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Summary of study goals

The Department of Animal Systematics and Morphology of Goettingen University asraldetailed
coral biotope mapping in selected sections of two fringing reefs in the BRganf Vallon on Mahe,
Seychelles. The biodiversity and composition of scleractinian corals in thes#icsparts is
investigated in order to trace developments both on long-term and short-term scafést @etailed
maps along transects of the reef near Beau Vallon/Mare Anglaise (Mahébdavdirst steps of a
research program which shall help to understand natural dynamizsabfreefs and their alterations

due to human interventions on short and long term levels.

In 2010, in Mai/June, 2011 and in April/Mai 2012 six transects (total area: 13Wiar&)mapped in
detail in the northern fringing reef of Beau Vallon Bay (Mare Anglajseg our previous reports). In
April/Mai 2013 another three transects (total area: Sy@mre documented in the south-eastern reef of
the Bay (Bel Ombre). The maps show the distribution and exact location ospecéinens. In the six
transect®f the Mare Anglaise fringing reef 102 species were identified, while in the selected sections in
the Bel Ombre fringing reef 100 species were detected. Additional specesdertified next to our

transect.

Understanding the coral communities and their dynamics require studies of the spagesition.
Tracing the fate of certain species in small areas may shed light on thedoackgf changes, be they
natural or caused by climate change or through more immediate human impact. csathepecies
composition determines the occurrence and abundance of other organisms, the studiediaesd
with research on (changing) species abundance and studies on various aspects obdgheobiol
additional selected taxa (e.g. of echinoderms, fish, molluscs). A survey spéoies occurring in
nearby areas will help to understand biological dynamics and future changesi@s ssociation in

the study areas.

So far one transect (E1) in the northern part of the study area was invesfatedensus of
echinoderms from near shore to the reef edge in April 2011 (see report 2011).

In September 2012 reef associated fishes were observed at snorkelling depth sabehisain study

depth for our investigation of coral communities. A few species have been adttedfish species
observed on the reef flat based on short dives along the reef front. We have begun to prepare a catalogue
of the diurnal reef associated fishes which occur in and near the mapped aréasnithe shoreline to

the reef edge (see report 2012).

In 2011, a general biotope map of the study area along the coast of Mare Anglaise near Beau Vallon was

also prepared. It includes the area between the six transects (T1-T6)ringmg reef and shows the
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reef zonation from the shore to the reef edge (see our 2011 report). Smaih daheasorth and in the
south are not contained in the map as well as portions of the reef deeper thatlispatépth. The
latter are not mapped as our work is restricted to the upper most vulnerable reef zones.

Coral Reef Monitoring and detailed mapping of coral distribution in the fringgats of Beau Vallon
Bay require determination down to the species level because even closely relatednspgaieact
differentially to environmental factors. (Such reactions are for example succeeps@duction, growth,
uptake and loss of zooxanthellae and recovering from environmental stress). However,
macromorphological analyses using digital photography, which is a standard methodatedagt
sufficient for species identification of quite a number of corals. In tlkases micromorphological
investigations and molecular analyses are inevitable. Molecular analysis has shaenalheystematic
is far from clarified. As this is a presupposition for any biological studéy have extended our
investigations to this field as well. We want to use a combination of traditioogdhological analysis
and alternative molecular analysis. Molecular analysis (barcoding) may become aamddfu coral
reef conservation. For these analyses we took 90 small fragments from 50 cdlahiesctr in the

transects or nearby in September 2013.

Biotope Mapping Methods were described in the 2011 report and will be summarieashlyebriefly,

see below.

All our data and results will be freely available on the internet.
Here, we report on the results of our investigations in the Beau Vallon-Mataigegeef and -Bel
Ombre fringing reef from October, 2012 to Mai, 2013.

X In April/May 2013 three transect were mapped in detail in the Bel Ombre fringing reef.

X One more transect (T3) of the six transects in the Mare Anglaise fringingwigieh) was
already mapped in 2010, was analyzed and summarised below.

X In September 2012 and in September 2013 we re-mapped parts of transect 2 in order to trace
changes in the composition of the coral fauna and/or in single coral colonies (evslaaé in

progress).

Outlook

Tasks remaining for near future field work include comparison of the state of the coral fauna as it was i
the first years of investigation with the state in subsequent years. Astickt study has shown

remarkable changes in the composition of the coral associations in a short period of time.



In the future, the initial studies as outlined above should be extended by repeated detsial
surveys. It is especially important to re-study the areas both on a shosce (e.g., after 0,5-1 year)
and in long-term intervals (after ten, twenty etc. years). The high accofdhg studies may make

them models for biotope surveys in marine realms in general.

Mapping rock pools at a site north of Glacis, Mahé

An entirely different biologically interesting study is the examorabf the fauna of a species-rich rock
SRRO DUHD LQ WKH QRUWK R led bdé mfit\be@rHoédiin BARF&r VPt m@tKody ari®iU R M
study goals see the 2011 report.

Morphological and molecular analysis

The ability to assess and respond to changes in coral reef communities isnishb by the current

state of taxonomy and systematics. Macromorphological analysis using digital rapbpfas proven
unreliable to determine some scleractinian corals traditional apprda&ded on. For the identification

of corals down to species level and for phylogenetic studies micromorphological and molecular methods

are needed. Therefore, our work may contribute to taxonomical problems.

Field work from September 2012 to October 2013 was conducted by Jessica Macken, SophiaryVillm
Alica Ohnesorge, Celine Mader, Lisa Ropke, Mirella Hofmeister, Shauna Grassmatire asahior

author.

Acknowledgements.Our thanks go Christine Khan, Mike Bambochee and the team of Ocean Dream
Divers who have always and substantially contributed to our efforts in many waysaklféo thank

Dr. Wolfgang and Karin Loch for assisting in the identification of coralispeand Prof. Dr. Thomas

Friedl for providing the Laboratories at the Department of Phycology at iGpestt University.
7HFKQLFDO DVVLVWDQFH LQ *RHWWLQJHQ ZDWSPUHRNLBerhD UE\ 'U

Baumgart.

1 Introduction

The coral reefs of Seychelles were heavily damaged by the 1998 bleaching event. Livicgwaraf

the granitic islands was reduced to less than 10% on most reefs. Coral sighciessrand coral
coverage have improved since 1998, although recovery is slow (Turner, 2000). Furthermore human
impact on the reefs continues to rise e. g. by building activity and tourfsenfates of the reefs along

the coastal lines of the more populated islands of Seychelles are difficult to foreseseHammce they

are well studied and remain well surveyed, they may provide good examples for develmipirey
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conservation recommendations and conservation activities in general. Iratlic g@eychelles, there

are both coastal sections which are severely affected by man as well aswdiledr have remained

almost natural. Some of the latter may stay so if nature management allows.pbinemce of reefs

have been considered in many publications and have become major political topics: Reefghmot

coasts, they are important for fishery, and their biological diversitycaédttourists. However, the reefs

of the Inner Islands are threatened by coastal development, fisheries (Jennings et al., 2000), tourism and,
one should add UHFHQW pPRGHUQY WRXULVWLF DFWLYLWIM Y HOOG KD WD
climate change.

For comparative studies, the first and most important step to be taken is to lisswinatei While
working out biotope maps has become a standard for terrestrial areas incitmhngareas, detailed
maps of marine localities are scarce. They are, however, the basics for compaittstims situation in
the future, i.e. for the study of any development of the respective communities. Thig, iallbws for

generalizations and general conclusions on reef endangering and reef management.

In our studies we examine the biodiversity and distribution of corals in fwgirfg reefs of Beau
Vallon Bay and the changes of the coral composition over time. The detailed mappiogal
distribution requires determination down to the species level. We used digitaigapdty for
macromorphological analyses so far. However, this approach has proved insufficiauefies
identification of quite a number of corals owing to several ecologigdllife history traits of corals. In
these cases micromorphological investigations and molecular analyses aablee¥ib contribute to
coral systematic makes the combined use traditional morphological analysis amatigéiemolecular
analysis necessary anyway. Reliable species identification (and, hence both morphological a

molecular methods) is a prerequisite for coral reef conservation.

1.1 Morphological analysis

Stony corals which belong to Scleractinia are generally responsible for negititmm. The framework
builders deserve special attention due to the decline of coral reefs worldWweleoiistruction of coral
reefs is composed of hundreds of thousands of scleractinian coral polyps that livertogettonies.

There is a high variability of growth forms of coral colonies that is tgatistinguish different taxa
(fig.1).

The diversity of Scleractinia at various levels has traditionally beentigatesi on skeletal characters.
Although morphological characters have been the basis of traditional classifisathe group, they
are relatively few in number. In addition, our current understanding of skeletehgand homology is

limited, and homoplasy is extensive, limiting the usefulness of morphological phylogenetics.



Fig. 1. Growth forms of coral colonies (http://www.endangeredspeciediernational.org/images/coralreefs_side35.jpg).

Skeletal morphological features can be broadly grouped into three categories (Budd, 2009):

(1) Macromorphology:the size and shape of many features related to corallite structure and the
integration of corallites within colonies (3D observations made using an opticabscope); (2)
Micromorphology:the shapes of teeth and granules along the margins and surface area (83ept
observations made using regular light or scanning electron microscopy of calical surfaces);

(3) Microstructure: the arrangements of centers and fibers within septa and the corallite2all (
observations made using transverse thin sections and scanning electron microsgolshed and
etched transverse sections) (fig.2).

Of these three categories, macromorphological characters are importaditiortal taxonomy at the
generic and specific levels, whereas micromorphological characters are ptstaimh at the familial
level and above (Wells, 1956

Fig. 2: left: Macromorphological features. (picture: J. Macken) Middle: Micromorphological features. SEM picture.
Right: Microstructure features. Transverse petrographic thin sectim picture, and on polished and etched cuts using
SEM (middle and right: Stolarski, 2009).


http://icb.oxfordjournals.org/content/50/3/411.full#ref-10
http://icb.oxfordjournals.org/content/50/3/411.full#ref-88

Almost all zooxanthallate coral species display a wide range of morphologicdiora(ieron, 1995).
Phenotypic plasticity is high and either caused by genetic variation or by environméo&ices.
Factors as exposure to wave action, light and space availability and predation pressteasadygh
morphological variations i. e. differences in skeletal structure (corallite) beindigidual coral polyps
or varying parts within the same colony. In the contrary, morphological variatiar@als occurring
within the same environmental region are commonly genetically driven (Veron, 1995; FlpP@03d).
Thus, each ecomorph is a product of genotype and the surrounding environment. Betagidegbf
variability coral identification down to species level on the basis of morphalagats is difficult, in
some cases even impossible. In recent years, species identification has beeedinyporolecular
character states.

1.2 Molecular analysis.

In recent decades molecular methods became more and more important for species identification and f
phylogentetic analysis. Molecular phylogenetic investigations have revolutionizesh@erstanding of
scleractinian evolution at all levels. Molecular data have provided new insightsaigractinian
systematics and thus provided new hypotheses for the evolution of corals which has challenged
traditional views on the ecology, evolution and biodiversity of these organisnmk(R@01; Fukami,
2008).

Molecular phylogenetic analyses have provided new perspectives on scleractinian evolutiey but
can also be problematic. Reef-building corals have been the focus of the majasiieraictinian
molecular phylogenetic studies. Because of the symbiotic relationship of coralzomithnthellae
caution must be used in collecting sequence data from whole tissue. MitochondriahBxikérs that

have been useful for phylogenetic studies in most other organisms have low rates of molectian evolu

in anthozoan mitochondrial DNA (Shearer 200008; Huang 2009). Thus, resolution of higher level
relationships has been difficult. The majority of reef-building comks broadcast spawners and
hybridization seems to be common (Baird et al. 2009). Because of the possibiiitierspecific
hybridization and introgression it is difficult to clear up relaships at the generic level and below and
guestions the validity of species consepts applied so far. Another flaw etuta analyses is the

impossibility to collect molecular data from fossil samples.

1.3 Combination of morphological and molecular analysis

Comprehension of relationships at lower taxonomic levels will be best clanfiedmbined analyses
of morphological and molecular characters. Integrating diverse types of data is critical for nddegsta
the physical and biological events that have shaped scleractinian evolution. Molecidgepieg are
being used to inform our understanding of the evolution of morphological charadteesSaleractinia.

Phylogenetic hypotheses for the Scleractinia based on molecular data provide aompiex
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perspective on interrelationships of scleractinian families and genera than rogigdiohypotheses,
yet still uncertainties remain at all levels. Finer-scale analyses of cladasls the tips of the trees,
using morphological and molecular data, should lead to a better understanding bothoofsheest
among genera as well as of the evolution of morphological characters (Budd, 2010).

Another advantage for combining molecular and morphological datasets of scleraatir@bnis the
implication of the diverse scleractinian fossil record.

Molecular analyses could be the basis for further morphological analyses. Blatielnships detected
by molecular phylogenies suggest the presence of hitherto disregarded morphologakeichahat
may diagnose the same clades (Fukami etal. 20080 HYHUVH WD[RQRP\” &RPSDUDWL
PRUSKRORJLFDO WUDLWY RQWR PROHFXODU 3VFDIIROG™ WUHHV \

The identification of corals and the reconstruction of their phylogeny are aggraivegted the highly
homoplastic morphology of this taxon. Coral skeletal micromorphology and skeletal microstructure may
be less homoplastic than traditional skeletal macromorphology. Phylogenies baseahurireation of
macromorphology and micro-features are more consistent with molecular phylogiaies

phylogenetic analysis based on traditional macromorphological characters alone.

The combination of morphological and molecular analysis will helpderitify corals down to species

level and solve the relationships at any taxonomic level and may lead to ending confusion in
scleractinian systematics. That is why we use both molecular and morphological nfethtius
investigation of coral biodiversity.

1.3 Study area

In the focus of our studies are two fringing reefs at Beau Vallon Bay indiibwest of Mahé, the
largest of the granitic islands. One of the reefs is located along the coast diidaise north of Baa

Vallon the other fringing reef is at the southeastern end of the bay aloogsthef Bel Ombre (fig. 3)

The examined reef sections lie in shallow water areas down to aboutv&ten depth (snorkelling
depth). We have not worked in greater depths, because reef areas in shallovargvater most

vulnerable ones.
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Fig. 3: Left: Mahé. Fringing reefs are shown in red. The study areas arthe northern and the
southeastern reefs of the North-West Bay (Beau Vallon Bay) (Tuer et al., 2000). Right: The Beau
Vallon Bay (North-West Bay) with the two fringing reefs along the oast of Mare Anglaise and Bel
Ombre (google maps, 05.05.2014).

In June-September 2010, in Mai/June, 2011 and in April/Mai 2012 six transects witl aréa of
1311m?) were mapped in detail in the northern fringing reef of Beau Vallor{\éae Anglaise) (fig.

4; see report 2011 and 2012). Another transect in the northern part of thersaudsaa investigated for

a census of echinoderms from near shore to the reef edge (transect E 1) (se20poiThe transects
T1-T5 run from east to west while T6 runs nearly from south to north with a divergent of 15° to the east

A total area of 1311m2 was mapped in detail in this fringing reef.

Mare Anglaise fringing reef

Fig. 4: The Mare Anglaise fringing reef (northern reef) at the Bau Vallon Bay and the position of
transects T1-T6 (google maps, 12/2013). North is to the right.



In April/Mai 2013 another three transects (T7-T9) covering an area’sf6émwere documented in the
south-eastern reef of the Beau Vallon Bay along the coast of Bel Ombre (Bet ®mbing reef). T7
and T8 run from the beach to the reef edge (south to north), while T9oungsize reef edge from east
to west (fig. 5).

Bel Ombre fringing reef

Fig. 5: The Bel Ombre fringing reef at the Beau Vallon Bay and theposition of transects T7-T9 (google
maps, 12/2013).

A brief general introduction including aspects of the biology of imporeeft erganisms, a review of
HDUOLHU VWXGLHY RQ 6H\FKHOOHVY IULQJL®J WKHIVVWORQJIRWKRI
given in the 2011/2012 report and need not be repeated here.

2 Methods

During the last three years we have conddcoral Reef Monitoring to investigate the diversity of
corals and repeated the detailed mapping of selected sections of the study area to shesnirciiaag

coral composition over time.

In April 2013 three linar transects that cover a total area of 57@rmre laid out in the fringing reefs of
Bel Ombre, documented in detail and analyzed. Two of the three transects (T8)amerd laid out
from south to north such that all zones (from the beach to the reef edge asidradlyaupper parts of
the reef front) were covered (fig 5). The other transect (T9) runs tlengef edge from west to east.
As the focus is on the coral species mapping was begun only after tleefakscolony was met. For a
brief description of the reef zones, see Taylor 1968, Pillai 1973 or our 2011 report. Railed de
introduction into the biotope mapping methods see our report 2012.



In order to visualize the distribution and abundance of corals in the sedect&ohs of the reef, four
major methods were used: (1) photos; (2) silhouettes on the basis of photograpysids for each
specieqsymbols do not reflect the size of colonies accurately), indicating theopoaitd number of
corals per quadrant and (4) graphs summarizing the occurrence of species mumalber of specimens

per species.

Our investigations have been non invasive for the first three years (April 2010- April 20L8pvBwe
have reached our limits in terms of identification corals using macromorptaldgatures. The
application of digital photography for macromorphological analyses is inguffidor species
discrimination of quite a number of corals. In these cases micromorphological gatiess and
molecular analyses are inevitable. Therefore we took 90 small fragments fronobi@sdhat occur in
the examined transects or nearby in September 2013. But still the method is noreinvasivfar as

sample size does not cause any harm to the colonies.

2.1 Sampling Methods

Small fragments (0,5-2cm) from 45 coral colonies (two fragments of each colory) tdxa (2
Acanthastrea 26 Acropora 11 Favia, 7 Favites 6 Goniastrea 2 Gonioporag 1 Montastrea 10
Montipora, 4 Pocillopora, 18 Porites 3 Stylophora were collected during snorkeling in selected
sections oo the fringing reef of Beau Vallon Bay between 1-5m depth in SeptembeE2€1i&olony
sampled was photographed in detail under water. Coral fragments were stored in 100% alcohol.

2.2 DNA Sequence analysis

The molecular analyses have been carried out in the laboratories at the PepaftiRhycology at
Goettingen University (head: Prof. Dr. Th. Friedl). Mitochondrial genomes (mtDi¥é)commonly

utilized as adequate examination features for the investigation of speciemseationg animals. For
VSHFLHV LGHQWLILFDWLRQ DQG WKH lhaveDn@@ifiree Bnd/ segu@nde® WeR W K F
ITS2 region and parts of the COI region of 58 coral fragments (fig.6). The ITS2 region is a high variable
region and is used for coral identification. It is allocated betweesrtial (18S) and the large unit

(26S) of the ribosomal DNA.

ITSc2-5
]
{18S) Small Subunit Gene ITS-A (28S) Large Subunit Gene

R28S1

Fig. 6: Overview of the molecular marker (ITS2 region) of the mitochondal DNA (rDNA). In this case the ITS2 region
is named ITS-B. The blue arrows show the attachment point of thiorward primer (ITSc2-5) and backward primer
(R28S1) (changed according to: http://www.biotechniques.org/studentf@8/tarbell/figurel).
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ﬁ LCO1490
COI standard barcoding fragment
1 Z HCO2189 & A

n.

Fig. 7. 2YHUYLHZ Rl WKH PROHFXODU PDUNHUBRBWRAIUWRRH PLRVRERREGUIHD@H'1S$
The black arrows show the attachment point of the forward prime (LCO1490) and backward primer (HCO219) which

amplify parts of the COI region during PCR (changed according to: ktp://tardigradebarcoding.org/images/coi-

primer.gif).

The gene region that is being used as the standard barcode for almost all eoupsliga 648 base-

pair region in the mitochondrial cytochrome ¢ &D V H JHQH 3&2 ° &2, LV QRW DQ H
region for identifying corals because it evolves too slowly (fig. 7& TOI region is more conservative

and is suitable for phylogenetic analysis. We have amplified and sequenced parts oiothigaosgthe

coral samples as well.

Genomic DNA was extracted from the 58 coral samples by using a DNA extractiongbiWaynes
protocol) that we got from Jean-Francois Flot from the Max Planck Hestdfi Biotechnology in

Goettingen and checked on a agarose gel. 7 samples of the 58 extracted samples failed.

The coral specific primer ITSc2- -MGCCAGCTGCGATAAGTAGTG-Y DQG WKH UHYHUVH
5 6 -GCTGCAATCCCAAACAACCC- Y ZHUH XVHG WR DPSOLI\ WKH ,76 UHZ
for the COI region the foreward primer LCO1490 (5'-GGTCAACAAATCATAAATGATTGG-3') and

the reverse primer HCO02198 (5-TAAACTTCAGGGTGACCAAAAAATCAY ZHUH XVHG
Amplification were performed in 49ul reaction mix containing 37.75ul HPLC wdtqrl Ready

Reaction Buffer (ANTP and Mgg&are included), 0.5ul Primer, 0j26Taq DNA Polymerase and 1pl

(2:100, 1:50, 1:20, 1:10, 1)-5ul DNA template. For amplifying the ITS2 region PCR iocmsdit
comprised an initial denaturation step 60s at 94°C, followed by 40 cycles (30Qsrdéion at 94°C, 30s
annealing at 56°C, 75s elongation at 72°C) and a final 5 min elongation step aF@R dnplifying

parts of the COI region by PCR the thermal cycle included an initial detiatustep at 94°C for 60s,

followed by 5 cycles composed of (30s denaturation at 94°C, 90s annealing 45°C for a &&wyiclits

to allow the primers to bind to the template, 60s extension at 72°C). 3thexcles following (30s
denaturation at 94°C, 90s annealing at 52°C and 60s elongation at 72°C) and a fingloBgation

step at 72°C.

To check whether the PCR generated the anticipated DNA fragment, agarose ggbredeesis was
used for size separation of the PCR products. The size of PCR products is deterndaeghéxyson
with a DNA ladder (a molecular weight marker), which contains DN@rhents of known size, run on

the gel alongside the PCR products
11
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PCR products were sequenced with the same primers as for amplifying. Detethieriragments was
done with the ABI Capilary-Sequencer by use of nucleotides marked with fluorescence.
1RW DOO VDPSOHV ZRUNHG ZHOO IRU DPSOLWU® B DIORH V HILXGQIF

for sequencing the reverse primer were used. But in some cases the reverse primer failed as well

Tab. 1: Number of samples that worked well for amplifying (PCR) and seagncing

Process Primer No. of samples that worke

DNA-Extraction| —  ----- 51

PCR LCO1490/HC0O2198 48

PCR ITSc2-5/R28S1 42

Sequencing LCO1490 41
Sequencing HCO2198 3

Sequencing ITSc2-5 28

Sequencing R28S1 14

3 Results

A total of 116 coral species have been identified by morphological analysesdrotransects in the

two fringing reefs of Beau Vallon Bay until now (tab2-4). In the TrangddsI9) of the two fringing

reefs of Beau Vallon Ba$0 coral species were newly identified, fourteen species in the Mare Anglaise
fringing reef (T2 and T3) and sixteen species in the Bel Ombre-fringieig(see tab. 2 and 4). In the
Mare Anglaise fringing reef 97 species, in the Bel Ombre fringdedl 94 coral species were identified.

A few species have not been determined with certainty, and in a few cases, two similar species had to be
grouped as one taxon as their exact determination using photographs was not @ggiBleniastrea
edwardsior G. retiformig. Ten additional species have been identified from outside the mapped areas.
The colony number of some species edigcosomas just an estimated value, because it is not possible
to distinguish between single colonies that clump together. Of a few specgfesnenkpecimen was
found (fig. 11, 14, 22 and 33).

3.1.1 The Mare Anglaise fringing reef

In July-September 2010, in Mai/June, 2011 and in April/Mai 2012 six transects (edall®11m?)
were mapped in detail in the northern fringing reef fringing (GPS cooedin&04° 35.923' / E055°
25.947'; S04° 36.412' / E055° 25.820") of Beau Vallon Bay (Mare Anglaise). Until nhodatidndérom
five (T1-T3, T5 and T6) of the six transects in the Mare Anglaiseifiingeef have been studied in

detail. Another transect (E1) in the northern part of the study area wasgatezbtfor a census of
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echinoderms from near shore to the reef edge (see report 2011). Their faurmaeane$l documented
by more than 25.000 photographs. Due to the amount of material not all of the data has been
investigated in detail until now, i.e. transects 1 and 2, 3, 5 and 6. Tradsacts2 lie close to each

other and cover an area of 479¢1: 160n, T2 319M), T3 covers an area about 3¥8M5 covers
187m2 and T6 covers 160m2. In this report only T3 will be explained in more detdik asther
transects (T1, T2, T5, T6 and E1) are already illustrated in the reports 2011 and 2012.

3.1.1.2 Lists of coral species in the Mare Anglaise fringing reef

In transects T1-T3, T5 and T6 82 coral species (42 genera) have been identifiedtab. f2 and 3).

Fourteen of these coral species were newly identified in the last year daevinovestigations of the

photographic documentation (11 species in T3, 3 species in T2). Of a few species one spagimen

was found (fig. 11). The coral species are listed below. The newly identified species weatedesnd

shown with pictures in a catalogue below. For detailed descriptions of the coral sjrecidg detected

in the last three years and of the composition and abundance of the species in these $emsec

2011 and 2012 reports.

Tab. 2: List of corals found in T1-T3, T5 and T6 in the Mare Anglaisdrining reef.

Acanthastrea brevis

Favitescf. complanata

Montiporaspp.

Acanthastrea echinata

Favites flexuosa

Montipora tuberculosa

Acropora appressa

Favites pentagona

Montipora turgescens

Acropora cuneatar A. palifera

Favites spinosa

Palythoacf. tuberculosa

Acropora digitifera Favitesspp. Pavona duerdeni
Acropora divaricata Favites vasta Pavona explanulata
Acropora formosa Fungiaspp. Pavona frondifera

Acropora humilis

Galaxea astreata

Pavonasp.

Acropora irregularis

Galaxea fascicularis

Pavona varians

Acropora longicyathus

Gardineroseris planulata

Pavona venosa

Acropora monticulosa

Goniasstrea pectinata

Physiogyra lichtensteini

Acropora pinguis Goniastrea edwardsir G. retiformis | Platygyra acuta
Acropora robusta Goniastreaspp. Platygyra carnosus
Acroporaspp. Goniopora minor Platygyrasp.

Acropora tenuis

Goniopora planulata

Plesiastrea versipora

Acropora vermiculatar A. verweyi

Gonioporasp.

Pocillopora damicornis

Alveoporasp.

Gorgonariagen. sp.

Pocillopora eydouxy

Astreopora myriopthalma

Hydnophora excesa

Pocillopora meandrina

Blastomussaf. merleti

Hydnophora microconos

Pocillopora verrucosa

Corallimorphariagen. spp.

Leptastrea purpurea

Porites lobata or Porites lutea

Cycloserisspp.

Leptastrea transversa

Porites rus

Cyphastrea micropthalma

Leptoria phrygia

Protopalythoaspp.

Discosomaspp.

Lobophyllia hemprichii

Psammocora obtusangula

Distichopora violacea Metarhodactissp. Sarcphyton cf. trocheliophorum
Echinopora hirsutissima Millepora sp. Sinulariaspp.

Echinopora lamellosa Montastrea curta Stylocoeniellasp.

Favia pallida Montastreaspp. Stylophora pistillata

Favia speciosa Montastrea valenciennesi Stylophora subseriata

Favia spp. Montipora grisea Tubastrea spor Dendrophyllia sp.

Faviidaegen. sp.

Montipora informis

Turbinara stellulata or T. irregularis

Favitea abditeor F. complanata

Montipora monasteriata

Zoanthusspp
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Tab. 3: Fourteen newly identified coral species in the Mare Anglaisiinging reef (T1-T3).

Acropora appressa Aropora vermiculataor A verweyi | Gonioporasp.
Acropora cuneatar A. palifera Blastomussaf. merleti Lobophyllia hemprichii
Acropora humilis Favites flexuosa Stylocoeniellasp.
Acropora robusta Favia pallida Millepora sp.
Acroproa monticulosa Gardineroseris planulata

3.1.1.3 Transect 3. Diversity, abundance and distribution of coralsl species

Transect 3 runs exactly from west (near shore) to east (reef edge) andacoaees of 318 More
than 7.100 photographs were analyzed and 72 coral species (32 genera) were identifieddnobi whi
coral species were newly identified. These 11 coral species do only occur in T3 but nobtimethe
transects of the Mare Anglaise fringing reef.

m Acroporidae
481 579 y
m Pocilloporidae m Acroporidae
m Faviidae . .
2798 | Pocilloporidae

m Poritidae

374 Faviidae
m Euphillidae
m Discosoma sp. m Poritidae

3086 P 1019
Palythoa sp. = Euphillidae

Protopalythoa sp

Fig. 8 Left: The eight most numerous coral taxa in transect 3. Right: The 5most coral taxa of T3 without
Protopalythoa sp., Palythoa sp. and Discosoma sp..

A total number of 10.994 coral colonies was counted in T3. There are 35 coraésadtoaverage in

any square meter. Fig. 8 left shows the eight most dominant taxa in T3. These taxa providea84% of
identified coral colonies. The colony number@icosomais just an estimated value, because it is not
possible to distinguish between single colonies that clump tog&halthoasp is with 3086 colonies
(9,7/nf) and a percentage of 28,1% the most common species in number in this mapped section,
followed by the ZoanthideRrotopalythoa spwith 2798 coral colonies (8,8finand a percentage of
25,5%. These two taxa provide numerical more than 50% of all taxa found in T3.rigigt $how the

same taxa but witholWRalythoasp., Protopalythoasp. and the mushroom polyjpgscosomasp. This

three taxa are the most numerous taxa in T3, but also she smallest ones in diapetellye
Protopalythoasp.. Large parts of the reef edge are covered with colonies of Discosoma sp. (926
colonies) and the Euphillida&alaxea fasciculari§719 colonies).

The third common taxon is Faviidae with 1019 coral colonies (:%)Ztsmd 9,3%, followed by

Discosomasp. with 944 colonies (B) and 8,6%. The grouoniastrea edwardsdr G. retiformis
14



which belongs to the Faviidae as wellRxillopora damicornis (Pocilloporidaggre with 702 and 509
one of the most dominant species in ABroporasp. is with 317 (without 126 colonies Atroporasp.
recruits) colonies stand-forming just Rerites rusandPorites luteaor P. lobatawith 363 colonies due
to their size (fig. 8 and 9).

Number of coral colonies in T3

926 719 702 gng

238 205 184 180 157 126 125 125

Fig. 9: The fourteen most common coral taxa in transect 3 and themumber of coral colonies.

From the beginning of the reef flat to the reef edge, numbers in coral species sitiafglincrease
continuously. Figure 10 visualizes the incremseumber of coral colonies in T3 in relation the distance

from shoreThis does not apply to species which occur with one specimen only.
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Fig. 10: Increasing abundance of coral colonies in T3 from east (reef flat) twest (reef edge).
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In the following two figures all taxa found in T3 and their number of defois shown. For taxa with

less than 40 colonies in T3, see fig. 12, for taxa with more than 40 colonies see fig. 11.

Number of coral coloniesin T3

3094
2861

Protopalythoa sp.
Discosoma sp.

Galaxea fasciculari 719

702

Goniastrea edwardsi or G. retiformi
509

Pocillopora damicornis
238

205
184
180
157
126
125
125

Porites lobata o P. lute

Distichopora violacea
Psammocora obtusangul
Acrpora digitifera
Acroproa young

Porites rus

Favites pentagona
Acropora sp.

Stylophora pistillata
Pavona venosa

Cycloseris sp.

Acropora vermiculata o A verwe
undefined

Acanthastrea echinata
Cyphastrea micropthalm

10 100 1000 10000

1

Fig. 11: Taxa which occur with more than 40 colonies in T3 and the nubver of colonies per taxa.
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Number of coral colonies in T3

Zoanthus sp.
P I R A R R

Montastrea curta

Turbinaria stellulata or T. irregularis
Porites sp.

Goniopora sp.

Goniastrea retiformis or G. minutg
Acropora appressa

Pavona sp.

Favites abdita o F. complanat
Acropora formosa

Pocillopora eydouxi

Platygyra acuta

Pavona varians

Montipora tuberculosa
Goniastrea pectinata

Favites spinosa

Alveopora sp.

Acropora monticulosa
Acropora cuneata or A. paliferg
Acropora cf. loripes
Stylocoeniella sp.

Montipora monasteriata
Lobophytum sp.

Lobophyllia sp. or Symphyllia sg
Favites flexuosa

Favia pallida

Acroproa humilis

Acropra irregularis

Acropora tenuis

Acropora robusta

Acropora pinguis

Acropora nasuta or A. appress
Acropora divericata
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Fig. 12: Taxa which occur with less than 40 colonies in T3 and the numbef colonies per taxa
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3.2.1 The Bel Ombre fringing reef

In April/Mai 2013 three transects (T7-T9) with a total area of 57@mre documented in the Bel

Ombre-fringing reef (GPS coordinates: S04° 36.866' / E055° 25.422"; S04° 36.868' / E055° 25.370") and

ca. 23.000 photographs were analyzed. Due to the amount of material the data of thepadstérn

transect 8 has not been investigated in detail so far. This part will ygethin 2014. T7 and T8 runs

from the shore (south) to the reef edge (north) and cover an area of 498 485 m2. T9 runs from

east to west along the reef edge and cover an area of 198 m2. In this reploet W&stern part of T8

and T9 will be explained in more.

3.2.1.1 Lists of coral species in the Bel Ombre fringing reef

In transects T7-T9 82 coral species (45 genera) have been identified sbfaf)(tSeventyf these

species were newly identified and have not been found in the six transects of the MaiseArigging

reef (tab. % The newly identified species are described and pictured in a catalogue below.

Tab. 4: List of corals found in T7-T9 in the Bel Ombre-frining reef.

Acanthastrea brevis

Favitescf. spinosa

Pavona decussata

Acanthastrea echinata

Favites pentagona

Pavona duerdeni

Acropora appressa Favitesspp. Pavona explanulata
Acropora formosa Favites vasta Pavona frondifera
Acroporacf. nana Fungiaspp. Pavonasp.

Acropora digitifera

Galaxea astreata

Pavona varians

Acropora divaricata

Galaxea fascicularis

Pavona venosa

Acropora gemmifera

Gardineroseris planulata

Physogyra lichtensteini

Acroproa humilis

Goniastrea edwardsr G. retiformis

Platygyra acuta

Acropora irregularis

Goniastreaspp.

Platygyra carnosus

Acropora loripes

Gonioporacf. planulata

Platygyra crosslandi

Acropora nobilis or Acropora formosa

Goniopora lobateor G. columna

Plesiastrea versipora

Acroporaspp.

Goniopora minor

Pocillopora damicornis

Acroproa tenuis

Gonioporasp.

Pocillopora eydouxi

Acropora verweyor A. rosariaor A. loripes

Gorgonariagen. sp.

Pocillopora meandrina

Alveoporacf. daedalea

Heliofungia actiniformis

Pocillopora verrucosa

Alveoporaspp.

Herpolitha limax

Porites lobator Porites lutea

Astreoporacf. listeri

Hydnophora exesa

Porites rus

Astreopora myriophthalma

Hydnophora microconos

Protopalythoasp.

Corallimorphariagen. spp

Leptastrea purpurea

Psammocora digitata

Cycloserissp.

Leptastrea transversa

Psammocora obtusangula

Cyphastrea microphtalma Leptoria phrygia Psammocora superficialis
Dendrophyllia or Tubastreap. Lobophyllia hemprichii Sarcophytorspp.

Diploastrea heliopora Metarhodactisspp. Sarcophytortf. trocheliophorum
Discosomaspp. Montastreacf. curta Stylocoeniellasp.

Distichopora violacea Montastreaspp. Stylophora pistillata

Echinopora hirutissima

Montastrea vallenciennesi

Stylophora subseriata

Echinopora lamellosa

Montipora monasteriata

Tubastreaor Dendrophyllia

Edwardsiidaegen. sp.

Montiporaspp.

Turbinaria irregularisor T. stellulata

Favia spp.

Palythoacf. tuberculosa

Turbinaria spp.

Faviidaegen. sp.

Pavona cactus

Zoanthusspp.

Favites abditeor F. complanata

Pavona clavus
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Tab. 5:List of newly identified corals found in three transects (T7-T9) in the BeOmbre-frining reef.

Acropora gemmifera Astreoporacf. listeri Pavona cactus
Acropora microphthalma Corallimorphariagen. spp. Pavona clavus
Acroporacf. nana Diploastrea heliopora Pavona decussata
Acroproa nasuta Edwardsiidaegen. sp. Plesiastrea versipora
Acropora verweyor A. rosariaor A. loripes | Heliofungia actiniformis Psammocora digitata
Alveoporacf. daedalea Gonioporasp. Sarcophytorsp.
Alveoporasp. Herpolitha limax

3.2.1.2 Transect 7. Diversity, abundance and distribution of coral species

Transect 7 runs from south (near shore) to north (reef edge) and covers an area?oMb®8rthan
7.300 photographs were analyzed and 72 coral species (32 genera) were identified. A togalafium
10288 coral colonies were counted in T7. In the following two figures allftaxad in T7 and their

number of coral colonies is shown. Taxa which appear with more than 40 colonies in Tstreel

in fig. 13, taxa with less than 40 colonies are shown in fig. 14.

Corallimorpharia gen. sp.
Discosoma spp.

Acropora spp.

Palythoa spp.

Palythoa cf. tuberculosa
Acropora recruits ((<10cm
Porites lutea or Potites lobat
Pocillopora damicornis
Stylophora pistallata
Zoanthus sp.

Acropora digitifera
Galaxea fasciculari

166

122
104

82

/5

Favia speciosa

Sinularia sp.

Porites rus

Goniastrea cf. pectinata
Pocillopora recruits (<5cm
Pavona frondifera

54
47
46

43
42

Diploastrea heliopora
Favia spp.
Pavona venosa

269
267
235

Number of coral coloniesin T7

2833
1915
845

816

801

474
442

1 10 100

1000 10000

Fig. 13: Taxa which occur with more than 400 colonies in T7 and theumber of colonies per taxa
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Number of coral colonies in T7

Sarcophyton spp. |

Favites pentagonal

Echinopora hirsutissima

21

Acropora divaricata

Protopalythoa spp.

Acropora microphthalma|

13

Acanthastrea echinata|

Leptastrea purpurea]

Favia recruits (<5cm)

Turbinaria irregularis or peltata

Montastrea cf. curta |

Gorgonaria gen. sp.

Faviidae ge. Sp. recruits (<5c¢

T

Goniopora lobata or column
Goniastrea cf. edwards

Favites cf. spinos

TS O X Ik N} 4 11

Turbinaria spp.

Leptoria phrygia]

Sarcophyton cf. claucu

]

Physiogyra lichtensteini
Pavona sp. recruits (<5cmj
Faviidae gen. sp.
Acropora verweyi or rosaria or loripes
Plesiastrea versipora
Platygyra acuta]

Acropora cf. plantaginea
Pavona clavus|
Montastrea sp. |
Leptastrea sp.]
Gardinoseris planulatal

WWwWww

Favites abdita or Favites complanat
Acropora gemmifera

Montipora venosa

Leptastrea transvers

Favites vasta

Acropora loripes }
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Fig. 14: Taxa which occur with less than 40 colonies in T7 and tmimber of colonies per taxa.
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Figure 15 left shows the eight most common taxa of T7. These eight taxa provide 8idenftified

coral colonies, whereby Corallimorpharia gen. sp. is represented with 45%. With 191%<oloni
Discosomasp. is the most common mushroom polype in number. The second most commois téeon
ZoanthideaPalythoa spp. with 1617 coral colonies. Together they provide nearly one third of the
counted colonies. Large parts of the reef edge are covered with colonies of Corallimmogpgharsp.

Fig. 15 right shows the same taxa without the mushroom polype Corallimorpharia.gamRalythoa

spp.. These taxa are the most numerous taxa in T7, but also she smallest ones in dicroptea

spp. is stand-forming, wherel®cropora digitiferais the most common taxon with 166 colonies. The
group Porites luteaor P. lobata(442 colonies) as well aBocillopora damicorni(269 coloniesland
Stylophora pistillata(267 colonies) arene of the most dominant species and characterized for T7 due

to their size.
m Favia sp.
157 190 276
345 m Galaxeasp. = Favia sp.
521 157 155
m Stylophora sp. m Galaxeasp.
m Pcillopora sp. = Stylophora sp.
4748 m Porites sp.

m Pcillopora sp.
m Acropora sp.

1617

m Porites sp.

Palythoa sp.

Corallimorpharia = Acropora sp.

gen. sp.

Fig. 15:The eight most numerous coral taxa in transect 7. Right: The six most cortlxa of T7 without Corallimorpharia
gen. sp. and Palythoa spp. which are the most common but ald® smallest colonies in diameter.

From the beginning of the reef flat to the reef edge, numbers in coral species mduafgl increase
continuously. Fig. 16 and 17 describe the coral diversity (number of coral taxa) amdbuheance and
distribution of coral colonies in the quadrants from near shore to the reefred@e The biodiversity and the
abundance of corals increase with the distance from shore. In average there aa¢ d83aroes and 6 different
taxa in a quadrant. In the first quadrants (99m-113) the number of coral colonie$ as tvelnumber of coral
taxa is low, in four of them (1001 and 100r, 108l and 108r) no single coral colorfpwak An increase of coral
colonies as well as coral taxa with general fluctuations is recorded from gua@gaon. A maximum of coral
diversity is reached in the two quadrants 142.11 150.1r and 150.2r, 154.2| with 15 differen¢agas quadrant
1441 exhibit with 379 coral colonies (12 taxa) the highest abundance. In some quadetattsdy high number
of coral colonies occurs but diversity is low, e.g. quadrant 140 compounds of 58atoréés but only six taxa.
A marked decline of coral diversity and abundance is indicated in a few quadrants, e.g. 141, 158).147.1
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Quadrants with an extra high density of coral colonies and a low number of coreatalza pronounced with a

very high number of Corallimorpharia gen. dpiscosomasp. undPalythoasp.

The taxa are relative equally allocated in the transect but the abundance changedneweef edge.

At the beginning of the reef a few small colonieg\ofoporasp. andPocillopora damicornisas well as
Favia sp. and Stylophora pistallataare common but rare in number. The number of coral colonies and
coral species increase towards the reef edge. Large parts of the reef edge azd woitrer
Corallimorpharia gen. spRiscosomasp. undPalythoasp.

== coral colonies ===cora taxa
%1000
=
8 M
: [V WY IR W
©
[&]
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(8]
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S 1 - 'A
g 8818253888858 % d oouNBagnanas
S ? 28 3d33333333393923A3dayL8ensa
’ Distance from shore

Fig. 16:Number of coral colonies (blue line) and number of taxa (red lifein T7 from near shore to the reef edge.

Transect 7 is separated in an eastern and a western half. In the field) thevies were separated by a
marked rope that was laid out for exact measurements. Following graphics show thevesegjecand

recruitment of the eastern side of transect?.

3.2.1.3 Coral coverage of transect 7

The living coral coverage per quadrant of T7 (eastern side) from near shdie teef edge is

demonstrated in figur&7. At the beginning of the reef (near shore) is the coral coverage lovih#ass
1%). The coverage increases and reaches a maximum in quadrant 126r (45%). Furtherm@seath
strong decline of coverage in the quadrants 140r and 141r recorded. Afterwards thgecages up to

40 % till in quadrant 150.1r the highest peak (77 %) is reached. In average theliging coral

coverage of 35.3 % per quadrant on the eastern side of T7.
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living coral coverage

Distance from shore

Fig. 17 Living coral coverage per quadrant in the eastern side of ansect 7 from near shore to the reef edge.

3.2.1.4 Coral recruitment in transect 7

Coral recruitment is an important factor in coral reef stability anddovery following disturbances as
well as for future growth of a reef. The abundance of coral recruits and tbeithgrtan be observed
with the remapping of the selected sections in the reefs.
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Fig. 18 Number of recruits of different coral taxa in transect 7(eastern side).

In 96 quadrants on the eastern side of T7 566 coral recruits were observed. The most aburitiant recru
are Acropora sp. with 473 colonies followed bkocillopora sp. with 54 colonies. The number of
recruits of other taxa is low (Fig. 18). In average 6 recruits areelbqar quadrant. Probably not all

coral recruits were recognized, because of their size.
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Recruitment is very variable in the single quadrants of the transgate L9 shows the distribution of
recruits in the quadrants of T7 (eastern side). The highest occurrence of recruits is in the quadrants 126r-
135r whereby the highest frequency is in quadrant 127r with 57 colonies. In 22 quadrantsiite recr

were found.

The number of dead corals and their distribution in T7 is represented in figuret@@l Af 280 dead

coral were found in the 96 quadrants. Most of the dead corals occur in the quadrants 12RnilE84r

to the abundance of coral recruits shown in the graphic above. The highest frequencpadsantgl31

with 27 dead colonies. In 36 quadrants no dead corals were found. In average 3 dead corals were

detected per quadrant.
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Fig. 19 Number of coral recruits and their abundance in the quadrants of T7 (@stern side).
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Fig. 20: Number of dead corals and their abundance in the quadras of T7 (eastern side).
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3.2.2.1 Transect 8. Diversity, abundance and distribution of coral species

Transect 8 (T8) is allocated ca. 100m to the west of transect 7 and runs frorfnsautshore) to north

(reef edge). It covers an area of 1858 is separated in a western and an eastern part by a marked
rope. More than 7.700 photographs were taken. Only the western side of the transect thancanea

of 90 nf wasanalyzed so far. More than 3600 photographs were analyzed in detail. 47 coral species (33

genera) were identified. A total number of 3229 coral colonies were counted in T8.

3.2.2.2 Coral abundance and biodiversity of transect 8
In the following two figures all the taxa found in T8 and their number of @mahies is shown. All
taxa with more than 40 colonies in T7 are shown in fig. 21, taxa with less than 40 colonies in fig. 22.

Numer of coral colonies in T8 (west)

Discosoma spp. 790

Acropora verweyi or A, rosaria r A. lorip
249

226
217
212
209
138
135
131

Porites lutea or Porites lobat
Sarcophyton spp.

Porites rus

Acroproa recruits (<5cm)
Galaxea fasciculari
Acropora spp.

Stylophora pistillata
Palythoa spp.

Goniastrea edwardsi or Goniastrea retiform
Zooanthus sp.

Favia specios

Favites pentagona
Pocillopora damicornis
Pavona explanulata

Stylophora subseriata

1 10 100 1000

Fig. 21: Taxa which occur with more than 40 colonies in the western sédof T8 and number of colonies per taxa.
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Number of coral colonies found in T8 (west)

Gonipora minor 28
Montipora spp.

Pavona frondifera

Pavona varians

Sarcophyton cf. trocheliopohoru
Acanthastrea echinata
Protopalythoa sp.

Leptastrea purpurea

Acropora divaricata

Sarcophyton elegan
Psammocora obtusangul

Favites spp.

Echinopora hirsutissim
Goniopora sp.

Platygyra acuta

Leptastea transvers

Favia spp.

Diploastrea heliopora

Alveopora spp.

Acropora digitifera

Montastrea curta

Gorgonaria gen. sp.

Favites abdita or Favites complana
Faviidae gen. sp.

Euphyllia glabrescen

Acropora appressa

Acanthastrea brevis

Turbinaria irregularis or Turbinara peltat
Sinularia sp.

Platygyra carnosus

Montastrea vallenciennesi
Hydnophora microconos
Herpolitha limax

Fungia sp.

Cyphastrea microphthalm
Alveopora cf. daedale

21
17

11
11
11
10

N DN DNDNDNDNDDN
S S S S S A
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0 5 10 15 20 25 30

Fig. 22: Taxa which occur with less than 40 colonies in the westepart of T8 and number of colonies per taxa.

Figure 23 shows the eight most common taxa in the western part of transect 8roMiy §2% of all
identified coral colonies. With 790 coloniBsscosomaaene of the smallest colonies in size- is the most
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common species in number in this mapped section, followeficbhyporawith 606 coloniesPorites

(466 colonies) an&arcophytorn(226). These three taxa provide numerical 58% of all taxa found in the
western part of T8Galaxea(209), Stylophoa (135),Palythoa(131) andGoniastrea(85) provide 24%

of all coral colonies found in T8 (west). Figu?d shows eight taxa which cover the largest area in the
western side of T8. These eight taxa occupy 35.5% of the surface in tteenweest of T8, where by
Porites cover with 15.8% almost half of it. Hendeogritesis the most dominant taxon and is together
with Acropora (5.6%), Sarcophyton(5.2%) andGoniastrea(3.2%) stand formingStylophora(1.7%)
andGalaxea(0.8%) is a common taxon in the middle section of T8 (quadrant 119-142). Thatedtim
colony number oDiscosomdeads to a coverage of 2.4%. This taxon covers large parts at the reef edge.

B Goniastrea
m Palythoa

m Stylophora
B Galaxea

| Sarcophyton
m Porites

= Acropora

m Discosoma

Fig. 23: The eight most numerous coral taxa in the western part Gi8.

W Porites

M Goniastrea
Sarcophython

W Acropora

M Stylophora

" Discosoma

M Palythoa

I Galaxea

Fig. 24: Percentage amount of the eight most common coral in the westepart of T8.

The western part of T8 is dominated Pgrites luteaor P. lobatg Sarcophythonsp.,Acropora verweyi
or A. rosariaor A. loripes Goniastrea edwardsor G. retiformis, Stylophora pistillata Porites rus

Galaxea fascicularisDiscosomasp. andPalythoasp.. These nine taxa are spread variously along the
27



transect. WhiléAcropora verweybr A. rosariaor A. loripesis only represented at the beginning of the
transect in the first 35 metePorites luteaor P. lobatg Porites rus Sarcophythonsp. andDiscosoma
sp, are dominant in the last third of the trans@allaxea fascicularis and Stylophora pistillaaé@pear
particularly in the middle of the T&oniastrea edwardsor G. retiformisis common on the reef flat
with two agglomerations in the middle of T8 in quadrants 123-146.2 as well as in Keealthceef in
guadrants 98-105. This taxon is variably distributed over the entire section.

3.2.2.3 Coral coverage of T8 (western side)

From the beginning of the reef flat to the reef edge, numbers in corabsped individuals and the
coral coverage increase. The living coral coverage per quadrant of T8 (westerrogidegdir shore to
the reef edge is shown in figure 25. At the beginning of the reef (near shorea@nage is low (less
than 1% in quadrant 94). Coverage increases and is highest at the reef edge whereby thel4aairant
exhibits with 100% the highest coverage of living corals. Furthermore therestioray decline of
coverage in quadrants 137, 146 and 151r.
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Fig. 25: Distribution of living coral coverage per quadrant in the westen part of T8 from near shore (left) to reef edge.

Figure 26 indicates the coral coverage per quadrant and the distribution of hlsmecees in the
guadrants of transect 8.

The percentage of dead corals and their distribution in the western part of T8 is repredeqiesl 27 .
Most of the dead corals occur in the middle section of T8 in the quadrants 14B%)(&8d 143.0
(13.7%). The number of dead corals decreases to the reef edge as well as the hagtwaite
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number of dead coral colonies is lower near shore than at the reef edge like tee oliliving coral

colonies. There is no distinct correlation between the living and the dead coral coverage.
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Fig. 26: Coral coverage (%) of all coral species per quadrant in the @stern part of T8.

29

Gf Di
HSp N Pal
WLt B Undef
B Amth B Div

Lp MWA2
B Tot



14%
12%
10%
8%
6%

4%

i
00/0 I 1 I II 1
o 1n o

LN
N ™M ™
~ @~

'HDG FRUDO FF

90
95 [
100
105
110 p=
115
120
14
143.1
144.3
146.0
147.1

I1XPEHU RI T

Fig. 27: Distribution of dead corals per quadrant in the western pa of T 8.

3.2.2.4 Coral bleaching and coral disease

Coral colonies are strongly affected by Coral bleaching in the last three detaideghenomenon is
related to higher water temperatures. Corals rely on unicellular algae (Zosliaait that live inside
each coral polyp and provide nutrients and supplemental oxygen. Bleaching ocearthage colorful
algae die or leave the polyps, often in response to warmer conditions. Withouiriteily colored
algae, the coral's skeleton becomes visible through its transparent tissue and apjtearlf the
conditionsdo not enhance in time, the colonies tarecover and die off. Furthermore, bleaching can
make corals more susceptible to disease and, in turn, coral disease can compound teesffegttiof
bleaching.

In the western part of transect 8 a total of 240 dead coral colonies wede io@adldition there are a lot
of coral colonies which show partial mortality. Damaged coral colonies antl Weexhing were
observed as well. However, it should be noted that not all damaged colonies ardiseasgs were

recognized, because often the analyzed pictures do not show all sides of the colonies.

Fig. 28: Partly damagedStylophora pistillatain quadrant 1391. Middle left: bleachedAcroporain quadrant 124l. Middle
right: A coral disease onPorites lutea/P. lobatan quadrant 102I. Right: damagedSarcophytonin quadrant 1521.
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Figure 28 illustrates the number of coral colonies that are dead, damaged, bleachddbior

recognized diseases. Most of the coral colonies show partial mortality. lemahing is the second
most harm. Some coral colonies reveal coral diseases but this is not furtfjeeédnBlamaged corals
are distributed in the transect due to snorkeler or fishermen.

But there are positive developments in T8 as well with respect to ecraltment. Coral recruitment is
an important factor in coral reef stability and in recovery followdigiurbances as well as for future
growth of a reef. In the western part of the transect a total of 5aB reeruits were counted (colony
size: <10cm), from which 184 coral recruits are between 5-10cm in size and 38@<al@niess than 5

cm.

350
300
250
200
150

100

Number of coral colonies

50

O 1 |
damaged bleaching diseases partially dead

Fig. 29: Number of coral colonies with bleached, damaged, invelor dead parts in T8.

3.2.3.1 Transect 9. Diversity, abundance and distribution of coral species

Transect 9 (T9) runs along the reef edge from east to west and covers an @@afoMbre than

8.600 photographs were taken and analyzed. 79 coral species (39 genera) were identifigd. A tot
number of 11939 coral colonies were counted in T9 with an average of 67 coratsgeniquadrant.

This high number of colonies is correlated with the high estimated number of Corallimorpharia. Without
this mushroom polype the average of coral colonies per quadrant is 30. Fig. 30 shoexgethth ehost
dominant taxa in T9. These taxa provide 96.9% of all identified coral coloniesoldrey number of
Corallimorpharia is just an estimated value, because it is not possibleitgudgt between single
colonies that clump together. This taxon is with a number of 6637 colonies (37ahtina percentage

of 55.6% the most common species in number in transect 9, followed by the ZoaRtlyteaawith

1405 coral colonies (7.9/nand a percentage of 11.8%. This both taxa provide numerical one third of

all taxa found in T9. Fig. 31 show the same taxa but without CorallimorpdnadiBalythoa.This both

31



taxa are the most numerous taxa in T9, but also she smallest ones in diametgallyespe
Corallimopharia. Most of the Corallimorpharia belongs to the tdXsnosomalarge parts of the reef
edge are covered with colonies of the mushroom poBgecsoma sp(5549 colonies). The most
common Scleractinia i&croporawith 928 colonies (5.2/fhand a percentage of 7.8%tylophora(708
colonies),Porites (679 colonies) anéocillopora (246) are together witAcroporastand forming and
belongs to the most represented taxa in T9.

m Sarcophyton
m Favites

m Goniastrea
m Pavona

m Favia

m Pocillopora
= Porites

m Stylophora
1 Acropora

m Palythoa

1 Corallimorpharia

Fig. 30: Percentage amount of the eleven most common coral taxa i®.T

B Sarcophyton
m Favites

m Goniastrea
m Pavona

m Favia

m Pocillopora
= Porites

m Stylophora

= Acropora

Fig. 31: Percentage amount of the most common coral taxa without
Corallimorpharia and Palythoain T9.
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The next two figures display all taxa found in T9 and their number of coral coldabes which appear
with more than 10 colonies in T9 are illustrated in fig. 32. All takh less than 11 colonies are shown
in fig. 33.

Number of coral colonies in T9

Discosoma spp.

Palythoa cf. tuberculosa
Corallimorpharia gen spp.
Acropora spp.
Stylophora pistillata
Porites lobata/lutea
Favia spp.

Porites rus

5549

Stylophora recruits (<5¢cm
Pavona varians or Pavona venos

Zoanthus sp.
Lobophyllia hemprichii
Pavona frondifera

Psammocora obtusangul
Goniastrea recruits (<5cm

1 10 100 1000 10000

Fig. 32: Taxa which occur with more than 10 colonies in T9 andumber of colonies per taxa.
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Number of coral colonies in T9

Pavona sp.
Pavona duerdeni

Pavona cactus

Montipora monasteriata
Leptastrea transversa
Gardinoseris cf. planulata
Edwardsiidae gen. sp
Dendrophyllia/Tubastrea sp.
Acropora cf. nana
Acropora irregularis
Acroproa hyacynthus
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12

Fig. 33 Taxa which occur with less than 11 colonies in T9 and number oblonies per taxa.
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Transect 9 is divided in a horthern and a southern part separated by a marked rope.
Both sections have a size of 99but of the northern part only 86raf the 99 were analyzed so far.
In the following both sections were analyzed separately of one another.

3.2.3.2 Biodiversity, abundanc and distribution of coral species of the northern part of T9

Table 5 show all information about the composition and abundance of coral speciesnfahed i
northern part of T9. A total of 9269 coral colonies (in average 116 colonies perrmuadre detected

in the 80 quadrants in this section. The most common taxon in numbécissomasp. with 4353
colonies (54.41/m?) and a percentage of 50.56%. But it only occurs in 31 of the 80 quadrants. At the reef
the colonies oDisocomasp. usually clump together. The second most taxon is the Zoarfladythoa

cf. tuberculosawith 1046 colonies (13.08/m2) and an amount of 12.25% followed by the mushroom
polype Corallimorpharia with 1005 colonies (12.56/m2) and a percentage of 11.77% thatrdgcor

23 of the 80 analyzed quadrants. The most common and stand forming scleractinianecAcatspara

with 533 colonies (6.66/m?) and a percentage of 6.28Ylophora pistillatawith 340 colonies
(4.25/m?) and a percentage of 3.98%6rites lobata/luteavith 261 colonies (3.26/m?) and a percentage
of 2.06%.Acropora occur evenly in 74 of the 80 quadranBtylophora pistillatawere found in 52
guadrants andPorites lobata/luteawere located in 64 quadrants while Porites rus occur with 177
colonies (2.21/m?) and a percentage 2.07% in 27 quadf@otdlopora damicornisare represented
quite frequently with 116 colonies (1.45/m2) and a percentage of 1.36% in 45 of the 80 guddrant
soft coralSarcophytoref. trocheliophorumare only present in 27 quadrants with 111 colonies (1.39/m?)
and a percentage of 1.30%. The other taxa only appear with less than 100 coloniesinfanriiegion

about the biodiversity and abundance of all taxa found in T9 are represented in tab. 1.

The biodiversity of coral taxa and their distribution in the quadrants of titeenorpart of T9 is
demonstrated in figure 34. An average of 8.8 taxa per quadrant could be calculated. The highest number
of taxa (up to 15 taxa) occurs in the quadrants 36-43. Additional peaks with upaxalarise in the
guadrants between 17-21 and with up to 12 taxa between quadrant 64 and 68. An area with a smal
number of taxa was found in the quadrants 46-52 (6-8 taxa/quadrant) due to the deddifiedghora

spp. But in general there is no correlation established with the number ddrtdxthe living coral
coverage comparing figure 38 and 39. The highest taxa diversity often occurs in dindassiiving

coral coverage.
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Tab. 6: Composition and abundance of the coral taxa found in theorthern part of T9.

Number | Perce | Number of Average
of ntage | coloneis per | frequency
colonies | (%) quadrant (n/m"2)
Total living coral colonies 9269 100,0 80 116
Unidentified living coral colonies 727 7,8 66 9
Identified living coral colonies 8542 92,2 80 107
Taxon
Discosomasp. 4353 50,96 31 54,41
Palythoa tuberculosa 1046 12,25 49 13,08
Corallimorpharia gen. spp. 1005 11,77 23 12,56
Acroporaspp. 533 6,24 74 6,66
Stylophora pistillata 340 3,98 52 4,25
Porites lobata/lutea 261 2,06 64 3,26
Porites rus 177 2,07 27 2,21
Pocillopora damicornis 116 1,36 43 1,45
Sarcophyton trocheliophorum 111 1,30 27 1,39
Goniastreaspp. 97 1,14 44 1,21
Faviaspp. 86 1,01 33 1,08
Pavona varians/venosa 81 0,95 42 1,01
Galaxea fascicularis 38 0,44 14 0,48
Echinopora hirutissima 38 0,44 26 0,48
Favitesspp. 33 0,39 18 0,41
Zoanthussp. 30 0,35 1 0,38
Fungiaspp. 25 0,29 14 0,31
Metarhodactispp. 21 0,25 2 0,26
Lobophyllia hemprichii 20 0,23 9 0,25
Favites pentagona 13 0,15 12 0,16
Pavona frondifera 11 0,13 8 0,14
Pavona explanulata 11 0,13 8 0,14
Turbinaria irregularis/stellulata 11 0,13 10 0,14
Gorgonaria gen. sp. 11 0,13 10 0,14
Leptastrea purpurea 9 0,11 9 0,11
Montiporaspp. 8 0,09 7 0,10
Psammocora obtusangula 8 0,09 5 0,10
Goniopora minor 8 0,09 8 0,10
Montastreaspp. 6 0,07 5 0,08
Hydnophora exesa 5 0,06 5 0,06
Acanthastrea brevis 5 0,06 4 0,06
Cyphastrea microphtalma 5 0,06 2 0,06
Pocillopora eydouxi 3 0,04 3 0,04
Galaxea astreata 3 0,04 2 0,04
Pavona decussata 3 0,04 2 0,04
Platygyra acuta 2 0,02 2 0,03
Leptoria phrygia 2 0,02 2 0,03
Distichopora violacea 2 0,02 1 0,03
Physogyra lichtensteini 1 0,01 1 0,01
Psammocora digitata 1 0,01 1 0,01
Pavonasp. 1 0,01 1 0,01
Tubastrea/Dendrophylliap. 1 0,01 1 0,01
Leptastrea transversa 1 0,01 1 0,01
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Fig. 34: Number of taxa per quadrant in the northern part d T9 with trend curve (Polynom 4. degree)

The abundance of coral colonies is very variable in the quadrants of T95fidn the first part of the
transect there are three areas with a high density of coral colonies. Quadhrexhibit a 50-260
colonies, quadrants 18-30 show up to 340 colonies while in the quadrants 34-40 20-450 colonies were
found. In these three sections the most common taxa are Corallimorpharia gdbisspggomasp. and
Palythoa cf. tuberculoskn the quadrants of the second part of T9 the number of coral colonies is lower
(50-60 colonies/quadrant) with some exceptions (quadrant 47, 48, 60 and 67) and the coral compositions
changed. Often the high number of coral colonies correlates with a high abundance of taxa (fig. 34).

Figure 36 represent the relative frequency of coral composition in tHeenogart of T9. The first part
of the transect is dominated by Actiniaria like Corallimorpharia genD8gcosomasp. andPalythoa
tuberculosa.The second half is manly covered with Scleractinia likeropora spp., Stylophora

pistillata andPorites rusas well asPocillopora damicornis.

37



‘dds esodpuoin m
‘dds esodosoy g
s|uJod|wep elodo|jnod g
xnopha elodojjpod m
eie|nsid esoydojlis m
u@3sualyol| esABosAyd m
S|IE|NJISE) EAXE|ED) Iy
B}E3JISE EIXE|ED
e1e18Ip BJOJOWWES]
B|nSuesSNIqo BJOJOWWES] g
“ds euoned @
B]ESSNI3P BUOAR]
BJ3}IPUOCI) BUOAR] m
BlE|NUE|dX3 BUOAR] m
BSOU3A/SUBLIEA BUOAR]
‘dds eiSund g
esaxa eJoydoupAy m
e1e|n||215/511E|NS81Il BLBUIGIN]
*ds easisegny feljAydoipuag
S1ARUQ BAJISEYIUBDY g
nyaudwsay eljjAydoqo] x
‘dds ejAe g
‘dds sajned m
euogejuad sayned =
‘dds easise|uon m
einoe eiAdield m
e13hiyd epoydan
-dds eanSRIUON
eaundind eanseydal
BSiansuel) eanseydal
ewjelydotaiw easiseydAd o
BLISSIIUY eiodouiydd
eayn|/ejeqo] 5231104
snJ sayiod =
Joujw eiodojuog
esojnaJagni eoyih|ed
“ds snyjueoz
‘ds ewosoas|g
‘dds syoepoyJelaiy
‘dds uad epeydiow|eio]
wnsoydojayao.y uojhydoases
'ds 'uad eueuosion
eaze|oin eJodoyansig

{7

)

A

05

001

0sT

ooz

0se

00€

05t

oov

ost

nr3g

{ D

Fig. 35: Number of coral taxa and their abundance in the ndhern part of T9.
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The average frequency of coral taxa in T9 is shown in fig. 37 (logarithmic displhg gfaxis). Three
taxa occur with more than ten colonies per quadrant, eight taxa are represented bhet@emlonies
per quadrant while fourteen taxa have an average frequency between 0.1 and 1 and shataxdy
a frequency of 0.01 colonies per quadrant.

100
Average frequency

=
o

=
!

Taxon (arranged according to Veron, 2000)

Fig. 37: Average frequency of the taxa in the northern part of T9 (logdathmic display of the x-axis).

Tab. 7: Number of quadrants of the northern part of T9 in which ataxon occur and the percentage (%) of the quadrants.

Taxon Number of quadrants Percentage of quadrants (%)
Acroporaspp. 56 70,0
Porites lobateor P. lutea 41 51,3
Porites rus 14 17,5
Goniastreaspp. 13 16,3
Sarcophyton trocheliophorum 12 15,0
Echinopora hirutissima 12 15,0
Stylophora pistillata 12 15,0
Pocillopora damicornis 8 10,0
Lobophyllia hemprichii 5 6,3
Palythoa tuberculosa 4 5,0
Turbinaria irregularisor T. stellulata 3 3,8
Goniopora minor 2 2,5
Discosomasp. 2 2,5
Hydnophora exesa 2 2,5
Corallimorpharia gen. spp. 1 1,3
Psammocora obtusangula 1 1,3
Pavona frondifera 1 1,3
Pavona varian®r P. venosa 1 1,3
Galaxea fascicularis 1 1,3
Pavona explanulata 1 1,3
Montiporaspp. 1 1,3
Cyphastrea microphtalma 1 1,3
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Tab. 6 shows in how many quadrants a taxon occur and the percentage (%) withtoekgeamount
of analyzed quadrants (80). Acropora spp. covers the biggest area and is high in nbmbEaxdn
occur in 56 of 80 quadrants (70%) followed Pyrites lobata/lutea(51.3%) which appear in 41
guadrants.Porites rus (17.5%), Goniastrea spp. (16.3%),Sarcophyton trocheliophorun{15%),
Echinopora hirutissimg15%), Stylophora pistillata(15%) undPocillopora damicornig10%) occur in
less quadrants.hE both taxaDiscosomasp. (2.5%) undPalythoacf. tuberculosa(5%) capture just a
small area -compared with the high number of coral colonies- and are of no great importance.

3. 2.3.4 Coral coveragein the northern part of T9

The number of living coral colonies and their abundance in the quadrants of tthermguart of T9 is
shown in fig 38 In average 40% of the northern part of T9 is covered with living coraliesloim the

first quadrants, which are situated at the reef edge, the number of dieraf) colonies and their
coverage is low. In the following quadrants an increase of the number of cavalesohnd their
coverage is recorded. In many quadrants the coverage reach 50-80%, but there are rgpadtadtg

with low coral coverage (less than 30%). In quadrants with low number of living cmaadies many

dead corals occur (fig. 39
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Fig. 38 Living coral coverage in the 80 quadrants of the northern prt of T9 with trend curve (Polynom fourth degree)

60% of the quadrants of T9 are covered with dead corals or limestone (tab. 7). &f %286 dead
coral colonies (54 colonies/m?) were estimated, whereby 98.4% are unidentified. Qoilyh&74286
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dead coral colonies have been identified. The most common Taxandporaspp. with 40 colonies
(60% of the dead identified colonies), followed Bygrites lobataor P. lutea(25%) andPocillopora
spp. (15%). In average 0.8 dead identified coral colonies per quadrant were found.

Tab. 8: Inanimate surface area in the quadrants in the northen part of T9.

Number of | Percentage| arithmetic average
colonies (%) (n/m2)
Dead/sedimented surface area (%) 60
Total of dead corals 4286 100 54
Total of unidentified dead corals 4219 98,4 53
Total of identified dead corals 67 1,6 0,8
Porites lobateor P. lutea 17 25 0,2
Acroporaspp. 40 60 0,5
Pocilloporaspp. 10 15 0,1

The number of dead coral colonies and their abundance in the quadrants of the norttedriQast
shown in figure 39. The number of dead colonies is low in the first 27 quadrants (0-15 dead
colonies/m) and increase from quadrants 28 (50-100 tote Kolonien/m?). A peak df ateal is
distinguishable between the quadrants 47 and 49. In these quadrants up to 200 deadpeolwAies
were estimated. A dead field éfcroporawas noticed in this part of the transect. A high number of
coral colonies (150-200 colonies/m2) were also found in the quadrants 70-72 due tofieldeafd
Porites rusand 76-80 with dead colonies of different taxa.
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Fig. 39: Number of dead coral colonies and their abundance the northern part of T9 with trend curve (black line).
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3.2.3.5 Diversity, abundance and distribution of coral species of the southern part of T9

A list of coral taxa found in the northern part of T9 is shown in Tab. 8.\ ¢6t3555 coral colonies
from 70 species (38 taxa) were detected in 99 quadrants in this section with an af/&@&gelonies
per quadrant. The abundance of all taxa of the southern part of T9 is presentackid@igSixteen of

the 38 taxa occur only one time in the transect.

Tab. 9: List of coral species found in the southern part of 9.

Acanthastrea brevis

Goniopora minor

Acanthastrea echinata

Gorgonariagen. sp.

Acroporasp.

Hydnophora exesa

Acropora appressa

Hydnophora microconos

Acropora digitifera

Leptastrea purpurea

Acropora divaricata

Leptoria phrygia

Acropora gemmifera

Lobophyllia hemprichii

Acropora humilis

Montastreacf. curta)

Acropora hyacynthus

Montiporasp.

Acropora irregularis

Montipora monasteriata

Acropora microphthalma

Palythoacf. tuberculsa

Acroporacf. nana

Pavonasp.

Acropora cf. nasuta

Pavona cactus

Acropora nobilis

Pavona decussata

Acropora tenuis

Pavona duerdeni

Acropora verweyi or A. rosaria or A. loripes

Pavona explanulata

Corallimorphariegen. sp.

Pavona frondifera

Cycloserissp.

Pavona varians

Cyphastrea micropthalma

Pavona venosa

Diploastrea heliopora

Physogyra lichtensteini

Discosomasp.

Platygyra acuta

Distichopora violacea

Platygyra crosslandi

Echinopora hirsutissima

Pocillopora damicornis

Edwardsiidae gen. sp.

Pocillopora meandrina

Faviidae gen. sp.

Porites lutea

Faviasp. Porites rus
Favitessp. Poritescf. sillimaniana
Favites abditaor F. complanata Protopalythoasp.

Favites pentagona

Psammocora contiguar P. obtusangula

Favitescf. spinosa

Psammocora digitata

Fungiasp.

Sarcophytoref. trocheliophorum

Galaxea astreata

Sinulariasp.

Galaxea fascicularis

Stylocoeniella armata

Gardinoseriscf. planulata

Stylophora pistillata

Goniastrea edwardsir G. retiformis

Tubastreasp.oderDendrophylliasp.

Gonioporacf. planulata

Turbinaria stellulataor T. irregularis
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Fig. 40: Number coral colonies per taxa in the southern part of T9.
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Figure 42 show the percentage of the six most common coral taxa of the southern paseof &an
These taxa are represented with more than hundred colonies in the spattievhile the remaining

taxa exist with less than hundred colonies. The six most frequent taxa provide mutmber of 3385

coral colonies a percentage of 73.8% of all identified coral colobissosomais with 1196 (35.3%)

coral colonies the most common coral taxon in number in the southern part of T9 asénmepone

third of the total colony number (3385) found in this secti®tiylophora pistillateandPalythoa spare

with 368 colonies (10.9%) and 359 colonies (10.6%) the second and third most common species in
number in this mapped section, followed Adgroporasp. with 262 coral colonies and a percentage of
7.7% andPorites luteaor P. lobata with 189 colonies and a percentage of 5.@8Pacillopora
damicornisis with 125 colonies (3.7%) the sixth most frequent taxon. The remaining taxaamnvith

amount of 886 coral colonies provide 26.2% of all counted colonies.

H Acropora spp.

m Discosoma spp.

m Palythoa spp.

m Pocillopora damicornis
m Porites lutes or P. lobata

m Stylophora pistillata

m Remaining taxa

Fig. 41: The six most frequent coral taxa (>100 colonies) in the southermpart of T9, the
remaining taxa occur with less than 100 colonies.

m Acropora spp.

m Discosoma spp

m Palythoa spp.

m Pocillopora damicornis
m Porites lutea or P. lobat

m Stylophora pistillata

3,7% = Remaining taxa

Fig. 42 Percentage of the six most frequent coral taxa and the remaig taxa in the southern
part of T9.
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Fig. 43: Number of coral taxa and their abundance in quadrats 1-49 in the southern part of T9.
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Fig. 44: Number of coral taxa and their abundance in quadrats 50-99 in the southern part of T9.
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The distribution of coral taxa is shown in figure 43-45. The first part of théhem side (quadrant 1-
50) is dominated biPalythoacf. tuberculosaund Discosomasp., whereas the abundancebicosoma
sp are also very high in the quadrants 6178& number colonies d?alythoacf. tuberculosaincrease
from quadrant 86 on. The massive and extenBwdtes luteaor P. lobatacover big parts of the
transect exspecially in the first 25 quadrants. In the quadrants 50-90 thetsuseracoralsAcropora
sp. andStylophora pistillataare frequently present. The number of colonieGofiastrea edwardser
G. retiformisincreases from quadrant 59 on. The studied section exhibit a relative higlaréatzev
density of coral colonies due to their position in the reef. Most of thescocaur at the reef edge,
where transect T9 is located. Figure xx show the number of coral taxa in the 99 quafithets
southern part of T9 with a relatively steady running trend curve. In avénage are 8.6 taxa per

guadrant with a maximum of 15 taxa in two of the 99 quadrants.

16 -
14 -

10 ~

Number of Taxa

oON B~ O
I R T

1 11 21 31 41 51 61 71 81 91
Quadrant (Number)

Fig. 45 Number coral taxa in the quadrants of the southern part of Tith trend curve (black line).

3.2.3.6 Coral coverage in the southern part of T9

The living coral coverage per quadrant in the southern part of T9 is shdignrm46. The number of
coral colonies shed light on the abundance of coral taxa but not on the coral cdwecagee the size

of colonies was not considered. Only 39.2afthe analysed 99 frare covered with living corals. The
other 60.8% is covered with dead corals or other sediment. In figure 46 tivgpduadgs with a living
coral coverage of 84% and 96% are visible. The first peak is located in thengazid and 25 while

the second peak exists in the quadrants 96-98. The first peak is attributed to some rhassiae
growing colonies oPorites luteaor P. lobataand the second peak is due to a comprehensive expansion
of Acropora species. A dead field dfcroproais located in the quadrants 46-48 where living coral

coverage is rare (1-2%).

The number of dead corals and their distribution in the southern part ofd@esented in figure 47. A
total of 366 dead coral colonies with an average of 7 colonies per quadrant tiveagees The highest
abundance of dead corals with 20 colonies and a percentage wit 5.5% is located in §0ddtked

by 14 colonies and a percentage of 3.8% (quadrant 43 and 57), 13 colonies with a percentage of 3.6%
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(quadrant 28, 56 and 81) and 12 colonies (3.3%) in the quadrants 49, 58 and 62. There is no distinct
correlation between the living and the dead coral coverage.
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Fig. 46: Living coral coverage per quadrant in the southermart of T9.
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Fig. 47: Dead coral colonies per quadrant in the southerngst of T9 with trend curve (black).

3.2.3.7 Coral recruitment in the southern part of transect 9

Observations of the abundance of coral recruits, their growth and their decoeddegive some
indication of the status of a reef.

In this section all recruits with a size of less than 10 cm were assunextussr A total of 315 recruits

(9 Taxa) were found in the southern part of A@ropora recruits are with 161 colonies the most
common ones in this section (fig. 4&croporais the most species rich taxon as well as the most
common and widespread taxon in the Indo-PacHroporais competitive and a fast growing coral
species.Stylophorais with 92 colonies also well represented. FurthermoreP®billopora, 16
Goniastrea, 9 Favia-, 8 Favites- and 2Pavonarecruits as well as Turbinaria and 1Palythoarecruit

could be found in this section.
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Fig. 48: Number of recruits in the southern part of T9.

Coral recruits are variable distributed in this section of T9 (fig. 49)hétbeginning of the reef edge
(quadrant 2-8) and at the end of T9 (quadrant 91-91, 94-98) as well as in the sasnefdhe middle

part (quadrant 10, 15, 21-25 and 39) no recruits were recognized. The highest abundancesofascruit
noticed in quadrant 50 with 12 recruits. In quadrant 34 and 45 11 recruits were sighted while in quadrant
63, 77 and 80 10 recraivere seen.
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Fig. 49: Abundance and distribution of coral recruits in the soutern part of T9 with trend curve (polynom 3. degree).
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4 Catalogue of corals newly identified in 2013

The following descriptions are essentially based on Veron (2000). Fgshological structures and skeletal
elements, see Veron; the major growth forms, referred to inutbeequent text, are also explained in our 2011
report.

Acropora appresséEhrenberg, 1834)

Colonies are caespitose to corymbose upright bushes with conspicumuscat axial corallites. Radial corallites
are tubular with naiform openings and may form incipient axial corall@etnies are witish often with brown
lower brunches and brown corallites. A. appressa is common ingsienw Indian Oceans and occurs in shallow
rocky foreshored (fig. 50).

Fig. 50: Acropora appressa3 185.1l. Left: growth form of a colony, right: detail.

Acropora cuneata or A. palifera

These taxa form solid plates and columns with no distinctive axial corallites{fig. 5

Acropora cuneatgdDana, 1846)
Colonies are solid plates or form short flattened branches. Corallites are srnoowitied and not very excert.
Usually colonies do not have axial corallites. Colonies are colored creanown.bA. cuneata is a sommos

species and occur in all reef environments, especially upper reef slopesbftats (fig. 51).

Acropora palifera(Lamarck, 1816)

Colonies are encrusting plates or form thick columns or branchesshBEpe of the branches is determined by
wave action. They are either upright or horizontal and irregular in sfitygee are usually no axial corallites.
Radial corallites are smooth, rounded and excert. Colonies are pale cream oramwveoccurs in all reef
environments (fig. 51)
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Fig. 51 Acropora cuneateor A. paliferaT3 144l. Left: growth form of a colony, right: detail.

Acropora gemmifergBrook, 1892)

Colonies are digitate. Branches are thick. Axial corallites are small. Radial corallites tare sizes, usually
arranged in rows. The larger ones increase in length towards branch Hasesre incipient axial corallites
common. Coloneis are usually purple, blue, cream or brown, withdslwhite branch tips. In the western Indian
Ocean the colonies are usually dark grey with white corallite rims andwah@l corallites.A. gemmiferais

common and occurs on exposed upper reef slopes and flat2{fig. 5

Fig. 52 Acropora gemmiferar9 44l. Left: growth form of a colony, right: detail.

Acropora humili(Dana, 1846)

Colonies are digitate with thick branches and branchlets or incipient axial cordllites hase of the mane
branches. Axial corallites are dome-shaped. Radial corallites are of two sizes.géhetess are usually arranged
in rows and increase only slightly down to the base of branches.dfith& colonies are cream, brown, purple or
blue with blue or cream tip#. humilisis common and occurs on exposed upper reef slopes anthteeffd (fig.
53).
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3. p R ‘. pade
Fig. 53 Acropora humilisT3 179r. Left: growth form of a colony, right: detail.

Acropora microphthalm#Verrill, 1859)

Colonies are arborescent and small. They usually form thickets. Bram@hskender and straight. Sub-branches
may occur at irregular intervals. Radial corallites are small, numerous aidilaf size. Often colonies exceed 2
metres across and may form extensive single species stands. Calenigsle grey, pale brown or creaf.
micrphthalmais common and occurs in shallow water where they may be a dunspeacies or on upper reef

slopes, often in turbid water or sandy lagoons (fig. 54)

Fig. 54 Acropora microphthalmaT8 145.1l Left: growth form of a colony, right: detail.

Acropora monticulos&Briggemann, 1879)

This taxon may form dome-shaped colonies over 3 metres across ssmpisolated subcolonies which are
shaped like upturned hands. Colonies are digitate with thick branchesigSoéxposed to strong wave action
mya have pyramid-shaped branchlets. Axial corallites are small. Radial corallitgsifaren in size and usually
arranged in rows. Colonies are blue or cream, usually with pale braeaf ipntrasting colour#. monticulosa
is usually uncommon and aas on upper reef slopes (fig. 55).
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Fig. 55: Acropora monticulosa or A. gemmifer@l 158l. Left: growth form of a colony, right: detail.

Acroporacf. nana(Studer, 1878)

Colonies are compact clumps of long, non-tapering, straight, equidistachletan Branchlets radiate from a
solid base. Axial corallites are tubular with rounded margins. Radial corallitengregubular and appressed. The
whole colony is delicate and branchlets are easily broken. Colonies are brearor purple, usually with purple

branch tipsA. nanais common and occurs on reef flats where currents or wave &stwong (fig. 56)

Fig. 56: Acroporacf. nanaT9 66l Left: growth form of a colony, right: detail.

Acroporacf. nasuta(Dana, 1846)

Colonies are irregularly corymbose with elongate tapering branchlets. Axial corabitedbalar. Radial corallites
are usually arranged in neat rows and are nariform in shape. Caweiesecam or pale brown with blue branch
tips, cream with brown corallites or greenish-brown with purpldue borallites. A. nasuta is common and occurs
especially on upper reef slopes (fig. 57)
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Fig. 57. Acroporacf. nasutaT9 66l Left: growth form of a colony, right: detail.

Acroporacf. robusta(Dana, 1846)

Colonies are irregular in shape. They have an encrusting base. Branhbé&kared conical at the centre and
thinner and postrate with upturned ends at the periphery. These braacaedmpletely dissimilar shapes.
Radial corallites are of mixed sizes and shapes but are generally rasp-like. Colonigghtigedmn with deep
pink branch tips or pinkish-brown, yellow-brown or cre#mrobustais common in the central Indo-Pacific and

occurs in shallow reef environments, especially reef margins expost#drig wave action (fig. 58)

Fig. 58 Acropora robustaT3 155I. Left: growth form of a colony, right: detail. A

Acropora verwey(Veron and Wallace, 1984)

Colonies form encrusting plates with short branches, or are cushapeeshor form extensive corymbose bushes.
Branches are ®-millimeters thick. They do not taper and have short branchlets towarnsbdses. Axial
corallites are prominent. Radial corallites are rounded, tubular, appressed, anddaimangws. Colonies are
uniform creamy-brown with yellow axial corallite&. verweyiis common especially in the western Indian Ocean

and occurs on upper reef slopes particularly exposed to wave actiarrents (fig. 59)
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Acropora roasariaDana, 1846)

Colonies are upright bushes or cushion-like. Main branches hengndary and tertiary sub-branches. Axial
corallites are large and dome-shaped but not elongate. Radial corallites arer Ipeattetlike. All corallites have
thick walls.Colonies usually are cream or brown, sometimes brigkt driipink. A. rosria may be a common

species and occurs in shallow reef environments (fig. 59)

Acropora loripegBrook, 1892)

Colonies have a lot of growth forms varying from upright bushetbick plates. There is a continuous range of
shape and size between axial and radial corallites; both may be tubular to pleearigas, with very thick walls.
Tubular axial corallites often have no radial corallites on one side and pocket-lddecaadllites on the other. All
corallites are smooth and rounded. Coloneis usually are pale blue or. Bxaiaincorallites are usually whitist.
loripesis common in the central Indo-Pacific and occurs in a wide rangevifonments especially on upper reef
slopes (fig. 59)

Fig. 59 Acropora verweyi or A. Rosaria or A. loripes8 116l Left: growth form of a colony, right: detail.

Acropora vermiculatgNemenzo, 1967)

Colonies are corymbose clumps or cushions. Cushions occur eitHgrasiing groups. Main branches are short or
absent while branchlets are of uniform length and spacing. Axial coralliteb@teaad tubular. Radial corallites
are scale-like and arranged in a neat rosette. Colonies are usuydigmugiy-brownA. vermiculatais common

in the western Indian Ocean and occurs on upper reef slope0ffig.

Acropora verwey{Veron and Wallace, 1984)

Colonies form either encrusting plates with short branches or areotgiaped or form extensive corymbose
bushes. Branches are 7-9 millimetres thick and do not taper. Thetearéranchlets towards their bases. Axial
corallites are prominent. Radial corallites are rounded, tubular and appressedaagddin rows. Colonies are
uniform creamy-brown with yellow axial corallite&. verweyiis common in the western Indian Ocean and occurs

on upper reef slopes especially on those exposed to wave acti@0ffig.
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Fig. 60: Acropora vermiculata or A. verweyii3 184.4l. Left: growth form of a colony, right: detail.

Alveopora daedaleéForskal, 1775)
Colonies are encrusting or form thick plates. They can also form nslumto 1m high. Colonies have a smooth
surface. Corallites have alternating long and short fine septal spipssofTpolyp tentacles are truncated. That

gives the colonies a squared appearance. Colonies are uniform palk brosar. A. dadalea are common in the
western Indian Ocean and occurs on protected upper reef slop&d xfig

Fig. 61: Alveopora daedaled@8 142I Left: growth form of a colony, right: detail.

Astreopora listeriBernard, 1896)
Colonies are hemispherical, flattened or encrusting. Corallites are small, imraecseday be crowded. They
have small rounded openings surrounded by spinules. The wallggatly porous. Coenosteum papillae are fine.

Tentacles are extended only at night. Colonies are cream, grey or brolgterAs usually uncommon and occurs
in a wide range of environments, especially in shallow turbid water6y

57



Blastomussa

Colonies are phaceloid to subplocoid. Tentacles have fleshy mantles extenideyl the day and forming a
continuous cover. Under water skeletal structures are hidden underneatinttes nTentacles are extended only
at night.

Blastomussaf. merleti(Wells, 1961)

B. merletiis the only species of this taxon that occur in the western IndiaanOTle colonies oB. merletiare
phaceloid to plocoid. Corallites are less than 7 millimeters in dian@dwnies are commonly dark red, but they
can also be pink, orange, brown or uniform dark grey with whegims and conspicuous green oral difs.

merletiis uncommon and oacs especially in reef environments with turbid water (fig. 63).

Fig. 63 Blastomussacf. merleti T2 159r. Left: growth form of a colony, right: detail.

Corallimorpharia gen. spp.

Corallimorpharia is quite closely related to the scleractinian corals. This isound worldwide, but it is mostly
tropical. A skeleton is completely lacking. That is one reason folittleeknowledge about this taxon. Colonies
consist of an oral disc with a central mouth and a tube-like boegta€les are short and arranged in rows

radiating from the mouth. Corallimorpharia are secondary colonizers, whptlly cover mainly dead rocky
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substrate on coral reefs. In the study area large parts of the gesf @@ covered with Corallimorpharia. They
have a high resistance against pollutants and are used as indicators fmrpofleoastal areas caused by human

activities. For the species presented here a nam&hmgiven (fig. 64)

Fig. 64: A selection of Corallimorpharia gen. spp. In transect 9.

Diploastrea helioporgLamarck, 1816)

Colonies are dome-shaped with an even surface and may be sestra high and across. Corallites form low
cones with small openings and very thick walls. Columellae are large. Cassidistinct. Septa are equal and are
thick at the wall and thin where joining the columellae. Tentacles are extendeat oigjrt. Colonies are usually
uniform cream or grey, sometimes greeniBh.helioporamay be a dominant species and occurs in exposed as

well as in protected reef environments (fig..65)

M
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Fig. 65 Diploastrea helioporar8 158l Left: growth form of a colony, right: detail.
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Edwardsiidae (Andres, 1881)

Edwardsiidae (sand anemones) lives solitary on sand or debri§gfigThey have a wide basal disc attached to
solid substrate. The oral disc is surrounded by banded, longd gkl tentacles with a pointed end. The tentacles
catch plankton and particles floating in the water. During disturbances the®®@r@es can retract rapidly into the
substrate. Edwardsiidae are relative small in size (diameter of the oral disn)abd their coloration adapted to

the surrounding, these anemones are easily overlooked (Erhard@ K2005).

Fig. 66. Edwardsiidae T9 89I. Growth form of a colony.

Favia pallida(Dana, 1846)
Colonies are massive. Corallites are circular. Corallites are closely compacted iw stetibo, but more widely

spaced in deeper water. Septa are widely spaced and characteristically irregloldiesCare pale yellow, cream

or green, with dark brown or green oral did€spallida occurs in all reef environments and is often a dominant

species of back reef margins (fig. 67)

Fig.67: Favia pallida T3 180.8r Left: growth form of a colony, right: detail.
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Favites flexuosg§Dana, 1846)
Colonies are hemispherical or flat. Corallites are angular and deep. Septanaireept with large teeth. Colonies
are brightly colored, but usually with contrasting walls and oral discexuosais sometimes a common species

and occur in a wide range of reef environments and rocky foeskiiy. 68)

Fig. 68: Favites flexuosar3 186r Left: growth form of a colony, right: detail.

Gardineroseis planulatéDana, 1846)

Colonies are massive to encrusting. Corallites have poorly defined wallseagdparated by acute ridges so that
each corallite is at the bottom of a neatly rounded excavation. Septo-costae arel fimeera. Columellae are
present. Tentacles are rarely extended and only at night. Colonies are malelmodn and sometimes yellow or

green.G. planulatais uncommon and usually occurs on walls or under overharasar water (fig 69).

Fig. 69 Gardineroseris planulatal 7 155r Left: growth form of a colony, right: detail.

Heliofungia actiniformigQuoy and Gaimard, 1833)

Polyps are large and have a central mouth up to 30 mm wide. Tdeplaary, free-living and flat. Septa have

large lobed teeth. Tentacles are extended day and night. They are long, &intilase of giant anemones.

Colonies are pale or dark blue-green or grey tentacles with white brtip;n The oral disc is stripedd.
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actiniformisis common and occurs usually on flat soft or rubble substesgscially in reef lagoons or shallow

turbid environments (fig. 70)

Fig.70: Heliofungia actiniformis T8 165l Left: growth form of a colony, right: detail.

Herpolitha limax(Houttuyn, 1772)

Colonies are usually elongate and generally have rounded ends. Mouthsvitleituthe axial furrow which runs
most of the length of the colony. But there are numerous ofndacp mouths outside the furrow as well.
Sometimes there are a few primary septo-costae which extend from the axial farthe perimeter. Some
colonies develop forked axial furrows and become Y, T or X shapedacles are extended only at night.
Colonies are pale or dark brown or greenish-bramlimax is common and occurs on reef slopes and lagoons

whereFungiaoccurs (fig. 71)

Fig. 71. Herpolitha limax T8 165l Left: growth form of a colony, right: detail.

Lobophyllia hemprichi{Ehrenberg, 1834)
Colonies are flat to hemispherical. Sometimes colonies either form etensnospecific stands over several
meters or various colonies (which may be different colours and have paiytes of different texture) may grow

together to form a single composite stand. Colonies are phaceloid &ldflaieandroid. Flabello-meandroid
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colonies have irregularly dividing valleys. Septa Retracted polyps are thitklesty, with either smooth or
rough mantles. Colonies are uniform in colour or with twanore colours concentric to mouths or valley walls.
All corallites of the same colony have the same coldursemprichiimay be frequently a dominant species and

occurs in upper reef slopes (fig. 72)

Fig. 72 Lobophyllia hemprichiiT3 188r Left: growth form of a colony, right: detail.

Millepora sp.

Millepora (Fire corals) are colonial marine organisms and belong to Hydrozoa. Cadoaibsanching, plate-like
or encrusting. Fire corals have a firm calcareous external skeleton perforaiedautmerable pores where the
polyps can extend into the open water. Some taxa can easily be mistattenblues coralHeliopora coerulea
Fire corals have thin, longish polyps without a noticeable ring of tentackethékblue coral. Colonies are golden-
brown to pale and grayish-brown. They may form extensivedstaften in parts of the reef where the tidal

currents are strong but they are also abundant on upper reef slopetagodms (fig. 73).

Fig. 73 Millepora sp. T2 165.8I Left: growth form of a colony, right: detail.
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Pavona cactugForskal, 1775)

Colonies are composed of thin, contorted, bifacial, upright frondeefimes colonies have thickened branching
bases. Corallites are fine and shallow. They are aligned in irregular rows paréiteld margins. Colonies are
pale brown or greenish-brown. The margins are often whiteactusis common and usually found in lagoons

and on upper reef slopes in turbid water protected from wave adgoii4j.

Fig. 74: Pavona cactug 9 49I.

Pavona clavugDana, 1846)

Colonies are columnar, club-shaped and/or laminar. They may formieslseveral metres across or extensive
single species stands. Columns divide but do not fuse. Corallites helwenvtllls and are well defined. Septo-
costae are of two very distinct orders. Coloneis are uniform pale @esam or brownP. clavusis common and

occurs in habitats exposed to currents (fig. 75).

Fig. 75 Pavona clavusr9 49l Left: growth form of a colony, right: detail.

Pavona decussat@ana, 1846)

Colonies are thick interconnecting bifacial upright plates or they are submasgliv or without lobed horizontal
margins and upright plates. Corallites are irregular, deep seated, ssahmtimes aligned parallel to margins or
to radiating ridges. Colonies are brown, creamy-yellow or greeRistiecussatas common and occurs in most

reef environments (fig 76)
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Fig. 76 Pavona clavud'9 14| Left: growth form of a colony, right: detail.

Plesiastrea versiporéLamarck, 1816)

Colonies are flat and are frequently lobed. Corallites are 2-4 millimeteiiarimeter. Paliform lobes are present
and form a neat circle around a small columellae. Tentacles are short andattbtwating sizes. Sometimes they
are extended during the day. Colonies are yellow, cream, green or. ifowersiporais seldom common and
occurs in most reef environments but especially in shaded placeassuoker overhangs. Colonies also occurs on

rocky foreshores of temperate locations protected from strong wave difiofv}.

Fig. 77. Pavona decussat@9 71l Left: growth form of a colony, right: detail.

Psammocora digitatéMilne Edwards and Haime, 1851)
Colonies are composed of plates and/or columns. Corallites are small alwvsiBepta are slightly exsert.

Colonies are purple, grey or browk. digitatais uncommon and occurs in most reef environments (fig. 78)

Fig. 78 Pavona decussat&d7 145| Left: growth form of a colony, middle: detail with tentacles gtended, right: detail with
tentacles contracted.
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Styllocoeniellasp. (Yabe and Sugiyama, 1935)

Colonies are massive, columnar or encrusting. Corallites are immersed artat.cirbe coenosteum is covered
either with fine spinules or with larger pointed coenosteum styles. These budgaknast as numerous as the

corallites.Stylocoeniellaoccurs particularly in shallow reef environments (fig. 79).

Fig. 79:Stylocoeniellasp. T2 162.5I.

66



5 References

ANON. 1990.Environmental Management Plan of Seychelles 1990-2@808¢é: Government of Seychelles.

ANON. 1990.National Development Plan of the SeychelMahé.: Government of Seychelles.

ANON. 1994. Anual Report 1993: Conservation and National Parksé M&overnment of Seychelles.

BAIRD A.H., GUEST J.R. WILLIS B.L., 2009. Systematic and biogeographical patterns in the reproductive biolofjy
Scleractinian coralsAnn Rev Ecol Evol Syst;40:551t.

BELWOOD, D. R., HUGHES, T. P. FOLKE, C., NYSTROM, M. 20@bnfronting the coral reef crisidNature 429, 24 June
2004.

BIRKELAND, C. (ed.) 19971ife and death of coral reef€hapman & Hall, New York.

BRAITHWAITE, C. J. R. 1971Seychelles reefs: structure and developm®wpmp. zool. Soc. Lond. 28: 39-63.

BROWN, B. E. 1997Disturbances to reefs in recent times. In Life and Death of Coral Regf8irkeland. C. pp. 354-377.
New York: Chapmann and Hall.

BRUMMER, F., LEINFELDER, R., und REINIKE, G. 199Die Korallenriffe unserer Meere. Faszinierende Lebensvielfalt
und imposante Steingebayde F. Steininger und D. Maronde (Hrsg.): Stadte unter Wasadvlilliarden
Jahre.+Kleine Senckenberg-Reihe 24: 131-143

BUDD, A.F.2009.Towards a new phylogeny and classification system for scleractinian ¢btedsting Report)The
Palaeontological Association Newsletter;72:42-50.

BUDD, A.F., ROMANO,S.L., SMITH, N. D., BARBEITOS, M. S. 201®Rethinking the Phylogeny of Scleractinian Corals:
A Review of Morphological and Molecular Datategr. Comp. Biol50 (3): 411-427.

BUDD, A. F., STOLARSKI J. 2009 Searching for new morphological characters in the systematics of scleraat@in
corals: comparison of septal teeth and granules between Atlantic and Pac##idda Acta Zo0l90:142
65.

CLARK, A. M., 1984.Echinodermata oft the Seychellés Biogeography and Ecology of the Seychelles Islands. Edd&tb
D.R. pp. 83-102. The Hague: Dr W Junk.

ERHARDT, H. und KNOP, D. 200%Corals Indo-Pacific field guidd KAN-Unterwasserarchiv Frankfurt.

FLOT, J-F. TILLIER, S. 2007: he mitochondrial genome of Pocillopora (Cnidaria:Scleractinia) contams variable
regions: The putative D-loop and a novel ORF of unknown fundBene. 401: 8@/

FUKAMI, H., 2008.Short review: molecular phylogenetic analyses of reef co@d$éaxea 2008;10:435.

GARDINER, J. S., COOPER, C. F. 19@escription of the Expedition. Part 2. Mauritius to Seychellgans. Linn. Soc.
Lond. (2) 12: 11-175.

GOREAU, T., MCCLANAHAN, T., HAYES, R., STRONG, A. 200Conservation of coral reefs after 1998 global bleeching
event Conservation Biology 14, No. 1, pp. 5-15.

HILL, J., WILKINSON, C. 2004.Methods for ecolocical monitoring of coral reefsustralian Institue of Marine Science,
Townsville.

HUANG, D., MEIERR, R, TODD, P. A., CHOU, L.M. 2009.More evidence for pervasive paraphyly in scleractinian corals:
systematic study of Southeast Asian Faviidae (Cnidaria; Scleractinia) basaolecular and
morphological dataMol Phylogenet Evol 50:102-16.

JENNINGS, S., GRANDCOURT, E. M., POLUNIN, N. C. V. 199%e effects of fishing on the diversity, biomass and trophic
structure of Seychelles' reef fish communiti@sral Reefs 14: 225-235.

JENNINGS, S., POLUNIN, N. V. C. 1996d4abitat correlates of the distribution and biomass of Seychelles' reet.fishe
Enviromental Biology of Fishes 46: 15-25.

JENNINGS, S., MARSHALL, S. S., POLUNIN, N. V. C. 19%eychelles marine protected areas: comparative structure and
status of reef fish communitidgiological Conservation 75: 201-209.

JENNINGS, S., MARSHALL, S. S 1995eeking sustainability in the SeychelB®logist 42: 197-202.

67



JENNINGS, S., MARSHALL, S. S., CUET, P., NAIM, O. 200the Seychellesn coral reefs of the Indian Ocean: Their
ecology and conservation. Ed McClanhan, T. R., Sheppard, C.,Rbura, D. O., Chapter 13 pp. 383-
410. Oxford University Press.

KNOOP, V., MULLER, K. 2006:Gene und Stammb&ume. Ein Handbuch zur molekularen Phylogehefikfl. Elsevier
GmbH. Miinchen

KNOWLTON, N. 2008:Coral ReefsCurrent Biology. 18 (1): R18-R21

LAM, K., SHIN, P. K. S., BRAADBEER, R., RANDALL, D., KU, K. K. K., HODGSON, P. CHEUNSG, G. 2006.A
compassion of video and point intercept transect methods for moniguirigppical coral communities).
Exp. Mar. Biol. Ecol. 333: 115-128.

LAND, J. 1994.The 'Oceanic Reefs' expedition to the Seychelles (1992-Ag8dgische Verhanddelingen 297: 5-36.

LATYPOV, Yu. Ya. 2003 Reef-building Corals and Reefs of Vietham. 1. Gulf of Sgah. Morya 29, no. 3, pp. 155-165.

LATYPOV, Yu. Ya. 2009.Species composition and distribution of scleractinians on the reefs dieBiegclslands Biol.
Morya 35, no. 6, pp. 454-462.

LEWIS M. S. 1968The morphology of the fringing coral reefs along the east coast bé Maurnal of Geology 76: 140-153.

LEWIS M. S. 1969 Sedimentary environments and unconsolidated carbonate sedimentsfririghng coral reefs of Mahé,
SeychellesMarine Geology 7: 95-127.

Litter, M. M., Litter, D. Ds, Tilyanov, E. A. 1991Comparisons of N- and P-limited productivity between high and granitic
Island versus low carbonate atolls in the Seychelles Archipelago: a tefteorelative-dominance
paradigm.Coral Reefs 10: 199-209.

MARSHALL, S. S. 1994 Proposed management strategy for Seychelles Marine National Parke®: Ndahsion of
Environment, Government of Seychelles.

MORRISON, D. A. 2005: Invited Review: Networks in phylogenetic analysis: new tools for populatioogpidht. J. of
Parasitol. 35: 567-582

NAKAJIMA, R., NAKAJAMA, A. YOSHIDA, T. KUSHAIRI, M. R. M., OTHMAN, B. H. R., TODA, T. 2010.An
evaluation of photo line-intercept transect (PLIT) method for cordl menitoring Journal of Coral Reef
studies 12: 37-44.

PILLAI, C. S. G, VIEN, P. J., SCHEER, G. 198kricht Uber eine Korallensammlung von den Seychellenl. Jb. Syst.
100: 451-465.

ROSEN, B. R. 1971Principal features of reef coral ecology in shallow water environmentsabiéMSeychelleSymp. zool.
Soc. Lond. 28: 263-299.

SCHUHMACHER, H. 1991Korallenriffe: Verbreitung, Tierwelt OkologiBLV Verlagsgesellschaft mbH Minchen.

SELIN, N. I, LATYPOV, Y. Y., MALYUTIN, A. N., BOLSHAKOVA, L.N. 1992.Species composition and abundance of
corals and other invertebrates on the reefs of the Seychelles Ishtotisesearch Bulletin 368.

SHAH, N. J. 1995Managing coastal areas in the Seychelaure and Ressources 31:3%-

SHEARER, TL., COFFROTH, M A. 2008.Barcoding corals: limited by interspecific divergence, not intraspecific vanati
Mol Ecol Notes;8:247-55.

SHEARER, T.L, VAN OPPEN, M J. H., ROMANO, S L., WORHEIDE G, 2002.Slow mitochondria DNA sequence
evolution in the Anthozoa (Cnidarid)lol Ecol;11:247587.

SHEPPARD, C. R. C. 200Coral reefs of the western Indian Ocean: An overview. In coral reefedhtlian Ocean: Their
ecology and conservatioied McClanhan, T. R., Sheppard, C. R. C., Obura, D. O. Chapter 3;3fH
Oxford University Press.

STODDART, D. R. 1984. (edBiogeography and Ecology of the Seychelles Islafids Hague: Dr. W. Junk.

STODDART, D. R. 1984Coral reefs of Seychelles and adjacent regions. In BiogeograptiyEaology of the Seychelles
Islands ed. Stoddart, D. R. pp. 63-81. The Hague: Dr. W. Junk.

68



TAYLOR, J. D. 1968.Coral reefs and associated invertebrate communities (mainly molluscan) akdahé, Seychelles
Phylosophical Transaction of the Royal Society B254: 129-206.

TITLYANQV, E: A, LITTER, L. M., LITTER, D: S: 1992Introduction of the Soei-American expedition to the Seychelles
Island Atoll Research Bulletin 365.

TURNER, J., KLAUS, R., ENGELHARDT, U. 2000rhe reefs of the granitic islands of the SeychellasCoral Reef
Degradation in the Indian Ocean. Status Report 2000, DRAFT.

VERON J. 1995Corals in space and time: the biogeography and evolution dd¢heractinia University of New South
Wales Press

VERON, J. 2000Corals of the worldTownsville: Australian Institute of Marine Science. Cornell University Press.

WELLS, J.W. 1956.Scleractinia In: Moore RC, editor. Treatise on invertebrate paleontology: Coelenterata. tawren
Geological Society of America and University of Kansas Press; 1956. §-44%

69



