recorded in November
2012 in the shallow and deep reefs (32.11°C and 32.21°C), denoted with (*) in Figure
10. The lowest temperature was recorded in the Jan 2011 in shallow reef (28.91°C)
and deep reef (28.81°C). Temperature in Teluk Nyior showed no significant different
between shallow and deep reefs.

*

Figure 10: The mean temperature (°C) experienced by corals on the shallow and
deep reef at Teluk Nyior, Pulau Langkawi from October 2010 to March
2013.
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3.1.5 Light intensity analysis
The mean light intensity on the shallow and deep reef at Teluk Nyior, Pulau
Langkawi from October 2010 to March 2013 was shown in Figure 11. The shallow
reef at Teluk Nyior received higher amount of light compared to deep reef.
Throughout this study, the mean light intensity in February 2011 showed the highest
reading for shallow reef (18353.45 ± 3980.64 LUX) and deep reef (12440.27 ±
1198.87 LUX).
A t-test was conducted to compare the monthly mean light intensity from the
shallow reef and deep reef at Teluk Nyior, Pulau Langkawi. Results of unpaired t-test
showed that only the light intensity from February 2011 to April 2011 between the
shallow reef and deep reef were significant different (P<0.05).

Figure 11: The mean light intensity (LUX) that the corals experienced on the shallow
and deep reefs at Teluk Nyior, Pulau Langkawi from October 2010 to
March 2013.
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3.2 Coral coverage in Pulau Weh, Aceh (Indonesia)
The coverage of each biotic and abiotic component varied among two locations
in Pulau Weh, Aceh which are, Gapang (GP) and Lhok Weng (LW) at shallow and
deep reef in year 2013 (Figure 12). Both shallow and deep reef in Pulau Weh, Aceh
were submerged in the water. SCUBA diving was needed for the photo taking
underwater. Gapang and Lhok Weng are located at the northwestern part of Pulau
Weh. Both locations experience monsoonal season, where the Northeast (NE)
monsoon season occurs from December to March, and the Southwest (SW) monsoon
occurs from May to September (Whitten et al., 2000).

3.2.1 Coral coverage at shallow reef
There was no data available for the Gapang shallow reef due to tidal
restriction. The major components found in Lhok Weng shallow reef were from
abiotic components namely rock, coral rubble and sand. The coverage of rock,
coral rubble and sand in Lhok Weng shallow reef was 74.63%, 14.73% and
5.75%, respectively. Bleached coral, recovering coral, macroalgae and sediment
was not recorded in Lhok Weng shallow reef. Percentage coverage of dead coral
in that area also relatively low (0.05%).

3.2.2 Coral coverage at deep reef
Abiotic components (rock and coral rubble) dominated both Gapang and
Lhok Weng deep reef. The coverage of rock at Gapang and Lhok Weng were
39.93% and 66.88%, respectively. Coral rubble at Gapang deep reef (47.30%)
was higher compared to Lhok Weng deep reef (16.90%). In Gapang, the normal
coral coverage was relatively low compared to Lhok Weng where Gapang had
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only 1.88% of normal coral and Lhok Weng normal coral coverage was 15.58%.
From the results, the biotic components from both locations were normal coral.
There were not bleached coral, recovering coral and macroalgae recorded from
both locations (Gapang and Lhok Weng).

Sedimentation, temperature and light intensity data was not available in
Pulau Weh’s shallow and deep reef as the sediment traps were swept away and
missing data logger due to the strong wave action.

17

*

Figure 12: The overall percentage of abiotic and biotic coverage in Gapang and Lhok Weng at shallow reef and deep reef. (GPS: Gapang
Shallow; LWS: Lhok Weng Shallow; GPD: Gapang Deep; LWD: Lhok Weng Deep). * indicates no data available
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4.0 Discussion
4.1 Coral coverage at Pulau Langkawi, Malaysia
The reef location at Teluk Nyior in Pulau Langkawi is an intertidal reef zone
where the whole reef is exposed during the spring tidal period. From the field
observation, shallow reef zone was a reef flat with many hemispherical shaped
colonies while deep reef area was slightly rough area with larger colonies. Based on
the overall coverage of abiotic and biotic components, dead coral coverage showed
slight increased from 2010 to 2011 and gradually decreased in year 2012 and 2013. In
the study of Jonsson (2002), there are more than 60% of the dead coral covered by
heavy sedimentation. Overall observation showed that the deep reef area had lower
percentage of dead coral compared to shallow reef area. According to Brown et al.
(1996), coral mortality is lower at greater depth. Based on the research by
Phongsuwan (1991), percentage coverage of sediments was re-suspended by wave
action, where the sediments did not permanently settle on the coral. Therefore,
coverage of the normal coral, dead coral or coral rubble could be affected by the
covering and exposing of sediments. Corals on the shallow reef were the most
affected by the bleaching events due to expose most of the time compared in deep
reef area. Therefore, the bleached coral on the shallow reef needed longer period to
undergo recovering process. Shallow reef not only have longer exposure period but
experienced higher sedimentation rate (Phongsuwan, 1991). Some corals recovered
faster and some corals recovered slower depending on the supply of coral larvae from
the unaffected reef (Brown and Suharsono, 1990). The ability of corals to recover
their zooxanthellae after bleaching also depend on the species-specific and related to
their susceptibility to increase in water temperature and recovery period (Burke et al.,
2004).
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Since the shallow reef in Teluk Nyior is flat, it might not accumulate coral rubble
easily where the coral rubbles were easily carried along with the wave and water
current from shallow reef to deeper reef. Therefore, deeper reef area which has the
rough condition could have caused more space between colonies to accumulate coral
rubbles.

4.2 Status of coral recovery on reef at Pulau Langkawi
After the mass bleaching event in year 2010, some bleached and recovering
corals at Teluk Nyior, Pulau Langkawi were able to recover and survive while some
corals were dead. Loya et al. (2001) stated that thicker tissues corals were relatively
high abundant in the intertidal zone where they exposed to the air, high irradiance and
desiccation during summer midday low tides. The colony growth form and tissues
thickness of corals affected bleaching vulnerability and subsequent coral mortality.
Massive and encrusting colonies such as some massive species of faviids and poritids
are more resistant to bleach. They take longer time to bleach and survived after the
bleaching event. Results showed that percentage cover of coral genera varied
monthly as some corals were covered by sediments (Figure 13). Some bleached
corals were not able to recover when they were covered by sediment. Jonsson (2002)
stated that Pulau Langkawi experiences high sedimentation level and bad water
turbidity.
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Favites

Goniastrea

Platygyra

Year 2010

Year 2011

Year 2012

Figure 13: The recovery process of some example of the coral: genus Favites, genus
Goniastrea and genus Platygyra that were found at Pulau Langkawi.
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4.3 Factors affecting coral recovery at Pulau Langkawi
In this study, only sedimentation, temperature and light intensity were taken into
consideration to assess the coral recovery at Teluk Nyior, Pulau Langkawi.

4.3.1 Sedimentation
Comparison of the sediments recorded from the photo quadrants and
sedimentation from the sediment trap was shown in Figure 14. The sedimentation
measured from the sediment samples from trap had the same trend of the percentage
coverage of sediment observed and calculated from photos. Sedimentation was
inversely proportional to the percentage of the coral in Teluk Nyior, Pulau Langkawi.
The photoquadrate method was analysed based on two dimensions, the coral covered
by sediment was categorised as sediment. Hence, the coral coverage decreased while
the sedimentation was high. During the tidal changes and the high amount of rainfall
will increase the high runoff from the shores (Lee and Mohamed, 2011). This might
cause high amount of sediments to be brought to shallow reef area. According to
Abdullah et al. (2011), a large amount of fine particle (< 200 µm) was observed on
the reef flat of Teluk Nyior due to the shallowness of the reef flats and their full
exposure to air during low water springs. Nasir (2005) stated that the freshwater
runoff from Lenggara River could influence the seawater quality and later affect the
coral distribution and growth. In addition, high input of sediment during heavy
rainfall from Lenggara River and the forest near the coral reef community could be
one of the possibilities. As shown in Figure 15, larger sediment particles were
deposited within a few kilometres from the river mouth while finer sediment may be
transported over a longer distances. Based on the study of Lee and Mohamed (2011),
Pulau Langkawi has extremely high settling particle in their corals. If the wave
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energy is low, the suspended sediment will settle out of water column and deposit on
the seafloor (Phillip and Fabricius, 2003). The coral was still able to undergo
recovery process if the sediment does not settle or covered the corallites of the corals
for long period.

Figure 14: Comparison the percentage coverage of sediment from photo quadrans
and sedimentation rate from sediment traps.
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Figure 15: Satellite image of the research site and location of Lenggara river in Pulau
Langkawi.
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4.3.2 Temperature and light intensity
Temperature between shallow and deep reef showed no significant
difference from October 2010 to March 2013. Jonsson (2002) reported the
Teluk Nyior area has a normal range of seawater temperature 27.3°C to
28.5°C. However, based on the data collection, the temperature in Teluk Nyior,
Pulau Langkawi has increased yearly. This might due to the global warming
and also the Southwest Monsoon which caused most of the areas in
Peninsular Malaysia to receive high solar radiation and temperature. After the
mass bleaching event occurred in year 2010, coral in Teluk Nyior, Pulau
Langkawi are more tolerance to the higher temperature. According to
Vivekanandan et al. (2008), coral reefs of Andaman Sea has thermal threshold
of 31.4°C, the maximum sea surface temperature that exceeded that thermal
threshold will trigger the bleaching event. The mean temperature at Teluk
Nyior from year 2010 to 2013 was about 30.2 ± 0.6°C which has not
exceeded the thermal threshold. There was no bleaching coral recorded after
the mass bleaching event in year 2010.

Light intensity of the shallow reef was higher compared to deep reef
throughout the whole study. This is due to the fact that shallow reef was
exposed most of the time compared to deep reef in Teluk Nyior, Pulau
Langkawi. The deep reef experienced low light intensity probably due to high
water turbidity and sedimentation transported by the wave action.
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4.4 Comparison of Coral coverage at Pulau Langakwi (Malaysia) and Pulau
Weh, Aceh (Indonesia), 2013
Coral reefs in Pulau Weh were always submerged under water unlike the reef flat
in Pulau Langkawi, Malaysia. Coral coverage research was conducted by using
SCUBA diving to take the photo quadrants. Figure 16 showed the comparison of the
percentage of coverage of abiotic and biotic components at three locations which are
Teluk Nyior, Pulau Langkawi (Malaysia), Gapang and Lhok Weng (Indonesia) in
year 2013. The highest percentage of normal coral coverage was recorded in Pulau
Langkawi at both shallow and deep reefs. In Gapang and Lhok Weng, due to the
monsoonal season, the wave action was the major problem for the coral mortality
(Whitten et al., 2000). Main factor affecting the coral coverage in Teluk Nyior, Pulau
Langkawi was sedimentation where the reef was located at intertidal area and
sediment brought by wave was settled on coral (exposed to air longer period). In
contrast, Pulau Weh reefs were located at subtidal area and storm event occurred
frequently in Pulau Weh, Indonesia. The lower percentage coral coverage at
shallower reef could be due to the stronger wave action compared to the deeper reef.
From the recorded data, abiotic components (rock, coral rubble and sand) in Gapang
and Lhok Weng were higher. The high wave energy during the storm might had
washed away some of the coral and caused the death of the coral. Some dead coral
might be broken into coral bubbles due to the high wave energy during the storm.
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Figure 16: Comparison of the percentage of coverage of abiotic and biotic
components at three locations which are Pulau Langkawi (Malaysia),
Pulau Weh (Indonesia) in year 2013. PLS: Pulau Langkawi Shallow;
GPS: Gapang Shallow; LWS: Lhok Weng Shallow; PLD: Pulau
Langkawi Deep; GPD: Gapang Deep; LWD: Lhok Weng Deep.
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5.0 Conclusion
Mass bleaching event in year 2010 gave a severe impact to the coral reef in
Malaysia. This research was done at Pulau Langkawi as representation of reefs along
the Straits of Malacca from year 2010 to 2013. Recovering process of coral in deeper
reef was faster compared to shallower reef. Coral coverage also conducted in year
2013 on reefs at Pulau Weh, Aceh (Indonesia). Sedimentation was one of the major
problems faced by both Pulau Langkawi (Malaysia) and Pulau Weh (Indonesia). High
sedimentation in the reef covered the surface of the coral and the corallites of the
coral and resulted the zooxanthallae cannot settle in the corallites and symbiont with
coral. Coral removed the sandy grain size and nutrient poor sediments more easily
than silt and nutrient-rich sediments. Sedimentation tolerances greatly vary among
coral species. Sediment rate from about 1000 to 11000 mg/cm2/d or 100mg/cm2 for a
few days might reduce the photosynthesis yield and kill the coral tissue. Lack of
number of replicates and environmental information during the mass bleaching
events had restricted this study, Apart from that, development of tourism had
restricted the long term study on the coral status and coverage. This study contributed
useful information for government and non government institution for future research
on coral reef status, sedimentation level and historical events at the research areas.
Unfortunately, coral reef at Teluk Nyior in Pulau Langkawi cannot be accessed since
middle of year 2013 due to the development purposes.
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