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The 2024 marine heat wave in Tuvalu started in December 2023 and continued until August
2024, lasting for 9 months, with 7 months above condition-two stress levels where coral
mortality begins (Figure 1), and with three months during that period exceeding severe
condition-tree heat stress. The event killed virtually all Acropora corals on Funafuti Atoll.
Resistant non-Acropora corals on Funafuti were not abundant to start with, and so the coral die-
off represents 99.99% of all corals.
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Figure 1. Historical heat stress levels for Tuvalu since 1985. The grey line represents the 9-month
severe 2024 marine heat wave which starting in Dec 2023 and lasted until August 2024.

Only a few remnants of Porites, or newly recruited Pocillopora corals remain, and these corals
are few and far between. Giant clams were not observed but reportedly were also impacted.
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No Acropora corals could be found inside the lagoon or on the outer reef slope except for seven
smallish Acropora corals of at least three species, all of which had been moved from coral
population of the hot Funafala Lagoon back in 2018, and some of these appeared to be
suffering from butterflyfish predation, except for a branch within a farmer fish territory, which
chase away fish predators. The nursery had not been well maintained and so all the corals had
fallen into the sand, and most were dead. In 2023 | visited the site and called as a loss, ignoring
the small surviving bits, which are now the only living Acropora corals.

The boatload of corals we moved to a site behind Falefatu reef in Dec 2023 were all missing- not
dead but missing. These corals may have survived only to have been eaten by hungry parrotfish
as that site has schools of them, as has been observed in Kiribati and Fiji, while the older
nursery has abundant sharks and thus fewer parrotfish.

Despite the disaster, there were three major proof-of-concept outcomes that help to support
the Reefs of Hope paradigm:

1. The hot pocket corals that were moved in 2018 for the Ridge to Reef Project were the only
Acropora corals that could be found surviving on the shallow reefs. Hot to cold translocation
has worked.

2. At least some of the corals that were moved retained their resilience for six years! This has
major implications for Reefs of Hope.

3. The only wild Acropora coral that was found that survived was a branch very close to the
nursery, indicating the sharing of resilience. There may be more in the area, but | was very
rushed- that one little branch was vibrant purple and so it was easily seen. More follow-up is
needed at the site.

Include findings and photos of the disaster with photos, and an emergency response plan for
the NGO and Government.

It will become part of a news story and the Climate Minister Simon Kofi (who addressed the UN
while standing in the water) is fully supporting and he will say whatever is needed. He has not
yet been in the water yet since the corals died a year ago to see the destruction but they are
planning to get him in- as it will be transformative. Tuvalu will likely go to the UN with our report
as evidence in a major crime against the nation and planet.
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Figure 2. Coral Reefs of Funafuti, November 2023, shortly before the mass bleaching event. Large

“haystacks” of corals, many as tall as 3-5 meters and higher, and not found elsewhere else in the
Pacific Islands, were still present and thriving in the marine reserve of Funafuti Lagoon.

Figure 3. Reef Flat Heliopora Corals with a blue skeleton but now missing from the coral fauna.
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Figure 4. Top: living Acropora nobilis dominated reefs in November 2023. Bottom: dead corals as far

as the eye can see, kept relatively clean by fish grazing, August 2025.



Figure 5. Top November 2023, Bottom August 2025: Only dead and standing thickets of Acropora
corals remain, kept clean by fish grazing.
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Figure 6. Close-up of multiple genotypes of the primary branching coral Acropora nobilis. Top:
November 2023, Bottom: August 2025.



CORAL SURVIVORS

While very few corals survined the mass bleaching, several living colonies of two
species of Porites were found (Figure 7), and two species of Pocillopora were also found
(Figures 8,9), often suffereing from fish predation damage.
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Figure 7. A surviving Porites lobata colony (top), and Porites australiensis colonies (bottom) with
disconnected remnants of a formerly larger colonies. Shaded sides of the colonies survived while
exposed upper surfaces have died.



o P o U ) ,“'.(; Lo - A < s \ s N ‘ <
. - ” . p N T ‘\A‘ Q‘ A » \ ¢ he ) oA “‘,f*~ .
Figure 8. Pocilloporadamicornis (top) and Pocilloporaverrucosa(bottom), with the top colony likely
a new post-bleaching coralrecruit and the bottom colony likely damaged by butterflyfish predation.
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Figure 9. Pocillopora verrucosa damaged by parrotfish or triggerfish predation, with the resulting
fragments possibly too hard to chew and disguarded.
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ECOLOGICAL SHIFTS

A phase shift is impacting the now dead and standing coral thickets, with the green calcified
algae, Halimedia opuntia, beginning to grow profusely between the branches of the dead corals.
Previously living coral tissues or perhaps coral-dependent fish prevented overgrowth of the
algae. Halimeda is now rapidly growing and filling in the spaces between the dead corals,
degrading what otherwise remains as good fish habitat (Figure 10). Parrotfish and surgeonfish,
which keep the dead coral skeletons clean of most other sorts of algae, seem to be ineffective in
controlling Halimedia on the reefs. Algae-covered coral rocks do not recover coral populations,
as the coral larvae do not settle on algae.

Fish populations have changed greatly since the mass coral die-off especially for coral obligate
species. Plankton feeding fish prefer to live among the branches of living corals, and so they
never build up abundant populations in dead corals. These plankton-feeding blue and green
Chromis and black and white Dasyllus fish form the foundation of the food pyramid on healthy
coral reefs, and without good habitat, these foundational species are now much less abundant,
which will in turn lower the overall productivity among the carnivorous reef fish species of
Tuvalu’s reefs, such as snappers and groupers (Bowden-Kerby 2025).

Ciguatera, fish flesh toxin, also can increase greatly when the corals die on a reef system
because dead corals provide excellent habitat for the toxic microalgae. This has already begun
to happen in parts of Kiribati (Bowden-Kerby 2025) and greatly impacts food security.



Figure 10. Halimeda overgrowth and infilling of dead and standing corals on a coral reef at Tepuka,
Funafuti. AllAcropora corals in the photo are dead and standing. A single living colony of

Pocilloporais visible and is in danger of being overgrown.

A RAY OF HOPE IN A DARK TIME

In 2018 as part of a UNDP-funded Ridge to Reef Project under the Tuvalu Ministry of
Environment, corals were moved from the hot shallow Funafala Lagoon to the cooler Funafuti
Conservation Area to secure the corals from a potential future marine heat wave (Figure 11,
Bowden-Kerby 2025). The most severe coral bleaching in Tuvalu’s history hitin 2019, and it
killed over half the Acropora corals in some parts of the the Funafuti Conservation Area,
especially in the Fualopa section, but it did not kill the corals in the Funafala hot pocket, nor the
corals that were moved.

The project came to an end, and the nursery was not well maintained and the nursery collapsed
and the corals fell onto the sand. Fuligafou repaired the nursery, but it again collapsed in more
recent years. Figure 12 shows the corals that remained in November 2023, in spite of the
problems. However, since 2024, most of these corals have died, with only a few small branches
living at present. However, these few survining corals represent the only Acropora corals that
have been found so far, with 7 branches surviving of 2-3 species. These corals are now precious
remnants of highly endangered species, and they indicate clearly that thermal tolerance of the
original corals has been maintained for 7 years!

While this is promising, the high mortality of the corals in the nursery was sad, and might have
been preventable. The death of the heat resistant corals may not be related to the marine heat
wave but rather to predatory fish, as some parrotfish and butterflyfish are obligate live coral
predators, and once all the other Acropora corals were gone, they would have attacked the
corals of the nursery. The fact that farmer damselfish chase away these fish predators, and the
fact that the largest coral remnants were in farmerfish territories, helps support this hypothesis.
Photos of the surviving Acropora corals in the nursery are shown in figure 13.
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Figure 11. Translocation route from Funafala to Fuafatu (Top photo), and the location of the nursery
of heat-adapted corals (Bottom photo).
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Figure 12. Top: coral nursery established at Fuafatu in September 2018, with corals translocated
from the Funafala hot pocket lagoon, photographed November 2023, before the mass bleaching hit.
Bottom: August2025 most corals have died. This mortalityis potentially the result of post-bleaching
predation rather than the marine heat wave due to corals surviving within farmer fish territories.




Abundant sharks present in the nursery site may result in lower predation rates as well. This is
the only site where a large reef shark was seen during the field exercises, and coral-eating fish
were less abundant.

In November 2023, as the marine heat wave was threatened, a boatload of corals was taken
from the hot Funafala lagoon and transferred to Falefatu as a precautionary measure, placed on
clean staghorn coral rubble in water 3-4 meters deep. However in August 2025, none of these
corals could be relocated. As the corals were of distinct species and as no similar dead corals
could be found, the question remains: did the corals survive only to be devoured by hungry
predators afterwards?

FARMER DAMSELFISH
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Figure 13. Acropora florida, A grandis, and A.nobilis type corals surviving in the 2018 nurseryin
August 2025, thanks in part to protection provided by farmer damselfish from parrotfish and
butterflyfish predators (top two photos).

An additional sign of hope found in the old nursery was a small branch of bright blue Acropora
nobilis in an adjacent wild coral less than 2 meters from the nursery (Figure 14). This is the only
wild Acropora coral that could be found anywhere on Funafuti during the trip, and so the
conclusion is that the heat resilience of the corals in the nursery had spread to adjacent wild
coral population, possibly via butterflyfish bites.



Figure 14. The only wild Acropora found during the trip. The Acropora nobilis branch was directly
adjacent to the nursery, indicating the sharing of heat adapted symbionts with the nearby coral
population.




DEVELOPING A POST-DISASTER ACTION PLAN

A full scoping of Funafuti Atoll and the outer islands is needed to find Acropora and other
missing coral species before declaring any species locally or nationally extinct. However,
scoping should involve a strategy that is based on logic and not random searching that is
wasteful and unsuccessful.

Because the evolution of thermal tolerance and bleaching resistance by corals takes place in
areas of high thermal stress (Bowden-Kerby 2025), the assumption is that the most resistant
corals of Tuvalu will be found on the atolls with the most extensive heat stressed (shallow) reef
areas. Shallow reef flats also offer good potential for the evolution of bleaching resistance, so
while there is some potential for bleaching resistant corals to be found on all the islands, the
likelihood is thought to be highest on Funafuti and Nukufetau atolls, and perhaps Nukulaelae.
For the outer islands, the heat stress was greatest to the southeast (Figure 15), and so the
northernmost islands might have experienced lower heat stress. Niulakita Island is unique as it
sits on the edge of two very large partially submerged atolls with reefs deep enough to find relief
from the heat of surface waters yet shallow enough to be visible from satellites, covering an
extensive area of around 70 x 30 km.

NOAA Coral Reef Watch 5km Bleaching Alert Area Maximum (v3.1) 1 January 2023 - 20 September 2025
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Figure 15. Combined ocean thermal stress from January 2023 to September 2025, showing Tuvalu at
alert level #3 and briefly touching #4. The stress event for Tuvalu lasted for nine months, with four
months at stress condition #2 where mortality begins, and with 3 months at severe condition #3.

Additional clues as to where to find surviving corals were recently given by the National
Geographic Pristine Seas expedition to Tuvalu. According to their preliminary expedition report
of 2024, Tuvalu is confirmed as being badly impacted by bleaching. Funafuti, Nukufetau, and
Nanumea are mentioned specifically as being “hit hard by recent coral mortality with
widespread evidence of extreme warm water” but with “some pockets of living corals” seen on
Nukulaelae and “healthy corals although evidence of bleaching mortality” seen on Nanumaga.
Figure 16 summarizes these preliminary findings.
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Figure 16. Preliminary result of the Pristine Seas expedition of 2024, with red stars indicating severe
mortality from bleaching impacts and blue stars indicating that they saw some surviving corals.

We are looking for corals that have not only survived the heat but also have escaped the
heavy predation by predatory coral-eating fish when their food becomes extremely rare.
Farmer damselfish are known to provide some protection, and these fish can be
abundantin shallow waters and lagoons. The presence of abundant sharks is also
thought to scare the parrotfish (and perhaps the butterflyfish) away. Therefore, the
initial scoping should focus on the pass areas where sharks tend to be most abundant.
Another reason to focus on pass areas is because this is where the hot lagoon waters
exit, carrying with them the larvae of heat adapted corals, and so if heat resistant coral
larvae were to settle in the pass areas, they would experience less thermal stress as the
waters mix with colder oceanic waters, and thus be more likely of surviving mass coral
bleaching events (Figure 17).

Once the corals are located, GPS locations should be recorded and direct collections
made, with samples taken, or in the case of small colonies the entire coral can be
taken, for inclusion within gene bank nurseries established where surgeonfish are
abundant for self-cleaning of the nursery, but where parrotfish are not so common.
Temperature loggers and spot checks should confirm that the nursery area is both
sheltered from storm waves and currents but is also located in a cooler area during
marine heat waves (Figure 18; Bowden-Kerby 2025).

Ultimately the long-term goal of the project must be to restore sexual reproduction to
the corals so that larval-based recovery processes can proceed. To secure 90% of the
coral genetic diversity of a particular coral species, a minimum of ten distinct
individuals of the species must be found. If after two years of searching, we still can’t



find enough genetic diversity within a coral species, we can then consider imports from
Fiji or elsewhere.

Scoping Sites for Surviving Heat-Adapted Corals

Google Earth

Figure 17. Scoping sites for heat-adapted survivors of the mass bleaching. Pass areas offer cooler
waters and exit points for lagoon waters carrying heat-adapted coral larvae produced by lagoon
coral populations, which could then settle there. Pass areas also often have abundant shark
populations, which might help prevent parrotfish predation on any surviving Acropora corals.

Prevailing Currents

HEAT ADAPTED CORAL LARVAE SPREAD

Figure 18. Proposed ideal location for a coral gene bank nursery in Funafuti Atoll, based on current
flow, wind direction, and location near two main passes. This assumes that a sheltered, yet cooler
area can be located in the general area (note that north is to the lower left in this figure).



