1 Introduction

1.1 Coral reefs

Planet Earth is often called the “ocean planet’nawe than 70 percent of earth’s
surface is covered with seawater. About half theldi® coastlines are in the tropics
and about 600,000 km2 of tropical coastlines arelenaf coral reefs (Sapp, 1999).
These unique systems are considered the most gincelecommunities in the seas and
they are home to thousands of different specieseaf creature¢Birkeland, 1997).

Although these complicated systems are known tohbebiggest structures made by
living organisms, they are very fragile and higlsisnsitive to water quality (Veron,

2000; Veroret al., 2009)

Corals reefs benefit people and the environmestueral ways. Coral reefs are among
the most biologically productive ecosystems inwueld (Birkeland, 1997). They have
high economic value as hundreds of millions of talageople in over 100 countries
depend on the reef ecosystem and its harvestablmen@sources such as fish and
invertebrates for food and livelihoods (Edwards &n@ez, 2007). The total potential
sustainable annual economic net benefits per krhgalthy coral reef in Southeast Asia
is estimated to range from $23,100 to $270,000 $Envationinternational, 2008). The
value of the sustainable coral reef fisheries aleriéS$2.4 billion per year in Southeast
Asia (Burkeet al., 2002). Natural products from coral reefs are used treatment for
many diseases such as cancer and AIDS. Coral asefaatural barriers that protect
nearby shorelines and prevent coastal erosion. phayide structural complexity and
shelter for both fishes and invertebrates and alb ase providing the shelter for
herbivores, they can also control algal overgroBirkeland, 1997; Edwards &

Gomez, 2007). Furthermore, coral reefs play an napo role in tourism industry
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which is the largest industry in the world. Onetloé major tourists’ destinations is

attractive diving sites with high levels of biodisiy, especially coral reefs because of
their natural beauty (Birkeland, 1997; DavenportD&avenport, 2006; Edwards &

Gomez, 2007)For instancethe potential recreational value of the reefs ifeRdPayar

Marine Park, Malaysia has been estimated to be ,$80(er year (Yeo, 1998).

Coral reefs have a wide range of distribution, taey mostly found in tropical and sub-
tropical waters around the world especially shajlevarm tropical waters with water
temperatures between 18°C and 30°C which is betwat@ndes 30° North and 30°

South(Hoegh-Guldberg, 1999)

The marine zones containing at least 500 speciesedbuilding coral makes a triangle
shape area, which is known as the “Coral Triang(€igure 1.1). It covers
approximately 2.3 million square miles of oceanoasrall, or parts of, the seas of six
countries in the South East Asia and the Paciicidhesia, Malaysia, Papua New
Guinea, the Philippines, the Solomon Islands, andof-Leste) (Tunet al., 2008;
Hoegh-Guldbergt al., 2009). According to the WWF report by Hoegh-Geldpet al.
(2009) this vast area with rich coral reef diverdias over 30% of the world’s coral
reefs, including 76% of the world’s reef buildingrals and over 35% of the world’s
coral reef fish species. Malaysia is a country autSeast Asia region, located in the
Indo-West PacificThis region has high biological significance, asantains some of
the most extensive coastlines and diverse coréd reehe world. The coral reef area in
Southeast Asia region itself is about 100,000 kang about 4006 km? of the coral reefs
in the region is in Malaysian waters (Tenal., 2008). Malaysia is one of the four

countries (Indonesia, Malaysia, Philippines andthaen) in Southeast Asia with the



highest hard coral species. About 400 hard comdisrepecies have been recorded in

Malaysia (Turet al., 2008).
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Figure 1.1 Diversity of the reef-building scleractinian caralf the world (Source: Burlet al.,
2002).

Coral reefs are classified into three main charmtie structures: Fringing, Barrier and
Atoll. ‘Fringing reefs’, which are the most commasgcur adjacent to coastlines and
project seaward directly from the shore, formingdeos along the shoreline and
surrounding islands. They are usually unconsolalashere protected from wave
action, and usually have a high component of noheraate sediment. ‘Barrier reefs’
typically develop 10 to 100s kilometres from theasttine and ‘Atolls’ typically consist

of a string of narrow islands which may be vegetated have a shallow central lagoon
(Veron, 2000). Coral reefs in Malaysia are fringengd atolls (Turet al., 2004) while

corals in east coast of Peninsular Malaysia, wikee area of the study lies, are
dominated by shallow fringing reefs (Harboraeal., 2000; Morton & Blackmore,

2001).



1.2 Scleractinian corals

Corals are invertebrate animals in the Class Amdhpthe largest class of organisms
within the Phylum Cnidaria. Hard corals (scleraetns) make up the largest order of
anthozoans, and are the group primarily responsiléaying the foundations of, and
building up, reef structures. Each individual cgralyp has tentacles around its central
mouth which sits in a limestone skeletal case,etedrby the polyp (Figure 1.2) (Veron,

2000).
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Figure 1.2 Coral structure. The general structure of the palgd underlying skeleton (Veron,
2000).



Coral cover is a critical measure of habitat lossl alegradation and hard coral
(scleractinians) cover is one of the most usualcatdrs to habitat or to physical
disturbance of habitat as it represents the mogbitant component of the entire coral
reef ecosystem (Gomez & Yap, 1988; Nugues & Rop2f63; Chabanedt al., 2005;

Al-Zibdah et al., 2007; Bruno & Selig, 2007).

Colonies of reef-building (hermatypic) corals extdwide range of shapes. According
to Veron (2000) the most common growth-forms ofat®rare: ‘Massive’ which are

solid and similar in shape in all dimensions; ‘Erstmg’ which grows as a thin layer
against the substrate; ‘Branching’; ‘Columnar’; rhmar’ (plate-like); ‘Free-living’ and

‘Foliose’ (= foliaceous, forming a whorl) (Figure3). However, there are many other
different shapes of corals from other researchemd authors. For example,
‘Submassive’ corals have knobs, columns or wedgatsyaling from an encrusting base

(Englishet al., 1997).
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Figure 1.3 Coral growth-forms. Showing the most common grofettias of corals (Veron,
2000).



Within gastrodermal cells of hermatypic (reef-binlg) corals there are brownish
unicellular symbiotic algae called zooxanthellabe Blgae produce energy and oxygen
for corals through photosynthesis and help theldoreemove wastes while the coral,
in return, provides the algae with a protected mment and the compounds necessary
for photosynthesis (Muscatine & Cernichiari, 19@8uller-Parker & D'Elia, 1997).
Chlorophylls a and c; and selection of carotenoid pigments such as ipéricand
diadinoxanthines are the photosynthetic pigmerasdan be found in the zooxanthellae

(Barnes, 1987; Muller-Parker & D'Elia, 1997).

Zooxanthellae often are critical elements for feeilding corals health as they provide
organic material of photosynthesis for the hosakctssue (Barnes, 1987). Most reef-
building corals normally host between 1 x®Hhd 5 x 10 zooxanthellae ciof live
surface tissue and 2-10 pg of chlorophyll a pexaothellae. However, the quantity of
pigment per zooxanthellae differs among species samdetimes between colonies of
the same species (Muller-Parker & D'Elia, 1997)dé&mnconditions of stress, such as
elevated temperature, the coral expels most, iafipdf the zooxanthellae, presumably
to protect itself from damage. This is called ‘loleimg’, mainly because algal cells are
expelled by the polyps and the loss of pigment @ihexanthellae) causes the coral to
appear white. When corals bleach they commonly G80% of their zooxanthellae
and each zooxanthellae may lose 50-80% of its glyatbetic pigments (Glynn, 1996).
In scleractinian corals some 50% or more of thal tsgmbiont community must be lost
before paling is typically visible to the naked eystt et al., 2000) While the pale
colour of bleached corals is mostly due to low narsbf zooxanthellae, they may also
appear bleached when zooxanthellae lose their pyatioetic pigments (Hoegh-
Guldberg & Smith, 1989; Muller-Parker & D'Elia, 189 Coral bleaching is usually

associated with elevated temperature, however ¢alstars can cause bleaching such as
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reduced salinity, increased or decreased lighteased solar radiation (both visible and
UV) and increased sedimentation and toxins in théewdue to coastal constructions
(Hoegh-Guldberg, 1999; Baket al., 2008). However, each zooxanthellae species is
likely to have different adaptive capabilities aoterances to environmental extremes
and because of this, corals containing differemitspnt can vary in their sensitivity to
bleaching. Coral can also modify their symbiont ocmmities in response to
environmental change (Muller-Parker & D'Elia, 198akeret al., 2004; Bakeet al.,

2008; Fittet al., 2009).

Zooxanthella populations show distinct patternsthrir density and photosynthetic
characteristics within the host environment (Helmettal., 1997). Studies performed
by Shenkeret al. (2006) showed the significant negative correlatletween sea
surface temperatures (SST) and zooxanthella den&itgording to his studies in
Mediterranean coast of Israel, the reduction inxaobellae density inOculina
patagonica was 95% when the temperature rises above 26°CQunmmer, which is
relatively high compared to tropical areas whererdhwas a72% decrease in
zooxanthella density iMontastraea franksi from the Florida Keys, a 75% decrease in
Montastraea annularis in the Caribbean and a 66 % zooxanthella decriea&eropora
formosa in the Great Barrier Reef. It should be noticedt tthe loss of zooxanthellae
occurred in response to heat stress without a dsern@ algal chlorophyll concentration
(Hoegh-Guldberg & Smith, 1989; Stambler & Dubinsk004). Fittet al. (2000)
suggested that all reef corals worldwide exhibitikir seasonal cycles (1) with lowest
coral tissue biomass and densities of symbiotiofthgellates at the end of the season
with the warmest seawater temperatures, (2) wigidraegrowth of symbionts only
after seawater temperatures decrease, and (3)domgce somewhat slower recovery of

coral tissue biomass relative to the recovery ratesymbionts. Water temperature is



correlated with the decline of coral reefs and kbealth is affected by the variety of
other natural environmental factors and the contluina of different stressors (Veron
et al., 2009). Anthony & Connolly (2007) showed that domaortality risk during
bleaching events is a function of multiple envir@mtal factors, such as temperature,
sediment, and possibly light intensity, all of whiwill affect coral survival. Studies
conducted on the Chlorophyll a and water tempegashowed that they are negatively
associated (Shenkat al., 2006; Anthony & Connolly, 2007; Rodolfo-Metalgaal.,
2008). According to Stambler & Dubinsky (2004) ligharvesting pigments such as
chlorophyll a and c¢ and peridinin concentrations peoxanthellae increase with
decreasing irradiance. Maximum photosynthesis fdoraphyll will decrease with
depth but zooxanthellae cell numbers will incre&@aviously, reefs that are stressed by
human activities such as with increased sedimematre more likely to be
unsuccessful in recovery and adaptation to naemakonment than those which are not

in disturbed regions and under stress (Fabricid852Carilliet al., 2009).

Threats to the coral reefs can be divided into twain stressors: natural and
anthropogenic disturbances (Table 1.1). Naturatuthances such as hurricanes,
storms, monsoon, climate changgjnamis, typhoons and cyclones had always caused
changes to the coral's environment (Bugkeal., 2002; McClanahaset al., 2008) (see
Table 1.1). Increase in seawater temperature @&sudt rof climate change during the
1998 EIl Niflo Southern Oscillation (ENSO) causedassive coral bleaching with the
mortality of 50% to 99% throughout the Pacific amdlian Ocean (Glynn, 1996;
Hoegh-Guldberg, 1999; Burket al., 2002). On the other hand, anthropogenic
disturbances such as human development of tropaadts, combined with changing
land and water use, associated river dischargesaddnents and changed seawater

salinity, can induce ecological changes in corafgéMcClanahaet al., 2008).



Undoubtedly, the ability of reefs to recover fromusual warming events, tropical
storms and other acute disturbances is profountictad by the level of chronic
anthropogenic disturbance. In healthy and unstdessefs, they can often recover
quickly (sometimes in a short period of 5-10 yeaRgefs that are already stressed by
human activities often show poor ability i.e. thHagk resilience to recover specially

from large scale disturbances (Edwards & Gomez7R00

Table 1.1 Threats to coral reefs can be summarized as fellow

Threats Harmful effect on corals Source
Coastal Direct: (Bryantet al.,
Development - Reef substrate removal 1998; Burkeet al .,
2002; Chabanett
(Dredging) Indirect: al., 2005; Edwards
- Increase sedimentation and | & Gomez, 2007;
nutrient runoff McClanaharet
- Reduce water clarity al., 2008)
Damage by Direct: (Davenport &
. L - Physical damage by Davenport, 2006;
Tourists, Snorkelers clambering over corals and | McClanaharet
and Divers kicking them accidentally with| al., 2008)
o the fins.
[
08)1 Indirect:
e - Sewage and stirring up silt
= Coral mining and | Direct: (Burkeet al.,
I Collection - Physical damage 2002; Edwards &
< - Reduce coral cover Gomez, 2007)
Marine-based Direct: (Burkeet al.,
. - Groundings and anchor 2002)
Pollution d
amage
(Shipping)
Indirect:
- Pollution from ports, oil spills,
ballast and bilge discharge,
garbage and solid waste
dumping from ships
Inland Sources Indirect : (Burkeet al.,
- Increase erosion, sedimentatipf002)
(Runoff) .
and pollution
- High influx of nutrient




Overfishing and Direct: (Bryantet al.,

Destructive Fishing - Coral bleaching (by poison 1998; Burkest al.,

fishing) 2002; Edwards &
(e.g. poison fishing - Coral mortality (by blast Gomez, 2007)
fishing) .

blast fishing, ball-

and-chain fishing) | Indirect:

- Change ecological state
towards dominance by unused
species with strong competitiye
ability such as coral-eating
invertebrates and sea urchins
(by overfishing)

- Reduce reef resilient to natural
and anthropogenic disturbances

(by overfishing)
Climate change, Direct: (Burkeet al.,
Hurricanes - Physical breakage 2002;
' McClanaharet
Tsunamis, Indirect: al., 2008)
T - Mass coral bleaching by rising
_ yphoons,
T sea-surface temperatures
3 Cyclones and etc. - Increase in atmospheric GO
z
Disease and Direct: (Burkeet al.,
Predation (e.g - Coral mortality and coral cover2002;
~ reduction McClanaharet
Crown-of-thorns) al., 2008)

Table 1.1, continued

Most of the world’s coral reefs have already beest br are at high risk to be lost
(Wilkinson, 2004). It has been estimated, 20% df torld coral reefs have been
effectively destroyed and show no immediate prospetrecovery (Wilkinson, 2004).
It is predicted that 24% of the world’s reefs angler imminent risk of collapse through
human pressures. The International Union for thes@ovation of Nature (IUCN) in
1984-1989 indicated that people had significandyndged or destroyed reefs in ninety-
three countries. There were estimates that abo% @0 tropical coral reefs were
degraded beyond recovery, with another 30% likelydécline within the next two
decades and reefs in Southeast Asia were ident#setieing at greatest risk (Sapp,

1999). Despite the rich biodiversity in SEA, untorately, 56% of reefs in Southeast
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Asia are in a high-threat category (Bryahtl., 1998). Coastal development, threatens
about 25% of coral reefs in Southeast Asia, with @8der high threat (Burket al.,

2002).

Overall reef condition in Malaysia shows that alinose third of the reefs have
between 25-50% live coral cover and very few reeith more than 75% live coral
cover (Tunet al., 2004). Reefs in Malaysia are threatened by diffeanthropogenic
impacts.Burke et al. (2002) estimated that 85% of the coral reefs inadyisia are
threatened of which 37% goes to the threat of sediation and pollution from coastal
development and changes in land use. Unfortunatdys continued to show an overall
decline in Malaysia from 2004 to 2008, considerihg coastal development as a
highest threat to coral reefs of Malaysia (Tairal., 2008). Reefs in East Malaysia in
spite of the damaging fishing practices, is in mumdtter condition than those of
Peninsular Malaysia with higher coastal developmémteat (Burket al., 2002; Tunet
al., 2004). Peninsular Malaysia has 30% lower corakcpercentage compared to East
Malaysia (Burkeet al., 2002). According to the study done by Tatlal. (2007) on five
islands (including Tioman Island) around peninsiviataysia, live coral coverage in all
study sites ranged from 17.9% to 68.6% and basedooal coverage classification,
coral conditions in the study areas varied fromddjoto “poor”. The percentage of live
coral coverage at three reefs in Tioman (Tulai RB&inggo Reef and Renggis) was
studied by Todat al. (2007). Although Tulai Reef and Manggo Reef Hael $econd
highest number of genus diversity among other stuitslands in peninsular Malaysia,
their coral cover was in fair condition with 31.hda34.6 % live coral cover. Only

Renggis Island with 68.6% live coral cover was @od condition (Todat al., 2007).
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1.3 Kampung Tekek, Tioman Island

Tioman Island (locally called Pulau Tioman) is atamnd located in the South China
Sea, 32 km off the east coast of Peninsular Madaysithe state of Pahang, and is
approximately 39 km long and 12 km wide. The dgn$siested island is surrounded
by fringing coral reefs, making it one of the tagidg locations in Malaysia (Vinsence,
2008). In year 2000 the Coral Cay Conservation (Hdrborneet al., 2000) did a
survey for the marine parks and found 183 specfeBaad corals in the waters of
Tioman Island which was the highest compared terotharine parks in the east coast
of their study. Their survey also had shown thasp8cies of other invertebrates were
present. Among the invertebrates are three spetiggnt clamsTridacna squamosa,
maxima andcrocea, which are protected organisms in Malaysia. Harbet al. (2000)

also found a total of 233 coral reef fish spearethe Pulau Tioman marine park area.

Tioman Island has been gazetted in 1994 by the ydma Government as a Marine
Park. For Peninsular Malaysia, Marine Parks areaged by the Department of Marine
Park Malaysia (DMPM). The main objectives of marpaks in Malaysia as DMPM

had stated are conservation and protection of @@ community and natural habitats
of endangered aquatic species. While the stratdgreplanning and management of
Marine Protected Areas (MPAS) vary widely from ctiyrto country and among sites,
the Global Representative System of Marine Proteéteas concluded that 90% of the
MPAs in the East Asian Seas region generally fajl ar only partially, achieve

management objectives (UP-M&Ial., 2002). Unfortunately, only 16% of the MPAS in

Malaysia were considered as MPAs with good manageraéng (Tunet al., 2008).
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Amongst eight main villages in Tioman, Kg. Tekekhe largest and most populous on
the west coast of the Island. From Tioman Develogm&uthority (TDA) report
(TiomanTDA, 2007), Kg. Tekek has the population of 1,86%ichk is about half of the
Tioman population. Recently, a marina located at Kakek in Tioman was constructed
which covers an area of approximately 12.72 ha (HiUAwe 2006 monthly report)
(AngkasaJuruteraPerundingSdrBhd, 2006). It includes a yacht marina and also a
cargo jetty which extends 175 meters into the $&avious records have shown that the
fringing reef adjacent to the marina had good apravertebrates and fish diversity.
Previous studies specifically at Kg. Tekek (Affemtlial., 2005) found a total of 221
hard coral species from 14 families. The dominarhifies were Acroporidag¢59
species), Faviidae (52 species) and Fungiidae (#t€iess). In addition seventeen
species that are categorized by Veron (2000) toabe worldwide were found in the
area. According to Yusuet al. (2005), Tekek has the highest diversity of coealf fish
species in Tioman Island. A total of 192 speciesarhl reef fish from 41 families were

observed in proposed marina site in Kg. Tekek.

The present study was conducted adjacent to wherentirina is presently situated at

Kampung Tekek, Tioman Island (Figure 1.4). The tmesion work on the marina was

completed and handed over in February 2007, abmuyear prior to the present study.
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Figure 1.4 Satellite map (a) showing Peninsular Malaysia Withman island (=Pulau Tioman)
on the east coast of Peninsular Malaysia (b) shpufig. Tekek on the west coast of Tioman

island (c) showing newly built marina in Kg. Tek@gkoogle Earth 2009).
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Based on all the above studies done in Tioman apdTi€kek, it is believed that the
study area is very unigue with important resoustesh as corals, fish and invertebrates

and needs to be managed with great care.

1.4 Coastal development

Coral reefs are threatened by human activities\al the tropics. Coastal development
for recreation and infrastructure and shorelineettgument are the examples of human
activities. As the population pressure and touaudivities on coastal areas increase,
constructions such as land reclamation for airpadads, ports, marinas, houses and
hotels will also increase. This sacrifices reefaareeliminates coastal habitats both on
land and in the sea and exerts extreme pressuresteess onto the adjacent coral

ecosystem (Chabanettal., 2005; Salet al., 2008).

According to Burkeet al. (2002), coastal development can result in direandirect
pressures on coral reefs. Some development prgects as dredging of harbours and
shipping channels and the dumping of spoils digeclsult in disturbance to the
topography of the seabed and the outright destmucif coral reefs through removal of
reef substrate and increased sedimentation (Brstaat.,, 1998). Indirect impacts of
construction in coastal areas are nutrient runoffreased sedimentation and reduced

water clarity (Burkeet al., 2002).

Polluted freshwater run-off from the island exert®xic effect on reef biota and would
destroy the corals and its inhabitants. When patitst are discharged, nutrient levels

(nitrates and phosphates) in the water can incrédss can lead to an excessively
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nutrient-rich environment (eutrophication), whichceurages algae blooms and the
growth of other organisms that can stifle coralsmakes them to compete for space
(Tomascik & Sander, 1985; Fabricius, 2005). It ®ireated that recovery from

eutrophication damage to reefs requires at leageats (Edingeet al., 1998).

Increased sedimentation which is another indinaqtaict and one of the main effects of
coastal development, was identified as the keypmit generated by each construction
process (Koskela&t al., 2003) and is a growing problem in most regionduding
Malaysia (Burkeet al., 2002). Over 20% of coral reefs are at risk frand-based
sediment and pollution in South East A¢izhou et al., 2002). Sedimentation effects
corals health in many different ways. Sustainedhéyel sedimentation (and nutrients)
will switch off coral reef growth and reduce hamtral species richness and live-coral
cover (Rogers, 1990; Dikou & Woesik, 2006). Dirsetdimentation can smother a
shoreline reef and corals have to spend more erierggediment rejection, for example
one of the mechanisms for coping with sedimentausus production by coral, which
is an energy-consuming process and this can weallalt corals and prevent coral
growth (Rogers, 1990). According to Fabricius (20G@®dimentation can also prevent
coral recruitment by influencing pre-settlemengstaof coral reproduction, as well as
the ability of the coral larvae to settle and sweviThis is because, coral larvae cannot
successfully establish themselves in shifting sedis (Rogers, 1990) and also coral
larvae use light quantity and quality to choosertkettlement site (Fabricius, 2005).
Even short exposure to sediments (few days) casedang-term effects in populations,
by removing cohorts of young corals and thus raétgrdreef recovery after a
disturbance (Fabricius, 2005). In addition, seditagon may increase the water’'s
turbidity, which, in turn, changes the quality aheé quantity of the light available for

photosynthesis (Fabricius, 2005; Jareeal., 2005). Therefore, zooxanthellae may not
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get enough light to photosynthesize and feed caats this ultimately will starve a
coral, reduce the growth and tissue biomass oreceoial bleaching and death (Bryant
et al., 1998; Anthony & Connolly, 2007). According to Ry and Fabricius (2003),
sediment cover of 100 mg émmeduces the available light by 75%. Their studyveed
that short-term exposure to sedimentation underédbry conditions severely affected
the quantum vyield of photosystem II, chlorophyll amd c, concentrations, and
zooxanthellae densities Montipora peltiformis. In addition, zooxanthellae numbers,
chlorophyll per unit surface area, and photosynthedtes increase with increasing
dissolved inorganic nutrients which is one of thigeas of high sedimentation

(Fabricius, 2005).

The effects of construction disturbances such asmsmtation, light reduction and
physical damage are found to be depth-dependebri¢ies, 2005). Fabricius (2005)
indicated that stressors from land-based pollutiGedimentation, runoff), affects
corals in all depths with more effect on deep (1@hgn shallow (3m). Mechanical
damage (acute impacts) seemed to have lower affeateep corals (Edinget al.,

1998). In general, the effects of shading from itlity are minimal in shallow water

and progressively increase with increasing dep#bi(Eius, 2005).

Philipp & Fabricius (2003) found that sedimentatistiess increases linearly with
increasing amounts and duration of sediment expodur addition, Edingeet al.
(1998) stated that recovery from chronic stressorsuch more difficult for corals than
acute stress. Long term exposure to sedimentatsaluces coral cover and may also
change species composition in communities. It wdwdddominated by a few well-

adapted species to sedimentation.
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The response to sedimentation differs between rdiftespecies and different growth
forms (Philipp & Fabricius, 2003; Sofonia & Anthgng008). For instance, the
flattened or plate-like growth form dflontastraea annularis would be less efficient at
removing sediments than a more rounded form anachrag (Rogers, 1990). Although
Acroporid corals may effectively escape depositbrsediment due to their branching
morphology, they are poor sediment rejecters ampeapintolerant to low light levels
(Dikou & Woesik, 2006). Fabricius (2005) found tHatge colonies or those with
branching growth forms or thick tissues are moterémt of sedimentation, whereas
small colonies or species with thin tissues antidlafaces are often highly sensitive.
Philipp & Fabricius (2003) suggested that sensitiveals to sedimentation were foliose
corals or corals with relatively small polyps, swadE. lamellosa, Montipora spp., and
massivePorites. These corals are unable to remove or shift tltensmnt because
sediments lodge firmly on their concave or flatface. On the other hand, Laghal.
(2007) showed thaPorites can tolerate sediment deposition, rapidly regdaeiasue
damaged by deposited sediment and trap sedimentwiuicus sheets, which are
frequently discarded by currents. They suggestatiRbrites, Favia and Favites are

less affected by smothering and tolerant to lovinggland sedimentation stress.

It is suggested that normal sedimentation ratesoddl reefs are in the order of 10 mg
cm? day’ or less, and typical suspended solids concentstive less than 10 mg |
(Rogers, 1990; Fabricius, 2005). Studies done bpdedet al. (2000) on the reefs of
Indonesia showed that sedimentation rate in thet raffected sites (with maximum
depth range from 4 to 8 m) subjected to anthropiegstmess ranged from 26.19 to

57.50 mg cnt day™.
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Coral damage appears to not only depend on thergraod duration of sedimentation,
but also strongly depends on the sediment type.ekample, tissue damage under a
layer of sediment increases with increasing organittent and bacterial activity, and
with decreasing grain sizes (Fabricius, 2005). @fuge, the composition of bottom
sediments in term of particle size may even be nuoitecal to sediment effects on
corals than sedimentation rates (Webesal., 2006), because different species have
different abilities in rejecting the fine particl@ugues & Roberts, 2003). Specifically
fine sediment less than 125 in size was known to be the most harmful to caral
contributed to coral’s stress (Nugues & Robert€3}0More coral species can tolerate
areas with coarse-grained sediments than regi@sih-sized sediments are deposited
(Fabricius, 2005). Sandy sediments can be removede nefficiently than silty
sediments possibly due to the greater volume ankirséss of the silts (Webett al.,

2006).

Another issue of concern which is an example cd@urte impact is the barge moving in
and out of the area during construction, which imaye caused extremely high rates of
sedimentation and coral breakage. Based on an &paArr on June 2006 (Angkasa
JuruteraPerundingSdn Bhd, 2006) the barge was reported landing on #ael south

of the marina (Figure 1.5). This was the same asea for our study.
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Figure 1.5 Barge beached on the south of marina which waaréee of this study.

To our knowledge, there has been no monitoringesearch done on the effects of the
new marina construction on the reefs in Kg. TekBkman Island. Previous studies
showed that coastal development and human activéiech as dredging, beach
reclamation, jetty and marina construction had hegaeffects on adjacent coral reef
health (Philipp & Fabricius, 2003; Jameisal., 2005). The situation would be more
detrimental if coastal development is carried ontaosmall island such as Tioman,
which has good but limited coral coverage. Theesfdhis study is essential to
investigate if the marina construction in Kg. Teke&kd any harmful effects on its
adjacent coral reef. This study is one of the tiosscientifically document potential reef

damage by marina construction in Malaysia.
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1.5 Objectives

1) To compare the reef community before and aftemtarina was built.

2) To determine chronic impacts of the marina auesion to the adjacent coral reef.

3) To determine coral growth form susceptibilityni@rina construction impacts.

To achieve the above objectives, a reef communityey was done during this study
and was compared with reports prior to the marinastruction (objective 1). In

addition, monitoring was done quarterly throughn@nths at two depths (shallow and
deep) (objective 2). Four different growth forms sifleractinian corals were also
studied at two depths (shallow and deep) and tieetsfof construction on the health of

different coral growth forms were compared (objex).
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2 Materials and Methods

2.1 Coral reef survey methods

In November 2007, after visiting the area wherentaina had been constructed, the
study site was determined (Figures 2.1 to 2.3). Sthdy site is a coral reef area with
the size of (150 m x 150 m=22500 m?) approximafflym southwest of the marina

jetty. It was chosen to be as close as possiblbeetanarina to be able to document the

effects of the marina construction to the coraf.ree

Study site

Figure 2.1 View of the marina jetty from land showing studlg gred arrow).

g Sl A i O T

Figure 2.2 Marina in Kg. Tekek, Tioman Island. The jetty i®am.
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Figure 2.3 Diagram showing the location of the study site alhis adjacent to marina (not to

scale).

Water depth was used to divide the study site twtm separate areas of ‘Marina Deep’
(MD) and ‘Marina Shallow’ (MS). Depth of <6 metasss considered as ‘shallow’ and
the depth of 6 m to 12 m was considered as ‘dd@phsect line methods were used to
monitor changes on the reef through time. In thisdy permanent transects were
monitored to examine the processes responsiblemfgrterm effects on the corals reef
with reference to Leujak & Ormond (2007). At eadte,sa 150-meter permanent
transect (rope of 4mm thickness) was laid (Figu#g and fixed to metal stakes (50 cm

in height). The metal stakes with marker buoys vpaeed at every 50 meters and were
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later used as reference points for future monitgpsa that the same substrate would be
covered at each time of sampling. Modified Lineehoept Transect (LIT) method as
described in Engliskt al. (1997) was used to study the coral cover andrsityeof the

study site.

Study site A
N
Jetty
________ - i
150 m permanent transect i
lws&zﬂ_\_"—)\ 100 m Om| 6-12 depth
| Te 140 Num I (MD)
S e il I -
ea g— — —| - |- -t - =
= 5pm I
[140 an
LT5______gé',"/ X | <6 m depth e
I | M) Marina
T3 §

Key
Dive Center, Bea Ch
C@ A set of sediment trap Wave breaker
% 3 50 m transect line
(U 0 0 e e

Reef Check transect
line locations

Figure 2.4 LIT (150 m transects) and Reef Check (100 m traspesurvey locations with

position of sediment traps (refer to Figure 2.7)he study site. Note: MD= Marina Deep. MS=
Marina Shallow. Transects T1 to T4 were used fafilimg the substrate composition in the
study site. Transects T5 and T6 were used for mong the changes before and after the

marina construction.

To be able to distinguish the effects of the cardion of the marina versus natural
fluctuation, monitoring of two different study sstevas needed. Therefore a control site
was chosen as was recommended by Ragjels (2001). Pulau (=Island) Renggis was
chosen as the control site (Figure 2.5) (-3 nmiseest of the marina site) as it has
similar ecological parameters such as water quadityl environmental factors.
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Moreover, the fringing reef around Pulau Renggis &ayood coral coverage of 68.6%

(Todaet al., 2007), and there has been no recent construction.

Imagery Date: S 5 2°48'49.64"N 104°08'68.68"E elev Om

Figure 2.5 Close up view of the study site in Kg. Tekek anatod site in Pulau Renggis,
Tioman Island (Google Earth 2009).

In Renggis, (R) a 150 meter rope (rope of 4mm tiesls) was laid (Figure 2.6) and
metal stakes with marker buoys were laid at evérynieters as it was done in the
marina study site. Modified LIT method was usedtiady the substrate and coral cover

of Pulau Renggis.
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Open sea Pulau Renggis *N
{control site)

0
& 50m
Key
@ A set of sediment trap
5(_)( 50 m transect line
(LIT)
Reef check transect
line location

Figure 2.6 LIT (150 m transect) and Reef Check (100 m transsaetvey locations around

Pulau Renggis (control site) with position of sedittraps (refer to Figure 2.7).

2.1.1 Substrate and coral cover (%) determination sing modified Line

Intercept Transect (LIT) method

The percent cover of different substrates in theyssites was recorded in March 2008,
June 2008, October 2008, March 2009 and June 2609 self contained under water
breathing apparatus (SCUBA). Modified LIT methodswased by calculating the
fraction of the length of the line that is interteg by that life form with regards to the
transect length (Loya, 1978; Englishal., 1997; Leujak & Ormond, 2007). Leujak &
Ormond (2007) indicated that to detect a 20% ixedathange (with a power of 80%) in
total hard coral cover, the LIT method requires 856f transect line. Therefore, in this
study two 150 m transects (MD and MS) were laichgleach permanent rope in the

marina site and one 150 m transect was laid ircoimérol site. Compass bearings of the
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direction of each metal stake were recorded aschulpain case the permanent rope is
lost. A Garmin GPS 76CSx was used to record thatime (WGS84) of starting points
for each transect in both study sites (shown agt@mnin Figures 2.4 and 2.6):

Marina Deep (MD): 2°49'7.90"N and 104° 9'18.20"E.

Marina Shallow (MS): 2°49'8.80"N and 104° 9'22.60"E

Renggis (R): 2°48'31.91"N and 104° 8'6.58"E.

To monitor each benthic category under the linaseats through time, transects were

laid out as precisely as possible during each surVee percentage cover of each

benthic category (Table 2.1) was calculated asvil

Percent cover of benthic category = Total lergjtbategory (cm)x 100%

Length of transect (cm)

Table 2.1 Substrate categories and codes used for LIT mdthoglishet al., 1997).

CATEGORIES CODE CATEGORIES CODE

Hard Coral: Other Fauna:

Dead Coral DC Soft Coral SC

Dead Coral with DCA Sponges SP

Algae

Acropora Branching ACB Zoanthids Z0
Encrusting ACE Others oT

Submassive ACS

Digitate ACD Algae Algal Assemblage AA
Tabular ACT Coralline Algae AC
Non-Acropora Branching CB Halimeda HA

Encrusting CE Macroalgae MA
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Foliose CF Turf Algae TA
Massive CM Abiotic Sand S
Submassive CS Rubble R
Mushroom CMR Silt Sl
Heliopora CHL Water WA
Millepora  CME Rock RCK
Tubipora Missing DDD
Data

Table 2.1, continued

2.1.2 Profiling the coral reef of the study site usg modified Reef

Check method

The modified Reef Check method (Hodgson, 1999; btaibet al., 2000) was used in
March 2008 and June 2008 to document the substia@ies. A profile of the coral reefs
in the study site was done using four separatem@@r transects perpendicutarthe
shore (T1-T4, Figure 2.4). The previous studiexormal reefs in Kg. Tekek before the
marina construction (April 2004 and September 200dd been done by using the
similar Reef Check method. Consequently, changesoo&l reef coverage (acute
impacts) were compared in the study site beforeadited the marina construction. Two
100 meter transects were laid in each study anedl@ao the shore (T5 and T6, Figure
2.4) and a 100 meter transect was laid in Pulaw&ern(Figure 2.6). Substrate cover
data was recorded on waterproof paper by aid of B Substrate categories at 0.5
meter intervals beneath the transect were recdrdedd on the Reef Check description

as shown in Table 2.2 (Hodgson, 2000).
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Table 2.2 Indo-Pacific substrate categories and codes usdrdef Check method.

CATEGORIES CODE

Hard Coral HC

Recently Killed Coral RKC

Sponge SP
Rubble RB
Silt/Clay Sl
Soft Coral SC

Nutrient Indicator Algae NIA

Rock RC
Sand SD
Other oT

In addition, Before-After-Control-Impact-Pairs (BA®) design (Underwood, 1991;
Smith, 2002) was used to compare between Reef Gloihke in Marina Shallow and
Renggis. The design is considered useful for degpathanges in means associated
with human activity. It involves collection of dapaior to the activity and compares it

with data after the activity both in control andoatt sites.

2.2 Sedimentation rate

One set of sediment traps (Figure 2.7) was deplagetfarina Deep and Marina
Shallow and in the Renggis (control site). Eachireedt trap consisted of three plastic
bottles mounted on a metal spike by cable tiesufEid.8). The traps were 8.5 cm
diameter cylinders with a height to width ratio28 (Figure 2.8), which minimized the
capture of sediment resuspension from the bottamd, maximized the particulate

collection (Englishet al., 1997; Ismaikt al., 2005). The baffles were not placed on top
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of the trap because the traps were collected e2«&ynonths and algal growth on the
baffle may contribute significantly to the trappedjanic material. The mouths of the
traps lay approximately 25 cm above the seabedif€ig8.8) to minimize the effect of

water turbulence on the amount of sediment colterigues & Roberts, 2003).

Traps

I| if— [\letal spike

Sea Bottom

Figure 2.8 Diagram of a set of sediment trap showing the safibe trap containers.
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Sediment traps were removed every three monthsgidced by a new set of traps
using SCUBA. The plastic containers were first aapfp prevent the loss of sediments
collected while transporting the sample to theaef The plastic containers containing
the sediment and seawater were then kept in ageeftior (at 4C) at the Tioman
Marine Research Station. The samples were kepteKat 4C) for the journey to the
laboratory at the Institute of Biological Sciencddniversity of Malaya. At the
laboratory, they were kept in a refrigerator (&Y for not more than one week until

analysed for sedimentation rate, particle sizeagdnic matter content.

Sediment trap contents were poured onto Q#Silter papers placed in a glass funnel.
The filter paper and sediment were dried in an ater0C until a constant weight was
obtained. Once samples were dry they were tramsfao a desiccator and allowed to
cool before it was weighed using Mettler Toledo ABZalance to 4 decimal points.
Sedimentation rate was calculated as milligramenfiment per cfper day (Rogers,

1990; Nugues & Roberts, 2003; Jarekal., 2005):

Sedimentation rate (mg cfday')=

Sediment Weidhibtal weight — Filter paper weight )

nr’(Surface area of the trap opening@nX No. of days at site

2.3 Organic matter content in collected sediment

Small amounts of the dried sediment samples, dérfuen the sedimentation rate
experiment (see subchapter 2.2), were placed imoeaveighed ceramic bowl and
weighed to 4 decimal places using ADAM PW124 bagaicwas then combusted in a

Heraeus® muffle furnace at 530 for 5 hours to determine its ash free dry weight.
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The samples were transferred to a desiccator amel affowed to cool before it was
weighed again. Combustion of the sample was regaatél a constant weight was
obtained (Baromt al., 1993; Gleason, 1998; Dikou & Woesik, 2006). Theight loss
was calculated as the total organic matter cordefttte sediment samples in terms of
percentage as follows:

- Weight of ceramic bowl € g

- Weight of dried sediment and ceramic bowd g

- Weight of ash free sediment and ceramic bowl &#FC =e g

Percentage of organic matter in sedimefd=— e) g+ (d — c) g x 100

2.4 Particle sizing of sediment

A small part of the dried sediment samples (seelsjiter 2.2) was used for sediment
particle sizing. Small amount of 15% hydrogen pateXHO,) was added to the dried
sediment samples as a pre-treatment to remove iorgatter through chemical means
and at the same time to break up the sediment gatgreThe mixture of sediment and
H,O, was left for a minimum of 12 hours to ensure a plete reaction. It was then
placed into a coulter particle size analyzer, whichcessed the sediment sample to
make the various calculations for particle sizeBekkman Coulter LS 13 320 Particle
Size Analyzer was used to analyze the particle siz¢he sediment samples. The
instrument utilizes the refraction of laser ligletected by multiple sensors as it bounces
off particles suspended in liquid medium to analgaeicle size (Hussein, 2004; Scott-

Jackson & Walkington, 2005).
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The size of sediment particle groups were claskifiéo several categories according to
the Wentworth grade scale, clay (<#9), silt (3.9 to 6Bm), very fine sand (63 to
125um), fine sand (125 to 2bfn), medium sand (250 to 50®) and coarse sand (0.5

to 1mm) (Buchanan, 1984; Selley, 2000).

2.5 Water quality

At each time of sampling, water samples (from butend surface) were collected in a
clean, plastic bottle with a screw capeach permanent monitoring transect (Marina
Deep, Marina Shallow and Renggis) by aid of SCUBAbsequently after reaching
shore the water samples were analyzed immediabelydissolved oxygen (DO), total

dissolved solids (TDS), salinity, conductivity, apH.

HOBO Pendant Temperature-Light data loggers wepdogted on the metal stake near
the permanent line (Figure 2.9) and were left aheste logging automatically every 30
minutes from June 2008 to June 2009. Since allutiderwater light measurements
were done at the same time of the day in both Masite and control site and that the
areas studied were close to each other, it wasmesbuhat all sites had the same
ambient light intensity above the water. Therefasaly the underwater light was
measured in this studyhe parameters shown in Table 2.3 were measurdtidorvater
guality data in this study. All the measurementsendone in the morning (from 9 am to

11 am).
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Table 2.3 Water quality parameters determined in the presteioty .

PARAMETER UNIT METHOD DETECTABLE
LIMITS /
SENSITIVITY
Dissolved Q mg/L YSI Probe 550 A (DO Meter) + 0.3 mg/L
Salinity ppt Salinity Refractometer/ YSI 0.2 % Full Scale
Probe EC300
pH pH YSI Probe pH 100 +0.1%
Total Dissolved Solids (TDS) ¢/l YSI Probe EC300 + 2.5 % of reading
plus 0.5
Conductivity mS YSI Probe EC300 mS/cm
Seawater Temperature °C HOBO Temperature/Light Dat®.47°C at 25°C
Loggers
Underwater Light Lux  HOBO Temperature/Light Data
Loggers

-

Q ' Metal stake

Temp-light
logger

Figure 2.9 (a) HOBO temperature-light data logger as seengarg 2.9b; (b) A temperature-
light data logger attached to a metal stake insthey site. Note presence of branching corals
(BC).
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2.6 Zooxanthellae of the selected scleractinian cis

For zooxanthella density and its chlorophyll cohtereasurements, the scleractinian
coral species with distinctly different growth fasrthat were abundant in the study sites
were collected to be easily identified in the fiekbur coral species with different
growth forms (Submassive, Foliose, Branching aneefiving) were sampled from
each study area (Marina Deep, Marina Shallow andggis) in June 2008, October
2008, March 2009 and June 2009 (Table 2.4; Figuir@)2Corals with different growth
forms were chosen, because each growth form héeht sensitivity and responds
differently to sedimentation (Rogers, 1990; Staff&mith & Ormond, 1992; Philipp &
Fabricius, 2003; Fabricius, 2005; Sofonia & AnthpB@08). The Coral ID programme

by Veron (2002) was used for coral identificatiamfirmation after sampling.

Table 2.4 Selected scleractinian coral species for this study

CORAL SPECIES GROWTH SITE
FORMS

Marina Renggis
(Deep/Shallow)

Paocillopora damicornis Branching ' \'
Porites Family* Submassive v v
Ctenactis echinata Free living v \
Pachyseris speciosa Foliose v

Echinopora lamellosa Foliose v

* Higher taxonomic category such as family was uselder than species to ensure accurate
identification.
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Figure 2.10 Pictures of the selected scleractinian coral sgddethis studya) Branching e.g.
Pacillopora damicornis; (b) Submassive e.gPorites rus, (c) Free living e.g.Ctenactis
echinata; (d) Foliose e.gPachyseris speciosa; (e) Foliose e.gEchinopora lamellosa. All
pictures are from this study except Figure 2.10\akh is from Veron (2000).

Small fragments (1 cm) were separated from thréferdnt healthy coral colonies of
each species. A hammer and a chisel were usedhdofreée living corals. As for the
other growth forms, they were collected by breakirgmall part of the colony by hand.

Samples were then wrapped with aluminium foil tegké in darkness and were kept in
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a freezer (-17 °C) immediately. To prevent zooxeltehand chlorophyll loss, the frozen
samples were carried in an icebox filled with ied9C) and maintained frozen until
separation of the zooxanthella in the laboratoryinatitute of Biological Sciences,

University of Malaya

2.6.1 Coral tissue isolation

Coral tissue was removed from frozen samples using/aterPik® and artificial
seawater (25-30 ppt) and poured into a zipper balgahnes & Wiebe, 1970; Fetal.,
2000; Shenkaet al., 2006). The liquid portion containing the coraistie and artificial
seawater was then transferred into a Phillips® Twlender for homogenization by
blending it for one minute twice. Then the homodemeas transferred into a measuring
cylinder for volume measurement. The homogenousturexwas then kept in a
container in the refrigerator (at 4°C) until useat thlorophyll and zooxanthella

analysis.

2.6.2 Zooxanthella density

The homogenate from coral tissue isolation (seelsyter 2.6.1) was inserted into 1.5
ml Eppendorf® tube using a glass pipette. One ar énops of 100% formalin were
added into it and were kept in the refrigerator 4%€) for zooxanthella counts. The
zooxanthellae was then transferred to a haemocy&rraed observed under a Leica®
light microscope with magnification 40X and 100X{d&re 2.11). The zooxanthella cell
counts was done with eight replicate cell countthguisa Spencer® Bright-Line
Improved Neubauer haemocytometer 1.0°0.1 mm (Cervincet al., 2003; Lasker,

2003). Only the healthy zooxanthellae were coumbetheasure zooxanthealla density
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as degraded cells would have lost their chloropipyiments. The degraded cells
differed from healthy zooxanthellae by the orangedark-brown colour, smaller

dimensions and irregular shapes (Titlyarebal., 1998).

Total amount of zooxanthellae in homogenate (cells)

Total volume of homogenate (& Number of counted zooxanthellae (cell)
Volume of haemanyeter (cri)

The densities of the zooxanthellae of the coral pdasnwere calculated from the
haemocytometer counts and surface area determmsats@e subchapter 2.6.4) (Ftt

al., 2000; Lasker, 2003; Philipp & Fabricius, 2003).

Zooxanhellae density in coral samples (ucelfEm

Total amountzabxanthella in homogenate (cells)10
Cosailrface area (cfj

Note: Coral surface area was determined in subeh2p.4

Zooxanthella

Figure 2.11 Zooxanthella cells on haemocytometer under the ifiagtion of 100X
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2.6.3 Chlorophylla & c, content in zooxanthellae

The homogenate from the coral tissue isolation tsdehapter 2.6.1) was placed into
1.5 ml Eppendorf® tubes. Three replicates were ttantrifuged at 6000 rpm for 20
minutes at 10°C using a Jouan MR 1812 refrigere¢edrifuge. After centrifuging, the
supernatant was discarded, leaving only the zobe#iae pellet at the bottom of the
Eppendorf tubes. The Eppendorf tubes were thew filléd with 100% acetone and the
solution was mixed well using an auto vortex mixene samples were then wrapped
with aluminium foil and kept in a refrigerator faat least 24 hours. After the
chlorophyllsa andc, were extracted in the 100% acetone in the darkernré¢frigerator
at 4°C, the samples were then centrifuged againtlEdupernatant were transferred
into a 1 cm light path quartz cuvette. Chlorophglland c, concentrations were
determined by using a Shimadzu UV-1601 PC specttopheter that measures the
amount of light absorbed by the extracted chlordghythe cuvette. Chlorophyk and

C; were calculated using the standard equation ofrelef& Humprey (1975). The
chlorophyll extraction procedure was repeated byirayl a fresh acetone to the
zooxanthellae pellet for another 24 hours and m@agthe chlorophyll content again.
This procedure repeated until no chlorophyll pigtneauld be extracted from the
zooxanthellae in the samples. The equation forroployll extraction in 100% acetone
is as follows (Jeffrey & Humphrey, 1975; Fétal., 2000; Philipp & Fabricius, 2003;

Moyaet al., 2008):

ChlorophyH, Ca=11.43 Eg3- 0.64 k30

Chlorophytt,, Cc, = 27.09 E30- 3.63 kg3

Note: Ga and @, represent the chlorophyll content (in 1pugmlsing 1cm light path

cuvette)
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Chlorophyll content per surface area (ug3m

C (ug mi) x Volume of acetone (ml)

Coral surface area (cm?)

Chlorophyll content per zooxanthellae (pug c8lis

Chlorophyll content (ug chy

Zooxanthellae density (cells &n

Note: Coral surface area and zooxanthellae dewsitydetermined in subchapter 2.6.4

2.6.4Surface area

The Aluminum foil method was used to determine toeal sample surface area
(Marsh, 1970; Shwet al., 2008). Firstly a standard curve graph was obthinging
aluminium foils that were cut into known surfaceas of 1 crfy 4 cnf, 9 cnf up to 49
cn?. The pieces were then weighed using Mettler TolB&04 balance to 4 decimal
points. Finally, a standard curve graph was obthlmeusing the measured weights and
surface areas of the aluminium foil pieces. Thd lesar line was drawn to determine

the values of the equatigrax+b (Figure 2.12).

60

50

y = 252.6x- 0.770 /
40

E s /
m /
@ 20
4 /
§ 10
.E *
a’ 0 T T T T
10 9 0.05 0.1 0.15 0.2 0.05

Weight(g)

Figure 2.12 Graph showing the standard curve of known surfaea against weight of

aluminium foil for determination of coral surfacea
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To determine the surface area of the living lagerefach coral sample, the parts of each
coral skeleton that had living tissue was wrappeth wthe Diamond® Heavy Duty
aluminium foil which was moulded to fit into depsésns and over projections with no
overlap of aluminium foil. The aluminium foil waken peeled off and weighed using
the Mettler Toledo AB204 balance to 4 decimal ptadeinally, the surface area for
each coral sample was determined by using thishwegasurement with reference to

the standard graph and equation (Figure 2.12).

2.7 Statistical analysis

SPSS programme was used for all statistical arslysi determine whether there were
any statistical difference in mean values of bentammunity variables, zooxanthella
density and chloroplyll a and, content in each study site and between the réeg,si
one-way ANOVA and its non-parametric equivaleng Kruskal-Wallis test were used
whenever the assumptions of normality and homogenéariance of ANOVA could
not be met. Percent live coral cover data wereirsgcsguare root transformed prior to
the statistical tests being done (Zar, 1994). WHOVA and Kruskal-Wallis tests
gave significant results, to determine which sdétered, the Post Hoc tests (Tukey

HSD) were performed.
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3 Results and Discussion

3.1 Acute Impacts

3.1.1 Substrate composition

Modified Reef Check method was used in this studyMiarch 2008, to profile and
document the substrate coverage in the studySutiestrate categories and the profiling

results are shown in Figure 3.1.

mHC NIA mOT mRB EMRC MERKC SI msC SD msp

Tekek marina jetty

—,

Deep (3-12mj Trangect 4 (T4) Transect3 (T3]  Transect 2 (T2) Transect 1{T1)

3§
3
¥ w

10
20

0
40

50

Beach

70 '
WO B
5O -
100

Shallow (2-3m)

Transect units (m)

Total

4 et P2

Figure 3.1 Profile transect and substrate composition (%ohefdtudy site. Substrate categories
and their colour codes are shown on top. HC= hardlcNIA= nutrient indicator algae, OT=
other biological organisms, RB= rubble, RC= roclkK@% recently killed coral, SI= silt/clay,

SC= soft coral, SD= sand, SP= sponge.
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A significant difference (F: 4.659, p<0.05) was riduin Silt (SI) cover % between
shallow (40-100 m) and deeper parts (0-40 m) ofseeats with higher silt cover % in
deeper parts. From Figure 3.2, the Transect 1 (Whjch was the closest transect to
marina, had the highest Rubble (RB) % cover andawest Hard Coral (HC) % cover

compared to other transects further from the marina

Reef Check surveys were done for both Marina Stvallod Marina Deep areas in June
2008. The results were then compared (paired X-+att Reef Check surveys done at
the same area in April and September 2004 whicle weor to the marina construction.
As shown in Table 3.1 and Figure 3.2, mean pergentd Recently Killed Corals
(RKC) (t: 10.288, p<0.05) and Silt (SI) (t: 11.8310.05)cover in Marina Deep had
significantly increased after the construction canegd to the survey done in September
2004 (5-8 m depth). RB (S) % cover had also in@égs 6.425, P<0.05) in Marina
Shallow after the construction, compared to the&esudone in the area (at 6 m depth)

in April 2004.

Table 3.1 Mean percentage of substrate cover using ReefkChetore and after marina
construction in Marina Shallow (MS) and Marina De@pD). Note: * denotes significant

difference was foundRefer to Table 2.2 for each substrate description.

Site Time HC SC| RKC NIA SP RC RB SO SI or

Before
construction| 28.13| 8.75| 30.63 0.00 0.00 16.25 5.00 6.88 0/00 8 4.3
(Apr-04)
After
construction| 16.25| 3.75| 2250 0.00 0.00 6.88 28.13* 22|50 0.00.000
(Jun-08)
Before
construction| 36.88| 0.63| 0.00f 0.00 0.00 4.3B 25.00 3313 0.00 00p.0
(Sep-04)
After
construction| 17.50| 1.25| 8.75% 0.63 1.88 16.88 10.63 22|50 16.28*/5
(Jun-08)

MS

MD
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Figure 3.2 Percentage cover of different substrates befodeafter the marina construction in
Marina Shallow (MS) and Marina Deep (MD) of the dstusite using modified Reef Check

method. Refer to Table 2.2 for each substrate iior.

Before-After-Control-Impact-Pairs (BACIP) designndkerwood, 1991; Smith, 2002)
was used to compare between Reef Checks done indahallow and Renggis. Since
for Renggis (control site) the only monitoring thas been done before the marina
construction was at 6m depth, it only could be carag with MS at 6 m depth. T-test
was used to compare the results in Marina Shalleferb and after the construction
with control before and after the construction argphificant difference (t: 3.21, p<0.05)

was found in Rubble (RB) % cover after the marirze Wwuilt (Figure 3.3).
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m Before (Sep-2004)

m After (Jun-2008)

Difference in Rubble % cover

Figure 3.3 Difference in Rubble % cover before and afterdbestruction in Marina Shallow.
The blue column represents the difference in Rubbleover between Control (R) and Impact
(MS) before the marina construction which shows¢ thdad more RB cover compared to MS
before the construction. The more Rubble % covdRenggis in Sep 2004 is probably because
of the dominant branchin§cropora species in the area. It is also one of the masbies tourist
destinations in Tioman where the presence of tsuasd anchoring of boats around the island
may have caused more coral breakage compared torMSresults in Jun 2008, shows that
although Renggis was more susceptible to coralkbges the rubble % cover increased much
more in MS after the construction. The red coluepresents the difference in Rubble % cover
between Control (R) and Impact (MS) after the madonstruction which shows the difference
has changed a lot after the construction and thec&®Er has significantly increased in MS.
Vertical Error bars denote Standard Deviation.

3.1.2 Discussion

Reef check method was used in this study in Mai@d82to profile the study site
(Figure 3.1) and get a better understanding ofeacupacts of marina construction.
Acute impacts were assumed as the study was dotmnwhe first year after the

construction was completed. Due to logistical latigns, the earliest time the
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monitoring could start was 9 months after the catiph of the marina. This may
underestimated the acute impacts of the marinatieanti®n in the results. To maximise
the protection of habitats especially the highlgsstve ones such as coral reefs, it has
been suggested that monitoring of constructiornviiets should commence even during
the pre-construction phase to allow interventiomrpto construction (Koskelat al.,

2003).

By profiling the site some differences especialy Silt (SI) % cover (Figure 3.2)

between shallow and deep parts of the study site wbserved. This was one of the
reasons that the study site were separated inttnM&reep (MD) and Marina Shallow
(MS), as some differences in chronic impacts framnstruction were expected to be

observed between MS and MD.

In addition, to be able to compare the coral remfecage changes in the study areas
before and after the marina construction (acutecesj, Reef Check method was used in
June 2008, as Reef Check was the only availabke loisfiore the construction (Table
3.1). The increased Silt (SI) and Recently Killedr&s (RKC) % cover in MD (Table
3.1; Figure 3.2) after the construction could be ohthe obvious effects of increased
sedimentation due to the marina construction. AdriEais (2005) indicated,
sedimentation affects corals more in deeper depdhgpared to shallow parts which
could explain the higher RKC in Marina Deep. Anotle&planation for higher RKC
recorded in MD could be due to the longer termatffeof construction. This happens
when inorganic nutrients increase in sea wateerbiting organisms such as microbes,
algae, worms, sponges, bivalves will increase insig. This in turn, weakens the
structure of coral reefs and they would be moreejptible to storm damage which can

result in more RKC coverage (McClanahan, 2002; ieats, 2005). Direct physical

46



breakage of corals from the construction processgeb as barge landings and piling of
the jetty pillars can also increase the RKC pewrgat Figure 3.4 shows the pillars that

were constructed damaging the corals. Photos vekent2-3 weeks after the pilling

work.

Figure 3.4 Showing the pillars that were constructed damagivegcorals during the marina
construction (Photos taken by Serina Rahman, Au2QB35).

There seemed to be an increase in Sand (SD) % oW (Table 3.1; Figure 3.2)

could be from the sand used during the constructios reported by island locals (pers.
comm.) that during the construction activity, aftieedging and cleaning up the land in
marina area, the voids areas had been filled vatid 90 stabilize the bottom of the

marina area and levelling it for berthing. It wdsoareported by locals (pers. comm.)
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that during the construction, the jetty pillars eeéemporary stored in the shallow part
which could have caused coral breakage. Theretbeedirect physical breakage of
corals from the construction process could haveeased both the Sand % cover and
Rubble % cover in marina site as seen in the ®slite BACIP design showed that the
Rubble had increased after the construction in M§ufe 3.3). Moreover, the marina
profiling (Figure 3.1) clearly shows that the highd&kubble (RB) cover was in the
Transect 1 (T1=closest transect to the marina) emetpto the other transects further
from marina. This strengthens the idea that highdvble % after marina construction
is most probably due to the construction. An Elfae in June 2006 (Angkasa
JuruteraPerundingSdr:Bhd, 2006) documented that the regular barge lmgrtht the
study site highly increased the chance of corahkage in MS. This further caused an
increase in Rubble cover (Figure 3.4) after thestroiction especially in MS where it is

more susceptible to mechanical damage from thetwamti®n (Fabricius, 2005).

3.2 Chronic Impacts: Environmental Parameters

3.2.1 Sedimentation rate

The mean sedimentation rate in Marina Site (MD BI®) during the study was found
to be significantly higher (F: 6.735, p<0.05) comgmhto Renggis (R, control site)
(Figure 3.5). The mean sedimentation rate for Mabeep (MD) was 11.69+7.04 SD
(mg/cm2day) and in Marina Shallow (MS) was 23.3%#7SD (mg/cm2day), while in

Renggis was 0.59+£7.41 SD (mg/cm2day).

For the temporal study of 12 months, significafitedences in sedimentation rates were
found in both Marina Deep (F: 10.754, p<0.05) andrikb Shallow (F: 579.799,

p<0.05) only in October 2008 to March 2009 (secdiett trip) (Figure 3.5). This
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increase in sedimentation rate coincided with tlethaeast (NE) monsoon during
November to March. The results shows that increasedimentation rate during the
monsoon was much higher in Marina Shallow (from mef6.99 mg/cm2day to mean
of 60.05 mg/cm2day) compared to Marina Deep (froeamof 8.22 mg/cm2day to mean
of 19.93 mg/cm2day) (Figure 3.5) and more bottordireents had been moved by

currents in Marina Shallow.

Total dissolved solids (TDS) measured during the\s{subchapter 4.1.4) was found to
be significantly correlated with sedimentation rate Marina Shallow (Pearson

correlation: 0.986, p<0.01) and Marina Deep (Peacsorelation: 0.655, p<0.05).
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Figure 3.5 Sedimentation rates in Marina Deep, Marina Shalsowl Renggis (control site)
from June 2008 until June 2009. Vertical Error lslesote Standard Deviation.

3.2.2 Patrticle size of sediment

MS had the highest percentage (99.46%) of finagharess than 138n (clay, silt and

very fine sand), while R had the lowest (84.66%Me T'silt” content in MS was
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significantly higher (F: 7.41, p<0.05) than MD aRd Sediment collected in sediment
traps at the study site was dominated by silt corepb which exceeded 60% of the

sediments collected at all sampling times (Figu6g.3
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Figure 3.6, continued
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Mar 2009-Jun 2009
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Figure 3.6 Line charts showing the changes of different sedinsize particles (%) collected at
MD, MS and R from (a) June 2008 to October 2(9)8from October 2008 to March 2009 (c)
from March 2009 to June 2009. The size of sedirpanticle groups were classified into clay
(<3.um), silt (3.9 to 68m), very fine sand (63 to 18B), fine sand (125 to 2bén), medium

sand (250 to 506m) and coarse sand (0.5 to 1mm). Vertical errors ldgnote Standard

Deviation.

In Marina Shallow the “clay” content increased affetober 2008. In Marina Deep the
“silt” content decreased in June 2009 while “veanefsand” and “sand” increased. In
Renggis, sediments had the lowest “clay” and “siitJune 2009 and highest for other

particle size ranges in June 2009 (Figure 3.7).
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Figure 3.7 Changes of different sediment size particles ctdigin MD, MS and R throughout
the study from June 2008 to June 2009. Note: First Sampling time (Jun08-Oct08), =

Second sampling time (Oct08-Mar09),= Third sampling time (Mar09-Jun09).

3.2.3 Organic matter content in collected sediment

Percentage of organic matter content in the catbstediments was relatively low at
Marina Deep and Marina Shallow compared to Ren(jgible 3.2) but no significant
difference was observed between sites. In June 2068 October 2008 the organic
matter content was significantly higher than otsempling times in all MD (F: 360.24,

p<0.05), MS (F: 531.34, p<0.05) and R (F: 20.81).p5) sediments.

Table 3.2 Percentage of organic matter in trapped sedimeMaaina Deep, Marina Shallow
and Renggis from October 2008 to June 2009. (Stfandard Deviation).

Sampling Organic matter %
period Marina Deep Marina Shallow Renggis
Mean S.D Mean S.O Mean S.D
Jun08-Oct08 13.09 1.09 13.73 0.95 16.92 2.78
Oct08-Mar09 0.97 0.07 0.56 0.22 5.15 1.28
Mar09-Jun09 0.79 0.21 0.75 0.15 3.22 3.79
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3.2.4 Water quality

All physical parameters measured in the study siteshown in Table 3.3.

Table 3.3 Physical Parameters for all surveyed sites. N&NGA™ = not available due to probe

malfunction, ~_" = no data. Underwater Light (Lax)d seawater temperature (°C) shown in this
table are daily mean for each period.
Site 1st Field 2nd Field 3rd Field 4th Field 5th Field
Trip (Mar- | Trip (Jun- Trip (Oct- Trip (Mar- Trip (Jun-
08) 08) 08) 09) 09)
Marina 36.02 36.57 43.59 47.06 50.2
Deep
Conductivity | Marina | 34 35 36.25 44.1 44.8 50.1
(ms) Shallow
Renggis 46.44 N/A 42.5 44.06 49.73
Marina 21.6 21 26.1 27.8 29.3
Deep
- Marina
Salinity (ppt) Shallow 23.1 20.07 26.5 28.1 29.2
Renggis 28.7 N/A 25.2 27.3 29.7
Marina 22.47 21.91 26.62 28.14 29.6
Deep
Marina
TDS (g/L) Shallow 23.83 21.64 26.91 28.4 29.5
Renggis 28.93 N/A 25.82 27.65 29.91
Marina 472 3.42 3.36 3.86 3.5
Deep
Marina
DO (MIL) | graiiow 5.92 3.75 3.5 4.04 3.51
Renggis 6.61 4.72 3.48 3.2 3.49
Marina ~ 7.89 7.38 7.12 7.28
Deep
pH yana ~ 7.91 7.36 7.16 7.14
Renggis _ 7.94 7.54 7.29 7.78
Marina B 3 275.15 270.47 609.83
Deep
Underwater | Marina
Light (Lux) Shallow _ _ 908.27 239.42 1056.24
Renggis _ _ 1789.71 737.13 1832.36

53



Marina _ B 28.77 28.65 29.32
Deep
Seawater ;
Marina
Temperature | ghallow _ _ 28.76 28.60 29.49
(°C)
Renggis _ _ 28.64 28.51 29.31

Table 3.3, continued

By comparing the water temperature between MD, M8 R sites, no significant
difference was found (Figure 3.8; Table 3.4). Néwaess, there was a significant
difference in light intensity recorded in MD, MSdR (Figure 3.7). Renggis had the
highest light intensity (F: 176.77, p<0.05) whemmpared to Marina Shallow for the
same depth (Table 3.5). Other physical parametefgldarina site were found to be
similar to the control site (Renggis) (Table 3:Bherefore, this strengthens the fact that

Renggis is a good control site to be compared thighMarina site.
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Figure 3.8 Daily meanseawater temperature (°C) logged at Marina Deepinsi&hallow and
Renggis from June 2008 to June 2009 (12 months).
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Table 3.4 Daily mean seawater temperature (°C) logged atriddtieep, Marina Shallow and
Renggis from June 2008 to June 2009. (S.D= Staridewdtion).

Temperature (°C)
Marina Deep Marina Shallow Renggis
Mean SD Mean SD Mean SD
Jun08-Oct08 28.77 0.21 28.76 0.22 28.64 0.21
Oct08-Mar09 28.65 1.06 28.60 1.08 28.51 1.06
Mar09-Jun09 29.32 0.51 29.49 0.58 29.31 0.6(
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Figure 3.9 Daily mean underwater light (Lux) logged at Maribaep, Marina Shallow and
Renggis from June 2008 to June 2009 (12 months).

Table 3.5 Daily mean underwater light (Lux) logged at Maribaep, Marina Shallow and
Renggis from June 2008 to March 2009. (S.D= StahBawiation).

Light (Lux)
Marina Deep Marina Shallow Renggis
Mean SD Mean SD Mean SD
Jun08-Oct08 275.2 267.9 908.3 662.( 17897 625|5
Oct08-Mar09 270.5 322.8 239.4 523.8 737.1 621p
Mar09-Jun09 609.8 501.7 1056.2 792.9 1832/4 896|1
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3.2.5 Discussion

The sedimentation rates in Marina site are consdléigh as Fabricius (2005) stated
that mean sedimentation rate of less than 10 mdeynfor reefs would indicate that
they are not subjected to human activities, wHike thronic rates of greater than 10
mg/cm2day are considered high. From the resulthisfstudy, the Marina Deep and
especially Marina Shallow are considered highly irredted as their average
sedimentation rates are more than 10 mg/cm2day .eMery other studies on the effects
of coastal development have shown higher sedinmentaates compared to the present
study (mean ranged from 11.69 to 23.37 mg/cm2dag). example, Thomast al.
(2003), near a mining area that was subjectedniglasediment source at Lihir Island,
Papua New Guinea, showed that the severe impae kad sediment accumulation
rates between 25 and 50 mg/cm2day. A study by Edigigal. (2000) on the reefs of
Indonesia showed that sedimentation rate in thet raffected sites (with maximum
depth range of 4 to 8 m) subjected to anthropogsinéss ranged from 26.19 to 57.50
mg/cmz2day. In addition, Fabricigal. (2007) showed that the sedimentation rate at the
site affected by road construction and other coadtaelopments, averaged 39.6
mg/cm2day. However, the sedimentation rate obsemetthis study may have been
underestimated. This is due to the collectioncefficy of sediment traps in this study
which might have been affected by many factors. iRstance, sedimentation rate (1)
decreases with increasing horizontal current spedlde trap mouth, (2) decreases with
decreasing particle fall velocity, and (3) increaseith increasing trap aspect ratio
(Bakeret al., 1988; Bhaskaet al., 2000). The height to diameter ratio of 5:1 in the
present study, has been considered sufficient fiornmsing resuspension of trapped
material by water turbulence entering the trapsa@Bhar et al.,, 2000). As was
recommended by Engliskt al. (1997) sediments must be removed from the trap

monthly but due to logistics problems and budgeitétion the traps were collected
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every three months. For further studies, it is gstgd that a preliminary study be done
to examine traps with different sizes and shapdbanstudy area to determine the best

sediment trap size for each specific study site.

The high sedimentation rates recorded in Marindl@kand Marina Deep (Figure 3.5)
are most likely due to construction adjacent toghely site. This is supported by the
study done by Koskelat al. (2003) who pointed out that sedimentation incraasa
key pollutant generated by the coastal construcfimtess. Furthermore, study by
Ryanet al. (2008) on changes of sedimentation rate aftertabdsvelopments at the
adjacent coral reef showed that there was a sogmifiincrease in sedimentation and
decrease in coral cover caused by development theefast few decades. The most
recent coastal construction adjacent to the studysas the marina construction. Even
though there were no data on sedimentation befmednstruction in Marina site, the
comparison of sedimentation rates in MD and MS Witfwith no marina construction
impact) after the jetty was built have supporteel tlontention that sedimentation had
increased. This is further strengthened by the thet there was no change in
sedimentation rate in the control site. Before thearina construction, the average
sedimentation rates around Pulau Renggis was legs 10 mg/cm2day Yong (2007)
and it had remained at that level in the presemtystTo have a better understanding on
sedimentation rates and their impact on reef sydtniuture studies and to better
manage future construction projects, it is suggegsteat all marine parks should

implement constant monitoring of sedimentationgate

According to Nugues and Roberts (2003), sedimeatsonly can cause direct coral
mortality due to excessive energy expenditure femificleaning of sediment particles

but also, it can affect corals indirectly by deciag the light available to
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photosynthesising symbiotic algae (zooxanthell&} fives in the coral. Lower light
intensity recorded in Marina Shallow compared todrgs (control site) (Figure 3.9;
Table 3.5) in spite of the same depth, is probahlg to high sedimentation and
turbidity recorded in Marina site (Figure 3.5). $hshading temporarily reduces
photosynthesis by zooxanthellae. Many corals cgasado lower light intensity by
increasing the size and number of chloroplasts aoxanthellae without altering
zooxanthellae density per unit area (Sorokin, 1998)s process which is known as
photoacclimation was observed in this study inkb&ose coralPachyseris speciosa)

in Marina Shallow. Its chlorophyk per zooxanthella (F: 11.89, p<0.05) significantly
increased while zooxanthella density was not sigguittly different in March 2009
when the sedimentation rate increased (Figure J.B)s photoacclimation process
occurred only in the Foliose coral in this studyedfects of low-light greatly vary
between species (Fabricius, 2005). This is attethuo of its concave shape which
promotes more sediment particles settling on itkase compared to other coral forms

(Figure 3.10). This higher sediment settlement wduhve caused even lower light

intensity available to the Foliose coral.

Figure 3.10 Foliose coralsRachyseris speciosa) in Marina Deep and Marina Shallow. Note:

the sediments stuck in the middle part of the coral
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There was a significant increase in sedimenta@besrin second sampling time (Oct08-
Mac09) in both MD (F: 10.754, p<0.05) and MS (F95R9, p<0.05), while the same
increase was not observed in Renggis (control @igure 3.5). This increase coincided
with the NE monsoon (Oct- Mar) both in Marina Deapd especially in Marina
Shallow with approximately 20 times higher sedina¢ion rate. The increase could be
explained by the fact that the North East monsaah daused an increase in suspended
sediments in the Marina site which was affectedhigymarina construction and showed
much higher sedimentation rate compared to Rengere was not such an increase in
suspended sediments during the non monsoon seasbe Marina site as the currents
were not yet strong enough to resuspend the adatBohent caused by the construction.
The same increase was not observed in Renggis $®tha extent of sedimentation
rate was low and consequently there was no sigmificicrease of suspended sediments
during monsoon. On the other hand, MS had morensadation due to marina
construction and strong wave and currents durieghtbnsoon season resuspended fine
particles from the sea floor and caused an increaseispended sediment (Bothreer
al., 2006). Bothneet al. (2006) indicated that the average sedimenta@g@srduring
the storm season were much higher than non-storindod=or instance, in Malokai,
Hawaii a storm is able to cause 1000 times higkdinsentation rate than non-storm

period.

From the results, sedimentation rates in MS and dditing monsoon shows that the
water movements re-suspended sediments more indvfpared to MD (Figure 3.5).

This can be described by the fact that the capdgityvaves to re-suspend sediments
increases as water depth decreases (Bo#tratr, 2006). Therefore, the sediments will

re-suspend and settle down more at shallow pangpaced to deep parts. Bothretal.

59



(2006) also showed that the sedimentation rateajpstat 4.9 m water depth was 33

times higher than identical nearby traps at 10.1 m.

TDS is often correlated with turbidity as Fabric{@®05) had stated where any increase
in terrestrial runoff (probably from the marina stmuction), would accelerate dissolved
inorganic nutrients which in turn will increase ligity. From the results (subchapter
3.2.1) the correlation between sedimentation rateé high TDS indicates that the

Marina site has high turbidity.

The presence of high “silt” and “clay” content ihet sediments of Marina Shallow
(Figure 3.6) may threaten the coral species irsthdy site as silt-size sediments would
be more detrimental than other grain size partielesn after short exposures (Weber
al., 2006). In addition, experimental studies (Nug&eRoberts, 2003; Fabricius, 2005;
Weberet al., 2006) have shown that fine particles less thasud®?(eg. “clay”, “silt”
and “very fine sand” components) in suspended sexlimare most harmful to coral.
“clay” and “silt” can easily be re-suspended frohe tsea floor and reduce the light
intensity for prolonged periods (Fabricius, 2008r&use they are the finest sediment
components and fine-grain size particles that caredsily transported and dispersed
throughout the reef (McCulloc#t al., 2003). In addition, removal of silt-sediments by
corals is more difficult than sandy-sediments a&sfttmer has greater volume (greater
surface area) and greater reactivity. Thereforeematrient and contaminant bind with
sediment particles, making the sediment more stakgy fluffy (Weberet al., 2006).
From the Figure 3.11 which was taken during thestroigtion it is shown that silt
curtains used to trap silt and runoff from the ¢angion were not properly deployed to

prevent the effects of siltation. From this resulMarina site it is shown that the corals
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are not only stressed by high sedimentation (syiieh&.2.1), but also the situation

was even made worse by the high amount of smah grze sediments.

Figure 3.11 Showing the silt curtain used during the marinastaction which was not
properly deployed to trap silts and runoff from thenstruction (Photo taken by Serina
Rahman).

Coral health is not only affected by the extenseflimentation and grain size, but also
the organic matter of the sediment. The qualityh® sediment is a very important
factor which can be more crucial than the sedina@mbunt (Nugues & Roberts, 2003;
Fabricius, 2005). It was suggested by Fabriciu®©%2@hat low-level sediments with
high organic content and bacterial activity and fenagrain size can kill newly settled
corals, whereas the same amount of sediment wifiereint quality would not have the
same effect. Moreover, silt-sized minerals contaore organic matter content as they
bind more nutrients and contaminants and harbowramiganisms. This makes the
sediment more sticky and fluffy which makes thecpess of sedimentation removal
more difficult for corals. Therefore, sedimentsiwitigh concentrations of organic and
nutrient-related matter (more ash-free dry weightuld have more effect on corals
(Weberet al., 2006). However, the results of organic matterteonin this study, is
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different from what was expected as the “silt” @nitin collected sediments was higher
in Marina site (Figure 3.7), while according to ekt al. (2006) silt-sediments have

more AFDW than sandy-sediments. The lower orgaratten content observed in this
study could be explained by the low light intensigorded in Marina site (Figure 3.9)
that may have reduced the productivity of the eeef resulted in low organic contents
in the sediment (Table 3.2). Lower organic mattbsesved in MD and MS also

indicated that there are no other disturbances agchiver discharge and sewage in

Marina site (Nugues & Roberts, 2003).

The reason for higher organic matter content oleskin pre-monsoon period (Jun
2008-0Oct 2008) is not clear but it might be thesefffof “flushing” of the sediments by
strong monsoon currents. It seems that if the otsrand water flow are strong enough,
can cause the removal of accumulated organic miatteediments. Strong storms and
high wave energy can mix the bottom and surfacematid will cause the perturbation
of the sediments (Turnet al., 2008).This may be the reason for the lower organic

matter observed after monsoon season.

All water quality parameters that were measuredhia study, were within normal
ranges (Table 3.3). For example, the study by dtesd. (2005) reported the physical
parameters of the Langkawi archipelago area ampaseawater temperatures in the
range of 28.5°C-29.9°C, salinity between 28.5-300p0 and DO between 4.58-6.64
mg/l. However, the TDS reported in the presentystaild be considered high because
in the same study done by Leteal. (2005) the study area was introduced as highdurb
area with TDS ranging between 28.84-30.55 g/l. S¢emtemperature between MS,
MD and R was not significantly different, while Hig intensity was significantly

different (in Figure 3.8 and 3.9). Light intensigcorded in Renggis was in the normal
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range while Marina Deep and especially Marina Smalht the same depth as Renggis
had relatively low light intensity (Figure 3.9; Tlat8.5). For instance, a study by Jitkue
et al. (2007) showed that light intensity at tropicafee(<5 m depth) of Racha Islands
in Thailand on 30 June — 28 August 2007 had a noé&131.60 + 3006.15 SD Lux.
The difference in light intensity between Marintesand Renggis is probably resulted
from sedimentation effects occurred in Marina Desml Marina Shallow because
increase sedimentation due to especially fine odaguspension from sea floor causes
light reduction. In addition, increased nutriennroff will increase phytoplankton
production which causes increase turbidity and ¢gdn of light penetration (Fabricius,

2005).

3.3 Chronic Impacts: Substrate Cover

3.3.1 Substrate and coral cover (%)

The LIT surveys done from March 2008 to June 200@wed that Renggis had the
highest Hard Coral (HC) % cover. Mean Hard Coral)l¥ cover in Marina Deep was
24.74 (95% CI: + 8.95), in Marina Shallow was 38(96% CI: £ 2.3) and in Renggis
was 53.27 (95% CI: = 8.02) (Figure 3.12). Percenmtdgta were arcsine square root
transformed prior to the statistical test (Zar, 49%rom the One-way ANOVA (F:
9.62, P<0.05), the mean Hard Coral (HC) % coveueslat Marina Deep were
significantly lower than Marina Shallow and Rengdit©ie HC % cover did change
slightly during the study period, but maintaine@ ame trend during the study in all
sites. No significant difference was observed imatacover through 15 months

monitoring (Figure 3.12).
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Figure 3.12 Mean percentage cover (n=5) of different substratesg LIT in Marina Deep,

Marina Shallow and Renggis throughout the studynfidarch 2008 to June 2009. Refer to

Table 2.1 for each substrate description, “Otherategory includes: Soft corals, Sponges,

Zoanthids, Other living substrate organisms andgsMisdata.

As for coral reef status by using the linear quatielsve coral cover by Gomez and Yap

1988 (>75%: excellent, 50-75%: good, 25-50%: fait5%: poor), Renggis coral cover

was in ‘good’ condition (53.27%) while Marina Sloall was in ‘fair’ condition

(38.36%) and Marina Deep (24.74%) was in ‘poor’ditan (Figure 3.13).
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Figure 3.13 Hard coral cover % through time in MD, MS and RngsLIT method
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The result from the 15 months monitoring also shbwet the dominant coral growth
form in Marina Deep and Marina Shallow was the safsive coral while the dominant
coral growth form in Renggis was branchilxgyopora and there were no changes of the

dominant coral growth forms throughout the study.

The results of LIT monitoring showed that in Mari8hallowAcropora encrusting (F:
9.451, p<0.05) andAcropora submassive (F: 6.350, p<0.05) had significantlg th
highest cover in March 2008 (first field trip) whilthe Rubble (R) % coverage
increased through time and had significantly thghest value in the last field trip. It is
probable thafcropora species may have been transformed to rul#faepora species
are known to be a majoubble producer in the Great Barrier Reef (Woesilbé&ne,
1997). It has also been indicated that shallow mefas (3 m depth) are more
susceptible to mechanical damage caused by cotistriuban deep areas (10 m depth)

(Edingeret al., 1998; Fabricius, 2005).

Percentage cover of Macroalgae (MA) (F: 3.829, Ps)). Turf Algae (TA)F: 7.248,
p<0.05), and Dead Coral with Algae (DC&: 3.641, p<0.05) among 5 sampling
occasions, were all significantly highest (one-wdyOVA) in Marina Shallow at the

start of the study in March 2008 (Figure 3.14).
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Figure 3.14 Percentage cover of different substrates in MD, &8 R using LIT monitoring
for 15 months (Mar-08, Jun-08, Oct-08, Mar-09 ameh-09). Refer to Table 2.1 for each
substrate description, “Others” in this figure umbés: Soft corals, Sponges, Zoanthids, Other

living substrate organisms and Missing data.

3.3.2 Discussion

A survey on the reefs of Tioman in 2000 Ggral Cay Conservation (Harboreeal.,
2000) showed that mean coral coverage for Tioman48a3%. Another study done in
2001 by documented live coral coverage of Peningvdidaysia ranging from 17.9% to
68.6% while live coral coverage in (Tulai Reef dldnggo Reef and Renggis) were
31.1 %, 34.6 % and 68.6 % respectively (Tetlal., 2007). However, a study done by
Bruno & Selig (2007) indicated that the averageataover in the Indo-Pacific reefs
was 22.1% in 2003. This means that although thks ieethe present study site are in
normal range for Peninsular Malaysia, the recox@dl coverage (Figure 5.2) was less

than what is expected for a reef in a marine p@dtal cover in protected areas should
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be significantly higher than unprotected ones as sl@own in the study by Selig &

Bruno (2010) who compared coral cover in 310 MRAariprotected areas.

Coral % cover is a critical measure of habitat lassl degradation (Bruno & Selig,
2007) and hard coral represents the most impodamiponent of the entire coral reef
ecosystem. In the studies done by Dikou & WoeslOG), increase in sedimentation
load (caused by anthropogenic impacts such asmatilan and dredging activities) was
the apparent cause of live coral cover reductiomniilly sedimentation rates in
affected sites ranged from 5 to 20 mg/cm2day. bhitemh, Todaet al. (2007) suggested
that one of the major reasons for the “fair” anddg conditions (Gomez & Yap, 1988)
of corals in Peninsular Malaysia may be due togase in sedimentation. So according
to all these studies, low Hard Coral (HC) % covagyre 5.2) and higher Dead Coral
(DC) % cover in Marina compared to Renggis is lkdlue to high sedimentation
recorded in Marina site (Figure 4.1). The low caraler during the study is another

strong indication of the negative effects of thastouction.

One of the reasons for the difference in coral gnofwrm in the study sites can be the
different tolerance to sedimentation between massind branching coral$orites
massive is known to be slow growing whileropora corals are capable of very rapid
growth once established in a habitat (Edinger &RZ000). Generally, under normal
conditions where sedimentation rate is lo#¢ropora coral would be the dominant
genus as fast growing corals become dominant meadily than slow growing coral
like Porites massive (Todat al., 2007). Sincé\cropora species have lower tolerance to
sedimentation, increases in sedimentation may caudecline ofAcropora. On the
other hand, massive (or submassive) corals have totarance to sedimentation. This

is supported by the work of Lamt al. (2007) where they showed thBorites can
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tolerate sediment deposition, rapidly regeneratsugé damaged by deposited sediment
and trap sediments in mucus sheets, which aredrglyudiscarded by currents. Studies
done in Cape Rachado of the Straits of Malaccahewest coast state in Malaysia also
showed that massive coral forms Bérites lutea, Faviid species,Goniastrea and
Platygyra are the most abundant species in the area infuehy several factors such
as silt content and other particulate matter (Tetda., 2007). Other studies have also
shown the disappearance of sediment-sensitive epésiuch a#cropora corals) over
12 months due to sedimentation from logging (Hodg4®99; Fabricius, 2005). It was
indicated by Edinger & Risk (2000) that althouglisgent tolerant corals are abundant
in all reefs, they would only be dominant as a ltestisediment and pollution stress.
Similarly in sediment stressed Marina site, masdiwen is the dominant coral.
However, this sediment stress in marina may haveuroed either by marina
construction or by other factors even before themaavas built. Since there is a lack
of study on coral growth form in Marina site befdhe marina construction, it is not
possible to state the exact cause of sedimentatioMarina site and whether the
difference in dominant coral growth forms in owdst between Marina and Renggis is

similar to what it was before the construction.

Macro Algae (MA), Turf Algae (TAland Dead Coral with Algae (DCA), were all
highest in Marina Shallow at the start of the studyarch 2008. Run off from the
construction could have caused nutrient enrichmadnith increased algae assemblage
and more algae would have settled on coral surfadas would cause light reduction
and shading which would become even worse when degimentation occurred in the
area (Fabricius, 2005). The reason of not obserthirgsame results in MD is because
nutrient enrichment would be highest in the moredpctive inshore environments

(shallow) than offshore (Fabricius, 2005). It wadicated by Edingest al. (1998) that
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the reef can recover from chronic stresses suchnazased sedimentation and
nearshore eutrophication, only when the stressmnved. Since this study was done
one year after the marina was completed, decreasingrage of MA, TA and DCA

throughout the study indicated that the recoverghinhave already started in Marina
Shallow after the source of stress (marina contmichad stopped. This demonstrates
that to monitor the recovery process, apart frormitoong the acute construction

impacts it is also important to do long-term monitg to observe chronic effects of the

construction.

3.4 Chronic Impacts: Zooxanthellae of Selected

Scleractinian Corals

3.4.1 Zooxanthella density and chlorophyll content

The zooxanthella densities were determined for kpecies of corals with different
growth forms (Branching, Foliose, Submassive arekHiving) in June 2008, October
2008, March 2009 and June 2009. The mean zooxémtbehsity of all selected
scleractinian corals in four times sampling throdghmonths in Marina Deep, Marina

Shallow and Renggis is shown in Table 3.6.
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Table 3.6 Mean zooxanthella density in selected scleractic@nals in this study (Values are
presented as means +SD). Branching Wasillopora damicornis, Submassive waPRorites
spp., Free-living wa€tenactis echinata for all MD, MS and R. Only Foliose in Marina Deep

and Marina Shallow waBachyseris speciosa while in RenggisvasEchinopora lamellose.

Colony form Site Depth  Zooxanthellae density  Species
(m) (x 1Ccells cm?)
Branching Marina Deep 6-12 0.53+0.104 Pocillopora
damicornis
Branching Marina Shallow <6 0.66+0.257 Pocillopora
damicornis
Branching Renggis <6 0.72+0.173 Pocillopora
damicornis
Foliose Marina Deep 6-12 0.931+0.149 Pachyseris speciosa
Foliose Marina Shallow <6 1.21+0.239 Pachyseris speciosa
Foliose Renggis <6 1.25+0.179 Echinopora
lamellosa
Submassive Marina Deep 6-12 1.36+0.369 Porites spp.
Submassive Marina Shallow <6 1.50+0.355 Porites spp.
Submassive Renggis <6 2.19+0.454 Porites spp.
Free living Marina Deep 6-12 1.43+0.719 Ctenactis echinata
Free living Marina Shallow <6 1.83+0.487 Ctenactis echinata
Free living Renggis <6 1.44+0.597 Ctenactis echinata

Zooxanthellae density in Submassive, Foliose amoh&ring corals in Marina Deep and
Marina Shallow were lower than in Renggis (Figurd53to Figure 3.18). The
differences found were significant for Submassive .69, p<0.05) in both MD and
MS, while for Foliose coral it was significantiyier (F: 4.01, p<0.05) only in Marina

Deep.
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Figure 3.15 Zooxanthellae density in Submassive coPairites spp.) in MD, MS and R.
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Figure 3.16 Zooxanthellae density in Foliose cordathyseris speciosa and Echinopora

lamellosa) in MD, MS and R.
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Figure 3.17 Zooxanthellae density in Branching cor@b€illopora damicornis) in MD, MS and
R.
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Figure 3.18 Zooxanthellae density in Free-livimgral (Ctenactis echinata) in MD, MS and R.

The mean value of zooxanthella density and itsroployll a per unit surface area
(ug.cmi®) for selected species collected at different stsitys in four times sampling
through 12 months are shown in Table 6.2 and 6.8arMzooxanthella density in
Branching corals was lower than other growth form#D, MS and R (Table 3.9). In

Marina Deep all growth forms of scleractinian cerabd lower zooxanthella density
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and chlorophylla content compared to Marina Shallow and Renggisni<@epth). In

contrast, the chlorophyt, pigment content in Marina Deep was the highestlimost

all the growth forms (Table 3.9).

In Marina Shallow zooxanthella density of all theidsed species except Free-living

coral was lower than the zooxanthella density efdbrals in the control site (Renggis).

Table 3.7 Mean zooxanthella density of corals monitored tgrr from June 08 to June 09.

Branching wasPocillopora damicornis, Submassive wadorites spp., Free-living was
Ctenactis echinata for all MD, MS and R. Only Foliose in Marina Deapd Marina Shallow
wasPachyseris speciosa, while in Renggi€chinopora lamellose was used for comparison.

Zooxanthella density (x feells cnv)

Foliose
Pachyseris speciosa ﬁ:ﬂ;ﬁg:;a Submassiveg(Porites spp.)
MD MS R MD MS R
Mean| CI | Mean| CI| Mean CI| Mean C Mean QI Mepn (I
Jun-08| 1.14 0.21 144 048 149 046 183 1.36 1.0611| 2.68 1.15
Oct-08| 0.88 0.11 129 014 124 0.14 1}]43 (040 1.4268| 1.63] 0.38
Mar-09 091 042 123 0.29 1.06 0.27 0/96 0.12 1.8295| 2.04| 0.46
Jun-09| 0.78§ 051 0.8f 025 1.22 0,38 123 0.27 1.0®4| 2.40] 0.93
Branching (Pocillopora damicornis) Free-living (Ctenactis echinata)
MD MS R MD MS R
Mean| CI | Mean| CI| Mean CI| Mean C Mean QI Mepn (I
Jun-08 052 269 0.8 056 0.92 0/04 250 0.02 P.051| 1.03] 1.03
Oct-08| 0.58] 0.23 04% 011 0.66 0.5 121 Q.74 1.p81| 2.07] 1.09
Mar-09 0.64 030 091 104 080 0.84 1J01 058 2.1865| 1.84] 1.19
Jun-09| 0.39 0.19 044 0.23 052 024 1102 0.16 1.045| 0.85 0.28
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Table 3.8 Mean chlorophylla content of corals monitored quarterly from Junet®@3une 09.
Branching wasPocillopora damicornis, Submassive wadorites spp., Free-living was
Ctenactis echinata for all MD, MS and R. Only Foliose in Marina Deapd Marina Shallow

wasPachyseris speciosa, while in Renggid=chinopora lamellose was used for comparison.

Chlorophylla content (x 18 pg cnt)
Foliose
Pachyseris speciosa Echinopora Submassive(Porites spp.)
lamellosa
MD MS R MD MS R
Mean Cl Mean Cl Mean Cl Mean Cl Mean Cl Mean al
Jun-08 1.00 0.6 1.6 0. 1l6 0.9 0.8 D.8 1.6 Q.06 1.0.8
Oct-08 0.8/ 0.1 1.2 0.1 1.5 0|5 08 04 1.2 0.43 1.5
Mar-09 22| 0.7 2.4 0.6 1p 0/4 20 0.5 1.7 0,37 2.10.6
Jun-09 1.5 0.7 20 0D 24 0.9 2.3 D.2 .1 Q.48 4.9.8
Branching (Pocillopora damicornis) Free-living (Ctenactis echinata)
MD MS R MD MS R
Mean Cl Mean Cl Mean Cl Mean Cl Mean Cl Mean al
Jun-08 0.5 0.5 1.0 0 0/6 0.2 44 15 1.5 0.5 2NA
Oct-08 0.6/ 0.6 1.3 0.7 3.0 2|6 1.0 0.3 1.8 0.4 2.90.9
Mar-09 23| 23 1.5 0.5 2.4 2{7 113 04 25 1.3 2.21.4
Jun-09 1.7 1.7 21 0D 1|7 0.7 1.3 D.3 1.2 0.2 2.8.9

Table 3.9 Mean zooxanthella density, chlorophgland chlorophylk, contentin corals studied
in MD, MS and R. Branching coral w&scillopora damicornis, Submassive coral wé&srites
spp., Free-living coral waStenactis echinata for all MD, MS and R. Foliose coral in Marina
Deep and Marina Shallow w&schyseris speciosa, and in RenggisvasEchinopora lamellose.

Zooxanthella density in corals studied (Xcdls cn¥)
MD MS R
Mean SD Mean SD Mean SD
Free-living 1.43 0.719 1.83 0.487 1.44 0.597
Submassive 1.36 0.369 1.50 0.355 2.19 0.454
Branching 0.53 0.104 0.66 0.257 0.72 0.173
Foliose 0.93 0.149 1.21 0.239 1.25 0.179
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Table 3.9, continued

Chlorophylla content (pg crf)
MD MS R
Mean SD Mean SD Mean SD
Free-living 0.015 0.006 0.018 0.006 0.024 0.003
Submassive 0.01p 0.008 0.017 0.004 0.025 0.016
Branching 0.013 0.008 0.015 0.005 0.019 0.010
Foliose 0.014 0.006 0.018 0.005 0.018 0.004
Chlorophyllc, content (ug cif)
MD MS R
Mean SD Mean SD Mean SD
Free-living 0.009 0.002 0.016 0.009 0.017 0.005
Submassive 0.019 0.011 0.012 0.003 0.018 0.012
Branching 0.015 0.010 0.013 0.003 0.018 0.011
Foliose 0.011 0.009 0.010 0.006 0.012 0.004

Free-living coral Ctenactis echinata) was the only growth form that had shown no
significant changes in chlorophyl(Table 3.8) and;, content in Marina Deep through

time.

In Foliose coral(Pachyseris speciosa), chlorophyll a per zooxanthella (F: 11.89,
p<0.05) had significantly increased in March 2008 ahlorophyllc, per zooxanthella
significantly increased (F: 4.25, p<0.05) in Jur@® both in Marina Shallow and
Marina Deep, while the same results were not oleskim Renggis (control site).
Although different species were examined in Maana Renggis, it was presumed that
both species should react to stress in a similgr agathey have the same growth form
and skeletal morphology (Stafford-Smith & Ormon®92). Furthermore, it was
expected to observe more sedimentation effecEdmnopora lamellosa (in control

site) compared tdPachyseris speciosa (Marina site), as the study done by Stafford-
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Smith and Ormond (1992) showed tRathyseris speciosa can manipulate silt and fine
sand easier thaBchinopora lamellosa. In addition, the Pearson correlation for Foliose
coral showed a positive correlation between chloytipa per zooxanthella and
sedimentation in Marina Shallow (Pearson correfatid.858, p<0.01), while
zooxanthella density had negative correlation veigdimentation in Marina Shallow

(Pearson correlation: -0.697, p<0.05).

3.4.2 Discussion

According to Sorokin (1993), most reef-building @srnormally host between 1 x°10

5 x 10 zooxanthella ci of live surface tissue. However, zooxanthella dgnmay
differ greatly between different species. In otkardies (Stimsomt al., 2002; Yong,
2007; Shuet al., 2008) zooxanthella density fd?orites spp. ranged 2 - 10 (x10
zooxanthellae cif), for Pocillopora damicornis ranged 0.4 - 1.86 (xf(zooxanthella
cm?), for Pachyseris spp. was 0.88 x f0zooxanthella cfi and for Echinopora
lamellosa ranged 0.59-2.59 (x f0zooxanthella ci). The zooxanthella density
recorded in this study fdPorites spp. (Submassive) did not appear to be in normal
range in Marina Deep and Marina Shallow (Table.3®e significant difference of
zooxanthella density in Submassive corals betweanind site and control site (R)
(Table 3.9) also supports the fact that these spasas under sedimentation stress in
Marina site. The studies done by Stafford-Smith9@)9on 22 species of Australian
scleractinian corals showed that, although theseiep are known as sediment-tolerant
species, bleaching (loss of zooxanthella) were rveslein these massivRorites species

after exposure to sedimentation.
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It was indicated by Shet al. (2008) that thé”ocillopora species would be more likely
to bleach and die from stress compared with thesiva®orites and it is known that
branching corals are the most sensitive amongraWity forms (Shenkaet al., 2006;

Shuet al., 2008). This can be the reason of lower zooxalshelensity observed in

Pocillopora branching in this study (Table 3.9).

Previous studies (Titlyanacat al., 2001; Anthony & Hoegh-Gulberg, 2003) showed that
zooxanthella density and its pigments in coral c@s will increase by increasing depth
or lower light levels while in this study all grawtforms of scleractinian corals in
Marina Deep had lower zooxanthellae density androphyll a content compared to
Marina Shallow and Renggis (<6 m depth) (Table .6.8his may be due to
zooxanthellae loss caused by the stress from heghmentation (Figure 3.5). In
contrast, the chlorophyt, pigment content in Marina Deep was the highestlimost

all the growth forms (Table 3.9) which could be adaptative mechanism (photo
adaptation) to the lower light intensity (Figur@®)3(lglesias-Prieto & Trench, 1994).
The higher content of chlorophydh allows higher efficiency in utilization of lighni
low light condition. This is because chlorophgdlhas the ability to absorb higher blue
portion of PAR compared to chlorophydl (Battey & Patton, 1988). Therefore, the
increase in the content of chlorophgilis one of the adaptative mechanisms to utilize
the blue portion of PAR to compensate for the lmltl condition due to both depth and

increased sedimentation.

Zooxanthella density of all the studied speciesepkd-ree-living coral in Marina
Shallow was lower than the zooxanthella densitythed corals in the control site
(Renggis) (Table 3.9). According to Titlyanet al. (2001), zooxanthellae density is

usually lower for the photosynthetic capacitiezobxanthellae acclimated to dim light
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compared to those acclimated to bright light. Tbé also explain the difference
between zooxanthella density in Renggis which hadenlight intensity and Marina

Shallow which had high sedimentation and less latiiough both were at the same
depth (Figure 3.9). Hence, the zooxanthellae te$ithe corals in Marina Shallow

may have increased more than Renggis because dbwhight intensity (dim light)

due to higher sedimentation in the area (Figurg 3.5

Free-living coral(Ctenactis echinata) was the only growth form that had shown no
significant changes in chlorophwyl or ¢, content in Marina Deep through time (Table
3.8). This may be due to the higher tolerance ¢ #pecies to sedimentation and
mechanical stress. Solitary corals of the familpdiidae were introduced as impressive
examples of morphological and physiological adamtatto high sedimentation (Dikou
& Woesik, 2006). The studies done by Rachello-Dair&eCleary (2007) in the Jakarta
Bay reefs, Indonesia showed that fungiids sucRtasactis echinata are less affected
by sedimentation and mechanical stress becaudseewfdmall oval surface area that
helps them to remove the sediment and also to #dity to rest upon dead basal parts
of coral colonies or on coral rubble. In additidinseems that these species are more
adapted to shaded areas with less light and letes veanperature. This can explain why
the same results in Marina Shallow were not obsewleich is due to the difference in
light exposure and water temperature between shallod deep water. In the study
done by Hoeksema (1991), the majority of bleachedjiids in the shallow part (2 and
3 m depth) were completely bleached, whereas aatiygb discoloration was observed

in fungiids at 9 m depth with more shaded areas.

For Foliose coralRachyseris speciosa) in both MS and MD, the increase of chlorophyll

a per zooxanthella in March 2009 and chlorophyllper zooxanthella in June 2009
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(Table 3.8) could be some kind of adaptation. Fsai@orals can barely tolerate the
sedimentation because of their shape. Corals witicave shape or flattened and plate-
like corals are less efficient at removing sedimetiian more rounded form (Figure
3.10) (Rogers, 1990; Webetral., 2006).The coral had increased its chloropla/ls it
was covered under sediment especially after higlimsntation in monsoon (Figure
3.5) and thus needed more chlorophg/lpigments so that photosynthesis would be
optimised. Furthermore, increase in the amountigrinpnt can also be the adaptation
response to self-shading induced by the growingeaig Marina Shallow which was

described earlier (subchapter 3.3) (Rodolfo-Metatp., 2008).

Table 3.10 shows the summary of the zooxantheltesitle chlorophylla content and

chlorophyllc, content changes through 15 months of monitoring.

Table 3.10 Synthesis of changes in (a) zooxanthella dend)ychlorophyll a content(c)
chlorophyllc, content of four growth forms in Marina Deep, Mari@hallow (MD and MS) and
the control site (R) through time (15 months). Nddack arrow shows the direction of the
change (higher or lower). Foliose coral was thetraessitive growth form as the physiological
parameters changed the most in this growth formth@rother hand, Free-living coral was the
least sensitive. Among all sites, Marina Deep (MBas the most affected site by the

construction.

a) .

Site
MD MS R
Growth form

Submassive
Foliose
Branching

Free living l
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Table 3.10, continued

b)
Site
MD MS R
Growth form
Submassive T _ T
Foliose T T B
Branching T _ _
Free living _ _ _
c
) Site
MD MS R
Growth form
Submassive T B T
Foliose T T B
Branching _ _ _
Free living _ _ _

The construction impacts on marine ecosystems cdddirreversible and it is
unfortunate that these effects are more noticealdllen there is a failure in the
management of coastal constructions (McClanadtaal., 2008; Saleet al., 2008).
Monitoring, management and predicting the impaatafstruction programs should be
undertaken before the commencement of the congtnuet that it would be possible to
take the necessary actions before the measurapkctroccurs (Koskelet al., 2003).
Furthermore, construction activities are essegtiaimanaged because the management
agencies in most countries lack the resources ilegkscientists and efficient data
collection, Therefore, more interaction between aggns and scientists would help to
effectively manage construction projects such a&srtarina construction in Tioman

Island (McClanahaet al., 2008; Sale, 2008).
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4 Summary and Conclusion

One of the inevitable effects of any coastal catsion is its direct impact on the
adjacent marine habitats such as coral reefs.ignstudy acute impacts of the marina
construction process, were documented on the adjaceal reef. Some of the acute
impacts found were breakage of the corals, incceasieble and silt/sand cover in the
area. Furthermore, from the results, the marinatroction certainly had led to some
chronic changes in Marina site in terms of incrdasediment load and turbidity in both
Marina Deep (MD) and Marina Shallow (MS). In gengtlhe increased sedimentation
had negatively impacted the substrate cover edpedie hard coral cover %. In
addition, high turbidity associated with high susgieed sediments had decreased water
qguality by changing the light penetration which @2adl some negative effects on the
adjacent corals especially in MD with lower lightansity. Foliose coral was the most
sensitive growth form and had the least toleranceetlimentation as the physiological
parameters such as zooxanthella density and cliighiopontent changed the most in
this growth form. On the other hand, Free-livingatovas the least sensitive among
other growth forms and showed more tolerance tanssdation and light reduction.
These results also show that the response of ctwralyess depends on their species,

growth forms and water depth.

All these construction impacts that were observethis study can be prevented or at
least reduced by proper management of constructMitgyation actions should have
been taken by relevant authorities and monitorireg drea should have been strongly
recommended by the management consultants everebiif® construction phase. In
fact, a complete BACIP study would provide veryfuséenformation for such future

developments at the vicinity of highly sensitivéditats such as coral reefs.
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