Chapter 1

General Introduction

Rapid climate change and local stressors threaten ecosystems globally

Ecosystems worldwide are undergoing rapid changes and
degradation driven by anthropogenic climate change and intensifying local
stressors (Pacifici et al. 2015; Malhi et al. 2020). Further, an increase in the
frequency and intensity of extreme climate events, such as heatwaves,
droughts, and storms, cause large-scale ecological disturbances that lead to
loss of biodiversity and ecosystem functioning (Rahmstorf and Coumou
2011; Frolicher and Laufkotter 2018). When combined with local stressors,
such as pollution, habitat degradation, or overexploitation, these climate
extremes threaten the resilience of some of the world’s most biodiverse
ecosystems, namely tropical rainforests and coral reefs (Harborne et al.
2017; Franga et al. 2020). Yet, some organisms that persist under naturally
extreme and/or highly heterogeneous environmental conditions tend to
have increased resilience to future multi-faceted environmental change,
including warming (Bonebrake and Deutsch 2012; Lazaro-Nogal et al. 2015;
Percino-Daniel et al. 2021). Given the rapid rate of environmental change
globally, identifying and protecting naturally climate-change-resistant
populations is a key conservation priority (Malhi et al. 2020; Colton et al.
2022).

Tropical coral reefs are biodiversity hotspots, providing habitat for
approximately 32% of all named marine species, despite occupying less
than 0.1% of the ocean’s surface area (Reaka-Kudla 1997; Fisher et al.
2015). They provide essential ecosystem services to nearly a billion people
worldwide (Sing Wong et al. 2022) by supporting valuable tourism and
fishery industries and serving as coastline protection from the impacts of
storms (Costanza et al. 2014; Spalding et al. 2017; Beck et al. 2018). Despite
their global importance, coral reefs are among the most threatened
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ecosystems under rapid global climate change (e.g., Eakin et al. 2019;
Hoegh-Guldberg et al.2007, 2023) and intensifying local pressures (e.g.,
Franca et al.20; Harborne et al.17). Ocean warming and marine heatwaves
are amongst the largest threats to coral reefs, causing mass coral bleaching
and mass mortality events globally (e.g., Eakin et al. 2019; Hoegh-Guldberg
et al. 2023; Hughes et al. 2018). The ecological success of reef-building
corals is underpinned by, among other strategies, their mutualistic
symbiotic relationship with photosynthetic dinoflagellates
(Symbiodiniaceae) that live inside their tissues and provide them with the
organic carbon needed to meet their daily metabolic demand (e.g.,
Muscatine et al. 1984). However, when seawater temperatures exceed
local maximum summer temperatures by 1-2°C for a few weeks, corals
expel their endosymbionts, resulting in a pale appearance, hence the term
coral bleaching. An increase in the frequency and intensity of marine
heatwaves has caused mass coral bleaching and mortality events (Frolicher
and Laufkotter 2018; Hughes et al. 2018; Smale et al. 2019). Recently, coral
reefs have been devastated by the fourth global bleaching event, which is
the most intense on record and has impacted more than 80% of the
world’s coral reef area (Hoegh-Guldberg et al. 2023; Reimer et al. 2024;
NOAA Coral Reef Watch 2025).

In tandem with ocean warming, ocean acidification—a reduction in
seawater pH—can impair coral calcification and their capacity to build the
reef framework (Kornder et al. 2018; Cornwall et al. 2021; Leung et al.
2022). When combined with warming, low coastal water quality can
further cause localized low dissolved oxygen, or hypoxic, events. Extreme
hypoxic conditions can lead to tropical dead zones and cause mass coral-
mortality events (e.g., Altieri et al. 2017). More than 10% of coral reefs
worldwide are at increased risk for hypoxic events, making them
increasingly recognized as a global threat to tropical coral reefs (Altieri et
al. 2017; Pezner et al. 2023). On coral reefs these three global
environmental stressors (warming, acidification, and hypoxia) are
mechanistically linked through physical, chemical, and biological processes,
meaning that they co-vary (e.g., Bopp et al. 2013; Gobler and Baumann
2016) and are likely to co-occur (e.g., Reum et al. 2016; Humphreys 2017).
For example, ocean warming enhances organismal respiration, resulting in
higher biological demand for oxygen as increased CO; production lowers
pH. Therefore, as both global climate change and local stressors intensify,
the future health and survival of coral reefs depends on their capacity to
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rapidly adjust to multi-faceted environmental change. However, research
to date has largely focused on the capacity of corals to adjust to one or two
climate change stressors (e.g., Jury et al. 2024; Palumbi et al. 2014),
whereas our knowledge on their adaptive capacity to multiple co-varying
stressors is limited (Camp et al. 2018a; Guan et al. 2020; Schoepf et al.
2023).

The coral holobiont and implications for stress tolerance and adaptive
capacity

In order to predict the future of coral reefs, we must understand
their adaptive capacity, or their ability to adjust to changes in their
physicochemical environment (e.g., Torda et al. 2017; Cornwall et al. 2023;
Logan et al. 2021). Adaptive capacity encompasses both physiological
acclimatization via phenotypic plasticity and genetic changes across
subsequent generations. However, corals are long-lived organisms, and
whether or not they can adapt at rates that can keep pace with rapid
climate change and intensifying local stressors remains unclear (e.g., Bay et
al. 2017; Hoegh-Guldberg, 2012). Therefore, research on the adaptive
capacity of corals to date has strongly focused on rapid acclimatization via
phenotypic plasticity (e.g., Putnam 2021; Drury 2020; McLachlan et al.
2022). Corals are holobiont organisms made up of the animal host tissue
and skeleton, algal symbionts, and associated bacterial, archaeal, viral, and
fungal communities (e.g., Rohwer et al. 2002). Each part of the holobiont
has a unique set of functional traits that may contribute to the adaptive
capacity of the coral holobiont to changing environmental conditions.
Notably, evidence that the animal host and the associated algal symbiont
and bacterial communities can promote increased thermal tolerance has
underlined the importance of considering the role of all members of the
holobiont in promoting resilience to more extreme conditions (Silverstein
et al. 2015; Drury 2020; Voolstra and Ziegler 2020). By examining the
functional traits and microbial communities associated with stress-resilient
coral holobionts, we can better predict which coral species are likely to
persist into the future and gain valuable insight into the mechanisms that
underlie tolerance to environmental stressors.

Coral animal hosts exhibit physiological flexibility in key functional
traits, which allows them to respond to changes in their physicochemical
environment (e.g., Baird et al. 2009; Edmunds & Gates, 2008; Grottoli et al.
2014). Therefore, this flexibility can facilitate acclimatization to increasingly
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extreme environmental conditions. In this thesis, | will address several key
functional traits related to coral health and fitness, such as their trophic
strategies, calcification rates, metabolic rates, and total biomass. Trophic
plasticity, or the ability to switch between modes of acquiring nutrition, is a
promising functional trait of naturally stress-resilient corals (Radice et al.
2022; Lange et al. 2023). Corals can acquire their energy through both
autotrophy via translocated photosynthates from their algal symbionts and
through heterotrophy by feeding on particulate and dissolved organic
matter in the water column (e.g., Houlbréque and Ferrier-Pages 2009).
Corals that have high heterotrophic plasticity can have increased resilience
to several climate-change stressors, including heat stress (Grottoli et al.
2006; Tremblay et al. 2016), acidification (Drenkard et al. 2013; Towle et al.
2015; Ramajo et al. 2016), and hypoxia (Wijgerde et al. 2012). Similarly,
corals that have thick tissues with high biomass per surface area and/or
high levels of stored energy reserves are more likely to resist and recover
from bleaching (Rodrigues and Grottoli 2007; Anthony et al. 2009; Thornhill
et al. 2011). Thus, high total tissue biomass is a key functional trait that can
support acclimatization to thermal stress, and likely other stressors
(Anthony et al. 2009). Under suboptimal environmental conditions, corals
may need to adjust how they allocate energy into processes that mitigate
physiological stress. This may result in physiological tradeoffs, such as
increased energetic demand (higher respiration rates; Castillo and Helmuth
2005; Radecker et al. 2021) or reduced calcification rates (e.g., Marshall
and Clode 2004; Kordner et al. 2018). Therefore, investigating how trophic
strategies, calcification rates, metabolism, and total biomass shift across
environmental gradients advances our understanding of how corals may
adjust to future environmental conditions under climate change.

Symbiotic dinoflagellates from the Symbiodiniaceae family are
taxonomically and functionally diverse, consisting of several genera with
multiple species and sub-species that differ in their environmental
tolerances (e.g., Cunning et al. 2015; Laleunesse et al. 2018). Some coral
species exhibit specificity for certain Symbiodiniaceae (Baker 2003), while
other coral species can associate with several genera (Baker and Romanski
2007). Importantly, some corals exhibit flexibility in which taxa dominate
their overall symbiont community profiles, and can shuffle or switch their
symbiont communities to more stress-resistant Symbiodiniaceae taxa in
response to environmental stress (Cunning et al. 2015; Silverstein et al.
2015). Shuffling of the symbiont community occurs via differential
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proliferation of Symbiodiniaceae already within the coral tissue, and
switching can occur through acquisition of novel symbionts from nearby
corals, the water column, and the sediment (Kinzie et al. 2001; Cunning et
al. 2015; Williamson et al. 2021). Coral thermotolerance is tightly linked to
the host-symbiont pairing, and shuffling to host more thermally tolerant
symbionts, such as Durusdinium trenchii and some Cladocopium species,
can increase the bleaching threshold of corals by 1-1.5 °C (Little et al.
2004; Berkelmans and Van Oppen 2006; Davies et al. 2023). In addition to
elevated thermal tolerance, some symbiont species are associated with
traits that benefit overall coral health, such as higher carbon transfer to the
host and higher photochemical efficiency (Cunning et al. 2018; Wang et al.
2023). Therefore, hosting thermally tolerant symbionts and the ability to
shuffle the symbiont profile represent major avenues for corals to rapidly
acclimatize to changing ocean conditions (Berkelmans and Van Oppen
2006; Silverstein et al. 2015, 2017). However, associating with more
thermally-tolerant symbionts may come with significant trade-offs, such as
decreased translocation of photosynthates to the host and decreased
growth rates (Jones and Berkelmans 2010; Baker et al. 2013), but not
always (e.g., Chan et al. 2023; Kemp et al. 2023).

Similarly, the flexibility of the coral bacterial community is another
strategy that may aid coral health and survival under environmental stress
(Voolstra and Ziegler 2020). Bacterial communities contribute to the overall
holobiont health and survival through, for example, nutrient cycling, aiding
in disease resistance, and potentially promoting enhanced thermal
tolerance (Radecker et al. 2015; Peixoto et al. 2017, 2021; Voolstra et al.
2024). Some coral species have bacterial communities that shift under
changing environmental conditions, while others remain relatively stable
(e.g., Ziegler et al. 2019). Interestingly, while flexibility of the bacterial
community may provide advantages under thermal stress (Voolstra and
Ziegler 2020), stability of some bacterial compositions has also been found
to be associated with increased thermal tolerance (e.g., Ziegler et al. 2017;
Grottoli et al. 2018). Further, the degree to which bacterial community
restructuring is host- or environmentally- controlled remains uncertain
(Ziegler et al. 2020; Gantt et al. 2024). While mechanistic links between the
microbiome and stress tolerance by the holobiont are not well established,
bacterial community restructuring may be a key strategy for corals to
rapidly acclimatize to future ocean conditions (Voolstra and Ziegler 2020).
Therefore, characterizing the bacterial community composition and its
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flexibility across environmental and temporal gradients is an important
step in unraveling its role in promoting coral acclimatization.

Investigating coral adaptive capacity to multi-stress conditions using
extreme environments as natural laboratories

The physicochemical conditions on coral reefs are naturally
dynamic, exhibiting diel and seasonal fluctuations in seawater
temperatures, pH, dissolved oxygen concentrations, light availability,
concentrations of (in)organic nutrients and more (e.g., Cyronak et al. 2020).
Diel fluctuations in pH and O, concentrations are driven by coral reef
community metabolism, whereby day-time photosynthesis increases
oxygen concentrations and pH  during daytime, and respiration draws
them down at night (e.g., Page et al. 2016; Cryer et al. 2023). However,
under ocean warming, community metabolism is expected to increase in
marine environments, leading to increases in the respiratory demand for
oxygen (e.g., Gunderson et al. 2016). Moreover, ocean warming also
reduces the solubility of O, and CO; in water. These changes caused by
ocean warming are projected to increase the amplitude of diel fluctuations
of Oz and pH, especially in semi-enclosed environments with longer
seawater residence times (e.g., Tyler et al. 2009; Maggioni et al. 2021; de
Jong et al. 2025). In addition to global stressors, rates of human population
growth in the vicinity of coral reefs are exceeding global averages, leading
to intensifying local anthropogenic stressors on reefs (Sing Wong et al.
2022). Coastal development and land-use changes lead to declines in
coastal water quality via polluted terrestrial run-off, which exposes coral
reefs to excess nutrients, sediments, and other chemical pollutants (e.g.,
Burt & Bartholomew, 2019; Nalley et al. 2023). Consequently, coral reefs of
the future will increasingly experience multiple co-varying global and local
stressors, especially during the warmer summer months when seawater
temperatures rise and coral bleaching is likely to occur (e.g., Pezner et al.
2023; Harborne et al. 2017; Pendelton et al. 2016). Understanding how
corals respond to complex, multi-stress environmental regimes is essential
for assessing their adaptive capacity in the face of future climate change.

Habitats where corals naturally live close to the edge of their
environmental tolerances and/or under more extreme conditions, such as
near CO; vents, macrotidal reefs, or semi-enclosed bays and mangrove
lagoons, have become increasingly popular for examining holobiont
dynamics and physiological strategies under suboptimal environmental
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conditions (Camp et al. 2018; Burt et al. 2020; Schoepf et al. 2023).
Extreme habitats are defined as environments in which the mean and
variance of one or multiple environmental variables deviate strongly from
conditions that are optimal for reef development (Schoepf et al. 2023).
Coral communities are defined as marginal when at least two of the
following parameters are considerably different from “normal” reefs: coral
cover, community composition, species richness, or ecosystem functioning
(Schoepf et al. 2023). Extreme habitats and marginal coral communities
have provided key insights into the functional traits and genetic
adaptations that facilitate success and survival at the edge of
environmental limits (Camp et al. 2018; Burt et al. 2020; Schoepf et al.
2023). Some corals from extreme habitats have increased stress tolerance,
making them potential hotspots of naturally climate-change resistant
populations (Palumbi et al. 2014; Schoepf et al. 2015). These extreme coral
habitats may serve as resilience hotspots, or “adaptive refugia”, where
tolerance to naturally extreme conditions has also conferred increased
adaptive capacity to one or several stressors (Kapsenberg and Cyronak
2019). Increased stress tolerance has been found in corals from warmer
and/or more thermally variable habitats, demonstrating that diel variability
of temperature can be a major environmental driver of enhanced coral
heat tolerance (e.g., Safaie et al. 2018). For example, corals from reef flats,
lagoons, or intertidal environments with high temperature variability have
higher heat tolerance compared to conspecifics from more thermally
stable environments (Castillo and Helmuth 2005; Oliver and Palumbi 2011;
Schoepf et al. 2015). These naturally resilient populations have acquired
heat tolerance through a variety of genetic and physiological mechanisms
(Smith et al. 2007; Barshis et al. 2013; Thomas et al. 2018), by hosting
thermally tolerant algal endosymbionts (e.g., Oliver & Palumbi, 2011), or
maintaining a robust, stable bacterial community (e.g., Ziegler et al. 2017).
However, the future adaptive capacity of such populations may be limited
due to the superimposition of intensifying climate and local stressors on
existing extreme conditions (Kapsenberg and Cyronak 2019; Schoepf et al.
2022; Klepac and Barshis 2020). For example, while diel variability may
offer increased resilience for some species (Oliver and Palumbi 2011; Safaie
et al. 2018), there is also evidence of increased heat sensitivity of corals
from thermally variable habitats during marine heatwaves (Le Nohaic et al.
2017; Klepac and Barshis 2020; Brown et al. 2023). Therefore, the limits to
adaptive capacity of corals from extreme habitats living close to their
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tolerance thresholds should be carefully considered under the context of
future ocean change.

Extreme coral habitats are often characterized by multiple co-
varying stressors (e.g., Maggioni et al. 2021; de Jong et al. 2025) and can
serve as unique natural laboratories to investigate the adaptive capacity of
corals under climate change and intensifying local impacts (Camp et al.
2018; Schoepf et al. 2023). Corals from mangrove lagoons, seagrass
dominated habitats, and semi-enclosed bays are exposed to highly variable
temperatures, pH, and dissolved oxygen concentrations (Camp et al. 2017;
Yates et al. 2014; Stewart et al. 2021; Lord et al. 2021). Corals from such
extreme habitats have been shown to have distinct metabolic strategies,
calcification rates, algal symbiont communities and photo-physiology
compared to conspecifics from more benign reef sites (Camp et al. 2017;
Ros et al. 2021; Jacquemont et al. 2022; Tanvet et al. 2023). However,
while it is often suggested that corals from these warmer, highly variable
and extreme habitats may have increased heat tolerance compared to
conspecifics from nearby cooler, more stable habitats (e.g., Alessi et al.
2024; Jacquemont et al. 2022), this has rarely been tested in controlled
experiments. In one reef flat system of Heron Island, lifelong exposure of
Isopora palifera to high temperature and pH variability did not lead to
increased resilience to combined future temperature and pH stress
(Rathbone et al. 2022). Therefore, while temperature variability by itself
may be an important driver promoting increased stress tolerance, the
concomitant effects of other local and global stressors may limit
environmental tolerances. Additionally, evidence shows that the nature of
environmental variability, specifically its magnitude and predictability, are
key factors involved in selection for enhanced stress tolerance to future
conditions (e.g., Bitter et al. 2021). Therefore, more work is needed to
understand the effects of different combinations of multi-stress conditions
and environmental variability regimes on coral stress tolerance. Further,
highly variable extreme reef environments in the Caribbean are relatively
understudied (but see Camp et al. 2016; Lord et al. 2023; Stewart et al.
2021) compared to the Indo-Pacific (Camp et al. 2018). Therefore, more
work is needed to understand the physiological mechanisms and functional
traits that underlie tolerance to multi-stress conditions and the effects of
lifelong exposure to multiple co-varying stressors on tolerance to future
ocean conditions. This knowledge will increase our understanding of the
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myriad of traits that promote adaptive capacity and increase our ability to
predict the future vulnerability of coral species (Van Woesik et al. 2012).

Curagao’s inland bays as natural laboratories

As an example of extreme coral habitats, we utilized Curacao’s
inland bays as natural laboratories to investigate the adaptive capacity of
corals to highly variable, extreme conditions. The semi-enclosed inland
bays investigated in this thesis, called Spanish Water Bay and Santa Martha
Bay, are large (3.2 and 1.8 km?, respectively) and shallow (on average 5-12
and 3 m water depth, respectively), and are connected to the open ocean
via narrow channels (ca. 70 and 40 m wide, respectively). Both the average
and diel variability of temperatures are higher in the bays compared to
adjacent fringing reef sites due to their shallow water depth and presumed
longer seawater residence times (Kuenen and Debrot 1995; de Jong et al.
2025). The benthic communities are dominated by seagrasses, macroalgae,
sponges, corals and motile invertebrates and mangrove forests and
seagrass beds serve as nursery habitats for commercially important fish
species (Huijbers et al. 2013). Benthic metabolism drives high diel
fluctuations in pH and dissolved oxygen concentrations in the bays, with
daily amplitudes of up to 0.25 units and 5.91 mg L}, respectively, while pH
and dissolved oxygen concentrations on the reefs fluctuate by up to 0.20
units and 3.14 mg L%, respectively (de Jong et al. 2025). The bays are also
impacted by local stressors as terrestrial run-off contributes to elevated
(in)organic nutrient concentrations and other chemical pollutants (Govers
et al. 2014; de Jong et al. 2025; Sanchez Baranco et al. 2025).
Sedimentation rates are also naturally high, leading to high turbidity in the
bays compared to the reefs (Kuenen and Debrot 1995; de Jong et al. 2025;
Sanchez Baranco et al. 2025). Coral communities in the bays have been in
decline (Debrot et al. 1998) and currently consist of isolated assemblages
interspersed among seagrass, macro- and turf algae (de Jong et al. 2025).
Coral cover and diversity (species richness) are substantially lower in the
bays compared to adjacent fringing reefs (Debrot et al. 1998; Vermeij et al.
2007; de Jong et al. 2025). Given their ecological and environmental
characteristics, the bays are therefore defined as extreme coral habitats
with marginal coral communities (Schoepf et al. 2023).
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A Curagao

Figure 1. Map of Curagao and study locations, including Santa Martha (left square) and
Spanish Water Bay (right square) (A) and Spanish Water Bay (B) indicating location of bay
site (green) and reef site (blue). Photos from the bay site (C) showing isolated Siderastrea
siderea colonies among seagrass and the adjacent reef site (D), illustrating stark
differences in coral cover and benthic communities between the bay and the reef.

Given that bay corals are exposed to warmer temperatures, higher
diel variability of temperature, pH, and dissolved oxygen concentrations,
and lower water quality compared to adjacent fringing reef corals, they are
ideal habitats to investigate coral adaptive capacity under combined local
and global stressors (de Jong et al. 2025). While physicochemical conditions
in the bays have been previously described (de Jong et al. 2025), multi-year
variability and conditions during marine heatwaves remain unknown.
Additionally, apart from one study that examined changes in the growth
rate of one species in the bay through time (Debrot et al. 1998) and
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differences in population structure of bay versus reef corals (Vermeij et al.
2007), the functional traits and holobiont dynamics of corals from the
inland bays have never been studied to date. Comparison of these traits of
conspecifics from the bays and adjacent reef sites may provide key insights
into physiological mechanisms that underlie tolerance to multiple co-
varying stressors. For example, by evaluating if environmental tolerance of
inland bay corals is underpinned by genetic adaptations or phenotypic
plasticity, we can increase our ability to predict the time scales involved in
acquiring enhanced stress tolerance (Palumbi et al. 2014; Drury and Lirman
2021).

The inland bays may serve as hotspots of resilience or adaptive
refugia for corals, where exposure to multiple stressors enhances their
adaptive capacity to changing ocean conditions (Keppel and Wardell-
Johnson 2012; Kapsenberg and Cyronak 2019; Camp, 2022). Alternatively,
this exposure may limit their future adaptive capacity to even more
extreme conditions (Schoepf et al. 2019; 2017). Inland bay coral
populations may be naturally climate-resistant populations, which are of
high intrinsic value for reef conservation and management in an era of
rapid environmental change. Depending on the degree of genetic
connectivity across habitats, such naturally climate-resilient coral
populations may facilitate evolutionary rescue of less-tolerant populations
(Gonzalez et al. 2013). Further, these sources of tolerant genotypes may be
highly suitable for serving as broodstock for proactive reef restoration
initiatives, such as selective breeding and assisted gene flow (Caruso et al.
2021; Baker et al. 2025). However, the stress tolerance of bay coral
populations and the potential growth and metabolic trade-offs associated
with increased tolerance have never been tested. Therefore, this thesis
seeks to begin to unravel the potential of the inland bays to serve as
hotspots of resilience and assess their utility as natural laboratories to
investigate coral adaptive capacity to future ocean conditions.
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Aim and objectives

Some corals may be able to rapidly acclimatize to increasingly
extreme conditions within their lifetime, however, limited data are
available to test that hypothesis. Most experimental studies to date have
only assessed coral acclimatization to one or two stressors, and rarely
incorporated local seasonal and diel dynamics (e.g., McLachlan et al. 2022;
Prada et al. 2023; Barrott et al. 2021). In this thesis, we utilize the highly
variable, extreme inland bay habitats (de Jong et al. 2025) as natural
laboratories to investigate coral adaptive capacity under multiple global
and local stressors. Using both laboratory- and field- based approaches,
this thesis will improve our understanding of how corals respond to
complex, novel environmental stress regimes, and will contribute critical
insights for reef conservation and management.

The aim of this thesis is explored under the following objectives:

® To characterize the physicochemical conditions and their diel and
seasonal variability in the inland bays and adjacent fringing reefs

e To investigate the functional traits and holobiont dynamics of
naturally stress-tolerant corals in the inland bays during dry and wet
seasons

e To evaluate acclimatization capacity of 1) fringing reef corals to a
highly variable, extreme inland bay, and 2) bay corals to a more
environmentally stable fringing reef

e To determine if local adaptation limits acclimatization capacity to
novel environmental conditions and/or if there are fitness tradeoffs
involved

® To assess 1) the heat tolerance of corals from both bay and reef
habitats, 2) the ability for corals from the fringing reefs to acquire
heat tolerance following exposure to combined local and global
stressors, and 3) whether bay corals lose their higher heat tolerance
if exposed to less extreme conditions
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Outline of thesis

The functional traits and holobiont dynamics of conspecific corals
from both inland bays and fringing reefs are assessed across spatio-
temporal gradients in Chapters 2 and 3. In Chapter 2, trophic strategies of
three coral species (Siderastrea siderea, Siderastrea radians, and a species
of branching Porites) were investigated using natural abundance stable
isotopes (carbon and nitrogen) of both the coral animal and algal
symbionts (Solomon et al. 2025). We captured trophic plasticity between
dry and wet seasons, as well as the effects of natural in situ heat stress on
trophic strategies. The differences in environmental conditions in the bays
and on the reefs were characterized in detail across three distinct seasonal
timepoints. In Chapter 3, we utilized the same three species from the same
timepoints to evaluate how the microbial communities and their flexibility
may promote coral health and resilience in the inland bays across seasons
(Powell, Solomon et al. in review). The acclimatization capacity of two
species (Siderastrea siderea and branching Porites sp.) of fringing reef
corals to more extreme bay conditions was assessed in Chapter 4 using a
reciprocal transplant experiment between one inland bay and one fringing
reef (Solomon et al. in review). Fitness proxies were employed to
determine if bay or reef corals are locally adapted to their native
environmental conditions. We evaluated the time scales and potential
fitness tradeoffs involved in adjusting to novel environmental conditions by
measuring key physiological traits after 4 and 12 months following
transplantation. Corals from the reciprocal transplant experiment were
then used in a 10-day heat stress experiment in Chapter 5 to evaluate
differences in heat tolerance following 12 months of exposure to novel
conditions. We exposed corals from all four transplant groups to either
ambient seawater conditions or up to 32°C, and assessed the effects of
heat stress on coral photo-physiology, the role of algal symbionts in
promoting increased heat tolerance, and potential tradeoffs associated
with heat tolerance. Finally, in Chapter 6, the mechanisms underlying
tolerance to the extreme conditions of the inland bay and the capacity for
corals to acclimatize to multiple global and local stressors are discussed.
Further, we evaluate the utility of naturally stress-tolerant coral
populations, such as the inland bay corals, for coral reef conservation and
restoration initiatives.
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