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Coast-reef scale physiological responses of Acropora muricata
harboring Symbiodinium clade A
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Abstract  Coral bleaching events are increasing worldwide as a result of climate change.
Coral show differential bleaching susceptibilities depending on host and/or symbiont responses
to changing environmental factors. Coral responses have been shown to vary over broad
geographical scales with thermally-disparate environments. Of these, physiological
characteristics such as Symbiodinium density and size, chlorophyll a content and estimated
productivity along a coast-reef scale (<1 km) remain to be thoroughly understood. In this study,
we examined these characteristics seasonally in Acropora muricata colonies that harbor
Symbiodinium clade A along a coast-reef scale in Belle Mare lagoon, Mauritius. The studied reef
and coast habitats are characterized by contrasting thermal and light conditions as well as
bleaching histories, with bleaching occurring only at the reef site in 2009. We observed higher
symbiont density in winter for coast colonies but similar symbiont cell size compared to reef
colonies. These two parameters showed seasonal variation. Chlorophyll a content was 30%
lower in reef than coast colonies, irrespective of sampling season and was significantly
influenced by site. Estimated productivity was influenced by both site and season, with summer
samples of coast colonies displaying 56% higher values than reef colony samples. This
significant difference was maintained but less pronounced (18%) in winter samples. Our data
suggest that Symbiodinium clade A may show physiological acclimatization along a coast-reef
scale possibly as a consequence of difference in temperature and light conditions and nutrient
concentrations at these two sites.

Keywords: thermally variable environment, physiological characteristics, Symbiodinium density,
Symbiodinium size, chlorophyll a, estimated productivity

Yohan D. Louis, Sabrina D. Dyall
Department of Biosciences, Faculty of Science, University of Mauritius, Réduit 80837, Republic of Mauritius

Ranjeet Bhagooli

Department of Marine & Ocean Science, Fisheries & Mariculture, Faculty of Ocean Studies, University of
Mauritius, Réduit 80837, Republic of Mauritius

Corresponding author; Yohan D. Louis, yohanlouis20@gmail.com

258


mailto:yohanlouis20@gmail.com

Introduction

Anthropogenic activities compounded by climate change-driven disturbances such as elevated
sea surface temperature and ocean acidification, are escalating the frequency and severity of
coral bleaching events (Hoegh-Guldberg et al. 2007). These perturbations either individually or
in combination induce loss of the algal endosymbiont and/or degradation of their photosynthetic
pigments, leading to bleaching (Chumun et al. 2013; Gates et al. 1992). Mass coral bleaching has
been detrimental worldwide (Wilkinson 2008 ). Coral bleaching is variable both in space and
time (Kleypas et al. 2008). Bleaching may vary over large and small spatial areas during
bleaching events (Piniak and Brown, 2009; Guest et al. 2012). This suggests patchy distribution
of stress or development of mechanisms, by corals, to withstand thermal stress.

Multiple environmental factors and biological traits have been identified as drivers for
heterogeneous responses of corals to thermal stress. A hierarchy of susceptibility has been
reported among coral taxa and Symbiodinium clades (Oliver and Palumbi, 2011; Jones et al.
2008). Fast growing taxa such as branching Acropora and Porites are classified as more
susceptible than taxa such as Cyphastrea, Galaxea and Goniopora (McClanahan et al. 2004).
A similar susceptibility pattern was observed in Belle Mare lagoon, Mauritius, where the
branching coral Acropora muricata was found to be more susceptible to bleaching and mortality
than other corals such as Pocillopora and Galaxea (Mattan-Moorgawa et al. 2012). Differential
susceptibility to bleaching between coral populations has also been attributed to the contribution
of other biological traits including enzymatic and non-enzymatic antioxidant capacities (Griffin
and Bhagooli 2004; Louis et al. 2016), energy reserves recovery (Schoepf et al. 2015a),
photoprotection (Krdmer et al. 2012; Reynolds et al. 2008) and level of expression of genes
involved in heat stress response (Barshis et al. 2013). Environment factors such as light intensity
levels, magnitude of thermal stress (Schoepf et al. 2015b), thermal and bleaching histories of
habitats (Guest et al. 2012) have all been implicated in susceptibility variation. Bleaching
history, and not thermal history, has been recently reported to be the driver of increased thermal
tolerance. Following bleaching episodes, thermal tolerance was observed to occur by the
holobiont shifting to more thermotolerant Symbiodinium genotypes (Jones et al. 2008; Thornhill
et al. 2009)
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Symbiodinium diversity is reported to greatly influence coral thermotolerance. For

instance, there is variability in tolerance to bleaching between and within clades. Distinct
Symbiodinium ITS2 subclades are known to exhibit diverse photo-physiological responses to
thermal stress (Oliver and Palumbi, 2011; Bhagooli, 2010; Rowan 2004). A distant ITS2 C3 type
is also prevalent in corals found in warmest known natural conditions (Hume et al. 2015).
It has been suggested that not only the genotype but also the abundance of algal symbionts
within coral tissues may play a significant role in resisting bleaching. Symbiont density within
corals is dynamic and follows a seasonal pattern (Fagoonee, 1999; Fitt et al. 2000) but excessive
algal density, as a result of excess availability of nutrients in the water, decreases the resistance
of host to thermal stress (Cunning and Baker 2013). Following thermal stress, estimated
productivity was in turn greatly impeded (Middlebrook et al. 2010). Decreases in Symbiodinium
densities are linked to energy-deficient corals (Anthony et al. 2009). Such stress, if sustained,
causes the host to succumb to starvation or disease as a consequence of reduced carbon flow
from their endosymbionts and ultimately leads to coral death (Anthony et al. 2007).
Physiological differences, such as symbiont density, size and productivity between coral colonies
could be a result of local adaptations/acclimatization within Symbiodinium types. A potential
driver of local adaptation/acclimatization might be exposure to a wide spectrum of temperature
variability. Corals subjected to more variable temperature regimes have been shown to be more
resistant to thermal stress than those in less variable environments (Guest et al. 2012; Oliver and
Palumbi, 2011; Palumbi et al. 2014; Schoepf et al. 2015b). Acclimatization due to more variable
temperature regimes can occur by tuning of gene expression. Barshis et al. (2013) reported that
corals from more variable environments constitutively exhibited higher expression of host genes
involved in heat shock and antioxidant enzymes responses and regulation of apoptosis, that may
collectively confer increased thermotolerance. A better understanding of factors driving variable
bleaching, especially over small spatial scales, is likely to enable us to better predict reef
trajectories and identify likely refugia under climate change. Of these, physiological
characteristics such as Symbiodinium density and size, chlorophyll a content and estimated
productivity along a coast-reef scale (<1 km) remain to be thoroughly documented in natural
populations.

In this study, we focused on coast and reef sites in Belle Mare lagoon, Mauritius, that are

characterized by differences in daily thermal fluctuation and light intensity (Bhagooli and Taleb-
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Hossenkhan, 2012; Louis et al. 2016) to investigate symbiont physiological responses of A.
muricata colonies exposed to different light and temperature conditions along a coast-reef
gradient. The two sites experienced comparable maximum temperatures, but daily temperature
variation was2-fold greater at the coast site than at the reef site (Louis et al. 2016). The two sites
also had different thermal histories as bleaching of A. muricata colonies occurred only at the reef
site during the 2009 bleaching event (Bhagooli and Taleb-Hossenkhan, 2012; Bhagooli and
Sheppard, 2012). Additionally, disparate nitrate and phosphate levels were recorded along this
coast-reef scale with highest levels at the coast site (Sadally et al. 2012; Sadally et al. 2014),
which could affect Symbiodinium physiology. The natural set-up at the study site may help to
better understand the physiological factors involved in local adaptation/acclimatization. We
hypothesized that coast colonies possessed better adaptive/acclimatization features, that make
them better suited to disturbed conditions such as bleaching events. The coral colonies at these
two distinct habitats would thus differ in terms of physiological characteristics such as
Symbiodinium cell density and size, chlorophyll a content and estimated productivity. To test
these hypotheses, this study aimed at determining, on a summer day and winter day, the in
hospite Symbiodinium density and cell size, chlorophyll a content, and estimated productivity.
This report provides new insight about the potential involvement of the studied physiological

characteristics in local adaptation/acclimatization of the coral holobiont.

Methods

Study species and study sites

Tips of individual A. muricata coral (approx 5 cm long) were collected from different colonies
(90-100 m apart) at a coast site (n=6) and a reef site (n=6). Samples were collected between
11h00 and 15h30 at comparable depths of 0.5-2.0 m at low tide in Belle Mare lagoon, Mauritius.
Sampling was repeated twice in 2014, in summer on the 14" February and in winter on the 12%"
of August. The same colonies were sampled in summer and winter. The two sites were separated
by 700-800 m (Fig. 1). A subset of samples were used for chlorophyll fluorescence
measurements and another immediately flash-frozen in liquid nitrogen and stored in the dark for
further downstream analysis. Corals were sampled with permission granted by the Ministry of
Fisheries, Republic of Mauritius. The sampled A. muricata colonies hosted Symbiodinium clade
A (Louis et al. 2016).

261



1K
Republic A *
of the Congo RY"{“ v \Nairobi (a) (b)
Burundl
»Victona ; a1
Tanzania Seycholies Grand Baie Mauritius
\ / E b |
Kolwezi » ‘3 2
S \ z { (‘ = Comoros Pamplemousses R oches Nores
\“ Malawi
Zambia AR .
«Lusaka |/ : Port Louis o
vy / Hopré ¥ Mauritius C entre de Flacq
N * Mozambigue ("
flmhlb“x 'Be'ra Madagascar (\ K gelle
. A _j Quatre Bomees 7 Mare
[ Botswana - - = 3
*Pretorla
Swaziland
South Africa . ;
Lesotho Mahedourg
Chaoisy
+Port Elizabeth

Fig. 1 (a) The island of Mauritius is found in the Western part of the Indian Ocean. (b) The study
sites are located in Belle Mare lagoon, on the east coast of Mauritius. (c) The coast
(20°11'33.70"S, 57°46'41.04"E) and reef (20°11'30.57"S, 57°47'2.21"E) sites (Source: Google
Earth, 2016; Mapbox Studio v0.2.5)

Symbiodinium density and size determination

Tissue was removed from the coral skeleton by the water-pik technique using 0.45 um-filtered
seawater (Fitt et al. 2000). Samples were homogenized and 1 ml of each sample was taken for
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Symbiodinium counts and cell size determination. Symbiodinium cells were enumerated from
three replicate haemocytometer (Improved Newbauer) counts, under an inverted microscope
(Leica Company, France). The Symbiodinium cell counts were normalized to total coral surface
area which was determined by the aluminum foil method (Marsh 1970). Symbiodinium cell size
was determined by measuring the diameter of coccoid cells under the inverted microscope
(n=25/sample). The Image analysis software Leica Application Suite Version 4.3.0 (Leica
Company, France) was used to measure the maximum diameter of intact, non-dividing

Symbiodinium cells (Cunning and Baker 2013).

Chlorophyll a content determination

All the remaining tissue slurry for each colony was then filtered through Whatman GF/C glass
fiber filter paper. Each filter was resuspended in 90% acetone and 10% DMSO (lglesias-Prieto
and Trench 1994). Tubes were kept in the dark at 4°C for a minimum of 24 hours to extract
chlorophyll. Chlorophyll a content was determined using a spectrophotometric method.
Absorbance was measured at three wavelengths (750, 663, 630 nm). The wavelength of 750 nm
was used to control for sample turbidity, and chlorophyll a content was calculated based on Ases3

and Ae3o using the equation of Jeffery and Humphrey (1975).

Chlorophyll fluorescence measurements

Chlorophyll fluorescence was measured in the field with a DIVING-PAM (pulse amplitude
modulation) fluorometer (Walz, Germany). Freshly collected corals nubbins were dark
acclimated for 20 minutes and illuminated with actinic light of different intensities from 0 to
1325 pumol photon m2 s (PAR) in eight steps of 10 s to generate rapid light curves (RLCs). To
ensure consistency of measurements, readings were uniformly taken at 1 cm from tips of corals.
The relative electron transport rate (rETR; relative units) was estimated from the RLCs at each of
the irradiances. Maximum rETR (fETRmax) was estimated after RLC was fitted using the Platt et
al. (1980) equation.
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Estimation of Symbiodinium productivity

Productivity can be estimated using the fluorescence parameter, rETRmax, and chlorophyll a
content. The productivity estimation formula (Equation 1) of McMinn et al. (2005) was
employed to estimate the relative maximum productivity under saturating irradiance of
Symbiodinium from A.muricata colonies. Such an estimate was used for relative comparison
purposes between sites and seasons.

Estimated Productivity = (Chl a * rETRmax) -Equation 1

Statistical analyses

The Shapiro-Wilk test was used to assess normality distribution of data. Symbiodinium density
was log transformed and Symbiodinium cell size, chlorophyll a content, and productivity data
were arcsin (square-root) transformed, prior to conducting ANOVA analyses. Significant
differences in means Symbiodinium density, chlorophyll a content, rETRmax and estimated
productivity of in hospite Symbiodinium between sites and sampling days were analyzed using
one-way ANOVA and Tukey’s pairwise comparison of means using SPSS (IBM version 20.0).
The effects of site and season on the tested physiological parameters were determined by two-
way ANOVA. P-values less than 0.05 were considered statistically significant. Correlations
between physiological parameters were computed as Pearson’s correlation coefficient (r) using

SPSS.

Results

On the summer day, no significant difference in Symbiodinium density was observed between the
two sites. However, on the winter day, Symbiodinium density was 0.1-fold significantly higher in
coast compared to reef colonies (Table 1). Symbiodinium density was generally higher in winter
(Fig. 2a). A significant main effect of season on Symbiodinium density was observed (Table 2
and 3). On the summer day, Symbiodinium cells from reef colonies were significantly larger by
0.1-fold than on the winter day (Fig. 2b). On the winter day, no significant difference was noted

in symbiont cell size between coast and reef samples (Table 1). There was a significant main
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effect of season on Symbiodinium size (Table 2 and 3). Symbiodinium cells were in general larger

on the summer day.
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Fig. 2 (a) Symbiodinium cell density (b) Symbiodinium cell size, (c) areal chlorophyll a content,
(d) chlorophyll a content per Symbiodinium cell, () rETRmax, (f) estimated productivity
measured from the A. muricata colonies from coast and reef habitats on a summer day and a
winter day. Bars represent mean + SE. Grey bars represent the summer day while dark bars
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represent the winter day samples. Letters (a, b, c) above bars represent significantly different
means (n=6)

Table 1 Results of one-way ANOVA and Tukey’s pairwise comparison of fold change of means
of physiological parameters (Symbiodinium density, Symbiodinium size, areal and cellular
chlorophyll a content and estimated productivity) of Symbiodinium from A. muricata colonies at
Belle Mare, between the two study sites (reef and coast) during summer and winter (n = 6 per
site)

S Parameters/ Symb. Symb. Chla Chl a Estimated

Statistics density size (ugem?) (pgcellt) Productivity
Summer Coast vs p-value 1.00 1.00 0.01* 0.04* 0.00%**
Summer Reef Fold change | 0.0 0.0 -0.5 -0.2 05

Standard error | 142752.7 0.1 0.1 0.8 195
Summer Coast vs p-value 0.00 *** 0.00** 0.59 0.95 0.00**
Winter Coast Fold change 0.7 -0.1 0.2 0.0 -0.4

Standard error | 1514121 1 0.1 0.1 0.8 195

p-value 0.11 0.00*** 0.67 1.00 0.61

Fold change 0.4 -0.1 0.2 -0.1 0.4
Summer Reef vs
Wimter Reef Standard error | 49-9 0.0 0.1 0.8 195

p-value 0.038* 0.065 0.01* 0.02* 0.00%**

Fold change -0.2 0.0 0 -0.3 -0.20
Winter Coast vs
Winter Reef Standard error | 1514121 | 0.1 -0.5 0.8 195

P<0.05-* P<0.01-**%P<0.001-***

Chlorophyll a content per surface area of coral were respectively 0.5-fold higher for coast
colonies compared to reef colonies both in summer and winter, respectively (Fig. 2c). Coast and
reef samples did not vary in chlorophyll a content per surface area between seasons. Site showed
a significant main effect on chlorophyll a content (Table 2 and 3). Difference in chlorophyll a
content per cell followed the same trend (Fig. 2d). However, smaller differences were noted
between sites when normalized per Symbiodinium cell rather than per surface area. Chlorophyll a
content per cell was 0.2- and 0.3-fold higher for coast compared to reef colonies on the summer

day and winter day, respectively (Table 1).
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Table 2 Results of two-way ANOVA for effects of site and season on cell density and size,
areal and cellular chlorophyll a content, estimated productivity of Symbiodinium from of A.
muricata colonies at Belle Mare (n = 6 per site)

Dependent Source of
Variables Variation i b3 5 Pevallue
Station 1 0.02 4.23 0.06
1 iNni Kk
Symblodl_nlum Season 1 0.12 30.46 0.00
cell density
Station x| 0.02 4.03 0.06
Season
Station 1 0.00 3.74 0.07
Symb_lodlnlum Season 1 0.00 65.13 0.00***
cell size
Station x| 0.00 3.40 0.08
Season
Station 1 0.15 20.55 0.00***
Chla Season 1 0.02 0.281 0.60
(pg/cell)
Station X 1 0.00 0.08 0.78
Season
Station 1 041 26.20 0.00%+
Chla Season 1 0.42 25.95 0.11
(pg/cm2)
Station x| 0.00 0.022 0.88
Season
*kxk
Station 1 0.01 23.44 0.00
Estlmate_zd_ Season 1 0.21 354.99 0.00***
Productivity
Station x| 0.05 84.17 0.00***
Season

P<0.05-* P<0.01-**P<0.001-***

Estimated productivity of coast colonies was 0.5-fold higher than that of reef colonies in summer
and 0.2-fold in winter. Coast colonies exhibited 0.4-fold higher productivity on the summer day
compared to the winter day (Fig. 2f). Estimated productivity of reef colonies did not vary
significantly between summer and winter sampling days (Table 2 and 3). Overall, coast colonies
demonstrated higher estimated productivity.

A significant positive correlation (r= 0.7, p=0.02) was observed between chlorophyll a

content per cell and chlorophyll a content per surface area only.
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Table 3 Between- and within-groups results of one-way ANOVA for each of the physiological
parameters measured

gfg"gg‘;“ 222876.6 | 3 74292.2 | 12.4 0.000%**
Symbiodinium Within
density Groups 89785.0 15 5985.7
Total 312661.6 | 18
getween 01 3 0.0 6.3 0.003**
roups
Within
Symbiodinium size Groups 0.2 20 00
Total 0.3 23
Between 36.6 3 12.2 8.6 0.002**
Groups
Chla ( pug cm-2) Within 21.4 15 1.4
Groups ' '
Total 58.1 18
Between 05 3 0.2 4.9 0.014*
Groups
Chl a (pg cell-1) Within 05 15 0.0
Groups ' '
Total 1.1 18
29twee“ 2481929 |3 827310 | 1452 | 0.000%**
Estimated ro'l: =
Within
Productivity Groups 4558.7 8 569.8
Total 2527515 | 11

Discussion

The influence of thermotolerant Symbiodinium genotypes in providing corals with
resistance/resilience to bleaching is undeniable. However, this may not be the only factor
conferring higher resistance to heat stress. Some local adaptation mechanisms may also be
involved (Oliver and Palumbi 2011). Our results show that Symbiodinium cell density was not
significantly different between the two sites, in summer. In contrast, coast colonies had higher

Symbiodinium density in winter. In both seasons, when compared with the reef colonies,
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Symbiodinium cells from coast colonies contained more chlorophyll a and that demonstrated
higher estimated productivity. Coast colonies under the influence of a more thermally variable
environment showed enhanced Symbiodinium physiological characteristics. Higher light
intensity at the reef site possibly worked in combination to exacerbated reef response during
summer, since differences in some physiological characteristics were more pronounced in
summer. Our results in a non-bleaching period demonstrate some constitutively enhanced
physiological capacities of coast colonies. A higher Symbiodinium density during light stress can
be beneficial, as a higher number of photosynthetic cells and pigments in the host would absorb
more light, thus decreasing irradiance and creating self-shading and ultimately decreasing ROS
production (Wangpraseurt et al. 2012). These enhanced physiological features were possibly
driven by local acclimatization, at least in part. The better physiological capacities of coast
colonies might be possibly involved in helping them tolerate thermally-induced bleaching and
subsequent mortality.

Consistent with previous studies, a significant seasonal effect was observed for
Symbiodinium cell density (Fagoonee, 1999; Fitt et al. 2000). In general, higher abundance was
recorded on the winter day. Differences in Symbiodinium cell density were observed between
sites in winter only. Cunning and Baker (2013) showed that symbiont density increased in
summer with respect to the host cell density, and that symbiont:host cell ratios increased the
incidence of bleaching, irrespective of densities per unit surface area. Summer observations of
the present study are in line with Ladriére et al. (2014) who reported that the Symbiodinium
density of Acropora globiceps did not vary along such a fine scale in summer. Furthermore,
higher nutrient levels recorded by Sadally et al. (2014) at the coast site might have influenced the
density of  Symbiodinium cells in that habitat (Sawall et al. 2014).

Louis et al. (2016) reported occurrence of clade A Symbiodinium types in A. muricata coast
and reef colonies from Belle Mare, Mauritius. Symbiodinium clade A members are known be
capable of alternate photosynthetic electron-transport pathways, such as cyclic electron transport,
chlororespiration, and high light-induced dissociation of antenna complexes from PSII that
enhance their photosynthetic capacities (Reynolds et al. 2008). These pathways increase
protection of the holobiont from thermal perturbation. Therefore, it is likely that in the present
case, high algal density might not lead to higher oxidative risks that result in bleaching, since

these  alternative  pathways can cater for excess electrons and  energy.
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Chlorophyll a content per cell normally decreases in the summer and increases in the
winter (Fitt et al. 2000) but no significant differences were noted between the summer day and
winter day samples in the present study. However, coast colonies had significantly higher
chlorophyll a per cell and per surface area than reef colonies on both sampling days. Lower
chlorophyll a content and Symbiodinium density experienced by reef colonies may be a result of
damage to the symbiont’s photosynthetic apparatus as observed previously (Schoepf et al.
2015b), which in the present case may be exacerbated by higher light intensity. Corals from
thermally variable environments also demonstrated higher chlorophyll retention compared to less
thermally variable habitats (Palumbi et al. 2014). This could possibly explain the higher
chlorophyll a content observed in coast colonies on the summer day.

Coast colonies showed higher estimated productivity (chl a X rETRmax) compared to reef
colonies on both the summer and winter day. rETRmax through photosystem 11 of Symbiodinium
was positively correlated with increased carbon delivery to the host (Cantin et al. 2009). Given
that corals obtain the majority of their metabolic requirements from photosynthetic carbon
translocated from Symbiodinium (Muscatine et al. 1981), a lower estimated productivity may
imply a reduced ability to meet key metabolic needs, which if sustained for long periods could
lead to death. Hence, our results suggest that reef colonies are naturally more at risk to thermal
stress than coast colonies. These observations may explain the higher resistance to bleaching
demonstrated by coast colonies during the 2009 bleaching event. Similarly, in the Florida Keys,
only inshore corals experience higher temperature ranges than offshore corals. In a simulated
bleaching experiment, offshore corals exhibited reduced photosynthetic efficiency (Kenkel et al.
2013).

Nutrient enrichment is known to increase bleaching susceptibility (D’Angelo and
Wiedenmann, 2014; Vega Thurber et al. 2014; Chumun et al. 2013) but in the present case coast
colonies had previously been observed to be less susceptible to bleaching (Bhagooli and Taleb-
Hossenkhan, 2012) despite being subjected to higher nutrient concentrations. It is possible that
nutrient levels of at the coast were not sufficiently high to increase bleaching susceptibility.
Rather, there is evidence that enrichment of nutrients in favorable ratios can help maintain coral
metabolism and calcification during thermal stress, thereby dampening the effects of bleaching
in corals (Ezzat et al. 2016).
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Difference in water flow between the two sites might contribute to the physiological
differences observed. High water flow is positively associated with reduction of photoinhibition
and increased recovery from bleaching when assessed in laboratory (Nakamura et al. 2005,
2003) but it might not always hold true in natural conditions as reported by (McClanahan et al.
2005).

The two coral populations may also differ in heterotrophic capacity. Some corals have
higher baseline heterotrophic capacity than others and this can act to buffer corals from
bleaching when photosynthetic rates drop. Additionally, some species can increase feeding rates
in response to bleaching conditions, which then delays the onset of bleaching and can enhance
recovery (Grottoli et al. 2014; Grottoli et al. 2006). Apart from the measured physiological
parameters, other factors may vary between the coral populations that are known to influence
bleaching susceptibly. Total energy reserves of corals, consisting of lipids, proteins and
carbohydrates, impart resilience to bleaching (Schoepf et al. 2015; Grottoli et al. 2014) and can
hence also account for difference in bleaching susceptibility between the two sites. However,
these aspects were not investigated in the present study but future investigations may shed light
in this direction.

Studies have shown that differential susceptibility of corals to bleaching involved
differential photosynthetic efficiency (Mattan-Moorgawa et al. 2012), antioxidant capacities
(Griffin and Bhagooli 2004) symbiont identity, gene expression (Bellantuono et al. 2012; Barshis
et al. 2013) and has been shown to be implicated in local adaptation/acclimatization but
differences in physiological responses and estimated productivity of in hospite Symbiodinium in
corals along such a fine geographical scale has received little attention. Present results, in a non-
bleaching period, provide an interesting reference for forthcoming comparisons with disturbed
conditions, such as bleaching events. These observations may also help to define the
physiological characteristics of Symbiodinium from A.muricata within a natural bleaching
refuge. We provide new insights about the potential role of productivity and the studied
physiological characteristics in local adaptation/acclimatization of corals along a coast-reef scale
of < 1 km. All these processes need to be deciphered if we aim to accurately predict the fate of
coral reefs since the potential for reef corals to resist rising temperatures encompasses multiple

interacting mechanisms.
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