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General Abstract

Anthropogenic carbon dioxide emissions are projected to continue to increase, leading to
significant increases in sea-surface temperature and a reduction in seawater pH. The physiological
limits of corals may be surpassed by the cumulative effects of ocean warming and acidification, and
the increased frequency and intensity of extreme heat events (marine heat waves). Although corals
have survived environmental stressors though geological time, it is unclear how corals, and their
symbiotic associates, will respond to the current rapid pace of climate change. Coral populations might
genetically adapt across multiple generations although this is expected to be a lengthy process for
some species. Alternatively, corals may acclimate over shorter timeframes via phenotypic plasticity.
Furthermore, coral symbionts, such as Symbiodiniaceae and bacteria, have evolved mechanisms to
maintain their homeostasis in response to environmental change and may enhance the acclimation
response of the coral holobiont. Nevertheless, it is still unclear how different life stages of corals will
respond to the combined effects of ocean warming and acidification, and if beneficial phenotypic
plasticity can occur in sensitive early life stages. Furthermore, it remains unknown how climate change
conditions will shape the community structure of symbionts, and if their acclimatory responses will
influence thermal tolerance of the holobiont. The objective of this thesis was to determine the
potential for beneficial acclimation and thermal hardening in early-life and adult stages of a common
coral (Acropora loripes) from the Great Barrier Reef. In particular, | aimed to quantify acclimation
responses to projected future climate change conditions in a range of phenotypic traits of the coral
holobiont, and to evaluate the potential contribution of the Symbiodiniaceae and bacterial
communities to host acclimation. Quantifying the acclimation potential of corals to future climate
change conditions has important implications for modelling reef futures and for reef restoration and

adaptation approaches.

Experimental treatments encompassed two levels of combined elevated temperature and
pCO2 relative to ambient seawater conditions (27.5°C, 410 patm pCO2) that were consistent with
moderate (mid: 28.5°C, 670 patm pC0O2) and high (29.5°C, 900 patm pC0O2) CO, emissions scenarios.
In Chapter 2 | tested how the thermal tolerance and development of coral early life stages are affected
by these two predicted future ocean conditions. Gametes from 12 A. loripes colonies were fertilised
and larvae and recruits were reared for 10 weeks under ambient, mid, and high treatment conditions.
A subset of aposymbiotic larvae were exposed to an acute heat stress (35.5°C) at 10 days post-
fertilization. Larval survival under acute heat stress (35.5°C) differed among rearing conditions, with
larvae from the high treatment surviving longer than those reared under mid and ambient conditions.

Treatment was found to have a significant effect on growth rate of coral recruits after six and ten
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weeks of treatment, but the effect size was small (< 11 % difference in growth rate for mid and high
relative to ambient) and post-hoc comparisons did not detect a significant difference between pairs of
treatments. Symbiodiniaceae and bacterial communities in 6-week old coral recruits significantly

differed among treatments, with treatment explaining 25 and 6% of the variation, respectively.

To experimentally test for beneficial acclimation and stress-hardening in early life stages
(chapter 3), coral larvae and recruits (from cross-fertilization of 14 A. loripes colonies) were reared in
the three treatment conditions for a period of 23 weeks. The experiment included a full reciprocal
transplant among all treatment conditions at 8 weeks of age, and a heat stress experimental test after
16 weeks of age. As in chapter 2, evidence for thermal hardening in larvae was observed, with treated
larvae displaying enhanced tolerance to acute heat stress (35.5°C) after 10-days preconditioning under
elevated conditions. Subtle evidence for beneficial acclimation to climate change conditions in the
maximum photochemical efficiency (Fv/Fm) of 16-week old recruits following transplantation across
treatment combinations was also observed. Furthermore, the negative effect of 35 days of heat stress
at 31°C on Fv/Fm was buffered in recruits that had experienced elevated conditions during the
reciprocal transplantation stage, providing evidence for thermal hardening. Overall, there was no clear

effect of treatment conditions on the growth of recruits during transplantation or heat stress.

In the final thesis chapter, | examined the role of beneficial acclimation and stress-hardening
in adult corals. Twenty-one A. loripes colonies were collected, fragmented and exposed to the three
treatment conditions for four weeks, followed by a full reciprocal transplant among conditions for
another four weeks. Following a 2-week pre-acclimation to ambient conditions, fragments were
exposed to a ramp and hold bleaching experiment with a maximum temperature of 31°C for four
weeks. Clear evidence of beneficial acclimation in photochemical efficiency was observed after
reciprocal transplantation, as Fv/Fm decreased with increasingly severe treatment conditions, but this
effect was dampened in fragments that experienced mid or high conditions prior to transplantation.
There was also clear evidence for thermal hardening of coral fragments. Fv/Fm was significantly lower
at 31°C, but the reduction was buffered in fragments that had experienced changes in treatment
conditions following transplantation. In contrast, an effect of treatment on growth could not be
detected and thus did not provide evidence of beneficial acclimation in this trait. Finally, no significant
effect of treatment history was evident in the community structure of Symbiodiniaceae or bacteria,
suggesting that beneficial acclimation and hardening of Fv/Fm was due to photoacclimation of

Symbiodiniaceae rather than symbiont shuffling or switching.

In summary, this thesis presents a comprehensive appraisal of the potential for beneficial

acclimation and thermal hardening in corals to future climate change conditions, via phenotypic
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plasticity. An elaborate experimental design and a wide range of phenotypic traits was used in a holistic
approach to evaluate acclimatory responses in different life stages of a common species of
scleractinian coral, including the community composition of its symbionts. My findings suggest that
preconditioning of aposymbiotic larvae to future ocean conditions can increase their tolerance to
acute heat stress, without reducing short-term survival or growth of recruits after settlement.
Furthermore, my results suggest that corals with past exposure to climate change conditions may be
more tolerant to chronic heat stress. These results provide insights into the effects of future climate
scenarios on the performance of coral early life stages, and their ability to withstand thermal stress
events, to better inform predictions of future reef states. Furthermore, these results show that
acclimation of corals to dynamic environments may be beneficial for inducing more temperature
resilient phenotypes and are thus of relevance to proposed reef restoration and adaptation

approaches.
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Chapter 1: General Introduction

Rapid warming of Earth’s climate system is occurring, with many of the changes observed since
1950 considered unprecedented even over millennial time scales (IPCC, 2018). Accumulation of
atmospheric greenhouse gases has caused an increase of ~0.92°C in the global mean surface
temperature (GMST) between the average observed for the 1850 - 1900 period and the 2003 - 2017
period (IPCC, 2018); the sea surface temperature (SST) has increased 0.65°C over the same time (IPCC,
2019). Projections for the future suggest that ocean basins will continue to warm under both moderate
(RCPA4.5) to high (RCP8.5) emission trajectories. By the end of the century, SSTs are predicted to be
approximately 1 - 2°C higher under RCP4.5 and 2 - 4°C higher under RCP8.5 (IPCC, 2019, Collins, 2013).
Additional effects include a sharp increase in the frequency and intensity of extreme events (e.g.,
marine heat waves and cyclones) with the potential addition of 0.5°C of warming, on top of the 0.5°C
to 1.0°C increase in GMST experienced between 1980 and 2018 (Hoegh-Guldberg et al., 2019, IPCC,
2019, Robinson and Shine, 2018, Thomson et al., 2011). This rapid warming is already impacting many
marine ecosystems, pushing their thermal limits at different latitudes, and undermining their resilience

(Tewksbury et al., 2008, Eakin et al. 2010, Hoegh-Guldberg et al., 2019).

Atmospheric greenhouse gases not only contribute to ocean warming, they also alter the
chemical stability of the oceans. Uptake of carbon dioxide by the ocean has caused the pH of the ocean
surface water to decrease by 0.1 since the industrial revolution. Ocean pH is projected to decline by
approximately 0.14 to 0.15 (38 to 41%) for RCP4.5 and 0.30 to 0.32 (100 to 109%) for RCP8.5 over the
same timeframe (IPCC, 2019). This is predicted to reduce the concentration of carbonate ions ([CO3%7])
in the seawater by ~100 pumol/kg by 2100 (Doney et al., 2009, Hoegh-Guldberg et al., 2007, Meissner
et al., 2012). As a consequence, it is forecast that the precipitation rate of aragonite would decrease
by ~48% (Burton and Walter, 1987). Such projections raise concerns that calcifying organisms, like
corals, could shift from a state of net carbonate accretion to net dissolution (i.e., lower extension and
densification of skeletal growth) (Dove et al. 2013, Hoegh-Guldberg et al., 2007, Kleypas et al., 1999).
Hence, understanding the response of organisms like corals to climate change conditions, requires the

assessment of the response to simultaneous increases in temperature and pCO..

Coral reefs provide enormous benefits to the environment and economies of many tropical

countries (Barlow et al., 2018, De Valck and Rolfe, 2019). These benefits are threatened by human-
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induced rapid climate warming that is damaging coral reefs around the world (Hughes et al., 2017a).
Since the 1970’s, there has been an approximately 80 % decrease in coral cover in the Caribbean (Perry
et al., 2013, Alvarez-Filip et al., 2009, Gardner et al., 2003) and an estimated 50% decline on Western
Pacific reefs. The causes of decline in coral cover vary among geographic locations and include both
local and global stressors. Coral cover has decreased drastically even in well-managed marine parks
like the Great Barrier Reef (GBR) (Ortiz et al., 2018, Hughes et al., 2017a). Historically, the main drivers
of coral mortality included cyclone and storm damage, diseases outbreaks and Crown-of-Thorns
Starfish (CoTS) predation (Osborne et al., 2011, De'ath et al., 2012). More recently, the detrimental
effects of ocean warming and acidification are threatening the persistence of coral reefs at a global
scale (Hughes et al., 2018b). In the past five years, the GBR has experienced three major bleaching
events, including two back-to-back mass bleaching (2016-2017) and a wide spread less intense
bleaching event (2020), which have reduced GBR coral cover by 50% (Hughes et al., 2017a). Coral
bleaching occurs when ocean heating above long-term averages accumulates over time, often
expressed by the metric - degree heating weeks (DHW) (Heron et al., 2016, Donner et al., 2017). Most
coral species will bleach with 2 - 6 DHW (van Hooidonk et al., 2014, McGowan and Theobald, 2017),
although substantial variation can be observed across species (Hoogenboom et al., 2017, Hughes et
al., 2018a). As coral bleaching events may be the norm in the coming few decades (Van Hooidonk et
al., 2013, van Hooidonk et al., 2016) and ocean acidification may act synergistically with rising ocean
temperature (Anthony et al.,, 2008, van Hooidonk et al.,, 2014), urgent research is needed to

understand the capacity, limitations, and methods for enhancement of thermal tolerance in corals.

The environmental sensitivity of many coral species has raised concern about their capacity to
persist under future environmental conditions (Chan and Conolly, 2013). Arguments for why corals
might have low adaptability are commonly related to their long-generation times (Hoegh-Guldberg,
2012). While these generalisations may hold true for a subset of species, they do not apply to
numerous others where high levels of genetic diversity, ecology and different life histories might
facilitate a range of adaptive options (Maynard et al., 2008, Fuller et al., 2020, Matz et al., 2018).
However, it is unknown if they can respond adaptively to the current rate of environmental change
and frequency of bleaching events. Thus, it is essential to investigate coral physiological responses to

chronic and acute environmental stress to better predict and protect the future of coral reefs.

Understanding coral resilience to current and projected rates of environmental change

involves analysing the different pathways and intrinsic mechanisms of adaptation and acclimatisation
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(Gates and Edmunds, 1999, Baker et al. 2004, Torda et al., 2017). Adaptation refers to changes in the
distribution of phenotypes from one generation to the next within populations following natural
selection. Adaptation is based on the existence of genetic polymorphism (i.e., allelic variation) and
phenotypic changes are therefore evident as shifts in allele frequencies over time (Waddington, 2014).
Acclimatisation via phenotypic plasticity (or acclimation if under controlled conditions) is a change in
the phenotype that does not involve a genetic change (Bowler, 2005, Pigliucci et al., 2006). Acclimation
can occur within the life span of an organism and is considered beneficial if the overall fitness is either
sustained or enhanced when environmental conditions change (Via and Lande, 1985). Therefore,
beneficial acclimation through phenotypic plasticity may provide an alternative coping mechanism for
corals under current and predicted ocean warming and acidification. To gain insight into the potential
of beneficial acclimation, comprehensive experimental work is needed to test for mechanisms of

acclimation across different coral life stages.

Generally, three types of acclimation can be distinguished: developmental, reversible and
transgenerational. Developmental acclimation occurs when organisms respond to particular
environmental conditions (e.g., temperature) during one stage of the life cycle to enhance
performance during a subsequent life-stage and these changes are usually irreversible (Scott and
Johnston, 2012). Such developmental experiences can have lifelong and even transgenerational effects
(Gibson and Wagner, 2000, Clarke and McKenzie, 1987, Parkash et al., 2014). In contrast, reversible
plasticity refers to the capacity of an organism to reversibly change physiological processes to
compensate for environmental variability (e.g., diurnal or seasonal changes) to maintain homeostasis
despite fluctuations in environmental conditions (Bowler, 2005, Piersma and Drent, 2003, Wilson and
Franklin, 2002, Little et al., 2013). Transgenerational acclimation occurs when parents respond to
particular environmental conditions during their life, which enhances the performance of subsequent
offspring in the same environment through nutritional, somatic, cytoplasmic, or epigenetic transfer
between generations (Bonduriansky et al., 2012, Donelson and Munday, 2015). Overall, acclimation
responses share some common properties: the detection of environmental signals, the transduction
of this signal into a cellular response, and the activation of a molecular response through the activity
of genes that cause a change in the phenotype (Wilson and Franklin, 2002). Hence, it is important to
understand acclimation processes that occur in response to acute and chronic exposure to elevated
temperature and CO,, by applying long-term experimental designs encompassing reciprocal

transplantation.
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Hardening is a type of acclimation where the performance of an organism is enhanced
following transient non-lethal environmental stress exposure (Packard et al., 2001). For example, brief
exposure to extreme heat often increases short-term tolerance to thermal extremes in plants and
animals (Hoffmann et al., 2003, Sinclair and Roberts, 2005). In corals, prior exposure to elevated
temperature can increase the thermal tolerance under both field and laboratory conditions. For
example, repeated bleaching events (i.e., similar temperature and solar radiation levels) revealed how
some corals were capable of enhancing their temperature tolerance and reduced their bleaching
susceptibility (Brown and Dunne, 2008, Castillo and Helmuth, 2005, Dove et al., 2006, Middlebrook et
al., 2008). Coral mortality was lower in later events and the reduced bleaching susceptibility was
attributed to acclimation or adaptation; although bleaching susceptibility varies across species in the
field and laboratory conditions (Pratchett et al., 2020, Matsuda et al., 2020, McClanahan et al., 2007).
Furthermore, corals exposed to high diel temperature variability often have higher heat tolerance and
greater resistance to bleaching than nearby conspecifics in more stable regimes (Putnam and
Edmunds, 2011, Schoepf et al., 2019, Schoepf et al.,, 2015a, Barshis et al., 2018). Therefore, the
environmental history of individuals and populations plays a significant role in determining how they
will respond to stress (Hughes et al., 2018c), and is likely driven by a combination of both acclimation
via plasticity and adaptation (Bay and Palumbi, 2015, Kenkel and Matz, 2016, Palumbi et al., 2014,
Matz et al., 2018). As heat stress events are likely to increase due to climate warming, studies that
disentangle the role of prior exposure in the hardening response of corals will greatly advance our

general understanding of thermal tolerance.

The coral animal lives in close association with a range of microbes that can have both positive
and negative impacts on their health and fitness (Vanwonterghem and Webster, 2020, Bourne et al.,
2016). Healthy corals have mutualistic associations with a wide diversity of microorganisms including
dinoflagellate photosymbionts in the family Symbiodiniaceae (formerly genus Symbiodinium),
prokaryotes, fungi and viruses (Blackall et al., 2015). These associations are referred to as the coral
holobiont (Thompson et al., 2014, Rohwer et al., 2002). Symbiodiniaceae form an obligate symbiosis
with the coral host and can provide up to 95% of its nutritional requirements (Pearse and Muscatine,
1971, Muscatine, 1990). Prokaryotes (bacteria and archaea) can play roles in nitrogen fixation, sulphur
cycling, vitamin provisioning and immunity (Kimes et al., 2010, Raina et al., 2009, Ritchie, 2006, Rohwer
and Kelley, 2004, Robbins et al., 2019) and thus provide corals with essential compounds and metabolic
pathways for health and fitness. However, dysbiosis in the coral microbiome can occur during
environmental stress, which could have important implications for the overall fitness of the coral. In

particular, novel microorganisms including opportunistic pathogens can proliferate when corals are
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under stress and the natural beneficial symbiont population can become destabilised (Bourne et al.,

2008, Bourne et al., 2009, Rosenberg et al., 2007).

Changes in microbial communities could provide a rapid mechanism for acclimation and the
potential rapid evolution of corals under climate change (Peixoto et al., 2017, Webster and Reusch,
2017, Vanwonterghem and Webster, 2020, Rosado et al., 2019, Quigley et al., 2018). For instance,
variations in Symbiodiniaceae abundance and diversity are known to play an important role in the
tolerance of corals to stress from light, temperature and other perturbations (Berkelmans and van
Oppen, 2006, Robison and Warner, 2006, Rouze et al., 2019, Lawson et al., 2019). Acclimation of the
coral holobiont based on Symbiodiniaceae associations can occur through different mechanismes. First,
changes in coral phenotypes may occur as a result of changes in physiological and biochemical traits
of Symbiodiniaceae (Brown et al., 2002a, Brown et al., 2002b, Brown and Dunne, 2008, Brown et al.,
2000b, Salih et al.,, 2000). Second, phenotypic changes may occur due to the replacement of
susceptible Symbiodiniaceae by tolerant and genetically distinct Symbiodiniaceae through a process
called switching (i.e., changes in genetically distinct symbiont) (Baker et al., 2004, Rowan, 2004,
Boulotte et al., 2016, Pettay et al., 2015). Third, phenotypic changes resulting from shifts in the relative
abundance of members of Symbiodiniaceae populations in corals through a process called shuffling
(Berkelmans and van Oppen, 2006, Jones et al., 2008, Baker, 2003). Despite the current progress on
how Symbiodiniaceae may respond to environmental fluctuations, it is still unclear how fast these
mechanisms of switching, shuffling or even intrinsic acclimatory responses (e.g., physiological
adjustment of the Photosystem Il) can occur, nor how variable these responses would be across

different life stages of coral.

While coral-associated prokaryote communities can also change under stress to affect
holobiont function and fitness, they are much less understood compared to Symbiodiniaceae,
(Webster and Reusch, 2017). Like Symbiodiniaceae, bacterial communities can undertake processes of
switching and shuffling in response to environmental change (Sweet et al., 2017). For example,
transplantation experiments have demonstrated that bacterial communities shift when corals are
introduced to new and non-native habitats, suggesting microbiome alteration as an acclimatization
strategy to improve holobiont physiology in response to changing environmental conditions such as
salinity, nutrients, and water temperature (Ziegler et al., 2017, Ziegler et al., 2019, Réthig et al., 2016).
Moreover, prokaryotic communities have been found to differ in corals located at carbon dioxide seep

sites (i.e., higher concentrations of pCO,) (Morrow et al., 2015), suggesting a potential role for
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prokaryotes in the acclimation of corals to ocean acidification (Webster et al., 2013, Torda et al., 2017).
However, the response of the coral-associated microbial community to environmental perturbation
can also involve growth of pathogens or opportunistic microorganisms, with cascading adverse effects
on holobiont function (Thompson et al.,, 2014). The coral microbiome can vary not only with
environmental conditions, but also amongst different life stages due to the processes of recognition,
winnowing and retention of symbionts during development (Williams et al., 2015, Bernasconi et al.,
2019). Indeed, early life stages tend to harbour a higher diversity of bacterial taxa relative to their adult
counterparts, suggesting that the environment is a reservoir of bacterial symbionts during
development (Lema et al., 2014, Littman et al., 20093, Littman et al., 2009b, Sharp et al., 2012).
Although the main uptake source for microbial symbionts is thought to be the water column, there is
also evidence that sediment can act as an important seedstock of coral microbes (Apprill et al., 2009,
Apprill etal., 2012, Carlos et al., 2013, Schottner et al., 2013). While our understanding of the variability
in coral microbiomes has increased dramatically over the past decade (van Oppen and Blackall, 2019),
it is still unknown how the community of microbes changes through life history stages of corals

exposed to ocean warming and acidification.

The overarching goal of this thesis was to quantify the extent to which phenotypic plasticity
could support beneficial acclimation in a common species of coral from the GBR when exposed to
predicted climate change conditions. In addition, | assessed if stress-hardening could enhance thermal
tolerance via exposure of corals to two levels of combined warming and acidification conditions with
both acute and longer-term heat stress exposure experiments. | measured four phenotypic traits to
assess the response of the coral host (larval settlement, growth and survival) and the Symbiodiniaceae
(photochemical efficiency). | also compared the Symbiodiniaceae and bacterial community structure
among treatments to determine if symbiont switching or shuffling had occurred. Three major
objectives were addressed in individual data chapters and the thesis includes a final chapter that

synthesises the major findings and discusses the implications of these results.

Specifically, in Chapter 2 | measured:

The response of coral early life stages to two different levels of elevated temperature and pCO; for

a period of 10 weeks following fertilization, relative to their performance under ambient conditions

In this chapter | quantified the response of the coral host including settlement success, growth

and survival under elevated temperature and pCO,. A thermal shock experiment tested for potential
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thermal hardening of larvae. Comparisons of Symbiodiniaceae and bacterial communities across
treatment conditions was carried out to assess how simulated ocean warming and acidification

affected the diversity and relative abundance of symbionts in coral early life stages.

In Chapter 3, | extended the research to:

Evaluate if exposure of coral larvae to simulated climate change conditions can have lasting effects

on growth, survival and stress tolerance across development.

In this chapter | tested the potential for beneficial acclimation and stress-hardening in early
life stages of coral. This included a reciprocal transplantation experimental design across three levels
of combined temperature and pCO,. | compared host and symbiont traits (e.g., growth rate and
photochemical efficiency) before/after transplantation. | tested for hardening with an acute heat

stress assay on larvae and a chronic ramp-and-hold bleaching experiment for the juvenile stage.

In the final data Chapter 4 I:

Quantified the patterns of acclimation in adult coral fragments to predicted future temperature and

ocean acidification conditions.

In this chapter | again followed a reciprocal transplantation experimental approach to test for
beneficial acclimation and stress-hardening in the adult life stage of coral using clonal fragments. In
addition to the assessment of phenotypic traits from the coral host, this chapter also included
evaluation of the Symbiodiniaceae and bacterial communities, to determine if any observed

acclimation was associated with a shift in the symbiont communities.

The general discussion in Chapter 5:

Provides a summary of findings and implications from my research. In this chapter, | focus on
the additional questions that my study generated. For example, | explore the potential mechanisms
explaining the observed beneficial acclimation and thermal hardening (e.g., gene expression,
epigenetic markers). Furthermore, | consider the role of preconditioning timeframes on shaping or
triggering the phenotypic responses. Finally, | highlight the relevance of my findings in the context of

coral restoration approaches.
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My thesis concludes that hardening and beneficial acclimation can be induced in corals and
thus could be considered in coral breeding and aquaculture programs. My analyses provide new
insights into the variation in coral holobiont partners under climate change conditions and highlights
the importance of exploring the response of the coral holobiont (i.e. host and symbionts) across
multiple life stages. Furthermore, it highlights the importance of studies into phenotypic plasticity, by
showing that acclimation of corals to dynamic environments may be beneficial for inducing more
temperature resilient phenotypes, and is thus of relevance to proposed reef restoration and

adaptation approaches.
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Chapter 2: Thermal preconditioning of coral larvae increases their

tolerance to heat waves and affects phenotypic traits of the recruit

2.1 Abstract

Rapid climate change poses a serious threat to coral reefs worldwide. Coral responses to
environmental change can be driven by the coral host and its associated photosynthetic algal and/or
bacterial communities. To test how the thermal tolerance and development of coral early life stages
are affected by predicted future ocean conditions, | fertilised Acropora loripes gametes, reared larvae
for 10 days and the subsequent recruits for 10 weeks at: 1) current-day ambient conditions (AMBIENT:
27.5°C, 410 patm pCO,) and two different treatments consistent with projected future temperature
and acidification conditions under MID (AMBIENT +1.0°C, 670 patm pCO,) and HIGH (AMBIENT +2.0°C,
900 patm pCO;) CO, emissions trajectories. | assessed how these different treatment conditions
affected larval tolerance to acute heat stress (35.5 °C, 144 hours), as well as settlement, survival and
growth rate, and the associated symbionts of A. loripes recruits. Larval survival under acute heat stress
differed among rearing conditions, with larvae from the HIGH treatment surviving longer than those
reared under MID and AMBIENT conditions. Settlement rates were similar among rearing treatments,
but recruit survivorship was greater in the HIGH treatment. Treatment was found to have a significant
effect on growth rate after six and ten weeks of treatment, but the effect size was small (< 11 %
difference in growth rate for MID and HIGH relative to AMBIENT) and post-hoc testing could not detect
a significant difference between pairs of treatments. Symbiodiniaceae and bacterial communities in 6-
week old coral recruits significantly differed among treatments, with treatment explaining 25 and 6%
of the variation, respectively. My results suggest that preconditioning of aposymbiotic larvae to future
ocean conditions can increase their tolerance to extreme thermal events, without reducing short-term
survival or growth of recruits post settlement. Larval preconditioning may thus be an option to increase
fitness of coral recruits and the success of coral restoration in a rapidly warming and acidifying ocean.
These findings provide valuable insights into the effects of future climate scenarios on the performance
of coral early life history stages, and their ability to withstand acute thermal stress, to better inform

predictions of future reef states.

Keywords: Acute stress, chronic stress, larval preconditioning, Symbiodiniaceae, bacteria,

growth, survival, climate change.
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2.2 Introduction

The sensitivity of most coral species to summer heat waves, and the increased frequency at
which such events are now occurring, have raised concerns about whether corals possess mechanisms
(genetic and non-genetic) that could help them cope with ocean conditions predicted under rapid
climate change. Corals generally bleach when experiencing >4-degree heating weeks (Baird et al.,
2009, Jones, 2008), with changes to the symbiont cell morphology and cell division rates recorded from
as little as two DHW (Gierz et al., 2020). Coral populations may become more tolerant to higher
temperature over time as natural selection increases the frequency of individuals with thermally
tolerant gene variants (i.e., alleles) (Waddington, 2014, Kenkel and Matz, 2016), or of thermally
tolerant microbial partners (Howells et al., 2012, Silverstein et al., 2015, Webster and Reusch, 2017,
Ziegler et al., 2017). Alternatively, phenotypic plasticity could maintain the performance of the
organism without involving a genetic change (Pigliucci et al., 2006, Via and Lande, 1985, Torda et al.,

2017).

Acclimation can occur at different life stages in response to exposure to different types,
durations and intensities of environmental stress (Angilletta, 2009, Fox et al., 2019). Transient non-
lethal stress exposure may lead to acclimation responses that enhance performance (Packard et al.,
2001). For example, brief exposure to mild heat often increases short-term tolerance to thermal
extremes in plants and animals (Hoffmann et al., 2003, Sinclair and Roberts, 2005), a process known
as hardening (Bowler, 2005). Further, prolonged exposure to moderate temperatures can trigger
lasting changes in thermoregulation and thermosensitivity (Angilletta, 2009). Generally, organismal
responses to both short-term and prolonged exposure to temperature can be reversible, although
some remain fixed (Johnston and Wilson, 2006). In corals, prior exposure to elevated temperature has
been shown to increase the thermal bleaching tolerance in both the field and the laboratory (Brown
and Dunne, 2008, Castillo and Helmuth, 2005, Dove et al., 2006, Middlebrook et al., 2008). The
mechanisms underpinning such increases in temperature tolerance likely include coral host
epigenetics and microbial interactions (Torda et al., 2017), but the way they operate, and at which

lifestages, are currently not known.

The health and fitness of reef-building scleractinian corals depends on stable associations

between the cnidarian host and its microbial community or ‘microbiome’, particularly photosynthetic
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endosymbionts (family Symbiodiniaceae, formerly genus Symbiodinium; (Laleunesse et al., 2018)).
Environmental stressors, however, can compromise the benefits of symbiosis, with potential adverse
impacts on the coral holobiont. For example, high temperature disrupts the functioning of algal
photosystem I, which results in oxidative stress that breaks down the Symbiodiniaceae-coral symbiotic
association. Additional stressors including exposure to light or unbalanced nutrient availability may act
synergically with heat (Warner et al., 1999, Brown et al., 2000b). It has been suggested that, prior to
complete dysbiosis, corals may attempt to restructure their symbiont community to maintain their
health and fitness, since eukaryotic and prokaryotic symbionts of corals can vary in their tolerance to

environmental stress (Webster and Reusch, 2017, Blackall et al., 2015).

Thermo-tolerant Symbiodiniaceae taxa have been linked to better coral performance and
recovery under elevated temperatures (Bay et al., 2016, Oliver and Palumbi, 2009, Smith et al., 2017).
Further, changes in the community composition of Symbiodiniaceae can play an important role in the
tolerance of corals to stress from light, temperature and other perturbations, thus contributing to
broad disparities in thermal tolerance among individual host colonies, life stages and species
(Berkelmans and van Oppen, 2006, Robison and Warner, 2006, Baker, 2001). The diversity and
dynamics of Symbiodiniaceae communities in response to environmental change is well described in
adult corals, but little is known about these dynamics in coral recruits. This is likely due to the higher
diversity of Symbiodiniaceae within young corals and the dynamic sorting processes that occur during
early development (Abrego et al., 2008, Quigley et al., 2016, Chan et al., 2019). Evaluating the
community composition of Symbiodiniaceae in early life stages of coral, and how this correlates with
the coral response to rapid environmental change, is important for assessing their potential role in

thermal plasticity of the coral holobiont.

Compared to Symbiodiniaceae associations, much less is known about how coral-associated
prokaryote communities (bacteria and archaea) affect coral holobiont function and fitness (Webster
and Reusch, 2017, van Oppen and Blackall, 2019), as most evidence is based on correlations between
community composition and holobiont phenotypes. However, it is clear that coral bacterial
associations contribute to various aspects of coral fitness, including nutrition, defence, growth, and
survival (Bourne et al., 2016, Rosenberg et al., 2007) with recent analysis showing that some coral-
associated bacterial genomes encode motifs that have a crucial role in maintaining symbiosis as well

as in supplying fixed carbon, B-vitamins and amino acids to their symbiotic partners (Robbins et al.,
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2019). It has also been postulated that coral-associated bacteria facilitate acclimation and stress
resistance through rapid community restructuring (Gardner et al., 2019, Thompson et al., 2014, Ziegler
et al., 2017, Bourne et al., 2008). For example, prokaryotic communities have been found to differ in
corals located at natural carbon dioxide seeps (Morrow et al., 2015), which suggests a potential role in
the acclimation of corals to high CO; environments. Particular bacterial community profiles have also
been linked to different bleaching susceptibility among corals, although functional roles of specific taxa
remain largely unknown (Gardner et al., 2019, Ziegler et al., 2017). Nevertheless, environmental stress
can lead to the growth of bacterial pathogens or other opportunistic microorganisms, with negative
effects on holobiont health (Thompson et al., 2014). Understanding how bacterial communities vary
in relation to environmental change is important when assessing their role in the performance and
survival of corals, particularly in early life history stages when corals commonly display increased

sensitivity to environmental stressors (Wilson and Harrison, 2005).

As ocean warming and acidification are predicted to worsen over coming decades, the ability
of corals to survive and grow could reach its physiological limits. It is unclear if genetic adaptation can
keep pace with the rapid speed at which the environment is changing (Lough et al., 2018). Thus, corals
may need to rely on acclimatory responses from phenotypic plasticity to persist under rapid
environmental change (Torda et al. 2017). Here, | experimentally investigated how coral early life
stages responded to two different levels of elevated temperature and pCO, for a period of 10 weeks
following fertilization, relative to their performance in simulated current-day reef conditions. The two
treatments were consistent with climate change projects under a moderate (+1.0°C, 670 patm pCO2)
and high (+2.0°C, 900 patm pCO;) CO, emissions trajectory (IPCC, 2019). Coral responses to these
treatments included the assessment of settlement success, growth rate and survivorship. Moreover,
because of the predicted role of coral symbionts in the coral holobiont response to climate change, |
compared the diversity and composition of Symbiodiniaceae and bacterial communities after six weeks
of exposure to each treatment. In addition, | used the principle of hardening to test if fertilisation of
coral gametes and rearing of larvae under each treatment influenced the survivorship of larvae
exposed to acute thermal stress. This approach allowed us to examine the potential for acclimatory
response of early life stages to chronic and acute warming and acidification stress, including its
influence on the community structure of symbionts. My findings, which show that larval
preconditioning may be an option to increase fitness of coral recruits, provide new insights into the

effects of future climate scenarios on the performance of coral early life history stages, and their ability
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to withstand acute thermal stress. These results should improve predictions of future reef states and

contribute to the success of coral restoration in a rapid warming and acidifying ocean.

2.3 Material and Methods
2.3.1 Study species collection

The coral species Acropora loripes was used in this study due to its common and widespread
distribution, ease of identification and suitability for maintenance in aquaria. Twelve gravid colonies
(<25 cm in diameter) were collected at about 6 m depth from Davies Reef in the Central Great Barrier
Reef (18.83S; 147.63E) under GBRMPA permit G11/3471.1. Collection occurred from 11 - 14%
November 2016, immediately prior to mass spawning at this reef. After collection, the coral colonies
were transported to the National Sea Simulator (SeaSim) at the Australian Institute of Marine Science
(AIMS) and housed in flow-through AMBIENT conditions (27.5 °C; 415 patm pCO;) which simulated the

environmental conditions at Davies Reef.

2.3.2 Experimental parameters and coral spawning

To evaluate performance of coral larvae and recruits under simulated climate change
scenarios, this study used three levels of combined temperature and pCO, under control conditions,
described in upper case: 1) AMBIENT (27.5°C, 410 patm pCO,), 2) MID (AMBIENT +1.0°C, 670 patm
pCO;) and 3) HIGH (AMBIENT +2.0°C, 900 patm pCO,) (Fig 2.1); ‘ambient’ in lower case is used in some
instances to compare treatment with natural ambient conditions. The experimental systems were
monitored in real time for temperature and pCO.. All inputs were integrated by the Control System in
the Model Predictive Control logic to manage experimental parameters. See (Uthicke et al., 2020) for
further details on how temperature and pCO2 are monitored and controlled at the SeaSim facility.
Manipulations mirrored seasonal and daily variation in both temperature and pCO; based on reference

field measurements from Davies reef with offsets being applied to simulate treatment conditions.



Chapter 2: Thermal preconditioning of coral larvae increases their tolerance to heat waves and
affects phenotypic traits of the recruit

38

Ambient: 27.5°C, 410patm pCO, | Acute heat stress: 35.5°C, ~410patm pCO,

Mid: +1.0°C, 670uatm pCO, ¥/ Growth (t)

High: +2.0°C, 900uatm pCO, V Tissue sampling (s)

Rearing (7 days) Incubation (10 weeks)
. \V4
Recruits:
~Settlement Larvae (AMB) H Recruits (AMB) ‘
- Survival §
- Growth ) -
Spawnin Larvae (MID) H Recruits (MID
Larvae: Sp g) T (MID) |
- Thermal tolerance n=12 A loripes :
Symbionts: colonies Larvae (HIGH) H Recruits (HIGH) |
- Symbiodiniaceae (ITS2)
- Bacteria (16S)
Settlement=0 t=6 weeks
weeks [ t=2 weeks s=6 weeks t=10 weeks |
1st stage 2nd stage

Figure 2. 1 Schematic representation of the experimental design. It includes two
experiments: the primary experiment that aimed to evaluate recruit performance over time under
three treatments, and a secondary experiment that aimed to evaluate response of larvae to heat

stress.

On the night of spawning, colonies were isolated in individual tanks in the dark without water
flow. After spawning, the positively buoyant gamete bundles were collected from the water surface
and eggs and sperm from each colony were separated using filtration (120 um mesh size) and gentle
agitation. Equal proportions of eggs and sperm from all twelve spawning colonies were mixed to
produce two individual batch cultures for each of the treatments (i.e. fertilised using water from the
corresponding treatment). Each batch fertilisation contained approximately 75,000 eggs in 6.5 L
volume and a sperm density of 10° per ml (Willis et al., 1997). After one hour (just prior to or at the
time of first cleavage) each batch fertilisation was thrice rinsed in treatment specific filtered sea water
(FSW) then stocked at 1 larva/mL in two replicate 65 L rearing tanks in each of the three treatment
conditions. Rearing tanks received water-flow of 2.5 L/min FSW, an outflow covered by a 60 um filter
and constant airflow, which was added after the first 24h. Importantly, it is possible that individual
treatment conditions (temperature, pH) may have incur selection on the gamete pool considering the
significant influence and synergy of multi stressors during early ontogenetic stages (from gametes to
larvae) on different marine taxa (Przeslawski et al., 2015) despite the fact that each batch culture was

treated similarly. Overall, densities of larvae in each batch culture remained similar, but concentrating
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larvae to normalised levels prior to settlement was a step that was done. Larvae reared under each

treatment were used for two separate experiments, as described below.

2.3.3 Larval acute heat stress experiment

After ten days of rearing, twenty haphazardly sampled swimming larvae from each treatment
were placed in each of 24 replicate mesh-bottomed containers (net-wells) (i.e., 480 larvae per
treatment x 3 treatments, n=72 net-wells total). Larvae were aposymbiotic. The wells were assigned
to four 50 L tanks, each with three holding trays. Two wells from each treatment were floated in each
holding-tray (i.e., n=6 wells in total for each holding tray in each tank). Tanks had a turnover flow of
FSW of 0.8 L/min. All larvae were first acclimated to AMBIENT conditions (27.5 °C) for one hour in all
tanks. The temperature was then increased in two tanks by 1°C per hour over eight hours until 35.5°C
was reached. The AMBIENT temperature of 27.5 °C was maintained in the other two tanks. The pCO,
level was maintained at ~450-500 patm CO; in all four tanks. Survival was measured from repeated

visual counts of remaining larvae every 12 hours for five days.

2.3.4 Recruit performance experiment

At seven days post fertilization approximately 1500 larvae per larval treatment (i.e., similar
density generated from each batch culture per treatment) were settled onto acrylic plates (10 cm x 20
cm) in each of nine 50 L tanks (i.e., six plates per tank, three tanks per treatment) overnight under
static conditions. Approximately 1 g of crushed crustose coralline algae (CCA) was sprinkled onto the
settlement plates as a cue to induce larval settlement. After three days, the plates were moved to
outdoor mesocosm systems maintained under the three experimental conditions (three mesocosms
per treatment) where a total of 18 plates per treatment (six per mesocosm) were held for 10 weeks.
Within the mesocosms, coral recruits were exposed to adult A. loripes colonies and other reef
organisms and substrata (e.g., sponges, sea urchins, seagrass, sediment) that had been established
within the systems under each of the treatment conditions for > 18 months, to allow for horizontal

transmission of symbionts.

Settlement was estimated by counting the number of settled coral recruits on each plate after
two weeks and settlement success was estimated as the number of recruits at two weeks compared

with the 4500 larvae stocked in each treatment.
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Measurements of the change in live tissue surface area (basal growth) of recruits were
obtained from photographs taken two, six and ten weeks after settlement, using a frame mounted
NIKON D810 camera. A total of 22 recruits per plate per treatment were haphazardly selected and
labelled at the first time point (two weeks). Two four-week time intervals were used to assess growth
rates. Each recruit was manually traced using the straight-freehand line tool on IMAGEJ (version: 1.50i)
(Rasband, 2012). Three replicate measures of the diameter (d) were traced and their average used to
predict changes in basal growth among treatments over time (Pratchett et al., 2015). A numeric scale

was included in each photo to transform number of pixels to mm. The basal growth rate was quantified

. . - . . . . d
by calculating the proportional change in diameter of live recruits between timepoints (log4g ( ;“)).
t

This resulted in two basal growth measurements: interval 1 was 2 — 6 weeks and interval 2 was 6 - 10
weeks. In addition, photographs were used to estimate survival rates of recruit corals over time for

each treatment.

2.3.5 DNA extraction, Amplification and Sequencing Protocol

For the analysis of symbiotic communities, 18 recruits were sub-sampled from each treatment
(six per tank, 54 total) at the 6-week sampling timepoint. Recruits were immediately placed in liquid
nitrogen and stored at - 80°C. Total DNA was extracted from recruits using DNeasy® UltraClean®
Microbial Kit (QIAGEN) following the Manufacturer’s protocol with some modifications. Individually
frozen whole recruits (~15 mg) were transferred to power bead tubes containing the lysis solution.
Tubes were incubated at 65°C for 10 min and homogenised using the MP Biomedicals™ BeadBeater
(FastPrep-24 5G) for 40 sec at 4m/s. Tubes were centrifuged (1000 g, 30 sec) and supernatant was
transferred to IRS solution. After elution, total DNA (50ul volume) was quantified using Thermo
Scientific NanoDrop™ NanoDrop 2000/2000c series Spectophotometer and PicoGreen measurements
following the manufacturer’s protocol. A 0.8% agarose 5X TAE electrophoresis gel was run for a subset
of samples (90 V, 45 min) against a 1 kb ladder to visually assess DNA quality and potential degradation.
Extracted DNA was stored at -20°C before PCR amplification and sequencing. To test for potential kit
contamination, two separate DNA extractions were performed using all kit reagents but excluding coral
tissue. These blank samples were PCR-amplified with the corresponding primers, pooled as one blank
sample and then sent for sequencing; this process was done independently for ITS2 and 16S rRNA gene
analysis. Positive and negative PCR controls were included in the PCR amplification but only used to

confirm functionality of primers and purity of master mix.

2.3.5.1 Preparation of ITS2 and 16S libraries for sequencing
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To amplify bacterial 16S rRNA gene amplicons, primers 27F (Lane 1991) and 519R (Lane et al.
1993) (v1-v3 region; ~530bp) (Caporaso et al., 2012), including MiSeq adaptors, were used in a 30-
cycle PCR using AmpliTaq Gold® 360 Master Mix (Applied Biosystems). PCR cycling conditions included:
95°C for 10 min, followed by 30 cycles of 95°C for 30s, 55°C for 30s, and 72°C for 90s, a final elongation
of 72°C for 7 min. Three replicate (10 ul) PCR reactions were pooled into a ~25 ul volume prior to
sequencing. The strategy of pooling PCR products was carried out to capture the majority of taxa,
although previous work has shown non-significant differences in the communities obtained from two
sets of independent PCRs carried out via clone libraries from the same sample, even with different
number of cycles (Acinas et al., 2005, Bonk et al., 2018). PCR products were sequenced at the
Ramaciotti Centre for Genomics (RCG, University of New South Wales) with a MiSeq v3 2x300bp
sequencing run (including PhiX spike-in). PCR clean-up and DNA library preparation were performed
by RCG. The same approach was carried out for the ribosomal DNA internal transcribed spacer 2 (ITS2)
region of the family Symbiodiniaceae using the primers Sym_VAR_5.852 forward and Sym_VAR_REV

reverse (Hume et al., 2016).
2.3.5.2 Metabarcoding analyses

For the Symbiodiniaceae community analysis, data was processed following the standardized
remote analysis of the SymPortal analytical framework (symportal.org, github.com/SymPortal) in
order to predict putative Symbiodiniaceae taxa (Hume et al., 2019). This framework can resolve
genetically differentiated taxa by taking into consideration intragenomic sequence diversity which
occurs due to the multicopy nature of the ITS2 rDNA region within Symbiodiniaceae genomes.
Demultiplexed and paired forward and reverse fastq.gz files outputted from Illumina sequencing were
submitted remotely to SymPortal. Sequence quality control and filtering steps were conducted as part
of the SymPortal pipeline using Mothur 1.39.5 (Schloss et al., 2009), the BLAST + suite of executables
(Camacho et al., 2009), and minimum entropy decomposition (MED) (Eren et al., 2015). The
nomenclature of Gardner et al (2019) (Gardner et al., 2019) was used to define either a putative or

defined taxon.

16S rRNA gene sequence data was processed using the open-source software Quantitative
Insights Into Microbial Ecology (QIIME2, version 2019.7) (Caporaso et al., 2010). Filtering and denoising
steps were carried out using DADA2 (Callahan et al., 2016), with F290 and R240 truncation parameters,
and trimming of forward and reverse primers. Values for expected errors for forward reads were kept

as default and increased to 4 on the reverse reads to increase number of merged reads. A total of
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2,000,000 reads were allocated for the dada2 algorithm when training the error model. Chimeric
sequences were identified and removed using the ‘consensus’ method within the DADA2 platform and
only sequences with a minimum quality score of 20 were used in the analysis. A Naive Bayes classifier
was used against a curated SILVA database version 132 (Quast et al., 2013) and clustered at 99%
similarity level to assign taxonomy to amplicon sequencing variants (ASVs). Chloroplast and
mitochondria ASVs were removed from resulting biom tables using the phyloseq package (McMurdie
and Holmes, 2013) in R (Team, 2013). Further steps included removal of ASVs not observed in any
recruit sample, low-abundance samples (<1e-5) and contaminants. Contaminants were identified using
a similar method to that outlined in Lee et al. (2015); as contaminant taxa are expected to have high
relative abundance in negatives and low relative abundance in samples, any ASV that exhibited a
relative abundance of one or more orders of magnitude higher in negatives compared with coral
samples were removed. Remaining data were rarefied to an even depth of 6467 reads per sample and

transformed to relative abundances using phyloseq.

2.3.6 Statistical analysis

2.3.6.1 Larval heat tolerance, settlement and basal growth

Kaplan-Meier (K-M) survival analysis was used to estimate survival rates of larvae through time
by grouping all survivors at the treatment level for each timepoint. Rearing treatment (AMBIENT, MID,
High) and acute heat stress conditions (27.5 or 35.5°C) were fixed effects. Data was analysed with the

survfit function in the R package ‘survival’ (Therneau and Lumley, 2014).

Variation in settlement success was evaluated with a generalised linear mixed effect model
with the function glmer, with tank as a random effect and treatment as a fixed effect. The number of
recruits were logio-transformed to meet the normality assumption. Bootstrapping techniques were

used to generate the 95% confidence intervals.

To compare basal growth rates, a set of linear mixed effect models were fitted with different
combinations of fixed (treatment, diameter and time) and random effects (individual nested in plate
and tank). All models included the three fixed effects, but had different interactions among them. The

interaction between diameter and time was not included in any of the models because diameters were
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generally larger during the second time interval. Model selection was performed using AIC. A Levene’s

Test was used to confirm homogeneity of variance (p>0.05) for settlement and growth data.

A generalised linear mixed effects model with a binomial error structure was fitted to predict
the survival of recruits among treatments at the different time intervals. The model included time,
treatment and their interaction as fixed effects, and plate number as a random intercept. The model
was fitted using the function gimer from the R package ‘Ime4’ (Doran et al., 2007). All analyses were

performed in R version 3.6 (Team, 2013)
2.3.6.2 Symbiont associations

Symbiodiniaceae and bacterial diversity analysis was performed using the relative abundance
of the ITS2 type profile and 16S rRNA gene ASVs data obtained from either SymPortal or
QIIME2/Phyloseq. The effects of treatment and tank on community composition were tested with a
permutational multivariate analysis of variance (PERMANOVA) using Bray-Curtis similarity distance
with the function adonis from the R package ‘vegan’ (Oksanen et al., 2013) with the additional NMDS

to visualise the effects of treatment.

For the bacterial communities, variations in alpha diversity were evaluated through species
richness (number of ASVs) and species diversity (Chaol and Shannon index). Each measure of alpha
diversity was analysed with a linear mixed effect model with treatment as a fixed effect and tank as
random intercept. Chaol estimates were logio transformed to meet the normality assumption.
Differences in beta diversity were analysed using PERMANOVA with 999 permutations. Pairwise
comparisons were performed using the function pairwise.perm.manova (with 999 permutations and
BH method) from the package RVAideMemoire (Hervé and Hervé, 2019). Differences in beta diversity
were visualised using an NMDS fit with Bray-Curtis distances. Bacterial indicator taxa analysis (i.e.,
indicative of a specific treatment) was performed using a multi-level pattern analysis with 999
permutations with the function IndVal-multipatt from the package indicspecies (De Caceres, 2013, De
Caceres and Legendre, 2009). This analysis was carried out at three separate levels including family,

genus and species with alpha = 0.05.
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To compare differences in the relative abundance of bacterial families among treatments, a
linear model with treatment as a fixed effect was fitted to the ten most abundant families in the
rarefied dataset using the Bayesian package ‘brms’ (Burkner, 2017). A zero-inflated beta distribution
was used for all families except Rhodobacteraceae, where a beta distribution model was used as all
samples had relative abundances larger than zero. To quantify differences in the predicted relative
abundance of each family among treatments, the 95% credible interval of the posterior distribution of
the difference between relative abundances of each pair of treatments was calculated. When the 95%
credible interval overlapped with zero, it was assumed that the relative abundances were not different.
To identify differences in relative abundances of particular families differentially abundant among
treatment combinations (i.e., in a non-rarefied dataset), a differential expression analysis based on a
negative binomial distribution was performed using the function DESEq (Wald test) from the package
DESeq2 (Love et al., 2014), which has been previously used in microbial community analysis due to it s
increased sensitivity, particualrly on smaller datasets (Weiss et al., 2017). Log2FoldChange values were
used to compare significant differences among treatment combinations, to identify not only the order
of magnitude in relative abundances between treatments but also which treatment favoured the

abundance of each taxa.

To investigate associations between pairs of bacterial families or Symbiodiniaceae types, a
Spearman rank correlation test was computed for each pair of bacterial family and Symbiodiniaceae
type profiles that were present in at least ten samples. To compensate for the lack of replication at the
genotype level, a Mantel test was used to evaluate potential relationships between Symbiodiniaceae

and bacterial communities.

2.4 Results
2.4.1 Phenotypic performance

2.4.1.1 Larval heat stress survival

Rearing condition had a significant effect on survival probability when larvae were exposed to
an acute thermal event of 35.5 °C at ambient pCO; (p < 0.001, method: Log-rank). Larvae reared in the
HIGH treatment had the highest probability of survival during acute heat stress, at least for the first
120 hours, followed by MID treatment, then AMBIENT, with the last two treatments showing more
similar survival rates through time (Fig. 2.2). Larvae from each rearing treatment that were maintained
under AMBIENT temperature conditions had survival probabilities close to one and survival did not

differ among treatments (p = 0.73, method: Log-rank).
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Figure 2. 2 Kaplan-Meier curves showing survival probability over time for larvae exposed to
two temperatures (27.5 and 35.5°C) at ambient pCO.. Solid lines show survival of larvae exposed to
acute heat stress at 35.5°C over a period of 144 hours, whereas dotted lines display survival of larvae
exposed to the ambient temperature of 27.5 'C. Line colours represent the three rearing conditions

being AMBIENT (blue), MID (black) and HIGH (red) temperature x pCO,.

2.4.1.2 Settlement success and survival of recruits over time

Settlement did not differ among treatments (p>0.05, Table A.S1), with a total of 2359, 2517
and 2329 settled recruits in the AMBIENT, MID and HIGH treatments, respectively. The number of
recruits on plates in the MID treatment showed less variation compared to AMBIENT and HIGH (Fig.

A.S2).

Survival of recruits significantly decreased over time and differed among treatments, but there
was no significant interaction between time and treatment (Table 2.1, Fig. 2.3). Overall, recruits from
the AMBIENT (as the contrast ‘intercept’ variable) treatment had significantly lower survival compared
with recruits from the MID and HIGH treatments. For the first time interval (2 to 6 weeks), recruits
from the MID treatment had the highest survival followed by recruits from the HIGH treatment, both
displaying survival >75%. In contrast, recruits from AMBIENT showed close to 75% survival. A similar
pattern was observed at the second time interval (6 to 10 weeks), although the overall survival was
lower for all treatments. In this interval, average survival was highest for recruits from MID (~65%),
followed closely by recruits from HIGH (~50%), while recruits from the AMBIENT treatment had ~25%

survival.
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Table 2. 1 Coefficient estimates for survival of recruits among treatments corresponding to all time

intervals over a total period of 8 weeks (2 to 10 weeks).

Estimate Std. Error z value Pr(>|z])
(Intercept) AMBIENT 2.745 0.307 8.95 <0.0001
Time -1.943 0.119 -16.35 <0.0001
Treatment HIGH 2.466 0.53 4.66 <0.0001
Treatment MID 1.222 0.464 2.63 0.0085
Time:Treatment HIGH -0.443 0.228 -1.94 0.0518
Time:Treatment MID -0.144 0.185 -0.078 0.4373
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Figure 2. 3 Survival probabilities of recruits in the three treatments at 2 weeks, 6 weeks and
10 weeks post settlement. Error bars show 95% confidence intervals. The size of the coloured circles
represents the number of raw observations where the top circles show the number of survivors
whereas the bottom circles show the number of dead recruits). Detailed information on the multiple

significant interaction can be found on Table2.1’

2.4.1.3 Recruit basal growth over time

The best-fit model for estimating basal growth included treatment, diameter, and time as

additive fixed effects, and individual nested within plate as random intercept (Table A.S2). Basal
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growth significantly decreased with increasing diameter and differed among treatments (Table A.S3).
However, posthoc comparisons did not find significant differences among specific pairs of treatments
(Table A.S4) and the effect size was small. The mean growth of coral recruits in the MID and HIGH
treatments was only 10.9 and 9.7 % less than in AMBIENT for the first time interval, respectively and
11.6 and 10.3 % for the second time interval. Recruits grew less during the second time interval relative

to the first time interval, although the difference was small (Fig. 2.4).
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Figure 2. 4 Mean basal growth of recruits for the different treatments (AMBIENT, MID, HIGH)
in the first (a) and second (b) time intervals. Since basal growth was size-dependent, all predictions
were corrected for size. Points show the fitted model mean and error bars are confidence intervals.

The grey box plots show the data corrected for diameter.

2.4.2 Symbiotic associations

2.4.2.1 Symbiodiniaceae communities of 6-week-old recruits

A total of 2,727,278 raw reads were obtained from the 54 samples across all treatments,
ranging from 22,6006 to 79,829 reads per sample. An average number of 50,511 pair-end reads were
obtained per sample, with downstream filtering steps reducing this to 33,119 reads. A total of 350

filtered reads were found in the blank sample, however, no ITS2 profiles were predicted by SymPortal.

Treatment had a significant effect on Symbiodiniaceae type profiles in 6-week-old recruits,
explaining ~25% of the variance (R?=0.25, Table A.S5). Tank did not have a significant effect on the

Symbiodiniaceae associations, although it explained ~15% of the variance (R*=0.15, Table A.S5). The
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remaining ~60% variance remained unexplained. Individuals from the AMBIENT treatment were
dominated by types where ~62% of reads matched D1.D4.D6.D2.D1c.D4c (Durusdinium glynnii, D.
trenchii), followed by ~17% of reads matching C50c.C50a.C3.C21.C50f.C3b (no associated species). The
remaining 21% of reads matched less abundant type profiles (Table A.S6, Fig. 2.5). Almost half of the
individuals from the MID treatment (~45%) matched C1.C1b.C1c.C42.2.C1bh.Clbr (C. goreaui), ~30%
matched D1.D4.D6.D2.D1c.D4c (D. glynnii, D. trenchii), ~13% matched
D1.D4.D17c.D17d.D1r.D17e.D4¢c.D17k.D17j.D17I (D. trenchii), with other type profiles sharing the
remaining ~12% (Table A.S4, Fig. 2.5). Over half of the individuals from the HIGH treatment (~53%)
were dominated by type profile D1.D4.D6.D2.D1c.D4c (D. glynnii, D. trenchii), followed by
C1.C1b.C1c.C42.2.C1bh.Clbr (Cladocopium goreaui) (~23%) and then
C1.Clc.Clb.Clao.Clam.Clan.C3cm (C. goreaui) (~12%), with less abundant types accounting for the
remaining ~12% (Table A.S6, Fig. 2.5). A total of 12 different Symbiodiniaceae type profiles were
detected in 6-week-old recruits from the AMBIENT treatment, whereas 18 and 14 different type
profiles were detected in the MID and HIGH treatments, respectively. More detailed information (i.e.,
dominant vs. rare profiles detected) at the individual recruit level from each treatment can be found

in the supplementary material (Tables A.S7 to A.S9, Fig. A.S2).
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Figure 2. 5 Average composition of Symbiodiniaceae communities in 6-week-old A. loripes recruits. Bar
plots show the overall proportion of each type profile within each treatment (i.e., pooled across coral

recruits within treatments).
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NMDS revealed a weak segregation of recruits according to treatment (Fig. 2.6a). Despite this

weak clustering, pairwise PERMANOVA comparisons confirmed significant differences among
treatment groups (AMBIENT - MID: p < 0.05; AMBIENT - HIGH: p<0.05; MID - HIGH: p<0.05). Moreover,
from the type profiles that have known associated species, the vectors driving the separation did not
necessarily have the same associated species (Fig.2.6b). For example, type profiles
C1.Clc.Clb.Clao.Clam.Clan.C3cm and Al pulled the ordination in the same direction, yet one is

associated with C. goreaui and the other one with S. microadriaticum.

Symbiodiniaceae

=} A1 [S. microadriaticum)

0 C1.C1b.C1¢.C42.2.C1bh.C1br [C. goreaui]
~ ) Treatment o’ 51 C1.C1c.C1b.C1a0.C1am.C1an.C3cm [C. goreaui)
8 ® ® Ambient 8 C50c¢.C50a.C3.C21.C50f.C3b[C. goreaui]
= ® High = C50¢.C50a.C3.C50u.CS50f [none]
4 Y oL =z

D1.D4.D17¢.D17d.D1r.D17e.D4¢.D17k.D17}.D171 [D. trenchii]
D1.D4.D2.D4c¢.D6 [D. glynnii,D. trenchii)

G31.G3v [none]

G3t [none]

, ® Mid
-0.54

® ¥ B 4 O X + D

Figure 2. 6 NMDS of Symbiodiniaceae type profiles in 6-week-old recruits across treatments.
Values in axis represent Bray-Curtis distances between samples. The red lines show the ten
Symbiodiniaceae type profiles that contributed most to the ordination, the remainder are represented

by grey lines. Names in brackets represent SymPortal associated species to each of the type profiles.

2.4.2.2 Bacterial communities for 6-week old recruits

A total of 3,513,801 bacterial sequences were retrieved from the 6-week-old recruits (N=54)
sampled across all treatments, corresponding to 1,282 unique ASVs. The number of reads per sample
ranged from 37,543 to 104,262. On average, 65,070 pair-end reads were obtained per sample after
sequencing with downstream filtering steps reducing this to 41,602 reads. The number of ASVs per
sample ranged from 4,251 to 20,245. Rarefaction analysis showed curve asymptotes at ~5,000 reads
(Fig. A.S3), thus the dataset was rarefied to even depth of 4,251. All samples were retained in the
analysis, and a total of 1282 taxa were retrieved following rarefaction. A total of 280 merged non-
chimeric reads were recovered from the blank sample (i.e., DNA extraction control) and clustered into
two ASVs, however these ASVs did not have any bacterial taxonomic affiliation and were not present

in any of the 54 coral recruit samples.



Chapter 2: Thermal preconditioning of coral larvae increases their tolerance to heat waves and
affects phenotypic traits of the recruit
50
The number of shared ASVs varied according to treatment (Fig. S4). A total of 197 taxa were
found in AMBIENT, 212 in MID and 209 in HIGH, with some taxa occurring under different treatments.
For example, the HIGH treatment had 123 unique ASVs, followed by the MID and AMBIENT treatments
with 119 and 111, respectively. Samples from the HIGH and MID treatments shared 26 ASVs and
samples from the MID and AMBIENT treatments also shared 26 ASVs (one-level of difference in
treatment conditions). This contrasts with only 19 ASVs shared between HIGH and AMBIENT (two-level

of treatment conditions difference).

Alpha diversity was not significantly different among treatment combinations (AMBIENT-MID,
AMBIENT-HIGH, MID-HIGH) (p>0.05; Tables A.S8- A.S10). Species richness was also not significantly
different among treatments (Fig. A.S5). By contrast, beta diversity varied depending on treatment and
Bray-Curtis dissimilarity matrices showed that treatment had a significant effect on bacterial
community composition, although it explained only 6% of the variance in relative abundances (p <
0.01, R? = 0.06, Tables A.S11 - A.512). Tank did not have a significant effect on the bacterial
communities, explaining only 2% of the variation (p>0.01, R%=0.021, Table A.511). The remaining ~92%
variance remained unexplained. Although a weak segregation was observed among treatments (Fig.
2.7), pairwise PERMANOVA confirmed significant differences among treatments pairs (AMBIENT : MID
< 0.01; AMBIENT : HIGH < 0.01; MID : HIGH < 0.01).

NMDS of bacterial communities in coral juvenile samples

Treatment

® Ambient
® Mid
® High

NMDS2

-0.2 -0.1 0.0 0.1 0.2
NMDS1

Figure 2. 7 NMDS of bacterial communities in 6-week-old recruits across treatments. The axes

represent Bray-Curtis distances among samples.
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At the species level, a total of five indicator taxa were identified across all treatments (Table
A.S13, alpha = 0.05, p-value < 0.05), all from the phylum cyanobacteria. However, most fidelity values
ranged from 20 - 50% and consequently, none of these species was considered as an indicator for any
particular treatment. A similar result and conclusion were found at the genus (Table A.S14) and family

(Table A.S15) levels.

Based on the rarefied dataset, relative abundances of the top 10 most abundant bacterial
families did not vary among treatments (Fig. 2.8, Tables A.516- A.S17). The most abundant bacterial
family across all treatments was Rhodobacteraceae. When including the top 15 families, other
common coral-associated bacterial families like Endozocoimonadaceae were also detected, although
they were not present in all samples within each treatment (Fig. A.S6). At the genus level, the top ten
bacterial genera did not vary among treatments (Fig A.S7, Tables A.S18- A.S19). In addition, analysis of
the non-rarefied dataset revealed significant differences among particular bacterial families between
pairs of treatments, with log2FoldChange values favouring the abundance of some taxa under HIGH

treatment (Fig A.S8, Tables A.520- A.S22).
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Figure 2. 8 Relative abundance of the top 10 bacterial families (y-axis) among 6-week-old

recruits (x-axis) for each of the three treatments (AMBIENT, MID, HIGH); (n= 117 total families).

2.4.2.3 Correlation of relative abundances across symbiont members
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Spearman Rank correlation coefficients revealed only weak correlations in relative
abundances between pairs of the top 10 most abundant bacterial families, but stronger associations
between Symbiodiniaceae type profiles (Fig. 2.9). For example, there was a strong negative correlation
between D1.D4.D6.D2.D1c.D4c (D. glynnii/D. trenchii) and
D1.D4.D17c.D17d.D1r.D17e.D4¢c.D17k.D17j.D171 (S. trenchii), and a strong positive correlation
between the latter (D. trenchii) and C1.C1b.C1c.C42.2.C1bh.Clbr (C. goreaui). In addition, the Mantel
test showed that the Symbiodiniaceae community did not have a significant relationship with the
bacterial community (Mantel statistics R = 0.019, p = 0.289) at the genotype level. In other words,
samples that had similar bacterial families, did not necessarily have similar Symbiodiniaceae type

profiles.
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Figure 2. 9 Relative abundance correlations among Symbiodiniaceae type profiles and
bacterial families for 6-week-old recruits. Correlation values based on the Spearman Rank correlation

coefficient analysis. Significant correlations among pairs are shown inside the inside the matrix.
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2.5 Discussion

My results provide insights into the effects of elevated temperature and pCO, on the
performance of coral early life stages and their microbial associations. Importantly, | observed
increased thermal tolerance of coral larvae following a short rearing period of combined elevated
temperature and pCO,. Rearing under simulated future climate conditions influenced growth rate and
survival of recruits, but had subtle effect on symbiotic community structure. Hence, suggesting that
the coral host plays a major role, relative to the community composition of their symbionts, in the

observed differences in thermal tolerance of larvae and growth and survival of A. loripes recruits.

2.5.1 Larval and recruit survival

Exposure to stressful, but non-lethal, environmental conditions, can induce stress-hardening
responses that increases survival probability in similar or even more extreme conditions (Bowler, 2005,
Sinclair and Roberts, 2005). This study demonstrated that rearing treatment conditions served as a
physiological preparation by significantly influencing survival probabilities of 10-day old coral larvae
exposed to a temperature treatment 8 °C above the AMBIENT baseline. Coral larvae that had been
reared at elevated temperature and pCO, conditions (+2.0°C and 900 patm pCO,) exhibited increased
survivorship during 120 hours of thermal stress, which suggests a hardening response from pre-
exposure to elevated temperature and/or pCO,. It is possible that increased survivorship of coral larvae
from the HIGH treatment when acutely exposed to thermal stress (35.5°C) was a consequence of
treatment conditions differentially affecting early larval development, since rates of embryogenesis
are temperature-dependent (i.e., due to the possibility that larvae from HIGH treatment were more
developed relative to AMBIENT and MID larvae during the same 10-day rearing period). For example,
warm temperatures have been shown to accelerate development in several species including
acroporids and mussids (Negri et al., 2007, Heyward and Negri, 2010, Chua et al., 2013b). However,
elevated temperatures can also be linked to an increased likelihood of embryonic abnormalities that
leads to higher mortality rates (Keshavmurthy et al., 2014, Randall and Szmant, 2009b). In fact, studies
in other Acropora spp. have recorded decreased larval survival by ~60% following a 4 °C increase in
temperature, with most losses occurring during the process of gastrulation (Randall and Szmant,
2009a). Here, | allowed sufficient time for larvae to be fully developed in all three treatments prior to
applying the acute heat stress, and only recorded between a 20-25% decrease in larval survival for the
first 12 hours of acute heat stress across all treatments. Such differences in survival rates are more
likely linked to molecular responses triggering enhanced thermal tolerance in larvae that experienced

higher thermal stress during the rearing period. The increased survivorship of larvae under acute heat
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stress is clear evidence of rapid stress-hardening responses triggered by HIGH treatment conditions.
However, it is important to recognise that my experimental design precludes determination of
whether hardening was triggered by preexposure to elevated temperature only, pCO2 only, or their
combination. Future experiments should consider implementing fully orthogonal experimental designs
to tease apart factors underpinning stress-hardening and also consider using individual crosses of
parental colonies to be able to assess how genetic diversity may be partitioned across larvae, or

recruits, due to treatment conditions.

The transcriptional response of corals exposed to acute thermal stress has been shown to
include a rapid increase in heat-shock proteins but also a decreased expression of particular proteins
(e.g., mannose-binding C-type lectin) that can potentially compromise the host immune response
(Rodriguez-Lanetty et al., 2009). Moreover, a rapid depletion of larval energy stores due to
compromised enzymes involved in the glyoxylate cycle and negative effects to cytoskeletal structure
have also been linked to altered transcriptional responses associated with hyperthermal stress (Polato
et al., 2013). In my study, | allowed a resetting period to AMBIENT conditions prior to acute thermal
stress. | therefore hypothesise that higher survival rates observed in larvae from HIGH treatment is a
stress-hardening response related to particular molecular mechanisms of thermal tolerance
established during the rearing period, which could have been retained via epigenetic mechanisms (e.g.,
DNA methylation) (Dimond and Roberts, 2016, Liew et al., 2018, Putnam et al., 2016). However, the
mechanisms responsible for this apparent thermal hardening in my study remain unknown. If the
assumption is that a consistent genetic pool was maintained across batch cultures, it is possible that
increased survivorship in the HIGH treatment is the result of thermal hardening. For instance, it is
important to consider that thermal tolerance arises primarily through mechanisms of acclimation and
adaptation (Chevin et al. 2010, Foo and Byrne, 2016). Therefore, acknowledge that different rearing
conditions may have selected for different genotypes, resulting in genetic differences in the larval
pools of the three treatments. | also assumed that all larvae were aposymbiotic and thus the increased
survivorship was not due to differential effects of treatments on the Symbiodiniaceae communities.
Future studies should investigate how alleles can be selected due to elevated treatment conditions, as
well as the cellular response of the larvae (Meyer et al., 2011a) and determine whether survival rates
can be modified when larvae have been infected with Symbiodiniaceae (e.g., vertical symbiont
transmission), since some taxa are known to enhance thermal tolerance (Kenkel and Bay, 2016,

Quigley et al., 2016, Robison and Warner, 2006).
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Regardless of the exact mechanism/s responsible, increased survivorship under acute thermal
stress due to hardening could be beneficial to coral larvae under future climate conditions. Water
temperatures can become elevated over shallow reefs during the day, and such conditions can
increase in intensity as sea surface temperatures rise, therefore thermally hardened coral larvae would
have an increased probability of survival under these conditions, particularly due to the possibility that
future marine heat waves (i.e., referring to thermal anomalies causing coral bleaching events due to
increased temperatures) may extend beyond the peak of summer seasons due to rapid climate change
(e.g., including periods of mass spawning events) (Oliver et al., 2019); . Although it is not possible to
conclude whether this stress-hardening will remain a fixed trait during subsequent stages of
development (i.e., developmental acclimation), it is important to note that | did not observe negative
consequences (trade-offs) to the overall fitness, including settlement success, post-settlement growth
and survival. This suggests that the upper thermal limits of coral larvae can be enhanced when
fertilisation of gametes and larval rearing is carried out under HIGH treatment conditions. Inducing
thermal hardening by exposure of developing larvae to elevated temperature and pCO, might

therefore be a strategy to enhance the success of coral restoration projects.

Coral larval settlement can be affected by a range of environmental factors, including variation
in water temperature, water quality and substratum availability (Erftemeijer et al., 2012, Richmond et
al., 2018). In this experiment, settlement success was not significantly influenced by treatment
conditions, thus contrasting with previous studies that have recorded reduction in recruitment due to
elevated temperatures or low and variable pH (Viyakarn et al., 2015, Randall and Szmant, 2009b,
Carosellietal., 2018). It is possible that such contrasting result can be explained by the different species
of corals used and their sampling regions, since a study with three Acropora species from the GBR
found that none of the early life-history stages tested were consistently affected by reduced pH (Chua

et al., 2013a).

Post-settlement success is influenced by many environmental factors that induce increased
mortality over time (Ferrier-Pages et al., 2000, Trapon, 2013). Indeed, coral mortality in the first year
can be extremely high in nature (>30-99%) (Wilson and Harrison, 2005, Suzuki et al., 2018). Drivers of
post settlement mortality have been shown to shift with life stage and size, with survival rates of 30%

at 8 weeks post-settlement, and as low as 5% after 5 months, with little variation thereafter (Cruz and
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Harrison, 2017). This may be linked to small recruits (1-2 mo. Old) being more susceptible to accidental
grazing (Trapon et al., 2013) compared with larger (10-14 mo. Old) recruits (Davies et al., 2013). By
contrast, | found survivorship was greater between 2 - 6 weeks post settlement compared with 6 - 10
weeks post-settlement. It is possible that the higher mortality (¥65%) observed after ten weeks
compared to the first 4 weeks (¥25%) is the result of cumulative stress due to laboratory rearing
conditions for all treatment levels. Although this temporal pattern in mortality was observed for
recruits in all treatments, corals in the MID treatment had higher survivorship relative to corals in HIGH
and AMBIENT. In this context, the effect of elevated temperature can also determine post-settlement
success as it can promote larval development in corals and other marine invertebrates (Edmunds et
al.,, 2001, Pineda et al., 2002), which results in an increased settlement success and lowered post-
settlement mortality. However, other studies have reported reduced settlement and survival
associated with thermal stress (Nozawa and Harrison, 2008). In A. loripes, | recorded no variation in
settlement success across treatments, but recruits in the MID treatment had the highest survivorship
in both periods, suggesting that the MID treatment provided more suitable conditions relative to

AMBIENT or HIGH.

In the wild, mortality pressures are most evident in coral recruits until they reach a size refuge,
estimated to be around 5 mm or 3-9 months old (Babcock and Mundy, 1996, Doropoulos et al., 2012a),
with growth in the first weeks being considered the most crucial for further survival. A two-fold
increase in diameter of recruits 12 weeks post-settlement and an eight-fold increase over 12 months,
has been reported for recruits settled on either recruitment tiles or natural substrata (Cruz and
Harrison, 2017). Here, in a laboratory-based experiment, | found an important effect of size, with
overall growth rates decreasing with increasing diameter of the recruits across all treatments over a
10-week period, potentially explaining the slightly lower growth rate recorded between 6-10 weeks
relative to 2-6 weeks. While a negative effect of elevated temperature and pCO; on growth rate has
been reported in other Acropora spp. (Yuan et al., 2018), in A. loripes | detected no substantive

differences in growth rates across treatments.

2.5.2 Symbiodiniaceae diversity and community structure
Investigating the diversity and abundance of Symbiodiniaceae can provide insights into the
response of corals to changing environmental conditions (Oliver and Palumbi, 2011, Davies et al., 2019,

Ulstrup et al., 2008, Stat et al., 2011). Here, Symbiodiniaceae infection occurred naturally from
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exposure to other organisms (e.g., adult corals) and sediments within the treatment mesocosm
systems. Overall, treatment significantly influenced Symbiodiniaceae communities, explaining 25% of
the total variation. The remaining 60% of variation, could be contributed by specific host-
Symbiodiniaceae associations effects. It is possible that treatment conditions were not sufficiently
challenging to trigger changes in the community structure of Symbiodiniaceae or also, that the
continuous winnowing process of the recruits did not allowed a clear delineation of treatment-specific

effects.

| found evidence for a strong correlation among particular Symbiodiniaceae type profiles
(ranging from -0.71 to 0.70). The positive correlations between C. goreaui and D. trenchii, and S.
microadriaticum with C. goreaui, are of particular interest considering that previous studies have only
recorded positive correlations among Symbiodiniaceae members from the same lineage (Bonthond et
al., 2018). Strong negative correlations were also observed, but no clear comparisons were possible
due to the double species ID assigned to the type profile that displayed negative correlation with D.
trenchii and C. goreaui. Such information is valuable to improve our understanding on how

Symbiodiniaceae communities potentially interact in hospite (Tonk et al., 2013).

2.5.3 Bacterial diversity and community structure

Bacterial community composition in 6-week old recruits differed significantly among
treatments, despite treatment explaining only a small proportion of the variation. It is possible that
differences in the intensity of treatment conditions were not sufficient to induce major changes in
relative abundances (i.e., differences in the degree to which coral microbiomes vary over
environmental gradients or experimental treatments) (Grottoli et al., 2018, Hernandez-Agreda et al.,
2016, van de Water et al., 2017), and that the composition observed was similar due to contrasting
effects of the stochasticity produced by treatment conditions (i.e., deterministic changes due to
treatment producing similar beta diversity dispersion among them) (Zaneveld et al., 2017). These
findings were further supported by the low values for indicator specificity, which precluded their

assignment as robust indicators for treatment conditions.

In addition, the most distinct negative correlation was found between Rhodobacteraceae and

Phormidesmiaceae, with the majority of taxa displaying only weak or moderate correlations. However,
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the reasons behind such negative associations are unknown. Some co-occurrences were also found
but corresponded to unknown or uncultured bacteria, thus limiting interpretation of these results.

Future studies should consider increasing the temporal scale of sampling points as the rate of change

in coral bacterial communities in responses to environmental stress is unknown.

2.5.4 Conclusions

Here | showed that early coral life stages can increase their thermal tolerance to acute high
temperature events via short-term exposure to elevated temperature and/or pCO, conditions
predicted to occur this century (i.e., evidence of phenotypic plasticity). | further showed that survival
of coral recruits was greatest under elevated temperature and pCO, conditions, contrasting with
previous laboratory and field-based findings. Further, larval settlement and growth of recruits were
not affected by MID and HIGH treatment conditions. Thus, inducing stress-hardening during A. loripes
larval stages did not involve trade-offs with other fitness traits at the recruit stage. This research
provides a platform for future work to elucidate the molecular mechanisms (including epigenetic

markers) underpinning acclimation responses.
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Chapter 3: An experimental test of beneficial acclimation and thermal

hardening to climate change conditions in coral early life stages

3.1 Abstract

Multiple climate change stressors, like the combination of ocean warming and acidification,
will continue challenging the resilience of corals. Acclimation and hardening of corals via phenotypic
plasticity could enable them to overcome rapid climate change. To better understand how the early
life stages of coral will respond to predicted future climate change conditions, | reared larvae and
recruits of Acropora loripes under three different combinations of water temperature and acidification,
simulating current-day and future climate change scenarios. Gametes from 14 wild-collected colonies
of A. loripes were cross fertilized in ambient (27.5°C, 410 patm pCO;), mid (AMBIENT +1.0°C, 670 patm
pCO;) and high (AMBIENT +2.0°C, 900 patm pCO,) treatments. Larvae and recruits were subsequently
reared under the three treatment conditions for a period of 23 weeks, including a full reciprocal
transplant across treatments at 8 weeks of age, and a thermal stress experiment after 16 weeks of age.
| observed evidence for thermal hardening in larvae, which displayed enhanced tolerance to extreme
temperature (35.5 °C) after 10-days preconditioning under elevated conditions. There was subtle
evidence for beneficial acclimation in the maximum photochemical efficiency (Fv/Fm) of 16-week old
recruits following the reciprocal transplantation across treatment combinations. Recruits with prior
exposure to elevated treatment conditions exhibited higher Fv/Fm under elevated treatments
compared with recruits that did not experience elevated treatment conditions prior to reciprocal
transplantation. Furthermore, acclimation was reversible, with Fv/Fm returning to ambient levels in
recruits returned to ambient conditions after reciprocal transplantation. Finally, the negative effect of
heat stress (31°C) on Fv/Fm was buffered in recruits that had experienced elevated conditions during
the reciprocal transplantation stage, providing evidence for thermal hardening. Treatment conditions
had no clear effect on the growth of recruits during transplantation or heat stress. My findings suggest
that corals with past exposure to climate change conditions may have more tolerant phenotypes under
acute heat stress conditions. The cost, benefit and risk of stress hardening should be considered in the

context of the propagation of corals for restoration and adaptation.

Keywords: global warming, ocean acidification, coral, thermal acclimation, phenotypic

plasticity, restoration, adaptation.
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3.2 Introduction

Anthropogenic climate change is challenging the stress tolerance of scleractinian corals. Corals
have adapted and evolved to a variety of climates over tens of thousands of years (Stanley, 2003), with
populations thriving at different geographic locations, even under extreme conditions of thermal and
acidification stress (e.g., upwelling and CO; vent sites) (Palumbi et al., 2014, Schoepf et al., 2015b,
Fabricius et al., 2011). However, the current rate of climate change is considered unprecedented on
millennial scales, raising the question of whether corals will be able to adapt to the current rate of
change (Hoegh-Guldberg, 2012). Indeed, current predictions suggest that even under greenhouse gas
mitigation scenarios, ocean temperatures are on track for at least 1°C warming, which may exacerbate
the frequency and intensity of acute thermal-stress events like coral bleaching (Cai et al., 2014,
Ainsworth et al., 2016, IPCC, 2019, Hoegh-Guldberg et al., 2019), which is considered the main source
of coral cover decline in many regions around the globe (Perry and Morgan, 2017, Wilson et al., 2019,
Hughes et al., 2017a). Despite the uncertainty around the future of corals in a rapidly changing climate,
there are adaptive pathways that could potentially help corals adjust to these altered environmental

conditions.

Environmental changes are constantly challenging the resilience capacity of organisms and
their populations. In corals, the detrimental effect of long and short-term environmental stress can be
overcome via organismal adaptation and/or acclimation, and also facilitated through their co-evolved
symbiotic associations (Fox et al., 2019, Torda et al., 2017, Adjeroud et al., 2018). If there is sufficient
standing genetic variation among populations with different environmental histories then local
adaptation can occur (Kenkel et al., 2018, Howells et al., 2013, van Oppen et al., 2018, Quigley et al.,
2019). Under this scenario adaptive alleles from populations on warmer reefs can disperse to other
reefs and more heat tolerant populations would be expected to evolve. It is still unclear however, how
fast those alleles would be fixed considering the long generation times for some coral species and
other factors limiting the spread of alleles among populations (Palumbi et al., 2011, Quigley et al.,
2019). Thus, it is also important to assess other adaptive strategies and mechanisms occurring within

the lifespan of the organism, which may or may not be transferred to subsequent generations.

Phenotypic plasticity is a mechanism by which organisms can rapidly respond to short term
environmental changes to sustain homeostasis and fitness. Beneficial acclimation through phenotypic
plasticity can occur within life stages (e.g., developmental and reversible acclimation) and can

potentially be transmitted between generations (e.g., transgenerational acclimation) (Munday et al.,
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2013, Torda et al., 2017). Both, in situ and vitro transplantation experiments have shown that corals

can acclimatise to new physicochemical conditions (Bongaerts et al., 2011). The acclimation response
has been attributed to the role of the host (i.e., cellular response linked to particular gene and protein
expression profiles) and the role of symbionts (i.e., more tolerant Symbiodiniaceae and bacteria)
(Webster and Reusch, 2017, Blackall et al., 2015, van Oppen and Blackall, 2019). It can also be regulated
through epigenetic mechanisms (Liew et al., 2020, Dimond and Roberts, 2016). Moreover, the
induction of plastic responses can occur through hardening, where a brief exposure to a non-lethal
condition triggers changes that can increase an organism’s tolerance of subsequent more extreme
conditions (Wilson and Franklin, 2002). Indeed, corals that have been exposed to stressful conditions
may perform better under more extreme environmental conditions (e.g., reduced bleaching
susceptibility) (Hoffmann et al., 2003, Sinclair and Roberts, 2005). Therefore, as ocean warming and
acidification conditions continue to worsen, it is not only important to explore the mechanisms
underpinning acclimation responses and their limitations in face of rapid climate change, but also what

alternatives can be implemented to enhance survival probabilities of early life stages of corals.

Early life stages of coral are crucial for sustaining populations and maintaining genetic
diversity. Despite the immense amount of sexually produced offspring that can be generated by
spawning corals every year (Harrison et al., 1984), only a small number of larvae will settle and develop
into juvenile or adult corals. Although survival rates stabilise after a few months, mortality can be as
high as 80% post-settlement, even under controlled environments (Wilson and Harrison, 2005, Davies
et al., 2013, Suzuki et al., 2018). Various physical, biological, and chemical factors influence the
mortality rate of coral larvae and recruits, including the availability of adequate substratum or biofilms
for settlement, sediments or pollutants, predation, water temperature and carbonate saturation state
(Davies et al., 2013, Trapon et al., 2013, Mumby, 1999, Humanes et al., 2016). Importantly, extreme
environmental conditions that can dramatically affect mortality rates are predicted to increase in the
future. For example, the frequency and intensity of heat waves are predicted to increase as the climate
warms and are no longer constrained to years with extreme El Nifio-Southern Oscillation (ENSO)
conditions (Hughes et al., 2018b, Hoegh-Guldberg et al.,, 2019). Consequently, it is important to
consider the capacity of coral early life stages to acclimate to warmer conditions, especially as early
development takes place during summer (southern hemisphere) when heatwaves are most likely to

occur.
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In addition, rising temperatures may force early life stages of corals to undertake shuffling or

switching of symbionts (i.e., in addition to their vertically transmitted microorganisms), giving priority
to more thermally tolerant symbiotic associates. However, there could also be trade-offs associated
with shuffling or shifting of symbionts, including reduced nutritional uptake (Yorifuji et al., 2017,
Abrego et al., 2012), and even proliferation of potential pathogens (Bourne et al., 2009, van Oppen
and Blackall, 2019, Webster et al., 2016), with implications for growth, development and the time
needed to reach sexual maturity. Current studies exploring the response of corals, and their symbionts,
to environmental stress usually rely on short-term exposure to stressors (e.g., temperature), but do
not necessarily explore the long-term consequences, nor if acclimation is beneficial when the intensity
of the stress changes, or if preconditioning during early life stage could shape the response to more
extreme events. Thus, it is important to explore how climate change conditions affect the phenotypic
traits of the early coral host and its symbionts, and determine if acclimation can be maintained or drive

the appearance of more tolerant phenotypes.

In this context, generating more tolerant phenotypes with high genetic diversity could be an
alternative pathway to increase the success of current coral reef restoration initiatives. Current
strategies mostly focus on adult life stages (e.g., via clonal propagation), which has serious limitations
for both scaling up and genetic diversity (Lirman and Schopmeyer, 2016, Young et al., 2012, Forsman
et al., 2015). More recently, reef restoration efforts have been exploring a range of alternatives at
different life stages, with a particular focus on sexually produced individuals, targeting the intrinsic
resilient capacity of the various members of the coral holobiont and determining limits to their
environmental tolerance (van Oppen et al., 2017, Randall et al., 2020, Bostrom-Einarsson et al., 2020).
Although a long-term global commitment is needed to tackle greenhouse emissions and help coral
reefs survive, it is also important to consider the potential of small but scalable options via exploring
the intrinsic mechanisms of coral resilience to environmental stress. Hence, it is important to evaluate
whether early life stages of coral could endure predicted climate change conditions through rapid
adaptive mechanisms, but also if such tolerance can be sustained if physicochemical conditions change

or worsen.

The aim of this study was to evaluate if preconditioning of coral larvae to controlled climate
change conditions can have lasting effects on coral recruit development. In particular, | was interested
in testing whether beneficial acclimation to climate change stressors can occur during early life stages

of the coral. Specifically, | tested for acclimation capacity by using a common garden experiment (i.e.,
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reciprocal transplantation) that exposed coral recruits to an arrangement of three levels of combined

temperature and pCO; and compared host and symbiont traits (e.g., growth rate and photosynthetic
efficiency) before/after transplantation. If beneficial acclimation was occurring, individual
performance should improve after a period of exposure to altered environmental conditions compared
with performance following acute or short-term exposure to the same environmental conditions
(Angilletta, 2009). After a resetting to ambient / control conditions, | exposed the surviving recruits to
heat stress and tested for thermal hardening induced by previous exposure to the different
experimental treatment combinations during the common garden experiment. Furthermore, after a
resetting to ambient / control conditions, | separately exposed a subsample of pre-conditioned larvae
from each of the original treatment levels to an acute heat stress, aiming to test for a thermal
hardening response that could improve survivorship during extreme temperature events, such as
heatwaves. The objective of this study was to improve our understanding of the challenges faced by
early life stages by taking into account the detrimental effects of predicted climate change and the

corals capacity for thermal acclimation (including hardening).

3.3 Material and Methods
3.3.1 Study species and coral collection

Acropora loripes was chosen as the focal species for several reasons, including its high local
abundance and widespread distribution, ease of identification and amenability to cultivation in the
laboratory. Fourteen gravid colonies (<25 cm in diameter and assumed to represent distinct
genotypes) were collected at about 6 m depth at Davies Reef in the Central Great Barrier Reef (18.83S;
147.63E) under GBRMPA permit G11/3471.1. Collection occurred on 17 - 20" October 2017,
immediately prior to the predicted major mass spawning event at this reef. After collection, the corals
were transported to the National Sea Simulator (SeaSim) at the Australian Institute of Marine Science
(AIMS) and housed in flow-through aquaria under ambient conditions (27.5 °C; 410 patm CO,)

simulating the environmental conditions at Davies Reef.

3.3.2 Experimental parameters and coral spawning

To evaluate performance of coral larvae and recruits under simulated climate change
scenarios, this study used three levels of combined temperature and pCO;: 1) AMBIENT (27.5°C, 410
patm pCO,), 2) MID (ambient +1.0°C, 670 patm pCO;) and 3) HIGH (ambient +2.0°C, 900 patm pCO,).
The experimental systems were monitored in real time for temperature and pCO; and all inputs were

integrated by the Control System in the Model Predictive Control logic to manage experimental
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parameters. The experimental manipulations mirrored seasonal and daily variation in both
temperature and pCO; based on reference field measurements from Davies reef with offsets being
applied to simulate treatment conditions. See (Uthicke et al., 2020) for further details on the
monitoring of temperature and pCO2 at the SeaSim facility. Additional treatment conditions included
acute exposure of larvae to 35.5°C for five days and heat exposure of recruits to 31°C for up to 35 days
to assess the potential for thermal hardening of larvae and recruits, respectively, induced by previous

experimental treatments during the rearing period or the transplantation phase (Fig. 3.1).

Ambient: 27.5°C, 410patm pCO,
Mid: +1.0°C, 670uatm pCO,
High: +2.0°C, 900patm pCO,

Heat stress: 31.0°C, ~410uatm pCO,
Acute heat stress: 35.5°C, ~410uatm pCO,
V Growth and Fv/Fm (t) V¥ Tissue sampling (s)

Rearing Incubation #1 Incubation #2 Resetting ~ Heat stress
(7 days) (8 weeks) (8 weeks) to (5 weeks)
AMBIENT
(AMB-AMB) (2 weeks)

(MID-AMB)

Recruits: Larvae (AMB) || Recruits (AMB) (HIGH-AMB)
- Settlement

- Survival (AMB-MID)
- Growth ‘ (Spawning) Larvae (MID) H Recruits (MID) (MID-MID)

- Fu/Fm ‘ (HIGH-MID)
Larvae:

(AMB-HIGH)
(MID-HIGH)
(HIGH-HIGH)

t=16 weeks
s =16 weeks |

- Thermal tolerance

Larvae (HIGH) H Recruits (HIGH)

Settlement
t=0 weeks

t=8 weeks

| t=18 weeks t=23 weeks‘

Plasticity stage Heat tolerance stage

Figure 3. 1 Experimental design used to assess the potential for beneficial acclimation and
thermal hardening in the early life stages of the coral Acropora loripes). Incubation times in weeks (t)

and tissue sampling point (s) are also included.

Colonies were isolated in individual tanks in the dark without water flow on the night of
spawning. After spawning, the positively buoyant gamete bundles were collected from the water
surface and eggs and sperm from each colony were separated using filtration (120 um mesh size) and
gentle agitation. Equal proportions of eggs and sperm from all fourteen spawning colonies were mixed
to produce two individual batch cultures for each of the treatments (i.e. fertilised using water from the
corresponding treatment). Each batch fertilisation contained approximately 75,000 eggs in 6.5 L
volume and a sperm density of 10° per ml (Willis et al., 1997). After one hour (just prior to or at the

time of first cleavage) each batch fertilisation was thrice rinsed in treatment specific FSW then stocked
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at 1 larva/mL in two replicate 65 L rearing tanks in each of the three treatment conditions. Rearing

tanks received water-flow of 2.5 L/min FSW, an outflow covered by a 60 um filter and constant airflow,
which was started 24h post-fertilisation. Although these batch cultures were treated similarly, it is
important to acknowledge that differences in temperature and pCO, conditions may have selected for
different genotypes, resulting in genetic differences in the larval pools of the three treatments. Larvae

reared under each treatment were used for two separate experiments, as described below.

3.3.3 Acute heat tolerance of coral larvae

After ten days of rearing, swimming larvae were haphazardly sampled from each treatment.
Twenty larvae per treatment were placed in 24 replicate mesh bottomed containers (net-wells) (i.e.
larvae = 480, n=72 net-wells total). Larvae were assumed to be aposymbiotic. The wells were floated
on four 50 L tanks (i.e., with turnover flow of FSW of 0.8 L/min) in an arrangement of six wells per
holding-tray containing two wells from each treatment (n = 3 holding-trays per tank). All larvae were
first acclimated to AMBIENT conditions for one hour in all tanks. After the short acclimation, the
temperature was increased in two tanks by 1°C per hour over eight hours until 35.5°C was reached,
whereas AMBIENT temperature of 27.5 °C was maintained in the other two tanks. The pCO; level was
maintained at ~450-500 patm CO; in all four tanks. Survival was measured from repeated visual counts

of remaining larvae every 12 hours for five days.

3.3.4 Settlement and follow up of recruit development

At seven days post fertilization approximately 1500 larvae were settled onto wax-coated
ceramic plugs (1.2 cm in diameter) contained within trays (i.e., one tray per 50 L tank, 12 tanks per
treatment, 36 trays). Prior to settlement, full trays were deployed at the bottom of 50 L acrylic tanks
whereas approximately 1 g of crushed crustose coralline algae (CCA) was both sprinkled and embedded
on all plugs as a cue to induce larval settlement; each tray had three subsections with a total of 195
plugs to allow for reciprocal transplantation movements. Pumps were turned on 24 hours post
settlement to allow for adequate FSW circulation. A total of six A. loripes adult coral fragments,
previously acclimatised to each treatment conditions (i.e., sourced from chapter 4, >6 months), were
deployed into each tank according to treatment to allow for the new recruits to gain photosynthetic
algae and bacteria via horizontal transmission in addition to maternal transfer. Settlement was
estimated by counting the total number of coral-settled recruits on each tray after one week when
attachment of settlers was stronger. Recruits were grown for a 23-week period that included two

experimental stages.
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In brief, to evaluate the potential for beneficial acclimation via phenotypic plasticity of coral

early life stages under simulated climate scenarios, recruits were first incubated under the same
chronic conditions: AMBIENT, MID, or HIGH in accordance with rearing condition (Fig 3.1; Incubation
#1). All these treatments were then reciprocally transplanted, which resulted in nine treatment
histories (e.g., HIGH-AMBIENT) (Fig. 3.1; Incubation #2). After 16 weeks all recruits were returned to
ambient conditions for a period of two weeks. To evaluate if hardening of heat tolerance occurred,
recruits from each of the treatment histories were then exposed to heat stress (31 'C) for five weeks
(Fig. 3.1, heat stress). Performance of recruits under heat stress was compared to their replicated
counterparts maintained under AMBIENT for the duration of the heat stress experiment. The
experimental set-up consisted of 36 (50 L) indoor tanks (3 treatments x 12 replicate tanks) receiving
water-flow of 0.8 L/min FSW, artificial light (150-260 uE m=2s™1) and daily feeds with an Artemia density
of 0.5 nauplii/ml. The acute heat stress stage used 36 x 50 L indoor tanks (2 treatments x 18 replicate

tanks) receiving a flow of FSW of 0.8 L/min, and similar artificial light spectrum and feeding regimes.

3.3.5 Recruit performance under chronic conditions

A common garden experiment was used to assess the response of corals to treatments, before
and after transplantation (Fig. 3.1). Changes in growth rate and photosynthetic efficiency were
recorded eight and 16 weeks after settlement (t = 0 weeks). For the first eight weeks (t = 8 weeks;
incubation #1), each treatment was represented by 12 trays that could be further split into three
smaller trays (i.e., third trays). For the second eight weeks (t = 16 weeks; incubation #2) each one of
the 1/3™ trays was distributed into the other two conditions resulting in nine treatment histories, each
represented by duplicated 1/3 trays with replicate 55 plugs. In addition, ten individual recruits per
treatment history per 1/3 tray were snap-frozen with LN2 at the end of incubation post transplantation

(t = 16 weeks) for metabarcoding analysis (i.e., symbiont communities) to be conducted.

Basal growth was measured by the change in live tissue surface area of individual recruits and
was obtained from photographs taken att =0, 8 and 16 weeks after settlement, using a frame mounted
NIKON D810 camera. A total of 10 recruits per tray per treatment (12 trays by 3 treatments = 360 total)
were haphazardly selected and labelled at the first time point (t = 0 weeks). Two eight-week time
intervals were used to assess growth rates. Each recruit was manually traced using the straight-
freehand line tool on IMAGEJ (version: 1.50i) (Rasband, 2012). Three replicate measures of the
diameter (d) were traced and their average used to predict changes in basal growth among treatment
histories over time (Pratchett et al., 2015). A numeric scale was included on each photo to transform

number of pixels to mm. The basal growth rate was quantified by calculating the proportional change
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in diameter of live recruits between timepoints (logg (%)). This resulted in two basal growth
t

measurements: interval 1 was 0 — 8 weeks and interval 2 was 8 - 16 weeks).

In addition, photographs were used to estimate survival rates of recruits over time for each
treatment. The total number of live individual recruits was recorded by visual counts att =0, and used

as a baseline to estimate survival rate over time across treatment histories and experimental stages.

Photochemical performance of Symbiodiniaceae was assessed in coral recruits with Imaging
Pulse Amplitude Modulated (iPAM) fluorometry and its affiliated software (Walz, Effeltrich, Germany).
Measurements were obtained at the same time points as the estimates of basal growth. A total of 8
recruits per tray per treatment (n = 288 total, 12 trays, 3 treatments) were haphazardly selected and
labelled at the first time point (t = 0 weeks). The iPAM can resolve at a scale of 100 um, thus allowing
for accurate photosynthetic measures even for small areas of tissue (Ulstrup et al., 2008). The actinic
light was calibrated with an Apogee quantum sensor (Model MQ-200, UT, USA) with the following
settings: measuring intensity = 4, saturation pulse intensity = 7, gain = 1, damping = 2. Maximum
quantum yield (ratio of variable to maximum fluorescence: Fv/Fm) was measured two hours after dark.
Yields were calculated from the area of interest at the different time points (i.e., using the total area
of live tissue), by orientating the recruits to a fixed angle in a plastic mount built for the iPAM. This
methodology has been used to determine photosynthetic productivity in studies of plant physiology
(Maxwell and Johnson, 2000); it reflects the efficiency of photosystem Il (Krause and Weis, 1991), and

is a widely accepted indicator of stress in corals (Jones and Hoegh-Guldberg, 2001).

A second experimental stage investigated the potential for enhanced thermal tolerance in 23-
week old coral recruits due to stress-hardening triggered by the previous treatment history. This stage
started with a 2-week pre-acclimation period (t = 16 to 18 weeks) where all recruits (i.e., 8 small trays,
9 treatment histories, n = 288) were incubated at Ambient conditions prior to the ACUTE heat stress.
This procedure ensured that all recruits started from the same baseline temperature in the hardening
experiment, regardless of their prior treatments. For the acute heat stress experiment (t = 18 to 23
weeks), half of the small trays from each treatment history were exposed to a temperature ramping
of +0.4°C per day until 31°C was reached, and then incubated for a maximum of 35 days at which point
maximum quantum vyield (Fv/Fm) values declined to < 0.3. The remaining small trays from each

treatment history were kept at ambient conditions for the total duration of the experiment (i.e., 4
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third-trays, 18 treatment histories). Growth and Fv/Fm measurements were obtained at the end of the

acclimation to ambient conditions (t = 10 weeks) and also at the end of the heat stress experiment
(t=23 weeks), using the same approach as in the first experimental stage. In addition, ten individual
recruits per treatment history per tray were snap-frozen with LN2 at the end of the heat stress stage
(t=23 weeks) for future metabarcoding analysis (i.e., symbiont communities), but not included within

this chapter.

3.3.6 Statistical analysis

3.3.6.1 Larval survival under acute heat stress

Kaplan-Meier (K-M) survival analysis was used to estimate survival rates of larvae through time
by grouping all survivors at the treatment level for each timepoint. Rearing treatment (AMBIENT, MID,
HIGH) and treatment during the acute heat stress (AMBIENT, ACUTE) were fixed effects. Data was

analysed with the survfit function in the R package ‘survival’ (Therneau and Lumley, 2014).

3.3.6.2 Settlement and survival of coral recruits

Variation in settlement success was evaluated with a set of generalised linear mixed effect
models with the function glmmadmb from the R package ‘glmmADMB’ (Fournier et al., 2012), with
tank as random effect and treatment as a fixed effect. The number of recruits were logie-transformed
to meet the normality assumption. Bootstrapping techniques were used to generate the 95%

confidence intervals.

A generalised linear mixed effects model with a binomial error structure was fitted to predict
the survival of recruits among treatments at the different time intervals. The models included time,
treatment and their interaction as fixed effects, and tank as a random intercept. The models were
fitted using the function gimmadmb from the R package ‘glmmADMB’ (Fournier et al., 2012). All

analyses were performed in R version 3.6 (Team, 2013).

3.3.6.3 Basal growth of coral recruits

Sets of linear statistical models were compared to quantify the response of proportional basal
growth to treatment conditions at the different time points. Models were fitted using the function

‘elmmadmb’ from the package glmmADMB (Fournier et al., 2012). A second order Akaike Information
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Criterion (AlCc) was used to identify the best-fit model. All analyses were performed in R version 3.6

(Team, 2013). A Levene’s Test was used to confirm homogeneity of variance (p>0.05) for settlement

and growth data.

For the beneficial acclimation data, the analysis of growth for the first 8 weeks, prior to
transplantation (t = 8 weeks), included three models with treatment as a fixed effect and different
combinations of: recruit area (log-scale) as a fixed effect, and tray or tank as random intercept. Growth
during the second 8-week period was measured in all treatment combinations at t = 8 and 16 weeks
(i.e. nine treatment histories in total) with growth as the response variable, size as a fixed factor, and
tank as a random intercept. If growth at the second time point was significantly lower than at the first
time point, acclimation was assumed not to have occurred. In addition, a second model was built to
predict how linear growth in treatment at t = 16 weeks was influenced by the previous treatment (t =
8 weeks) and included growth at t = 16 as the response variable, an interaction between treatment at
t = 8 and treatment at t = 16 and fragment size (log scale) as fixed effects and tank as a random
intercept. A Tukey post hoc test was used to contrast the growth between different combinations of

treatments att =8 and t = 16.

For the heat stress data, a series of models were fitted and compared to test whether
acclimation to AMBIENT conditions (t = 18 weeks) was reached in corals from all treatment histories
prior to the heat stress experiment. The models included combinations of the following variables:
interaction between treatments at t = 8 and t = 16, and recruit size as possible fixed effects, plus tray
nested in tank, and tank as a random intercept. For the best fit model, a Tukey post hoc test was used
to compare growth among treatment histories. For the acute heat stress exposure t = 23, three
statistical models were used to test for the effect of treatment at t = 8, 16, 23 on fragment growth at
t =23 weeks (i.e. HEAT STRESS vs. AMBIENT in relation to treatment history). The most complex model
included a three-way interaction (as fixed effects) among treatments at t =8, 16, 23, recruit size (as a
fixed effect) and tray nested in tank as random intercepts. Subsequent models were a subset of this

model.

To compare differences in the change in growth rates between t = 8 and 16 weeks among the
different treatments, two models (one for each time point) were fitted in a Bayesian framework using

the package ‘brms’ (Biirkner, 2017). The model predicting growth at 8 weeks had treatment and recruit
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size (log-scale) as fixed effects and tank as a random effect. The model predicting growth at t = 16

weeks had treatment at 8 weeks, treatment at t = 18 weeks, as well as their interaction and recruit
size as fixed effects, and tank as a random effect. Using these two models, | predicted growth
standardised for recruit size (i.e., using the mean recruit size at t = 16 weeks) at each time point for
each treatment history. Then, | drew samples from the posterior predictive distribution of growth at
each time point and estimated the distribution of differences between time points. In brief,
overlapping of the 95% credible intervals of the posterior distributions of the difference in growth
between time points implied that the change in growth was not different among treatment histories.
Similarly, to compare differences in growth during the acute heat stress among treatment histories, |
fitted a Bayesian model predicting growth at t = 23 weeks with treatment at each time point (t = 8, 16,
and 23 weeks) and their three-way interaction, as well as recruit size (log-scale) as fixed effects, tank
was included as a random effect. For each treatment history, the analysis predicted growth (with mean
recruit size at t = 18 weeks) for the acute and control treatments at t = 23 weeks, and estimated the

distribution of the difference in the posterior predictive distributions.
3.3.6.4 Maximum quantum vyield (Fv/Fm)

A similar statistical approach to that of basal growth was used to estimate changes in

maximum quantum vyield (Fv/Fm) for the same experimental time points. Moreover, size and Fv/Fm

Yieldt+1)
Yieldt

. ' . F
were also included as fixed effects. The response variable was: (ﬁ) = logqo (
t+1

3.3.6.5 Correlation of traits

Using the best fit models for growth and yield at week 16, | predicted the response of both
traits to treatment history, standardising for recruit size and yield at the previous time point. Using the
predictions, | tested for a correlation between growth and yield performance with a Spearman rank
correlation. | repeated the same process to investigate correlations of the same traits during the acute

heat stress stage.

3.4 Results
3.4.1 Larvae survival during acute heat stress

Rearing treatment conditions significantly influenced the survival of 10-day old larvae during
a 144-hour period of exposure to 35.5°C (p < 0.0001, method: Log-rank). Overall, larvae reared under
HIGH treatment had the highest survival probability relative to MID and AMBIENT (Fig. 3.2). Larvae
from the MID and AMBIENT passed the 50% mortality threshold within 72 hours whereas with larvae

from HIGH reached 50% mortality after 120 hours. Survival of larvae that were maintained under



Chapter 3: An experimental test of beneficial acclimation and thermal hardening to climate change
conditions in coral early life stages

71
AMBIENT was very high for all treatments and did not vary over the experiment (p = 0.81, method:

Log-rank).

—
o
S

P

o
\l
3

o
N
(&)

Survival probability
o
(6]
o

p < 0.0001 '. |—‘_‘—I‘:
0 12 24 36 48 60 72 84 96 108 120 132 144
Time (h)

o
o
S

Figure 3. 2 Kaplan-Meier curves showing survival probability over time for 10-day old larvae
exposed to two temperatures (27.5 and 35.5°C). Solid lines show survival of larvae exposed to acute
heat stress at 35.5°C over a period of 144 hours, whereas dotted lines dotted lines display survival of
larvae exposed to AMBIENT water temperature (27.5 C). Line colours represent the three rearing

conditions being AMBIENT (blue), MID (black) and HIGH (red) temperature x pCO, scenarios.

3.4.2 Settlement success of recruits

The best-fit model included treatment at t = 0 and excluded tank as a random intercept (Table
B.S1). There was a significant effect of treatment on recruit settlement rates (p<0.001; Table B.S2; Fig.
3.3) with a total of 4600, 4865 and 6542 settled recruits in the AMBIENT, MID and HIGH treatments,
respectively. Pairwise comparisons based on Tukey post hoc tests confirmed significant differences
between HIGH and the AMBIENT and MID treatments (p<0.001; Table B.S2), whereas the latter two
did not differ (Table B.S2).
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Figure 3. 3 Settlement success of coral recruits from the three treatments shown as number
of recruits per tank. Black circles show the fitted model and the error bars show standard errors. The

grey boxplots show the distribution of the raw data.

3.4.3 Coral recruit survival

Survival probability of coral recruits declined with increasing age of the individual (Fig. 3.4).
However, the magnitude of change was found to be different at particular time points due to
treatment effects. Prior to transplantation (8-week old recruits), the best fit model revealed that there
was a significant effect of treatment on survival rates, with the MID treatment displaying a significantly
lower survival rate (~50%) relative to AMBIENT (~60) following pairwise comparisons (Table B.54 -
B.S6). Post transplantation (16-week old recruits), the best fit model showed a significant interaction
of both treatment periods on survival rates, without significant differences among any of the pairwise
comparisons of treatment histories (Table B.S7- B.S9). Survival rates ranged between ~25 - 40% for all
treatment histories (Fig 3.4, 8 — 16 week period). During the resetting to ambient conditions (18-week
old recruits), the best fit model confirmed that survival rates depended upon treatment history (Table
B.S10- B.S12). Survivorship at this stage was approximately 30% if the previous treatment (t=16 weeks)
was either AMBIENT or HIGH, and 25% if MID was experienced. During the heat stress stage (23-week
old recruits), the best fit model revealed that treatment history had a significant effect on survival
probability (Table B.S13 - B.S15); however, the observed survival rate ranged from 10-25% across all
treatment histories, which were not significantly different relative to AMBIENT in pairwise

comparisons.
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Figure 3. 4 Survival probabilities of recruits in the three treatments at 8, 16, 18 and 23 weeks
post settlement and representing each of the treatment histories along the experimental stages. Error
bars show 95% confidence intervals. The size of the black top circles represents the proportion of live
recruits at a particular time point based on the number of raw observations. Grey lines represent raw
data, whereas the black ‘decreasing lines’ is a representation of the magnitude of change between

time points.

3.4.4 Coral recruit growth

3.4.4.1 Growth before and after transplantation

Growth gradually increased with age but no clear effect of treatment was detected (Fig 3.5).
Prior to transplantation, the best-fit model included treatment (at t = 8 weeks) and size (at t = 0 weeks)
and tank as a random effect (Table B.S16). At this experimental stage, growth was evident for all
treatments with slightly higher values for HIGH treatment, however, no significantly differences were
observed among treatments based on pairwise comparisons. Additionally, there was a significant
effect of initial size (at t = 0 weeks), suggesting a lower growth with increased recruit size (Fig. 3.5a,

Table B.S17- B.518).
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After transplantation, the best-fit model included the interaction of treatment before (att =8

weeks) and after transplantation (at t = 16 weeks), and size (at t = 8 weeks) and tank as a random effect
(Table B.S19). Growth was recorded after transplantation for all possible treatment combinations
although their interaction was not significant; there was a significant effect of size (at t = 8 weeks)
suggesting a lower growth with increased recruit size (Fig. 3.5b, Table B.S20- B.S21). Moreover,
pairwise comparisons confirmed no significant differences among all possible treatment combinations

despite recruits coming from MID performing slightly better across treatment histories.
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Figure 3. 5 Panel a: Predicted proportional growth between 0 and 8 weeks by the best-fit
model depending on treatment at t = 8 weeks. Number of observations: total=360. Panel b: Predicted
proportional growth between 8 and 16 weeks by the best-fit model depending on the different
treatments at t = 16 weeks. Symbols represent origin treatment whereas x-axis distribution represent
destination treatments. Panel c: Predicted proportional growth between origin treatment at t = 8 in

relation to linear extension at destination treatment at t=16 weeks. Grey lines represent variation for
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individual recruits within each group. Red lines used to observe potential negative growth, whereas

asterisks represent significant differences on mean estimates.

Individual models (i.e., based on best-fit), found that 16-week old recruits could sustain or
enhance their growth rate after transplantation (Fig. 3.5c). However, there was not a clear effect of
treatment on growth. Consequently, it was not possible to detect a consistent pattern of phenotypic
plasticity underpinning a beneficial response. For example, even under the most challenging
destination treatment (i.e., HIGH at t = 16 weeks), recruits coming from MID and AMBIENT showed
similar growth rates to recruits that previously experienced HIGH treatment (at t = 8 weeks), and all of
them grew more relative to the previous experimental interval. Growth data also revealed that growth
increases with increasing treatment conditions following transplantation. In fact, the baseline
treatment history (AMB-AMB) had proportional growth around 0.019 and 0.025 mm week for 8 and
16-week old recruits (0.975 and 1.3 mm yr, respectively), but growth had the potential to double, up
to around 0.05 mm week? (2.6 mm yr?), when recruits experienced higher temperatures in
combination with CO2 (e.g., AMB-HIGH). Nevertheless, this is more likely evidence of a carryover
effect, where corals initially in the HIGH treatment grew better in AMBIENT during the second time
interval (HIGH-AMB) than corals staying in AMBIENT conditions (AMB-AMB). Overall, there was no
significant influence of elevated treatment conditions in growth, despite the tendency observed
around higher temperatures promoting growth. Indeed, the Bayesian analysis performed using
differences in posterior distribution of growth rate estimates between destination (t = 16 weeks) and
origin (t= 8 weeks) treatment, confirmed little evidence for plasticity and no evidence of beneficial
acclimation due to the large degree of overlap observed across treatment histories (Fig. 3.6a). In other
words, growth rate tended to increase after transplantation, but the confidence was low to moderate.
Hence, changes in treatment conditions due to transplantation of recruits did not generate enough

effects on growth to provide a clear signal of plasticity.
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Figure 3. 6 Differences in the posterior distributions of models predicting growth and Fv/Fm
relative to experimental time points and treatment histories. Panel a: Difference between growth
measured at t = 16 weeks and growth measured at t=8 weeks. Panel b: Difference between Fv/Fm at
t=16 weeks and Fv/Fm at t=8 weeks. Panel c: Difference in growth at t=23 weeks between Ambient
and heat stress treatment. Panel d: Difference in Fv/Fm at t=23 weeks between Ambient and heat

stress treatment.

3.4.4.2 Growth during heat stress exposure

Growth rates of 18-week old coral recruits were similar during the two-week resetting period
to ambient conditions before the heat stress stage (Fig. B.S1). The best fit model included the
interaction of treatment at t = 8 and 16 weeks, and size at t = 16 weeks, plus tray nested in tank as a
random effect (Table B.S22). The interaction of origin and destination treatments (i.e., treatment
history) did not have a significant effect on the growth rate observed during the resetting period and
no significant differences were found in any of the pairwise comparisons (Fig. B.S1, Table B.523- B.S24).
Size (at t = 16 weeks) had a significant effect on growth during the resetting, with lower rates observed

for larger recruits.

Growth rate was not significantly different between ambient and heat stress conditions in 23-

week old recruits (Fig. 3.7). The best fit model included the interaction of previous treatments (t = 8,
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16 weeks) with treatment at t = 23 weeks, and size (at t= 18 weeks), and also tank as a random effect.

The interaction of previous treatments was not significant, although size (at t = 18 weeks) had a
significant effect on growth rate, with lower rates observed for larger recruits. Estimates of pairwise
comparisons confirmed no significant differences among any of the relevant treatment history
combinations, averaging a growth rate of ~0.1 mm for all of them (Fig. 3.7, Table B.S26- B.527). Finally,
differences in posterior distribution of growth rate estimates between destination (t = 16 weeks) and
origin (t = 8 weeks) treatment, confirmed that recruits were likely to maintain similar growth rates
under heat stress relative to ambient conditions, without particular treatment histories performing
significantly better than others (Fig. 3.6c). Hence, there was no evidence of a clear effect of treatment
on growth even under intensified thermal stress, suggesting that heat stress conditions did not impair
the growth performance of 23-week old recruits, but also limiting the detection of plasticity and the

potential for beneficial acclimation.
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Figure 3. 7 Predicted proportional growth between 18 and 23 weeks for heat stress and
ambient treatment at t=23 weeks, considering each treatment history that followed transplantation.
Box plots show the distribution of the raw data, grey crosses show the raw data and black points with

error bars show the fitted model predictions with the associated standard errors.
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3.4.5 Photochemical efficiency (Fv/Fm) across experimental stages

3.4.5.1 Fv/Fm before and after transplantation

Differences in Fv/Fm of coral recruits, although subtle, were only evident at the treatment
level following transplantation. Prior to transplantation the 8-week old recruits displayed similar Fv/Fm
(Fig. 3.8a), based on the best-fit model that included treatment (at t = 8 weeks) and yield (at t=0 weeks),
plus tank as a random effect (Table B.S28). The best-fit model revealed that treatment did not have a
significant effect on the yield at t = 8 weeks, which was confirmed by no significant differences found
for any of the treatments in pairwise comparisons (Table B.5S29- B.S30). Moreover, there was a

significant effect of Fv/Fm recorded at t = 0 weeks over the Fv/Fm measured at t = 8 weeks.

Following transplantation, the 16-week old recruits displayed similar yield values irrespective
of treatment history (Fig. 3.8b). Here, the best-fit model included the interaction of treatments at t =
8 weeks and t = 16 weeks, plus tank as a random effect (Table B.S31). The model revealed that the
interaction was not significant, and that the majority of treatment combinations were not significantly
different following a pairwise comparison (Table B.S32- B.S33); the exception was a significantly
different yield between HIGH-MID vs. HIGH-HIGH. Moreover, there was a significant effect of Fv/Fm
observed prior to transplantation, as higher Fv/Fm was likely to occur at t = 16 weeks if Fv/Fm was
already higher at t = 8 weeks. Interestingly, recruits coming from MID treatment had a slightly higher
yield relative to any of the possible treatment combinations generated post transplantation,

particularly with HIGH as the destination treatment.
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Figure 3. 8 Panel a: Predicted Fv/Fm at t=8 weeks by the best-fit model depending on
treatment at t=8 weeks. Number of observations: total=288. Panel b: Predicted Fv/Fm by the best-fit
model at t=16 weeks for the different treatments. Symbols represent origin treatment whereas x-axis
distribution represent destination treatments. Panel c: Predicted Fv/Fm between origin treatment at t
= 8 in relation to Fv/Fm at destination treatment at t = 16 weeks. Grey lines represent variation for
individual recruits within each group, whereas asterisks represent significant differences on mean

estimates. Dotted lines represent a graphic extension of the Fv/Fm values observed during t=8.

Subtle evidence for beneficial acclimation was detected following a more detailed analysis of
Fv/Fm data, including individual treatment histories. Individual models (i.e., based on the best-fit
model), showed that Fv/Fm from 16-week old recruits was not necessarily sustained or enhanced after
transplantation, and in fact treatment history played an important role (Fig. 3.8c). Indeed, a
significantly lower Fv/Fm was observed after transplantation when recruits were moved from Ambient
to higher levels of stress under treatment conditions (AMBIENT-HIGH). For example, an increasing

negative slope was detected with increasing treatment conditions (i.e., AMB-HIGH>AMB-MID>AMB-
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AMB). However, the negative slope became neutral if recruits had a prior exposure to elevated

treatment conditions (MID or HIGH), with the resulting Fv/Fm values displaying similarities with what
would be expected for the treatment history acting as a control (AMB-AMB). Moreover, it was also
possible to detect subtle evidence of reversibility of the acclimatory response, due to the positive slope
observed when transplantation occurred from more to less intense treatment conditions (e.g., HIGH-
AMB). In addition, differences in posterior distribution of Fv/Fm estimates between destination (t=16
weeks) and origin (t=8 weeks) treatment, confirmed that recruits were likely to maintain their
photosynthetic efficiency over time under the same treatment, and that the yield can be expected to
be lower or higher depending on whether treatment conditions worsen or improve, respectively (Fig.
3.6b). Hence, changes in treatment conditions following transplantation allowed the detection of
plasticity in Fv/Fm, although the evidence for beneficial acclimation and its reversibility was only

subtle.

3.4.5.2 Fv/Fm during heat stress exposure

Fv/Fm values were similar for 18-week-old juveniles by the end of the two-week resetting
period to AMBIENT conditions (Fig. B.S3). The best fit model included the interaction of treatment at t
=1 (8 weeks) and treatment at t = 2 (16 weeks), and size at t = 2 (16 weeks) as fixed effects, plus tray
nested in tank as a random effect (Table B.S34). The interaction of treatments before and after
transplantation was not significant, and none of the treatment combinations had significant
differences following a pairwise comparison (Table B.S35- B.536); Fv/Fm at the previous time point (t
= 16 weeks) had a significant effect over the Fv/Fm observed during the resetting period, although the

effect applied for all treatment histories.

Following heat stress exposure, the 23-week old recruits displayed a significant lower Fv/Fm
relative to AMBIENT, irrespective of their treatment histories (Fig. 3.9). The best fit model included the
interaction of previous treatments (t = 8, 16 weeks) with treatment at t = 23 weeks), and size (att =18
weeks) as fixed effects, plus tank as random effect (Table B.537). The best-fit model revealed that the
interaction of treatments (i.e., treatment history) had a significant effect on Fv/Fm at t = 23 weeks.
Pairwise comparisons confirmed significant differences between Fv/Fm of recruits under heat stress
vs. AMBIENT coming from the same treatment history (Table B.S38- B.S39). Moreover, yield at the
previous stage (t = 18 weeks) had a significant effect on the Fv/Fm at t = 23 weeks. Overall, 23-week

old recruits under AMBIENT showed Fv/Fm values ranging from 0.5 to 0.6, whereas Fv/Fm for recruits
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under heat stress ranged from 0.2 to 0.45. Finally, differences in posterior distribution of growth rate

estimates between the second (t = 16 weeks) and the first (t = 8 weeks) treatment period, confirmed
that recruits were likely to reduce their performance based on Fv/Fm estimates under heat stress, with
particular treatment histories performing significantly better than others (Fig. 3.6d). Recruits from
treatment histories which included more challenging treatment conditions (e., MID, HIGH) performed
similar under heat stress treatment, although they were all significantly different to recruits with an
AMBIENT-AMBIENT treatment history, which displayed the lowest values of Fv/Fm by the end of the
heat stress exposure. Hence, past exposure to MID and HIGH treatments, before or especially after
transplantation, improved Fv/Fm performance compared with control corals (AMB-AMB) exposed to
heat stress, which is evidence of a hardening response triggered by prior exposure to more intense

treatment conditions earlier in the experiment.
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Figure 3. 9 Mean Fv/Fm at t=23 weeks for ambient and heat stress treatment, considering each
treatment history that followed transplantation. Box plots show the distribution of the raw data, grey
crosses show the raw data and black points with error bars show the fitted model predictions with the

associated standard errors.

3.4.6 Correlation between growth and Fv/Fm
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No correlation was found between growth and Fv/Fm during the heat stress exposure

(Fig.3.10b). Nevertheless, it is important to consider that growth and Fv/Fm measures were not
necessarily generated from the same recruit. Similarly, the growth rate observed in 16-week old

recruits was not correlated to Fv/Fm values recorded after transplantation occurred (Fig. 3.10a).
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Figure 3. 10 Correlation between estimates from the best-fit models estimating yield and
growth at t =16 and t = 23 weeks. Panel a: Estimates of growth relative to Fv/Fm at t = 16 weeks. Panel

b: Estimates of growth relative to Fv/Fm at t = 23 weeks.

3.5 Discussion

Phenotypic responses of early life stages of coral to a combination of elevated temperature
and pCO2 were assessed under controlled laboratory conditions. Enhanced thermal tolerance was
detected in larvae under acute heat stress, whereas chronic exposure to elevated treatment conditions
did not affect post-settlement survival rates. Subtle evidence of beneficial acclimation was detected in
Fv/Fm, in addition to the greater tolerance to heat stress due to prior exposure to elevated treatment
conditions (i.e., hardening). There was no clear effect of treatment on the growth of recruits, even

under heat stress conditions.

3.5.1 Thermal tolerance of larvae under heat stress
The effectiveness of the larval heat stress experiment in my study was demonstrated by the
significant mortality observed relative to AMBIENT conditions. Survival rates of larvae under heat

stress also differed among treatments. Indeed, exposing larvae to elevated climate change conditions
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provided some level of preparation — physiological or genetic - that allowed larvae from HIGH to display

a 50% survival at 120 hours of exposure relative to 48h in the larvae from the AMBIENT treatment.
This is likely a stress-hardening response where prior exposure of an organism to similar non-lethal
environmental conditions, can induce increase tolerance to that stress, leading to enhanced
performance when subsequently facing similar or even more extreme conditions (Bowler, 2005,
Sinclair and Roberts, 2005). Since larvae were assumed to be aposymbiotic (i.e., lack of external
inoculation) and each of the batch cultures were obtained from the same parental colonies following
the same breeding protocol, | infer that the stress-hardening comes from the host. Indeed, the host
could have relied on the differential expression of beneficial genes during heat stress, from which a
higher heat tolerance has been attributed to ‘frontloaded’ genes (i.e., elevated baseline expression of
stress response genes primes the organisms for stress) (Barshis et al., 2013, Dixon et al., 2015), and
consequently promoting the production of heat shock proteins or antioxidant enzymes (Rodriguez-

Lanetty et al., 2009), although the exact nature of the underpinning mechanisms remain unclear.

Despite larvae from all treatments being reared for the same period of time prior to heat
exposure, it is also possible that the increased water temperature during rearing had a positive effect
by accelerating the development of larvae as observed in other acroporids (Negri et al., 2007, Heyward
and Negri, 2010, Chua et al.,, 2013b); for instance, increasing the likelihood of finding stronger
phenotypes when subsampling larvae for the heat stress experiment. In contrast, studies have also
found negative effects of increased temperature in fertilization rates (Albright and Mason, 2013) and
an increased rate of embryonic abnormalities, leading to higher mortality rates (Keshavmurthy et al.,
2014, Randall and Szmant, 2009b). Indeed, studies in other Acropora spp. have shown that a 4 °C
increase in temperature can decrease larval survival by ~60% (Randall and Szmant, 2009a). Despite
using 8 °C above the ambient baseline temperature, a similar mortality rate was observed after five
days under thermal stress on larvae from the HIGH treatment and after three days for AMBIENT,
suggesting that differences in survival probabilities were a function of treatment and not necessarily
due to larvae failing to properly develop. In addition, | also confirmed that reduction in pCO, did not
have a significant effect on survival of larvae, as corresponding individuals from the different
treatments maintained under AMBIENT were not affected for the duration of the experiment. Hence,
stress-hardening can be induced in coral larvae after a short rearing period to enhance thermal
tolerance. Although the mechanisms involved remain unclear, it would be interesting to explore how
this can be used to increase the survival probabilities of larvae facing heat waves following spawning
events, particularly due to the importance of vertically transmitted thermo-tolerant Symbiodiniaceae

(Kenkel and Bay, 2016, Quigley et al., 2016, Robison and Warner, 2006), and epigenetic mechanisms
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like DNA methylation that can play a role in transcriptional plasticity promoting stress hardening

(Dimond and Roberts, 2016, Liew et al., 2018, Putnam et al., 2016). Importantly, it is possible that
individual treatment conditions (temperature, pH) may have induced selection on the gamete pool
(Przeslawski et al., 2015). Hence, future studies should investigate if alleles might have been selected
due to elevated treatment conditions during the larval rearing period. In this context, the spare larval
samples obtained during the rearing period with 12-hour intervals could potentially be used for an

analysis of SNPs to investigate if there was differential selection on genotypes among treatments.

3.5.2 Settlement, survival, growth and Fv/Fm of coral recruits

Higher rearing temperature increased settlement success of larvae whereas survival rates of
recruits were not affected by transplantation history among treatment, nor impaired during the heat
stress stage. Temperature is one of the factors that can influence settlement success of coral larvae,
acting in some instances synergistically with other stressors like low water quality and a lack of
appropriate substratum availability (Erftemeijer et al., 2012, Richmond et al., 2018). Although elevated
temperatures and low or variable pH has been linked to reduced recruitment (Viyakarn et al., 2015,
Randall and Szmant, 2009b, Caroselli et al., 2018), in other cases, settlement of Acropora species was
not impaired by stressors like low pH (Chua et al., 2013a). Despite controlling treatment parameters
inthe aquaria, itis possible that there were differences in the bacterial biofilms (i.e., chemical inducers)
rapidly generated under each treatment condition, which could have inhibited or promoted settlement
(Sharp et al.,, 2015, Tran and Hadfield, 2011, Webster et al., 2004), although my set-up and
methodology was consistently similar among treatment conditions. Hence, the current results suggest
that elevated temperature and pCO; can increase settlement rates, but additional steps including an
assessment of healthy larval development and biofilm sampling should be undertaken to further
support this conclusion. Settlement rates were different from chapter 2, where all treatments
performed similarly,however, chapter 3 was based on a different batch of parental colonies and with

higher level of replication to account for additional factors influencing settlement success.

Following the survival of recruits over time revealed that mortality rates were not different
among treatments or treatment histories. Post-settlement is one of the most critical and challenging
stages for coral recruits with a range of biotic and abiotic stressors influencing their survival (Ferrier-
Pages et al., 2000, Trapon, 2013). In this study, additional stressors that can increase mortality rates
post settlement (e.g., sediments, overgrown algae or grazing) were controlled for and the mortality

rate declined over time. Indeed, 8-week old recruits from all treatment conditions and combinations
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had a survival rate of 50 - 60%, whereas the survival probability for 16-week old recruits ranged from

25 - 40%. These estimates are within similar ranges reported in previous studies: survival rates of 30%
in 8-week old recruits and a stable 5% survival rate 5 months post-settlement in situ (Cruz and Harrison,
2017), or as high as 95% survival rate in 5-day old recruits under in vitro ambient temperature of 26°C
(Nozawa and Harrison, 2007). Survival rates shifting with life stage and size could be dus to smaller
recruits being more susceptible to accidental grazing relative to recruits that managed to reach a
juvenile stage after a few months (Trapon, 2013, Davies et al., 2013). However, my results suggest that
survival rates steadily decline over time, even when other factors were removed, and most
importantly, that the rates are not influenced by exposure to elevated levels of ocean warming and
acidification. Remarkably, survival rates of 23-week old recruits under ACUTE heat stress (i.e., 4°C
above ambient conditions and accumulated 4.97 DHW, assuming a bleaching threshold of 29.8°C at
Davis Reef) were similar (10 - 25%) to AMBIENT, and that was true for all possible treatment histories.
My results are consistent with other studies that show limited survival of recruits (5%) when they were
exposed to temperatures +6°C above their ambient, or as high as 80% at 31°C (Nozawa and Harrison,
2007), although the species and the actual DHW from each location played an important role. Thus,
survival rates of coral recruits can be sustained even under elevated temperature and pCO, relative to
ambient conditions, suggesting that selection of genotypes is likely occurring during development at a

similar rate among treatment histories.

In addition to settlement success and survival, growth is a commonly used trait to assess reef
population dynamics and determine how it correlates with recovery capacity following disturbances
(Edmunds and Elahi, 2007, Hughes et al., 2003, Babcock, 1991). As many factors can influence coral
recruit growth (Trapon, 2013, Wilson and Harrison, 2005), it is important to understand how the
combination of elevated temperature and acidification will affect growth and development in newly
settled recruits (Edmunds, 2007). Previous studies have shown that elevated temperature and pCO,
can have a negative effect on growth rate, from which elevated pCO, has been shown to delay early
development in other Acropora spp. (Yuan et al., 2018). However, in this study growth rate of recruits
was similar before and after transplantation, with higher temperature acting as a promoter of growth
especially during the first four weeks. Yet, treatment conditions and their combinations that followed
transplantation, did not have a significant effect on growth to allow a clear detection of plasticity,
therefore limiting the detection of beneficial acclimation. This suggests that the observed patterns of
growth are more likely related to a basic physiological response due to the stimulus triggered by
increased temperature (i.e., as per environmental gradients) (Anderson, 2016). In fact, weekly growth

rates were up to twice the magnitude when recruits from higher temperature and pCO; conditions
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prior to transplantation were transplanted to ambient conditions. These results are similar to the

increased growth rate observed in early life stages of some species of coral following sub-lethal
increases in temperature (Edmunds, 2005). The growth rate that | observed for AMBIENT is lower
compared to the rate of 3 mm yr? recorded in other studies (Edmunds, 2007), highlighting large
variation among species and environments (Conlan et al., 2017). Importantly, it is also possible that
current ambient conditions are becoming more challenging for coral recruits to develop, and if growth
rates are declining due to the challenges presented by ongoing rapid climate change, the consequences
could include populations failing to sustain genetic diversity (i.e., less colonies managing to reach
sexual maturity) (Doropoulos et al., 2012b). Finally, the growth rate of 23-week old coral under acute
heat stress did not differ from ambient, which could, to some extent, be explained by enhanced
thermal tolerance in the coral host via molecular mechanisms (Mayfield et al., 2014, Mayfield et al.,
2012). While the full extent of mechanisms contributing to host tolerance remain unclear, the host
genotype is likely playing a primary role in sustaining growth in spite of challenging temperature and
pCO, conditions. However, as recruits continue to growth it will also be important to recognise the

importance and role of their symbiotic associations.

Photochemical efficiency (Fv/Fm) is likely to be modified when temperature changes (Jones
and Hoegh-Guldberg, 2001). Such change can be a reflection of changes in the community structure
towards more tolerant Symbiodiniaceae or increased oxidative stress due to thermal stress (Karim et
al.,, 2015). When evaluating photochemical efficiency of Symbiodiniaceae in coral recruits, | found
subtle evidence of plasticity underpinning beneficial acclimation. Fv/Fm values decreased with
increasing treatment conditions that followed transplantation, represented by subtle increase in the
negative slope when comparing before and after Fv/Fm values. However, prior exposure to elevated
treatment conditions dampened the negative effect of treatment, such that even under the most
intensified treatment conditions, the slope was found to be neutral and in accordance to expected
Fv/Fm for ambient conditions. These results suggest that previous exposure to similar stress levels of
temperature and pCO; improved the Fv/Fm following transplantation and is considered evidence,
although subtle, of beneficial acclimation. Moreover, Fv/Fm increased when recruits from elevated
treatment conditions were transplanted to less intense conditions, which suggests that the beneficial
acclimation pattern can be reversed. It is possible that the underpinning mechanisms of beneficial
acclimation detected in Fv/Fm of recruits are related to particular spatial-temporal changes in
Symbiodiniaceae types (i.e., switching and/or shuffling) (Yorifuji et al., 2017), but could also be due to
intrinsic acclimatory responses that follow the physiological adjustment of the PSII (e.g., antioxidant

activity, membrane modifications) (Diaz-Almeyda et al., 2010). The lack of a strong signal of beneficial
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acclimation may be explained by the continuous winnowing process of symbionts that occur in early

life stages of coral, relative to a more established community in their adult counterparts (reviewed by

(Thornhill et al., 2017)).

Interestingly, the reduction in Fv/Fm under heat stress depended on previous treatment
exposure. Even though | expected lower Fv/Fm values under heat stress relative to ambient treatment,
due to temperature-mediated damage to the photosynthetic machinery (Lesser, 1997, Jones et al.,
1998, Warner et al.,, 1999), the extent to which photochemical efficiency was affected varied
depending on treatment history. Overall, if recruits experienced any sort of exposure to higher
temperature, their Fv/Fm mean values were lowered but not with the same intensity as for recruits
with constant exposure to ambient conditions. This is evidence of a hardening response that enhances
heat tolerance of the phenotypes (i.e., environmental history influencing the response of corals to
physiological stress) (Brown et al., 2002b, Ainsworth et al.,, 2016). Thus, it is possible that prior
exposure to elevated treatment conditions allowed the recruits to enhance their thermal tolerance
due to mechanisms including the particular Symbiodiniaceae gained or augmented during the
transplantation period, acclimation of the PSIl machinery, beneficial bacteria facilitating acclimation,
particular expression of proteins from the host, or a combination of all these mechanisms. Indeed,
although the beneficial acclimation patterns are only subtle, these findings suggest that exposure to
different levels of stress promotes enhanced thermal tolerance, a process of photoacclimation that
could be linked to various properties of Symbiodiniaceae photomachinery and rates of electron

transport (Warner et al., 2010).

3.5.3 Conclusions

The resilience of corals will continue to be challenged by rapid climate change, particularly
since early life stages need to overcome additional stressors during larval and recruit stage. This study
showed that preconditioning of larvae to a combination of elevated temperature and pCO; conditions,
resulted in a rapid hardening response to underpin enhanced tolerance to acute heat stress. In
addition, it is shown that recruits can sustain or enhance their growth rate when conditions change,
but the signals generated did not allow the clear detection of plasticity nor beneficial acclimation
patterns. In contrast, a more consistent effect of treatment was detected in Fv/Fm, which allowed the
recognition of plasticity and the likelihood of beneficial acclimation; something that became more
evident after confirming that prior exposure to elevated temperature and pCO, reduced the

detrimental effect of heat stress over Fv/Fm (i.e., stress-hardening response). It is possible that genetic
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selection may have occurred and/or that acclimation responses were possible due to particular
symbiont associations. The current results indicate the limitations in detecting a clear signal of
beneficial acclimation, potentially due to ongoing processes of recognition, winnowing and retention
of symbionts during development. Finally, although transplantation seems to generate a more tolerant
phenotype when recruits face heat stress events, further exploration needs to occur to assess the role

of the host (e.g., gene expression profiles), together with their symbiont communities.
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Chapter 4: Beneficial acclimation through preconditioning may enhance

coral tolerance to acute heat

4.1 Abstract

As oceans continue to warm and acidify at an increasing rate, the survival of scleractinian
corals is becoming compromised. A considerable body of research has attempted to determine how
corals will respond to rapid climate change, although few studies have holistically assessed the
performance of all members of the coral holobiont. Here | collected 21 genotypes (n=651 fragments)
of Acropora loripes from Davies Reef (GBR, Australia) and established a two-stage experimental
framework over a 14-week period. Firstly, | acclimated fragments of all genotypes to three
environmental treatments AMBIENT (27.5°C, 410 patm pCO;), MID (28.5°C, 670 patm pCO,), and HIGH
(29.5°C, 900 patm pCO,) for four weeks, followed by a reciprocal transplant of all acclimated fragments
to all three conditions for another four weeks to evaluate the capacity for beneficial acclimation using
the following traits: i) growth, ii) maximum photochemical efficiency Fv/Fm, iii) community structure
of coral-associated algal symbionts (Symbiodiniaceae) and iv) community structure of the bacterial
microbiome. Secondly, | explored whether treatment history influenced the thermal tolerance of A.
loripes when exposed to four weeks of elevated temperature (31°C) after a 2-week pre-acclimation to
ambient conditions. Reciprocal transplantation results showed that growth can be sustained or even
enhanced during exposure to altered temperature and pCO, conditions, but the effect of treatment
on growth was not strong enough to establish that beneficial acclimation occurred. Further, growth
rates were not reduced at 31°C relative to ambient conditions, with treatment history AMBIENT-HIGH
being the only exception, suggesting a lack of short-term sensitivity of growth to high temperature. In
contrast, Fv/Fm data from the transplantation experiment showed clear evidence of beneficial
acclimation, as Fv/Fm decreased with increasingly severe treatment conditions but this effect was
dampened in fragments that experienced MID or HIGH conditions prior to transplantation. Fv/Fm
values were significantly lower at 31°C, but this reduction was buffered in fragments that had
experienced changes in treatment conditions following transplantation, confirming that the response
was indeed beneficial. No significant effect of treatment history was evident in the community
structure of Symbiodiniaceae or bacteria. Host genotype had the greatest effect on Symbiodiniaceae
and bacterial community structure, explaining 55% and 15% of the variation, respectively. In the

context of reef restoration, these results show that acclimation of corals under dynamic but controlled
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environments prior to field deployment may be beneficial for inducing more temperature resilient

phenotypes.

Keywords: Thermal tolerance, hardening, phenotypic plasticity, Symbiodiniaceae, bacteria,

climate change.

4.2 Introduction

Marine ecosystems like coral reefs provide a range of ecological and economic benefits (Chen
et al., 2015), but human-induced rapid climate warming is challenging their future (Hughes et al.,
2017a). Accumulation of greenhouse gases in the atmosphere has led to increases in sea surface
temperatures (0.65°C), and a pH reduction (0.1) in the ocean surface water (IPCC, 2019), with
modelling suggesting that ocean basins will continue to warm and acidify under moderate (RCP4.5: 1-
2°C higher, pH 0.14 to 0.15 lower) to high (RCP8.5: 2-4°C higher, pH 0.30 to 0.32 lower) emission
trajectories (IPCC, 2019, Collins, 2013). Continued emissions increase the risk of more intense extreme
events (e.g., marine heat waves or warmer seasons) and challenge the upper thermal limits of coral

reefs (Hoegh-Guldberg et al., 2019, Fitt et al., 2001), raising concern about their future.

Scleractinian corals rely on associations with a diverse microbial community or ‘microbiome’,
particularly the photosynthetic endosymbionts (family Symbiodiniaceae, formerly genus
Symbiodinium; (Laleunesse et al., 2018)) for their survival. However, corals are sensitive to
environmental perturbations and frequently expel their photosymbionts (bleaching) when they
experience water temperatures 1 - 2°C higher than the long-term average summer maximum. High
temperature damages the algal photosystem Il functioning, leading to oxidative stress that breaks
down the Symbiodiniaceae-coral symbiosis (Warner et al., 1999, Van Oppen and Lough, 2009, Brown
et al., 2000b, Baird et al., 2009, Jones et al., 2008). As a result of successive mass coral bleaching events
in recent years, there has been a drastic decline in coral cover in many ocean basins, even in well-
managed marine parks like the Great Barrier Reef (GRB) (De'ath et al., 2012) (Hughes et al., 2017b).
Indeed, coral bleaching events driven by summer heat waves may be the norm in the coming few
decades (Van Hooidonk et al.,, 2013, van Hooidonk et al., 2016) and ocean acidification may act
synergistically with rising ocean temperatures (Anthony et al., 2008, van Hooidonk et al., 2014).
Although coral communities can recover from natural disturbances when given sufficient time
(Adjeroud et al., 2018, Gilmour et al., 2013), it is unlikely that genetic adaptation can keep up with the

current rate of environmental change.
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Acclimation through phenotypic plasticity could potentially assist corals to cope with rapid
environmental changes in the short-term, while genetic adaptive processes occur over the longer term
(Torda et al., 2017). Transient non-lethal stress exposure can lead to acclimation responses that
enhance performance (Packard et al., 2001), for example, the enhanced thermal tolerance of plants
and animals under extreme temperatures due to their prior exposure to moderately elevated
temperatures (Hoffmann et al., 2003, Sinclair and Roberts, 2005), a process known as hardening.
Further, prolonged exposure to moderate temperatures could trigger lasting changes in
thermosensitivity (Angilletta, 2009). Reversible plasticity is the capacity of an organism to reversibly
change physiological processes to compensate for environmental variability (e.g., diurnal or seasonal
changes) to maintain homeostasis (Bowler, 2005, Piersma and Drent, 2003, Wilson and Franklin, 2002).
Prior exposure to elevated temperatures has been shown to increase the thermal tolerance of corals
in some instances. For example, repeated bleaching events caused by similar temperature and solar
radiation levels have revealed how some corals are capable of enhancing their temperature tolerance
and reducing their bleaching susceptibility (Brown and Dunne, 2008, Castillo and Helmuth, 2005, Dove
et al., 2006, Middlebrook et al., 2008, Guest et al., 2012, Ainsworth et al., 2016). The mechanisms
underpinning such increases in temperature tolerance can include coral host epigenetics and/ or

changes in the associated microbiome (Torda et al., 2017).

The eukaryotic and prokaryotic symbionts of corals can vary under a range of environmental
conditions and can respond rapidly to environmental change (Webster and Reusch, 2017, Blackall et
al., 2015, van Oppen and Blackall, 2019). Changes in the community composition of Symbiodiniaceae
can play animportant role in the tolerance of corals to stress from light, temperature and other factors,
thus contributing to broad disparities in thermal tolerance among conspecific host colonies, life stages
and species (Berkelmans and van Oppen, 2006, Robison and Warner, 2006, Baker, 2001). For adult
corals in particular, thermo-tolerant Symbiodiniaceae taxa have been linked to better coral
performance and recovery under elevated temperatures (Bay et al., 2016, Oliver and Palumbi, 2009,
Smith et al., 2017), confirming physiological and transcriptional responses observed in thermo-tolerant
cultured Symbiodiniaceae (Levin et al., 2016). Coral-associated prokaryote communities (bacteria and
archaea) have also been linked to coral holobiont function and coral fitness, as shown by correlations
between bacterial community composition and holobiont phenotypes (Webster and Reusch, 2017, van
Oppen and Blackall, 2019), including aspects of nutrition, defence, growth, survival and overall health

(Bourne et al., 2016, Rosenberg et al., 2007); however, the functions of most coral associated bacteria
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remain unknown. For example, prokaryotic communities have been found to differ in corals located at
natural carbon dioxide seeps compared to those in nearby corals not influenced by the seep high CO2
levels (Morrow et al., 2015), which suggest a potential role in the acclimation of corals to high CO,
environments. Particular bacterial community profiles have also been linked to different bleaching
susceptibility among corals, although functional roles of particular taxa remain unknown (Gardner et
al., 2019, Ziegler et al., 2017). In addition, a comparative genomic study revealed that many bacterial
genomes found in corals encode motifs that may have a crucial role in maintaining symbiosis and
providing nutrient acquisition for the host and their eukaryotic partners (Robbins et al., 2019). And
most recently, it has been hypothesized that bacteria-Symbiodiniaceae-coral relationships underpin
the coral holobiont's nutrition and stress tolerance (Matthews et al., 2020). Hence, it is important that
the assessment of beneficial acclimation in adult corals investigates how the various members of the

coral holobiont contribute or change following exposure to climate change conditions.

The aim of this study was to test for beneficial acclimation of adult coral fragments to predicted
future temperature and ocean acidification conditions. Specifically, | investigated if adult coral
fragments sustained or modified their performance (i.e., plasticity promoting beneficial acclimation)
by using a common garden experiment that exposed replicated fragments from each of 21 individual
genotypes to all combinations of three treatment conditions. | also investigated if plasticity is
reversible when elevated treatment conditions are removed, and most importantly, if the magnitude
of response to extreme heat stress (31°C) was influenced by the prior exposure to a particular
treatment. Plasticity was measured for a host and symbiont trait (e.g., growth rate and photosynthetic
efficiency), and correlated to the Symbiodiniaceae and bacterial community composition. This
comprehensive approach contributes to our understanding of the acclimation capabilities and
hardening responses of adult coral fragments under simulated future climate scenarios to inform and
improve predictions of future reef states, and also to enhance the potential success of coral reef

restoration based on fragmentation and propagation strategies.

4.3 Material and Methods
4.3.1 Study species collection

The coral species Acropora loripes was selected for this study due to its common and
widespread distribution, ease of identification and maintenance in aquaria. Adult colonies (21 total,
<25 cm in diameter and assumed to represent distinct genotypes) were collected mid-April 2017 at 6

m depth at Davies Reef in the central Great Barrier Reef (18.83S; 147.63E) (GBRMPA permit
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G11/3471.1). After collection, corals were transported to the National Sea Simulator (SeaSim) at the
Australian Institute of Marine Science (AIMS) and housed in aquaria with flow-through seawater (27.5
°C; 415 patm CO,) simulating the environmental conditions at Davies Reef. Corals underwent a
guarantine period of 4 weeks at ambient conditions prior to fragmentation. Pest screening included

visual inspection and counts of Acropora-eating flat worms in low-pressure filtered-sea-water washes.

4.3.2 Coral propagation and experimental parameters

Each coral colony was fragmented to make 31 individual nubbins (fragments were 2 — 5 cm
each; n = 651) using a diamond-blade band saw. The cut base was glued onto large aragonite plugs
that were labelled and marked to track orientation (for photography) and genotype. This replication

facilitated a statistical design where all genotypes were present in all treatments for the experiment.

To evaluate the potential for beneficial acclimation of adult coral fragments under simulated
climate scenarios (i.e., plasticity stage), this study initially used three levels of combined temperature
and pCO,: 1) AMBIENT (27.5°C, 410 patm pCO,), 2) MID (ambient +1.0°C, 670 patm pCO:) and 3) HIGH
(ambient +2.0°C, 900 patm pCO,) (Fig. 1), which resulted in nine treatment histories after reciprocal
transplantation (e.g., AMBIENT-HIGH). The MID and HIGH treatments matched climate change
predictions for tropical oceans for moderate and high CO, emissions scenarios by year 2100 (IPCC,
2019). To determine if any observed plasticity was reversible, all treatments were reset to AMBIENT
conditions at the end of the reciprocal transplantation stage. Resetting to ambient conditions also
ensured that all fragment started from the same temperature and pCO, conditions in the subsequent
test of heat tolerance. To evaluate heat tolerance as a consequence of treatment history (i.e. thermal
hardening response; heat tolerance stage), coral fragments were then exposed to either ambient

temperature (27.5°C) or high temperature (31.0°C) at ~410 patm pCO, (Fig. 4.1).

The plasticity stage set-up consisted of nine 1200 L outdoor aquaria (3 treatments x 3 replicate
aquaria) receiving water flow of 2.5 L/min FSW, natural light (150-400 uE m™2 s™!) and daily feeds with
an Artemia density of 0.5 nauplii/ml. The heat tolerance stage included 12 x 50 L indoor aquaria (2
treatments x 6 replicate aquaria) receiving a flow of FSW at 0.8 L/min, and similar artificial light
spectrum and feeding regimes. The experimental systems were monitored in real time for temperature
and pCO.. All inputs were integrated by the Control System in the Model Predictive Control logic to

manage experimental parameters. See (Uthicke et al., 2020) for further details of the how temperature
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and pCO2 are monitored and controlled at the SeaSim facility. Treatments mirrored seasonal and daily
variation in both temperature and pCO; based on reference field measurements from Davies reef with

offsets being applied to simulate treatment conditions.

4.3.3 Experimental design and trait assessment

The plasticity stage investigated whether adult corals have the capacity for beneficial
acclimation via phenotypic plasticity. If so, their performance should be either maintained or improved
following an extended period in altered treatment conditions (Angilletta, 2009). In the context of the
current experiment, beneficial acclimation would be evident if prior exposure to MID or HIGH
treatments enables coral fragments to maintain their performance in these conditions, whereas coral
fragments without prior exposure to MID and HIGH treatments exhibit decreased performance in
these conditions. A common garden experiment was used to assess the response of corals to specific
treatments, before and after transplantation. The experimental design is shown in Figure 4.1. Changes
in growth rate and photosynthetic efficiency were recorded at four and eight weeks after the end of
the quarantine period (t=0 weeks). For the first four weeks (t=4 weeks), each genotype was
represented by 9 fragments per treatment (i.e., haphazardly split into groups of 3 fragments per
aquarium). For the second four weeks (t=8 weeks), groups were transplanted to account for all possible
combinations of treatments (e.g., ambient-ambient, ambient-mid, ambient-high), meaning that each
genotype had the same level of replication. In addition, one fragment per genotype per treatment
combination was snap-frozen with liquid nitrogen (LN>) at the end of incubation post transplantation

for metabarcoding analyses (t=8 weeks).
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Ambient: 27.5°C, 410patm pCO, | Heat stress: 31.0°C, ~410patm pCO,
Mid: +1.0°C, 670patm pCO, V Growth and Fv/Fm (t)
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Figure 4. 1 Experimental design used to assess the potential for beneficial acclimation via
phenotypic plasticity in adult coral fragments and the possible enhanced thermal tolerance
(hardening) in relation to treatment history. Incubation stages (‘t’) and sampling points (triangles) are

also included within each experimental stage.

Linear growth measurements of the change in live tissue surface area were obtained from
photographs taken at the end of quarantine (t = 0), just before transplantation (t = 4) and four weeks
post transplantation (t = 8), using an OLYMPUS TG-60 camera with default setting on microscope
mode. Fragments were orientated in the same position by using a marked reference on the aragonite
plug. Each photograph was manually traced using the straight-freehand line tool in IMAGEJ (version:
1.50i) (Rasband, 2012). A numeric scale was included on each photo to transform number of pixels to

mm. Linear growth rate was quantified by calculating the proportional change in area (cm?) of live

Areas—q

tissue between timepoints: (loglo( )). This resulted in two linear growth measurements:

Areas—g
interval 1 was 0 — 4 weeks and interval 2 was 4 — 8 weeks. In addition, photographs were used to

estimate survival rates of coral fragments over time for each treatment.

Photochemical performance of Symbiodiniaceae was assessed in coral fragments with Imaging
Pulse Amplitude Modulated (iPAM) fluorometry and its affiliated software (Walz, Effeltrich, Germany).

Measurements were obtained at the same time points as linear growth. The iPAM can resolve at a
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scale of 100 um, thus allowing for accurate photosynthetic measurement of small areas of tissue (Hill
and Ulstrup, 2005). The actinic light was calibrated with an Apogee quantum sensor (Model MQ-200,
UT, USA) with the following settings: measuring intensity=1, saturation pulse intensity=9, gain=2.
Maximum quantum yield (ratio of variable to maximum fluorescence: Fv/Fm) was measured two hours
after dusk. Yields were calculated from the same area of interest at the different time points (i.e., using
nine different 2 mm? positions to account for top, middle and bottom of the fragment and also core
and edges of the fragment), by orientating the fragments to a fixed angle in a plastic mount built for
the iPAM. This methodology has been used to determine photosynthetic productivity in studies of
plant physiology (Maxwell & Johnson 2000); it reflects the efficiency of photosystem Il (Krause and

Weis 1991), and is a widely accepted indicator of stress in corals (Jones et al. 1999).

The following experimental stages investigated whether treatment-specific phenotypic
responses are reversible and also if particular treatment combinations experienced during stage one
could trigger a thermal hardening response. These experimental stages started with a 2-week pre-
acclimation period (t=8 to 10 weeks) where all fragments (i.e., 2 fragments x 21 genotypes x 9
treatment combinations) were incubated under ambient conditions prior to heat stress exposure. This
not only allowed testing for reversible plasticity but also ensured that all fragments, regardless of past
history, started from the same temperature in the heat stress experiment. For the heat stress
experiment (t=10 to 14 weeks), one fragment from each genotype from each treatment history was
exposed to a temperature ramping of +0.4°C per day until 31°C was reached (~10 days), and then
incubated until the maximum quantum yield (Fv/Fm) reached values of < 0.3 (~26 days). The remaining
fragment was kept at ambient conditions for the total duration of the experiment. All fragments were
snap-frozen with LN; at the end of the heat stress experiment (t=14 weeks); although these were not
used in this study. Both, linear growth and Fv/Fm measurements were obtained at the end of the
acclimation to ambient conditions (t=10 weeks) and also at the end of the heat stress experiment (t=14

weeks), using the same approach as described for the first experimental stage.

4.3.4 DNA extraction, Amplification and Sequencing Protocol
One adult coral fragment was sub-sampled from each treatment post transplantation (t=8

weeks; 21 genotypes x 9 treatments, 189 total) for microbiome analysis.
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Frozen coral fragments were crushed using a cold stainless-steel mortar and pestle adapted to
work in a French press (i.e., hydraulic system). Fragments were placed into the mortar with ~10 ml of
LN, with the pestle positioned on top to carefully crush the fragment with a maximum pressure of
70,000 Newtons. After removing pressure and the steel pestle, an additional hand crushing was
performed using a small ceramic pestle to obtain homogeneous coral powder. Coral powder was
distributed across two clean 2 ml plastic tubes which were stored at -80 °C. Mortars and pestles were

carefully cleaned between samples using chlorine solution, ethanol 80% and ultra-pure water.

Total DNA was extracted from the coral powder (0.5 g) using the DNeasy® UltraClean®
Microbial Kit (QIAGEN) following the Manufacturer’s protocol with some modifications as described in

chapter 2.

4.3.4.1 Preparation of ITS2 and 168 libraries for sequencing

Bacterial 16S rRNA gene amplicons were amplified using primers 27F (Lane 1991) and 519R
(Lane et al. 1993) to which MiSeq adaptors were added (v1-v3 region; ~530 bp) (Caporaso et al., 2012),
, with a 30-cycle PCR using AmpliTag Gold® 360 Master Mix (Applied Biosystems). PCR cycling

conditions and following steps were performed as described in chapter 2.
4.3.4.2 Metabarcoding analyses

For the Symbiodiniaceae community analysis, data was processed as described in chapter 2
following the standardized remote analysis of the SymPortal analytical framework (symportal.org,

github.com/SymPortal) in order to predict putative Symbiodiniaceae taxa (Hume et al., 2019).

Sequencing data for the 16S rRNA gene was processed as described in chapter 1 using the
open-source software Quantitative Insights Into Microbial Ecology (QIIME2, version 2019.7) (Caporaso

et al., 2010).

4.3.5 Statistical analysis — phenotypic and physiological measurements

4.3.5.1 Growth

Sets of linear statistical models were compared to quantify the response of proportional linear

growth to treatment conditions at the different time points. Models were fitted using the function
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‘elmmadmb’ from the package glmmADMB (Fournier et al., 2012). A second order Akaike Information

Criterion (AlCc) was used to identify the best-fit model. All analyses were performed in R version 3.6

(Team, 2013).

For the plasticity stage, analysis of growth for the first 4 weeks prior to transplantation (t=4
weeks), included five models with treatment as a fixed effect and different combinations of: fragment
area (log-scale) as a fixed effect, genotype as a random intercept or as a random slope, and tank as a
random intercept. The potential for beneficial plasticity (i.e., second-4-week period) was tested for
each combination of treatments at times 4 and 8 (i.e. nine treatment histories in total) with growth as
the response variable, time as a fixed factor, and genotype as a random intercept and slope. In
addition, to predict how linear growth during each treatment at t=8 was influenced by treatment
history (t=4), a model was built including growth at t=8 as the response variable, an interaction
between treatment at t=4 and treatment at t=8 and fragment size (log scale) as fixed effects and
genotype as a random intercept. A Tukey post hoc test was used to contrast growth between different
combinations of treatments at t=4 and t=8. Overall, genotype as a random intercept was included to
account for potential constant differences in growth rates among genotypes under the different
treatments (e.g. genotype A grows more rapidly than B in all treatments). Alternatively, genotype as
a random slope was used to account for genotypes responding differently depending on treatment

(e.g. genotype A grows faster than B under one treatment but not another).

For the resetting to ambient and acute heat stress stages, a series of models were first fitted
and compared to test whether acclimation to ambient conditions (t=10 weeks) was reached in all
possible treatment combinations coming from t=8. The models included combinations of the following
variables: interaction between treatments at t=4 and t=8, and fragment size as possible fixed effects,
plus genotype and tank as a random intercept. For the best fit model, a Tukey post hoc test was used
to compare growth between different combinations of treatment history. For the acute heat stress
exposure at t=14, six statistical models were used to test for the effect of treatment at t=4, t=8 and
t=14 over fragment growth at t=14 (i.e. heat stress vs. ambient in relation to treatment history). The
most complex model included a three-way interaction among treatments at t=4, t=8 and t=14 (fixed
effects), fragment size (as a fixed effect) and genotypes and tank as random intercepts. Subsequent
models were a subset of this model. The difference between growth of fragments exposed vs not

exposed to heat stress was used as a proxy for the potential for enhanced thermal tolerance.
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Additionally, the estimated random intercept of genotype was extracted to evaluate the overall

performance of each genotype at t=14.

4.3.5.2 Maximum quantum yield (Fv/Fm)

A similar statistical approach to that of linear growth was used to estimate changes in
maximum quantum yield (Fv/Fm) for the same experimental time points. However, because multiple

observations of Fv/Fm were taken from each fragment at different positions, position was also

. . . Fv Yield
included as random intercept. The response variable was:(—) =logig ( , ”1)
Fm t+1 Yleldt-

4.3.5.3 Symbiont associations

Symbiodiniaceae and bacterial diversity analyses were performed using the relative
abundance of the ITS2 type profile and 16S rRNA gene ASV data obtained from either SymPortal or
QIIME2/Phyloseq. The effects of treatment (t=4 and t=8), tank and genotype on community
composition were tested with a permutational multivariate analysis of variance (PERMANQOVA) using
Bray-Curtis similarity distance with the function adonis from the R package ‘vegan’ (Oksanen et al.,
2013). Treatment-specificity of the bacterial community was assessed by calculating the compositional
similarities of all 189 samples with the Bray-Curtis similarity distance and visualising the data with a

non-metric multidimensional scaling (NMDS) plot using the phyloseq package.

For the bacterial communities, variation in alpha diversity was evaluated through species
richness (number of ASVs) and species diversity (Chaol and Shannon index). Each measure of alpha
diversity was analysed using a linear mixed effect model with treatment as a fixed effect and tank as
random intercept. Chaol estimates were logio transformed to meet the normality assumption.
Differences in beta diversity were analysed using PERMANOVA with 999 permutations. Pairwise
comparisons were performed using the function pairwise.perm.manova (with 999 permutations and
BH method) from the package RVAideMemoire (Hervé and Hervé, 2019). Differences in beta diversity
were visualised using an NMDS fit with Bray-Curtis distances. Bacterial indicator taxa analysis (i.e.,
indicative of a specific treatment) was performed using a multi-level pattern analysis with 999
permutations with the function IndVal-multipatt from the package indicspecies (De Caceres, 2013, De
Caceres and Legendre, 2009). Indicator analysis was carried out at two separate levels including family

and genus with alpha = 0.05.
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To compare differences in the relative abundance of bacterial families among treatments, a
linear model with treatment as a fixed effect was fitted to the ten most abundant families in the
rarefied dataset using the Bayesian package ‘brms’ (Blrkner, 2017). A zero-inflated beta distribution
was used for all families. To quantify differences in the predicted relative abundance of each family
among treatments, the 95% credible interval of the posterior distribution of the difference between
relative abundances of each pair of treatments was calculated. When the 95% credible interval
overlapped with zero, it was assumed that the relative abundances were not different. To identify
differences in relative abundances of particular families differentially abundant among treatment
combinations (i.e., in a non-rarefied dataset), a differential expression analysis based on a negative
binomial distribution was performed using the function DESEq (Wald test) from the package DESeq2
(Love et al., 2014). Log2FoldChange values were used to compare significant differences among
treatment combinations, to identify not only the order of magnitude in relative abundances between

treatments but also which treatment favoured the abundance of each particular taxa.

To investigate associations between pairs of bacterial families or Symbiodiniaceae types, a
Spearman rank correlation test was computed for each pair of bacterial family and Symbiodiniaceae

type profiles that were present in at least ten samples.

4.4 Results
4.4.1 Growth

4.4.1.1 Growth before and after transplantation (plasticity)

Temperature and pCO2 treatment significantly affected the growth of corals after 4 weeks of
incubation (t = 4 weeks) (Table C.S1, C.S2). For a given fragment size, growth was significantly higher
for fragments in the HIGH treatment relative to fragments in AMBIENT and MID treatments, which
were not significantly different from each other (Fig. 4.2a; Table C.S3). Growth significantly decreased
with increasing fragment size (Table C.S2). Despite random effect variance being low, genotype was

included in the best-fit model.
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Figure 4. 2 Panel a: Proportional growth from t=0 to t=4 weeks by the best-fit model depending
on treatment at t=4. Number of observations: total=378, number of genotypes=21. Panel b:
Proportional growth by the best-fit model at t=8 weeks for the different treatments over 4 to 8 weeks.
Symbols represent origin treatment whereas x-axis distribution represents the destination treatments.
Number of observations: total=378, number of genotypes=21. Panel c: Proportional growth between
origin treatment at t=4 weeks in relation to growth at the destination treatment at t=8. The solid black
lines represent the fitted model and its predictions, whereas the dotted line is representative of no
proportional change between time points. Grey lines represent variation for individual genotypes
within each group. Red lines used to observe potential negative growth. Asterisk indicate significant

differences in growth rate between timepoints.

After transplantation, growth was affected not only by the destination treatment (t = 4-8
weeks) but also by the treatment experienced at t=1-4 weeks. Following model selection (Table C.54),
the best-fit model revealed that the interaction of treatment at t=4 and t=8 was significant, meaning
that growth of coral fragments after reciprocal transplantation among treatments was influenced by
the previous treatment conditions (Table C.S5). In addition, growth at t=8 significantly decreased with
fragment size at t=4. When comparing growth rate under each of the destination treatments, there

were no significant differences for the majority of fragments coming from different origin treatments
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(Fig. 4.2b; Table C.S6), suggesting that the different treatment levels were not generating an effect on
growth of sufficient magnitude to allow the detection of plasticity. Although genotype showed an
overall low variance, some genotypes contributed more than others to the growth rate (i.e., ranging
from -0.01 to 0.02 relative to the ~0.03 found in mean growth), regardless of the treatment

combination (Fig. C.S1).

Individual models (i.e., based on the best-fit model), confirmed the absence of clear patterns
of plasticity triggered by the different treatment intensities and combinations. (Fig. 4.2c; Table C.57).
In other words, despite the fact that growth rate at t=8 weeks was either similar or greater than growth
at t=4 weeks, the treatment with the highest intensity (HIGH) was not necessarily triggering the
appearance of new and better performing phenotypes, suggesting that this was a consequence of a
disturbance effect due to transplantation, not evidence for beneficial acclimation. Interestingly,
fragments without transplantation had a significantly lower growth rate at t=8 weeks relative to t=4
weeks, with the exception of fragments under mid treatment in both incubation periods, suggesting
that a 4-week exposure to high can increase growth in adult coral fragments, but extended exposure
8 weeks causes a decline in growth. No negative growth was recorded, which confirms that exposure
to any treatment combination did not cause tissue mortality. Hence, growth rate was either sustained
or enhanced when adult corals experienced a change in treatment conditions, although such plastic
responses do not qualify as beneficial acclimation considering the absence of a clear effect of
treatment. Finally, growth rates were also lowered over time in some cases of non-transplanted
treatment combinations (e.g., HIGH-HIGH), which seems to be a cumulative effect of high temperature

on growth.
4.4.1.2 Growth during heat stress exposure (31 °C)

After a two-week acclimation period at ambient conditions, growth rate was similar among
fragments, despite having different treatment histories. From a set of linear models (Table C.S8), the
best-fit model included the interaction of treatment at t= 4 and t=8 weeks and showed that those
previous treatments did not significantly influence growth over t=8-10 weeks (Fig. C.S2, Table C.S9).
Independent of the treatments, growth significantly decreased with increasing fragment size. Tukey
post hoc tests estimates did not show significant differences in growth at t=10 weeks across all possible
treatment history comparisons (Table C.510). Hence, the two-week acclimation period successfully
reset growth rate under ambient conditions prior to heat stress exposure and therefore confirmed

reversible plasticity in growth rate.
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During the heat stress exposure, the best-fit model revealed that overall growth rate of corals
was significantly affected by high temperature (i.e., reduced under heat stress relative to ambient);
this model included the interaction of treatment att = 4, t = 8 and t = 14 weeks (Table C.511, C.512).
However, despite some treatment histories displaying significant effects on growth rate at t=14 weeks,
Tukey post hoc test confirmed that only in one particular treatment combination (i.e., high-ambient-
ambient vs high-ambient-heat stress) was there a significant difference in growth rate (Fig. 4.3; Table
C.S13). Size continued to influence growth, as lower growth rates were observed from larger
fragments. Although genotype showed an overall low variance, some genotypes contributed more
than others to the growth rate (i.e., ranging from -0.03 to 0.03 relative to the ~0.05 found in mean
growth), regardless of the treatment combination (Fig. C.S3). Interestingly, the contribution of
individual genotypes to growth rate was similar across experimental stages, with relatively small
variation observed within each of the positive or negative side from the intercept (Fig. C.S1 and Fig.
C.S3). Thus, coral fragments were capable of maintaining similar growth rates under heat stress
relative to ambient conditions, unless they had experienced HIGH treatment conditions in the first
experimental stage and no other conditions other than ambient following transplantation.
Nevertheless, the lack of consistent patterns suggests that there is not a clear treatment signal on
growth, even under intensified treatment conditions, which limits further interpretation of potential

for stress-hardening responses triggered by treatment history.
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Figure 4. 3 Proportional growth from t=10 to t=14 weeks for heat stress and ambient
treatment, considering each treatment history over weeks 0 to 8. Box plots show the distribution of
the raw data, grey crosses show the raw data and black points with error bars show the fitted model
predictions with the associated standard errors. The asterisk indicates a statistically significant

difference.

4.4.2 Photochemical efficiency (Fv/Fm)

4.4.2.1 Fv/Fm before and after transplantation (plasticity)

Following model selection (Table C.S14), the best-fit model showed that prior to
transplantation, treatment had a significant effect on the mean Fv/Fm after 4 weeks of incubation (t=4
weeks) (Table C.515). For a given fragment size, Fv/Fm was significantly higher for fragments under
ambient treatment relative to fragments in mid and high (Fig. 4.4a; Table C.515). Tukey post hoc tests
confirmed differences in Fv/Fm among treatments (Table C.516). There was also a significant effect of
Fv/Fm at t=0 on the Fv/Fm found at t=4, suggesting that higher yields are expected if higher yields
were previously observed. Additionally, Fv/Fm significantly increased with increasing fragment size.

Despite random effect variance being low, genotype was included in the best-fit model.
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After transplantation, Fv/Fm was affected not only by the destination treatment (t=4-8 weeks)
but also by the treatment experienced over the period t=1-4 weeks. Following model selection (Table
C.S17), the best-fit model revealed that the interaction of treatment at t=4 and t=8 was significant,
meaning that Fv/Fm of coral fragments after reciprocal transplantation among treatments was
influenced by the previous treatment conditions (Table C.518). In addition, size at t=8 weeks had a
significant effect on the Fv/Fm observed, suggesting that a higher yield can be expected from larger
fragment size. When comparing Fv/Fm under each of the destination treatments, there were
significant differences among fragments coming from a variety of origin treatments (Fig. 4.4b; Table
C.519). Results revealed that increasingly severe treatment conditions had a negative effect on Fv/Fm
(i.e., increased decline in slope); a pattern previously observed prior to transplantation. It was also
evident that there was a carryover effect from HIGH treatment, represented by higher Fv/Fm values
recorded in fragments that experienced HIGH prior to transplantation (t=1-4 weeks) across all possible
treatment combinations that followed reciprocal transplantation (t=4-8 weeks). However, under HIGH
treatment post transplantation, and despite the significant reduction in Fv/Fm across all treatment
combinations, fragments that previously experienced HIGH treatment performed better than
fragments that previously experienced MID or AMBIENT. Most importantly, the Fv/Fm values observed
for HIGH-HIGH combination, were similar to the expected values for AMB-AMB, suggesting that prior
exposure to HIGH treatment enabled the coral fragments to maintain healthy Fv/Fm values despite
higher intensity treatment conditions. Although genotype showed an overall low variance, some
genotypes contributed more than others to Fv/Fm (i.e., ranging from -0.03 to 0.03 relative to the ~0.55
found in mean Fv/Fm), regardless of the treatment combination (Fig. C.S4). Thus, these findings
suggest that not all transplanted lines exhibited plasticity in Fv/Fm but a more in-depth comparison
across treatment histories uncovered particular patterns of beneficial acclimation via phenotypic

plasticity.

Indeed, by using individual models (i.e., based on the best-fit model), plasticity and beneficial
acclimation in Fv/Fm in response to treatment conditions were verified via two major lines of evidence
(Fig. 4.4c; Table C.S20). First, the decline of Fv/Fm was significantly influenced by increasing intensity
of treatment conditions following transplantation, considering that fragments that were under
AMBIENT during the first 4-week period (i.e., ambient-high > ambient-mid > ambient-ambient)
exhibited a significant decline in Fv/Fm. Second, the effect of higher intensity treatments (HIGH) on
the Fv/Fm decline at t= 8 weeks was dampened if fragments had been preconditioned to a 4-week
exposure to similar treatment conditions (i.e., slope of decline: ambient-high > mid-high > high-high).

These lines of evidence confirmed beneficial acclimation via phenotypic plasticity, and also that the
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response was reversible considering the improvement observed in Fv/Fm values for HIGH-AMB
treatment history and the positive slope generated post transplantation. Hence, treatment history
had a significant effect on Fv/Fm values and allowed the detection of plasticity in adult coral fragments.
Additionally, preconditioning fragments to intensified treatment conditions allowed the detection of
phenotypes capable to sustain better Fv/Fm rates under elevated treatment conditions, which is clear

evidence for beneficial acclimation via phenotypic plasticity.
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Figure 4. 4 Panel a: Predicted Fv/Fm at t=4 weeks by the best-fit model depending on
treatment at t=4. Number of observations: total=378, number of genotypes=21. Panel b: Predicted
mean Fv/Fm by the best-fit model at t=8 weeks for the different treatments. Symbols represent origin
treatment whereas x-axis distribution represent destination treatments. Panel c: Predicted mean
Fv/Fm between origin treatment at t=4 weeks in relation to linear extension at destination treatment

at t=8 weeks. Grey lines represent variation for individual genotypes within each group.

4.4.2.2 Fv/Fm during heat stress exposure (31 °C)



Chapter 4: Beneficial acclimation through preconditioning may enhance coral tolerance to heat stress
107

Based on a test of statistical models (Table C.521), the best-fit model included the addition of
treatment at t=4 and t=8 weeks and showed that treatment history significantly influenced Fv/Fm at
t=10 weeks (Table C.522). Size also had a significant effect on yield, with Fv/Fm higher in larger
fragments. The mean Fv/Fm at t=10 weeks (i.e., after the two-week preacclimation period at ambient
conditions) ranged from 0.52 to 0.57, consistent with previous observations at ambient conditions (Fig.
C.S5). The majority of treatment combinations did not show significant differences among them,
although two particular combinations 1) AMBIENT-HIGH and 2) HIGH-HIGH were significantly different
from the rest, but not from each other (Table C.S23). Hence, the two-week acclimation period
successfully reset Fv/Fm to expected values for ambient conditions for fragments coming from any

treatment history, therefore suggesting reversible plasticity in Fv/Fm.

During the heat stress exposure, photosynthetic efficiency was lower in fragments under the
heat stress treatment relative to the ambient control. From a set of statistical models (Table C.524),
the best-fit model included the interaction of treatment at t=4, t=8 and t=14 weeks. The best-fit model
revealed that Fv/Fm was significantly lower in the heat stress treatment compared to corals under
ambient conditions (Table C.S25) for all treatment histories. However, past treatment history
influenced the magnitude of the effect. There was a 25% reduction in Fv/Fm in fragments with an
ambient-ambient history (i.e., ambient controls) when exposed to heat stress. In contrast the decline
in Fv/FM was 10-20% for ambient-high, high-high, high-mid, and mid-ambient. An even smaller
reduction in Fv/Fm <8% was recorded for mid-mid, mid-high, high-ambient and ambient-mid
treatments. The results indicate that past exposure to MID and HIGH treatments has a beneficial effect
on thermal tolerance of coral fragments (i.e., a hardening response). Size continued to influence
Fv/Fm, displaying a positive correlation. Although genotype showed low variance overall, some
genotypes contributed more to the variation in Fv/Fm than others (i.e., ranging from -0.04 to 0.04
relative to the ~0.5 found in mean Fv/Fm), regardless of the treatment combination (Fig. C.S6).
Interestingly, the contribution of individual genotypes to Fv/Fm values was similar across experimental
stages, with relatively small variation observed within each of the positive or negative side of the
intercept (Fig. C.54 and Fig. C.S6). Tukey post hoc test confirmed that the difference in Fv/Fm between
heat stress and ambient was significant for all treatment histories (Fig. 4.5; Table S26). Finally, visual
signs of tissue paling were observed in some fragments, but was not associated to particular
genotypes, and mostly evident in AMB-AMB-heat stress (i.e., colour scores from coral health chart not
included in this study). Thus, while photosynthetic efficiency was affected by the heat stress, the

magnitude of reduction in Fv/Fm varied among treatment histories.
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Treatment at t=14 weeks

Figure 4. 5 Predicted Fv/Fm at t=14 weeks for heat stress and ambient treatments, considering
each treatment history over the period 1-8 weeks. Box plots show the distribution of the raw data,
grey crosses show the raw data and black points with error bars show the fitted model predictions
with the associated standard errors. Percentage of decline among treatments and time points are

described in the main text

4.4.3 Correlation between growth and Fv/Fm at different experimental stages

A strong positive correlation was evident in the growth rate of genotypes four weeks after
transplantation (t = 8 weeks) relative to the growth rates during the heat stress phase (Fig. 4.6a).
Similarly, a moderate positive correlation was found in the Fv/Fm of genotypes four weeks after
transplantation relative to the Fv/Fm observed during the heat stress (Fig. 4.6b). These results show
that genotypes performing better than expected at t=4 weeks were likely to also perform better than
expected at t=8 weeks (i.e., during heat stress of 31°C). However, the relative performance in growth

was not related to relative performance of Fv/Fm at any of the time points (Fig. 4.6c, 4.6d).
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Figure 4. 6 Correlation between the random effects estimates of genotype from the best-fit
models estimating yield and growth at t=4 weeks and t=8 weeks. Panel a: Estimates showing growth
at t=8 weeks relative to growth at t=8 weeks. Tendency line represents a positive correlation. Panel b:
Estimates showing Fv/Fm at t=4 weeks relative to Fv/Fm at t=8 weeks. Panel c: Estimates showing
growth at t=4 weeks relative to Fv/Fm at t=4 weeks. Panel d: Estimates showing growth at t=8 weeks
relative to Fv/Fm at t=8 weeks. Correlation values based on the Spearman Rank correlation coefficient

analysis. Significant correlations among pairs are shown inside the matrix.

4.4.4 Symbiotic associations
4.4.4.1 Symbiodiniaceae communities 4 weeks after transplantation (plasticity stage; t=8

weeks)

A total of 8,769,849 raw reads were obtained for the 189 samples across all treatments,
ranging from 15,007 to 81,414 per sample. An average number of 46,157 pair-end reads were obtained
per sample after sequencing and downstream filtering steps reduced this to 28,606 reads. A total of

350 reads were found in the blank sample, however, no ITS2 profiles were predicted by SymPortal.

The Symbiodiniaceae composition, 4 weeks after transplantation (t=8 weeks), was significantly
affected by genotype, which explained ~51% of the variation (R?=0.508, Table C.S27; Fig. 4.7).
Treatment at t=4 and treatment at t=8 weeks had no significant effect on the community composition,

and explained less than 1% of the variation (Table C.S27); the remaining ~48% of variance being
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unexplained. Type profiles C3:C3dq (associated species: none) and C3.k:C3a (associated species: none)

were the most common profiles among the fragments (Fig. C.S7).
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Figure 4. 7 Relative abundance of Symbiodiniaceae type profiles. Each block corresponds to
fragments of the same genotype, belonging to different treatment histories. Each bar corresponds to
a different fragment, each one labelled by two letters and a number: the first letter corresponds to

treatment at t=4 weeks (A for ‘/AMBIENT’, M for ‘MID’, and H for ‘HIGH’), the second letter to treatment

at t=8 weeks, and the number is the genotype. Different colours show different Symbiodiniaceae type

profiles.

4.4.4.2 Bacterial communities 4 weeks after transplantation (plasticity stage; t=8 weeks)

A total of 3,272,962 bacterial sequences were retrieved from the A. loripes fragments (n=189)
four weeks after transplantation across all treatment histories, corresponding to 1,308 unique ASVs.
The number of reads per sample ranged from 37,374 to 119,684. On average, 79,128 pair-end reads
were obtained per sample after sequencing with downstream filtering steps reducing this to 54,363

reads. The maximum number of ASVs per sample was 46,491 (i.e., encompassing both unique and
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shared ASVs in a non-rarefied dataset). Rarefaction analysis showed curve asymptotes at ~3,000 reads
(Fig. C.S8), thus the dataset was rarefied to even depth of 3,000, with only one sample being excluded
from the analysis (i.e., HM42). The remaining samples encompassed a total of 1,308 taxa retained
following rarefaction. A total of 280 merged non-chimeric reads were recovered from the blank sample
(i.e., DNA extraction control) and clustered into two ASVs, however these ASVs did not have any
bacterial taxonomic affiliation and were not present in any of the 189 coral recruit samples (i.e.,

dataset analysed simultaneously with chapter 2).

After rarefying the data set, alpha diversity was significantly different for particular treatment
combinations when considering origin and destination at t=4 and t=8 weeks, respectively (Table C.528,
Fig. C.S9). Species richness was also significantly different among particular treatment combinations
(Table C.529- C.S30). Interestingly, species richness was significantly higher for treatments histories
that did not include transplantation (e.g., MID-MID or HIGH-HIGH), with a general trend suggesting
higher diversity indices for the HIGH-HIGH treatment history. Moreover, the number of unique and
shared ASVs (i.e., rarefied data set) varied according to treatment history as observed in three main
groups clustered according to destination treatment (Fig. C.S10, Table C.S31), with an increased
number of ASVs observed when higher levels of stress were experienced in either the origin or
destination treatment (i.e., HIGH, relative to MID and AMBIENT). For example, of the 456 total ASVs
when destination treatment was AMBIENT, the HIGH-AMB treatment history had 133 unique ASVs,
followed by MID-AMBIENT (121) and AMBIENT-AMBIENT (107), suggesting that elevated temperature
and pCO2 can increase diversity of bacterial communities and that such patterns can be retained even
after transplantation (i.e., as observed in the diversity indices). For all three grouped destination
treatments, the number of shared ASVs across each combination ranged from 18 to 26, although when
clustering all possible combinations, there were seven shared bacterial taxa, including three from the
genus Ruegeria plus one undescribed Rhodobacteraceae ASV. The three remaining taxa were affiliated

with the genera Endozoicomonas (n=2) and Sphingomonas (n=1) (Table C.S31).

In contrast, beta diversity varied depending on treatment history and coral genotype. For
example, Bray-Curtis dissimilarity matrices showed that the interaction of treatment at t=4 and t=8
weeks had a significant effect on bacterial community composition in coral fragments at t=8 weeks
(p<0.01, R?=0.02, Table C.S32- C.533), although it explained only 2% of variation. When treated
independently, treatment at t=4 and t=8 weeks had a significant effect on the composition, although

both only explained 1% of the variation (p<0.01, R?=0.01). Interestingly, genotype had a significant
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effect and explained 14% of variation in community composition (p<0.01, R?>=0.14, Table C.532). In
addition, aquarium also had a significant effect on the bacterial communities, although it explained
only 1% of the variation (p>0.01, R*=0.01, Table C.532). The remaining 77% variance remained
unexplained. Hence, a weak segregation of distances was observed and pairwise PERMANOVA
confirmed significant differences among treatments pairs at t=8 weeks (ambient:mid<0.03;

ambient:high<0.003; mid:high<0.05 (Fig. C.511).

The indicator species analysis did not reveal high fidelity associations of particular taxa to each
treatment. Indeed, a total of 18 taxa were identified (i.e. ASV level) (Table C.534, alpha=0.05, p-
value<0.05), with the majority associated to the family Rhodobacteraceae. However, fidelity values
ranged from 10-57%, and consequently, none of these ASVs were considered as an indicator for any
specific treatment history considering that their relative abundances across groups were not
sufficiently different. From all treatment histories, most indicator ASVs were detected in the HIGH-
HIGH treatment combination (eight out of 18), including the genera Ruegeria, Turicibacter,
Actibacterium, Filomicrobium, and Tateyamaria. At the family level (Table C.S35), a total of seven
indicator taxa were identified (Kiloniellaceae, Pirellulaceae, Arcobacteraceae, Pseudonocardiaceae,
Saprospiraceae, Hyphomicrobiales and another unculted alphaproteobacteria), which continued to
show low fidelity values ranging from 10-47% and hence were not considered indicative of particular
treatment history effects. Thus, small differences in relative abundances of bacterial taxa across

treatment histories did not allow a clear categorisation of indicators with high fidelity values.

Based on the rarefied dataset, relative abundances of the top 10 most abundant bacterial
families did not vary among treatments histories and all possible comparisons (Table C.S36- C.537).
Rhodobacteraceae and Endozocoimonadaceae were consistently the most abundant bacterial families
across treatment histories (Fig. 4.8), with the exception of HIGH-HIGH where Endozoicomonas seemed
much reduced but not necessarily detected in the analysis. Similarly, the analysis at the genus level
(i.e., top 10 most abundant genera) did not show significant differences in relative abundance of
bacterial taxa following comparisons among treatment histories (Fig. C.512, Table C.S38- C.S39),
although Endozoicomonas continued to display much lower abundance and much scattered presence

across samples under HIGH-HIGH.
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Figure 4. 8 Relative abundance of the top 10 bacterial families (y-axis) among individual
genotypes of coral fragments (x-axis) at t=8 weeks, across each of the nine treatment histories (n=117

total families).

Analysis of the non-rarefied dataset revealed that particular taxa can be differentially
abundant depending on the treatment history comparison (Tables C.S40, Fig. C.S13). Indeed, | detected
that incubation under more extreme conditions at any time during the experiment (e.g., HIGH or MID
relative to AMBIENT) not only increased the number of taxa showing significant differences among
treatment histories but also influenced the magnitude of change (i.e., log2fold change values). For
example, relative abundance of Rhodobacteraceae was up to 23-times higher in HIGH-AMB corals
relative to AMB-AMB from origin treatment HIGH or AMB that had AMB as destination, or to 7-times
higher HIGH-HIGH relative to AMB-AMB. Overall, the majority of differentially represented microbial
taxa were more abundant in corals that underwent transplantation between different treatment
conditions, and more likely to display higher relative abundances in if MID or HIGH treatments were

experienced.
4.4.4.3 Correlation of relative abundances across symbiont members

The relative abundance of Symbiodiniaceae and bacterial taxa did not exhibit any clear
correlation at t=8 weeks (Fig. 4.9). However, a weak positive correlation was found between two
symbiont members: S. microadriaticum and the bacterial family Endozoicomonadaceae. Similarly,

Spearman Rank correlation coefficients revealed weak correlations in relative abundances between
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pairs of bacterial families (top 10 most abundant), with the exception being the strong negative

correlation between Endozoicomonadaceae and Rhodobacteraceae.
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Figure 4. 9 Correlation in relative abundance among Symbiodiniaceae types and bacterial
families for adult coral fragments 4 weeks after transplantation (t=8 weeks). Correlation values based
on the Spearman Rank correlation coefficient analysis. Significant correlations among pairs are shown

inside the matrix.

4.5 Discussion

Phenotypic responses of adult coral fragments to a combination of elevated temperature and
pCO2 were assessed under controlled laboratory conditions. Beneficial acclimation via phenotypic
plasticity was observed for Fv/Fm but not consistently for growth, whereas symbiont community
structure appeared to be influenced primarily by host genotype rather than treatment conditions.
Further, exposure of fragments to heat stress revealed evidence for a hardening response in Fv/Fm,

but not growth.
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4.5.1 Growth

4.5.1.1 Plasticity stage

Plasticity stage - Analysis of growth rates across coral fragments demonstrated that growth
can be maintained under some simulated climate change scenarios. However, there was no clear
evidence that maintenance of growth was due to beneficial plasticity. Instead, the environmental
treatments appeared to have little effect on growth, and variation in growth rates among treatment
was not consistent with expectation of beneficial acclimation. It is possible that the observed changes
across treatment histories that followed transplantation were a disturbance effect, where growth is
either maintained, diminish or enhanced when there is a change in treatment conditions. Indeed,
changing environmental conditions has been linked to faster growth in other reciprocal transplant
experiments. For instance, foreign corals were found to grow faster than native corals at their home
sites, although host genotype was a strong driver of variation (Drury et al., 2017). Moreover, a
cumulative negative effect of high temperature on growth was detected in fragments incubated for
both periods under the higher intensity treatment (high-high), which reduces the likelihood of
beneficial plasticity in other treatment histories despite the maintenance or even the increase in
growth rates observed in fragments transplanted from current-day ambient conditions to climate
change conditions predicted for the end of this century. While other common garden nursery
experiments have shown that one-third of growth variance in corals can be attributed to host genotype
(Morikawa and Palumbi, 2019), in A. loripes | found that genotype did not have a statistically significant
effect on growth. It is also important to acknowledge that genetic variation in a phenotypic proxy for
fitness like growth rates, may not necessarily reflect differences on fitness over time (Edmunds, 2017),
although in this particular study case, Acropora species were not evaluated and much of the variation
remained unexplained. Although previous work has already shown that preconditioning corals to a
pulse of moderate thermal stress can increase their upper thermal tolerance limits (Bellantuono et al.,
2012, Middlebrook et al., 2008), my work added another level of complexity by including reciprocal
transplantation with longer duration periods. This allowed us to confirm that although a rapid switch
in environmental conditions can act as a promoter of growth, longer incubation periods to controlled
climate change conditions can have negative effects on the growth rate of the coral host. Additionally,
the results show that the relative maintenance or increase in growth rate that followed transplantation
for particular treatment histories was not due to plasticity and therefore beneficial acclimation was

not occurring.

4.5.1.2 Heat tolerance stage
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Heat tolerance stage - Interestingly, my results revealed that growth rates were not always
reduced under heat stress relative to ambient conditions. Therefore, corroborating the maintenance
or increase in growth rate during the plasticity stage (i.e., transplantation to higher intensity
treatments) was not due to plasticity, but instead that growth rate is tolerant to these conditions in A.
loripes. However, it is important to consider that reductions in growth rate can be triggered after and
not during heat stress events (Gold and Palumbi, 2018, Lizcano-Sandoval et al., 2019). My results also
showed that declines in growth rate under heat stress only occurred for particular treatment
combinations (Amb-Amb and High-Amb), and was lower when fragments previously experienced
conditions of higher temperature and lower pH. When evaluating the interaction between
environmental history and physical parameters on coral health, Wall and colleagues concluded that
corals with a history of greater pCO2 variability had higher constitutive antioxidative and immune
activity (i.e., catalase, superoxide dismutase, prophenoloxidase) and Fv/Fm, although there was no
clear interaction for temperature (Wall et al.,, 2018). Consequently, it is possible that the coral
fragments in my study enhanced their antioxidant activity after experiencing changes in treatment
conditions, and managed to reduce additional stress that would have resulted in bleaching. | argue
that genotype played an important role in such responses, and although it was not a significant factor,
some coral genotypes performed better than others. In fact, the strong positive correlation observed
between growth rate after transplantation and during the heat stress phase favours the hypothesis
that genotype plays an important role in sustaining growth rate despite changes in environmental
conditions. It is important, however, to consider that the rate of growth may act synergistically with
other traits (e.g., photosynthetic efficiency), and may also be dependent on association with particular
members of the coral holobiont. Notably, larger fragments displayed lower growth rates relative to
smaller fragments, which could be explained by competition of space in the tanks or by an increased

ramification of branches that limited the detection of new areas via image-based methods.

4.5.2 Maximum photochemical efficiency (Fv/Fm)
4.5.2.1 Plasticity stage

Plasticity stage - In contrast with growth data, a consistent reduction in the maximum PSI|
photochemical efficiency (Fv/Fm) of coral fragments was evident with the increasing intensity of
temperature an pCO2. Similar results have been reported for other coral species (Hoadley et al., 2015)
and marine taxa like seagrass (Repolho et al., 2017), although the observed reduction in Fv/Fm has
previously been attributed to seawater warming rather than acidification conditions. The fact that

Fv/FM declined similarly in the second stage of the experiment, when only temperature and not pCO,
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was elevated, is consistent with the notion that higher temperature is likely to be the stronger driver
of the effect of treatment condition on Fv/Fm. Importantly, the negative effect of future climate
change condition on Fv/FM was dampened from 4-8 weeks if fragments had prior exposure to higher
intensity treatment conditions, which is clear evidence of beneficial acclimation. This result is
consistent with previous work showing that some coral and fish species can, at least to some extent,
acclimate to a warming and acidifying ocean via developmental and/or transgenerational acclimation
(Donelson et al., 2012, Putnam and Gates, 2015). Moreover, there was a positive carry-over effect of
the HIGH treatment on Fv/Fm when transplanted to AMBIENT conditions, and Fv/FM was maintained
at control levels in the HIGH-HIGH treatment. The effect of prior treatment on Fv/FM was less evident
in the MID treatment compared with HIGH, suggesting that a threshold of higher temperature and
pCO2 may need to be reached for plasticity in Fv/FM to be induced. Indeed, it was evident that during
this post transplantation period, the reduction in Fv/Fm of fragments under HIGH treatment was
diminished if they have previously experienced HIGH, and accentuated if prior treatment conditions
were less intense (i.e., AMB > HIGH). Although the full extent of the mechanisms underpinning the
beneficial acclimation response remain unclear, they might include physiological processes triggered

by the coral host and/or its symbionts, particularly the photosynthetic microalgae (Symbiodiniaceae).

Prior exposure may have played a role in the relative enhancement of Fv/Fm by triggering
protective mechanisms to reduce the detrimental effect of increased temperature and CO,. Indeed,
beneficial acclimation in Fv/Fm in adult coral fragments, combined with the lack of variation in the
community structure of Symbiodiniaceae, suggest that prior exposure to elevated conditions can
induce an acclimatory response on the Photosystem Il. It is possible that this response was
underpinned by a range of different mechanisms within the photosystem function and repair, cellular
growth and division, and acquired heat tolerance processes (Robison and Warner, 2006, Iglesias-Prieto
et al.,, 1992, Rowan, 2004, Wang et al.,, 2012). The mechanisms can include modifying the lipid
composition of the plastic thylakoid membrane to increase thermal stability (e.g., warmer summer
months and acclimation periods) (Tchernov et al., 2004, Diaz-Almeyda et al., 2010, Hill et al., 2009),
and also the ability to repair the D1 protein, a protein component of the PSIl (Warner et al., 1999).
Furthermore, the acclimatory response can also be a function of genotypic effects of the
Symbiodiniaceae or due to host genotypic effects on Symbiodiniaceae communities. For example,
genotype-specific Symbiodiniaceae communities that are capable of diminishing temperature-related
stress generated by treatment conditions (e.g., enhanced thermal tolerance by Cladocopium or better
performance under high-light intensities by Symbiodinium microadriaticum) (Boulotte et al., 2016,

Middlebrook et al., 2010, Barshis et al., 2010, Reynolds et al., 2008), whereas stable associations
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between coral-Symbiodiniaceae (Tonk et al., 2013) and/or the microbiome (Ziegler et al., 2017) have
also been evident on enhanced performance of corals under stress. Moreover, the observed rebound
of Fv/Fm values to expected levels when transplanted back to ambient conditions confirmed that
plasticity in Fv/Fm is reversible in the absence of elevated temperature and pCO2. Hence, treatment
conditions negatively influenced the Fv/Fm response of coral fragments, however the different
treatment combinations confirmed that such effect can be buffered due to preconditioning, which
confirmed beneficial acclimation and its reversibility. Importantly, Fv/Fm values were higher in larger
fragments, despite the standardised use of similar areas when measuring Fv/Fm across fragments. It
is possible that larger issue areas benefit the overall response of Fv/Fm to stressors due to the
increased number of Symbiodiniaceae cells simultaneously responding to reduce the detrimental

effect of elevated temperature and pCO..

4.5.2.2 Heat tolerance stage

Heat tolerance stage - At the end of the heat stress experiment it was clear that high
temperature differentially affected Fv/Fm depending on the treatment history of the coral. Currently,
it is acknowledged that environmental history is an important factor influencing the response of corals
to physiological stress (Brown et al., 2000a, Brown et al., 2002b, Ainsworth et al.,, 2016) and the
capacity of corals to acclimatise and/or adapt to climate change (Dixon et al., 2015, Palumbi et al.,
2014, Torda et al., 2017). As expected, Fv/Fm was consistently lower under heat stress for all treatment
histories, likely owing to temperature-mediated damage to the photosynthetic machinery (Lesser,
1997, Jones et al., 1998, Warner et al., 1999). However, | also detected evidence of increased thermal
tolerance as a result of prior exposure to elevated temperature an pCO; conditions (i.e. a thermal
hardening response). The decline in Fv/Fm was greatest in fragments that had no prior experience of
elevated temperature and pCO; (i.e. MID and HIGH treatments), proceeded by a recent exposure to
HIGH treatment following AMB exposure (AMB-HIGH). All other treatments exhibited a smaller decline
in Fv/FM when exposed to high temperature for 4 weeks. This shows that exposure to MID or HIGH
treatment during the first 4 weeks of the experiment (i.e., prior to transplantation) had a beneficial
effect on reducing the detrimental effect of high temperature on Fv/Fm. These findings suggest that
exposure to different levels of stress promotes enhanced thermal tolerance, a process of
photoacclimation that could be linked to various properties of Symbiodiniaceae photomachinery and
rates of electron transport (Warner et al., 2010). It is important to recognise that all fragments from
the different treatment histories experienced ambient conditions prior to heat stress, suggesting that

the role of prior exposure was maintained as a memory despite the resetting period.
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4.5.3 Host genotypic effects on growth and Fv/Fm

My results showed that the contribution of genotype to Fv/Fm was lower than its contribution
to growth rate. Although changes in Fv/Fm as a response to stressful conditions would be primarily
linked to acclimation of the Symbiodiniaceae communities, it was interesting to find that the overall
contribution of the coral host genotype remained similar between the plasticity and heat stress stages.
Indeed, a positive correlation in Fv/Fm occurred between experimental stages where the effect of
genotype was analysed separately, suggesting that strong performing genotypes are likely to maintain
their strong performance during heat stress. It is possible that this effect is driven by genotype-specific
Symbiodiniaceae communities capable of diminishing temperature-related stress generated by
treatment conditions (Boulotte et al., 2016, Middlebrook et al., 2010, Barshis et al., 2010), or due to
stable associations between coral-Symbiodiniaceae (Tonk et al., 2013) and/or the microbiome (Ziegler

et al., 2017).

4.5.4 Symbiodiniaceae and bacterial community composition structure

Coral genotype was the single most influential factor shaping and explaining Symbiodiniaceae
(50%) and bacterial (15%) community structure. Treatment history may not have had a significant
effect on the Symbiodiniaceae communities due to the strong specificity that can occur between
species of coral and Symbiodiniaceae (Tonk et al., 2013, Mieog et al., 2009, Rouze et al., 2019) and
which was also observed here. Additionally, it is possible that levels of warming and acidification
and/or exposure times were not sufficient to trigger shifting and/or shuffling of symbiont strains.
Similarly, bacterial communities at the family and genus levels (i.e., top 10 most abundant) showed
minimal variation with treatment history. However, a more detailed analysis of relative abundances,
including both abundant and rare taxa at the ASV level, showed some taxa were significantly more
abundant under particular treatment histories, yet it was difficult to interpret these patterns in the
context of the experimental design or host response. For example, for some comparisons the relative
abundance of particular taxa was higher for histories that did not experience transplantation but
included higher levels of stress (e.g., HIGH relative to AMB), whereas other taxa had higher relative
abundance in transplanted treatment histories. Lack of a consistent response amongst community
members may reflect the “Anna Karenina” principle as increased a-diversity and B-dispersion have
been observed in the microbiome of heat-stressed individuals characterised as model organisms (e.g.,
Aiptasia) (Ahmed et al., 2019), as well as in corals (Pootakham et al., 2019, Ziegler et al., 2017).

Alternatively, it could be attributed to the maintenance of ‘core’ microbial associations despite
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external stressors, as previous studies have hypothesised that more stable microbiomes can be
expected in organisms experiencing temperature and pCO2 stress, including corals (Yachi and Loreau,
1999, Ziegler et al., 2016). Although it has been proposed that corals with a stable microbiome are
more physiologically resilient to dual stresses of ocean warming and acidification conditions (Grottoli
et al., 2018), it remains unclear how the lack of variation observed in this study correlates to the
particular traits (growth and Fv/Fm). Finally, while genotype seems to drive most of the community

dynamics, a lot of the variation remained unexplained.

Previous studies have highlighted the importance of the interplay between the coral and its
associated microbiome when assessing the coral holobiont's nutrition and/or stress tolerance
(Matthews et al., 2020). In my study, there was no clear correlation between Symbiodiniaceae and the
bacterial community at the end of the reversible acclimation period, although a weak positive
correlation was found between two symbiont members: S. microadriaticum and the bacterial family
Endozoicomonadaceae. This is interesting considering that Endozoicomonas species are commonly
assumed to provide an important role in coral holobiont functioning due to their widespread
prevalence, high abundance and apparent metabolic versality (Neave et al., 2017, Ding et al., 2016).
Studies of Symbiodiniaceae-bacteria co-dynamics have shown significant correlations of multiple
bacterial taxa mostly with Durusdinium trenchii and D. glynni and some Cladocopium spp. (Quigley et
al.,, 2020), whereas others have found that only limited Symbiodiniaceae-bacteria co-occurrences

remain consistent over time due to seasonality (Epstein et al., 2019).

4.5.5 Conclusions

Here | have used a reciprocal transplant experiment into elevated temperature and pCO2
conditions followed by a more severe heat stress event to evaluate patterns of beneficial acclimation
in adult coral fragments under ocean warming and acidification conditions, and determine how those
patterns could be retained as a memory to influence responses to heat stress. | describe an important
colony effect and a relative stability of Symbiodiniaceae contributing to the reduced effect of thermal
stress in some phenotypes following exposure to high temperature. | propose that future studies
exploring the plasticity of adult corals to further climate change expand my approach by examining the
molecular mechanisms (e.g., gene expression plasticity, DNA methylation) underpinning the response
| observed. This is particularly important as strong but divergent transcriptomic responses can be
expected (Davies et al., 2016) and epigenetic mechanisms may be involved in host gene expression in
response to environmental stress (Torda et al., 2017) and in regulating host-symbionts relationships

(Negri and Jablonka, 2016). Furthermore, in response to the unprecedented loss of corals around the
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globe, coral restoration strategies are being actively explored (Bostrom-Einarsson et al., 2020). In this
context, my research suggests that exposing coral fragments to a dynamic but controlled environment
might be a way to diversify phenotypes and enhance thermal tolerance, thus increasing the probability

of success in restoration strategies using clonal propagation of parental colonies.
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Chapter 5 — General Discussion

Climate change is challenging the physiological tolerance limits of corals, yet many questions
remain about how coral populations and communities will respond to predicted future ocean warming
and acidification (Hughes et al., 2017a). The current rate of environmental change may be too fast for
genetic adaptation to keep pace (Merila and Hendry, 2014). However, phenotypic plasticity may
facilitate rapid phenotypic adjustment (Bowler, 2005, Pigliucci et al., 2006) and could act as an
alternate pathway for corals to persist under predicted climate change conditions (Torda et al., 2017),
particularly in relation to acclimation and hardening responses observed under other environmental
stressors (Foo and Byrne, 2016, Chevin et al.,, 2013, Putnam et al., 2017). While acclimation and
hardening can occur in a range of organisms including corals, it remains unclear if they are sufficient
to counteract current rate of ocean warming and acidification. In fact, it is still unclear how different
life stages of corals will respond to the combined effects of elevated temperature and reduced pH, and

if plastic responses will be beneficial.

The research presented in this thesis investigated the potential for beneficial acclimation and
stress-hardening in both early and adult life stages of coral exposed to future climate change scenarios,
and to assess the role of microbial symbiont communities in acclimation responses. | found consistent
evidence for thermal hardening in larvae, which displayed enhanced tolerance to extreme
temperature (35.5°C) after 10-days of preconditioning under elevated climate conditions (high
temperature and pCO), although it is important to consider the potential for genetic selection to have
occurred on the batch cultures. Further, there was clear evidence of beneficial acclimation in maximum
photochemical efficiency (Fv/Fm) in adult coral fragments, and subtle evidence for a similar effect in
coral recruits. Treatment conditions had minimal effect on Symbiodiniaceae or bacterial community
structure in adult fragments, suggesting that acclimation of Fv/Fm in the coral holobiont was due to
photoacclimation of the existing symbionts rather than shuffling or swapping of the symbiont
community. Furthermore, thermal hardening was evident in both coral recruit and adult life stages
exposed to heat stress after a “relaxation” period under ambient conditions. These findings show that
a memory of past exposure to elevated temperature and pCO, can enhance performance during an
acute heat stress event. Unexpectedly, treatment conditions did not have a consistent effect on coral
growth rates at any life stage. Moreover, although this assessment was not an objective of this thesis,
| discovered that colony is a major driver of the microbiome variation in adult corals, whereas in
recruits the majority of the variation remained unexplained. Ideally, future studies should track
individual crosses of colonies to be able to track genetic and maternal effects on their offspring.

Together with an expansion on the evaluation of types of symbionts and their beneficial functions
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across different experimental time points, this will allow a better understanding of the role of different
members of the coral holobiont to counteract the effects of rapid climate change conditions. These
results highlight the potential for phenotypic plasticity to buffer some of the negative effects of climate
change on corals, including in demographically important early life history stages. My results suggest
that phenotypic plasticity in the host coral and associated symbionts could help corals persist under
future warming and acidification conditions. It is important to consider that other effects such as

mortality may be encountered over longer time frames than those considered in this study.

My research highlights the potential importance of plastic responses triggered by exposure of
corals to climate change conditions, suggesting that prior exposure to elevated temperature and pCO,,
even over short periods, can increase tolerance of corals to acute and chronic stress, without
necessarily reducing the survivorship over time. In this context, the enhanced thermal tolerance
observed in aposymbiotic larvae under acute heat stress indicates that benefits can arise in the coral
host following exposure to more challenging rearing conditions without relying on Symbiodiniaceae.
Indeed, in nature larvae that are caught up in the surface waters or other locally hot water pools (e.g.,
reef flats), or that are swept off the reef could be exposed to high temperature and high light
conditions (van Oppen et al., 2018, Baird et al.), which may have lasting effects on their resilience.
Consequently, a similar approach could be optimised and applied for coral reef restoration efforts. For
example, research groups aiming to collect coral spawn and transport it to other locations, could
include an exposure of larvae to elevated conditions prior to deployment to increase the subsequent

temperature tolerance.

The mechanisms underpinning beneficial acclimation and thermal hardening may differ
between coral life stages and the traits investigated. The absence of Symbiodiniaceae in the larvae
suggests that the enhanced survivorship under thermal stress was a response from the coral host
(Heyward and Negri, 2010, Hayward et al., 2001). Potential mechanisms include the regulation of gene
expression underpinning the coral heat stress response, involving a wide array of cellular processes
such as the induction of molecular chaperones (e.g., Heat shock proteins, Hsps) and antioxidant
enzymes, but also Ca?* homeostasis disruption, cytoskeletal reorganization, and altered cell signalling
and transcriptional regulation (DeSalvo et al., 2008, Downs et al., 2002, Downs et al., 2000, DeSalvo et
al., 2010, Meyer et al., 2011b). Furthermore, levels of gene expression can be affected by epigenetic
processes, including the stable modification of chromosomal regions by DNA methylation, interaction

of small non-coding RNA products with gene promoters or enzymatic modification of histones. Indeed,
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DNA methylation has been hypothesized as a potential adaptive mechanism in response to changes in
environmental conditions by influencing the phenotypic plasticity of the organism (Angers et al., 2010,
Roberts and Gavery, 2012, Verhoeven et al., 2016, Putnam et al., 2016), although its role into the
acclimation responses of corals and potential variation among life stages remains unclear (Torda et al.,
2017, Suzuki and Bird, 2008, Dixon et al., 2014, Dixon et al., 2016). To better understand the
mechanisms underpinning acclimatory responses, further studies should expand the temporal
molecular sampling of larvae during the rearing and heat stress stages to better define the time when
treatment conditions activate the molecular response underpinning thermal tolerance. Moreover,
analysis of epigenetic markers in recently settled recruits, could reveal whether the enhanced thermal

tolerance is likely to stay throughout coral development.

By contrast, beneficial acclimation in Fv/Fm in coral recruits and adult fragments, combined
with the lack of variation in the community structure of Symbiodiniaceae, suggest that prior exposure
to elevated conditions can induce an acclimatory response within the photosystem Il of their algal
symbionts. Such a successful acclimatory response could be underpinned by differential photosysthem
function and repair, cellular growth and division, and acquired heat tolerance (Robison and Warner,
2006, lIglesias-Prieto et al., 1992, Rowan, 2004, Wang et al., 2012). Mechanisms involved in the
response could include modifying the lipid composition of the plastic thylakoid membrane to increase
thermal stability (e.g., warmer summer months and acclimation periods) (Tchernov et al., 2004, Diaz-
Almeyda et al., 2010, Hill et al., 2009), and also the ability to repair the D1 protein, a protein component
of the PSIl (Warner et al.,, 1999). Furthermore, the acclimatory response could be a function of
genotypic effects of the Symbiodiniaceae or due to host genotypic effects on Symbiodiniaceae
communities. In fact, symbiont community diversity metrics may function as indicators of resilience
when assessing host performance (Howe-Kerr et al., 2020, Quigley et al., 2018). For example, particular
Symbiodiniaceae are capable of diminishing temperature-related stress generated by treatment
conditions (e.g., enhanced thermal tolerance by Cladocopium or better performance under high-light
intensities by Symbiodinium microadriaticum) (Boulotte et al., 2016, Middlebrook et al., 2010, Barshis
et al., 2010, Reynolds et al., 2008), although stable associations between coral-Symbiodiniaceae (Tonk
et al., 2013) and/or the microbiome (Ziegler et al., 2017) have also been shown to enhance the

performance of corals under stress.

My research found a stronger signal of beneficial acclimation in the response of Fv/Fm in adult

fragments than in coral juveniles. However, it is still unclear how responses change over time and thus
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how much time is needed to induce an acclimatory response. Interestingly, the prior exposure time
used in adult fragments (4 weeks) was half of the time used in coral recruits (8 weeks), yet the response
recorded in recruits was much more subtle. One explanation for this difference could be the expected
winnowing of the coral recruit-Symbiodiniaceae associations in developing recruits vs the more
established Symbiodiniaceae community in adult fragments (Berkelmans and van Oppen, 2006,
Robison and Warner, 2006, Baker, 2001, Quigley et al., 2020). Additional molecular mechanisms (e.g.,
DNA methylation) could influence the modulation of protective antioxidant pathways helping the PSlI
endure thermal stress (Robison and Warner, 2006, Iglesias-Prieto et al., 1992, Rowan, 2004, Wang et
al., 2012), which could also be a function of the previous exposure of adult corals to environmental
fluctuations on the reef throughout their lifetime until collection occurred. A four-week exposure
period appears to be sufficient for the induction of beneficial acclimation in Fv/Fm, and also to reset
its values to the expected ambient levels as observed during the resetting period prior to heat stress
(2 weeks). Indeed, rapid acclimation to higher temperatures has been observed after 1-2 weeks
acclimation to warm conditions (Bay and Palumbi, 2015), whereas the opposite has been observed
following 6-month exposure (Schoepf et al., 2019), suggesting limitation to the acclimatory response.
However, the intensity of the response is likely to be influenced by a number of factors, including
symbiont associations and molecular responses occurring at different coral life stages. A primary
uncertainty is how long the beneficial acclimation is maintained which should be addressed by future
research testing recovery rates after chronic heat stress exposure. Similarly, it would be valuable to
repeat a heat stress exposure on survivors, aiming to evaluate if the response remains similar or if

longer incubation periods, and age, modulates the manifestation and intensity of acclimation signs.

These research findings can improve the efficacy of reef restoration approaches as acclimation
of coral fragments under more dynamic environments prior to final site deployment may be beneficial
for inducing more resilient phenotypes when using both sexual reproduction and clonal propagation
(Bostrom-Einarsson et al., 2020, Randall et al., 2020). For example, a passive exposure approach may
be to use coral gardening approaches that employ in situ nurseries (e.g., reef lagoons) prior to
deployment of fragments on damaged reefs. The usually higher temperature and CO, expected in reef
lagoons (Jokiel, 2016), may act as the trigger that corals need for activating acclimatory responses via
phenotypic plasticity. Conversely, young corals may be exposed to more extreme environments during
the aquaculture process as part of their early development. The exposure of corals to a more dynamic
and challenging environment prior to reef deployment, could not only promote acclimatory responses

in the coral host but also the acquisition of a diversified microbiome. Hence, complementing current
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strategies on direct restoration interventions and potentially providing corals with a more robust stress

memory to better respond to rapid environmental change.

Reducing greenhouse gas emissions undoubtedly remains the best option to stabilise the
climate (IPCC, 2019) and protect coral reefs but despite immediate action reef waters will continue to
warm in the foreseeable future. Therefore, direct interventions may increasingly be required to help
corals cope with both chronic and acute environmental change. These interventions may buffer
populations under stress and help in their adaptation but will require extensive research and
development before their feasibility, risks and benefits can be fully understood (van Oppenetal., 2017,
McDonald et al., 2019). The approaches currently examined encompass various alternatives of
selective breeding (i.e., crossbreeding of selected corals based on desirable traits, potentially including
translocation of colonies among locations), manipulation of the coral microbiome (i.e., targeted
inoculation of coral with natural or lab-evolved more tolerant microbes — including bacteria and
Symbiodiniaceae), and also preconditioning of corals to desired environmental conditions (Anthony et

al., 2020, National Academies of Sciences and Medicine, 2019).

Strategies to enhance the tolerance of corals based on their phenotypic plasticity should be
merged with research to optimise aquaculture processes for asexually produced clones (i.e., clonal
propagation of adult coral fragments) and sexually produced offspring (i.e., coral larvae and early
juvenile stages) for out planting on the reef (Bostrom-Einarsson et al., 2020). While promising results
are emerging from the laboratory or small-scale field experiments, the feasibility of up-scaling
challenge future implementation and impact. Based on the results presented in this thesis,
incorporating knowledge gained from studies based on the mechanisms underpinning acclimation and
hardening responses, could become a complementary pathway to enhance the tolerance of different
life stages of coral to help them endure climate change conditions predicted for this century. Hence,
this strategy could potentially reduce the costs and timeframes of current reef restoration strategies
as well as better informing future reef predictions by considering both genetic and plasticity

mechanisms.

This thesis has generated important insights into the effects of future climate scenarios on the
performance of different coral life stages, and their ability to withstand thermal stress events which

can be used to better inform predictions of future reef states. Furthermore, this thesis shows that
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acclimation of corals to more extreme environments may be beneficial for inducing more temperature
resilient phenotypes which is directly relevant to proposed reef restoration and adaptation
approaches. In this context, future experiments and research may expand these findings by
reproducing the thesis experimental design in the field, particularly in highly variable environments.
Importantly, further research should also consider the potential for selection on genotypes that can
occur during the development of early life stages. Hence, this thesis has advanced our understanding
of the potential strategies that could assist coral populations respond to rapid climate change and

inform intervention efforts to accelerate these processes.
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APPENDIX A — CHAPTER 2

A.1 Recruits: settlement success

Table A.S 1 Coefficients of the generalised linear mixed effect model predicting the number of recruits settling among treatments.

Appendix A — Chapter 2

Estimate Std. Error | t-value | p-value
Intercept (ambient) | 0.73941 | 0.16286 4.54 <0.001
Treatment-Mid 0.01924 | 0.22921 0.08 0.93
Treatment-High -0.00151 | 0.23040 -0.01 0.99
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Figure A.S 1 Settlement success of corals from the three treatments per plate. Black circles show the fitted model and the error bars show the 95% confidence

intervals. The grey boxplots show the distribution of the raw data.
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A.2 Recruits: growth

148

Table A.S 2 List of statistical models used to predict basal growth of coral recruits relative to the exposure to treatment, size (diameter) and time. The

shaded area indicates the best-fit model.

Model | Fixed effect Random effect AlCc Akaike weights
1 | Diameter*treatment + time*treatment Individual nested in plate (intercept), tank (intercept) -4179.56 0.010
2 | Diameter + time*treatment Individual nested in plate (intercept), tank (intercept) -4183.48 0.077
3 | Diameter*treatment + time Individual nested in plate (intercept), tank (intercept) -4182.42 0.045
4 | Diameter + treatment + time Individual nested in plate (intercept), tank (intercept) -4186.10 0.296
5 | Diameter + treatment + time tank (intercept) -4089.32 <0.001
6 | Diameter + treatment + time Individual nested in plate (intercept) -4187.40 0.568

Table A.S 3 Coefficient estimates for the best-fit linear model to estimate recruit basal growth relation to treatment, diameter and time.

Estimate Std. Error Z value Pr(>]z])
(Intercept) (ambient at timel) 0.07466 0.00487 15.32 <0.001
diameter -0.00887 0.00442 -2.01 0.045
treatment (high) -0.00682 0.00371 -1.84 0.066
treatment (mid) -0.00770 0.00363 -2.12 0.034
time2 -0.00408 0.00158 -2.58 0.010

Table A.S 4 Tukey Posthoc Test estimates of pairwise comparisons among treatments.

Estimate

Std. Error

z value

Pr(>|z])




APPENDIX A — CHAPTER 2

high - control == -0.0068163 0.0037129 -1.836 0.1483
mid - control == -0.0077033 0.0036317 -2.121 0.0797
mid - high == -0.0008869 0.0052582 -0.169 0.9835

A.3 Symbiotic associations

A.3.1 Symbiodiniaceae communities at t=6 weeks

Table A.S 5 PERMANOVA test results (partial R2 and p-values) for the effect of treatment on Symbiodiniaceae relative composition using Bray-Curtis

similarity distance. Number of permutations=999.

df SumsOfSqs MeanSqs F.Model R? Pr(>F)
treatment 2 3.0329 1.51645 9.3811 0.24983 0.01 ok
tank 6 1.8329 0.30549 1.8898 0.15098 0.08
residuals 45 7.2742 0.16165 0.59919
total 53 12.1400 1.0000

Table A.S 6 Proportion of Symbiodiniaceae types present in individuals from a general approach and also for each treatment at t = 6 weeks.

Proportion
Symbiodiniaceae type profile Associated species Ambient Mid High
Al.Alee S. microadriaticum 0.05 0.00 0.04
C1.C1b.C1c.C42.2.C1bh.Clbr C. goreaui 0.05 0.45 0.23
C1.Clc.Clb.Clao.Clam.Clan.C3cm C. goreaui 0.00 0.00 0.12
C50c.C50a.C3.C21.C50f.C3b None 0.17 0.04 0.00
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C50c.C50a.C3.C50f.C1¢.C50u.C50t.C3ad None 0.00 0.01 0.00
C50c.C50a.C3.C50u.C50f None 0.00 0.02 0.00
D1.D4.D17¢.D17d.D1r.D17e.D4c.D17k.D17j.D17I D. trenchii 0.01 0.13 0.05
D1.D4.D2.D4c.D6 D. glynnii, D. trenchii 0.00 0.01 0.00
D1.D4.D6.D2.D1c.D4c D. glynnii, D. trenchii 0.62 0.30 0.53
G3l.G3t.G35.G3k.G3q.G3m None 0.00 0.00 0.02
G3t.G35.G3g.G3r.G3u None 0.08 0.00 0.00
other (< 10%) - 0.01 0.02 0.01

Table A.S 7 Proportion of Symbiodiniaceae types present in individuals from AMBIENT treatment at t=6 weeks.

Individuals under AMBIENT treatment

Symbiodin
iaceae type profiles 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Al .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
Al.Alee .30 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .35 .00 .00 .00 .07 .20
C1.C1b.C1c.C42.2.C1
bh.Clbr .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .90 .00 .00 .00 .00 .00 .00
C1.C1b.C42.2 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C1.Cl1c.C1b.Clao.Cla
m.Clan.C3cm .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .05 .00 .00 .00 .00 .03
C1.Cl1c.C1b.Clao.Cla
n.Clam .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C15h.C15k .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C21 .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .00 .00 .00 .00 .00
Cc3 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
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C3.C3b .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C3.C40 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C50c .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .02
C50c.C50a.C3.C21.C5
0f.C3b .32 42 .00 .00 .06 15 .00 34 .00 35 .26 .00 .00 45 21 .29 .25 .00
C50c.C50a.C3.C50f.C
1c.C50u.C50t.C3ad .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C50c.C50a.C3.C50u.C
50f .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
D1.D4.D17¢.D17d.D1
r.D17e.D4c.D17k.D1
7j.D17I .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .10 .00 .00 .00 .00 .00 .00
D1.D4.D2.D4c.D6 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
D1.D4.D6.D2.D1c.D4
Cc .36 .55 73 .97 74 .65 .84 .66 74 .55 72 .00 .55 .55 .70 .69 .58 .66
F3.1 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
F3e .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .03
G31.G3k.G3m .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
G31.G3t.G3s.G3k.G3q
.G3m .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
G31.G3v .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
G3t .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
G3t.G35.G3q.G3r .02 .03 .00 .03 .00 .00 .00 .00 .00 .00 .02 .00 .00 .00 .00 .02 .00 .00
G3t.G35.G39.G3r.G3
u .00 .00 .27 .00 .20 .20 .16 .00 .25 .10 .00 .00 .04 .00 .08 .00 .10 .05
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The majority of symbionts clustered into a group corresponding to type D, harbouring D1.D4.D6.D2.D1c.D4c with its associated species being D.
glynnii and D. trenchii; this type was present in 17 out of the 18 recruits sampled. Another important group included type C, which was present in 11 out of
18 recruits sampled. Type C harboured C50¢.C50a.C3.C21.C50f.C3b and did not have an associated species. Another common group included type G, mostly
harbouring G3t.G3s.G3q.G3r.G3u which did not have associated species and was present in 10 out of 18 samples but in lower relative abundance.
Interestingly, higher relative abundance of type A (Al.Alee, associated species: S. microadriaticum) was found in 4 of the 18 recruits. From all recruits, only
#12 displayed a type profile composition that was unique compared to other recruits (i.e., harboured a dominant type C with the majority clustered into
C1.C1b.C1lc.C42.2.C1bh.Clbr; associated species: C. goreaui, followed by a less abundant type profile group from type D harbouring
D1.D4.D17c.D17d.D1r.D17e.D4c.D17k.D17j.D17l; associated species: D. trenchii). Although other groups were also found in low relative abundance (i.e., other
background symbionts < 5% relative abundance: C21, C50, F3.1, F3e, and G3), it is important to distinguish how the distribution of Symbiodiniaceae among
recruits seems to follow a similar pattern, specially by clustering type D which is sometimes linked to increased thermal tolerance in corals, something to

consider since recruits were experiencing simulated summer temperatures from the reef at the time of sampling.

Table A.S 8 Proportion of Symbiodiniaceae types present in individuals from MID treatment at t=6 weeks.

Individuals under MID treatment
Symbiodiniaceae
type profiles 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Al .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
Al.Alee .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C1.C1b.Clc.C42.2.C1
bh.Clbr .70 .84 .19 .00 21 .62 73 .78 .49 .68 .00 .58 .46 .00 .78 .00 .00 14
C1.C1b.C42.2 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .01 .00
C1.Clc.Clb.Clao.C1
am.Clan.C3cm .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
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C1.Clc.Clb.Cla0.C1

an.Clam .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .03 .00 .00 .00 .00 .00 .00 .00
C15h.C15k .00 .00 .00 .00 .02 .00 .00 .00 .00 .00 .03 .00 .00 .00 .00 .00 .06 .00
C21 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C3 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C3.C3b .00 .00 .02 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C3.C40 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .01
C50c .00 .00 .06 .00 .04 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C50c.C50a.C3.C21.C5

0f.C3b .00 .00 .00 .64 .00 .00 .00 .00 .00 .00 A2 .00 .00 .00 .00 .00 .00 .00
C50c.C50a.C3.C50f.C

1c.C50u.C50t.C3ad .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 24 .00 .00
C50c.C50a.C3.C50u.

C50f .00 .00 .00 .00 .00 .00 .00 .00 .29 .00 .00 .00 A1 .00 .00 .00 .00 .00
D1.D4.D17¢.D17d.D1

r.D17e.D4c.D17k.D1

7j.D17I .30 .16 .00 .00 .00 .37 .27 22 .00 32 .00 42 .00 .00 22 .00 .00 .00
D1.D4.D2.D4c.D6 .00 .00 .00 .00 .00 .00 .00 .00 22 .00 .00 .00 .00 .00 .00 .00 .00 .00
D1.D4.D6.D2.D1c.D4

Cc .00 .00 73 .36 .68 .00 .00 .00 .00 .00 .82 .00 44 .00 .00 74 .86 .84
F3.1 .00 .00 .00 .00 .01 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
F3e .00 .00 .00 .00 .03 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
G31.G3k.G3m .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .02 .07 .02
G31.G3t.G3s.G3k.G3

g9.G3m .00 .00 .00 .00 .02 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
G31.G3v .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
G3t .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
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G3t.G35.G3q.G3r .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
G3t.G35.G39.G3r.G3
u .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

Higher relative abundances were found on type C (C1.C1b.C1c.C42.2.C1bh.Clbr; associated species: C. goreaui) which was present in 14 out of the
18 recruits sampled. Another important group was type D (including D1.D4.D6.D2.D1c.D4c; associated species: D. glynnii) which was present in 8 of the 18
recruits sampled. A third important group was also from type D but clustering a different set of sequences that correspond to
D1.D4.D17c.D17d.D1r.D17e.D4¢c.D17k.D17j.D17I (associated species: D. trenchii) and that was also present in 8 out of the 18 recruits. The remaining types
(i.e., other background symbionts < 5% relative abundance) were found only in one or two recruits with the majority clustering into C15, C50 or G3l.
Interestingly, mid treatment seems to have a pattern of distribution of type that mostly include the combination of type C1 and D1, which was only found in
one recruit in control treatment. Therefore, it suggests that incubation under mid conditions modified the communities of Symbiodiniaceae, particularly

because the relative abundances of thermal tolerant type D was higher compared to the distribution found in recruits under control treatment.

Table A.S 9 Proportion of Symbiodiniaceae types present in individuals from HIGH treatment at t=2.

Individuals under HIGH treatment

Symbiodiniaceae

type profiles 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Al .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .01
Al.Alee .00 .00 .03 .02 .00 .37 .00 .00 .00 .00 .16 .00 .00 .03 .00 .06 .00 .00
C1.C1b.Clc.C42.2.C1

bh.Clbr .66 .00 .00 .00 .00 17 73 .58 .98 72 .00 .29 .00 .00 .03 .00 .00 .00
C1.C1b.C42.2 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00




APPENDIX A — CHAPTER 2 155

C1.Clc.C1b.Clao.Cla

m.Clan.C3cm .00 .28 .05 .08 17 .00 .00 .00 .00 .00 24 .00 .34 .25 .00 .23 .01 .51
C1.Clc.C1b.Clao.Cla

n.Clam .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C15h.C15k .00 .00 .01 .03 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C21 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C3 .00 .00 .00 .00 .03 .01 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C3.C3b .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C3.C40 .00 .00 .01 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C50c .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C50c.C50a.C3.C21.C5

0f.C3b .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C50c.C50a.C3.C50f.C

1¢.C50u.C50t.C3ad .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C50c¢.C50a.C3.C50u.C

50f .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
D1.D4.D17¢.D17d.D1

r.D17e.D4c.D17k.D1

7j.D171 .34 .00 .00 .00 .00 .00 27 .00 .00 .28 .00 .00 .00 .00 .00 .00 .00 .00
D1.D4.D2.D4c.D6 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
D1.D4.D6.D2.D1c.D4

c .00 .65 .84 .75 .80 .45 .00 42 .00 .00 .57 .70 .63 .68 .95 71 .98 .49
F3.1 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
F3e .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
G31.G3k.G3m .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .02 .00 .00 .00
G3I1.G3t.G3s.G3k.G3q

.G3m .00 .07 .05 12 .00 .00 .00 .00 .00 .00 .00 .02 .03 .03 .00 .00 .00 .00
G31.G3v .00 .00 .00 .00 .00 .00 .00 .00 .02 .00 .00 .00 .00 .00 .00 .00 .00 .00
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G3t .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .00 .00 .00 .00 .00
G3t.G35.G3q.G3r .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .03 .00 .00 .00 .00 .00 .00 .00
G3t.G35.G39.G3r.G3
u .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

The higher relative abundance and overall presence in the majority of recruits corresponded to type D (including D1.D4.D6.D2.D1c.D4c; associated

species: D. glynnii) which was present in 14 of the 18 recruits sampled. Similarly, 8 out of 18 recruits, harboured type C (C1.C1b.C1c.C42.2.C1bh.Clbr;

associated species: C. goreaui), and three of these eight recruits had a similar combination of type profiles as the one found in some recruits in mid treatment,

which included type D (D1.D4.D17c.D17d.D1r.D17e.D4c.D17k.D17j.D17I; associated species: D. trenchii). Interestingly, type A (Al.Alee, associated species:

S. microadriaticum) was present in 6 recruits, and it is a type that also appeared in recruits from control condition but not in mid treatment. Moreover, a new

croup of type C also appeared clustering C1.Clc.C1b.Clao.Clam.Clan.C3cm (associated species: C. goreaui). Additional types were found with very low

relative abundance (other background symbionts < 5% relative abundance: A1, C15, C3, G3t). Overall, it seems that types and their abundance found on

recruits under high treatment were a combination of patterns that were found on recruits under control and mid treatment, but with a potential transition

from type C50 (orange) in control to C1 (dark blue) in high treatment when comparing between treatments. Such similarities and differences on types among

treatments could potentially explain the patterns found on the basal extension and survival rates among treatments.
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Figure A.S 2 Composition of Symbiodiniaceae communities in the 6-week old recruit A. loripes at the individual level in each of three treatments. Colours

represent specific type profiles, where other background symbionts represent <10% relative abundance. Number of replicates: 18 recruits individually

sampled per treatment (6 individuals per each of three tanks, with a total of 54 recruits across treatments).
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Figure A.S 3 Rarefaction curve corresponding to the relation of observed ASVs relative to sequencing depth (number of reads per sample).
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Figure A.S 4 Venn diagram corresponding to number of ASVs on 6-week old recruit corals among treatments. Overlapping shades represent shared number

of ASVs between treatments. Total number of ASVs: 10986.
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Alpha diversity:

Table A.S 10 Coefficient estimates of the observed ASVs in 6-week old recruit corals among treatments.

Estimate Std. Error Z value Pr(>|z])
M-A== 0.16897 0.10230 1.652 0.224
H-A== 0.02595 0.10248 0.253 0.965
H-M== -0.14302 0.10228 -1.398 0.342

Table A.S 11 Coefficient estimates for Shannon diversity index in 6-week old recruit corals among treatments.

Estimate Std. Error Z value Pr(>|z])
M-A== 0.01951 0.01825 1.070 0.533
H-A== 0.01778 0.01825 0.975 0.593
H-M== -0.00173 0.01825 -0.095 0.995

Table A.S 12 Coefficient estimates of the observed ASVs in 6-week old recruit corals among treatments.

Estimate Std. Error Z value Pr(>]z])
M-A== 0.07494 0.05069 1.478 0.301
H-A== 0.00705 0. 05069 0.139 0.989
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H-M==

-0.06789

0. 05069

-1.339

0.373

160

Figure A.S 5 Alpha diversity of microbial communities in 6-week old recruit corals among treatments. Plots represent species richness (ASV counts=left) and

species diversity index (Shannon=middle and Chaol=right).
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Table A.S 13 PERMANOVA test results (partial R2 and p-values) for the effect of treatment on the relative composition of bacterial communities using Bray-

Curtis similarity distance. Number of permutations=999

Df SumOfSqs R2 F p-value
Treatment 2 1.313 0.055 1.508 0.001 Ak
Tank 1 0.513 0.021 1.184 0.108
Residual 50 21.693 0.922
Total 53 23.521 1.000

Table A.S 14 Permutation test for homogeneity of multivariate dispersions. Number of permutations=999

Df

Sum Sq Mean Sq F

N. perm p-value
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Groups 2 0.001 0.000 0.526 999 0.610
Residuals 51 0.051 0.001
Table A.S 15 Indicator taxa for 6-week old coral recruits under different treatments. Indval analysis done at the species level (ASV) and included alpha
parameters of 0.05.
Tre
at
me (specif | (fidelit P cl (o] Famil Genu Specie
nt ASV icity) y) tat _value ingdom | hylum ass rder y s s
b3b7a3da52 C Ox P Phor
Ambi | 3a01897f03ce8073c8 yanobacte | yphotobacte | hormidesmi Phor midium MBIC1 uncult
ent 101d .846 222 434 .050 | acteria ria ria ales midesmiaceae 0003 ured bacterium
6eecl6e3f0 C Ox Trich
6ef7b4c97fa5709bc2c yanobacte | yphotobacte N Phor odesmium IMS uncult
Mid e73 .786 .500 .627 .002 | acteria ria ria ostocales midesmiaceae 101 ured bacterium
25d6el17e4b C Ox Nosto uncult
b698698a71b63bc458 yanobacte | yphotobacte N | cales Incertae S Roseo | ured cyanobacte
Mid 7903 .889 278 497 .033 | acteria ria ria ostocales edis filum AO1-A rium
771ab3f967 C Ox P Acrop
46d2ce5b1016f31fbco yanobacte | yphotobacte | hormidesmi Phor hormium PCC- ambig
High 375 .706 .333 .049 .048 | acteria ria ria ales midesmiaceae 7375 uous_taxa
758721da72 C Ox P Halo uncult
94b3d3c834d38ff3d3f yanobacte | yphotobacte | hormidesmi Nodo | micronema TFE | ured cyanobacte
High a79 .000 222 471 .024 | acteria ria ria ales silineaceae P1 rium

Table A.S 16 Indicator taxa for 6-week old coral recruits under different treatments.

Indval analysis done at the genus level and included alpha parameters

of 0.05.
Trea A B p_v
tme (speci | (fide | st | alu | Kingdo
nt ASV ficity) | lity) | at | e m Phylum Class Order Family Genus Species
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D O0__ D_2_ Alpha | D_3_ Sphin
Amb | f53625710a03f890 | 0.777 | 0.38 | 0. | 0.0 | Bacteri | D_1__Prot | proteobacte | gomonadal | D_4_ Sphingomon | D_5__ Erythro
ient | 25d95c493c3f2db2 | 8 89 55|11 |a eobacteria | ria es adaceae bacter
25d6e17e4bb6986 0. D 0 __ D_6__unculture
98a71b63bc45879 0.27 | 49 | 0.0 | Bacteri | D_1__Cya | D_2_ Oxyph | D_3__Nost | D_4_ NostocalesIn | D_5__Roseofil | d cyanobacteriu
Mid | 03 0.889 |8 7 34 | a nobacteria | otobacteria ocales certae Sedis um AO1-A m
0. D 0 __ D_5_Trichod
6eecl6e3f06ef7b4 0.55 | 58 | 0.0 | Bacteri | D_1__Cya | D_2_ Oxyph | D_3__Nost | D_4_ Phormidiace | esmiumIMS1 | D_6__unculture
Mid | c97fa5709bc2ce73 | 0.609 | 6 2 20 | a nobacteria | otobacteria ocales ae 01 d bacterium
21c1b2fca3b5797a 0. DO_ |D_1_ Plan
7d2dd513333ccbe 0.50 | 53 | 0.0 | Bacteri | ctomycete | D_2_ Phycis | D_3__Phyci | D_4__ Phycisphaera | D_5__SM1A0 | D_6__unculture
Mid |9 0.579 | 0O 8 |47 |a s phaerae sphaerales ceae 2 d organism
49d0c602c71ffc22 0. D 0 __ D_2_Alpha D_4__uncultured al
58b09be24936b16 0.38 | 54 | 0.0 | Bacteri | D_1__Prot | proteobacte | D_3__uncul | pha proteobacteriu
High | f 0.765 | 9 5 20 | a eobacteria | ria tured m D5 D6

Table A.S 17 Indicator taxa for 6-week old coral recruits under different treatments. Indval analysis done at the family level and included alpha parameters

of 0.05.
Treat A B p_v
men (specif | (fidel | st | alu | Kingdo
t ASV icity) ity) at | e m Phylum Class Order Family Genus Species
25d6e17e4bb6986 0. DO_ |D_1 Cya D3 N D_6__unculture
98a71b63bc458790 0.50 | 60 | 0.0 | Bacteri | nobacteri | D_2__ Oxyph | ostocale | D_4__NostocalesIn | D_5__ Roseofil | d cyanobacteriu
Mid | 3 0.727 | O 3 07 a a otobacteria s certae Sedis um AO1-A m
0. DO_ |D1 Cya D3 N D_5_ Trichod
6eecl6e3f06ef7bac 0.55 | 58 | 0.0 | Bacteri | nobacteri | D_2__ Oxyph | ostocale | D_4 Phormidiacea | esmium IMS10 | D_6__unculture
Mid | 97fa5709bc2ce73 0.609 |6 2 20 | a a otobacteria s e 1 d bacterium
0. D 0__ D_2_ Alphap | D_.3_u | D_4__uncultured al
49d0c602c71ffc225 0.38 | 54 | 0.0 | Bacteri | D_1__Prot | roteobacteri | nculture | pha proteobacteriu
High | 8b09be24936b16f 0.765 |9 5 19 a eobacteria | a d m D5 D6
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Table A.S 18 Individual models among bacterial families used to estimate difference in relative abundances from the top ten most abundant following a

zero-inflated beta-regression.

Zero-inflated beta regression (logit link)

Rhizobiaceae

term estimate | std.error | conf.low | conf.high
b_Intercept -2.473 0.188 -2.865 -2.113
b_zi_Intercept -1.004 0.540 -2.107 0.006
b_treat_2H 0.449 0.234 -0.009 0.919
b_treat_2M -0.082 0.272 -0.631 0.464
b_zi_treat_2H 0.008 0.788 -1.506 1.549
b_zi_treat_2M 0.537 0.745 -0.911 2.054

phi 28.963 7.031 16.708 | 44.542
Phycisphaeraceae

term estimate | std.error | conf.low | conf.high
b_Intercept -2.445 0.213 -2.897 -2.044
b_zi_Intercept 1.030 0.553 -0.019 2.119
b_treat_2H -0.098 0.295 -0.688 0.462
b_treat_2M -0.183 0.259 -0.660 0.360
b_zi_treat_2H -0.316 0.777 -1.808 1.148
b_zi_treat_2M -1.518 0.758 -2.967 -0.053

phi 65.910 20.399 31.446 | 110.027
Xenococcaceae

term estimate | std.error | conf.low | conf.high
b_Intercept -2.530 0.209 -2.942 -2.140
b_zi_Intercept -0.229 0.483 -1.175 0.751
b_treat_2H 0.262 0.318 -0.359 0.893
b_treat_2M 0.266 0.293 -0.308 0.813
b_zi_treat_2H 0.958 0.716 -0.411 2.434
b_zi_treat_2M 0.443 0.668 -0.934 1.777

phi 30.478 9.664 15.141 | 52.275
Rhodopirillaceae

term estimate | std.error | conf.low | conf.high
b_Intercept -2.215 0.178 -2.551 -1.866
b_zi_Intercept -0.015 0.496 -0.971 0.923
b_treat_2H -0.474 0.343 -1.161 0.183
b_treat_2M -0.029 0.263 -0.542 0.450
b_zi_treat_2H 1.318 0.783 -0.151 2.872
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b_zi_treat_2M 0.466 0.704 -0.932 1.836

phi 45.399 14.854 20.428 | 78.270
Phormidesmiaceae

term estimate | std.error | conf.low | conf.high
b_Intercept -1.772 0.147 -2.059 -1.484
b_zi_Intercept -2.141 0.756 -3.779 -0.834
b_treat_2H -0.349 0.235 -0.803 0.106
b_treat_2M -0.337 0.224 -0.781 0.109
b_zi_treat_2H 0.883 0.963 -0.935 2.835
b_zi_treat_2M 0.005 1.081 -2.150 2.170

phi 18.557 3.881 11.474 | 26.837
Nostocaceae

term estimate | std.error | conf.low | conf.high
b_Intercept -2.293 0.251 -2.812 -1.830
b_zi_Intercept 0.460 0.503 -0.504 1.472
b_treat_2H 0.408 0.299 -0.164 1.014
b_treat_2M 0.142 0.364 -0.615 0.867
b_zi_treat_2H -0.707 0.699 -2.166 0.735
b_zi_treat_2M 0.262 0.730 -1.112 1.746

phi 25.035 7.968 12.400 | 43.263
Kiloniellaceae

term estimate | std.error | conf.low | conf.high

b_Intercept -2.260 0.197 -2.651 -1.864
b_zi_Intercept -0.446 0.501 -1.488 0.571
b_treat_2H 0.113 0.264 -0.423 0.616
b_treat_2M -0.016 0.280 -0.590 0.515
b_zi_treat_2H -0.028 0.720 -1.469 1.372
b_zi_treat_2M 0.225 0.677 -1.088 1.586
phi 23.370 6.196 12.677 | 36.706
Unknown Family

term estimate | std.error | conf.low | conf.high
b_Intercept -1.725 0.206 -2.159 -1.330
b_zi_Intercept 0.024 0.456 -0.862 0.924
b_treat_2H -0.552 0.303 -1.143 0.043
b_treat_2M -0.577 0.302 -1.199 0.029
b_zi_treat_2H -0.499 0.680 -1.901 0.825
b_zi_treat_2M -0.264 0.655 -1.551 0.989
phi 21.629 5.959 11.603 | 35.302
uncultured

term estimate | std.error | conf.low | conf.high
b_Intercept -2.401 0.227 -2.861 -1.967
b_zi_Intercept -0.248 0.490 -1.257 0.695
b_treat_2H 0.163 0.365 -0.629 0.838
b_treat_2M -0.019 0.327 -0.666 0.622
b_zi_treat_2H 1.264 0.742 -0.151 2.729
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b_zi_treat_2M 0.720 0.726 -0.698 2.124
phi 26.216 8.350 12.491 | 44.246
Beta regression (logit link)

Rhodobacteraceae

term estimate | std.error | conf.low | conf.high
b_Intercept -1.273 0.173 -1.617 -0.934
b_treat_2H 0.254 0.232 -0.229 0.712
b_treat_2M 0.091 0.231 -0.377 0.535
phi 10.246 1.980 6.706 14.454
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Table A.S 19 Results from the posterior distribution of difference as the outcome for each model and bacterial family

Posterior distribution of difference

Family Contrast | Mean | Upper 95% C.I. | Lower 95% C.I.

Kiloniellaceae A-H 0.001 | 0.193 -0.209 No difference
Kiloniellaceae A-M -0.001 | 0.200 -0.189 No difference
Kiloniellaceae M-H 0.014 | 0.229 -0.195 No difference
Nostocaceae A-H 0.003 | 0.180 -0.176 No difference
Nostocaceae A-M 0.000 | 0.185 -0.189 No difference
Nostocaceae M-H 0.040 | 0.257 -0.175 No difference
Phormidesmiaceae | A-H 0.003 | 0.246 -0.251 No difference
Phormidesmiaceae | A-M 0.001 | 0.260 -0.258 No difference
Phormidesmiaceae | M-H -0.011 | 0.221 -0.224 No difference
Phycisphaeraceae | A-H 0.003 | 0.125 -0.121 No difference
Phycisphaeraceae | A-M -0.001 | 0.116 -0.123 No difference
Phycisphaeraceae | M-H -0.016 | 0.111 -0.128 No difference
Rhizobiaceae A-H 0.001 | 0.166 -0.158 No difference
Rhizobiaceae A-M 0.000 | 0.160 -0.166 No difference
Rhizobiaceae M-H 0.041 | 0.224 -0.131 No difference
Rhodobacteraceae | A-H 0.000 | 0.345 -0.363 No difference
Rhodobacteraceae | A-M -0.003 | 0.337 -0.341 No difference
Rhodobacteraceae | M-H 0.029 | 0.414 -0.339 No difference
Rhodopirillaceae | A-H -0.001 | 0.165 -0.169 No difference
Rhodopirillaceae | A-M -0.003 | 0.162 -0.168 No difference
Rhodopirillaceae | M-H -0.024 | 0.097 -0.173 No difference

166



APPENDIX A — CHAPTER 2

No difference

uncultured A-H -0.004 | 0.169 -0.180

uncultured A-M 0.003 | 0.176 -0.176 No difference
uncultured M-H -0.007 | 0.171 -0.186 No difference
Unknown Family | A-H -0.003 | 0.269 -0.268 No difference
Unknown Family | A-M -0.002 | 0.254 -0.279 No difference
Unknown Family | M-H 0.003 | 0.204 -0.195 No difference
Xenococcaceae A-H 0.000 | 0.152 -0.156 No difference
Xenococcaceae A-M -0.001 | 0.152 -0.152 No difference
Xenococcaceae M-H -0.012 | 0.177 -0.190 No difference
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Figure A.S 6 Relative abundances of the top 15 bacterial families (y-axis) among 6-week old coral recruits across each of three treatments (ambient, mid,

high) and the corresponding mesocosm system (x-axis).

Relative Abundance of top 15 bacterial families
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Figure A.S 7 Relative abundances of the top 10 bacterial genera (y-axis) among 6-week old coral recruits across each of three treatments (ambient, mid, high)

(x-axis).
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Table A.S 20 Individual models among bacterial genera used to estimate difference in relative abundances from the top ten most abundant following a zero-

inflated beta-regression.

term estimate std.error conf.low conf.high Genus

b_Intercept -2.2087641 0.13060516 -2.4910694 -1.9707478 uncultured
b_treat_1H -0.1149283 0.17243089 -0.4624741 0.22814791 uncultured
b_treat_1M -0.2618951 0.18039325 -0.6103655 0.11447545 uncultured
phi 27.7219732 4.28941926 20.0097621 36.567504 uncultured
Zi 0.47584291 0.04066607 0.39441753 0.55257973 uncultured




APPENDIX A — CHAPTER 2

170

b_Intercept -2.2207871 0.16966513 -2.5767502 -1.8867224 Defluviicoccus

b_treat_1H -0.4781632 0.35178837 -1.2105086 0.19041707 Defluviicoccus

b_treat_1M -0.0297125 0.25655357 -0.5417105 0.45985269 Defluviicoccus

phi 45.0895259 14.3973555 21.8206149 77.4883485 Defluviicoccus

Zi 0.62341516 0.06517854 0.48690442 0.74502252 Defluviicoccus

b_Intercept -2.4393291 0.17159623 -2.7716677 -2.0948842 (NA) Family Rhodobacteraceae
b_treat_1H 0.33202014 0.23771891 -0.1308025 0.80829136 (NA) Family Rhodobacteraceae
b_treat_1M -0.0135383 0.24454647 -0.4867441 0.47245058 (NA) Family Rhodobacteraceae
phi 28.5926966 6.52044737 17.2359777 41.8261038 (NA) Family Rhodobacteraceae
b_Intercept -2.3946089 0.17367216 -2.7338739 -2.0641526 Acrophormium PCC-7375
b_treat_1H 0.24706572 0.24729125 -0.2552424 0.73124672 Acrophormium PCC-7375
b_treat_1M 0.10520154 0.2323917 -0.3545237 0.55436246 Acrophormium PCC-7375

phi 26.4398615 6.38677517 15.2814952 39.9227401 Acrophormium PCC-7375

Zi 0.3023523 0.0594243 0.19488505 0.43119514 Acrophormium PCC-7375
b_Intercept -2.554252 0.19732184 -2.9596262 -2.1647009 Ruegeria

b_treat_1H 0.27159652 0.27275566 -0.2577963 0.82234072 Ruegeria

b_treat_1M -0.0249089 0.27729521 -0.5871282 0.53384233 Ruegeria

phi 43.8735953 13.1043404 22.5622245 72.0518977 Ruegeria

Zi 0.53305808 0.06857085 0.40228429 0.67050508 Ruegeria

b_Intercept -2.3633924 0.25967038 -2.9103894 -1.8684779 Mastigocoleus BCO08
b_treat_1H 0.46103861 0.31272223 -0.1307592 1.0977651 Mastigocoleus BCO08
b_treat_1M 0.19389488 0.3693873 -0.5544651 0.91626647 Mastigocoleus BCO08

phi 27.834656 9.00123357 13.4504285 48.1542757 Mastigocoleus BCO08

Zi 0.58838387 0.06611895 0.45718707 0.71224723 Mastigocoleus BCO08
b_Intercept -1.9942908 0.15848603 -2.3100436 -1.6839518 Phormidium MBIC10003
b_treat_1H -0.70226 0.3230689 -1.3520415 -0.1019215 Phormidium MBIC10003
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b_treat_1M -0.6839979 0.25352225 -1.1831356 -0.1810893 Phormidium MBIC10003
phi 45.5827059 14.5253949 21.8020566 78.3542343 Phormidium MBIC10003
zi 0.57096928 0.0656638 0.43983205 0.69626486 Phormidium MBIC10003
b_Intercept -2.3377584 0.22009911 -2.7848804 -1.9254685 Pelagibius
b_treat_1H 0.03180608 0.29278081 -0.5517577 0.5800625 Pelagibius
b_treat_1M 0.02652744 0.29308023 -0.5425428 0.62480235 Pelagibius
phi 26.2327473 7.13131778 14.475612 41.6982004 Pelagibius
zi 0.44564848 0.06620686 0.31579344 0.58220239 Pelagibius

Table A.S 21 Results from the posterior distribution of difference as the outcome for each model and bacterial family

Genus Contrast max min mean

uncultured A-M 0.1697927 -0.2054919 -0.012042 No difference
uncultured A-H 0.16483746 -0.1860837 -0.0080117 No difference
uncultured M-H 0.1588759 -0.1561329 0.00357178 No difference
Defluviicoccus A-M 0.15655741 -0.1602827 2.82E-05 No difference
Defluviicoccus A-H 0.1184096 -0.1614726 -0.0115847 No difference
Defluviicoccus M-H 0.11939915 -0.1687856 -0.0118043 No difference
(NA) Family Rhodobacteraceae A-M 0.15443424 -0.1633776 -0.0039514 No difference
(NA) Family Rhodobacteraceae A-H 0.18715105 -0.1296386 0.02803701 No difference
(NA) Family Rhodobacteraceae M-H 0.19300996 -0.1333987 0.02835042 No difference
Acrophormium PCC-7375 A-M 0.19170105 -0.1652087 0.00694261 No difference
Acrophormium PCC-7375 A-H 0.20040232 -0.1727703 0.01443275 No difference
Acrophormium PCC-7375 M-H 0.20622864 -0.1972812 0.00791484 No difference
Ruegeria A-M 0.12856236 -0.1307155 0.00076644 No difference
Ruegeria A-H 0.16509217 -0.1275449 0.01099811 No difference
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Ruegeria M-H 0.16213049 -0.1368424 0.00816362 No difference
Mastigocoleus BCO08 A-M 0.19459633 -0.1822403 0.00340007 No difference
Mastigocoleus BCO08 A-H 0.24994057 -0.1679752 0.01926523 No difference
Mastigocoleus BCO08 M-H 0.23784407 -0.1945877 0.01325385 No difference
Phormidium MBIC10003 A-M 0.11953114 -0.2001059 -0.0253083 No difference
Phormidium MBIC10003 A-H 0.12133438 -0.1998642 -0.0238416 No difference
Phormidium MBIC10003 M-H 0.12362247 -0.1225092 -0.0010041 No difference
Pelagibius A-M 0.17853632 -0.1883231 -0.0020965 No difference
Pelagibius A-H 0.18661005 -0.1794939 0.00123899 No difference
Pelagibius M-H 0.18247251 -0.1871695 -0.0016016 No difference

DeSeq2 Analysis of non-rarefied dataset (Bacteria)

Analysis of the non-rarefied dataset revealed that the presence and abundance of bacterial families and genera varied among treatments (Tables
A.S20- A.S22). For example, when comparing mid and ambient treatments (Fig. A.S9a, Table A.S20), the family Rhodobacteraceae was abundant in both
treatments, but had higher relative abundance in samples from the mid treatment. Similarly, both genera in the family Phormidesmiaceae were more
abundant in the mid treatment than under ambient conditions. When comparing samples from the high and ambient treatments, the majority of families
were significantly more abundant in high than in ambient (Fig. A.S9b, Table A.521). Rhodobacteraceae were abundant in both treatments but due to

differentially abundant genera, with Phormidesmiaceae being more abundant in samples from the high treatment.

A greater number of bacterial families were found to have significantly different abundances between the mid and high treatments (Fig. A.S9c, Table

A.S22). With the exception of Xenococcaceae and Nodosilineaceae, the majority of bacterial families had a higher abundance in the high treatment compared



APPENDIX A — CHAPTER 2 173

to the mid treatment. Similar to other treatment comparisons, Rhodobacteraceae was the most diverse family represented by several genera, although all of
them were more abundant in high. Thus, the analysis of the relative abundances using a non-rarefied dataset of bacterial communities revealed how bacterial

families can be differentially abundant depending on treatment, and also that the magnitude within members of the same family can be different at the genus

level.

Figure A.S 8 DESeq2 estimates of differentially abundant bacterial families in 6-week old coral recruits, comparing mid:ambient (panel a), high:ambient (panel

b) and mid:high (panel c). For each panel, values and magnitude of log2FoldChange favour abundance of a family in the first treatment (negative) or in the

second treatment (positive); separated by dotted blue line. Colours represent genus from each particular family.
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Table A.S 22 Estimates of differentially abundant bacteria (non-rarefied dataset) between mid and ambient treatments. Only significantly different taxa

displayed. Log2FoldChange (x) values compare abundances found in mid as reference treatment compared to abundances found in ambient. Its value

represents magnitude of difference (2”x), whereas its sign represents direction: negative favours reference treatment mid and positive favours ambient.

base | log2Fo

Mea | IdChan pval Kingd

n ge IfcSE | stat | ue padj | om Phylum Class Order Family Genus Species
a428e4b832c28d | 14.1 2.02 |3.45 | 0.00 |0.01 |DO_ D_3_Ard D_5_ uncult
6e3158913467a4 | 1812 | 7.0227 | 9960 | 9561 | 0541 | 8335 | Bact | D_1__Ch | D_2__ Anae | enticaten | D_4__uncultu | ured
1c74 38 7279 29 66 06 77 eria loroflexi | rolineae ales red organism D 6__
bff54a89¢93a67 | 21.1 2.16 [ 3.66 [ 0.00 | 001 |DO_ | D_1_Cy |D_2_ Oxyp D_4_Eurycoc | D_5_ Synech
5e92427e5c87cd | 9769 | 7.9337 | 4990 | 4572 | 0247 | 2594 | _Bact | anobacte | hotobacteri | D_3__Eur | cales Incertae | ococcus PCC- | D_6__uncultured
94b4 55 6426 36 55 75 06 eria ria a ycoccales | Sedis 7336 bacterium
f46439a03402e4 | 17.6 | - 130 | 3.14 |000 | 004 |DO_ |D1 Cy |D2 Oxyp |D_3_Pho D_5_ Phormi
acdc145c21993fc | 6666 | 4.1092 | 8505 | 0389 | 1687 | 6782 | _Bact | anobacte | hotobacteri | rmidesmi | D_4__Phormi | dium D_6__uncultured
569 04 163 32 5 23 39 eria ria a ales desmiaceae MBIC10003 bacterium
4757954099b61 | 17.9 | - 2.16 | - 0.00 {001 |DO_ | D1 Cy |D2 Oxyp |D_3_Pho D_5_ Phormi
da7bb805149c2c | 2778 | 7.5217 | 2559 | 3.47 | 0504 | 8335 | _Bact | anobacte | hotobacteri | rmidesmi | D_4__Phormi | dium D_6__uncultured
871ce 18 847 06 8187 | 82 77 eria ria a ales desmiaceae MBIC10003 bacterium
8841fcfala05232 | 10.6 195 | 355 (000 |001 |DO_ |D1 Pr |D2 Alph |D_3 Rh
be8450c8f460dc | 4960 | 6.9410 | 1433 | 6903 | 0375 | 6350 | _Bact | oteobact | aproteobac | odobacter | D_4__ Rhodob | D_5__Rueger
a05 97 6308 93 97 25 23 eria eria teria ales acteraceae ia Ambiguous_taxa
b2353d08f7956a | 27.8 1.38 | 6.02 DO |DJ21 Pr D2 Alph [D_3_Rh
594b453a69bb9 | 8272 | 8.3294 | 1637 | 8700 | 1.65 | 2.52 | _Bact | oteobact | aproteobac | odobacter | D_4__Rhodob | D_5__Rueger
545b0 89 7947 66 34 E-09 | E-07 | eria eria teria ales acteraceae ia Ambiguous_taxa
da6716ea2e5553 | 11.0 | - 201 | - 002 {DO_ D1 _Pr | D2 Alph |D_3_Rh
6112calad676ea | 1365 | 6.6550 | 4748 | 3.30 | 0.00 | 9158 | _Bact | oteobact | aproteobac | odobacter | D_4__Rhodob | D_5__uncult
568c 68 484 99 3165 | 0956 | 03 eria eria teria ales acteraceae ured NA
9bc18f2b351662 | 12.0 | - 2.65 | 8.86 DO |DJ21 Pr D2 Alph [D_3_Rh D_6__uncultured
6e3071b519c4e4 | 3436 | 23.541 | 5696 | 4667 | 7.67 | 2.34 | _Bact | oteobact | aproteobac | odobacter | D_4__Rhodob | D_5__uncult | alpha
3deb 11 864 22 7 E-19 | E-16 | eria eria teria ales acteraceae ured proteobacterium
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7093b740c64465 | 15.5 1.48 | 5.03 DO | D1 _Pr |D2 Alph |D3_Rh

d776e3ea0137d | 9536 | 7.4913 | 8796 | 1823 | 4.86 | 4.94 | _Bact | oteobact | aproteobac | odobacter | D_4__Rhodob | D_5__Rueger
e5424 86 6004 4 05 E-07 | E-O5 | eria eria teria ales acteraceae ia NA
€242722c38216d | 11.9 1.27 | 4.92 DO | D1 _Pr |D2 Alph |D3_Rh

43e39f2dc0d84c | 4227 | 6.2921 | 7060 | 7054 | 8.35 | 6.37 | _Bact | oteobact | aproteobac | odobacter | D_4_Rhodob | D_5__Roseob

95aa 72 4854 96 19 E-07 | E-O5 | eria eria teria ales acteraceae acter NA
40d711e110b3df | 30.8 1.15 | 4.82 DO | D1 _Pr |D2 Alph |D3_Rh

e95b6d4009f932 | 3893 | 5.5718 | 5009 | 4060 | 1.41 | 8.58 | _Bact | oteobact | aproteobac | odobacter | D_4 _Rhodob | D_5__Roseob

39d2 52 3492 35 46 E-06 | E-05 | eria eria teria ales acteraceae acter NA

Table A.S 23 Estimates of differentially abundant bacteria (non-rarefied dataset) between high and ambient treatments. Only significantly different taxa
displayed. Log2FoldChange (x) values compare abundances found in high as reference treatment compared to abundances found in ambient. Its value

represents magnitude of difference (2*), whereas its sign represents direction: negative favours reference treatment high and positive favours ambient.

base | log2Fo

Mea | IdChan pval Kingd

n ge IfcSE | stat | ue padj | om Phylum Class Order Family Genus Species
12f2c42blbce54 | 9.33 | - 2.92 | 7.95 DO _[D1 Cy |D_2_ Oxyp D_5__ Tricho
8bab1b110036af | 1387 | 23.271 | 6232 | 2788 | 1.82 | 1.15 | Bacter | anobacte | hotobacteri | D_3__Nost | D_4__ Phor | desmium D_6__uncultured
1cb5 17 711 75 9 E-15 | E-13 | ia ria a ocales midiaceae IMS101 bacterium
249b0a49e36942 | 90.1 | - 1.32 | 4.16 000 |[DO_ | D1 _Cy | D2 Oxyp | D3 _Phor | D_4 Phor | D_5_Phormi
31fa2e17d19fa3 | 9099 | 5.5354 | 9174 | 4582 | 3.12 | 1310 | Bacter | anobacte | hotobacteri | midesmial | midesmiace | dium D_6__uncultured
ebb8 21 582 79 6 E-05 | 08 ia ria a es ae MBIC10003 bacterium
b3b7a3da523a01 | 33.0 | - 292 | - DO_[D1 Cy |D_2 Oxyp | D_.3_Phor | D_4_ Phor | D_5__Phormi
897f03ce8073c8 | 2944 | 24.979 | 5462 | 853 | 1.36 | 1.14 | Bacter | anobacte | hotobacteri | midesmial | midesmiace | dium D_6__uncultured
101d 04 975 87 8811 | E-17 | E-15 | ia ria a es ae MBIC10003 bacterium
f46439a03402e4 | 17.3 | - 1.32 | 5.68 DO_[D1 Cy |D_2 Oxyp | D_.3_Phor | D_4_ Phor | D_5__Phormi
acdc145c21993fc | 2479 | 7.5374 | 6167 | 3670 | 1.32 | 6.64 | Bacter | anobacte | hotobacteri | midesmial | midesmiace | dium D_6__uncultured
569 25 967 12 3 E-08 | E-07 | ia ria a es ae MBIC10003 bacterium




APPENDIX A — CHAPTER 2 176

4757954099b61 | 17.8 | - 218 | - 0.00 {001 |[DO_|[D1 Cy |D_2_Oxyp | D_3_Phor | D_4_ Phor | D_5_ Phormi

da7bb805149c2c | 3866 | 7.5789 | 0701 | 3.47 | 0509 | 8359 | Bacter | anobacte | hotobacteri | midesmial | midesmiace | dium D_6__uncultured
871ce 03 314 93 5455 | 99 55 ia ria a es ae MBIC10003 bacterium
9bc18f2b351662 | 12.4 | - 2.68 | 8.80 DO |D1 Pr |D_2 Alph |D_3_Rho | D_4_Rhod D_6__uncultured
6e3071b519cd4e4 | 1276 | 23.653 | 7121 | 2487 | 1.34 | 3.37 | Bacter | oteobact | aproteobac | dobacteral | obacterace | D_5__uncult | alpha

3deb 24 351 19 6 E-18 | E-16 | ia eria teria es ae ured proteobacterium
07cbe0cbebledf | 14.2 2.69 | 855 DO_ (D1 Pr |D_2_ Alph | D_3_Rho |D_4_Rhod

6bdc20bbb5f630 | 2043 | 23.088 | 8592 | 5854 | 1.17 | 1.14 | Bacter | oteobact | aproteobac | dobacteral | obacterace

alb5 45 7642 59 02 E-17 | E-15 | ia eria teria es ae NA NA
9dcal05210d572 | 8.23 197 (328 (000 [003 [DO_ |D1 Pr |D_2 Alph |D_3_Sphi | D_4_ Sphin

65c2465fd5b3e8 | 4578 | 6.5046 | 8074 | 8371 | 1007 | 1742 | Bacter | oteobact | aproteobac | ngomonad | gomonadac | D_5_ Parasp | D_6__uncultured
7dce 92 4324 09 89 69 12 ia eria teria ales eae hingopyxis bacterium

Table A.S 24 Estimates of differentially abundant bacteria (non-rarefied dataset) between mid and high treatments. Only significantly different taxa
displayed. Log2FoldChange (x) values compare abundances found in mid as reference treatment compared to abundances found in high. Its value

represents magnitude of difference (2*), whereas its sign represents direction: negative favours reference treatment mid and positive favours high.

base | log2Fo

Mea | IdCha pval Kingd

n nge IfcSE | stat | ue padj | om Phylum | Class Order Family Genus Species
bff54a89¢93a67 | 20.7 216 | 3.63 | 0.00 |0.00 |DO_ |D1 Cy|D_2_Oxy D_4__Euryco
5e92427e5c87c¢ | 2533 | 7.8618 | 3014 | 4690 | 0278 | 9240 | _Bact | anobact | photobact | D_3__ Eur | ccales D_5__Synechoco | D_6__unculture
d94b4a 17 8946 61 87 31 03 eria eria eria ycoccales | Incertae Sedis | ccus PCC-7336 d bacterium
fb14348fda73f4 | 24.3 | - 1.22 | 3.09 | 0.00 |0.04 |DO_ |D1_Cy|D_2 Oxy
a2a3bb0121066 | 1920 | 3.8009 | 7063 | 7609 | 1950 | 0480 | _Bact | anobact | photobact | D_3__No | D_4_ Xenoco | D_5__Pleurocaps
d5afc 61 647 9 4 88 83 eria eria eria stocales ccaceae a PCC-7319 NA
249b0a49e3694 | 55.1 151 | 3.18 | 0.00 |0.03 |[DO_ |D1 _Cy|D2 Oxy |[D_3_ Ph
231fa2el17d19fa | 3331 | 4.8177 | 1261 | 7884 | 1433 | 2805 | _Bact | anobact | photobact | ormidesm | D_4__Phormi | D_5__Phormidiu | D_6__unculture
3ebb8 49 2769 85 13 18 17 eria eria eria iales desmiaceae m MBIC10003 d bacterium
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25d6el7e4bb69 | 45.7 1.57 | 4.90 DO_ |D_1 Cy|D_2_ Oxy D_4__Nostoc D_6__unculture
8698a71b63bc4 | 5374 | 7.7158 | 3973 | 2154 | 9.48 | 6.29 | _Bact | anobact | photobact | D_3__ No | ales Incertae | D_5__Roseofilum | d
587903 24 6289 74 79 E-07 | E-05 | eria eria eria stocales Sedis AO1-A cyanobacterium
163fbcc0ed43cbb | 60.7 1.61 | 5.83 DO_ |D_1 Cy|D_2_ Oxy D_4__ Nostoc
461052525d416 | 4453 | 9.4132 | 4324 | 1063 | 5.51 | 6.09 | _Bact | anobact | photobact | D_3__No | ales Incertae | D_5__ Oscillatoria | D_6__unculture
5fcef 2 2995 78 3 E-09 | E-07 | eria eria eria stocales Sedis SAG8.92 d Oscillatoria sp.
0328eab0cbcec2 | 5.53 193 (3.07 | 000 |0.04 | DO_ | D1 Pr|D2 Alph |D_3_ Rh D_5__Roseobact
4bac862f03d34a | 3241 | 5.9566 | 5773 | 7159 | 2089 | 0813 | _Bact | oteobact | aproteoba | odobacte | D_4_ Rhodob | er clade CHAB-I-5
1c25 02 8503 88 53 83 23 eria eria cteria rales acteraceae lineage NA
abba7ccc04f75b | 7.28 211 [3.00 | 0.00 |0.04 |DO_ | D31 Pr |D_2_Alph
3621f805d7551 | 3288 | 6.3532 | 0997 | 9617 | 2615 | 5707 | _Bact | oteobact | aproteoba | D_3__Rhi | D_4__ Stappia
2a882 14 9587 59 78 77 08 eria eria cteria zobiales ceae D_5__Roseibium | Ambiguous_taxa
3634f35743blcc | 3.32 167 | 3.01 | 0.00 |0.04 |DO_ |[D_1_Pr | D2 Alph [D_3_Rh D_6__unculture
f52a4b86badddf | 8796 | 5.0529 | 8544 | 0297 | 2609 | 5707 | _Bact | oteobact | aproteoba | odobacte | D_4__Rhodob d alpha
a215 21 1756 01 93 92 08 eria eria cteria rales acteraceae D_5_ uncultured | proteobacterium
2d091d4d9afa4f | 13.3 2.64 | 8.00 DO |D.1_Pr|D2 Alph |D_3_Rh
88c91386d590b | 5156 | 21.187 | 6299 | 6424 | 1.18 | 1.96 | _Bact | oteobact | aproteoba | odobacte | D_4__Rhodob D_6__unculture
1f010 55 3988 64 69 E-15 | E-13 | eria eria cteria rales acteraceae D_5__Silicimonas | d bacterium
74ebf22ad382d | 9.76 2.62 | 8.60 DO |D.1_ Pr|D2 Alph |D_3_Rh
244752f652937 | 5640 | 22.587 | 4309 | 7209 | 7.49 | 2.49 | _Bact | oteobact | aproteoba | odobacte | D_4__Rhodob
d2821a 52 9847 98 08 E-18 | E-15 | eria eria cteria rales acteraceae NA NA
d4b8fd70133c6 | 163. 1.26 | 4.24 0.00 D O_ [D_1_Pr | D2 Alph [ D_3_Rh D_6__unculture
8f72e85d30147 | 6124 | 5.3511 | 1067 | 3358 | 2.20 | 0953 | _Bact | oteobact | aproteoba | odobacte | D_4__Rhodob d alpha
4685de 1 5952 05 45 E-05 | 82 eria eria cteria rales acteraceae D_5__uncultured | proteobacterium
7093b740c6446 | 15.4 1.48 | 4.99 DO |D.1_ Pr|D2 Alph |D_3_Rh
5d776e3ea0137 | 1796 | 7.4354 | 9858 | 0682 | 6.02 | 4.99 | _Bact | oteobact | aproteoba | odobacte | D_4__Rhodob
de5424 48 1035 47 35 E-07 | E-05 | eria eria cteria rales acteraceae D_5__ Ruegeria NA
€242722c38216 | 11.8 131 | 431 0.00 D O_ [D_1_Pr | D2 Alph [ D_3_Rh
d4ae39f2dc0d84 | 0414 | 5.6820 | 6847 | 4851 | 1.60 | 0883 | _Bact | oteobact | aproteoba | odobacte | D_4__Rhodob | D_5__Roseobact
c95aa 44 0014 29 22 E-05 | 73 eria eria cteria rales acteraceae er NA
40d711e110b3d | 30.2 1.13 | 4.23 0.00 D O_ [D_1_Pr | D2 Alph [|D_3_Rh
fe95b6d4009f93 | 3608 | 4.7992 | 3580 | 3741 | 2.30 | 0953 | _Bact | oteobact | aproteoba | odobacte | D_4_ Rhodob | D_5__Roseobact
239d2 93 8696 6 27 E-05 | 82 eria eria cteria rales acteraceae er NA
5411aa5545987 | 6.92 1.78 | 3.51 | 0.00 |0.01 D O_ |[D_1_Pr | D2 Alph [D_3_Rh
ab86d2a951b86 | 6975 | 6.2816 | 7007 | 5151 | 0439 | 2159 | _Bact | oteobact | aproteoba | odobacte | D_4__Rhodob | D_5__Roseobact
938168 33 0367 99 41 5 59 eria eria cteria rales acteraceae er NA
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5d274c4209cbd | 9.90 1.80 | 3.76 | 0.00 | 0.00 | D O_ [D_1_Pr | D2 Alph | D_3_Rh

92728e136f4d6 | 3092 | 6.7968 | 5939 | 3592 | 0167 | 6178 | _Bact | oteobact | aproteoba | odobacte | D_4__Rhodob | D_5__Roseobact

adeb30 27 2246 95 73 49 5 eria eria cteria rales acteraceae er NA
63c82afa242d9b | 4.22 1.75 | 3.17 | 0.00 | 0.03 |D O_ |[D_1_Pr | D2 Alph | D_3_Rh

ebab04b757¢9c | 5362 | 5.5689 | 2250 | 8153 | 1482 | 2805 | _Bact | oteobact | aproteoba | odobacte | D_4__Rhodob

7cfaf 1 23 97 75 16 17 eria eria cteria rales acteraceae D_5__uncultured | NA
110462cb19a30 | 19.0 216 | 3.57 | 0.00 {001 |[DO_ | D1 Pr |D_2_ Alph |D_3_Tha

7f6ecea87c¢867b | 5202 | 7.7402 | 3086 | 8356 | 0345 | 0435 | _Bact | oteobact | aproteoba | lassobacu | D_4__uncultu | D_5__uncultured

ae0fb 15 9422 14 9 76 7 eria eria cteria lales red organism D6
758721da7294b | 9.67 | - 197 | 337 | 000 |001 [DO_ |D1 Cy|D2 Oxy |[D_3_ Ph D_6__unculture
3d3c834d38ff3d | 0989 | 6.6704 | 4396 | 8499 | 0728 | 8613 | _Bact | anobact | photobact | ormidesm | D_4__ Nodosil | D_5__Halomicro | d

3fa79 83 959 11 3 83 1 eria eria eria iales ineaceae nema TFEP1 cyanobacterium
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B.1 Coral recruits: settlement success

Table B.S 1 List of statistical models used to predict variation in settlement success across treatments at t=0 weeks. The shaded area indicates the best-fit

Appendix B — Chapter 3

model.
Model | Fixed effect Random effect AlCc Akélke
weights
1 Treatment (t=0 weeks) | Tank (intercept) -15.398 0.269
Treatment (t=0 weeks) | NA -17.398 0.731

Table B.S 2 Coefficients of the generalised linear mixed effect model predicting the number of recruits settling among treatments.

Estimate Std. Error t-value p-value
Intercept (AMBIENT) 5.9328 0.0491 120.86 <0.001
Treatment-MID 0.0490 0.0694 0.71 0.48
Treatment-HIGH 0.3620 0.0694 5.21 <0.001

Table B.S 3 Tukey Posthoc Test estimates of pairwise comparisons among treatments for settlement.

Estimate Std. Error z value Pr(>|z])
AMBIENT - MID 0.952 0.0690 -0.676 0.7791
AMBIENT - HIGH 0.696 0.0505 -4.993 <0.001
MID - HIGH 0.731 0.0530 -4.317 <0.001
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B.2 Coral recruits: survival

Table B.S 4 List of statistical models used to predict survival of coral recruits relative to the exposure to treatment at t=8 weeks. The shaded area indicates

the best-fit model.

Model Fixed effect Random effect AlCc Akaike weights
1 Treatment (8 weeks) Tank (intercept) 14214.36 >0.99
2 Treatment (8 weeks) NA 14549.76 <0.01

Table B.S 5 Coefficients of the generalised linear mixed effect model predicting the survival rate of number of recruits among treatments at t=8 weeks.

Number of observations: total=10689, tank=36.

Estimate Std. Error t-value p-value
Intercept (AMBIENT) 0.4100 0.1257 3.26 <0.001
Treatment-MID -0.4470 0.1773 -2.52 0.0117
Treatment-HIGH -0.0792 0.1760 -0.45 0.6529

Random effect variance(s):

Tank = Variance 0.171, StdDev 0.4136

Table B.S 6 Tukey Posthoc Test estimates of pairwise comparisons among treatments for survival at t=8 weeks; confidence level used: 0.95

Estimate Std. Error z value Pr(>|z])
AMBIENT - MID 0.1058 0.0442 2.397 0.0436 (<0.05)
AMBIENT - HIGH 0.0180 0.0438 0.410 0.9116
MID - HIGH -0.0879 0.0438 -2.007 0.1105
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Table B.S 7 List of statistical models used to predict survival of coral recruits relative to the exposure to treatment at t=16 weeks. The shaded area indicates

the best-fit model.

Model Fixed effect Random effect AlCc Akaike weights
1 Treatment (8 weeks) * treatment (16 weeks) | Tank (intercept) 12601.36 >0.99
2 Treatment (8 weeks) * Treatment (16 weeks) | NA 13074.98 <0.01

Table B.S 8 Coefficients of the generalised linear mixed effect model predicting the survival rate of number of recruits among treatments at t=16 weeks.

Number of observations: total=10689, tank=36.

Estimate Std. Error z value Pr(>|z])
(Intercept) Treatment-AMB (8 weeks) -0.386 0.277 -1.40 0.1630
Treatment-MID (8 weeks) -0.934 0.393 -2.38 0.0173
Treatment-HIGH (8 weeks) -0.265 0.390 -0.68 0.4974
Treatment-MID (16 weeks) -1.159 0.397 -2.92 <0.001
Treatment-HIGH (16 weeks) -0.374 0.392 -0.95 0.3410
treat_1Mid:treat_2Mid 1.140 0.560 2.03 0.0419
treat_1High:treat_2Mid 1.450 0.555 2.61 0.0090
treat_1Mid:treat_2High 0.591 0.556 1.06 0.2879
treat_1High:treat_2High 0.173 0.552 0.31 0.7546

Random effect variance(s):

Tank = Variance 0.2879, StdDev 0.5366
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Table B.S 9 Tukey Posthoc Test estimates of pairwise comparisons among treatments for survival at t=16 weeks; confidence level used: 0.95

contrast estimate SE df z.ratio p.value
Ambient-Ambient — Mid-Ambient 0.194644 0.0897 Inf 2.170 0.4258
Ambient-Ambient — High-Ambient 0.055016 0.0895 Inf 0.615 0.9995
Ambient-Ambient — Ambient-Mid 0.221503 0.0900 Inf 2.460 0.2518
Ambient-Ambient — Mid-Mid 0.195627 0.0899 Inf 2.175 0.4220
Ambient-Ambient — High-Mid -0.005233 | 0.0894 Inf -0.059 1.0000
Ambient-Ambient — Ambient-High 0.069301 0.0897 Inf 0.772 0.9976
Ambient-Ambient — Mid-High 0.154483 0.0899 Inf 1.718 0.7356
Ambient-Ambient — High-High 0.090804 0.0894 Inf 1.015 0.9846
Mid-Ambient — High-Ambient -0.139627 | 0.0893 Inf -1.564 0.8244
Mid-Ambient — Ambient-Mid 0.026859 0.0898 Inf 0.299 1.0000
Mid-Ambient — Mid-Mid 0.000983 0.0897 Inf 0.011 1.0000
Mid-Ambient — High-Mid -0.199876 | 0.0892 Inf -2.241 0.3787
Mid-Ambient — Ambient-High -0.125343 | 0.0895 Inf -1.400 0.8983
Mid-Ambient — Mid-High -0.040160 | 0.0897 Inf -0.448 1.0000
Mid-Ambient — High-High -0.103840 | 0.0892 Inf -1.164 0.9640
High-Ambient — Ambient-Mid 0.166486 0.0896 Inf 1.858 0.6429
High-Ambient — Mid-Mid 0.140610 0.0895 Inf 1.571 0.8207
High-Ambient — High-Mid -0.060249 | 0.0889 Inf -0.677 0.9991
High-Ambient — Ambient-High 0.014284 0.0893 Inf 0.160 1.0000
High-Ambient — Mid-High 0.099467 0.0895 Inf 1.112 0.9727
High-Ambient — High-High 0.035787 0.0890 Inf 0.402 1.0000
Ambient-Mid — Mid-Mid -0.025876 | 0.0901 Inf -0.287 1.0000
Ambient-Mid — High-Mid -0.226735 | 0.0895 Inf - 2.533 0.2160
Ambient-Mid — Ambient-High -0.152202 | 0.0899 Inf -1.694 0.7507
Ambient-Mid — Mid-High -0.067019 | 0.0900 Inf -0.744 0.9981
Ambient-Mid — High-High -0.130699 | 0.0896 Inf -1.459 0.8744
Mid-Mid — High-Mid -0.200859 | 0.0894 Inf -2.247 0.3751
Mid-Mid — Ambient-High -0.126326 | 0.0898 Inf -1.408 0.8954
Mid-Mid — Mid-High -0.041143 | 0.0899 Inf -0.457 1.0000

182



APPENDIX B — CHAPTER 3

Mid-Mid — High-High -0.104823 0.0895 Inf -1.172 0.9625
High-Mid — Ambient-High 0.074533 0.0892 Inf 0.836 0.9958
High-Mid — Mid-High 0.159716 0.0894 Inf 1.787 0.6911
High-Mid — High-High 0.096036 0.0889 Inf 1.080 0.9771
Ambient-High — Mid-High 0.085183 0.0897 Inf 0.949 0.9900
Ambient-High — High-High 0.021503 0.0893 Inf 0.241 1.0000
Mid-High — High-High -0.063680 | 0.0895 Inf -0.712 0.9986
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Table B.S 10 List of statistical models used to predict survival of coral recruits relative to the exposure to treatment at t=18 weeks. The shaded area indicates

the best-fit model.

Model Fixed effect Random effect AlCc Akaike weights
1 Treatment (8 weeks) * treatment (16 weeks) | Tank (intercept) 12083.76 >0.99
2 Treatment (8 weeks) * Treatment (16 weeks) | NA 12144.88 <0.01

Table B.S 11 Coefficients of the generalised linear mixed effect model predicting the survival rate of number of recruits among treatments at t=18 weeks.

Number of observations: total=10689, tank=36.

Estimate Std. Error z value Pr(>|z])
(Intercept) Treatment-AMB (8,16 weeks) -0.7060 0.1081 -6.53 <0.001
Treatment-MID (8 weeks) -0.9547 0.1052 -9.07 <0.001
Treatment-HIGH (8 weeks) -0.2293 0.0906 -2.53 0.0114
Treatment-MID (16 weeks) -1.0327 0.1667 -6.20 <0.001
Treatment-HIGH (16 weeks) -0.0456 0.1503 -0.30 0.7617
treat_1Mid:treat_2Mid 1.1979 0.1662 7.21 <0.001
treat_1High:treat_2Mid 1.3735 0.1420 9.67 <0.001
treat_1Mid:treat_2High 0.4140 0.1463 2.83 0.0047
treat_1High:treat_2High 0.1002 0.1246 0.80 0.4214
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Random effect variance(s):

Tank = Variance 0.20542, StdDev 0.52328

Table B.S 12 Tukey Posthoc Test estimates of pairwise comparisons among treatments for survival at t=18 weeks; confidence level used: 0.95

184

contrast estimate SE df z.ratio p.value
Ambient-Ambient — Mid-Ambient 0.1722 0.0190 Inf 9.042 <.0001
Ambient-Ambient — High-Ambient 0.0482 0.0181 Inf 2.657 0.1634
Ambient-Ambient — Ambient-Mid 0.1832 0.0379 Inf 4.829 <.0001
Ambient-Ambient — Mid-Mid 0.1493 0.0377 Inf 3.964 0.0024
Ambient-Ambient — High-Mid -0.0224 0.0364 Inf -0.613 0.9995
Ambient-Ambient — Ambient-High 0.0123 0.0372 Inf 0.330 1.0000
Ambient-Ambient — Mid-High 0.1174 0.0376 Inf 3.122 0.0470
Ambient-Ambient — High-High 0.0395 0.0366 Inf 1.078 0.9774
Mid-Ambient — High-Ambient -0.1241 0.0170 Inf -7.290 <.0001
Mid-Ambient — Ambient-Mid 0.0110 0.0374 Inf 0.293 1.0000
Mid-Ambient — Mid-Mid -0.0230 0.0372 Inf -0.618 0.9995
Mid-Ambient — High-Mid -0.1946 0.0359 Inf -5.417 <.0001
Mid-Ambient — Ambient-High -0.1600 0.0367 Inf -4.361 0.0004
Mid-Ambient — Mid-High -0.0548 0.0371 Inf -1.478 0.8660
Mid-Ambient — High-High -0.1328 0.0361 Inf -3.681 0.0072
High-Ambient — Ambient-Mid 0.1351 0.0369 Inf 3.655 0.0079
High-Ambient — Mid-Mid 0.1011 0.0367 Inf 2.758 0.1281
High-Ambient — High-Mid -0.0705 0.0354 Inf -1.991 0.5495
High-Ambient — Ambient-High -0.0359 0.0362 Inf -0.992 0.9867
High-Ambient — Mid-High 0.0693 0.0366 Inf 1.892 0.6194
High-Ambient — High-High -0.0087 0.0356 Inf -0.245 1.0000
Ambient-Mid — Mid-Mid -0.0339 0.0207 Inf -1.640 0.7826
Ambient-Mid — High-Mid -0.2056 0.0184 Inf -11.177 <.0001
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Ambient-Mid — Ambient-High -0.1710 0.0375 Inf -4.559 0.0002
Ambient-Mid — Mid-High -0.0658 0.0379 Inf -1.736 0.7240
Ambient-Mid — High-High -0.1438 0.0369 Inf -3.896 0.0031
Mid-Mid — High-Mid -0.1716 0.0178 Inf -9.632 <.0001
Mid-Mid — Ambient-High -0.1370 0.0372 Inf -3.681 0.0072
Mid-Mid — Mid-High -0.0319 0.0376 Inf -0.847 0.9954
Mid-Mid — High-High -0.1098 0.0366 Inf -2.999 0.0674
High-Mid — Ambient-High 0.0346 0.0360 Inf 0.962 0.9891
High-Mid — Mid-High 0.1398 0.0364 Inf 3.839 0.0039
High-Mid — High-High 0.0618 0.0354 Inf 1.748 0.7165
Ambient-High — Mid-High 0.1052 0.0192 Inf 5.473 <.0001
Ambient-High — High-High 0.0272 0.0171 Inf 1.586 0.8126
Mid-High — High-High -0.0779 0.0179 Inf -4.344 0.0005

Table B.S 13 List of statistical models used to predict survival of coral recruits relative to the exposure to treatment at t=23 weeks. The shaded area indicates

the best-fit model.

Model Fixed effect Random effect AlCc Akaike weights
Treatment (8 weeks) * treatment (16 weeks) .
1 * treatment (23 weeks) Tank (intercept) 10030.98 0.974
*
1
5 Ireatment (8 weeks) * Treatment (16 weeks) NA 10038.20 0.026
treatment (23 weeks)

Table B.S 14 Coefficients of the generalised linear mixed effect model predicting the survival rate of number of recruits among treatments at t=23 weeks.

Number of observations: total=10689, tank=24.

Estimate

Std. Error

z value

Pr(>|z|)

(Intercept) Treatment-AMB (8,16,23 weeks)

-1.2261

0.1278

-9.59

<0.01
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Treatment-MID (8 weeks) -0.8927 0.1714 -5.21 <0.01

Treatment-HIGH (8 weeks) -0.3229 0.1449 -2.23 0.02585
Treatment-MID (16 weeks) -0.8032 0.2120 -3.79 0.00015
Treatment-HIGH (16 weeks) 0.2028 0.1725 1.18 0.23967
treat_4Acute -0.3916 0.1915 -2.05 0.04085
treat_1Mid:treat_2Mid 1.1853 0.2637 4.50 <0.01

treat_1High:treat_2Mid 1.5655 0.2252 6.95 <0.01

treat_1Mid:treat_2High 0.4254 0.2278 1.87 0.06190
treat_1High:treat_2High 0.0655 0.1927 0.34 0.73380
treat_1Mid:treat_4Acute 0.5422 0.2473 2.19 0.02831
treat_1High:treat_4Acute -0.0217 0.2221 -0.10 0.92227
treat_2Mid:treat_4Acute 0.3844 0.3034 1.27 0.20508
treat_2High:treat_4Acute 0.1169 0.2558 0.46 0.64761
treat_1Mid:treat_2Mid:treat_4Acute -0.7327 0.3796 -1.93 0.05362
treat_1High:treat_2Mid:treat_4Acute -0.5702 0.3298 -1.73 0.08389
treat_1Mid:treat_2High:treat_4Acute -0.4440 0.3325 -1.34 0.18169
treat_1High:treat_2High:treat_4Acute 0.2813 0.2910 0.97 0.33372

Random effect variance(s):

Tank = Variance 0.01794, StdDev 0.1339

Table B.S 15 Tukey Posthoc Test estimates of pairwise comparisons among treatments for survival at t=23 weeks; confidence level used: 0.95

Contrast (history) estimate | SE df | z.ratio p.value
Ambient,Ambient,Ambient -
Mid,Ambient,Ambient 0.1205 0.0236 Inf | 5.1167 0.0000
Ambient,Ambient,Ambient -
High,Ambient,Ambient 0.0515 0.0224 Inf | 2.3047 0.6801
Ambient,Ambient,Ambient -
Ambient,Mid,Ambient 0.1107 0.0315 Inf | 3.5107 0.0466
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Ambient,Ambient,Ambient - Mid,Mid,Ambient | 0.0765 0.0304 Inf | 2.5138 0.5195
Ambient,Ambient,Ambient -
High,Mid,Ambient -0.0855 0.0284 Inf | -3.0141 | 0.1931
Ambient,Ambient,Ambient -
Ambient,High,Ambient -0.0366 0.0297 Inf | -1.2317 | 0.9991
Ambient,Ambient,Ambient -
Mid,High,Ambient 0.0442 0.0305 Inf | 1.4499 0.9937
Ambient,Ambient,Ambient -
High,High,Ambient 0.0103 0.0284 Inf | 0.3613 1.0000
Ambient,Ambient,Ambient -
Ambient,Ambient,Acute 0.0191 0.0308 Inf | 0.6207 1.0000
Ambient,Ambient,Ambient -
Mid,Ambient,Acute 0.0617 0.0297 Inf | 2.0797 0.8284
Ambient,Ambient,Ambient -
High,Ambient,Acute 0.0615 0.0288 Inf | 2.1362 0.7951
Ambient,Ambient,Ambient -
Ambient,Mid,Acute 0.0689 0.0310 Inf | 2.2196 0.7408
Ambient,Ambient,Ambient - Mid,Mid,Acute 0.0586 0.0311 | Inf | 1.8856 | 0.9176
Ambient,Ambient,Ambient - High,Mid,Acute -0.0157 0.0284 Inf | -0.5544 | 1.0000
Ambient,Ambient,Ambient -
Ambient,High,Acute -0.0298 0.0300 Inf | -0.9949 | 0.9999
Ambient,Ambient,Ambient - Mid,High,Acute 0.0263 0.0308 Inf | 0.8536 1.0000
Ambient,Ambient,Ambient - High,High,Acute -0.0304 0.0289 Inf | -1.0525 | 0.9999
Mid,Ambient,Ambient -
High,Ambient,Ambient -0.0690 0.0212 Inf | -3.2483 | 0.1038
Mid,Ambient,Ambient - Ambient,Mid,Ambient | -0.0098 0.0307 Inf | -0.3205 | 1.0000
Mid,Ambient,Ambient - Mid,Mid,Ambient -0.0440 0.0296 Inf | -1.4835 | 0.9918
Mid,Ambient,Ambient - High,Mid,Ambient -0.2060 0.0275 Inf | -7.4940 | 0.0000
Mid,Ambient,Ambient -
Ambient,High,Ambient -0.1571 0.0289 Inf | -5.4379 | 0.0000
Mid,Ambient,Ambient - Mid,High,Ambient -0.0763 0.0297 Inf | -2.5697 | 0.4764
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Mid,Ambient,Ambient - High,High,Ambient -0.1102 0.0276 Inf | -4.0010 | 0.0079
Mid,Ambient,Ambient

Ambient,Ambient,Acute -0.1014 0.0300 | Inf | -3.3738 | 0.0717
Mid,Ambient,Ambient - Mid,Ambient,Acute -0.0588 0.0288 Inf | -2.0374 | 0.8512
Mid,Ambient,Ambient - High,Ambient,Acute -0.0590 0.0279 Inf | -2.1158 | 0.8074
Mid,Ambient,Ambient - Ambient,Mid,Acute -0.0516 0.0302 Inf | -1.7054 | 0.9660
Mid,Ambient,Ambient - Mid,Mid,Acute -0.0619 0.0303 Inf | -2.0455 | 0.8470
Mid,Ambient,Ambient - High,Mid,Acute -0.1362 0.0275 Inf | -4.9514 | 0.0001
Mid,Ambient,Ambient - Ambient,High,Acute -0.1503 0.0291 Inf | -5.1586 | 0.0000
Mid,Ambient,Ambient - Mid,High,Acute -0.0942 0.0300 | Inf | -3.1459 | 0.1378
Mid,Ambient,Ambient - High,High,Acute -0.1509 0.0281 Inf | -5.3793 | 0.0000
High,Ambient,Ambient

Ambient,Mid,Ambient 0.0591 0.0298 Inf | 1.9859 | 0.8765
High,Ambient,Ambient - Mid,Mid,Ambient 0.0250 0.0286 Inf | 0.8733 1.0000
High,Ambient,Ambient - High,Mid,Ambient -0.1370 0.0264 | Inf | -5.1884 | 0.0000
High,Ambient,Ambient

Ambient,High,Ambient -0.0882 0.0279 Inf | -3.1629 | 0.1316
High,Ambient,Ambient - Mid,High,Ambient -0.0073 0.0287 Inf | -0.2548 | 1.0000
High,Ambient,Ambient - High,High,Ambient -0.0413 0.0265 Inf | -1.5584 | 0.9861
High,Ambient,Ambient

Ambient,Ambient,Acute -0.0324 0.0291 Inf | -1.1145 | 0.9998
High,Ambient,Ambient - Mid,Ambient,Acute 0.0102 0.0278 Inf | 0.3666 1.0000
High,Ambient,Ambient - High,Ambient,Acute 0.0099 0.0268 Inf | 0.3698 1.0000
High,Ambient,Ambient - Ambient,Mid,Acute 0.0174 0.0293 Inf | 0.5938 1.0000
High,Ambient,Ambient - Mid,Mid,Acute 0.0071 0.0293 Inf | 0.2407 1.0000
High,Ambient,Ambient - High,Mid,Acute -0.0673 0.0264 | Inf | -2.5444 | 0.4958
High,Ambient,Ambient - Ambient,High,Acute -0.0814 0.0281 Inf | -2.8924 | 0.2566
High,Ambient,Ambient - Mid,High,Acute -0.0253 0.0290 | Inf | -0.8724 | 1.0000
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High,Ambient,Ambient - High,High,Acute -0.0820 0.0270 Inf | -3.0354 | 0.1832
Ambient,Mid,Ambient - Mid,Mid,Ambient -0.0341 0.0257 Inf | -1.3256 | 0.9978
Ambient,Mid,Ambient - High,Mid,Ambient -0.1962 0.0232 Inf | -8.4384 | 0.0000
Ambient,Mid,Ambient

Ambient,High,Ambient -0.1473 0.0307 Inf | -4.7944 | 0.0002
Ambient,Mid,Ambient - Mid,High,Ambient -0.0664 0.0315 Inf | -2.1114 | 0.8100
Ambient,Mid,Ambient - High,High,Ambient -0.1004 0.0295 Inf | -3.4077 | 0.0646
Ambient,Mid,Ambient

Ambient,Ambient,Acute -0.0915 0.0318 Inf | -2.8776 | 0.2651
Ambient,Mid,Ambient - Mid,Ambient,Acute -0.0489 0.0307 Inf | -1.5950 | 0.9824
Ambient,Mid,Ambient - High,Ambient,Acute -0.0492 0.0298 Inf | -1.6514 | 0.9751
Ambient,Mid,Ambient - Ambient,Mid,Acute -0.0417 0.0320 Inf | -1.3045 | 0.9982
Ambient,Mid,Ambient - Mid,Mid,Acute -0.0521 0.0320 | Inf | -1.6264 | 0.9786
Ambient,Mid,Ambient - High,Mid,Acute -0.1264 0.0294 | Inf | -4.2955 | 0.0023
Ambient,Mid,Ambient - Ambient,High,Acute -0.1405 0.0309 Inf | -4.5388 | 0.0008
Ambient,Mid,Ambient - Mid,High,Acute -0.0844 0.0317 Inf | -2.6606 | 0.4084
Ambient,Mid,Ambient - High,High,Acute -0.1411 0.0299 Inf | -4.7134 | 0.0003
Mid,Mid,Ambient - High,Mid,Ambient -0.1621 0.0218 Inf | -7.4373 | 0.0000
Mid,Mid,Ambient - Ambient,High,Ambient -0.1132 0.0296 Inf | -3.8206 | 0.0158
Mid,Mid,Ambient - Mid,High,Ambient -0.0323 0.0304 | Inf | -1.0635 | 0.9999
Mid,Mid,Ambient - High,High,Ambient -0.0663 0.0283 Inf | -2.3409 | 0.6531
Mid,Mid,Ambient - Ambient,Ambient,Acute -0.0574 0.0307 Inf | -1.8671 | 0.9240
Mid,Mid,Ambient - Mid,Ambient,Acute -0.0148 0.0296 Inf | -0.5008 | 1.0000
Mid,Mid,Ambient - High,Ambient,Acute -0.0151 0.0287 Inf | -0.5263 | 1.0000
Mid,Mid,Ambient - Ambient,Mid,Acute -0.0076 0.0309 Inf | -0.2465 | 1.0000
Mid,Mid,Ambient - Mid,Mid,Acute -0.0180 0.0310 | Inf | -0.5799 | 1.0000
Mid,Mid,Ambient - High,Mid,Acute -0.0923 0.0283 Inf | -3.2637 | 0.0994
Mid,Mid,Ambient - Ambient,High,Acute -0.1064 0.0299 Inf | -3.5621 | 0.0393
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Mid,Mid,Ambient - Mid,High,Acute -0.0503 0.0307 Inf | -1.6402 | 0.9767
Mid,Mid,Ambient - High,High,Acute -0.1070 0.0288 Inf | -3.7139 | 0.0233
High,Mid,Ambient - Ambient,High,Ambient 0.0489 0.0275 Inf | 1.7793 | 0.9498
High,Mid,Ambient - Mid,High,Ambient 0.1297 0.0283 Inf | 4.5831 | 0.0006
High,Mid,Ambient - High,High,Ambient 0.0958 0.0261 Inf | 3.6753 | 0.0267
High,Mid,Ambient - Ambient,Ambient,Acute 0.1047 0.0287 Inf | 3.6490 0.0292
High,Mid,Ambient - Mid,Ambient,Acute 0.1472 0.0274 | Inf | 5.3690 | 0.0000
High,Mid,Ambient - High,Ambient,Acute 0.1470 0.0264 | Inf | 5.5599 | 0.0000
High,Mid,Ambient - Ambient,Mid,Acute 0.1544 0.0289 Inf | 5.3440 | 0.0000
High,Mid,Ambient - Mid,Mid,Acute 0.1441 0.0289 Inf | 4.9827 | 0.0001
High,Mid,Ambient - High,Mid,Acute 0.0698 0.0260 | Inf | 2.6809 | 0.3938
High,Mid,Ambient - Ambient,High,Acute 0.0557 0.0277 Inf | 2.0079 | 0.8660
High,Mid,Ambient - Mid,High,Acute 0.1118 0.0286 Inf | 3.9091 | 0.0113
High,Mid,Ambient - High,High,Acute 0.0551 0.0266 Inf | 2.0703 | 0.8336
Ambient,High,Ambient - Mid,High,Ambient 0.0808 0.0236 Inf | 3.4230 | 0.0616
Ambient,High,Ambient - High,High,Ambient 0.0469 0.0209 Inf | 2.2467 | 0.7220
Ambient,High,Ambient

Ambient,Ambient,Acute 0.0558 0.0300 | Inf | 1.8571 | 0.9273
Ambient,High,Ambient - Mid,Ambient,Acute 0.0984 0.0288 Inf | 3.4113 0.0639
Ambient,High,Ambient - High,Ambient,Acute 0.0981 0.0279 Inf | 3.5166 0.0457
Ambient,High,Ambient - Ambient,Mid,Acute 0.1055 0.0302 Inf | 3.4904 0.0497
Ambient,High,Ambient - Mid,Mid,Acute 0.0952 0.0303 Inf | 3.1466 | 0.1375
Ambient,High,Ambient - High,Mid,Acute 0.0209 0.0275 Inf | 0.7591 1.0000
Ambient,High,Ambient - Ambient,High,Acute 0.0068 0.0291 Inf | 0.2335 1.0000
Ambient,High,Ambient - Mid,High,Acute 0.0629 0.0299 Inf | 2.0999 | 0.8168
Ambient,High,Ambient - High,High,Acute 0.0062 0.0280 Inf | 0.2203 1.0000
Mid,High,Ambient - High,High,Ambient -0.0340 0.0219 Inf | -1.5489 | 0.9870
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Mid,High,Ambient - Ambient,Ambient,Acute -0.0251 0.0308 Inf | -0.8144 | 1.0000
Mid,High,Ambient - Mid,Ambient,Acute 0.0175 0.0296 Inf | 0.5911 1.0000
Mid,High,Ambient - High,Ambient,Acute 0.0172 0.0287 Inf | 0.6005 1.0000
Mid,High,Ambient - Ambient,Mid,Acute 0.0247 0.0310 | Inf | 0.7968 1.0000
Mid,High,Ambient - Mid,Mid,Acute 0.0144 0.0310 | Inf | 0.4632 1.0000
Mid,High,Ambient - High,Mid,Acute -0.0600 0.0283 Inf | -2.1165 | 0.8070
Mid,High,Ambient - Ambient,High,Acute -0.0740 0.0299 Inf | -2.4754 | 0.5494
Mid,High,Ambient - Mid,High,Acute -0.0180 0.0307 Inf | -0.5850 | 1.0000
Mid,High,Ambient - High,High,Acute -0.0747 0.0289 Inf | -2.5871 | 0.4632
High,High,Ambient - Ambient,Ambient,Acute 0.0089 0.0287 Inf | 0.3089 1.0000
High,High,Ambient - Mid,Ambient,Acute 0.0515 0.0275 Inf | 1.8723 | 0.9222
High,High,Ambient - High,Ambient,Acute 0.0512 0.0265 Inf | 1.9319 0.8999
High,High,Ambient - Ambient,Mid,Acute 0.0586 0.0290 | Inf | 2.0254 | 0.8573
High,High,Ambient - Mid,Mid,Acute 0.0483 0.0290 | Inf | 1.6674 | 0.9726
High,High,Ambient - High,Mid,Acute -0.0260 0.0261 Inf | -0.9971 | 0.9999
High,High,Ambient - Ambient,High,Acute -0.0401 0.0278 Inf | -1.4423 | 0.9940
High,High,Ambient - Mid,High,Acute 0.0160 0.0287 Inf | 0.5581 1.0000
High,High,Ambient - High,High,Acute -0.0407 0.0267 Inf | -1.5270 | 0.9888
Ambient,Ambient,Acute - Mid,Ambient,Acute | 0.0426 0.0240 Inf | 1.7775 0.9502
Ambient,Ambient,Acute - High,Ambient,Acute | 0.0423 0.0228 Inf | 1.8526 0.9288
Ambient,Ambient,Acute - Ambient,Mid,Acute | 0.0498 0.0313 Inf | 1.5883 0.9831
Ambient,Ambient,Acute - Mid,Mid,Acute 0.0394 0.0314 Inf | 1.2579 0.9988
Ambient,Ambient,Acute - High,Mid,Acute -0.0349 0.0287 Inf | -1.2154 | 0.9992
Ambient,Ambient,Acute - Ambient,High,Acute | -0.0490 0.0303 Inf | -1.6179 | 0.9797
Ambient,Ambient,Acute - Mid,High,Acute 0.0071 0.0311 Inf | 0.2290 1.0000
Ambient,Ambient,Acute - High,High,Acute -0.0496 0.0292 Inf | -1.6966 | 0.9676
Mid,Ambient,Acute - High,Ambient,Acute -0.0003 0.0212 Inf | -0.0128 | 1.0000
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Mid,Ambient,Acute - Ambient,Mid,Acute 0.0072 0.0302 Inf | 0.2379 1.0000
Mid,Ambient,Acute - Mid,Mid,Acute -0.0031 0.0302 Inf | -0.1042 | 1.0000
Mid,Ambient,Acute - High,Mid,Acute -0.0775 0.0275 Inf | -2.8224 | 0.2985
Mid,Ambient,Acute - Ambient,High,Acute -0.0916 0.0291 Inf | -3.1485 | 0.1368
Mid,Ambient,Acute - Mid,High,Acute -0.0355 0.0299 Inf | -1.1865 | 0.9994
Mid,Ambient,Acute - High,High,Acute -0.0922 0.0280 | Inf | -3.2924 | 0.0914
High,Ambient,Acute - Ambient,Mid,Acute 0.0075 0.0293 Inf | 0.2545 1.0000
High,Ambient,Acute - Mid,Mid,Acute -0.0029 0.0293 Inf | -0.0981 | 1.0000
High,Ambient,Acute - High,Mid,Acute -0.0772 0.0265 Inf | -2.9177 | 0.2424
High,Ambient,Acute - Ambient,High,Acute -0.0913 0.0281 Inf | -3.2431 | 0.1054
High,Ambient,Acute - Mid,High,Acute -0.0352 0.0290 | Inf |-1.2143 | 0.9993
High,Ambient,Acute - High,High,Acute -0.0919 0.0270 Inf | -3.4005 | 0.0661
Ambient,Mid,Acute - Mid,Mid,Acute -0.0103 0.0259 Inf | -0.3987 | 1.0000
Ambient,Mid,Acute - High,Mid,Acute -0.0847 0.0226 Inf | -3.7386 | 0.0213
Ambient,Mid,Acute - Ambient,High,Acute -0.0987 0.0305 Inf | -3.2403 | 0.1062
Ambient,Mid,Acute - Mid,High,Acute -0.0427 0.0313 Inf | -1.3649 | 0.9968
Ambient,Mid,Acute - High,High,Acute -0.0994 0.0294 | Inf | -3.3749 | 0.0715
Mid,Mid,Acute - High,Mid,Acute -0.0743 0.0227 Inf | -3.2795 | 0.0949
Mid,Mid,Acute - Ambient,High,Acute -0.0884 0.0305 Inf | -2.8993 | 0.2527
Mid,Mid,Acute - Mid,High,Acute -0.0323 0.0313 Inf | -1.0337 | 0.9999
Mid,Mid,Acute - High,High,Acute -0.0890 0.0295 Inf | -3.0218 | 0.1895
High,Mid,Acute - Ambient,High,Acute -0.0141 0.0278 Inf | -0.5070 | 1.0000
High,Mid,Acute - Mid,High,Acute 0.0420 0.0286 Inf | 1.4677 | 0.9927
High,Mid,Acute - High,High,Acute -0.0147 0.0266 Inf | -0.5521 | 1.0000
Ambient,High,Acute - Mid,High,Acute 0.0561 0.0242 Inf | 2.3133 | 0.6737
Ambient,High,Acute - High,High,Acute -0.0006 0.0219 Inf | -0.0285 | 1.0000
Mid,High,Acute - High,High,Acute -0.0567 0.0229 Inf | -2.4813 | 0.5448
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Table B.S 16 List of statistical models used to predict basal growth rate of coral recruits relative to the exposure to treatment at t=8 weeks. The shaded area

indicates the best-fit model.
Model Fixed effect Random effect AlCc Akaike weights
1 Treatment (8 weeks) + log(size) (0 weeks) | Tray nested in tank (intercept) -758.542 0.269
2 Treatment (8 weeks) + log(size) (0 weeks) | Tank (intercept) -760.542 0.731
3 Treatment (8 weeks) + log(size) (0 weeks) | NA -732.530 <0.01

Table B.S 17 Coefficients of the generalised linear mixed effect model predicting the basal growth rate of recruits among treatments at t=8 weeks. Number

of observations: total=360, tank=36.

Estimate Std. Error t-value p-value
Intercept (AMBIENT) 0.16125 0.01461 11.04 <0.001
Treatment-MID 0.00566 0.01822 0.31 0.756
Treatment-HIGH 0.03003 0.01828 1.64 0.101
Log(size) (0 weeks) -0.12551 0.05046 -2.49 0.013

Random effect variance(s):

Tank = Variance 0.00138, StdDev 0.03714
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Table B.S 18 Tukey Posthoc Test estimates of pairwise comparisons among treatments for basal growth rate at t=8 weeks; confidence level used: 0.95

Contrast Estimate Std. Error df t. ratio Pr(>|z])
AMBIENT - MID -0.00563 0.0191 33.0 -0.296 0.9530
AMBIENT - HIGH -0.03010 0.0191 33.4 -1.575 0.2703
MID - HIGH -0.02447 0.0192 34.0 -1.275 0.4190

Table B.S 19 List of statistical models used to predict basal growth rate of coral recruits relative to the exposure to treatment at t=16 weeks. The shaded

area indicates the best-fit model.

Model Fixed effect Random effect AlCc Akaike weights
* R
1 Treatment (8 weeks) * treatment (16 weeks) + log(size) (8 N -549.392 50.99
weeks)
" -
5 '\I,'vr:jl'i:)lent (8 weeks) * treatment (16 weeks) + log(size) (8 NA 478.584 <0.01

Table B.S 20 Coefficients of the generalised linear mixed effect model predicting the basal growth rate of recruits among treatments at t=16 weeks. Number

of observations: total=360, tank=36.

Estimate Std. Error z value Pr(>|z])
(Intercept) AMBIENT (8,16 weeks) 0.1527 0.0390 3.91 <0.001
Treatment2-MID (16 weeks) 0.0380 0.0528 0.72 0.472
Treatment2-HIGH (16 weeks) 0.0513 0.0528 0.97 0.331
Treatment1-MID (8 weeks) 0.0203 0.0527 0.38 0.701
Treatment1-HIGH (8 weeks) 0.0887 0.0529 1.68 0.094
log(size_1) (8 weeks) 0.1559 0.0288 5.41 <0.001
treat_2Mid:treat_1Mid 0.0248 0.0746 0.33 0.739
treat_2High:treat_1Mid 0.0156 0.0746 0.21 0.834
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treat_2Mid:treat_1High

-0.0717

0.0746

-0.96

0.336

treat_2High:treat_1High

-0.0654

0.0747

-0.88

0.381

Random effect variance(s):

Tank = Variance 0.004558, StdDev 0.006751

Table B.S 21 Tukey Posthoc Test estimates of pairwise comparisons among treatments for basal growth rate at t=16 weeks; confidence level used: 0.95

contrast estimate SE df t.ratio p.value
Ambient,Ambient - Mid,Ambient -0.020 0.061 26.918 -0.333 1.000
Ambient,Ambient - High,Ambient -0.089 0.061 27.208 -1.454 0.866
Ambient,Ambient - Ambient,Mid -0.038 0.061 27.017 -0.624 0.999
Ambient,Ambient - Mid,Mid -0.083 0.061 27.137 -1.363 0.902
Ambient,Ambient - High,Mid -0.055 0.061 27.394 -0.902 0.991
Ambient,Ambient - Ambient,High -0.051 0.061 27.040 -0.843 0.994
Ambient,Ambient - Mid,High -0.087 0.061 26.940 -1.432 0.875
Ambient,Ambient - High,High -0.075 0.061 27.073 -1.225 0.944
Mid,Ambient - High,Ambient -0.069 0.061 27.144 -1.123 0.965
Mid,Ambient - Ambient,Mid -0.018 0.061 26.980 -0.291 1.000
Mid,Ambient - Mid,Mid -0.063 0.061 27.081 -1.031 0.979
Mid,Ambient - High,Mid -0.035 0.061 27.310 -0.571 1.000
Mid,Ambient - Ambient,High -0.031 0.061 26.999 -0.511 1.000
Mid,Ambient - Mid,High -0.067 0.061 26.924 -1.099 0.969
Mid,Ambient - High,High -0.054 0.061 27.027 -0.892 0.992
High,Ambient - Ambient,Mid 0.051 0.061 26.962 0.833 0.995
High,Ambient - Mid,Mid 0.006 0.061 26.918 0.092 1.000
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High,Ambient - High,Mid 0.034 0.061 26.936 0.552 1.000
High,Ambient - Ambient,High 0.037 0.061 26.949 0.614 0.999
High,Ambient - Mid,High 0.002 0.061 27.058 0.026 1.000
High,Ambient - High,High 0.014 0.061 26.934 0.232 1.000
Ambient,Mid - Mid,Mid -0.045 0.061 26.936 -0.741 0.998
Ambient,Mid - High,Mid -0.017 0.061 27.051 -0.281 1.000
Ambient,Mid - Ambient,High -0.013 0.061 26.915 -0.220 1.000
Ambient,Mid - Mid,High -0.049 0.061 26.939 -0.807 0.996
Ambient,Mid - High,High -0.037 0.061 26.920 -0.602 0.999
Mid,Mid - High,Mid 0.028 0.061 26.962 0.460 1.000
Mid,Mid - Ambient,High 0.032 0.061 26.927 0.522 1.000
Mid,Mid - Mid,High -0.004 0.061 27.010 -0.066 1.000
Mid,Mid - High,High 0.009 0.061 26.919 0.140 1.000
High,Mid - Ambient,High 0.004 0.061 27.027 0.062 1.000
High,Mid - Mid,High -0.032 0.061 27.194 -0.525 1.000
High,Mid - High,High -0.020 0.061 26.999 -0.320 1.000
Ambient,High - Mid,High -0.036 0.061 26.951 -0.588 1.000
Ambient,High - High,High -0.023 0.061 26.916 -0.382 1.000
Mid,High - High,High 0.013 0.061 26.969 0.206 1.000

Table B.S 22 List of statistical models used to predict basal growth rate of coral recruits relative to the exposure to treatment at t=18 weeks. The shaded

area indicates the best-fit model.

Model Fixed effect

Random effect

AlCc

Akaike weights

weeks)

Treatment (8 weeks) * treatment (16 weeks) + log(size) (16

Tray nested in tank (intercept)

-1252.056

>0.99
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* 1 i 1
5 Treatment (8 weeks) * treatment (16 weeks) + log(size) (16 Tank (intercept) 1211.246 <0.01
weeks)
sk .
3 '\I,'vr:jl'i:)lent (8 weeks) * treatment (16 weeks) + log(size) (16 NA -1207.410 <0.01

Table B.S 23 Coefficients of the generalised linear mixed effect model predicting the basal growth rate of recruits among treatments at t=18 weeks. Number

of observations: total=358, tank=24, tray=62.

Estimate Std. Error z value Pr(>|z])
(Intercept) AMBIENT (8,16 weeks) 0.121052 0.011882 10.19 <0.001
Treatment2-MID (16 weeks) 0.008476 0.014641 0.58 0.56
Treatment2-HIGH (16 weeks) 0.015590 0.014573 1.07 0.28
Treatment1-MID (8 weeks) 0.012113 0.014543 0.83 0.40
Treatment1-HIGH (8 weeks) 0.015099 0.014697 1.03 0.30
log(size_2) (16 weeks) -0.025930 0.005899 -4.40 <0.001
treat_2Mid:treat_1Mid -0.000182 0.019829 -0.01 0.99
treat_2High:treat_1Mid -0.004009 0.017735 -0.23 0.82
treat_2Mid:treat_1High 0.025088 0.018689 1.34 0.18
treat_2High:treat_1High 0.008429 0.020597 0.41 0.68

Random effect variance(s):
Tank =2 Variance 1.123e-07, StdDev 0.0003352

Tray:tank = Variance 0.0006421, StdDev 0.2534

Table B.S 24 Tukey Posthoc Test estimates of pairwise comparisons among treatments for basal growth rate at t=18 weeks; confidence level used: 0.95

contrast

estimate

SE

df

t.ratio

p.value
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Ambient,Ambient - Mid,Ambient -0.012 0.015 42.738 -0.793 0.997
Ambient,Ambient - High,Ambient -0.015 0.016 44.572 -0.984 0.985
Ambient,Ambient - Ambient,Mid -0.008 0.016 69.648 -0.539 1.000
Ambient,Ambient - Mid,Mid -0.021 0.016 69.348 -1.329 0.919
Ambient,Ambient - High,Mid -0.049 0.015 72.209 -3.243 0.044
Ambient,Ambient - Ambient,High -0.015 0.015 64.778 -0.992 0.985
Ambient,Ambient - Mid,High -0.024 0.015 64.601 -1.560 0.822
Ambient,Ambient - High,High -0.039 0.016 58.388 -2.445 0.280
Mid,Ambient - High,Ambient -0.003 0.012 160.131 -0.248 1.000
Mid,Ambient - Ambient,Mid 0.004 0.015 76.052 0.260 1.000
Mid,Ambient - Mid,Mid -0.008 0.015 75.373 -0.564 1.000
Mid,Ambient - High,Mid -0.037 0.014 74.942 -2.541 0.230
Mid,Ambient - Ambient,High -0.003 0.015 70.591 -0.209 1.000
Mid,Ambient - Mid,High -0.012 0.015 70.352 -0.797 0.997
Mid,Ambient - High,High -0.027 0.015 66.761 -1.749 0.714
High,Ambient - Ambient,Mid 0.007 0.015 75.233 0.468 1.000
High,Ambient - Mid,Mid -0.005 0.015 73.719 -0.358 1.000
High,Ambient - High,Mid -0.034 0.014 72.757 -2.341 0.332
High,Ambient - Ambient,High 0.000 0.015 70.338 0.000 1.000
High,Ambient - Mid,High -0.009 0.015 70.571 -0.587 1.000
High,Ambient - High,High -0.024 0.015 65.638 -1.556 0.824
Ambient,Mid - Mid,Mid -0.012 0.014 89.688 -0.860 0.994
Ambient,Mid - High,Mid -0.041 0.012 175.735 -3.346 0.027
Ambient,Mid - Ambient,High -0.007 0.015 72.676 -0.471 1.000
Ambient,Mid - Mid,High -0.016 0.015 72.813 -1.058 0.978
Ambient,Mid - High,High -0.031 0.015 68.560 -2.005 0.546
Mid,Mid - High,Mid -0.028 0.012 169.296 -2.343 0.323
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Mid,Mid - Ambient,High 0.005 0.015 71.576 0.358 1.000
Mid,Mid - Mid,High -0.003 0.015 71.776 -0.231 1.000
Mid,Mid - High,High -0.019 0.015 67.275 -1.215 0.950
High,Mid - Ambient,High 0.034 0.014 70.622 2.346 0.330
High,Mid - Mid,High 0.025 0.014 70.989 1.736 0.722
High,Mid - High,High 0.010 0.015 69.593 0.646 0.999
Ambient,High - Mid,High -0.009 0.010 296.778 -0.841 0.996
Ambient,High - High,High -0.024 0.015 42.273 -1.560 0.820
Mid,High - High,High -0.015 0.015 42.265 -0.992 0.985
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Figure B.S 1 Mean basal growth for the history combinations of treatments at t=3 (18 weeks) after all fragments were moved to ambient conditions for a two-

week period. Symbols represent origin treatment (at t=8 weeks) whereas x-axis distribution represent destination treatments (at t=16 weeks). Number of

observations: total=358, tank=24, tray=62.
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Table B.S 25 List of statistical models used to predict basal growth rate of coral recruits relative to the exposure to treatment at t=23 weeks. The shaded

area indicates the best-fit model.

Model Fixed effect Random effect AlCc Akaike weights
* 1 * 2
1 Treatment (8 V\./eeks) treatment (16 weeks) * treatment (23 Tray nested in tank (intercept) 186,741 0.222
weeks) + log(size) (18 weeks)
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% %k
5 Treatment (8 v.veeks) treatment (16 weeks) * treatment (23 Tank (intercept} -1288.579 0.557
weeks) + log(size) (18 weeks)
* *
3 Treatment (8 v'veeks) treatment (16 weeks) * treatment (23 NA 1286.727 0.221
weeks) + log(size) (18 weeks)

Table B.S 26 Coefficients of the generalised linear mixed effect model predicting the basal growth rate of recruits among treatments at t=23 weeks. Number

of observations: total=347, tank=24.

Estimate Std. Error z value Pr(>|z])
(Intercept) AMBIENT (8,16, 23 weeks) 0.101217 0.010506 9.63 <0.001
treat_4Acute 0.027097 0.012811 2.12 0.03442
treat_2Mid 0.010660 0.013738 0.78 0.43777
treat_2High 0.024973 0.012911 1.93 0.05308
treat_1Mid 0.015710 0.011359 1.38 0.16664
treat_1High 0.027512 0.011553 2.38 0.01725
log(size_3) -0.017694 0.004941 -3.58 <0.001
treat_4Acute:treat_2Mid -0.027213 0.018570 -1.47 0.14280
treat_4Acute:treat_2High -0.025412 0.018070 -1.41 0.15963
treat_4Acute:treat_1Mid -0.022310 0.016042 -1.39 0.16431
treat_4Acute:treat_1High -0.021549 0.015889 -1.36 0.17503
treat_2Mid:treat_1Mid -0.024526 0.016516 -1.48 0.13755
treat_2High:treat_1Mid 0.005866 0.015935 0.37 0.71278
treat_2Mid:treat_1High -0.000516 0.016595 -0.03 0.97518
treat_2High:treat_1High -0.031740 0.015995 -1.98 0.04721
treat_4Acute:treat_2Mid:treat_1Mid 0.043875 0.022931 1.91 0.05570
treat_4Acute:treat_2High:treat_1Mid 0.010766 0.022591 0.48 0.63367
treat_4Acute:treat_2Mid:treat_1High 0.041215 0.022832 1.81 0.07105
treat_4Acute:treat_2High:treat_1High 0.020853 0.022449 0.93 0.35295

Random effect variance(s):
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Table B.S 27 Tukey Posthoc Test estimates of pairwise comparisons among treatments for basal growth rate at t=23 weeks; confidence level used: 0.95

202

contrast estimate SE df t.ratio p.value
Ambient,Ambient,Ambient - Mid,Ambient,Ambient -0.015 0.012 312.063 -1.334 0.997
Ambient,Ambient,Ambient - High,Ambient,Ambient -0.027 0.012 313.163 -2.317 0.671
Ambient,Ambient,Ambient - Ambient,Mid,Ambient -0.010 0.015 73.239 -0.704 1.000
Ambient,Ambient,Ambient - Mid,Mid,Ambient -0.002 0.014 64.727 -0.120 1.000
Ambient,Ambient,Ambient - High,Mid,Ambient -0.038 0.014 65.637 -2.666 0.424
Ambient,Ambient,Ambient - Ambient,High,Ambient -0.025 0.014 64.939 -1.758 0.946
Ambient,Ambient,Ambient - Mid,High,Ambient -0.046 0.014 62.328 -3.347 0.107
Ambient,Ambient,Ambient - High,High,Ambient -0.021 0.014 63.879 -1.474 0.990
Ambient,Ambient,Ambient - Ambient,Ambient,Acute -0.027 0.014 63.519 -1.935 0.887
Ambient,Ambient,Ambient - Mid,Ambient,Acute -0.020 0.014 63.158 -1.459 0.991
Ambient,Ambient,Ambient - High,Ambient,Acute -0.033 0.014 64.784 -2.348 0.647
Ambient,Ambient,Ambient - Ambient,Mid,Acute -0.010 0.014 64.714 -0.734 1.000
Ambient,Ambient,Ambient - Mid,Mid,Acute -0.023 0.014 63.696 -1.658 0.968
Ambient,Ambient,Ambient - High,Mid,Acute -0.057 0.014 65.129 -4.064 0.014
Ambient,Ambient,Ambient - Ambient,High,Acute -0.026 0.014 67.467 -1.845 0.921
Ambient,Ambient,Ambient - Mid,High,Acute -0.037 0.014 63.628 -2.620 0.455
Ambient,Ambient,Ambient - High,High,Acute -0.022 0.014 64.326 -1.542 0.984
Mid,Ambient,Ambient - High,Ambient,Ambient -0.012 0.011 310.572 -1.052 1.000
Mid,Ambient,Ambient - Ambient,Mid,Ambient 0.005 0.014 67.460 0.343 1.000
Mid,Ambient,Ambient - Mid,Mid,Ambient 0.014 0.014 58.291 1.016 1.000
Mid,Ambient,Ambient - High,Mid,Ambient -0.022 0.014 58.829 -1.621 0.973
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Mid,Ambient,Ambient - Ambient,High,Ambient -0.009 0.014 59.313 -0.673 1.000
Mid,Ambient,Ambient - Mid,High,Ambient -0.031 0.013 57.172 -2.290 0.687
Mid,Ambient,Ambient - High,High,Ambient -0.005 0.014 57.831 -0.377 1.000
Mid,Ambient,Ambient - Ambient,Ambient,Acute -0.011 0.014 58.939 -0.843 1.000
Mid,Ambient,Ambient - Mid,Ambient,Acute -0.005 0.014 59.024 -0.353 1.000
Mid,Ambient,Ambient - High,Ambient,Acute -0.017 0.014 58.324 -1.286 0.998
Mid,Ambient,Ambient - Ambient,Mid,Acute 0.005 0.014 59.223 0.381 1.000
Mid,Ambient,Ambient - Mid,Mid,Acute -0.008 0.014 57.738 -0.566 1.000
Mid,Ambient,Ambient - High,Mid,Acute -0.042 0.014 58.524 -3.063 0.206
Mid,Ambient,Ambient - Ambient,High,Acute -0.011 0.014 61.558 -0.777 1.000
Mid,Ambient,Ambient - Mid,High,Acute -0.021 0.014 57.705 -1.557 0.982
Mid,Ambient,Ambient - High,High,Acute -0.006 0.014 58.067 -0.450 1.000
High,Ambient,Ambient - Ambient,Mid,Ambient 0.017 0.014 66.865 1.168 0.999
High,Ambient,Ambient - Mid,Mid,Ambient 0.026 0.013 57.076 1.904 0.898
High,Ambient,Ambient - High,Mid,Ambient -0.010 0.013 57.194 -0.755 1.000
High,Ambient,Ambient - Ambient,High,Ambient 0.003 0.014 59.060 0.199 1.000
High,Ambient,Ambient - Mid,High,Ambient -0.019 0.013 57.419 -1.407 0.993
High,Ambient,Ambient - High,High,Ambient 0.007 0.013 57.056 0.503 1.000
High,Ambient,Ambient - Ambient,Ambient,Acute 0.000 0.014 59.893 0.030 1.000
High,Ambient,Ambient - Mid,Ambient,Acute 0.007 0.014 60.498 0.516 1.000
High,Ambient,Ambient - High,Ambient,Acute -0.006 0.013 57.081 -0.413 1.000
High,Ambient,Ambient - Ambient,Mid,Acute 0.017 0.014 59.119 1.254 0.998
High,Ambient,Ambient - Mid,Mid,Acute 0.004 0.013 57.067 0.314 1.000
High,Ambient,Ambient - High,Mid,Acute -0.030 0.013 57.118 -2.205 0.742
High,Ambient,Ambient - Ambient,High,Acute 0.001 0.014 61.004 0.084 1.000
High,Ambient,Ambient - Mid,High,Acute -0.009 0.013 57.072 -0.680 1.000
High,Ambient,Ambient - High,High,Acute 0.006 0.013 57.054 0.429 1.000
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Ambient,Mid,Ambient - Mid,Mid,Ambient 0.009 0.012 324.321 0.713 1.000
Ambient,Mid,Ambient - High,Mid,Ambient -0.027 0.012 324.231 -2.187 0.761
Ambient,Mid,Ambient - Ambient,High,Ambient -0.014 0.015 68.742 -0.971 1.000
Ambient,Mid,Ambient - Mid,High,Ambient -0.036 0.014 67.036 -2.479 0.553
Ambient,Mid,Ambient - High,High,Ambient -0.010 0.014 66.847 -0.698 1.000
Ambient,Mid,Ambient - Ambient,Ambient,Acute -0.016 0.015 69.376 -1.125 1.000
Ambient,Mid,Ambient - Mid,Ambient,Acute -0.010 0.015 69.853 -0.667 1.000
Ambient,Mid,Ambient - High,Ambient,Acute -0.022 0.014 66.950 -1.553 0.983
Ambient,Mid,Ambient - Ambient,Mid,Acute 0.000 0.015 68.790 0.014 1.000
Ambient,Mid,Ambient - Mid,Mid,Acute -0.013 0.014 66.841 -0.875 1.000
Ambient,Mid,Ambient - High,Mid,Acute -0.047 0.014 67.013 -3.225 0.140
Ambient,Mid,Ambient - Ambient,High,Acute -0.016 0.015 70.699 -1.068 1.000
Ambient,Mid,Ambient - Mid,High,Acute -0.026 0.014 66.840 -1.803 0.934
Ambient,Mid,Ambient - High,High,Acute -0.011 0.014 66.885 -0.768 1.000
Mid,Mid,Ambient - High,Mid,Ambient -0.036 0.011 310.064 -3.195 0.127
Mid,Mid,Ambient - Ambient,High,Ambient -0.023 0.014 59.196 -1.685 0.962
Mid,Mid,Ambient - Mid,High,Ambient -0.045 0.014 57.637 -3.303 0.121
Mid,Mid,Ambient - High,High,Ambient -0.019 0.013 57.104 -1.401 0.994
Mid,Mid,Ambient - Ambient,Ambient,Acute -0.025 0.014 60.231 -1.845 0.920
Mid,Mid,Ambient - Mid,Ambient,Acute -0.019 0.014 60.923 -1.351 0.996
Mid,Mid,Ambient - High,Ambient,Acute -0.031 0.013 57.051 -2.317 0.668
Mid,Mid,Ambient - Ambient,Mid,Acute -0.009 0.014 59.280 -0.631 1.000
Mid,Mid,Ambient - Mid,Mid,Acute -0.021 0.013 57.132 -1.590 0.977
Mid,Mid,Ambient - High,Mid,Acute -0.055 0.013 57.061 -4.110 0.013
Mid,Mid,Ambient - Ambient,High,Acute -0.024 0.014 61.091 -1.780 0.940
Mid,Mid,Ambient - Mid,High,Acute -0.035 0.013 57.144 -2.583 0.482
Mid,Mid,Ambient - High,High,Acute -0.020 0.013 57.062 -1.476 0.989
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High,Mid,Ambient - Ambient,High,Ambient 0.013 0.014 59.467 0.945 1.000
High,Mid,Ambient - Mid,High,Ambient -0.009 0.014 58.021 -0.651 1.000
High,Mid,Ambient - High,High,Ambient 0.017 0.013 57.253 1.257 0.998
High,Mid,Ambient - Ambient,Ambient,Acute 0.011 0.014 60.781 0.771 1.000
High,Mid,Ambient - Mid,Ambient,Acute 0.017 0.014 61.594 1.251 0.998
High,Mid,Ambient - High,Ambient,Acute 0.005 0.013 57.093 0.342 1.000
High,Mid,Ambient - Ambient,Mid,Acute 0.027 0.014 59.586 1.996 0.859
High,Mid,Ambient - Mid,Mid,Acute 0.014 0.013 57.305 1.067 1.000
High,Mid,Ambient - High,Mid,Acute -0.020 0.013 57.065 -1.450 0.991
High,Mid,Ambient - Ambient,High,Acute 0.011 0.014 61.294 0.823 1.000
High,Mid,Ambient - Mid,High,Acute 0.001 0.013 57.326 0.075 1.000
High,Mid,Ambient - High,High,Acute 0.016 0.013 57.156 1.183 0.999
Ambient,High,Ambient - Mid,High,Ambient -0.022 0.011 310.425 -1.909 0.906
Ambient,High,Ambient - High,High,Ambient 0.004 0.011 310.509 0.357 1.000
Ambient,High,Ambient - Ambient,Ambient,Acute -0.002 0.014 61.241 -0.167 1.000
Ambient,High,Ambient - Mid,Ambient,Acute 0.004 0.014 61.661 0.317 1.000
Ambient,High,Ambient - High,Ambient,Acute -0.008 0.014 59.211 -0.607 1.000
Ambient,High,Ambient - Ambient,Mid,Acute 0.014 0.014 60.848 1.046 1.000
Ambient,High,Ambient - Mid,Mid,Acute 0.002 0.014 58.989 0.112 1.000
Ambient,High,Ambient - High,Mid,Acute -0.032 0.014 59.307 -2.379 0.625
Ambient,High,Ambient - Ambient,High,Acute -0.002 0.014 62.907 -0.112 1.000
Ambient,High,Ambient - Mid,High,Acute -0.012 0.014 58.980 -0.873 1.000
Ambient,High,Ambient - High,High,Acute 0.003 0.014 59.100 0.225 1.000
Mid,High,Ambient - High,High,Ambient 0.026 0.011 310.206 2.293 0.688
Mid,High,Ambient - Ambient,Ambient,Acute 0.019 0.014 59.074 1.426 0.993
Mid,High,Ambient - Mid,Ambient,Acute 0.026 0.014 59.348 1.912 0.895
Mid,High,Ambient - High,Ambient,Acute 0.013 0.014 57.660 0.993 1.000
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Mid,High,Ambient - Ambient,Mid,Acute 0.036 0.014 58.973 2.651 0.436
Mid,High,Ambient - Mid,Mid,Acute 0.023 0.013 57.283 1.721 0.954
Mid,High,Ambient - High,Mid,Acute -0.011 0.014 57.800 -0.793 1.000
Mid,High,Ambient - Ambient,High,Acute 0.020 0.014 61.143 1.464 0.990
Mid,High,Ambient - Mid,High,Acute 0.010 0.013 57.263 0.728 1.000
Mid,High,Ambient - High,High,Acute 0.025 0.014 57.487 1.834 0.923
High,High,Ambient - Ambient,Ambient,Acute -0.006 0.014 59.758 -0.466 1.000
High,High,Ambient - Mid,Ambient,Acute 0.000 0.014 60.325 0.022 1.000
High,High,Ambient - High,Ambient,Acute -0.012 0.013 57.111 -0.915 1.000
High,High,Ambient - Ambient,Mid,Acute 0.010 0.014 59.064 0.756 1.000
High,High,Ambient - Mid,Mid,Acute -0.003 0.013 57.054 -0.189 1.000
High,High,Ambient - High,Mid,Acute -0.036 0.013 57.160 -2.707 0.399
High,High,Ambient - Ambient,High,Acute -0.006 0.014 60.982 -0.408 1.000
High,High,Ambient - Mid,High,Acute -0.016 0.013 57.057 -1.183 0.999
High,High,Ambient - High,High,Acute -0.001 0.013 57.067 -0.074 1.000
Ambient,Ambient,Acute - Mid,Ambient,Acute 0.007 0.012 311.271 0.579 1.000
Ambient,Ambient,Acute - High,Ambient,Acute -0.006 0.011 310.849 -0.521 1.000
Ambient,Ambient,Acute - Ambient,Mid,Acute 0.017 0.014 61.150 1.212 0.999
Ambient,Ambient,Acute - Mid,Mid,Acute 0.004 0.014 59.663 0.280 1.000
Ambient,Ambient,Acute - High,Mid,Acute -0.030 0.014 60.469 -2.198 0.747
Ambient,Ambient,Acute - Ambient,High,Acute 0.001 0.014 63.506 0.054 1.000
Ambient,Ambient,Acute - Mid,High,Acute -0.010 0.014 59.628 -0.702 1.000
Ambient,Ambient,Acute - High,High,Acute 0.005 0.014 60.001 0.392 1.000
Mid,Ambient,Acute - High,Ambient,Acute -0.013 0.012 311.913 -1.095 1.000
Mid,Ambient,Acute - Ambient,Mid,Acute 0.010 0.014 61.522 0.724 1.000
Mid,Ambient,Acute - Mid,Mid,Acute -0.003 0.014 60.200 -0.208 1.000
Mid,Ambient,Acute - High,Mid,Acute -0.037 0.014 61.216 -2.672 0.421
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Mid,Ambient,Acute - Ambient,High,Acute -0.006 0.014 64.010 -0.424 1.000
Mid,Ambient,Acute - Mid,High,Acute -0.016 0.014 60.154 -1.187 0.999
Mid,Ambient,Acute - High,High,Acute -0.001 0.014 60.636 -0.095 1.000
High,Ambient,Acute - Ambient,Mid,Acute 0.023 0.014 59.298 1.661 0.967
High,Ambient,Acute - Mid,Mid,Acute 0.010 0.013 57.140 0.726 1.000
High,Ambient,Acute - High,Mid,Acute -0.024 0.013 57.058 -1.793 0.936
High,Ambient,Acute - Ambient,High,Acute 0.007 0.014 61.101 0.489 1.000
High,Ambient,Acute - Mid,High,Acute -0.004 0.013 57.153 -0.268 1.000
High,Ambient,Acute - High,High,Acute 0.011 0.013 57.066 0.841 1.000
Ambient,Mid,Acute - Mid,Mid,Acute -0.013 0.011 310.405 -1.129 1.000
Ambient,Mid,Acute - High,Mid,Acute -0.047 0.011 310.524 -4.104 0.006
Ambient,Mid,Acute - Ambient,High,Acute -0.016 0.014 62.937 -1.146 0.999
Ambient,Mid,Acute - Mid,High,Acute -0.026 0.014 59.017 -1.928 0.889
Ambient,Mid,Acute - High,High,Acute -0.011 0.014 59.168 -0.829 1.000
Mid,Mid,Acute - High,Mid,Acute -0.034 0.011 310.123 -3.024 0.195
Mid,Mid,Acute - Ambient,High,Acute -0.003 0.014 60.972 -0.223 1.000
Mid,Mid,Acute - Mid,High,Acute -0.013 0.013 57.052 -0.994 1.000
Mid,Mid,Acute - High,High,Acute 0.002 0.013 57.083 0.115 1.000
High,Mid,Acute - Ambient,High,Acute 0.031 0.014 61.171 2.243 0.718
High,Mid,Acute - Mid,High,Acute 0.021 0.013 57.215 1.524 0.985
High,Mid,Acute - High,High,Acute 0.035 0.013 57.093 2.634 0.447
Ambient,High,Acute - Mid,High,Acute -0.010 0.012 311.808 -0.895 1.000
Ambient,High,Acute - High,High,Acute 0.005 0.012 311.853 0.400 1.000
Mid,High,Acute - High,High,Acute 0.015 0.011 310.059 1.333 0.997
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B.4 Coral recruits: photochemical efficiency (Fv/Fm)

Table B.S 28 List of statistical models used to predict Fv/Fm of coral recruits relative to the exposure to treatment at t=8 weeks. The shaded area indicates

the best-fit model.

Model Fixed effect Random effect AlCc Akaike weights
1 Treatment (8 weeks) + yield (0 weeks) | Tray nested in tank (intercept) -959.176 0.269
2 Treatment (8 weeks) + yield (0 weeks) | Tank (intercept) -961.176 0.731
3 Treatment (8 weeks) + yield (0 weeks) | NA -940.294 <0.01

Table B.S 29 Coefficients of the generalised linear mixed effect model predicting Fv/Fm of recruits among treatments at t=8 weeks. Number of observations:

total=288, tank=36.

Estimate Std. Error z value Pr(>|z])
Intercept (AMBIENT) 0.14177 0.0303 13.78 <0.001
Treatment-MID 0.0177 0.0103 1.71 0.08657
Treatment-HIGH -0.0183 0.0103 -1.77 0.07669
yield (0 weeks) 0.2354 0.0642 3.67 <0.001

Random effect variance(s):

Tank = Variance 0.0004176, StdDev 0.02044

Table B.S 30 Tukey Posthoc Test estimates of pairwise comparisons among treatments for Fv/Fm at t=8 weeks; confidence level used: 0.95
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Contrast Estimate Std. Error df t. ratio Pr(>|z])
AMBIENT - MID -0.0177 0.0108 33.1 -1.641 0.2432
AMBIENT - HIGH 0.0182 0.0108 33.0 1.691 0.2237
MID - HIGH 0.0359 0.0108 32.9 3.337 0.0058
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Table B.S 31 List of statistical models used to predict Fv/Fm of coral recruits relative to the exposure to treatment at t=16 weeks. The shaded area indicates

the best-fit model.

Model Fixed effect Random effect AlCc Akaike weights
1 Treatment (8 weeks) * treatment (16 weeks) + yield (8 Tray nested in tank (intercept) -1035.530 0.232
weeks)
* R
5 Treatment (8 weeks) * treatment (16 weeks) + yield (8 N 11037.530 0.631
weeks)
" -
5 '\I,'vr:;'iz')lent (8 weeks) * treatment (16 weeks) + yield (8 NA 1034.476 0.137

Table B.S 32 Coefficients of the generalised linear mixed effect model predicting Fv/Fm of recruits among treatments at t=16 weeks. Number of

observations: total=288, tank=36.

Estimate Std. Error z value Pr(>|z])
(Intercept) AMBIENT (8,16 weeks) 0.37872 0.02780 13.62 <0.001
Treatment2-MID (16 weeks) -0.01593 0.01212 -1.31 0.189
Treatment2-HIGH (16 weeks) -0.01695 0.01218 -1.39 0.164
Treatment1-MID (8 weeks) 0.01409 0.01211 1.16 0.245
Treatment1-HIGH (8 weeks) 0.00645 0.01214 0.53 0.595
yield_1 (8 weeks) 0.28541 0.05095 5.60 <0.001
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treat_2Mid:treat_1Mid 0.01935 0.01719 1.13 0.260
treat_2High:treat_1Mid 0.02646 0.01717 1.54 0.123
treat_2Mid:treat_1High 0.03323 0.01714 1.94 0.053
treat_2High:treat_1High -0.01677 0.01716 -0.98 0.329

Random effect variance(s):

Tank = Variance 0.0001218, StdDev 0.01104

Table B.S 33 Tukey Posthoc Test estimates of pairwise comparisons among treatments for Fv/Fm at t=16 weeks; confidence level used: 0.95

contrast estimate SE df t.ratio p.value
Ambient,Ambient - Mid,Ambient -0.014 0.014 26.806 -1.003 0.982
Ambient,Ambient - High,Ambient -0.006 0.014 26.995 -0.450 1.000
Ambient,Ambient - Ambient,Mid 0.016 0.014 26.820 1.137 0.963
Ambient,Ambient - Mid,Mid -0.018 0.014 27.096 -1.254 0.936
Ambient,Ambient - High,Mid -0.024 0.014 26.879 -1.685 0.750
Ambient,Ambient - Ambient,High 0.017 0.014 27.186 1.191 0.952
Ambient,Ambient - Mid,High -0.024 0.014 28.161 -1.680 0.753
Ambient,Ambient - High,High 0.027 0.014 26.931 1.947 0.590
Mid,Ambient - High,Ambient 0.008 0.014 26.967 0.551 1.000
Mid,Ambient - Ambient,Mid 0.030 0.014 26.813 2.140 0.469
Mid,Ambient - Mid,Mid -0.004 0.014 27.133 -0.254 1.000
Mid,Ambient - High,Mid -0.010 0.014 26.862 -0.682 0.999
Mid,Ambient - Ambient,High 0.031 0.014 27.228 2.189 0.440
Mid,Ambient - Mid,High -0.010 0.014 28.241 -0.690 0.999
Mid,Ambient - High,High 0.041 0.014 26.908 2.949 0.121
High,Ambient - Ambient,Mid 0.022 0.014 26.903 1.586 0.804
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High,Ambient - Mid,Mid -0.011 0.014 27.759 -0.799 0.996
High,Ambient - High,Mid -0.017 0.014 26.832 -1.235 0.941
High,Ambient - Ambient,High 0.023 0.014 27.919 1.627 0.782
High,Ambient - Mid,High -0.018 0.014 29.388 -1.220 0.945
High,Ambient - High,High 0.034 0.014 26.812 2.400 0.324
Ambient,Mid - Mid,Mid -0.034 0.014 27.244 -2.384 0.331
Ambient,Mid - High,Mid -0.040 0.014 26.827 -2.822 0.155
Ambient,Mid - Ambient,High 0.001 0.014 27.354 0.058 1.000
Ambient,Mid - Mid,High -0.040 0.014 28.467 -2.792 0.162
Ambient,Mid - High,High 0.011 0.014 26.859 0.812 0.995
Mid,Mid - High,Mid -0.006 0.014 27.466 -0.425 1.000
Mid,Mid - Ambient,High 0.034 0.014 26.811 2.453 0.298
Mid,Mid - Mid,High -0.006 0.014 27.192 -0.444 1.000
Mid,Mid - High,High 0.045 0.014 27.606 3.180 0.074
High,Mid - Ambient,High 0.040 0.014 27.599 2.857 0.144
High,Mid - Mid,High 0.000 0.014 28.882 -0.017 1.000
High,Mid - High,High 0.051 0.014 26.812 3.635 0.027
Ambient,High - Mid,High -0.041 0.014 27.101 -2.890 0.136
Ambient,High - High,High 0.011 0.014 27.753 0.747 0.997
Mid,High - High,High 0.051 0.014 29.129 3.568 0.030

Table B.S 34 List of statistical models used to predict Fv/Fm of coral recruits relative to the exposure to treatment at t=18 weeks. The shaded area indicates

the best-fit model.

Model Fixed effect Random effect AlCc Akaike weights
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* .
1 Treatment (8 weeks) * treatment (16 weeks) + yield (16 e Ly e — -1085.558 0.849
weeks)
* 1 i 1
5 Treatment (8 weeks) * treatment (16 weeks) + yield (16 Tank (intercept) -1081.310 0.102
weeks)
sk .
3 '\I,'vr:jl'i:)lent (8 weeks) * treatment (16 weeks) + yield (16 NA -1079.864 0.049

Table B.S 35 Coefficients of the generalised linear mixed effect model predicting Fv/Fm of recruits among treatments at t=18 weeks. Number of

observations: total=288, tank=24, tray=62.

Estimate Std. Error z value Pr(>|z])
(Intercept) AMBIENT (8,16 weeks) 0.35179 0.02880 12.22 <0.001
Treatment2-MID (16 weeks) 0.00205 0.01087 0.19 0.851
Treatment2-HIGH (16 weeks) 0.00790 0.01087 0.73 0.467
Treatment1-MID (8 weeks) 0.02700 0.01090 2.48 0.013
Treatment1-HIGH (8 weeks) 0.02197 0.01084 2.03 0.043
yield_2 (16 weeks) 0.36837 0.05265 7.00 <0.001
treat_2Mid:treat_1Mid -0.01276 0.01525 -0.84 0.403
treat_2High:treat_1Mid -0.02456 0.01452 -1.69 0.091
treat_2Mid:treat_1High -0.00495 0.01478 -0.33 0.738
treat_2High:treat_1High -0.00939 0.01528 -0.61 0.539

Random effect variance(s):
Tank = Variance 3.672e-06, StdDev 0.001916

Tray:tank = Variance 0.0002057, StdDev 0. 0.01434
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Table B.S 36 Tukey Posthoc Test estimates of pairwise comparisons among treatments for Fv/Fm at t=18 weeks; confidence level used: 0.95
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contrast estimate SE df t.ratio p.value
Ambient,Ambient - Mid,Ambient -0.028 0.012 42.407 -2.391 0.315
Ambient,Ambient - High,Ambient -0.021 0.011 42.295 -1.867 0.639
Ambient,Ambient - Ambient,Mid -0.002 0.012 69.161 -0.180 1.000
Ambient,Ambient - Mid,Mid -0.016 0.012 69.711 -1.405 0.892
Ambient,Ambient - High,Mid -0.019 0.012 75.511 -1.613 0.795
Ambient,Ambient - Ambient,High -0.008 0.012 69.072 -0.719 0.998
Ambient,Ambient - Mid,High -0.010 0.012 71.779 -0.870 0.994
Ambient,Ambient - High,High -0.021 0.012 62.178 -1.742 0.719
Mid,Ambient - High,Ambient 0.006 0.011 92.587 0.578 1.000
Mid,Ambient - Ambient,Mid 0.026 0.012 78.425 2.195 0.419
Mid,Ambient - Mid,Mid 0.011 0.011 76.632 0.979 0.987
Mid,Ambient - High,Mid 0.009 0.011 82.139 0.796 0.997
Mid,Ambient - Ambient,High 0.019 0.012 77.507 1.671 0.762
Mid,Ambient - Mid,High 0.017 0.011 77.940 1.521 0.842
Mid,Ambient - High,High 0.007 0.012 71.435 0.594 1.000
High,Ambient - Ambient,Mid 0.019 0.011 77.513 1.685 0.754
High,Ambient - Mid,Mid 0.005 0.012 77.324 0.442 1.000
High,Ambient - High,Mid 0.003 0.011 82.741 0.254 1.000
High,Ambient - Ambient,High 0.013 0.011 77.031 1.149 0.964
High,Ambient - Mid,High 0.011 0.012 79.116 0.976 0.987
High,Ambient - High,High 0.001 0.012 70.619 0.079 1.000
Ambient,Mid - Mid,Mid -0.014 0.012 61.815 -1.237 0.945
Ambient,Mid - High,Mid -0.016 0.011 112.228 -1.547 0.830
Ambient,Mid - Ambient,High -0.006 0.011 77.148 -0.544 1.000
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Ambient,Mid - Mid,High -0.008 0.012 84.615 -0.687 0.999
Ambient,Mid - High,High -0.018 0.012 68.605 -1.592 0.806
Mid,Mid - High,Mid -0.002 0.010 107.057 -0.211 1.000
Mid,Mid - Ambient,High 0.008 0.012 80.070 0.694 0.999
Mid,Mid - Mid,High 0.006 0.011 77.253 0.542 1.000
Mid,Mid - High,High -0.004 0.012 75.072 -0.349 1.000
High,Mid - Ambient,High 0.010 0.011 84.960 0.896 0.993
High,Mid - Mid,High 0.008 0.011 83.025 0.741 0.998
High,Mid - High,High -0.002 0.012 80.714 -0.168 1.000
Ambient,High - Mid,High -0.002 0.010 203.816 -0.186 1.000
Ambient,High - High,High -0.012 0.012 43.967 -1.062 0.977
Mid,High - High,High -0.010 0.012 50.556 -0.865 0.994
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Figure B.S 2 Fv/Fm for the history combinations of treatments at t=3 (18 weeks) after all fragments were moved to ambient conditions for a two-week period.
Symbols represent origin treatment (at t=8 weeks) whereas x-axis distribution represent destination treatments (at t=16 weeks). Number of observations:

total=288, tank=24, tray=62.
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Table B.S 37 List of statistical models used to predict Fv/Fm of coral recruits relative to the exposure to treatment at t=23 weeks. The shaded area indicates

the best-fit model.

Model Fixed effect Random effect AlCc Akaike weights

Treatment (8 weeks) * treatment (16 weeks) * treatment (23

i i -957. 1 .
weeks) + log(size) (18 weeks) Tray nested in tank (intercept) 957.545 0.069
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* 1 * 2
5 Treatment (8 v'veeks) treatment (16 weeks) * treatment (23 Tank (intercept) 959 8743 0.221
weeks) + log(size) (18 weeks)
% %k
3 Treatment (8 v.veeks) treatment (16 weeks) * treatment (23 NA -962.2059 0.710
weeks) + log(size) (18 weeks)

Table B.S 38 Coefficients of the generalised linear mixed effect model predicting Fv/Fm of recruits among treatments at t=23 weeks. Number of

observations: total=288.

Estimate Std. Error z value Pr(>|z])
(Intercept) AMBIENT (8,16, 23 weeks) 0.44768 0.03834 11.68 <0.001
treat_4Acute -0.30148 0.01494 -20.18 <0.001
treat_2Mid -0.02058 0.01494 -1.38 0.1683
treat_2High -0.00811 0.01496 -0.54 0.5878
treat_1Mid 0.00174 0.01499 0.12 0.9078
treat_1High -0.00797 0.01497 -0.53 0.5944
yield_3 0.19744 0.06719 2.94 <0.001
treat_4Acute:treat_2Mid 0.14988 0.02117 7.08 <0.001
treat_4Acute:treat_2High 0.19270 0.02122 9.08 <0.001
treat_4Acute:treat_1Mid 0.08734 0.02117 4,13 <0.001
treat_4Acute:treat_1High 0.10167 0.02115 4.81 <0.001
treat_2Mid:treat_1Mid 0.03013 0.02115 1.42 0.1543
treat_2High:treat_1Mid 0.00971 0.02112 0.46 0.6458
treat_2Mid:treat_1High 0.00291 0.02112 0.14 0.8903
treat_2High:treat_1High 0.01372 0.02112 0.65 0.5159
treat_4Acute:treat_2Mid:treat_1Mid -0.09816 0.02996 -3.28 0.0011
treat_4Acute:treat_2High:treat_1Mid -0.15175 0.02990 -5.08 <0.001
treat_4Acute:treat_2Mid:treat_1High -0.09375 0.02989 -3.14 0.0017
treat_4Acute:treat_2High:treat_1High -0.16113 0.02995 -5.38 <0.001

Residual variance 0.042242, StdErr: 0.0017601
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Table B.S 39 Tukey Posthoc Test estimates of pairwise comparisons among treatments for Fv/Fm at t=23 weeks; confidence level used: 0.95

217

contrast estimate SE df t.ratio p.value
Ambient,Ambient,Ambient - Mid,Ambient,Ambient -0.002 0.016 269.000 -0.112 1.000
Ambient,Ambient,Ambient - High,Ambient,Ambient 0.008 0.015 269.000 0.515 1.000
Ambient,Ambient,Ambient - Ambient,Mid,Ambient 0.021 0.015 269.000 1.332 0.997
Ambient,Ambient,Ambient - Mid,Mid,Ambient -0.011 0.016 269.000 -0.717 1.000
Ambient,Ambient,Ambient - High,Mid,Ambient 0.026 0.016 269.000 1.651 0.974
Ambient,Ambient,Ambient - Ambient,High,Ambient 0.008 0.015 269.000 0.524 1.000
Ambient,Ambient,Ambient - Mid,High,Ambient -0.003 0.015 269.000 -0.216 1.000
Ambient,Ambient,Ambient - High,High,Ambient 0.002 0.015 269.000 0.153 1.000
Ambient,Ambient,Ambient - Ambient,Ambient,Acute 0.301 0.015 269.000 19.503 <0.001
Ambient,Ambient,Ambient - Mid,Ambient,Acute 0.212 0.016 269.000 13.590 <0.001
Ambient,Ambient,Ambient - High,Ambient,Acute 0.208 0.016 269.000 13.345 <0.001
Ambient,Ambient,Ambient - Ambient,Mid,Acute 0.172 0.016 269.000 11.096 <0.001
Ambient,Ambient,Ambient - Mid,Mid,Acute 0.151 0.015 269.000 9.780 <0.001
Ambient,Ambient,Ambient - High,Mid,Acute 0.169 0.016 269.000 10.852 <0.001
Ambient,Ambient,Ambient - Ambient,High,Acute 0.117 0.015 269.000 7.553 <0.001
Ambient,Ambient,Ambient - Mid,High,Acute 0.170 0.016 269.000 10.864 <0.001
Ambient,Ambient,Ambient - High,High,Acute 0.171 0.015 269.000 11.025 <0.001
Mid,Ambient,Ambient - High,Ambient,Ambient 0.010 0.015 269.000 0.628 1.000
Mid,Ambient,Ambient - Ambient,Mid,Ambient 0.022 0.015 269.000 1.442 0.994
Mid,Ambient,Ambient - Mid,Mid,Ambient -0.010 0.016 269.000 -0.614 1.000
Mid,Ambient,Ambient - High,Mid,Ambient 0.027 0.015 269.000 1.771 0.950
Mid,Ambient,Ambient - Ambient,High,Ambient 0.010 0.016 269.000 0.630 1.000
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Mid,Ambient,Ambient - Mid,High,Ambient -0.002 0.015 269.000 -0.103 1.000
Mid,Ambient,Ambient - High,High,Ambient 0.004 0.016 269.000 0.264 1.000
Mid,Ambient,Ambient - Ambient,Ambient,Acute 0.303 0.016 269.000 19.506 <0.001
Mid,Ambient,Ambient - Mid,Ambient,Acute 0.214 0.015 269.000 13.826 <0.001
Mid,Ambient,Ambient - High,Ambient,Acute 0.210 0.015 269.000 13.548 <0.001
Mid,Ambient,Ambient - Ambient,Mid,Acute 0.174 0.016 269.000 11.084 <0.001
Mid,Ambient,Ambient - Mid,Mid,Acute 0.153 0.015 269.000 9.864 <0.001
Mid,Ambient,Ambient - High,Mid,Acute 0.171 0.015 269.000 11.052 <0.001
Mid,Ambient,Ambient - Ambient,High,Acute 0.119 0.015 269.000 7.672 <0.001
Mid,Ambient,Ambient - Mid,High,Acute 0.172 0.015 269.000 11.077 <0.001
Mid,Ambient,Ambient - High,High,Acute 0.172 0.015 269.000 11.145 <0.001
High,Ambient,Ambient - Ambient,Mid,Ambient 0.013 0.015 269.000 0.815 1.000
High,Ambient,Ambient - Mid,Mid,Ambient -0.019 0.016 269.000 -1.237 0.999
High,Ambient,Ambient - High,Mid,Ambient 0.018 0.015 269.000 1.143 1.000
High,Ambient,Ambient - Ambient,High,Ambient 0.000 0.016 269.000 0.009 1.000
High,Ambient,Ambient - Mid,High,Ambient -0.011 0.015 269.000 -0.731 1.000
High,Ambient,Ambient - High,High,Ambient -0.006 0.015 269.000 -0.362 1.000
High,Ambient,Ambient - Ambient,Ambient,Acute 0.294 0.016 269.000 18.905 <0.001
High,Ambient,Ambient - Mid,Ambient,Acute 0.204 0.016 269.000 13.187 <0.001
High,Ambient,Ambient - High,Ambient,Acute 0.200 0.015 269.000 12.913 <0.001
High,Ambient,Ambient - Ambient,Mid,Acute 0.164 0.016 269.000 10.487 <0.001
High,Ambient,Ambient - Mid,Mid,Acute 0.143 0.015 269.000 9.246 <0.001
High,Ambient,Ambient - High,Mid,Acute 0.161 0.015 269.000 10.417 <0.001
High,Ambient,Ambient - Ambient,High,Acute 0.109 0.015 269.000 7.046 <0.001
High,Ambient,Ambient - Mid,High,Acute 0.162 0.016 269.000 10.441 <0.001
High,Ambient,Ambient - High,High,Acute 0.163 0.015 269.000 10.521 <0.001
Ambient,Mid,Ambient - Mid,Mid,Ambient -0.032 0.016 269.000 -2.035 0.849
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Ambient,Mid,Ambient - High,Mid,Ambient 0.005 0.015 269.000 0.326 1.000
Ambient,Mid,Ambient - Ambient,High,Ambient -0.012 0.016 269.000 -0.804 1.000
Ambient,Mid,Ambient - Mid,High,Ambient -0.024 0.015 269.000 -1.548 0.986
Ambient,Mid,Ambient - High,High,Ambient -0.018 0.015 269.000 -1.179 0.999
Ambient,Mid,Ambient - Ambient,Ambient,Acute 0.281 0.015 269.000 18.152 <0.001
Ambient,Mid,Ambient - Mid,Ambient,Acute 0.192 0.016 269.000 12.318 <0.001
Ambient,Mid,Ambient - High,Ambient,Acute 0.187 0.016 269.000 12.059 <0.001
Ambient,Mid,Ambient - Ambient,Mid,Acute 0.152 0.016 269.000 9.741 <0.001
Ambient,Mid,Ambient - Mid,Mid,Acute 0.131 0.015 269.000 8.446 <0.001
Ambient,Mid,Ambient - High,Mid,Acute 0.149 0.016 269.000 9.565 <0.001
Ambient,Mid,Ambient - Ambient,High,Acute 0.096 0.015 269.000 6.230 <0.001
Ambient,Mid,Ambient - Mid,High,Acute 0.149 0.016 269.000 9.584 <0.001
Ambient,Mid,Ambient - High,High,Acute 0.150 0.015 269.000 9.705 <0.001
Mid,Mid,Ambient - High,Mid,Ambient 0.037 0.016 269.000 2.380 0.623
Mid,Mid,Ambient - Ambient,High,Ambient 0.019 0.016 269.000 1.217 0.999
Mid,Mid,Ambient - Mid,High,Ambient 0.008 0.016 269.000 0.508 1.000
Mid,Mid,Ambient - High,High,Ambient 0.014 0.016 269.000 0.868 1.000
Mid,Mid,Ambient - Ambient,Ambient,Acute 0.313 0.016 269.000 19.788 <0.001
Mid,Mid,Ambient - Mid,Ambient,Acute 0.224 0.015 269.000 14.464 <0.001
Mid,Mid,Ambient - High,Ambient,Acute 0.219 0.015 269.000 14.144 <0.001
Mid,Mid,Ambient - Ambient,Mid,Acute 0.183 0.016 269.000 11.428 <0.001
Mid,Mid,Ambient - Mid,Mid,Acute 0.162 0.016 269.000 10.341 <0.001
Mid,Mid,Ambient - High,Mid,Acute 0.181 0.015 269.000 11.672 <0.001
Mid,Mid,Ambient - Ambient,High,Acute 0.128 0.016 269.000 8.217 <0.001
Mid,Mid,Ambient - Mid,High,Acute 0.181 0.015 269.000 11.713 <0.001
Mid,Mid,Ambient - High,High,Acute 0.182 0.016 269.000 11.657 <0.001
High,Mid,Ambient - Ambient,High,Ambient -0.018 0.016 269.000 -1.119 1.000
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High,Mid,Ambient - Mid,High,Ambient -0.029 0.015 269.000 -1.871 0.920

High,Mid,Ambient - High,High,Ambient -0.023 0.016 269.000 -1.500 0.990

High,Mid,Ambient - Ambient,Ambient,Acute 0.276 0.016 269.000 17.709 <0.001
High,Mid,Ambient - Mid,Ambient,Acute 0.187 0.015 269.000 12.070 <0.001
High,Mid,Ambient - High,Ambient,Acute 0.182 0.015 269.000 11.784 <0.001
High,Mid,Ambient - Ambient,Mid,Acute 0.147 0.016 269.000 9.311 <0.001
High,Mid,Ambient - Mid,Mid,Acute 0.125 0.016 269.000 8.086 <0.001
High,Mid,Ambient - High,Mid,Acute 0.144 0.015 269.000 9.291 <0.001
High,Mid,Ambient - Ambient,High,Acute 0.091 0.015 269.000 5.897 <0.001
High,Mid,Ambient - Mid,High,Acute 0.144 0.015 269.000 9.319 <0.001
High,Mid,Ambient - High,High,Acute 0.145 0.015 269.000 9.368 <0.001
Ambient,High,Ambient - Mid,High,Ambient -0.011 0.016 269.000 -0.737 1.000

Ambient,High,Ambient - High,High,Ambient -0.006 0.015 269.000 -0.371 1.000

Ambient,High,Ambient - Ambient,Ambient,Acute 0.293 0.015 269.000 18.970 <0.001
Ambient,High,Ambient - Mid,Ambient,Acute 0.204 0.016 269.000 12.926 <0.001
Ambient,High,Ambient - High,Ambient,Acute 0.200 0.016 269.000 12.703 <0.001
Ambient,High,Ambient - Ambient,Mid,Acute 0.164 0.015 269.000 10.613 <0.001
Ambient,High,Ambient - Mid,Mid,Acute 0.143 0.015 269.000 9.231 <0.001
Ambient,High,Ambient - High,Mid,Acute 0.161 0.016 269.000 10.224 <0.001
Ambient,High,Ambient - Ambient,High,Acute 0.109 0.016 269.000 6.992 <0.001
Ambient,High,Ambient - Mid,High,Acute 0.162 0.016 269.000 10.230 <0.001
Ambient,High,Ambient - High,High,Acute 0.162 0.016 269.000 10.447 <0.001
Mid,High,Ambient - High,High,Ambient 0.006 0.015 269.000 0.368 1.000

Mid,High,Ambient - Ambient,Ambient,Acute 0.305 0.015 269.000 19.688 <0.001
Mid,High,Ambient - Mid,Ambient,Acute 0.216 0.016 269.000 13.869 <0.001
Mid,High,Ambient - High,Ambient,Acute 0.211 0.016 269.000 13.611 <0.001
Mid,High,Ambient - Ambient,Mid,Acute 0.176 0.016 269.000 11.266 <0.001
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Mid,High,Ambient - Mid,Mid,Acute 0.154 0.015 269.000 9.992 <0.001
Mid,High,Ambient - High,Mid,Acute 0.173 0.016 269.000 11.114 <0.001
Mid,High,Ambient - Ambient,High,Acute 0.120 0.015 269.000 7.778 <0.001
Mid,High,Ambient - Mid,High,Acute 0.173 0.016 269.000 11.131 <0.001
Mid,High,Ambient - High,High,Acute 0.174 0.015 269.000 11.254 <0.001
High,High,Ambient - Ambient,Ambient,Acute 0.299 0.015 269.000 19.348 <0.001
High,High,Ambient - Mid,Ambient,Acute 0.210 0.016 269.000 13.449 <0.001
High,High,Ambient - High,Ambient,Acute 0.205 0.016 269.000 13.202 <0.001
High,High,Ambient - Ambient,Mid,Acute 0.170 0.016 269.000 10.938 <0.001
High,High,Ambient - Mid,Mid,Acute 0.149 0.015 269.000 9.627 <0.001
High,High,Ambient - High,Mid,Acute 0.167 0.016 269.000 10.708 <0.001
High,High,Ambient - Ambient,High,Acute 0.115 0.015 269.000 7.403 <0.001
High,High,Ambient - Mid,High,Acute 0.167 0.016 269.000 10.722 <0.001
High,High,Ambient - High,High,Acute 0.168 0.015 269.000 10.876 <0.001
Ambient,Ambient,Acute - Mid,Ambient,Acute -0.089 0.016 269.000 -5.677 <0.001
Ambient,Ambient,Acute - High,Ambient,Acute -0.094 0.016 269.000 -5.998 <0.001
Ambient,Ambient,Acute - Ambient,Mid,Acute -0.129 0.015 269.000 -8.349 <0.001
Ambient,Ambient,Acute - Mid,Mid,Acute -0.150 0.015 269.000 -9.724 <0.001
Ambient,Ambient,Acute - High,Mid,Acute -0.132 0.016 269.000 -8.439 <0.001
Ambient,Ambient,Acute - Ambient,High,Acute -0.185 0.015 269.000 -11.910 <0.001
Ambient,Ambient,Acute - Mid,High,Acute -0.132 0.016 269.000 -8.386 <0.001
Ambient,Ambient,Acute - High,High,Acute -0.131 0.015 269.000 -8.446 <0.001
Mid,Ambient,Acute - High,Ambient,Acute -0.005 0.015 269.000 -0.299 1.000

Mid,Ambient,Acute - Ambient,Mid,Acute -0.040 0.016 269.000 -2.529 0.510

Mid,Ambient,Acute - Mid,Mid,Acute -0.061 0.016 269.000 -3.925 0.013

Mid,Ambient,Acute - High,Mid,Acute -0.043 0.015 269.000 -2.788 0.327

Mid,Ambient,Acute - Ambient,High,Acute -0.096 0.016 269.000 -6.151 <0.001
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Mid,Ambient,Acute - Mid,High,Acute -0.043 0.015 269.000 -2.754 0.349
Mid,Ambient,Acute - High,High,Acute -0.042 0.016 269.000 -2.692 0.392
High,Ambient,Acute - Ambient,Mid,Acute -0.036 0.016 269.000 -2.253 0.716
High,Ambient,Acute - Mid,Mid,Acute -0.057 0.016 269.000 -3.642 0.034
High,Ambient,Acute - High,Mid,Acute -0.038 0.015 269.000 -2.488 0.541
High,Ambient,Acute - Ambient,High,Acute -0.091 0.015 269.000 -5.868 <0.001
High,Ambient,Acute - Mid,High,Acute -0.038 0.015 269.000 -2.453 0.568
High,Ambient,Acute - High,High,Acute -0.037 0.015 269.000 -2.400 0.609
Ambient,Mid,Acute - Mid,Mid,Acute -0.021 0.016 269.000 -1.355 0.997
Ambient,Mid,Acute - High,Mid,Acute -0.003 0.016 269.000 -0.180 1.000
Ambient,Mid,Acute - Ambient,High,Acute -0.055 0.016 269.000 -3.542 0.047
Ambient,Mid,Acute - Mid,High,Acute -0.002 0.016 269.000 -0.146 1.000
Ambient,Mid,Acute - High,High,Acute -0.002 0.016 269.000 -0.101 1.000
Mid,Mid,Acute - High,Mid,Acute 0.018 0.016 269.000 1.167 0.999
Mid,Mid,Acute - Ambient,High,Acute -0.034 0.015 269.000 -2.214 0.742
Mid,Mid,Acute - Mid,High,Acute 0.019 0.016 269.000 1.199 0.999
Mid,Mid,Acute - High,High,Acute 0.019 0.015 269.000 1.258 0.999
High,Mid,Acute - Ambient,High,Acute -0.052 0.016 269.000 -3.381 0.077
High,Mid,Acute - Mid,High,Acute 0.001 0.015 269.000 0.034 1.000
High,Mid,Acute - High,High,Acute 0.001 0.016 269.000 0.082 1.000
Ambient,High,Acute - Mid,High,Acute 0.053 0.016 269.000 3.410 0.070
Ambient,High,Acute - High,High,Acute 0.054 0.015 269.000 3.476 0.058
Mid,High,Acute - High,High,Acute 0.001 0.016 269.000 0.048 1.000
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Appendix C— Chapter 4

C.1 Adult fragments: growth

Table C.S 1 List of statistical models used to assess growth among treatments during incubation period t=1 (4 weeks). The shaded area indicates the best-fit

model.
Model Fixed effects Random effects AlCc Akélke
weights

1 treatment t=1 genotype (slope), tank (intercept) -2261.29 <0.001
2 treatment t=1 genotype (slope) -2263.39 <0.001
3 treatment t=1 -- -2139.01 <0.001
4 treatment t=1 genotype (intercept) -2267.45 <0.001
5 treatment t=1 + size genotype (intercept) -2307.69 1.000

Table C.S 2 Coefficient estimates for the best-fit linear model predicting proportional growth rate at t=4 weeks. Asterisks indicate significant effects.

Estimate Std. Error Z value Pr(>|z])
(Intercept) (A) 0.05483 0.00425 12.91 <0.001 Ak
treatment 1 (M) -0.00117 0.00133 -0.88 0.3773
treatment 1 (H) 0.00343 0.00132 2.59 0.0095 Ak
log(size at t=0) -0.01278 | 0.00191 -6.70 <0.001 Ak

Random effect variance(s):

Group=Genotype

Variance StdDev

(Intercept)  |0.000 0.008
Residual variance: 0.010
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Table C.S 3 Posthoc test estimates for growth at t=4 weeks for individual comparisons among treatments.

contrast estimate SE df t.ratio p.value
ambient-mid 0.00117 0.00133 354 0.879 0.6542
ambient-high -0.00343 0.00133 354 -2.584 0.0274
mid-high 0.00133 354 -3.465 0.0017

Table C.S 4 List of statistical models used to predict the difference in proportional linear extension between time t=8 and t=4 weeks [i.e., (log; (—

among treatments during incubation period t=8, after transplantation occurred. The shaded area indicates the best-fit model.

Model | Fixed effect Random effect AlCc Akélke
weights

1 Interaction treatment t=1 * t=2 + size | genotype (intercept) -2310.26 | 1.000

2 Addition treatment t=1 + t=2 + size genotype (intercept) -2016.09 | <0.001

3 Treatment t=2 + size genotype (intercept) -2009.21 | <0.001

Table C.S 5 Coefficient estimates for the linear model comparing proportional linear extension of fragments under the different treatments at t=8 in relation

to the exposure of their previous treatment at t=4. Asterisks indicate significant effects.

Estimate Std. Error | Z value Pr
(>1zl)
(Intercept) (1 ambient, 2 ambient) 0.058624 0.004340 | 13.51 | <0.001 | ***
treatment 2(mid) 0.011451 0.002270 | 5.04 <0.001 | ***
treatment 2(high) 0.005900 0.002287 | 2.58 0.0099 | ***
treatment 1(mid) 0.009251 0.002280 | 4.06 <0.001 | ***
treatment 1(high) 0.013170 0.002279 | 5.78 <0.001 | ***




APPENDIX C— CHAPTER 4

log(size t=1) -0.018078 0.001953 | -9.26 <0.001 | ***
treatment 2(mid): treatment 1(mid) -0.013959 0.003208 | -4.35 <0.001 | ***
treatment 2(high): treatment 1(mid) 0.000186 0.003209 | 0.06 0.9538

treatment 2(mid): treatment 1(high) -0.011597 0.003208 | -3.62 <0.001 | ***
treatment 2(high): treatment 1(high) -0.015392 0.003224 | -4.77 <0.001 | ***

Random effect variance(s):

Group=Genotype

Variance StdDev

(Intercept) | 0.000 0.007

Residual variance: 0.010
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Table C.S 6 Post Hoc results of coefficient estimates for the linear model comparing predicted growth of fragments under the different treatments at t=8 in

relation to the exposure of their previous treatment at t=4 (treatment combinations). Asterisks indicate significant effects.

contrast estimate SE df t.ratio | p.value
amb,amb - mid, amb -1.14E-02 2.30E-03 348 | -4.980 | <0.001 *
amb, amb - high, amb -5.89E-03 2.32E-03 349 | -2.547 | 0.2137

mid, amb - high, amb 5.55E-03 2.30E-03 348 | 2.410 | 0.2816

amb, mid - high, mid -6.08E-03 2.30E-03 348 | -2.643 | 0.1727

amb, mid - mid, mid 2.50E-03 2.30E-03 348 | 1.092 | 0.9751

mid, mid - high, mid -8.59E-03 2.30E-03 348 | -3.735 | 0.0067 *
amb, high - mid, high -0.14E-03 2.30E-03 348 | -0.063 | 1.0000

amb, high - high, high 9.49E-03 2.30E-03 348 | 4.133 | 0.0015 *
mid, high - high, high 9.34E-03 2.30E-03 348 | 4.069 | 0.0019 *
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Figure C.S 1 Residuals of the random intercept of the best-fit model predicting growth after transplantation. Grey line represents what is the expected

226

change on linear extension in relation to the model, with values below this considered worse than the expected and with values above the line considered

better than the expected.
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Table C.S 7 Summary statistics of the linear mixed effect models testing for acclimation at t=8, considering all treatment combinations.

ambient-ambient

Genotype

Estimate Std. Error t value
(Intercept) 0.054174 0.007255 7.467
time2 -0.006537 0.002115 -3.092
log(Size) -0.012368 0.003754 -3.295

ambient-mid
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Estimate Std. Error t value
(Intercept) 0.052734 0.007729 6.823
time2 0.005863 0.002264 2.589
log(Size) -0.012294 0.003826 -3.213
ambient-high
Estimate Std. Error t value
(Intercept) 0.078266 0.011248 6.958
time2 -0.001575 0.002543 -0.619
log(Size) -0.023935 0.005483 -4.365
mid-ambient
Estimate Std. Error t value
(Intercept) 0.0536525 0.0095370 5.626
time2 0.0007649 0.0024744 0.309
log(Size) -0.0115032 0.0046882 -2.454
mid-mid
Estimate Std. Error t value
(Intercept) 0.0706108 0.0092628 7.623
time2 -0.0008699 0.0027772 -0.313
log(Size) -0.0202064 0.0045361 -4.455
mid-high
Estimate Std. Error t value
(Intercept) 0.063879 0.012285 5.200
time2 0.014142 0.002367 5.975
log(Size) -0.019985 0.005788 -3.453
high-ambient
Estimate Std. Error t value
(Intercept) 0.065467 0.011981 5.464
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time2 0.002095 0.003053 0.686
log(Size) -0.016007 0.005944 -2.693
high-mid
Estimate Std. Error t value
(Intercept) 0.053118 0.008501 6.248
time2 0.007244 0.002082 3.479
log(Size) -0.012580 0.004137 -3.041
high-high
Estimate Std. Error t value
(Intercept) 0.061660 0.007626 8.085
time2 -0.010552 0.002370 -4.452
log(Size) -0.012548 0.003786 -3.314

Table C.S 8 List of statistical models predicting linear growth at t=10 weeks (all fragments under ambient treatment for 2 weeks) relative to the exposure to

previous treatments at t=4 and t=8. The shaded area indicates the best-fit model.

Model Fixed effect Random effect AlCc Akaike weights
. " . genotype  (intercept),
2 Interaction treatment t=1 * t=2 + size . -2553.24 0.268
tank (intercept)
3 Interaction treatment t=1 * t=2 + size tank (intercept) -2469.20 <0.001
4 Interaction treatment t=1 * t=2 + size NA -2470.83 <0.001

Table C.S 9 Coefficient estimates for the best-fit linear model predicting the linear growth at t=10 weeks as a function of treatment at t=4 weeks and

treatment at t=8 weeks and size at t=8 weeks. Asterisks indicate significant effects. Total observations=378, genotypes=21

| | Estimate | Std. Error | z value | Pr(>]z]) |
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(Intercept) (lamb, 2amb) 0.038163 0.003292 11.59 <0.001
treat_2M (2mid) -0.001304 0.001644 -0.79 0.428
treat_2H (2high) -0.000400 0.001656 -0.24 0.809
treat_1M (1mid) -0.000250 0.001652 -0.15 0.880
treat_1H (1high) 0.002796 0.001653 1.69 0.091
log(t2) (size, t=8weeks) -0.011378 0.001462 -7.78 <0.001
treat_2M:treat_1M 0.003513 0.002322 1.51 0.130
treat_2H:treat_1M 0.001225 0.002321 0.53 0.598
treat_2M:treat_1H -0.000374 0.002321 -0.16 0.872
treat_2H:treat_1H -0.000365 0.002337 -0.16 0.876

Random effect variance(s):

Group=Genotype

Variance StdDev

(Intercept) 2.347e-05 0.004845

Residual variance: 0.007

Table C.S 10 Tukey Post hoc test estimates of all combinations of treatments confirming no significant differences on growth at t=10 weeks

contrast estimate SE df t.ratio p.value
Ambient,Ambient - Mid,Ambient 0.000 0.002 348.596 0.149 1.000
Ambient,Ambient - High,Ambient -0.003 0.002 348.646 -1.670 0.765
Ambient,Ambient - Ambient,Mid 0.001 0.002 348.223 0.783 0.997
Ambient,Ambient - Mid,Mid -0.002 0.002 348.615 -1.171 0.962
Ambient,Ambient - High,Mid -0.001 0.002 348.724 -0.667 0.999
Ambient,Ambient - Ambient,High 0.000 0.002 348.790 0.239 1.000
Ambient,Ambient - Mid,High -0.001 0.002 349.594 -0.339 1.000
Ambient,Ambient - High,High -0.002 0.002 348.342 -1.218 0.952
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Mid,Ambient - High,Ambient -0.003 0.002 348.004 -1.834 0.659
Mid,Ambient - Ambient,Mid 0.001 0.002 348.097 0.634 0.999
Mid,Ambient - Mid,Mid -0.002 0.002 348.003 -1.331 0.922
Mid,Ambient - High,Mid -0.001 0.002 348.010 -0.823 0.996
Mid,Ambient - Ambient,High 0.000 0.002 348.018 0.091 1.000
Mid,Ambient - Mid,High -0.001 0.002 348.271 -0.495 1.000
Mid,Ambient - High,High -0.002 0.002 348.040 -1.373 0.907
High,Ambient - Ambient,Mid 0.004 0.002 348.118 2.465 0.253
High,Ambient - Mid,Mid 0.001 0.002 348.003 0.503 1.000
High,Ambient - High,Mid 0.002 0.002 348.005 1.011 0.985
High,Ambient - Ambient,High 0.003 0.002 348.011 1.925 0.597
High,Ambient - Mid,High 0.002 0.002 348.239 1.333 0.921
High,Ambient - High,High 0.001 0.002 348.054 0.461 1.000
Ambient,Mid - Mid,Mid -0.003 0.002 348.105 -1.963 0.570
Ambient,Mid - High,Mid -0.002 0.002 348.154 -1.456 0.875
Ambient,Mid - Ambient,High -0.001 0.002 348.185 -0.543 1.000
Ambient,Mid - Mid,High -0.002 0.002 348.672 -1.122 0.971
Ambient,Mid - High,High -0.003 0.002 348.016 -2.008 0.539
Mid,Mid - High,Mid 0.001 0.002 348.008 0.507 1.000
Mid,Mid - Ambient,High 0.002 0.002 348.015 1.421 0.889
Mid,Mid - Mid,High 0.001 0.002 348.259 0.831 0.996
Mid,Mid - High,High 0.000 0.002 348.045 -0.042 1.000
High,Mid - Ambient,High 0.002 0.002 348.005 0.914 0.992
High,Mid - Mid,High 0.001 0.002 348.194 0.326 1.000
High,Mid - High,High -0.001 0.002 348.078 -0.549 1.000
Ambient,High - Mid,High -0.001 0.002 348.162 -0.586 1.000
Ambient,High - High,High -0.002 0.002 348.101 -1.462 0.872
Mid,High - High,High -0.001 0.002 348.503 -0.871 0.994
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Figure C.S 2 Mean linear growth for the history combinations of treatments at t=10 weeks after all fragments were moved to ambient conditions. Symbols

represent origin treatment whereas x-axis distribution represent destination treatments. Number of observations: total=378, number of genotypes=21.
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Table C.S 11 List of statistical models predicting linear growth at t=14 (fragments under acute or ambient treatment) relative to the exposure to previous

treatments at t=4 and t=8. The shaded area indicates the best-fit model.

Model | Fixed effect Random effect AlCc Akélke
weights
. " " . genotype (intercept), tank
1 Interaction treatment t=1 * t=2 * t=4 + size . -2047.88 | 0.267
(intercept)
2 Interaction treatment t=1 * t=2 * t=4 + size genotype (intercept) -2049.98 | 0.671
3 Interaction treatment t=1 * t=2 * t=4 + size -1830.83 | <0.001
4 Interaction treatment t=1 * t=2 * t=4 -1721.91 | <0.001
5 Interaction treatment t=1 * t=2 + interaction t=1 * t=4 +interaction t=2 * t=4 + size | genotype (intercept) -2042.72 | 0.169
6 Addition treatment t=1 + t=2 + t=4 + size genotype (intercept) -2044.83 | 0.442
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Table C.S 12 Coefficient estimates for the best-fit linear model predicting the linear growth at t=14 as a function of treatment at t=4 and treatment at t=8

and size at t=10 weeks. Asterisks indicate significant effects.

treatment 1 (H)

Estimate Std. Error z value Pr(>|z])
(Intercept) (4Amb, 1A, 2A) 0.120656 0.007151 16.87 <2e-16 kK
treatment (4ACUTE) -0.012136 0.004307 -2.82 0.0048 ok
treatment 2 (M) -0.001965 0.004321 -0.45 0.6492
treatment 2 (H) -0.001256 0.004318 -0.29 0.7711
treatment 1 (M) -0.004451 0.004322 -1.03 0.3031
treatment 1 (H) 0.006981 0.004318 1.62 0.1060
log(size t=3) -0.034187 0.002862 -11.95 <2e-16 kK
treatment 4 (ACU): treatment 2 (M) 0.016013 0.006094 2.63 0.0086 *k
treatment 4 (ACU): treatment 2 (H) 0.010426 0.006073 1.72 0.0860 .
treatment 4 (ACU): treatment 1 (M) 0.015130 0.006077 2.49 0.0128 *
treatment 4 (ACU): treatment 1 (H) -0.005306 0.006073 -0.87 0.3823
treatment 2 (M): treatment 1 (M) 0.005932 0.006090 0.97 0.3301
treatment 2 (H): treatment 1 (M) 0.008572 0.006077 1.41 0.1584
treatment 2 (M): treatment 1 (H) -0.006403 0.006090 -1.05 0.2931
treatment 2 (H): treatment 1 (H) 0.004316 0.006097 0.71 0.4791
treatment 4 (ACU): treatment 2 (M): | -0.027309 0.008604 -3.17 0.0015 *k
treatment 1 (M)
treatment 4 (Ac): treatment 2 (H): | -0.026964 0.008589 -3.14 0.0017 *k
treatment 1 (M)
treatment 4 (Ac): treatment 2 (M): | -0.000404 0.008602 -0.05 0.9626
treatment 1 (H)
treatment 4 (Ac): treatment 2 (H): | -0.005391 0.008588 -0.63 0.5302

Random effect variance(s):

Group=Genotype



APPENDIX C— CHAPTER 4

Variance

StdDev

(Intercept)

0.000

0.015

Residual variance: 0.014

Table C.S 13 Tukey Post hoc test estimates of growth rate at t=14 considering combinations of treatments.

contrast estimate SE df t.ratio p.value
AAA-AAACU 0.01214 0.00442 339.09534 | 2.74606 0.35314

M,AA - M,A,ACU -0.00299 0.00441 339.01220 | -0.67922 1.00000
H,C,A-H,C, ACU 0.01744 0.00441 339.06126 | 3.95077 0.01135 | ***
C,M,A - C,M,ACU -0.00388 0.00441 339.02994 | -0.87903 0.99999

M,M,A - M,M, ACU 0.00830 0.00441 339.01247 | 1.88326 0.91621

H,M,A - H,M, ACU 0.00183 0.00441 339.05271 | 0.41522 1.00000
AHA-CH, ACU 0.00171 0.00442 339.08466 | 0.38706 1.00000

M,H,A - M,H, ACU 0.01354 0.00441 339.02517 | 3.07134 0.17378

H,H,A - H,H, ACU 0.01241 0.00441 339.03840 | 2.81216 0.31037
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Figure C.S 3 Residuals of the random intercept of the best-fit model predicting linear growth during heat stress exposure. Grey line represents what is the

expected change on linear extension in relation to the model, with values below this considered worse than the expected and with values above the line

considered better than the expected.
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Table C.S 14 List of statistical models used to assess maximum quantum yield (Fv/Fm) among treatments during incubation period t=4 weeks. The shaded

area indicates the best-fit model.

Model Fixed effects Random effects Df AlCc Akaike weights

1 treatment t=1 + size + Y Il t=0 ‘(gselzggg)/pe (intercept), tank (intercept), position (intercept), position 11 -6219.86 0.034

2 treatment t=1 + size + Y.l t=0 | genotype (intercept), tank (intercept), position (intercept) 9 -6223.88 0.259

3 treatment t=1 + size + Y.l t=0 | tank (intercept), position (intercept) 8 -5936.04 <0.001
treatment t=1 + size + Y.ll t=0 | genotype (intercept), position (intercept) 8 -6225.88 0.705
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5 treatment t=1 + size + Y.ll t=0 | genotype (intercept), tank (intercept) 8 -5968.66 <0.001
6 treatment t=1 + size + Y.l t=0 | position (intercept) 7 -5918.84 <0.001
7 treatment t=1 + size + Y.ll t=0 | genotype (intercept) 7 -5970.66 <0.001
8 treatment t=1 + size + Y.l t=0 | - 6 -5765.80 <0.001

Table C.S 15 Coefficient estimates for the best-fit linear model predicting Fv/Fm at t=4 as a function of treatment at t=4 weeks, Fv/fm at t=0 and size at t=4

weeks. Asterisks indicate significant effects.

Estimate Std. Error zvalue Pr(>]z])
(Intercept) (ambient) 0.42922 0.02604 16.48 <2e-16 *
Y.I1.0 Fv/Fm 0.15000 0.04088 3.67 0.00024 *
log(t1) size 0.03134 0.00345 9.09 <2e-16 *
treat_1 (high) -0.04535 0.00224 -20.27 <2e-16 *
treat_1 (mid) -0.01981 0.00225 -8.80 <2e-16 *

Random effect variance(s):

Group=Genotype

Variance

StdDev

(Intercept) | 0.000

0.021

Residual variance: 0.037

Table C.S 16 Tukey Post hoc test estimates of Fv/Fm at t=4 weeks considering comparisons between treatments.

contrast estimate SE df t.ratio p.value
A-H 0.0453 0.00224 1669 20.245 <.0001
A-M 0.0198 0.00225 1669 8.784 <.0001
H-M -0.0255 0.00224 1668 -11.426 <.0001
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Table C.S 17 List of statistical models used to predict maximum quantum yield [Fv/Fm] at time t=8 weeks relative to treatment t=4 weeks, i.e., after

transplantation occurred. The shaded area indicates the best-fit model.
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Model | Fixed effects Random effects Df AlCc Aka.lke
weights

1 Interaction treatment t=1 * t=2 + size + Y.Il t=1 | EENOtYPe  (intercept), tank (intercept), position | ;5 | gy 1g 0.270
(intercept), position (slope)

2 Interaction treatment t=1 * t=2 + size + v.Il t=1 | ESMCWPe  (intercept), tank  (intercept), position | 1, | ¢159 13 0.196
(intercept)

3 Interaction treatment t=1 * t=2 + size + Y.l t=1 | tank (intercept), position (intercept) 14 -5842.64 <0.001

4 Interaction treatment t=1 * t=2 + size + Y.ll t=1 | genotype (intercept), position (intercept) 14 -6153.18 0.533

5 Interaction treatment t=1 * t=2 + size + Y.ll t=1 | genotype (intercept), tank (intercept), 14 -5924.26 <0.001

6 Interaction treatment t=1 * t=2 + size + Y.ll t=1 | position (intercept) 13 -5820.90 <0.001

7 Interaction treatment t=1 * t=2 + size + Y.ll t=1 | genotype (intercept) 13 -5926.26 <0.001

8 Interaction treatment t=1 * t=2 + size + Y.ll t=1 | - 12 -5726.84 <0.001

Table C.S 18 Coefficient estimates for the best-fit linear model predicting Fv/Fm at t=8 weeks as a function of treatment at t=8 weeks, treatment at t=4

weeks, Fv/Fm at t=4 and size at t=8. Asterisks indicate significant effects.

Estimate Std. Error z value Pr(>|z])
(Intercept) 0.45050 0.01785 25.23 < 2e-16 kK
Y.I.1 (t=4 weeks) 0.11026 0.02756 4.00 6.3e-05 *Ak
treat_1H 0.02299 0.00448 5.13 2.9e-07 *Ak
treat_1M -0.00181 0.00399 -0.45 0.64965
treat_2H -0.05613 0.00397 -14.14 < 2e-16 *Ak
treat_2M -0.03250 0.00393 -8.27 < 2e-16 *Ak
log(t2) 0.02068 0.00381 5.43 5.5e-08 ok x
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treat_1H:treat_2H 0.01489 0.00586 2.54 0.01110 *
treat_1M:treat_2H 0.00599 0.00555 1.08 0.28098
treat_1H:treat_2M 0.01907 0.00561 3.40 0.00067 Aok
treat_1M:treat_2M 0.02245 0.00555 4.05 5.2e-05 Aok

Random effect variance(s):

Group=Genotype

Variance

StdDev

(Intercept)

0.000

0.023

Residual variance: 0.038

Group=position

Variance

StdDev

(Intercept)

0.000

0.023

Residual variance: 0.038

Table C.S 19 Tukey Post hoc test estimates of Fv/Fm at t=8 considering comparisons between treatments at t=4 and treatment at t=8 weeks.

contrast estimate SE df t.ratio p.value
AA —HA amb, amb - high, amb -0.02294 0.00448 | 1677 -5.123 <.0001
AA — MA amb,amb - mid, amb 0.00183 0.00400 | 1665 0.457 1.0000
AA - AH 0.05613 0.00398 | 1663 14.102 | <.0001
AA - HH 0.01825 0.00396 | 1663 4.609 0.0002
AA - MH 0.05197 0.00403 | 1666 12.885 | <.0001
AA - AM 0.03250 0.00394 | 1662 8.249 <.0001
AA - HM -0.00953 0.00412 | 1669 -2.312 0.3353
AA - MM 0.01187 0.00397 | 1663 2.992 0.0694
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HA — MA high, amb - mid, amb 0.02477 0.00421 | 1670 5.881 <.0001
HA - AH 0.07907 0.00449 | 1675 17.593 <.0001
HA - HH 0.04119 0.00433 | 1673 9.508 <.0001
HA - MH 0.07491 0.00426 | 1670 17.564 <.0001
HA - AM 0.05544 0.00456 | 1679 12.154 <.0001
HA - HM 0.01341 0.00405 | 1666 3.310 0.0266
HA - MM 0.03481 0.00432 | 1673 8.057 <.0001
MA - AH 0.05430 0.00400 | 1664 13.582 <.0001
MA - HH 0.01642 0.00395 | 1662 4.160 0.0011
MA - MH 0.05014 0.00396 | 1662 12.677 <.0001
MA - CM 0.03067 0.00403 | 1666 7.615 <.0001
MA - HM -0.01136 0.00397 | 1663 -2.858 0.0998
MA - MM 0.01004 0.00395 | 1662 2.545 0.2114
AH - HH amb, high - high, high -0.03788 0.00396 | 1663 -9.563 <.0001
AH - MH amb, high - mid, high -0.00416 0.00398 | 1664 -1.047 0.9812
AH - AM -0.02363 0.00398 | 1664 -5.932 <.0001
AH - HM -0.06566 0.00412 | 1667 -15.947 | <.0001
AH - MM -0.04426 0.00396 | 1663 -11.178 | <.0001
HH - MH mid, high - high, high 0.03372 0.00396 | 1663 8.509 <.0001
HH - AM 0.01425 0.00398 | 1664 3.583 0.0105
HH - HM -0.02778 0.00403 | 1665 -6.896 <.0001
HH - MM -0.00638 0.00394 | 1662 -1.621 0.7933
MH - AM -0.01947 0.00406 | 1667 -4.795 0.0001
MH - HM -0.06150 0.00400 | 1664 -15.382 | <.0001
MH - MM -0.04010 0.00396 | 1663 -10.138 | <.0001
AM - HM amb, mid - high, mid -0.04203 0.00417 | 1671 -10.067 | <.0001
AM - MM amb, mid - mid, mid -0.02063 0.00399 | 1664 -5.176 <.0001
HM - MM mid, mid - high, mid 0.02140 0.00402 | 1665 5.321 <.0001
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Figure C.S 4 Residuals of the random intercept of the best-fit model predicting maximum quantum yield (Fv/Fm) after transplantation. Grey line represents

what is the expected change on maximum quantum yield (Fv/Fm) in relation to the model, with values below this considered worse than the expected and

with values above the line considered better than the expected.
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Table C.S 20 Summary statistics of the linear mixed effect models using Fv/Fm testing for acclimation at t=2, considering all treatment combinations.

ambient-ambient

Estimate Std. Error t value
(Intercept) 0.541230 0.030203 17.920
time2 -0.023129 0.003775 -6.126
log(Size) 0.018805 0.014916 1.261

ambient-mid

Estimate ’ Std. Error ’ tvalue
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(Intercept) 0.545865 0.029775 18.333
time2 -0.061650 0.003168 -19.462
log(Size) 0.019806 0.014435 1.372
ambient-high
Estimate Std. Error tvalue
(Intercept) 0.5888567 0.0684762 8.599
time2 -0.0827731 0.0033371 -24.804
log(Size) -0.0007026 0.0314501 -0.022
mid-ambient
Estimate Std. Error tvalue
(Intercept) 0.518489 0.039705 13.058
time2 -0.007241 0.004016 -1.803
log(Size) 0.020335 0.018493 1.100
mid-mid
Estimate Std. Error tvalue
(Intercept) 0.5699778 0.0422909 13.478
time2 -0.0253723 0.0036160 -7.017
log(Size) 0.0006308 0.0199545 0.032
mid-high
Estimate Std. Error tvalue
(Intercept) 0.578308 0.043030 13.440
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time2 -0.060886 0.002941 -20.700
log(Size) -0.004379 0.019366 -0.226
high-ambient
Estimate Std. Error tvalue
(Intercept) 0.464059 0.058920 7.876
time2 0.065920 0.003679 17.920
log(Size) 0.020398 0.027565 0.740
high-mid
Estimate Std. Error tvalue
(Intercept) 0.537410 0.043730 12.289
time2 0.022340 0.004645 4.809
log(Size) 0.002332 0.020252 0.115
high-high
Estimate Std. Error tvalue
(Intercept) 0.500283 0.039420 12.691
time2 -0.034409 0.003131 -10.989
log(Size) 0.034505 0.018591 1.856

Resetting to ambient conditions t=10 weeks
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Table C.S 21 List of statistical models predicting Fv/Fm at t=10 (all fragments under ambient treatment for 2 weeks) relative to the exposure to previous

treatments at t=4 and t=8. The shaded area indicates the best-fit model.
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Model | Fixed effect Random effect AlCc Aka'lke
weights

1 Interaction treatment t=1 * t=2 + size + Fv/Fm t=2 genotype (intercept), tank (intercept), position (intercept) -6106.16 0.331

2 Addition treatment t=1 + t=2 + size + Fv/Fm t=2 genotype (intercept), tank (intercept), position (intercept) -5983.62 <0.001
3 Interaction treatment t=1 * t=2 + size + Fv/Fm t=2 genotype (intercept), position (intercept) -6107.56 0.668

4 Interaction treatment t=1 * t=2 + size + Fv/Fm t=2 tank (intercept), position (intercept) -5772.44 <0.001
5 Interaction treatment t=1 * t=2 + size + Fv/Fm t=2 genotype (intercept), tank (intercept) -6026.12 <0.001
6 Interaction treatment t=1 * t=2 + size + Fv/Fm t=2 position (intercept) -5772.84 <0.001
7 Interaction treatment t=1 * t=2 + size + Fv/Fm t=2 genotype (intercept) -6027.66 <0.001
8 Interaction treatment t=1 * t=2 + size + Fv/Fm t=2 - -5761.76 <0.001

Table C.S 22 Coefficient estimates for the best-fit linear model predicting Fv/Fm at t=10 as a function of treatment at t=4 and treatment at t=8 and size at

t=8 weeks. Asterisks indicate significant effects.

Estimate Std. Error zvalue Pr(>]z])

(Intercept) 0.32811 0.01636 20.06 < 2e-16 ok
Y.1.2 0.28206 0.02509 11.24 < 2e-16 *EX
treat_1H -0.02044 0.00404 -5.06 4.1e-07 *Ak
treat_1M -0.01193 0.00401 -2.98 0.0029 *k
treat_2H 0.03782 0.00427 8.86 < 2e-16 *Ak
treat_2M -0.00862 0.00407 -2.12 0.0340 *
log(t3) 0.02420 0.00386 6.26 3.7e-10 *EX
treat_1H:treat 2H | 0.01085 0.00572 1.90 0.0578 .
treat_1M:treat_2H | -0.04053 0.00564 -7.18 6.9e-13 *EX
treat_1H:treat_2M | 0.02576 0.00567 4.55 5.5e-06 ok
treat_1M:treat_2M | 0.01206 0.00567 2.13 0.0334 *
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Random effect variance(s):

Group=Genotype

Variance

StdDev

(Intercept)

0.000

0.011

Residual variance: 0.038

Group=position

Variance

StdDev

(Intercept)

0.000

0.010

Residual variance: 0.038

Table C.S 23 Tukey Post hoc test estimates of all combinations of treatments testing significant differences on Fv/Fm at t=10 weeks.

contrast estimate SE df t.ratio p.value
amb,amb - high,amb 0.020 0.004 1663.183 5.048 0.000
amb,amb - mid,amb 0.012 0.004 1662.683 2.971 0.074
amb,amb - amb,high -0.038 0.004 1673.625 -8.849 0.000
amb,amb - high,high -0.028 0.004 1664.149 -6.982 0.000
amb,amb - mid,high 0.015 0.004 1674.145 3.431 0.018
amb,amb - amb,mid 0.009 0.004 1665.329 2.120 0.460
amb,amb - high,mid 0.003 0.004 1662.916 0.818 0.996
amb,amb - mid,mid 0.009 0.004 1663.581 2.108 0.468
high,amb - mid,amb -0.008 0.004 1663.093 -2.110 0.467
high,amb - amb,high -0.058 0.004 1674.878 -13.362 | 0.000
high,amb - high,high -0.049 0.004 1665.482 -11.898 | 0.000
high,amb - mid,high -0.006 0.004 1675.153 -1.322 0.925
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high,amb - amb,mid -0.012 0.004 1667.910 -2.813 0.112
high,amb - high,mid -0.017 0.004 1662.326 -4.277 0.001
high,amb - mid,mid -0.012 0.004 1664.423 -2.941 0.080
mid,amb - amb,high -0.050 0.004 1670.774 -11.830 | 0.000
mid,amb - high,high -0.040 0.004 1662.792 -9.994 0.000
mid,amb - mid,high 0.003 0.004 1671.093 0.656 0.999
mid,amb - amb, mid -0.003 0.004 1664.418 -0.808 0.997
mid,amb - high,mid -0.009 0.004 1662.283 -2.154 0.437
mid,amb - mid,mid -0.003 0.004 1662.321 -0.858 0.995
amb,high - high,high 0.010 0.004 1667.198 2.329 0.325
amb,high - mid,high 0.052 0.004 1662.111 13.105 0.000
amb,high - amb,mid 0.046 0.004 1666.290 11.348 0.000
amb,high - high,mid 0.041 0.004 1672.497 9.621 0.000
amb,high - mid,mid 0.046 0.004 1668.379 11.181 0.000
high,high - mid,high 0.043 0.004 1667.552 10.433 0.000
high,high - amb,mid 0.037 0.004 1662.718 9.151 0.000
high,high - high,mid 0.032 0.004 1663.852 7.784 0.000
high,high - mid,mid 0.037 0.004 1662.128 9.171 0.000
mid,high - amb,mid -0.006 0.004 1666.970 -1.471 0.869
mid,high - high,mid -0.011 0.004 1672.730 -2.673 0.158
mid,high - mid,mid -0.006 0.004 1668.667 -1.496 0.858
amb,mid - high,mid -0.005 0.004 1666.071 -1.290 0.934
amb,mid - mid,mid 0.000 0.004 1663.341 -0.034 1.000
high,mid - mid,mid 0.005 0.004 1663.056 1.291 0.934
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Figure C.S 5 Mean Fv/Fm for the history combinations of treatments at t=3 after all fragments were moved to ambient conditions. Symbols represent origin

treatment whereas x-axis distribution represent destination treatments. Number of observations: total=378, number of genotypes=21.
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Table C.S 24 List of statistical models predicting Fv/Fm at t=14 (fragments under heat stress or ambient treatment) relative to the exposure to previous

treatments at t=4 and t=8 weeks. The shaded area indicates the best-fit model.

Model Fixed effect Random effect AlCc Aka'lke
weights

1 Interaction treatment t=1 * t=2 * t=4 + size + Y.1I.3 t=3 genotype (intercept), tank (intercept), position (intercept) | - 10934.10 | 0.999

2 Interaction treatment t=1 * t=2 * t=4 + size + Y.Il.3 t=3 genotype (intercept), position (intercept) -10912.84 | <0.001

3 Interaction treatment t=1 * t=2 * t=4 + size + Y.I.3 t=3 tank (intercept), position (intercept) -10593.22 | <0.001

4 Interaction treatment t=1 * t=2 * t=4 + size + Y.Il.3 t=3 genotype (intercept), tank (intercept), -10824.00 | <0.001
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Table C.S 25 Coefficient estimates for the best-fit linear model predicting the linear growth at t=14 as a function of treatment at t=4 and treatment at t=8

and size at t=10 weeks. Asterisks indicate significant effects.

Estimate Std. Error zvalue Pr(>]z])

(Intercept) 0.12204 0.01448 8.43 <2e-16 *kk
Y..3 0.40489 0.02066 19.60 < 2e-16 *Ak
treat_1H 0.08898 0.00491 18.13 < 2e-16 *Ak
treat_1M 0.08499 0.00490 17.35 < 2e-16 *Ax
treat_2H 0.05140 0.00743 6.92 4.5e-12 *Ax
treat_2M 0.09814 0.00740 13.25 < 2e-16 *Ax
treat_4Co 0.13808 0.00740 18.66 <2e-16 * *x

log(t4) 0.02579 0.00366 7.05 1.7e-12 *Ax
treat_1H:treat_2H -0.07451 0.00693 -10.75 < 2e-16 *Ax
treat_1M:treat_2H -0.06100 0.00694 -8.78 < 2e-16 *Ax
treat_1H:treat_2M -0.12149 0.00693 -17.54 < 2e-16 *Ax
treat_1M:treat_2M -0.09668 0.00691 -14.00 < 2e-16 *Ax
treat_1H:treat_4Co -0.10056 0.00690 -14.58 < 2e-16 ok
treat_1M:treat_4Co -0.08374 0.00690 -12.13 < 2e-16 ok
treat_2H:treat_4Co -0.04714 0.01047 -4.50 6.7e-06 *Ax
treat_2M:treat_4Co -0.10330 0.01047 -9.87 < 2e-16 ok
treat_1H:treat_2H:treat_4Co 0.08231 0.00975 8.44 < 2e-16 ok
treat_1M:treat_2H:treat_4Co 0.03467 0.00975 3.55 0.00038 *Ax
treat_1H:treat_2M:treat_4Co 0.13097 0.00979 13.38 < 2e-16 ok
treat_1M:treat_2M:treat_4Co 0.09341 0.00978 9.55 < 2e-16 ok

Random effect variance(s):

Group=position

Variance ’ StdDev ’
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‘ (Intercept) ‘ 0.000

| 0.010

Random effect variance(s):

Group=Genotype

Variance

StdDev

(Intercept) | 0.000

0.019

Random effect variance(s):

Group=tank
Variance StdDev
(Intercept) | 0.000 0.005

Residual variance: 0.047

Table C.S 26 Tukey Post hoc test estimates of growth rate at t=14 weeks considering combinations of treatments.

247

contrast estimate SE df z.ratio p.value

C,C,Ac-C,C,Co -0.138 0.010 Inf -14.321 0.000 *
H,C,Ac - H,C,Co -0.037 0.010 Inf -3.891 0.012 *
M,C,Ac - M,C,Co -0.054 0.010 Inf -5.636 0.000 *
C,H,Ac-CH,Co -0.091 0.010 Inf -9.408 0.000 *
H,H,Ac - H,H,Co -0.073 0.010 Inf -7.520 0.000 *
M,H,Ac - M,H,Co -0.042 0.010 Inf -4.346 0.002 *
C,M,Ac - C,M,Co -0.035 0.010 Inf -3.605 0.034 *
H,M,Ac - H,M,Co -0.065 0.010 Inf -6.756 0.000 *
M,M,Ac - M,M,Co -0.044 0.010 Inf -4.608 0.001 *
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Figure C.S 6 Residuals of the random intercept of the best-fit model predicting maximum quantum yield [Fv/Fm] during the thermal stress exposure at t=14

weeks. Grey line represents what is the expected change on Fv/Fm in relation to the model, with values below this considered worse than the expected and

with values above the line considered better than the expected.
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C.3 Adult fragments: Symbiodiniaceae

Table C.S 27 Statistical results of the permutational multivariate analysis of variance (PERMANOVA) of Symbiodiniaceae composition using Bray-Curtis

distance.
DF Sums of squares Mean squares F value R2 Pr(>F)
treatment t=1 2 0.496 0.248 1.100 0.007 0.34
treatment t=2 2 0.048 0.024 0.107 0.001 1.00
genotype 20 38.76 1.938 8.604 0.508 0.01
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Residuals 164

36.939

0.225

0.484
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Total 188
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Figure C.S 7 Overall relative abundance of each group of Symbiodiniaceae type profiles and associated species in all adult fragments 4 weeks after

transplantation (i.e., all treatment histories combined).

C.4 Adult fragments: Bacteria
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Figure C.S 8 Rarefaction curves. 16S data analysis for bacterial communities
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Table C.S 28 Coefficient estimates of the observed ASVs in adult coral fragments four weeks after transplantation, considering origin (t=4 weeks) and

destination treatment (t=8 weeks).

0 T
0

10000 20000 30000 40000
Depth (number of reads)

0

10000 20000 30000 40000

Estimate Std. Error z value Pr(>|z])
(Intercept) (A,A) 4231 0.124 34.081 <0.001
treat_1M -0.463 0.041 -11.249 <0.001
treat_1H -0.413 0.040 -10.170 <0.001
treat_2M -0.136 0.175 -0.775 0.438
treat_2H 0.048 0.175 0.276 0.783
treat_1M:treat_2M 1.153 0.053 21.479 <0.001
treat_1H:treat_2M -0.027 0.061 -0.449 0.654
treat_1M:treat_2H 0.088 0.057 1.528 0.126
treat_1H:treat_2H 1.541 0.050 30.704 <0.001
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contrast ratio SE df z.ratio p.value
Ambient,Ambient / Mid,Ambient 1.590 0.066 Inf 11.249 0.000
Ambient,Ambient / High,Ambient 1.511 0.061 Inf 10.170 0.000
Ambient,Ambient / Ambient,Mid 1.146 0.202 Inf 0.775 0.998
Ambient,Ambient / Mid,Mid 0.575 0.101 Inf -3.164 0.041
Ambient,Ambient / High,Mid 1.780 0.316 Inf 3.253 0.031
Ambient,Ambient / Ambient,High 0.953 0.167 Inf -0.276 1.000
Ambient,Ambient / Mid,High 1.388 0.245 Inf 1.857 0.643
Ambient,Ambient / High,High 0.308 0.054 Inf -6.755 0.000
Mid,Ambient / High,Ambient 0.950 0.043 Inf -1.128 0.970
Mid,Ambient / Ambient,Mid 0.721 0.128 Inf -1.852 0.647
Mid,Ambient / Mid,Mid 0.362 0.064 Inf -5.783 0.000
Mid,Ambient / High,Mid 1.119 0.200 Inf 0.632 0.999
Mid,Ambient / Ambient,High 0.599 0.106 Inf -2.901 0.088
Mid,Ambient / Mid,High 0.872 0.155 Inf -0.769 0.998
Mid,Ambient / High,High 0.194 0.034 Inf -9.358 0.000
High,Ambient / Ambient,Mid 0.758 0.134 Inf -1.565 0.824
High,Ambient / Mid,Mid 0.381 0.067 Inf -5.498 0.000
High,Ambient / High,Mid 1.178 0.210 Inf 0.918 0.992
High,Ambient / Ambient,High 0.630 0.111 Inf -2.615 0.180
High,Ambient / Mid,High 0.918 0.163 Inf -0.482 1.000
High,Ambient / High,High 0.204 0.036 Inf -9.076 0.000
Ambient,Mid / Mid,Mid 0.502 0.017 Inf -20.052 | 0.000
Ambient,Mid / High,Mid 1.553 0.071 Inf 9.663 0.000
Ambient,Mid / Ambient,High 0.831 0.146 Inf -1.051 0.981
Ambient,Mid / Mid,High 1.211 0.214 Inf 1.083 0.977
Ambient,Mid / High,High 0.269 0.047 Inf -7.525 0.000
Mid,Mid / High,Mid 3.095 0.127 Inf 27.512 0.000
Mid,Mid / Ambient,High 1.656 0.289 Inf 2.889 0.091
Mid,Mid / Mid,High 2.412 0.423 Inf 5.016 0.000
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Mid,Mid / High,High 0.536 0.093 Inf -3.599 0.010
High,Mid / Ambient,High 0.535 0.095 Inf -3.528 0.012
High,Mid / Mid,High 0.779 0.139 Inf -1.399 0.898
High,Mid / High,High 0.173 0.030 Inf -9.967 0.000
Ambient,High / Mid,High 1.456 0.059 Inf 9.350 0.000
Ambient,High / High,High 0.324 0.010 Inf -38.233 | 0.000
Mid,High / High,High 0.222 0.008 Inf -43.953 | 0.000
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Table C.S 29 Coefficient estimates of Chaol index in adult coral fragments four weeks after transplantation, considering origin (t=4 weeks) and destination

treatment (t=8 weeks).

Value Std.Error DF t-value p-value
(Intercept) (A,A) 1.569 0.093 173 16.696 <0.001
treat_1M -0.174 0.132 173 -1.310 0.197
treat_1H -0.131 0.132 173 -1.993 0.321
treat_2M 0.031 0.132 6 0.239 0.818
treat_2H -0.039 0.132 6 -0.293 0.779
treat_1M:treat_2M 0.498 0.187 173 2.652 0.008
treat_1H:treat_2M -0.099 0.189 173 -0.524 0.600
treat_1M:treat_2H 0.230 0.187 173 1.225 0.222
treat_1H:treat_2H 0.839 0.187 173 4.467 <0.001
contrast estimate SE df t.ratio p.value
Ambient,Ambient - Mid,Ambient 0.174 0.133 173.001 1.311 0.927
Ambient,Ambient - High,Ambient 0.132 0.133 173.001 0.994 0.986
Ambient,Ambient - Ambient,Mid -0.032 0.133 46.996 -0.240 1.000
Ambient,Ambient - Mid,Mid -0.356 0.133 46.996 -2.680 0.183
Ambient,Ambient - High,Mid 0.199 0.135 48.728 1.481 0.859
Ambient,Ambient - Ambient,High 0.039 0.133 46.996 0.293 1.000
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Ambient,Ambient - Mid,High -0.017 0.133 46.996 -0.129 1.000
Ambient,Ambient - High,High -0.669 0.133 46.996 -5.032 0.000
Mid,Ambient - High,Ambient -0.042 0.133 173.001 -0.317 1.000
Mid,Ambient - Ambient,Mid -0.206 0.133 46.996 -1.551 0.825
Mid,Ambient - Mid,Mid -0.530 0.133 46.996 -3.991 0.007
Mid,Ambient - High,Mid 0.025 0.135 48.728 0.187 1.000
Mid,Ambient - Ambient,High -0.135 0.133 46.996 -1.017 0.982
Mid,Ambient - Mid,High -0.191 0.133 46.996 -1.440 0.876
Mid,Ambient - High,High -0.843 0.133 46.996 -6.342 0.000
High,Ambient - Ambient,Mid -0.164 0.133 46.996 -1.234 0.945
High,Ambient - Mid,Mid -0.488 0.133 46.996 -3.674 0.016
High,Ambient - High,Mid 0.067 0.135 48.728 0.500 1.000
High,Ambient - Ambient,High -0.093 0.133 46.996 -0.700 0.999
High,Ambient - Mid,High -0.149 0.133 46.996 -1.123 0.968
High,Ambient - High,High -0.801 0.133 46.996 -6.025 0.000
Ambient,Mid - Mid,Mid -0.324 0.133 173.001 -2.440 0.269
Ambient,Mid - High,Mid 0.231 0.135 173.281 1.718 0.735
Ambient,Mid - Ambient,High 0.071 0.133 46.996 0.533 1.000
Ambient,Mid - Mid,High 0.015 0.133 46.996 0.111 1.000
Ambient,Mid - High,High -0.637 0.133 46.996 -4.792 0.001
Mid,Mid - High,Mid 0.556 0.135 173.281 4.128 0.002
Mid,Mid - Ambient,High 0.395 0.133 46.996 2.973 0.097
Mid,Mid - Mid,High 0.339 0.133 46.996 2.551 0.235
Mid,Mid - High,High -0.313 0.133 46.996 -2.352 0.334
High,Mid - Ambient,High -0.160 0.135 48.728 -1.192 0.955
High,Mid - Mid,High -0.217 0.135 48.728 -1.609 0.795
High,Mid - High,High -0.868 0.135 48.728 -6.450 0.000
Ambient,High - Mid,High -0.056 0.133 173.001 -0.422 1.000
Ambient,High - High,High -0.708 0.133 173.001 -5.325 0.000
Mid,High - High,High -0.652 0.133 173.001 -4.903 0.000
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Table C.S 30 Coefficient estimates of Shannon diversity index in adult coral fragments four weeks after transplantation, considering origin (t=4 weeks) and

destination treatment (t=8 weeks).

Value Std.Error DF t-value p-value
(Intercept) (A,A) 2.879 0.199 173 14.461 0.000
treat_1M -0.365 0.264 173 -1.380 0.169
treat_1H -0.222 0.264 173 -0.841 0.401
treat_2M 0.219 0.281 6 0.781 0.464
treat_2H 0.069 0.281 6 0.247 0.812
treat_1M:treat_2M 0.818 0.374 173 2.187 0.030
treat_1H:treat_2M -0.347 0.376 173 -0.921 0.358
treat_1M:treat_2H 0.387 0.374 173 1.036 0.301
treat_1H:treat_2H 1.588 0.374 173 4.242 0.000
contrast estimate SE df t.ratio p.value
Ambient,Ambient - Mid,Ambient 0.365 0.265 173.000 1.381 0.904
Ambient,Ambient - High,Ambient 0.223 0.265 173.000 0.842 0.995
Ambient,Ambient - Ambient,Mid -0.220 0.282 32.933 -0.781 0.997
Ambient,Ambient - Mid,Mid -0.673 0.282 32.933 -2.391 0.322
Ambient,Ambient - High,Mid 0.350 0.285 34.165 1.229 0.944
Ambient,Ambient - Ambient,High -0.070 0.282 32.933 -0.248 1.000
Ambient,Ambient - Mid,High -0.092 0.282 32.933 -0.328 1.000
Ambient,Ambient - High,High -1.435 0.282 32.933 -5.097 0.000
Mid,Ambient - High,Ambient -0.143 0.265 173.000 -0.539 1.000
Mid,Ambient - Ambient,Mid -0.585 0.282 32.933 -2.079 0.504
Mid,Ambient - Mid,Mid -1.039 0.282 32.933 -3.689 0.020
Mid,Ambient - High,Mid -0.015 0.285 34.165 -0.054 1.000
Mid,Ambient - Ambient,High -0.435 0.282 32.933 -1.546 0.826
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Mid,Ambient - Mid,High -0.458 0.282 32.933 -1.626 0.784
Mid,Ambient - High,High -1.801 0.282 32.933 -6.395 0.000
High,Ambient - Ambient,Mid -0.443 0.282 32.933 -1.572 0.812
High,Ambient - Mid,Mid -0.896 0.282 32.933 -3.183 0.068
High,Ambient - High,Mid 0.127 0.285 34.165 0.446 1.000
High,Ambient - Ambient,High -0.293 0.282 32.933 -1.039 0.979
High,Ambient - Mid,High -0.315 0.282 32.933 -1.119 0.967
High,Ambient - High,High -1.658 0.282 32.933 -5.888 0.000
Ambient,Mid - Mid,Mid -0.453 0.265 173.000 -1.713 0.738
Ambient,Mid - High,Mid 0.570 0.268 173.205 2.126 0.459
Ambient,Mid - Ambient,High 0.150 0.282 32.933 0.533 1.000
Ambient,Mid - Mid,High 0.128 0.282 32.933 0.453 1.000
Ambient,Mid - High,High -1.215 0.282 32.933 -4.316 0.004
Mid,Mid - High,Mid 1.023 0.268 173.205 3.817 0.006
Mid,Mid - Ambient,High 0.603 0.282 32.933 2.143 0.463
Mid,Mid - Mid,High 0.581 0.282 32.933 2.063 0.513
Mid,Mid - High,High -0.762 0.282 32.933 -2.706 0.185
High,Mid - Ambient,High -0.420 0.285 34.165 -1.474 0.859
High,Mid - Mid,High -0.442 0.285 34.165 -1.553 0.822
High,Mid - High,High -1.785 0.285 34.165 -6.269 0.000
Ambient,High - Mid,High -0.022 0.265 173.000 -0.085 1.000
Ambient,High - High,High -1.365 0.265 173.000 -5.158 0.000
Mid,High - High,High -1.343 0.265 173.000 -5.074 0.000
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Figure C.S 9 Alpha diversity of microbial communities in adult coral fragments four weeks after transplantation (t=8 weeks), considering origin (t=4 weeks)

and destination treatment (t=8 weeks). Panel a: species richness (Observed ASV) Panel b: species diversity index (Chao 1) and panel c: Shannon index.
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Figure C.S 10 Venn diagram corresponding to number of ASVs in all adult fragments 4 weeks after transplantation (t=8 weeks). Overlapping shades

represent shared number of ASVs between treatment histories. Total number of ASVs at the destination treatment was 456 (AMBIENT), 453 (MID), and 465

(HIGH).
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Table C.S 31 Presence and absence of bacterial taxa (ASV level) on a rarefied data set. For each treatment history, a number ‘1’ represents presence of a
particular ASVs classified according to treatment history, genotype and sample ID, whereas ‘0’ represents absence; total appearances among treatment

histories included.

(Available at: https://myjcuedu-my.sharepoint.com/:f:/g/personal/joseluis _montalvoproano my jcu edu_ au/EiShtWIQYNVCkvikyzjQoooBK-

FJxZ4ew28-GOOa NulSw?e=eS0s3q)

Table C.S 32 PERMANOVA test results (partial R? and p-values) for the effect of treatment on the relative composition of bacterial communities using Bray-

Curtis similarity distance. Number of permutations=999

Df SumOfSgs R? F Pr(>F)
treat_4weeks 2 1.104 0.01256 1.2802 0.018 kK
treat_8weeks 2 1.555 0.01770 1.8039 0.001 kK
tank 2 1.520 0.01730 1.7637 0.001 kK
Genotype 18 12.760 0.14520 1.6447 0.001 kK
treat_1:treat_2 4 2.404 0.02735 1.3942 0.001 kK
Residual 159 68.535 0.77989
Total 187 87.878 1.00000

Number of permutations: 999

Table C.S 33 Permutation test for homogeneity of multivariate dispersions. Number of permutations=999

’ Df ’ Sum Sq ’ Mean Sq ’ F ’ N. perm ’ p-value ’
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Figure C.S 11 NMDS of bacterial communities in adult coral fragments four weeks after transplantation, considering origin (t=4 weeks) and destination

treatment (t=8 weeks). Values in axis represent Bray-Curtis distances between samples.
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Table C.S 34 Indicator taxa for adult coral fragments four weeks after transplantation, considering origin (t=4) and destination treatment (t=8 weeks). Indval

analysis done at the species level (ASV) and included alpha parameters of 0.05.

A B
Trea | Trea (spec | (fid p_v | Kin
tme | tme ificit | elit | st | alu | gdo
ntl | nt2 | ASV y) y) at | e m Phylum | Class Order Family Genus Species
3c2beb53f5cee06 0. | 0.0 | Bac | Epsilonb Campylo
Amb a9368e43dedbféa | 0.66 | 0.1 | 35 | 069 | teri | acteraeo | Campylob | bacteral | Arcobactera
ient | High | 13 67 905 |6 |9 a ta acteria es ceae Arcobacter




APPENDIX C— CHAPTER 4

259

0. [ 0.0 | Bac Erysipel
Amb effffffa2f37ff49f5¢ | 0.88 | 0.1 | 35 | 219 | teri | Firmicut | Erysipelot | otrichale | Erysipelotric uncultured bact
ient | High | 430e0b18af4c5 9 429 |6 | 8 a es richia s haceae Turicibacter erium
42efd8992f040ed 0. Bac Alphaprot | Rhodob
Amb | b8e6284153e982 | 0.57 | 0.1 | 33 | 0.0 | teri | Proteob | eobacteri | acterale | Rhodobacte
Mid | ient | 8ca 74 905 | 2 16 | a acteria a S raceae
f2a8692e7d33fce 0. Bac Alphaprot | Rhodob Roseobacter cla
b64a3f7050bf4e2 | 0.46 | 0.2 | 33 | 0.0 | teri | Proteob | eobacteri | acterale | Rhodobacte | de CHAB-I- Ambiguous_tax
Mid | Mid | 75 67 381 (3 |12 |a acteria a s raceae 5 lineage a
afbb6b175a089ed 0. Bac Alphaprot | Rhodob
be6724015d1d86 | 0.30 | 0.5 |41 | 0.0 | teri | Proteob | eobacteri | acterale | Rhodobacte
Mid | Mid | 422 28 71416 |02 |a acteria a s raceae NA
c698e34b0e4a752 0. Bac Alphaprot
b6f0e1b37b1f03c | 0.83 | 0.1 | 34 | 0.0 | teri | Proteob | eobacteri | Rhizobia Ambiguous_tax
Mid | Mid | 63 33 429 |5 [32 |a acteria a les Stappiaceae | Labrenzia a
f53625710a03f89 0. [ 0.0 | Bac Alphaprot | Sphingo
025d95c493c3f2d | 0.50 | 0.2 | 37 | 059 | teri | Proteob | eobacteri | monadal | Sphingomon
Mid | High | b2 0 857 |8 |9 a acteria a es adaceae Erythrobacter
8abb0ca2546c7f0 0. [ 0.0 | Bac Alphaprot | Rhodob
7c24300677e0b9 | 0.58 | 0.1 | 28 | 449 | teri | Proteob | eobacteri | acterale | Rhodobacte
Mid | High | 100 33 429 |9 |6 a acteria a s raceae
uncultured alph
7b7c9cbd3a402a3 0. Bac Alphaprot | Rhodob a
a7d3c9d48340b7 | 1.00 | 0.1 |31 | 0.0 | teri | Proteob | eobacteri | acterale | Rhodobacte proteobacteriu
High | Mid | 9ee 0 00 |6 |15 |a acteria a s raceae Roseobacter m
cfe085ca8237193 0. Bac Gammapr
9b4fc149f615c20 | 0.80 | 0.1 | 28 | 0.0 | teri | Proteob | oteobacte | Oceanos | Endozoicom | Endozoicomona | Ambiguous_tax
High | Mid | 12 77 000 |4 |17 | a acteria ria pirillales | onadaceae s a
f0lda6lef615a09 0. Bac Alphaprot | Rhodob
68fad116ad0f6a4 | 0.25 | 0.6 | 39 | 0.0 | teri | Proteob | eobacteri | acterale | Rhodobacte Ambiguous_tax
High | High | ac 35 190 |6 |15 |a acteria a s raceae Ruegeria a
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€2d07801858hb87 0. Bac Alphaprot | Rhodob

83b72867d25cc6a | 0.57 | 0.2 | 36 | 0.0 | teri | Proteob | eobacteri | acterale | Rhodobacte
High | High | ffc 14 381 (9 |04 |a acteria a s raceae Ruegeria

abaaaef340lade4d 0. Bac Erysipel

f24f385f8157916b | 0.75 | 0.1 | 32 | 0.0 | teri | Firmicut | Erysipelot | otrichale | Erysipelotric uncultured bact
High | High | d 00 429 |7 |44 | a es richia s haceae Turicibacter erium

eeb8d404734153 0. Bac Alphaprot | Rhodob

2d08f992e2b177b | 0.75 | 0.1 | 32 | 0.0 | teri | Proteob | eobacteri | acterale | Rhodobacte uncultured bact
High | High | fe8 00 429 |7 |34 |a acteria a s raceae Actibacterium erium

€2250c863b1d3d 0. Bac Alphaprot | Rhodob

72429b7ea7fc38f | 0.75 | 0.1 | 32 | 0.0 | teri | Proteob | eobacteri | acterale | Rhodobacte
High | High | d48 00 429 |7 |48 | a acteria a s raceae

8292bdcea921796 0. Bac Alphaprot

7192498aebdc36 | 0.75 | 0.1 | 32 | 0.0 | teri | Proteob | eobacteri | Rhizobia | Hyphomicro
High | High | bac 00 429 |7 |29 |a acteria a les biaceae

de505f410eefb69 0. Bac Eurycoccale

145848f97ed426e | 0.50 | 0.1 | 30 | 0.0 | teri | Cyanoba | Oxyphoto | Eurycocc | s Insertae | Synechococcus | Synechococcus
High | High | a9 00 905 |9 |29 |a cteria bacteria ales Sedis PCC-7336

771399a353b03df 0. Bac Alphaprot | Rhodob

0e94367a225839 | 0.38 | 0.2 | 30 | 0.0 | teri | Proteob | eobacteri | acterale | Rhodobacte uncultured bact
High | High | 475 46 381 (3 |30 |a acteria a s raceae Tateyamaria erium

Table C.S 35 Indicator taxa for adult coral fragments four weeks after transplantation, considering origin

analysis done at the family level and included alpha parameters of 0.05.

(t=4) and destination treatment (t=8 weeks). Indval

Treat | Treat A B
ment | ment (speci | (fide | sta | p_v | King
1 2 ASV ficity) | lity) |t alue | dom | Phylum Class Order Family Genus Species
0.
736226d94c13a48ad | 0.585 | 0.19 | 33 Bact | Proteobac | Alphaprote | Rhodovibr | Kiloniellace | Pelagibi | Ambiguous
Amb | Amb | 6375e2123f08el1 9 05 4 0.05 | eria | teria obacteria ionales ae us _taxa
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0.
0f9384f2751706de75 | 0.246 | 0.47 | 34 | 0.04 | Bact | Planctomy | Planctomy | Pirellulale | Pirellulacea | Blastopir
Amb | Mid 1048f2848414ca 5 62 3 7 eria | cetes cetacia s e ellula NA
0.
3d10bf49b14e3f2c7a | 0.394 | 0.23 | 30 | 0.03 | Bact | Epsilonbac | Campyloba | Campylob | Arcobacter | Arcobac | uncultured
Amb | High | ad4e3b2e27e659%¢ 5 81 6 7 eria | teraeota cteria acterales | aceae ter bacterium
0.
fff0b2618b686e6bd4 0.14 | 37 | 0.00 | Bact | Actinobac | Actinobact | Pseudono | Pseudonoc | Pseudon | Ambiguous
Mid High | 538b34f3f80572 1.000 | 29 8 699 | eria | teria eria cardiales | ardiaceae ocardia | _taxa
0.
6a4faf681b87814b63 | 0.857 | 0.14 | 35 | 0.02 | Bact | Bacteroid Chitinoph | Saprospirac | Lewinell | uncultured
Mid High | 6e13b42559797f 1 29 0 298 | eria | etes Bacteroidi | agales eae a bacterium
0.
8c731445b7419a5eb 0.10 | 27 | 0.03 | Bact | Proteobac | Alphaprote | unculture | uncultured
High | Mid 700304897338f85 0.759 | 0 6 1 eria | teria obacteria d bacterium
0.
5dc88811be88f7506 | 0.261 | 0.42 | 33 | 0.02 | Bact | Proteobac | Alphaprote | Rhizobiale | Hyphomicr
High | High | bd5ca420ab0b7f6 8 86 5 6 eria | teria obacteria s obiales

Table C.S 36 Individual models among bacterial families used to estimate difference in relative abundances from the top ten most abundant following a

zero-inflated beta-regression.

(Available at: https://myjcuedu-my.sharepoint.com/:f:/g/personal/joseluis _montalvoproano my jcu edu_ au/EiShtWIQYNVCkvikyzjQoooBK-

FJxZ4ew28-GOOa NulSw?e=eS0s3q)

Table C.S 37 Results from the posterior distribution of difference as the outcome for each model and bacterial family

’ term

’ estimate

’ std.error

’ conf.low

’ conf.high

’ Family
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b_Intercept -2.5751482 0.50278312 -3.756359 -1.757007 Pirellulaceae
b_treat_1H 0.44560542 0.58017043 -0.5863336 1.71555721 Pirellulaceae
b_treat_1M 0.3404353 0.60749048 -0.7774285 1.69786914 Pirellulaceae
b_treat_2H 0.100298 0.59329856 -0.9591309 1.43694 Pirellulaceae
b_treat_2M 0.44981479 0.53422707 -0.4692337 1.6692494 Pirellulaceae
b_treat_1H:treat_2H -0.2367644 0.68663617 -1.6598006 1.06466974 Pirellulaceae
b_treat_1M:treat_2H -0.5441487 0.72627875 -2.0356211 0.8887743 Pirellulaceae
b_treat_1H:treat_2M -0.214586 0.68913965 -1.6961676 1.05980207 Pirellulaceae
b_treat_1M:treat_2M -0.5601823 0.67410617 -2.0251137 0.68857642 Pirellulaceae
phi 29.5336863 6.12380074 18.7502786 43.0788192 Pirellulaceae
Zi 0.72112798 0.03295456 0.6554223 0.78289871 Pirellulaceae
b_Intercept -0.4426503 0.25198536 -0.9567289 0.03095727 Rhodobacteraceae
b_treat_1H 0.28153759 0.35687388 -0.4084011 0.97775925 Rhodobacteraceae
b_treat_1M 0.09613766 0.34154676 -0.541739 0.77979925 Rhodobacteraceae
b_treat_2H -0.2085495 0.33827094 -0.8533393 0.46271913 Rhodobacteraceae
b_treat_2M 0.03997425 0.32508592 -0.6072981 0.70301792 Rhodobacteraceae
b_treat_1H:treat_2H 0.13721196 0.47900603 -0.8103987 1.06346923 Rhodobacteraceae
b_treat_1M:treat_2H 0.17397505 0.45548907 -0.73635 1.04249199 Rhodobacteraceae
b_treat_1H:treat_2M 0.17360279 0.46310813 -0.7109955 1.07986283 Rhodobacteraceae
b_treat_1M:treat_2M -0.2195015 0.45789733 -1.1329864 0.64491935 Rhodobacteraceae
phi 3.44950956 0.34800174 2.78482329 4.16503712 Rhodobacteraceae
Zi 0.11142139 0.02157555 0.07124743 0.15672998 Rhodobacteraceae
b_Intercept -2.8628468 0.54256717 -4.0074481 -2.002572 Methyloligellaceae
b_treat_1H 0.03138978 0.68500182 -1.335989 1.46470897 Methyloligellaceae
b_treat_1M 0.26264773 0.73913171 -1.167759 1.79360612 Methyloligellaceae
b_treat_2H 0.46850043 0.65123963 -0.6815224 1.86012771 Methyloligellaceae
b_treat_2M 0.57241578 0.58613924 -0.4235669 1.82441178 Methyloligellaceae
b_treat_1H:treat_2H -0.2173458 0.8360575 -1.9783874 1.46416411 Methyloligellaceae
b_treat_1M:treat_2H -0.2753877 0.87125064 -2.0896341 1.48694824 Methyloligellaceae
b_treat_1H:treat_2M 0.50878751 0.78745626 -1.1654937 1.99171381 Methyloligellaceae
b_treat_1M:treat_2M -0.6426875 0.81581061 -2.2756938 0.96862527 Methyloligellaceae
phi 31.6017218 8.4353522 17.8090767 51.0466825 Methyloligellaceae
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zi 0.81187865 0.02883828 0.75568543 0.86460647 Methyloligellaceae
b_Intercept -0.8007979 0.53475889 -1.9112689 0.20063853 Phormidesmiaceae
b_treat_1H -1.2968609 1.3812482 -4.2702935 1.14279754 Phormidesmiaceae
b_treat_1M -1.4542419 0.98210181 -3.4779324 0.39291781 Phormidesmiaceae
b_treat_2H -0.8235962 0.71231545 -2.1857608 0.65487369 Phormidesmiaceae
b_treat_2M -0.9317781 1.31647032 -4.0634329 1.29745424 Phormidesmiaceae
b_treat_1H:treat_2H 1.78275217 1.5658057 -1.1280431 5.10890688 Phormidesmiaceae
b_treat_1M:treat_2H 0.8265867 1.34786417 -1.786144 3.35938277 Phormidesmiaceae
b_treat_1H:treat_2M 0.50813874 2.22129943 -3.9676909 5.14059164 Phormidesmiaceae
b_treat_1M:treat_2M 1.4759607 1.62214485 -1.4555131 5.125398 Phormidesmiaceae
phi 5.1607047 1.69876507 2.38472356 9.06884109 Phormidesmiaceae
zi 0.88286413 0.02280212 0.83635172 0.92231356 Phormidesmiaceae
b_Intercept 0.39035652 0.44353771 -0.486211 1.29215518 Kiloniellaceae
b_treat_1H -2.8856114 1.40218561 -6.1170869 -0.5136915 Kiloniellaceae
b_treat_1M -2.3423755 0.71888753 -3.7498598 -0.9342347 Kiloniellaceae
b_treat_2H 17.2331357 144.992515 -234.35146 281.90249 Kiloniellaceae
b_treat_2M -2.4229408 1.36100858 -5.707558 -0.1282468 Kiloniellaceae
b_treat_1H:treat_2H -16.445419 144.942071 -280.96249 236.309657 Kiloniellaceae
b_treat_1M:treat_2H -16.92709 144.999156 -281.18133 235.648131 Kiloniellaceae
b_treat_1H:treat_ 2M 2.37270693 2.31876783 -2.50173 7.0697051 Kiloniellaceae
b_treat_1M:treat_2M 2.12178688 1.65567252 -0.8702999 5.63705334 Kiloniellaceae
phi 4.99183893 1.7350441 2.17982337 9.13380509 Kiloniellaceae
zi 0.88331763 0.02354412 0.83388123 0.92724856 Kiloniellaceae
b_Intercept -1.8650647 0.19775878 -2.2628196 -1.4854757 Rhizobiaceae
b_treat_1H -0.4828009 0.32472133 -1.1388899 0.12946181 Rhizobiaceae
b_treat_1M 0.26254799 0.26912606 -0.2622811 0.78720058 Rhizobiaceae
b_treat_2H 0.07495483 0.26310224 -0.448584 0.61137521 Rhizobiaceae
b_treat_2M 0.04977717 0.25970744 -0.4441473 0.562902 Rhizobiaceae
b_treat_1H:treat 2H 0.30586986 0.3983865 -0.472209 1.10486226 Rhizobiaceae
b_treat_1M:treat_2H -0.7818209 0.39808161 -1.578457 0.02330748 Rhizobiaceae
b_treat_1H:treat_ 2M 0.15098644 0.45301464 -0.7581071 1.00054098 Rhizobiaceae
b_treat_1M:treat_2M -0.6242157 0.36520952 -1.3745359 0.05702763 Rhizobiaceae
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phi 17.9186649 2.5256469 13.1982462 23.1836745 Rhizobiaceae

zi 0.45218455 0.03640726 0.38039471 0.52248004 Rhizobiaceae

b_Intercept -0.2419673 0.36179392 -0.9558818 0.46278986 Endozoicomonadaceae
b_treat_1H 0.62439864 0.50894107 -0.3849802 1.6511518 Endozoicomonadaceae
b_treat_1M -0.0958666 0.48975472 -1.0393101 0.88214446 Endozoicomonadaceae
b_treat_2H 0.57939571 0.50397255 -0.4192784 1.55311862 Endozoicomonadaceae
b_treat_2M 0.23497624 0.47916725 -0.6919678 1.20090085 Endozoicomonadaceae
b_treat_1H:treat_2H -2.0411931 0.89309529 -3.7973784 -0.2875093 Endozoicomonadaceae
b_treat_1M:treat_2H -1.0302911 0.69069023 -2.3613551 0.36300824 Endozoicomonadaceae
b_treat_1H:treat_2M -0.6556967 0.66998896 -1.9843608 0.62211325 Endozoicomonadaceae
b_treat_1M:treat_2M -0.7206129 0.70568991 -2.1427878 0.60185418 Endozoicomonadaceae

phi 1.33859973 0.15748138 1.04212938 1.66546181 Endozoicomonadaceae

zi 0.46219733 0.03584079 0.39269228 0.5312463 Endozoicomonadaceae
b_Intercept -2.1626135 0.52612196 -3.4418968 -1.3020425 Eurycoccales Incertae Sedis
b_treat_1H 0.53311836 0.64083529 -0.6518572 1.96946812 Eurycoccales Incertae Sedis
b_treat_1M -0.3938431 0.61722569 -1.5083666 0.9719641 Eurycoccales Incertae Sedis
b_treat_2H -0.1961649 0.6120295 -1.2852702 1.15616488 Eurycoccales Incertae Sedis
b_treat_2M 0.17166358 0.62370868 -0.9674855 1.58426292 Eurycoccales Incertae Sedis
b_treat_1H:treat_2H -0.5854959 0.74939939 -2.1375884 0.786808 Eurycoccales Incertae Sedis
b_treat_1M:treat_2H 0.56783293 0.73731401 -0.9732918 1.92071159 Eurycoccales Incertae Sedis
b_treat_1H:treat_2M -1.0882338 0.82725481 -2.8952313 0.44625431 Eurycoccales Incertae Sedis
b_treat_1M:treat_2M 0.15011321 0.78168136 -1.4410764 1.67084881 Eurycoccales Incertae Sedis
phi 18.7437926 3.92578898 11.8881466 26.8804187 Eurycoccales Incertae Sedis
zi 0.72111891 0.03162566 0.65584469 0.78089999 Eurycoccales Incertae Sedis
b_Intercept -2.4077118 0.37704408 -3.236323 -1.759814 Sphingomonadaceae
b_treat_1H 0.30147099 0.45479937 -0.5508002 1.23800398 Sphingomonadaceae
b_treat_1M 0.43448334 0.44582275 -0.3949088 1.37092803 Sphingomonadaceae
b_treat_2H 0.32989003 0.44381428 -0.5183405 1.23179157 Sphingomonadaceae
b_treat_2M -0.0142714 0.42325534 -0.7954575 0.87037529 Sphingomonadaceae
b_treat_1H:treat_2H -0.6417586 0.54226264 -1.6962971 0.38350692 Sphingomonadaceae
b_treat_1M:treat_2H -0.4668371 0.54728917 -1.5233467 0.64305593 Sphingomonadaceae
b_treat_1H:treat_2M -0.205794 0.59706482 -1.4065275 0.91051169 Sphingomonadaceae
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b_treat_1M:treat_2M -0.2565856 0.55003214 -1.4050503 0.81088521 Sphingomonadaceae
phi 19.6033214 3.36621479 13.7076413 26.812627 Sphingomonadaceae
zi 0.61155432 0.03517344 0.54125636 0.6796009 Sphingomonadaceae
b_Intercept -1.7244948 0.29814612 -2.346371 -1.1841971 Xenococcaceae
b_treat_1H -0.1392482 0.40232198 -0.9262395 0.66152983 Xenococcaceae
b_treat_1M 0.01681333 0.45216716 -0.88833 0.88943106 Xenococcaceae
b_treat_2H -0.5026109 0.49271413 -1.555006 0.43212499 Xenococcaceae
b_treat_2M -0.7903385 0.50457742 -1.8503424 0.15540872 Xenococcaceae
b_treat_1H:treat_2H 0.17346893 0.6283099 -0.9804687 1.46043419 Xenococcaceae
b_treat_1M:treat_2H 0.18024848 0.7200675 -1.2185849 1.63660491 Xenococcaceae
b_treat_1H:treat_2M 1.45541796 0.64839269 0.17546917 2.72051101 Xenococcaceae
b_treat_1M:treat_2M 0.8670445 0.65655625 -0.406607 2.20114252 Xenococcaceae
phi 11.6409257 2.34973252 7.59438009 16.6124602 Xenococcaceae
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Figure C.S 12 Relative abundance of the top 10 bacterial genera (y-axis) among individual genotypes of coral fragments (x-axis) at t=8 weeks, across each of

the nine treatment histories (n= 1601 total genera).
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Table C.S 38 Individual models among bacterial genera used to estimate difference in relative abundances from the top ten most abundant following a zero-

inflated beta-regression.

(Available at: https://myjcuedu-my.sharepoint.com/:f:/g/personal/joseluis_montalvoproano_my jcu _edu_au/EiShtWIQYNVCkvikyzjQoooBK-

FJxZ4ew28-GOOa NulSw?e=eS0s3q)
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term estimate std.error conf.low conf.high Genus

b_Intercept -1.8816623 0.26366763 -2.4267035 -1.4071914 Pleurocapsa PCC-7319
b_treat_1H 0.36327397 0.32973435 -0.2749835 1.00912533 Pleurocapsa PCC-7319
b_treat_1M 0.45551169 0.31792557 -0.1550867 1.10873386 Pleurocapsa PCC-7319
b_treat_2H 0.05783406 0.33155717 -0.563609 0.70794059 Pleurocapsa PCC-7319
b_treat_2M 0.12137157 0.30548879 -0.4316882 0.75484579 Pleurocapsa PCC-7319
b_treat_1H:treat_2H -0.2178971 0.41161018 -1.022481 0.52642619 Pleurocapsa PCC-7319
b_treat_1M:treat_2H -0.2133631 0.41861279 -1.0485984 0.58659458 Pleurocapsa PCC-7319
b_treat_1H:treat_2M -0.4025421 0.42041503 -1.225964 0.43886902 Pleurocapsa PCC-7319
b_treat_1M:treat_2M -0.213329 0.38906173 -0.9795752 0.55301965 Pleurocapsa PCC-7319

phi 12.167352 1.49090591 9.44040205 15.166236 Pleurocapsa PCC-7319
b_Intercept -1.8816623 0.26366763 -2.4267035 -1.4071914 (NA) Family Rhodobacteraceae
b_treat_1H 0.36327397 0.32973435 -0.2749835 1.00912533 (NA) Family Rhodobacteraceae
b_treat_1M 0.45551169 0.31792557 -0.1550867 1.10873386 (NA) Family Rhodobacteraceae
b_treat_2H 0.05783406 0.33155717 -0.563609 0.70794059 (NA) Family Rhodobacteraceae
b_treat_2M 0.12137157 0.30548879 -0.4316882 0.75484579 (NA) Family Rhodobacteraceae
b_treat_1H:treat_2H -0.2178971 0.41161018 -1.022481 0.52642619 (NA) Family Rhodobacteraceae
b_treat_1M:treat_2H -0.2133631 0.41861279 -1.0485984 0.58659458 (NA) Family Rhodobacteraceae
b_treat_1H:treat_2M -0.4025421 0.42041503 -1.225964 0.43886902 (NA) Family Rhodobacteraceae
b_treat_1M:treat_2M -0.213329 0.38906173 -0.9795752 0.55301965 (NA) Family Rhodobacteraceae
phi 12.167352 1.49090591 9.44040205 15.166236 (NA) Family Rhodobacteraceae
b_Intercept -1.8816623 0.26366763 -2.4267035 -1.4071914 (NA) Family NA

b_treat_1H 0.36327397 0.32973435 -0.2749835 1.00912533 (NA) Family NA

b_treat_1M 0.45551169 0.31792557 -0.1550867 1.10873386 (NA) Family NA

b_treat_2H 0.05783406 0.33155717 -0.563609 0.70794059 (NA) Family NA

b_treat_2M 0.12137157 0.30548879 -0.4316882 0.75484579 (NA) Family NA
b_treat_1H:treat_2H -0.2178971 0.41161018 -1.022481 0.52642619 (NA) Family NA
b_treat_1M:treat_2H -0.2133631 0.41861279 -1.0485984 0.58659458 (NA) Family NA
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b_treat_1H:treat_2M -0.4025421 0.42041503 -1.225964 0.43886902 (NA) Family NA
b_treat_1M:treat_2M -0.213329 0.38906173 -0.9795752 0.55301965 (NA) Family NA
phi 12.167352 1.49090591 9.44040205 15.166236 (NA) Family NA
b_Intercept -1.8816623 0.26366763 -2.4267035 -1.4071914 Pseudahrensia
b_treat_1H 0.36327397 0.32973435 -0.2749835 1.00912533 Pseudahrensia
b_treat_1M 0.45551169 0.31792557 -0.1550867 1.10873386 Pseudahrensia
b_treat_2H 0.05783406 0.33155717 -0.563609 0.70794059 Pseudahrensia
b_treat_2M 0.12137157 0.30548879 -0.4316882 0.75484579 Pseudahrensia
b_treat_1H:treat_2H -0.2178971 0.41161018 -1.022481 0.52642619 Pseudahrensia
b_treat_1M:treat_2H -0.2133631 0.41861279 -1.0485984 0.58659458 Pseudahrensia
b_treat_1H:treat_2M -0.4025421 0.42041503 -1.225964 0.43886902 Pseudahrensia
b_treat_1M:treat_2M -0.213329 0.38906173 -0.9795752 0.55301965 Pseudahrensia
phi 12.167352 1.49090591 9.44040205 15.166236 Pseudahrensia
b_Intercept -2.4625667 0.25900409 -3.0349061 -1.9872862 Pelagibius
b_treat_1H -0.1674073 0.46846914 -1.1097405 0.67815955 Pelagibius
b_treat_1M 0.41537754 0.46931913 -0.5634485 1.34892915 Pelagibius
b_treat_2H 0.59103462 0.33414384 -0.0748209 1.24832334 Pelagibius
b_treat_2M 0.20828153 0.33122242 -0.4360628 0.87854573 Pelagibius
b_treat_1H:treat_2H -0.4639851 0.58449167 -1.6081991 0.72921839 Pelagibius
b_treat_1M:treat_2H -0.942848 0.60074236 -2.1057931 0.29455361 Pelagibius
b_treat_1H:treat_2M -0.7445878 1.13749426 -3.466847 1.00889216 Pelagibius
b_treat_1M:treat_2M -0.7495625 0.57146112 -1.9001015 0.37604647 Pelagibius

phi 30.5184007 7.26567087 18.0200234 46.3758078 Pelagibius

Zi 0.77350349 0.03048561 0.71108751 0.83162326 Pelagibius
b_Intercept -1.8816623 0.26366763 -2.4267035 -1.4071914 Ruegeria
b_treat_1H 0.36327397 0.32973435 -0.2749835 1.00912533 Ruegeria
b_treat_1M 0.45551169 0.31792557 -0.1550867 1.10873386 Ruegeria
b_treat_2H 0.05783406 0.33155717 -0.563609 0.70794059 Ruegeria
b_treat_2M 0.12137157 0.30548879 -0.4316882 0.75484579 Ruegeria
b_treat_1H:treat_2H -0.2178971 0.41161018 -1.022481 0.52642619 Ruegeria
b_treat_1M:treat_2H -0.2133631 0.41861279 -1.0485984 0.58659458 Ruegeria
b_treat_1H:treat_2M -0.4025421 0.42041503 -1.225964 0.43886902 Ruegeria
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b_treat_1M:treat_2M -0.213329 0.38906173 -0.9795752 0.55301965 Ruegeria
phi 12.167352 1.49090591 9.44040205 15.166236 Ruegeria
b_Intercept -1.8816623 0.26366763 -2.4267035 -1.4071914 uncultured
b_treat_1H 0.36327397 0.32973435 -0.2749835 1.00912533 uncultured
b_treat_1M 0.45551169 0.31792557 -0.1550867 1.10873386 uncultured
b_treat_2H 0.05783406 0.33155717 -0.563609 0.70794059 uncultured
b_treat_2M 0.12137157 0.30548879 -0.4316882 0.75484579 uncultured
b_treat_1H:treat_2H -0.2178971 0.41161018 -1.022481 0.52642619 uncultured
b_treat_1M:treat_2H -0.2133631 0.41861279 -1.0485984 0.58659458 uncultured
b_treat_1H:treat 2M -0.4025421 0.42041503 -1.225964 0.43886902 uncultured
b_treat_1M:treat_2M -0.213329 0.38906173 -0.9795752 0.55301965 uncultured
phi 12.167352 1.49090591 9.44040205 15.166236 uncultured
b_Intercept -1.3687878 0.24770064 -1.8645016 -0.9106776 Endozoicomonas
b_treat_1H 0.26163948 0.39509996 -0.5247795 1.00052105 Endozoicomonas
b_treat_1M 0.47584834 0.39589313 -0.3027039 1.23462154 Endozoicomonas
b_treat_2H -0.0460055 0.34860033 -0.7438109 0.6305776 Endozoicomonas
b_treat_2M -0.254038 0.35274188 -0.9697661 0.39297213 Endozoicomonas
b_treat_1H:treat_2H -0.0659211 0.51274836 -1.0332858 0.98293681 Endozoicomonas
b_treat_1M:treat_2H -0.5132576 0.51202342 -1.5155443 0.50589605 Endozoicomonas
b_treat_1H:treat_2M 0.1217691 0.54184248 -0.9467471 1.22360243 Endozoicomonas
b_treat_1M:treat_2M -0.6066018 0.53656014 -1.6511528 0.42673563 Endozoicomonas
phi 5.28865727 0.64576571 4.07186066 6.60068358 Endozoicomonas
zi 0.33766728 0.03367801 0.27537549 0.40564695 Endozoicomonas
b_Intercept -2.4625667 0.25900409 -3.0349061 -1.9872862 Roseobacter
b_treat_1H -0.1674073 0.46846914 -1.1097405 0.67815955 Roseobacter
b_treat_1M 0.41537754 0.46931913 -0.5634485 1.34892915 Roseobacter
b_treat_2H 0.59103462 0.33414384 -0.0748209 1.24832334 Roseobacter
b_treat_2M 0.20828153 0.33122242 -0.4360628 0.87854573 Roseobacter
b_treat_1H:treat 2H -0.4639851 0.58449167 -1.6081991 0.72921839 Roseobacter
b_treat_1M:treat_2H -0.942848 0.60074236 -2.1057931 0.29455361 Roseobacter
b_treat_1H:treat_ 2M -0.7445878 1.13749426 -3.466847 1.00889216 Roseobacter
b_treat_1M:treat_2M -0.7495625 0.57146112 -1.9001015 0.37604647 Roseobacter




APPENDIX C— CHAPTER 4 270

phi 30.5184007 7.26567087 18.0200234 46.3758078 Roseobacter

zi 0.77350349 0.03048561 0.71108751 0.83162326 Roseobacter

b_Intercept -2.4625667 0.25900409 -3.0349061 -1.9872862 Synechococcus PCC-7336
b_treat_1H -0.1674073 0.46846914 -1.1097405 0.67815955 Synechococcus PCC-7336
b_treat_1M 0.41537754 0.46931913 -0.5634485 1.34892915 Synechococcus PCC-7336
b_treat_2H 0.59103462 0.33414384 -0.0748209 1.24832334 Synechococcus PCC-7336
b_treat_2M 0.20828153 0.33122242 -0.4360628 0.87854573 Synechococcus PCC-7336
b_treat_1H:treat_2H -0.4639851 0.58449167 -1.6081991 0.72921839 Synechococcus PCC-7336
b_treat_1M:treat_2H -0.942848 0.60074236 -2.1057931 0.29455361 Synechococcus PCC-7336
b_treat_1H:treat 2M -0.7445878 1.13749426 -3.466847 1.00889216 Synechococcus PCC-7336
b_treat_1M:treat_2M -0.7495625 0.57146112 -1.9001015 0.37604647 Synechococcus PCC-7336
phi 30.5184007 7.26567087 18.0200234 46.3758078 Synechococcus PCC-7336
zi 0.77350349 0.03048561 0.71108751 0.83162326 Synechococcus PCC-7336
b_Intercept -1.8816623 0.26366763 -2.4267035 -1.4071914 Erythrobacter
b_treat_1H 0.36327397 0.32973435 -0.2749835 1.00912533 Erythrobacter
b_treat_1M 0.45551169 0.31792557 -0.1550867 1.10873386 Erythrobacter
b_treat_2H 0.05783406 0.33155717 -0.563609 0.70794059 Erythrobacter
b_treat_2M 0.12137157 0.30548879 -0.4316882 0.75484579 Erythrobacter
b_treat_1H:treat 2H -0.2178971 0.41161018 -1.022481 0.52642619 Erythrobacter
b_treat_1M:treat_2H -0.2133631 0.41861279 -1.0485984 0.58659458 Erythrobacter
b_treat_1H:treat_ 2M -0.4025421 0.42041503 -1.225964 0.43886902 Erythrobacter
b_treat_1M:treat_2M -0.213329 0.38906173 -0.9795752 0.55301965 Erythrobacter

phi 12.167352 1.49090591 9.44040205 15.166236 Erythrobacter
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Table C.S 40 Estimates of differentially abundant bacteria (non-rarefied dataset) between origin and destination treatments. Only significantly different taxa

displayed. Log2FoldChange (x) values compare abundances found in particular treatment combinations, where a positive value favours treatment history 1

and a negative value means significantly higher abundance in treatment history 2. Its value represents magnitude of difference (2/x).

his | his base | log2F Kin
tor | tor Mea | oldCh pval gd | Phylu
yl [y2 | ASV n ange | IfcSE | stat | ue padj | om | m Class Order | Family Genus Species
MC | CC | N/A
8f0831ade3b3e | 3.80 | - 2.92 | 7.66 Ba | Prote | Alphapr | Rhodo
4a5b7a972547 | 167 | 22.40 | 235 | 813 | 1.75 | 6.51 | cte | obact | oteobac | bacter | Rhodobac
HC | CC | 804fff2 379 | 898 055 | 56 E-14 | E-12 | ria | eria teria ales teraceae Ruegeria
e2d07801858b | 11.2 | - 2.65 | 8.96 Ba | Prote | Alphapr | Rhodo
8783b72867d2 | 398 | 23.83 | 751 | 881 | 3.00 | 2.24 | cte | obact | oteobac | bacter | Rhodobac
S5ccéaffc 342 | 4724 | 133 | 36 E-19 | E-16 | ria | eria teria ales teraceae Ruegeria
HC | MC | N/A
7ddd59056470 | 9.40 2.81 | 8.07 Ba | Prote | Alphapr
M e6021abe757b | 551 | 22.74 | 600 | 751 | 6.61 | 6.59 | cte | obact | oteobac | Rhizobi | Rhizobiace
M | CM | a23ecl188 022 | 63698 | 983 | 789 | E-16 | E-13 | ria | eria teria ales ae NA NA
c698e34b0eda | 28.3 2.12 | 4.67 0.00 | Ba | Prote | Alphapr
752b6f0e1b37 | 307 | 9.963 | 963 | 864 | 2.89 | 073 | cte | obact | oteobac | Rhizobi | Stappiace Ambiguous_ta
b1f03c63 172 | 82528 | 893 | 536 | E-06 | 566 | ria | eria teria ales ae Labrenzia Xa
8abb0ca2546¢7 | 7.06 2.79 | 7.99 Ba | Prote | Alphapr | Rhodo
f07c24300677e | 970 | 22.34 | 494 | 530 | 1.29 | 6.59 | cte | obact | oteobac | bacter | Rhodobac
0b9100 663 | 64194 | 194 | 719 | E-15 | E-13 | ria | eria teria ales teraceae NA NA
258f6ff0d19d4 | 9.35 2.92 | 7.78 Ba | Prote | Alphapr | Rhodos
c22cfeb6861fc | 135 | 22.73 | 049 | 509 | 6.97 | 2.37 | cte | obact | oteobac | pirillale | Rhodospiri uncultured
095355 621 | 6354 | 969 | 037 | E-15 | E-12 | ria | eria teria s llaceae Roseospira bacterium
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Eurycoccal

beb6168e004a | 54.9 2.59 | 9.18 Ba | Cyano | Oxypho es

M | H 49ecc1d0f42a2 | 343 | 23.79 | 053 | 574 | 4.09 | 1.25 | cte | bacte | tobacte | Euryco | Incertae Synechococcu

M | M | 2b5d6dc 657 | 59604 | 16 412 | E-20 | E-17 | ria | ria ria ccales | Sedis s PCC-7336 NA

Eurycoccal

b219b20fc8ffc6 | 17.4 2.67 | 8.82 Ba | Cyano | Oxypho es
cad49f38bbaed6 | 984 | 23.58 | 296 | 194 | 1.12 | 2.57 | cte | bacte | tobacte | Euryco | Incertae Synechococcu | Synechococcu
eaabf 64 07595 | 746 | 034 | E-18 | E-16 | ria | ria ria ccales | Sedis s PCC-7336 s sp. PCC 7336
7ddd59056470 | 9.77 2.83 | 8.03 Ba | Prote | Alphapr
e6021abe757b | 531 | 22.75 | 346 | 112 | 9.66 | 1.77 | cte | obact | oteobac | Rhizobi | Rhizobiace
a23ec188 137 | 59042 | 324 | 739 | E-16 | E-13 | ria | eria teria ales ae NA NA
alef686c65c83 | 53.6 2.57 | 9.74 Ba | Prote | Alphapr
b720247e3dal | 260 | 25.04 | 140 | 079 | 2.02 | 9.23 | cte | obact | oteobac | Rhizobi | Rhizobiace Ambiguous_ta
bece48b 826 | 75077 | 366 | 182 | E-22 | E-20 | ria | eria teria ales ae uncultured xa
c698e34b0eda | 28.4 2.37 | 10.1 Ba | Prote | Alphapr
752b6f0el1b37 | 516 | 24.25 | 931 | 955 | 2.08 | 1.90 | cte | obact | oteobac | Rhizobi | Stappiace Ambiguous_ta
b1f03c63 152 | 84523 | 885 | 45 E-24 | E-21 | ria | eria teria ales ae Labrenzia Xa
afbb6b175a089 | 101. 1.42 | 4.08 0.00 | Ba | Prote | Alphapr | Rhodo
edbe6724015d | 752 | 5.837 | 846 | 688 | 4.37 | 499 | cte | obact | oteobac | bacter | Rhodobac
1d86422 17 99235 | 955 | 612 | E-05 | 503 | ria | eria teria ales teraceae Roseobacter | NA
8abb0ca2546¢7 | 7.26 2.81 | 7.95 Ba | Prote | Alphapr | Rhodo
f07c24300677e | 501 | 22.35 | 080 | 328 | 1.82 | 2.77 | cte | obact | oteobac | bacter | Rhodobac
0b9100 685 | 51179 | 474 | 026 | E-15 | E-13 | ria | eria teria ales teraceae NA NA
258f6ff0d19d4 | 9.65 2.92 | 7.78 Ba | Prote | Alphapr | Rhodos
c22cfeb6861fc | 482 | 22.74 | 299 | 256 | 7.11 | 9.28 | cte | obact | oteobac | pirillale | Rhodospiri uncultured
095355 666 | 8376 | 397 | 002 | E-15 | E-13 | ria | eria teria s llaceae Roseospira bacterium
f53625710a03f | 31.5 1.56 | 3.93 0.00 | Ba | Prote | Alphapr | Sphing | Sphingom
89025d95c493 | 646 | 6.177 | 946 | 594 | 8.29 | 841 | cte | obact | oteobac | omona | onadacea
c3f2db2 207 | 3339 | 742 | 273 | E-05 | 598 |ria | eria teria dales e Erythrobacter | NA

H

M | CM | N/A
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abaaaef340lad | 7.68 1.91 | 3.28 | 0.00 | 0.01 | Ba Erysipe

e4f241385f815 | 547 | 6.288 | 298 | 725 | 101 | 774 | cte | Firmic | Erysipel | lotrich | Erysipelotr uncultured
HH | CH | 7916bd 625 | 45979 | 368 | 219 | 17 369 | ria | utes otrichia | ales ichaceae Turicibacter bacterium

Eurycoccal

06ea27772732 | 6.44 2.32 | 2.59 | 0.00 | 0.04 | Ba | Cyano | Oxypho es

106251812937 | 199 | 6.032 | 418 | 552 | 944 | 927 | cte | bacte | tobacte | Euryco | Incertae Synechococcu | Synechococcu

5f748c71 414 | 4918 | 694 | 78 458 | 253 | ria | ria ria ccales | Sedis s PCC-7336 ssp. PCC 7336

afbc701b739bc | 6.80 1.93 | 3.08 | 0.00 | 0.02 | Ba | Cyano | Oxypho

06bc30ede5b2 | 195 | 5.957 | 036 | 615 | 202 | 421 | cte | bacte | tobacte | Nostoc | Xenococca | Pleurocapsa

eef9f0a 711 | 39402 | 237 | 321 | 764 | 754 |ria | ria ria ales ceae PCC-7319 NA

ffd30ac895432 | 9.11 2.20 | 2.95 | 0.00 | 0.02 | Ba | Cyano | Oxypho

741482e09dc9c | 200 | 6.531 | 767 | 870 | 308 | 817 | cte | bacte | tobacte | Nostoc | Nostocace | Rivularia PCC- | uncultured

a05171 384 | 87307 | 952 | 529 | 934 | 482 |ria | ria ria ales ae 7116 bacterium

0097f3b74b88 | 6.94 2.17 | 2.82 | 0.00 | 0.03 | Ba | Cyano | Oxypho

b7176c¢553d8c | 130 | 6.140 | 097 | 842 | 467 | 677 | cte | bacte | tobacte | Nostoc | Cyanobact | Cyanobacteri | uncultured

d4ed7beb 88 45123 | 757 | 684 | 774 | 671 |ria | ria ria ales eriaceae um Clgl bacterium

f2a8692e7d33f | 7.60 1.72 | 3.02 | 0.00 | 0.02 | Ba | Prote | Alphapr | Rhodo Roseobacter

ceb64a3f7050b | 791 | 5.206 | 208 | 309 | 250 | 593 | cte | obact | oteobac | bacter | Rhodobac | clade CHAB-I- | Ambiguous_ta

f4e275 807 | 03707 | 892 | 423 | 204 | 027 | ria | eria teria ales teraceae 5 lineage Xa

75f5b4b1d3fb4 | 6.50 1.95 | 2.59 | 0.00 | 0.04 | Ba | Prote | Alphapr

¢55b199b67a9 | 486 | 5.072 | 347 | 640 | 942 | 927 | cte | obact | oteobac | Rhizobi | Rhizobiace | Pseudahrensi | uncultured

debe6le 892 | 00572 | 392 | 309 | 055 | 253 |ria | eria teria ales ae a bacterium

alef686c65c83 | 55.0 1.49 | 2.59 | 0.00 | 0.04 | Ba | Prote | Alphapr

b720247e3dal | 605 | 3.883 | 740 | 332 | 950 | 927 | cte | obact | oteobac | Rhizobi | Rhizobiace Ambiguous_ta

bece48b 858 | 24929 | 132 | 567 | 527 | 253 | ria | eria teria ales ae uncultured xa

bdc3917c51f88 | 14.2 2.23 | 3.21 | 0.00 | 0.02 | Ba | Prote | Alphapr

b15d5b0a9c81 | 128 | 7.173 | 133 | 471 | 130 | 126 | cte | obact | oteobac | Rhizobi | Stappiace Ambiguous_ta

be2f3d4 236 | 10429 | 688 | 148 | 576 | 518 |ria | eria teria ales ae Labrenzia Xa

15db6cfde3ab6 | 19.0 1.54 | 2.59 | 0.00 | 0.04 | Ba | Prote | Alphapr | Rhodo

15e3d9928503 | 528 | 4.026 | 977 | 841 | 936 | 927 | cte | obact | oteobac | bacter | Rhodobac | Pseudorueger | uncultured

5037e13 46 966 921 | 27 559 | 253 | ria | eria teria ales teraceae ia bacterium
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cc17864c41a0b | 6.61 2.34 | 2.59 | 0.00 | 0.04 | Ba | Prote | Alphapr | Rhodo
7e0e37ba57e7 | 248 | 6.069 | 062 | 320 | 950 | 927 | cte | obact | oteobac | bacter | Rhodobac | Pseudorueger | Pseudoruegeri
b080c47 063 | 71241 | 6 045 | 873 | 253 | ria | eria teria ales teraceae ia a marinistellae
29b44977b795 | 6.62 1.57 | 2.81 | 0.00 | 0.03 | Ba | Prote | Alphapr | Rhodo
97a88a8b2662 | 806 | 4.444 | 789 | 667 | 485 | 678 | cte | obact | oteobac | bacter | Rhodobac uncultured
d653e2e9 854 | 43151 | 968 | 559 | 235 | 156 | ria | eria teria ales teraceae uncultured bacterium
ad3f700c56322 | 18.5 1.55 | 2.67 | 0.00 | 0.04 | Ba | Prote | Alphapr | Rhodo
58c437f98b59f | 434 | 4.163 | 618 | 551 | 746 | 725 | cte | obact | oteobac | bacter | Rhodobac
4dda55 026 | 58535 | 014 | 631 | 142 | 569 |ria | eria teria ales teraceae NA NA
842d96314b86 | 29.3 1.46 | 2.96 | 0.00 | 0.02 | Ba | Prote | Alphapr | Rhodo
59dead2becf79 | 899 | 4.329 | 238 | 034 | 307 | 817 | cte | obact | oteobac | bacter | Rhodobac
631b300 232 | 16598 | 501 | 625 | 293 | 482 | ria | eria teria ales teraceae NA NA
29d2e2719581 | 4.84 2.00 | 2.80 | 0.00 | 0.03 | Ba | Prote | Alphapr | Rhodo
e0bbd571b420 | 075 | 5.620 | 246 | 696 | 500 | 678 | cte | obact | oteobac | bacter | Rhodobac
482e6f6c 101 | 86676 | 824 | 924 |1 156 | ria | eria teria ales teraceae NA NA
c5641fa0ead66 | 10.4 1.72 | 3.61 | 0.00 | 0.00 | Ba | Prote | Alphapr | Rhodo
dcbe87d60d8b | 337 | 6.254 | 941 | 678 | 029 | 870 | cte | obact | oteobac | bacter | Rhodobac
aed3cda 139 | 90069 | 034 | 229 | 829 | 362 |ria | eria teria ales teraceae Loktanella NA
416c81f69b4dea | 9.49 2.19 | 2.99 | 0.00 | 0.02 | Ba | Prote | Alphapr | Rhodo
70bae0eb909f6 | 635 | 6.591 | 781 | 920 | 270 | 683 | cte | obact | oteobac | bacter | Rhodobac uncultured
ba78f8 341 | 6806 | 193 | 139 | 688 | 345 |ria | eria teria ales teraceae Silicimonas bacterium
1b4be9b77e60 | 14.3 1.60 | 2.77 | 0.00 | 0.03 | Ba | Prote | Alphapr | Rhodo
94a3ad877948 | 966 | 4.443 | 148 | 476 | 552 | 935 | cte | obact | oteobac | bacter | Rhodobac uncultured
78611458 671 | 76034 | 88 829 | 41 925 | ria | eria teria ales teraceae Silicimonas bacterium
41120b546c3b | 128. 1.28 | 3.70 | 0.00 | 0.00 | Ba | Prote | Alphapr | Rhodo
6240d4d7b891 | 206 | 4.764 | 484 | 798 | 020 | 823 | cte | obact | oteobac | bacter | Rhodobac
787369b4 415 | 17702 | 321 | 318 | 892 | 518 | ria | eria teria ales teraceae NA NA
folda6lef615a | 187. 1.08 | 2.70 | 0.00 | 0.04 | Ba | Prote | Alphapr | Rhodo
0968fa4116ad0 | 589 | 2.931 | 538 | 059 | 692 | 622 | cte | obact | oteobac | bacter | Rhodobac Ambiguous_ta
féadac 036 | 19393 | 746 | 684 | 152 | 792 | ria | eria teria ales teraceae Ruegeria Xa
8c91f81c837df | 8.54 2.03 | 3.16 | 0.00 | 0.02 | Ba | Prote | Alphapr | Rhodo
b88c5328fdc01 | 180 | 6.439 | 286 | 793 | 153 | 187 | cte | obact | oteobac | bacter | Rhodobac Ambiguous_ta
c0elf8 169 | 99048 | 536 | 753 | 525 | 724 | ria | eria teria ales teraceae Ruegeria Xa
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7db6bc9cab547 | 7.18 2.92 | 7.72 Ba | Prote | Alphapr | Rhodo

dcbb30a8fb4e0 | 940 | 22.57 | 081 | 731 | 1.10 | 2.50 | cte | obact | oteobac | bacter | Rhodobac

ba36a81 905 | 00382 | 383 | 145 | E-14 | E-12 | ria | eria teria ales teraceae Ruegeria NA

e2d07801858b | 89.9 1.58 | 4.48 0.00 | Ba | Prote | Alphapr | Rhodo

8783b72867d2 | 901 | 7.091 | 150 | 431 | 7.31 | 055 | cte | obact | oteobac | bacter | Rhodobac

S5ccéaffc 067 | 98378 | 845 | 608 | E-06 | 593 | ria | eria teria ales teraceae Ruegeria NA

07cbeOc6eble9 | 18.3 1.71 | 2.93 | 0.00 | 0.02 | Ba | Prote | Alphapr | Rhodo

fébdc20bbb5f6 | 276 | 5.020 | 322 | 030 | 338 | 969 | cte | obact | oteobac | bacter | Rhodobac

30alb5 177 | 25871 | 039 | 526 | 629 | 517 | ria | eria teria ales teraceae NA NA

ba292eac5b5b | 5.42 2.14 | 2.69 | 0.00 | 0.04 | Ba | Prote | Alphapr | Rhodo

02a5723d4629 | 203 | 5.784 | 866 | 228 | 709 | 622 | cte | obact | oteobac | bacter | Rhodobac | Dinoroseobac | uncultured

787b4786 382 | 81786 | 338 | 67 639 | 792 | ria | eria teria ales teraceae ter bacterium

eeb8d4047341 | 7.89 1.77 | 3.56 | 0.00 | 0.00 | Ba | Prote | Alphapr | Rhodo

532d08f992e2b | 838 | 6.327 | 721 | 052 | 037 | 937 | cte | obact | oteobac | bacter | Rhodobac uncultured

177bfe8 755 | 80941 | 423 | 146 | 012 | 635 |ria | eria teria ales teraceae Actibacterium | bacterium

e2250c863bld | 7.85 2.17 | 2.90 | 0.00 | 0.03 | Ba | Prote | Alphapr | Rhodo

3d72429b7ea7f | 139 | 6.317 | 804 | 074 | 372 | 031 | cte | obact | oteobac | bacter | Rhodobac

c38fd48 325 | 93866 | 163 | 284 | 279 | 417 |ria | eria teria ales teraceae Roseobacter | NA
uncultured

c6e28c7522e60 | 6.08 1.35 | 3.61 | 0.00 | 0.00 | Ba | Prote | Alphapr | Rhodo alpha

3b8f62d858b0 | 284 | 4.907 | 925 | 068 | 030 | 870 | cte | obact | oteobac | bacter | Rhodobac proteobacteri

2f12fa2 062 | 84895 | 728 | 432 | 539 | 362 | ria | eria teria ales teraceae Roseobacter | um

8a2ee2f7bd87c | 10.0 1.90 | 3.49 | 0.00 | 0.01 | Ba | Prote | Alphapr

d5c5c5efe2cc9 | 492 | 6.674 | 832 | 770 | 046 | 069 | cte | obact | oteobac | Rhizobi | Rhizobiace

1677ad 459 | 75869 | 618 | 325 | 928 | 965 | ria | eria teria ales ae uncultured NA
uncultured

91aa7f96235ff | 18.8 1.55 | 2.61 | 0.00 | 0.04 | Ba | Prote | Alphapr alpha

49b6261337f19 | 280 | 4.057 | 410 | 063 | 903 | 927 | cte | obact | oteobac | Rhizobi | Rhizobiace proteobacteri

1bdc81 161 | 20288 | 857 | 027 | 755 | 253 | ria | eria teria ales ae uncultured um

d84cc4258f4e5 | 8.87 1.73 | 3.12 | 0.00 | 0.02 | Ba | Prote | Alphapr

56e74e94ad01 | 198 | 5.434 | 970 | 358 | 178 | 316 | cte | obact | oteobac | Rhizobi | Hyphomic | Hyphomicrobi | uncultured

28e9ec7 255 | 11924 | 864 | 007 | 665 | 279 |ria | eria teria ales robiaceae | um bacterium
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e015b6072710 | 8.48 1.89 | 3.39 | 0.00 | 0.01 | Ba | Prote | Alphapr

7df3a701a9e13 | 812 | 6.431 | 647 | 129 | 069 | 420 | cte | obact | oteobac | Rhizobi | Methylolig | Methyloceani | uncultured

2964ee7 348 | 52859 | 997 | 792 | 562 | 184 |ria | eria teria ales ellaceae bacter bacterium
uncultured

cb6b91722108 | 7.22 1.59 | 3.69 | 0.00 | 0.00 | Ba | Prote | Alphapr | Rhodo alpha

Ofee02e2a5aa2 | 465 | 5.892 | 307 | 868 | 021 | 823 | cte | obact | oteobac | bacter | Rhodobac proteobacteri

096b8d3 533 | 2822 | 285 | 974 | 672 | 518 |ria | eria teria ales teraceae uncultured um
uncultured

¢5262485e098 | 8.25 1.70 | 2.65 | 0.00 | 0.04 | Ba | Prote | Alphapr | Rhodo alpha

831e853876eb | 215 | 4.514 | 278 | 109 | 802 | 813 | cte | obact | oteobac | bacter | Rhodobac proteobacteri

d93a5d61 577 | 24406 | 645 | 231 | 319 | 915 |ria | eria teria ales teraceae uncultured um

3484d33fal6e54 | 7.73 1.82 | 3.07 | 0.00 | 0.02 | Ba | Prote | Alphapr

e05e581062f42 | 303 | 5.615 | 774 | 227 | 212 | 421 | cte | obact | oteobac | Parviba uncultured

f699ac 368 | 34081 | 736 | 407 | 435 | 754 |ria | eria teria culales | PS1clade | bacterium

e2084ef86d740 | 8.09 1.67 | 3.78 | 0.00 | 0.00 | Ba | Planct | Plancto

eab9541229%e | 331 | 6.363 | 962 | 867 | 015 | 823 | cte | omyc | myceta | Pirellul | Pirellulace

9d710f3 098 | 5645 | 729 | 653 | 145 | 518 |ria | etes cia ales ae NA NA

2clcf8lac2fded | 4.37 1.72 | 3.17 | 0.00 | 0.02 | Ba | Planct | Plancto

e6794b3eeeffc | 090 | 5.476 | 521 | 460 | 150 | 187 | cte | omyc | myceta | Pirellul | Pirellulace | Blastopirellul | uncultured

4b531 131 | 86274 | 003 | 636 | 04 724 | ria | etes cia ales ae a bacterium

0f9384f275170 | 27.2 1.45 | 2.66 | 0.00 | 0.04 | Ba | Planct | Plancto

6de751048f284 | 167 | 3.868 | 312 | 198 | 776 | 786 | cte | omyc | myceta | Pirellul | Pirellulace | Blastopirellul

8414ca 934 | 1916 | 397 | 32 818 | 876 | ria | etes cia ales ae a NA

0577e8efb35d1 | 11.1 1.62 | 3.04 | 0.00 | 0.02 | Ba | Planct | Plancto

7d66aa24b029 | 278 | 4.937 | 287 | 262 | 234 | 546 | cte | omyc | myceta | Pirellul | Pirellulace | Blastopirellul

7665603 078 | 79582 | 607 | 04 528 | 304 |ria | etes cia ales ae a NA
unidentified

9620ec43dbab | 6.21 2.17 | 2.75 | 0.00 | 0.04 | Ba | Planct | Plancto marine

9¢764d19413bf | 558 | 5.980 | 087 | 495 | 587 | 055 | cte | omyc | myceta | Pirellul | Pirellulace | Rhodopirellul | bacterioplankt

ef05587 709 | 66243 | 507 | 468 | 003 | 655 | ria | etes cia ales ae a on

095ceca3c61d9 | 5.80 1.74 | 3.37 | 0.00 | 0.01 | Ba | Planct | Plancto

418671db120c | 644 | 5.885 | 571 | 154 | 074 | 420 | cte | omyc | myceta | Pirellul | Pirellulace | Rhodopirellul | Ambiguous_ta

d9789fa 908 | 75179 | 108 | 976 | 747 | 184 | ria | etes cia ales ae a Xa
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b9c51c834dda | 5.53 2.00 | 2.90 | 0.00 | 0.03 | Ba | Prote | Deltapr | Bdellov
9ladfaec58df2 | 910 | 5.815 | 128 | 608 | 365 | 031 | cte | obact | oteobac | ibriona | Bdellovibri uncultured
9c¢5d645 114 | 89865 | 501 | 216 | 985 | 417 | ria | eria teria les onaceae OM27 clade bacterium
075e69e830el | 29.8 1.62 | 5.06 Ba | Prote | Alphapr | Sphing | Sphingom
dfabb094eca7e | 142 | 8.243 | 630 | 904 | 4.00 | 4.56 | cte | obact | oteobac | omona | onadacea | Parasphingop | uncultured
427857 694 | 81079 | 297 | 983 | E-07 | E-05 | ria | eria teria dales e yxis bacterium
f44ed316686¢0 | 15.1 1.64 | 3.11 | 0.00 | 0.02 | Ba | Prote | Alphapr | Sphing | Sphingom
00371fe14753d | 189 | 5.138 | 868 | 673 | 182 | 316 | cte | obact | oteobac | omona | onadacea
dde656 241 | 5268 | 754 | 781 | 864 | 279 |ria | eria teria dales e Erythrobacter | NA

M

H CH | NA
3140fc108962f | 20.3 | - 1.60 | 2.97 | 0.00 | 0.03 | Ba | Cyano | Oxypho

M bcOe8b3cc9a58 | 706 | 4.768 | 457 | 177 | 296 | 924 | cte | bacte | tobacte | Nostoc | Xenococca

H HH | 87a8a2 248 | 4186 | 059 | 24 086 | 146 |ria | ria ria ales ceae NA NA
fb14348fda73f | 9.65 | - 2.07 | 3.04 | 0.00 | 0.03 | Ba | Cyano | Oxypho
432a3bb01210 | 188 | 6.295 | 047 | 069 | 236 | 924 | cte | bacte | tobacte | Nostoc | Xenococca | Pleurocapsa
66d5afc 84 6821 | 147 | 98 029 | 146 |ria | ria ria ales ceae PCC-7319 NA
822465eclbb7 | 22.2 | - 2.00 | 3.74 | 0.00 | 0.00 | Ba | Cyano | Oxypho | Phormi
32365ea5fcc5¢c | 685 | 7.501 | 406 | 334 | 018 | 832 | cte | bacte | tobacte | desmia | Phormides | Phormidium cyanobacteriu
Ocfcf40 432 [ 9195 | 786 |6 159 | 667 | ria | ria ria les miaceae MBIC10003 m SC-1
bdc3917c51f88 | 12.0 | - 2.22 | 2.97 | 0.00 | 0.03 | Ba | Prote | Alphapr
b15d5b0a9c81 | 997 | 6.620 | 264 | 870 | 289 | 924 | cte | obact | oteobac | Rhizobi | Stappiace Ambiguous_ta
be2f3d4 647 | 62 72 94 465 | 146 | ria | eria teria ales ae Labrenzia Xa
fOcda7f00873c | 7.21 | - 2.02 | 2.90 | 0.00 | 0.04 | Ba | Prote | Alphapr
61df80b7dcOf2 | 402 | 5.876 | 483 | 219 | 370 | 210 | cte | obact | oteobac | Rhizobi | Stappiace Ambiguous_ta
596fcf 316 | 4858 | 929 | 86 554 | 836 | ria | eria teria ales ae Labrenzia Xa
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d4ee0Ofcb2d674 | 7.76 | - 1.89 | 3.15 | 0.00 | 0.03 | Ba | Prote | Alphapr | Rhodo

5f18745726de7 | 770 | 5.984 | 688 | 501 | 160 | 647 | cte | obact | oteobac | bacter | Rhodobac Ambiguous_ta
3faba5 682 | 7045 | 389 | 89 488 | 448 | ria | eria teria ales teraceae Ruegeria Xa
98d7e2d4d9eef | 8.06 | - 2.03 | 2.96 | 0.00 | 0.03 | Ba | Prote | Alphapr | Rhodo

df3350bf4307f | 989 | 6.038 | 339 | 955 | 298 | 924 | cte | obact | oteobac | bacter | Rhodobac Ambiguous_ta
0f4324 932 | 2802 | 825 | 12 235 | 146 | ria | eria teria ales teraceae Ruegeria Xa
d828b74e0fba3 | 9.53 | - 2.05 | 3.05 | 0.00 | 0.03 | Ba | Prote | Alphapr | Rhodo

d6621ff180edc | 027 | 6.277 | 292 | 792 | 222 | 924 | cte | obact | oteobac | bacter | Rhodobac uncultured
a619e8 692 | 677 192 | 29 877 | 146 |ria | eria teria ales teraceae Silicimonas bacterium
ec8lal7flécb3 | 17.7 | - 1.30 | 4.30 0.00 | Ba | Prote | Alphapr | Rhodo

89e0bcd06c49 | 549 |5.603 | 081 | 790 | 1.65 | 206 | cte | obact | oteobac | bacter | Rhodobac

438a027 593 | 7766 | 117 | 94 E-05 | 006 | ria | eria teria ales teraceae Ruegeria NA
c40fc57292928 | 27.1 | - 1.97 | 3.93 0.00 | Ba | Prote | Alphapr | Rhodo

2c726cedclc52 | 107 | 7.785 | 878 | 471 | 8.33 | 694 | cte | obact | oteobac | bacter | Rhodobac

ac8081 318 | 9595 | 637 | 46 E-05 | 13 ria | eria teria ales teraceae NA NA
8c91f81c837df | 7.31 | - 2.02 | 2.91 | 0.00 | 0.04 | Ba | Prote | Alphapr | Rhodo

b88c5328fdc01 | 861 | 5.897 | 576 | 125 | 359 | 210 | cte | obact | oteobac | bacter | Rhodobac Ambiguous_ta
c0elf8 349 | 5384 | 871 |95 975 | 836 | ria | eria teria ales teraceae Ruegeria Xa
e2d07801858b | 78.2 | - 1.48 | 6.28 Ba | Prote | Alphapr | Rhodo

8783b72867d2 | 477 | 9.321 | 202 | 979 | 3.18 | 7.95 | cte | obact | oteobac | bacter | Rhodobac

Sccéaffc 626 | 5973 | 013 | 13 E-10 | E-08 | ria | eria teria ales teraceae Ruegeria NA
07cbeOc6eble9 | 15.3 | - 1.85 | 3.75 | 0.00 | 0.00 | Ba | Prote | Alphapr | Rhodo

fébdc20bbb5f6 | 402 | 6.965 | 606 | 268 | 017 | 832 | cte | obact | oteobac | bacter | Rhodobac

30alb5 042 | 2276 | 46 6 495 | 667 | ria | eria teria ales teraceae NA NA
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915bf7calf5f8a | 40.1 | - 1.23 | 3.71 | 0.00 | 0.00 | Ba | Prote | Alphapr | Rhodo
18e36dbde661 | 019 | 4.589 | 397 | 921 | 019 | 832 | cte | obact | oteobac | bacter | Rhodobac
5996de 505 | 4263 | 594 | 86 984 | 667 | ria | eria teria ales teraceae NA NA

- uncultured
7b7c9cbd3a40 | 6.60 | - 1.90 | 3.02 | 0.00 | 0.03 | Ba | Prote | Alphapr | Rhodo alpha
2a3a7d3c¢9d48 | 012 | 5.750 | 175 | 353 | 249 | 924 | cte | obact | oteobac | bacter | Rhodobac proteobacteri
340b79%ee 092 | 0377 | 955 | 56 84 146 | ria | eria teria ales teraceae Roseobacter | um
771399a353b0 | 7.36 | - 1.79 | 3.29 | 0.00 | 0.02 | Ba | Prote | Alphapr | Rhodo
3df0e94367a22 | 550 | 5.908 | 185 | 727 | 097 | 440 | cte | obact | oteobac | bacter | Rhodobac uncultured
5839475 028 | 2472 | 946 | 16 629 | 726 | ria | eria teria ales teraceae Tateyamaria bacterium
a81e40f018e65 | 4.58 | - 1.74 | 2.98 | 0.00 | 0.03 | Ba | Prote | Alphapr | Rhodo
22e6b21a3d91 | 236 | 5.225 | 796 | 969 | 279 | 924 | cte | obact | oteobac | bacter | Rhodobac uncultured
d843675 843 | 8902 | 578 | 82 253 | 146 | ria | eria teria ales teraceae Tateyamaria bacterium

- uncultured
91aa7f96235ff | 15.9 | - 1.65 | 2.91 | 0.00 | 0.04 | Ba | Prote | Alphapr alpha
49b6261337f19 | 115 | 4.825 | 610 | 367 | 357 | 210 | cte | obact | oteobac | Rhizobi | Rhizobiace proteobacteri
1bdc81 188 | 3502 [(674 |1 206 | 836 | ria | eria teria ales ae uncultured um
d84cc4258f4e5 | 7.47 | - 1.77 | 3.33 | 0.00 | 0.02 | Ba | Prote | Alphapr
56e74e94ad01 | 006 | 5.929 | 745 | 591 | 085 | 440 | cte | obact | oteobac | Rhizobi | Hyphomic | Hyphomicrobi | uncultured
28e9ec7 334 | 4295 | 424 | 12 02 726 | ria | eria teria ales robiaceae | um bacterium

- uncultured
¢5262485e098 | 6.92 | - 1.66 | 2.82 | 0.00 | 0.04 | Ba | Prote | Alphapr | Rhodo alpha
831e853876eb | 957 | 4.692 | 327 | 121 | 478 | 983 | cte | obact | oteobac | bacter | Rhodobac proteobacteri
d93a5d61 688 | 4704 | 801 | 83 416 | 503 | ria | eria teria ales teraceae uncultured um
e2084ef86d740 | 6.86 | - 1.60 | 3.31 | 0.00 | 0.02 | Ba | Planct | Plancto
eab9541229%e | 805 |5.341 | 983 | 775 | 090 | 440 | cte | omyc | myceta | Pirellul | Pirellulace
9d710f3 962 | 0439 | 769 |3 745 | 726 | ria | etes cia ales ae NA NA
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095ceca3c61d9 | 4.98 | - 1.74 | 3.07 | 0.00 | 0.03 | Ba | Planct | Plancto

418671db120c | 617 | 5.348 | 029 | 316 | 211 | 924 | cte | omyc | myceta | Pirellul | Pirellulace | Rhodopirellul | Ambiguous_ta

d9789fa 739 | 2146 | 729 | 15 804 | 146 | ria | etes cia ales ae a xa

075e69e830el | 26.1 | - 1.68 | 3.35 | 0.00 | 0.02 | Ba | Prote | Alphapr | Sphing | Sphingom

dfabb094eca7e | 409 | 5.645 | 064 | 904 | 078 | 440 | cte | obact | oteobac | omona | onadacea | Parasphingop | uncultured

427857 863 | 3671 | 724 | 34 213 | 726 | ria | eria teria dales e yXis bacterium

f44ed316686¢0 | 12.9 | - 1.73 | 2.83 | 0.00 | 0.04 | Ba | Prote | Alphapr | Sphing | Sphingom

00371fe14753d | 032 | 4.916 | 288 | 737 | 454 | 944 | cte | obact | oteobac | omona | onadacea

dde656 673 | 8512 | 908 | 21 866 | 192 |ria | eria teria dales e Erythrobacter | NA

abaaaef340lad | 8.47 1.92 | 3.35 | 0.00 | 0.02 | Ba Erysipe

e4f241385f815 | 423 | 6.458 | 363 | 740 | 078 | 562 | cte | Firmic | Erysipel | lotrich | Erysipelotr uncultured
CC | 7916bd 393 | 42548 | 844 | 092 | 679 | 685 | ria | utes otrichia | ales ichaceae Turicibacter bacterium

afbc701b739bc | 7.16 1.93 | 3.12 | 0.00 | 0.03 | Ba | Cyano | Oxypho

06bc30ede5b2 | 857 | 6.055 | 536 | 891 | 175 | 636 | cte | bacte | tobacte | Nostoc | Xenococca | Pleurocapsa

eef9f0a 129 | 59046 | 443 | 483 | 453 | 665 | ria | ria ria ales ceae PCC-7319 NA

822465eclbb7 | 29.0 1.93 | 3.25 | 0.00 | 0.03 | Ba | Cyano | Oxypho | Phormi

32365ea5fcc5¢c | 071 | 6.297 | 502 | 426 | 113 | 240 | cte | bacte | tobacte | desmia | Phormides | Phormidium cyanobacteriu

Ocfcf40 57 072 055 | 621 | 686 | 042 |ria | ria ria les miaceae MBIC10003 m SC-1

ffd30ac895432 | 9.94 2.21 | 3.01 | 0.00 | 0.04 | Ba | Cyano | Oxypho

741482e09dc9c | 852 | 6.686 | 942 | 267 | 258 | 217 | cte | bacte | tobacte | Nostoc | Nostocace | Rivularia PCC- | uncultured

a05171 631 | 41518 | 827 | 46 956 | 29 ria | ria ria ales ae 7116 bacterium

0097f3b74b88 | 7.68 2.18 | 2.89 | 0.00 | 0.04 | Ba | Cyano | Oxypho

b7176c¢553d8c | 721 | 6.315 | 436 | 124 | 383 | 374 | cte | bacte | tobacte | Nostoc | Cyanobact | Cyanobacteri | uncultured

d4ed7beb 059 | 54385 | 637 | 752 | 716 | 36 ria | ria ria ales eriaceae um Clgl bacterium

98d7e2d4d9eef | 10.6 1.91 | 2.93 | 0.00 | 0.04 | Ba | Prote | Alphapr | Rhodo

df3350bf4307f | 120 | 5.632 | 845 | 594 | 332 | 374 | cte | obact | oteobac | bacter | Rhodobac Ambiguous_ta

0f4324 012 | 47073 | 005 | 859 | 529 | 36 ria | eria teria ales teraceae Ruegeria Xa

29d2e2719581 | 5.33 2.01 | 2.87 | 0.00 | 0.04 | Ba | Prote | Alphapr | Rhodo

eObbd571b420 | 499 | 5.789 | 394 | 478 | 404 | 389 | cte | obact | oteobac | bacter | Rhodobac

482e6f6c 875 | 66323 | 435 | 809 | 299 | 529 | ria | eria teria ales teraceae NA NA
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1b4be9b77e60 | 15.5 1.75 | 3.03 | 0.00 | 0.04 | Ba | Prote | Alphapr | Rhodo

94a3ad877948 | 657 | 5.341 | 892 | 684 | 239 | 192 | cte | obact | oteobac | bacter | Rhodobac uncultured

78611458 851 | 57428 | 482 | 058 | 072 | 953 | ria | eria teria ales teraceae Silicimonas bacterium

8fealSbbdcbf6 | 2.62 1.34 | 2.85 | 0.00 | 0.04 | Ba | Prote | Alphapr | Rhodo

8306ef3d37dd | 898 | 3.850 | 835 | 600 | 429 | 446 | cte | obact | oteobac | bacter | Rhodobac

Oc7e63e 802 (9075 | 572 |265 |012 |12 ria | eria teria ales teraceae Ruegeria NA

ec8lal7fl6cb3 | 23.6 1.43 | 2.89 | 0.00 | 0.04 | Ba | Prote | Alphapr | Rhodo

89e0bcd06c49 | 465 | 4.146 | 346 | 246 | 382 | 374 | cte | obact | oteobac | bacter | Rhodobac

438a027 551 | 23993 | 199 | 589 | 231 | 36 ria | eria teria ales teraceae Ruegeria NA

41120b546c3b | 139. 1.56 | 3.68 | 0.00 | 0.02 | Ba | Prote | Alphapr | Rhodo

6240d4d7b891 | 322 | 5.763 | 550 | 130 | 023 | 110 | cte | obact | oteobac | bacter | Rhodobac

787369b4 853 | 10347 | 647 | 287 | 205 | 268 | ria | eria teria ales teraceae NA NA

07cbeOc6eble9 | 19.2 1.86 | 4.09 0.00 | Ba | Prote | Alphapr | Rhodo

fébdc20bbb5f6 | 950 | 7.644 | 889 | 018 | 4.31 | 982 | cte | obact | oteobac | bacter | Rhodobac

30alb5 287 | 12316 | 528 | 271 | E-O5 | 756 | ria | eria teria ales teraceae NA NA

915bf7calf5f8a | 51.7 1.23 | 3.60 | 0.00 | 0.02 | Ba | Prote | Alphapr | Rhodo

18e36dbde661 | 364 | 4.460 | 664 | 684 | 030 | 110 | cte | obact | oteobac | bacter | Rhodobac

5996de 337 | 3712 | 208 | 089 | 995 | 268 | ria | eria teria ales teraceae NA NA

4d6¢7413002bf | 7.43 2.03 | 3.07 | 0.00 | 0.03 | Ba | Prote | Alphapr | Rhodo

b6f892578760b | 818 | 6.268 | 844 | 515 | 210 | 997 | cte | obact | oteobac | bacter | Rhodobac uncultured

b9f7d3 883 | 54473 | 879 | 438 | 394 | 479 | ria | eria teria ales teraceae Roseobacter | bacterium

771399a353b0 | 9.70 1.74 | 2.77 | 0.00 | 0.04 | Ba | Prote | Alphapr | Rhodo

3df0e94367a22 | 877 | 4.830 | 186 | 301 | 555 | 973 | cte | obact | oteobac | bacter | Rhodobac uncultured

5839475 274 | 20507 | 315 | 066 | 403 | 552 | ria | eria teria ales teraceae Tateyamaria bacterium

e015b6072710 | 9.41 1.90 | 3.46 | 0.00 | 0.02 | Ba | Prote | Alphapr

7df3a701a9%e13 | 094 | 6.609 | 799 | 411 | 053 | 110 | cte | obact | oteobac | Rhizobi | Methylolig | Methyloceani | uncultured

2964ee7 131 | 51253 | 362 | 668 | 198 | 268 | ria | eria teria ales ellaceae bacter bacterium
uncultured

f9c44c9fce9289 | 10.1 2.02 | 2.89 | 0.00 | 0.04 | Ba | Prote | Alphapr | Rhodo alpha

ff88e5b2f6734 | 810 | 5.859 | 641 | 162 | 383 | 374 | cte | obact | oteobac | vibrion | Kiloniellac proteobacteri

8d798 946 | 63264 | 431 | 616 | 254 | 36 ria | eria teria ales eae Pelagibius um




APPENDIX C— CHAPTER 4

282

uncultured
¢5262485e098 | 8.88 1.69 | 3.13 | 0.00 | 0.03 | Ba | Prote | Alphapr | Rhodo alpha
831e853876eb | 630 | 5.302 | 160 | 457 | 172 | 636 | cte | obact | oteobac | bacter | Rhodobac proteobacteri
d93a5d61 841 | 47406 | 599 | 985 |1 665 | ria | eria teria ales teraceae uncultured um
3484d33fal654 | 8.73 1.89 | 2.89 | 0.00 | 0.04 | Ba | Prote | Alphapr
e05e581062f42 | 989 | 5.503 | 977 | 698 | 376 | 374 | cte | obact | oteobac | Parviba uncultured
f699ac 333 | 61904 | 635 | 26 771 | 36 ria | eria teria culales | PS1clade | bacterium
eced8c897c76f | 3.37 1.75 | 2.83 | 0.00 | 0.04 | Ba | Cyano | Oxypho
2e2c70effdc3b | 921 | 4.972 | 437 | 448 | 458 | 550 | cte | bacte | tobacte | Nostoc | Xenococca | Pleurocapsa Pleurocapsa
2bda5b 299 | 7442 | 454 | 266 | 999 | 082 |ria | ria ria ales ceae PCC-7319 sp. PCC 7319
0f9384f275170 | 29.3 1.43 | 3.19 | 0.00 | 0.03 | Ba | Planct | Plancto
6de751048f284 | 702 | 4.564 | 052 | 054 | 142 | 597 | cte | omyc | myceta | Pirellul | Pirellulace | Blastopirellul
8414ca 138 | 1463 | 446 | 056 | 007 | 508 | ria | etes cia ales ae a NA
unidentified

9620ec43dbab | 6.86 2.18 | 2.81 | 0.00 | 0.04 | Ba | Planct | Plancto marine
9¢764d19413bf | 555 | 6.152 | 386 | 702 | 484 | 604 | cte | omyc | myceta | Pirellul | Pirellulace | Rhodopirellul | bacterioplankt
ef05587 568 | 01585 | 678 | 891 | 702 | 665 | ria | etes cia ales ae a on
095ceca3c61d9 | 6.43 1.75 | 3.45 | 0.00 | 0.02 | Ba | Planct | Plancto
418671db120c | 166 | 6.063 | 616 | 254 | 055 | 110 | cte | omyc | myceta | Pirellul | Pirellulace | Rhodopirellul | Ambiguous_ta
d9789fa 002 | 21764 | 107 | 074 | 533 | 268 | ria | etes cia ales ae a Xa
075e69e830el | 33.4 1.71 | 3.49 | 0.00 | 0.02 | Ba | Prote | Alphapr | Sphing | Sphingom
dfabb094eca7e | 133 | 5.983 | 219 | 440 | 047 | 110 | cte | obact | oteobac | omona | onadacea | Parasphingop | uncultured
427857 701 | 10146 | 226 | 983 | 511 | 268 |ria | eria teria dales e yXis bacterium
d4449bc64fed6 | 6.91 1.84 | 2.92 | 0.00 | 0.04 | Ba | Prote | Alphapr | Sphing | Sphingom
1d40efda856ce | 772 | 5.406 | 864 | 438 | 345 | 374 | cte | obact | oteobac | omona | onadacea
cceaf8 847 | 15775 | 7 619 | 136 | 36 ria | eria teria dales e Erythrobacter | NA
f44ed316686¢0 | 16.5 1.78 | 2.76 | 0.00 | 0.04 | Ba | Prote | Alphapr | Sphing | Sphingom
00371fel14753d | 806 | 4.926 | 114 | 618 | 567 | 973 | cte | obact | oteobac | omona | onadacea
dde656 126 | 9717 | 171 | 736 | 159 | 552 | ria | eria teria dales e Erythrobacter | NA
e2d07801858b | 13.8 | - 2.62 | 9.36 Ba | Prote | Alphapr | Rhodo

M 8783b72867d2 | 583 | 24.58 | 364 | 968 | 7.27 | 7.61 | cte | obact | oteobac | bacter | Rhodobac

M | CC | 5ccbaffc 632 | 2704 | 266 | 47 E-21 | E-18 | ria | eria teria ales teraceae Ruegeria NA
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258f6ff0d19d4 | 11.6 2.92 | 8.15 Ba | Prote | Alphapr | Rhodos
c22cfeb6861fc | 209 | 23.82 | 046 | 886 | 3.38 | 1.77 | cte | obact | oteobac | pirillale | Rhodospiri uncultured
095355 677 | 76684 | 498 | 12 E-16 | E-13 | ria | eria teria s llaceae Roseospira bacterium
9b1561230b5cf | 20.5 | - 2.42 | 10.3 Ba | Prote | Alphapr | Rhodo

M 602e73574943 | 196 | 25.11 | 583 | 533 | 4.04 | 5.75 | cte | obact | oteobac | bacter | Rhodobac

M | HH | 64f1b01 31 5616 | 868 | 74 E-25 | E-22 | ria | eria teria ales teraceae NA NA
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Figure C.S 13 Estimates of differentially abundant bacteria (non-rarefied dataset) between origin and destination treatments. Only significantly different
taxa displayed. Log2FoldChange (x) values compare abundances found in particular treatment combinations, where a positive value favours treatment

history 1 and a negative value means significantly higher abundance in treatment history 2. Its value represents magnitude of difference (2/x).
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