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Abstract. Understanding what drives tolerance among coral species i®kasriving focused and effective
management plans for the future. Corals have survived for millions of gedrhave witnessed great changes
in the earth’s climate. This study compares coral species across growtinemants looking at architectural
differences within the skeletal structumed discusses how this may impact upon their tolerance to stress events
Results idetify that variation occursin the density of coral skeleton, density of aragomihd porosity of the
skeleton. Symbiont population densities were found to be variablegaowal species, but no significant
differences were found across light environmeiitss study suggests thidte micredensity ofaragonite Jaid
down to form thecoral skeletoncan vary from the previously assumed densftpure aragonit¢2.94g cnir).
Massive corals were found to have greater variability within thesges and to & significantly lower that
aragonite deposited in the skeletons of branching cdaraése differences in skeletal architecture may hold the
key in discovering thdundamentalvariables drivingcoral tolerancaifferences. Coral skeletondensity may
alter the relationship at the skeletidsue interfacetherefore influence bleaching severifyhe ability to
identify susceptibility of corals to stress via proxies such as skelathitexture will enable direction of
management to areas most at need and those most likely to become reheyfature.
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Introduction changesattributed to the growtkenvironment, define
Generally seen as organisms restricted to a narramccess.
environmental range, it has become increasingly Corals have been described to fafito two
apparent thia scleractinian corals have a wider categories; species which appear to suffer catastrophic
distribution than previously reporteKleypaset al., bleaching mortality Type I and those which
1999).Marginal habitats are those which exist on thelemonstratsubrlethal bleaching response'$ype 2
boundaries of those originally deemed to tygtimal’ (Suggett & Smith, 2010)Type 1coralsare generally
for coral growth. Howeverwith predicted future represented by branching corals whrhbit rapid
environnental change, these marginal habitats wiltoral tissue loss and reduced tolerance thresholds
become increasingly important as ecological refugiatress (Marshall & Baird 2000).ype 2coralscan be
providing shelter and maintaining genetic diversity described athosemore resilient species such as those
for coral reefs in the future. It is thereforein the massive and submassive families which tend to
fundamental to explore both the genetic andlemonstrate a slower decline coral health during
physiological chages imposed uporscleractinian bleaching episodeés/an Woesik et al., 2011). Here
corals in order to understand environmental toleranage analyze the skeletal ultstructure of corals from
and drivers of resilience. these two categories in an attempt to identify
The boundaries afcleractinian coral occurrence differences driving the bleaching response.
and the extent of their marginality wereell
documented byKleypas et al. (1999) which Material and Methods
idenified that corals can exist withia temperature Coral fragmentsvere collectedin May 2011, fom
range of 1634.4C, salinity range of 23-:31.8 PSU two growth environmenti® the Seychelles(1) a high
and widely variable light range. Howeyelater light reef slope off the Northern Bay of Praislin Island,
studies have shown that the success and toleranceaofl (2) a low light turbid fringing reef off the south
corals is not uniform across environmergehdients side of Curiesue IslandA total of 9 coral speciest
(Castillo & Helmuth, 2005; Ulstruget al., 2011). branching acroporids, 1 branching pocillioporid and 2
This study aims to investigate whetl@vironmental massivecoral speciesvere collected. Fragmen(8-
toleranceit is driven by geneticsor if phylogenetic 5cm in length, were collectedusing diagonaledge
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cutters for branching species and hammer and chiseid then dipped imolten parafih wax maintained at

for massive species. a constanttemperature of 75°Atems were spun to
ensure even coverage and to prevent dripping. Once
Symbiont density the wax layer was set the objects wereveighed and

Symbiort densities were measured in control coraldgain dipped in to the wax. Once the second coating
using the WaterPik metho@Johannes & Wiehe Of wax was dry corals wergain reweighed and the
1970). A small area of tissue of a known surface arégass of the second coating of wax determined.
was removed using a WaterPikVP450) using as Bleached coral skeletons were encasedpamnaffin
little seawater as possible, extractions aimed téax in the same way as the calibration objeCtsce
achieve full tisse removal in under 10ml of seawaterthe mass of th second coating ofwax was
This slurry was then evenly mixed and a smaMetermined it was used to determine ljksurface
volume pipetted into a Haemocytometer (Neuljpue@rea by comparing it to the calibration curve produced
for cell counts To calculate dé densities, sx from objects of known surface area

replicate counts were made for each tissue extraction In order b take measureentsof the density of
The number of cells was then normalized to Surfac%_kG'Gt&' material and the volume of enclosed spaces it
area ofskeleton from which tissue waxtracted in IS important to combine both these methodologees a

orderto calculate number of cells found to quﬂer described by Bucher et al. (1999) The initial wet and
cmi2 of tissue dry mass ofcoral sampleswas measuredAfter wet

mass was determined using the buoyant weight

technique, coral fragments weoeen dried at 60°C
Skeletal densities for 24 hourgo obtain dry mass he paraffin wax ats
Skeletal characteristics such as bulk density, micrgerved as a water tight seal needed in order to
density and porosity werecalculated using the calculate skeletal density calculations. Equat{@h
buoyant weight techniquébased on Archimedes shows the calculations for Bulk Detysi(3) for Micro
principles (Jokiel et al., 1978). These calculations Density and (#for Porosity
were then updated followingBucher et al., (1999).
The calculabn of buoyant weight allows the Bulk Density= Dry/ (Drywax- Bwwax) X Dw  (2)
measurement of coral mass without the sacrifice of
the specimen.The following equation was then Micro Density= Dry/ (Dry - By) % Dy) (©)]
applied:

Porosity= 100 X(Dryyax- Bwwad X Dw —Dry

Bw = Wiy (1-Dw /D) €} (Ory-BwxDw) (4
Where Ry = Buoyant Mass; \ly = Wet Mass; [y Where Dry = Dry Mass, Dry.x = Dry Mass with
= Density of Medium; @ = Density of Aragonite wax coat, B, = Buoyant Mass, B..x = Buoyant
(approximately 2.93 g/cc). Masswith wax coat, [, = Density of medium.

Buoyant weight methodologies were performed
using a precision balance where measurements colesults
be performed both above and below the scale aided

by a metal hook from and platforrithe scale was 5 — T T T T T T

suspended above a known volumedddtilled water -~ | ==HL Type 1 . Type2

where temperature andliity were controlled as to 2 Hop =R ' 1

ensure accurate determinatiomaodédium density. e 3l PR J
The principles of the buoyant weight technique@E _ L

were used to measure surface area of the col © 2| § g

skeleton. By identifying the mass of paraffin wax £ |

needed to coat objects of know surface area, we ¢ 8 Tr I iy

determine reliable estimates of coral colony surfac ,‘ il | |

area. There are varying methodologies to this

technique utilizing either a single wax layer (Veal e _

al., 2010) or a double wax coating (Vytopil & Willis, Species

2001; Naumanrmet al., 2009). Due to the size of the

corallites onAcropora species and the need to us‘{igure 1: Comparison of symbiont densities across coral species
if hodologi . he doubl rom high and low light growtlenvironmentsType 1 species are

uniform methodologies across species the double Wa¥ onora  gemmifera (Ag), Acropora microphtalamus  (Am),

coating was used herédA number of objects of Acroporavaliensis(Av), Acropora formosa (Af), Acropora robusta

varying shape size and material were first weighe@r) Acropora horrida (Ah), and Pocillopora damicornis (Pd);




Procedings of the 12 International Coral Reef Symposium, Cairns, Australiz39uly 2012

9A Coral bleaching and climate change

Type 2species ar®orites lutea (Pl) andGoneastrea aspera (Ga).

significant differences (*) were found between individysdes as

QOver the coral community no significant differences were identifieddentified using one way-tests.Significant differences weralso

between high and low light conditions using a dependéestt
However some significant differencg$) were found between
individual species as identified using one wagdts.A. gemnifera;
A. microphthalamus; A. robusta; P. damicornis; P.lutea (mean *
SE, n = 6)A. valiendgis; A. formosa G. aspera (mean + SE, n = 3).

Symbiont Density
Cell counts of tissue samples in corals wemnalyzed

identified between the combinecahverage micro-density and
porosity measurementsf type 1 and type Zoral speciesA.

gemnifera; A. microphthalamus; A. robusta; P. damicornis; P.lutea

(mean + SE, n = 6)\. valiensis; A. formosa G. aspera (mean + SE,
n=3).

Skeletal Densities
The reldionship between growth light environment

in order to identify differences in symbiont densitiesand skeletal characteristics was explored to identify

between differing growth light environments
Significant differences were identified betwetsvo of
the seven branching species compai@&ig. 1)
howeverthere wereno significant differences within
the remainingtype 1 or type 2 corals Results
indicatedthat symbiont densitieserevariable across
coral specieshut that this reldonship was not

whetherthe growth environment contrib@éoward
physiological changesithin the coral structure.

Results showed that overall naignificant
differences existed between coral species in high and
low light environments(Fig. 2) However some
significant differences were found between individual
coral species but with no general trend.

necessarily correlated to light intensity of the growth  The microedensity of aragonite in coral skeletons

environment.
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Figure 2. Comparison ofskeletal density characteristi@cross
coral species from high and low light growth environmehype 1
species arédcropora gemnifera (Ag), Acropora microphtalamus
(Am), Acropora valiensis (Av), Acropora formosa (Af), Acropora
robusta (Ar) Acropora horrida (Ah), andPocillopora damicornis
(Pd); Type 2species ar®orites lutea (Pl) andGoneastrea aspera
(Ga). No statistical differences wefeund between high and low

was found todiffer signfficantly betweentype 1
corals comparedto type 2 coralst gg = 6.90, P<
0.001). Type 2 coralswere also found to be
significantly more porous thatype 1 speciet gs) =
3.84, P<0.001).

Discussion

The environment can exert a profound influencerup
the genotype of coral species. Here we show how
zooxanthellae populations are less intpdcupon by
light environment, burather how the architecture of
the coral skeleton has greater plasticithan
previously thought.

Symbiont Density

It has previosly been reported that symbiont
densities decrease with depth ariderefore with
light intensity (Dunstan, 1982 However Drew
(1972) reported that symbiont densities remained
relatively constantin coral colonies regardless of
depth and light intensitgt around 1.45 million cells
per cmi. This has been further reinforced in the
literature where it is argued that unlike symbiont
density, chlorophyll per symbiont cell concentration
is dynamic and variabléLeletkin, 2000). Our results
show that althoughysnbiont densities vary across
coral species, within specigbere is no consistent
difference between high and low light environments

Skeletal Densities

The density of aragonite has long been assumed to be
constant at the equivalent of pure aragonitd.ad g

cm?® (Dodge et al., 1984; Hughes, 1987; B,
1993). Howevermore recent studies have identified
that micradensity of the coral skeleton is more
variable than previously thought amoragroporid
coral species ranging from 2.781 ®873 g crii

light environmentsof type 1 and type 2 corals however some(BUCher et al., 2008)n this study we show how this
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variability is even more pronounced in natroporid when conducting field experiments that this is
coral species with branchingcroporid species accounted forespecially during light environment
ranging from 2.232 to 2.83§ cmi® whilst massive comparisons.
coral species range from 1.787 to 2.gl1&m?°, The skeletal architecture may be an important

Massive coral species ar@enerally slower factor with respect to the coral host tisssieeletal
growingthan branching coral specidsis therefore a attachment. Changes in density may alter desmoidial
fair hypothesis that massive corals have the potentibinding sites and attachment strength. This may lead
to invest more energy in a denser skeleton thapo variation during tissue loss and bleaching.
branching corals which initial lay down a low densityDifferences in bleaching severity and mechanisms
skeleton before later infilling to reinforce strengthbetween type 1 and type 2 cordlave previouy
(Hughes, 1987; Shiagt al., 2008).Neverthelesspur  been suggested and describgliggett & Smith,
results do not support this hypothesis and inste&010, however the drivers for these are currently
identify that massive corals produce a lower microunknown. Recent research has begun to explore these
density aragonite skeletomhe effect of diffeing desmoidial attachment processasyertheless, these
densities of aragonite isunknown; however, have yet to be related to the bleaching responde a
Chamberlain (1978) found that the resistance dhe potential impacts have yet to be described.
branching coral skeletons to pressure was far greater
than corals of a massive morphology. The reasonirigynamic Management
for this was assumed to be due to the increasdthe issue of ‘paper parks’ have plagued coral reef
probalility of breakages in branching speciéismay conservation efforts. Too manparks designated
be that the increased miedensity of the coral without enforcement leads to ineffective management
skeleton is responsible for this increase in skeletaind a bias in protected area reporting. There is a need
strength althoughsome areas of experimental errorto approach management from a new angle, carefully
may occur within acroporid species. Indeed, choosing areas and ensuring justificatidrhe ability
fragmentswere taken close to the growing tip whichto determine coral susceptibility via proxies such as
have been shown to have a greater variability ithe density of coral skeletal components would allow
density (Bucheret al., 2008) dueto progressive for the identificaion of those corals with the greatest
infilling of the coral skeleton with timg¢Gladfelter, and the least tolerance to stress and environmental
1982) Part of the variation observed in this studychange.Protectionmust be ensuré not only those
therefoe may be an artifact of these within colonyspecies moret risk, but that alsto those that are
differences. most likely going to serve as dominant future reef

Bulk density of the coral skeleton relates to theomponents thu® preserve the gene pool.
density of skeletal material laid down within the coral
colony. No significant differences were foundConclusion
between light environmentef type 1 and type 2 This study detects that variatiobetween coral
corals Bulk-density and pasity are inversely linked skeletal characteristicdloes exist although was
due to porosity related to the volume of air spacamable to relate thivariation to the environment.
compared to volume of skeletoHowever porosity However it is likely that if these architectural
measurements have clear significant differences withanges areble to be influenced, the environment
branchingtype 1 coral species being much neo will have a large role to play within thisVhat is
porous than massitgpe 2corals more important is the relationship of the corals

Although no differences were found in this studystructural architecture to the stress response.
between high and low light growth environmentsSignificant differences were identified in both the
variability within skeletal architecture has been foundskeletal microdestiy and porosity of type and type 2
identifying the potential for forced variation. The lightcorals.If these differences can be linked to bleaching
enviornment in ths study was characterised viasusceptibilitywe will gain greater insight in to the
average light environment at a set depth and utilisingrivers of variation relating to environmental
factors such as turbidity as indicators of lower lightolerance.This could potentially be used to identify
environmentsHowever thelight environment exists habitas with increased tolerance relating to skeletal
at a micro scale withineach colony and wide characteristics
variaton can occur among communities. Coral
branches facing directly into the sanincidental Acknowledgement
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