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This project showed the importance of the local adaptation of corals to their environment and

finding the same species at different latitudes (or depths) does not means they can rapidly transfer
from one location to the other.

This research revealed the differences in thermal thresholds of various
mesophotic coral species by comparing them with shallow counterparts. Interestingly, while the
absolute maximum temperature threshold was lower in mesophotic corals, these deeper coral could
tolerate a higher level of thermal stress when measured in terms of difference from the temperatures

they are used to (degree heating week). We also confirmed that Seriatopora, a model coral for the
Deep reef refugia hypothesis, contained cryptic diversity, but this diversity is not related to the
depth. The new development of this research was to expand to the coral triangle and we could show
similarities in the Seriatopora genetic diversity between Okinawa and the Philippines, while
Indonesia had a higher level of localised diversity within Seriatopora. Some genotypes present from
Japan to Indonesia suggest that some of these corals may be able to survive the warming ocean in
Okinawa.
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Warming seawater temperatures threaten coral reefs worldwide through increasing rates of
coral bleaching events. Recently, coral reefs found below 30 m and down to over 100 m in
depth, referred to as Mesophotic Coral Ecosystems (MCEs) due to the low amount of light
reaching below 30 m, have received increasing attention worldwide. Due to the depth acting
as a buffer from extreme temperature changes occurring in shallow waters, MCEs have been
suggested to serve as a refuge for shallow coral in the context of ocean warming (the Deep
Reef Refugia Hypothesis, DRRH)'. We found robust evidence in Japan that several shallow
coral species can survive massive bleaching events thanks to the colonies living in MCEs2.
Unfortunately, the oceans will keep warming for decades, and we can expect that conditions
for coral reefs will not improve in the following decades/centuries. In this context, it is
essential to think beyond the potential of MCEs to serve as a source of larvae to recolonize
shallow reefs and understand the resilience of MCEs in a warming ocean.

Mesophotic corals will need to adapt to increasing temperatures, both in peak temperatures
and rising average temperatures. Species-specific tolerance to heat stress will be determinant
in the resilience of MCEs to ocean warming, and future MCEs will be composed of both
thermal stress-tolerant species and “migrant” corals expanding from regions currently
experiencing warmer temperatures (warm-adapted species). However, the thermal tolerance
of mesophotic corals is still unknown, and it is unclear if deep specimens of species found
deep and shallow (depth generalists) have the same thermal tolerance as their shallow
counterparts. Deep specimens may have adapted to the moderated conditions found in MCEs
and developed higher sensitivity to thermal stress. In this context, the survival of a species
in a location may rely on the contribution of deep corals expanding from lower latitudes
(already adapted to higher temperatures).

2. MZED AP
This project aimed to further our understanding of how mesophotic corals in Okinawa will
react to climate change, considering the biogeographic relationships between Okinawa and
the Coral Triangle (where sea temperatures are already warmer).
Three sub-objectives allowed to address this aim:
(1) Understanding the diversity in the deeper parts of the reefs and how mesophotic
organisms interact.
(2) Understanding mesophotic corals' thermal thresholds and comparing their
adaptability with shallow coral species.
(3) Understand the phylogeography of selected coral species in the broad region (from
Okinawa to the Coral Triangle).

3. WHEDIE

To address each of the sub-objectives, I used a variety of
approaches with students and collaborators.

The diversity and organism interactions were surveyed
using photoquadrats and specimen morphological and
molecular analyses. Thermal stress experiments were
conducted ex-situ in aquarium systems with the
measurements of various parameters such as survival,
bleaching, and photophysiology. A variety of shallow,
deep, and generalist species were used. Shallow coral
juveniles were also transplanted to deeper parts of the
reef to understand their adaptability.

The phylogeography study resulted from a collaborative
effort with colleagues and students from Indonesia and
the Philippines. This part of the project focused on
Seriatopora and used mostly mitochondrial DNA to reveal between depths to study how they can adapt.
its structure across the regions.

Figure 1:transplanting juvenile corals

4. WFZERCR

The survey of the biodiversity in the deepest parts of the reefs confirmed the expected trend
of Leptoseris corals’ occurrence increasing with depth and the strong presence of algae at
depths that become challenging for photosymbiotic corals3. However, it also showed a very



high diversity of communities in the same
depth range and a relatively high coral
cover, even at 60 m depth and below.
Seriatopora was observed down to 70 m,
confirming its status of depth generalist
coral. However, in addition to the rich
biodiversity, evidence of human impact
was also observed, with a dense coral
community between 50 and 70 m depth
nearly destroyed within two years by the
impact of anchors of construction ships in
this area. Despite alerting the
government (in charge of the construction
work), no change was observed in the shifts from hard corals to non-photosymbiotic gorgonians.
subsequent years. This part of the project

also allowed us to observe the world’s deepest specimen of a butterflyfish, expanding its

known depth range by several tens of meters+.

At shallower depths (40 m), we also quantified and characterized the presence of two species

of coral-killing sponges5. While the prevalence of these sponges is relatively high at sites with

dense coral cover, it is still being determined whether they represent a threat and how this

competitive relationship will evolve in a changing environment. In this perspective, our

established baseline will be crucial to understanding the long-term dynamics between corals

and sponges at upper mesophotic depths.

In terms of thermal thresholds, among the 11 shallow and mesophotic coral species tested,

overall, the mesophotic corals could not stand as high temperatures as the shallow coralsé.

However, when considering heat stress, the difference of heat from the average temperature

the corals are living in, which is measured as Degree Heating Weeks (DHWs); at 4 DHWs,

all but one species of mesophotic corals survived, while several shallow corals showed signs

of bleaching. This suggests that mesophotic corals will be able to tolerate some levels of

thermal stress; however, if the increase in temperature becomes extreme and too rapid, the

mesophotic coral ecosystems will not act as a refuge from bleaching.

However, we also found that juveniles of shallow coral species can acclimate to deeper depths,

even if variability was observed between species. This supports the idea that some shallow

corals may shift their distribution to deeper
parts of the reefs, which are more protected
from extreme temperatures’. The reverse
was tested with Seriatopora, where juveniles
originating from the mesophotic refuge at 40
m could thrive at 20 m depth but not when
transplanted directly from 40 to 3 m depth.
However, throughout this project, we
observed a natural return of some
Seriatoporato depths as shallow as 4 m. This
suggests that the recolonization of shallow
reefs may happen via a steppingstone at 20
m, where corals from 40 m could adapt to .
brighter light and higher temperatures, Figure 3: Juvenile colony of Seriatoporanaturally
releasing larvae that will then be able to
colonise the shallowest depthss.

Figure 2: Deepest part of the reefs where the dominance

coming back to 4 m depth.

Mitochondrial DNA from Seriatopora specimens from Okinawa, the Philippines, and
Indonesia confirmed the earlier findings from Japan that while Seriatopora hystrix may be
composed of several cryptic species, none of these species are restricted to one depth zone?.
While in the earlier study in Japan only, no clear geographic patterns were observed, when
including specimens from the Philippines and Indonesia, clear similarities are observed
between Okinawa and the Philippines. On the opposite, despite several genotypes shared all
over the region, Indonesia showed a higher haplotype diversity and a more fragmented
geographic distribution of the haplotypes (Sinniger et al. in prep.).
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