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Abstract. Ramah S, Kaullysing D, Soondur M, Taleb-Hossenkhan N, Bhagooli R. 2023. Differential photo-physiological responses of two
giant clam species to elevated temperature stress from Rodrigues Island, Western Indian Ocean. Indo Pac J Ocean Life 7: 64-70.
Bleaching events leading to mass mortality of coral reef and its associated symbiotic organisms have become an alarming issue
worldwide. However, as compared to corals, little has been documented regarding giant clams’ (Tridacnines) thermal photo-
physiological susceptibility. Triplicate specimens of the small giant clam Tridacna maxima and the fluted giant clam T. squamosa
collected from the lagoon of Rodrigues Island were exposed at two temperatures, 29°C and 32°C, under a constant low light intensity of
approximately 200 pmol quanta m s over a 12-hour duration. The photo-physiological parameters, namely, effective quantum yield of
photosystem IT (®@psn), relative maximum electron transport rate (rETRmax) and maximum non-photochemical quenching (NPQmax) were
determined using a diving Pulse-Amplitude-Modulated (D-PAM) fluorometer prior to and after 3 and 12 hours of exposure. At 29°C, the
photo-physiological parameters did not vary significantly for both species. At 32°C, T. squamosa and T. maxima exhibited significant
declines in ®psy at 3 and 12 hours, respectively. The rETRmax of T. squamosa showed a significant decrease at 3 hours, while both
species showed a significant reduction in their NPQmax functioning after 3 hours. The experiment also recorded the disintegration of the
mantle tissue in T. squamosa after 12 hours. These findings indicate that T. squamosa is thermally more susceptible than T. maxima.
Further in-depth investigations on symbiont genetic types and antioxidant responses of both the Tridacna host and symbionts are

required to thoroughly understand giant clams’ variable heat stress responses in an era of ocean warming.
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INTRODUCTION

Coral bleaching, a general environmental stress
response through the loss of symbionts and/or their
photosynthetic pigments, has become an alarming issue
resulting in mass coral mortality worldwide and not sparing
Mauritian waters (Bhagooli and Sheppard 2012; Bhagooli
and Kaullysing 2019; Bhagooli et al. 2021a,b,c). Many
environmental factors such as elevated seawater
temperatures (Gates et al. 1992; Brown et al. 1995,
Bhagooli and Hidaka 2003, 2004; Hoegh-Guldberg and
Bruno 2010), high light intensity (Hoegh-Guldberg and
Smith 1989; Brown et al. 2000; Bhagooli and Hidaka
2004), salinity stress (True 2012; Gegner et al. 2017), cold
shock (Gates et al. 1992; Kobluk and Lysenka 1994), and
disease (Bhagooli et al. 2021d; Neely et al. 2021) are
known to be responsible for coral bleaching. However,
high sea surface temperature is believed to be the leading
factor for coral bleaching. Many researchers have
attempted to clarify the mechanism of coral bleaching,
especially under conditions of elevated seawater
temperature (e.g., Lesser 1997; Ralph et al. 2001; Bhagooli
and Hidaka 2004; Downs et al. 2009; Bhagooli 2013).
Experiments have demonstrated that elevated seawater

temperature is a primary trigger of coral bleaching.
However, many of these thermal stress experiments were
performed at seawater temperatures greater than 32°C.
Under such harsh thermal stress, a large number of
Symbiodiniaceae were most likely expelled due to host cell
detachment, and the subsequent loss of Symbiodiniaceae
from coral tissues led to coral bleaching (Gates et al. 1992;
Bhagooli and Hidaka 2004; Fujise 2013). Many natural
coral bleaching events can occur even under conditions of
moderate thermal stress, 1-2°C higher than the average
ambient seawater temperature, for prolonged periods of
time (Goreau and Hayes 1994; Winter et al. 1998; Lough
2000; Ward et al. 2002).

Climate change represents a challenge that may
negatively affect the recovery of giant clams. It has been
reported that the collective impact of ocean acidification
and high seawater temperatures reduces -calcification
(Rodolfo-Metalpa et al. 2011; Mackenzie et al. 2015),
fertilisation and development (Kurihara et al. 2007; Parker
et al. 2009), and growth and metabolism (Talmage and
Gobler 2011; Clark et al. 2013) in marine bivalve molluscs.
Being a reef dwelling organism, giant clams will most
likely face the impacts of climate change (Hoegh-Guldberg
et al. 2007) causing a decline in their occurrence on reefs
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(Ramah et al. 2019). Even though most studies have
concentrated on temperature effects on corals, a recent
focus has been the responses to heat stress in giant clams
(Eckman et al. 2014; Pappas et al. 2017; Andrefouet et al.
2017). Unlike corals, giant clams host the symbiotic
Symbiodiniaceae extra-cellularly, within zooxanthellal
tubes in the mantle and stomach (Norton et al. 1992).
Nonetheless, similar to corals, giant clams have also been
affected by global ocean warming (Watson and Neo 2021)
since they depend on symbiotic Symbiodiniaceae (Blidberg
et al. 2000). Exposure of giant clams to elevated
temperatures has led to their mass mortality around the
world (Junchompoo et al. 2013).

The coastal waters of Rodrigues Island have not been
spared by the ocean warming phenomenon. The effects of
climate change on giant clams are still to be thoroughly
understood, especially with respect to their photo-
physiological responses (e.g. Bhagooli et al. 2021c,d) and
their survival. This study therefore investigated the thermal
susceptibility of the in-hospite Symbiodiniaceae of two
giant clam species, Tridacna maxima and T. squamosa,
from Rodrigues Island in a view to understand giant clams’
survival and the process underpinning their declines
worldwide.

MATERIALS AND METHODS

Study site and samples collection
Six specimens from each of the two species of giant
clams, Tridacna maxima and T. sguamosa, were

morphologically identified in situ according to Ramah et al.
(2017) and collected following a modified protocol of
Trench et al. (1981) from the lagoon of the South-East
Marine Protected Area (SEMPA) in Rodrigues (Figure 1).
The sites were selected based on the availability of the two
targeted giant clam species. The shell of both species
collected ranged from 9.3 £ 0.23 cm to 8.2 + 0.42 cm in
length for T maxima and T. squamosa, respectively. Care
was taken to minimize damage and trauma to the
organisms when they were being removed from their
substrate. The samples were allowed to acclimatize in a
seawater tank at room temperature maintained with an air
pump filter for 24 hours prior to experimental trials. The
responsiveness of all specimens was checked, and their
initial photo-physiological parameters were measured to
assess their good health before placing them in the
experimental tanks.

Experimental design

Two seawater tanks were set up and maintained at an
approximate temperature of 29°C and 32°C using heaters.
The mean seawater temperature in both tanks were at 29.3
+ 0.18°C and 31.9 + 0.09°C, respectively. Care was taken
to keep a controlled light intensity of ~200 umol photons
m2 s using artificial light. Three specimens from the two
giant clam species were placed in each experimental tank
and were exposed for 12 hours (Figure 2). After 3 and 12
hours of treatment, the chlorophyll a fluorescence
measurement for each sample was recorded.
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Figure 1. A. Western Indian Ocean Map showing location of Rodrigues Island (19.7245° S, 63.4272° E), B. South-East Marine
Protected Area (SEMPA) location in Rodrigues Island, C. Tridacna maxima specimen collected for the experiment and D. T. squamosa

specimens collected
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Figure 2. Experimental design for thermal experimentation of T. maxima and T. squamosa at 29°C and 32°C

Chlorophyll a fluorescence measurement

Chlorophyll a fluorescence was measured using a
Diving Pulse-Amplitude-Modulated (DIVING-PAM or D-
PAM) fluorometer (Walz, Germany) as an indicator of the
photo-physiological responses of the giant clams to thermal
stress. To ensure consistency of measurements, readings
were taken within the mantle of the giant clams only where
the Symbiodiniaceae are hosted. The optical fibre of the D-
PAM was placed at a distance of about 1 mm (probe to
mantle). F, was measured by applying a weak pulsed red
light (LED 650 nm, 0.6 kHz, 3 us) followed by a saturating
pulse of bright actinic light (4000 umol photons m? s¥,
width 800 ms) which was then applied to give the maximal
fluorescence value (Fm). Three main chlorophyll a
fluorescence parameters, namely, the effective quantum
yield of Photosystem II (®ps;), the relative maximum
electron transport rate (rETRmax) and the maximum Non-
Photochemical Quenching (NPQmax) Were chosen as they
are known to be widely used in photo-physiological stress
studies in marine organisms (Bhagooli et al. 2021c). ®pgy
is an indication of the photosynthetic efficiency of the PSII
when all reaction centres are open. rETRmax iS used to
measure the rate of electron transport through the reaction
centres in the PSII, and NPQmax gives an indication of the
ability of a photosynthetic organism to dissipate excess
radiation through non-damaging heat emissions (Bhagooli
et al. 2021c). The photo-physiological parameters were
determined initially, i.e., prior to start of the experiment
and after 3 and 12 hours of exposure.

Data analysis

Data were transformed, if necessary, using arcsine-
square root transformation to meet the assumptions of
normality and equal variance for use of parametric
statistical tests. The significant differences in the photo-
physiology response (®psi, FTETRmax and NPQma) of the
two species of giant clams at 29°C and 32°C were analyzed
using a two-way ANOVA. A Tukey’s comparison of

means was also run using the SPSS Software (Version 6.0).
P-values less than 0.05 were considered statistically
significant.

RESULTS AND DISCUSSION

Light and temperature variations

The seawater temperature and light intensity were
monitored using a HOBO Pendant temperature and light
data logger. The mean seawater temperature was 29.2°C +
0.18 for the stress tank of 29°C and 31.9°C * 0.07 for the
stress tank set up at 32°C. The light intensity was
maintained at a mean intensity of 197.9 + 0.16 umol
photons m s for both set-ups.

Photo-physiological responses of giant clams

The chlorophyll a fluorescence parameter did not vary
significantly (p=0.086) during the exposure duration for
both test species at 29°C (Figures 3.A, C, E). However, at
32°C, differential responses between the two studied
species, both at the photo-physiological and survivorship
levels, were notes. T. squamosa showed a significant
drastic decline in the photo-physiological parameters after
3 hours of exposure and exhibited signs of disintegration,
indicative of mortality after 12 hours of exposure. T.
maxima started to show a significant drastic decline in its
photo-physiological parameters only after 12 hours of
exposure (Figures 3.B, D, F). The results demonstrated that
Dpsii, rETRmax and NPQmax Were highly influenced by the
species of giant clam (p<0.01) (Table 1) at 32°C. That is,
both T. maxima and T. squamosa showed a significant
response in their photo-physiological response at exposed
temperature of 32°C. A strong significant correlation
(r=0.627, p=0.013) was also found between the photo-
physiology responses and the temperature exposures at
32°C for both species.
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Figure 3. ®psi, rETRmax and NPQmax responses of T. maxima and T. squamosa at 29°C and 32°C for 0, 3 and 12 hours. Bars represent

Mean + SD (n=3)

Table 1. Two-way ANOVA on the effect of giant clam species on the photo-physiology responses (®psii, FETRmax and NPQmax) to two
temperatures namely 29°C and 32°C over two time points 3 and 12 hours (taking in consideration that at time 0 there will be no
significant change recorded) . p <0.05 =*, p <0.01 = **, p <0.001 = ***

Parameters Variation df MS F p-value

Dpsii Species 1 0.020 80.59 faied
Temperature 1 0.001 200.15 faleel
Species x Temperature 1 0.089 30.25 *

rETRmax Species 1 0.039 168.25 faled
Temperature 1 0.068 226.39 **
Species x Temperature 1 0.005 236.01 *

NP Qmax Species 1 0.090 14.23 *x
Temperature 1 0.074 32.22 faleel
Species x Temperature 1 0.062 369.55 *

Discussion

Thermal stress is known to be one of the leading causes
of bleaching. Similar to corals, giant clams have been
largely affected by global ocean warming (Watson and Neo
2021). An increase in seawater temperature can also

negatively affect giant clams since they also host and
strongly depend on symbiotic Symbiodiniaceae to survive
(Blidberg et al. 2000). The sea surface temperature (SST)
of the Republic of Mauritius waters is known to vary
between 23°C (in winter) to 30°C (in summer) (Bhagooli
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and Kaullysing 2019). The temperature of 29°C was,
therefore, chosen to be closest to the normal summer
maximal temperature in Mauritian waters. It was observed
that both species of Tridacna could tolerate the temperature
without being much affected in terms of their photo-
physiological responses. The temperature of 32°C, that is
3°C above the normal temperature on a normal summer day
(29°C), was used to mimic the condition of the El Nifio or
an event of an extreme increase in water temperature as has
been recorded previously in the waters of Mauritius
(Bhagooli and Taleb-Hossenkhan 2012; Mattan-Moorgawa
et al. 2012). The results of this study corroborate those of
other studies such as Blidberg et al. (2000) who
investigated the physiological responses of three species of
giant clams by exposing them to different elevated
temperature stress for 24 hours. It was observed that both
respiration and primary production decreased when heat
stress was increased. Junchompoo et al. (2013) reported
altered physiological conditions of giant clams when
seawater temperature fluctuated between 28.8 - 31.1°C in
Thailand coastal waters. The first bleaching event,
characterised by loss of the micro-algal symbionts, was
recorded with 60% of individuals showing faded
coloration, 30% partly bleached and 10% bleached
completely. Moreover, in response to a sustained increase
in temperature, bleaching became more severe with 90%
completely bleached, 8% partly bleached and just 2%
remaining with faded colouring. Exposure to temperatures
over 30°C for longer than two weeks has been shown to
result in the expulsion of the symbiotic living
Symbiodiniaceae thus, depriving the giant clams of carbon
(Junchompoo et al. 2013). These results concur with the
results obtained from this study where the giant clam T.
maxima showed sign of mild bleaching following 12 hours
of consequent thermal stress, while T. squamosa showed
sign of disintegration as compared to that of Brahmi et al.
(2022) which demonstrated that at 30.7°C, the symbiont’s
photosynthetic yield of T. maxima was highly impacted.
Dubousquet et al. (2016) demonstrated that when the
temperature reached 31°C and 32°C, the giant clam T.
maxima’s symbionts died and were degraded under thermal
stress. They further put forward that the degraded
symbiont’s cells were used as an additional energy source
for T. maxima to sustain the stress being encountered. It has
been suggested in other studies that just like in some
nudibranch (Burghardt and Wagele 2014; Norton et al.
1992; Soo and Todd 2014), sea anemones and corals (Dunn
et al. 2004; Strychar and Sammarco 2009), the
Symbiodiniaceae within giant clams are believed to be
cultured by the host as a source of nutrition and energy
supply as and when required by the host. Dubousquet et al.
(2016) suggested that the degradation of Symbiodiniaceae
cells observed during elevated temperature might offer T.
maxima an alternative and rapid source of food which
would delay the depletion of the lipid storage which goes in
consistency with the energy budget model depicted by
Brown et al. (2004) and Anthony et al. (2009) in their
studies. However, this study revealed that, unlike T.
maxima, T. squamosa was more susceptible to degradation
after an elevated temperature stress. The NPQmax which is

the protective mechanism (Slavova et al. 2016) showed
rapid degradation. This may suggest that as compared to T.
maxima, T. squamosa may not be able to use the degraded
Symbiodiniaceae as an alternative and rapid source of food,
an adaptive mechanism that may help the giant clams to
delay the mortality process due to thermal stresses.

Genetic clades of Symbiodiniaceae have unique
physiological characteristics (Rowan et al. 1997; Tchemov
et al. 2004; Sampayo et al. 2008; Bhagooli 2009, 2010;
Ghoora et al. 2018; Mattan-Moorgawa et al. 2020) which
may play a big role in the host’s survival affinity and its
susceptibility to environmental stresses and changes (Baker
2001). Giant clams are known to host Symbiodiniaceae of
clades A, C and D only or a mixture of these clades (Baillie
et al. 2000 a,b; DeBoer et al. 2012). The choice of the
clades and their composition is highly dependent on their
surrounding environment such as seawater temperature
such that giant clams that hosted the Symbiodiniaceae of
clades C and D were known to be in area where mean
seawater temperature was elevated (DeBoer et al. 2012).
Though, Rowan (2004) showed that a temperature of 32°C
decreased ®pgy in clade C, whereas clade D maintained an
increased ®pg);; Which concurred with this study. One may
be tempted to suggest that the survival of giant clams
would be highly dependent on its Symbiodinaceae. Since
the clade identity wasn’t investigated in this study, further
study is required in this direction.

The findings of this study showed that the giant clam T.
maxima is more resistant to thermal stress as compared to
T. squamosa. This could be explained by the fact that T.
maxima may have the ability to delay its mortality process
caused by thermal stress as compared to T. squamosa.
However, further in-depth studies are warranted in this area
to determine the survivorship and tolerance of giant clams
to global warming along with more advanced studies on
their Symbiodinaceae species susceptibility.
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