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Coral reefs around the world are getting sick (and sometimes dying)
at alarming rates due to climate change. Certain coral reefs (low-risk

i @ 12tiEL reefs) are predicted to be less at risk of getting sick than others. We
W AcEL wondered whether low-risk reefs can help save other reefs. We found

LAUREL that this is possible—through the movement of young coral from
% AGE: 12 healthy reefs to damaged or dying reefs. We found that coral reefs

worldwide are connected through the spread of young coral, forming
604 reef networks. Some networks are very large, but most are very
small. If only the low-risk coral reefs survive, many of these networks
will be preserved, which will help the overall survival of coral reefs
into the future. However, young coral from these low-risk reefs do
not reach all reefs worldwide, so it is important to find and protect
reefs that are good at sending young coral to rescue the rest of the
world'’s reefs.
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CORAL REEF

A coastal ocean
ecosystem in the
tropics dominated by
coral, which provide
homes and food for a
huge variety of fish,
invertebrates, and
other organisms.

CORAL BLEACHING

When coral become
stressed due to
increased ocean
temperatures or
pollution, they lose the
algae inside them and
turn white. If coral stay
bleached for a long
time, they die.

CLIMATE CHANGE

Around the world,
climates are becoming
more variable and more
extreme than before
(hotter or colder)
owing to human
development causing
increasing levels of
greenhouse gases in
the atmosphere.

REEF NETWORK

The set of reefs that
send or receive young
coral to/from each
other often enough
that they may be able
to rescue each other.

COMPUTER MODEL

A set of instructions
that a computer uses to
simulate how a
real-world ecosystem
or collection of
ecosystems (like a reef
network) may behave
under

changing conditions.

DEGRADED REEFS MAY BE SAVED BY YOUNG CORAL

Coral reefs are made up of many types of living creatures including
fish, seaweed, urchins and turtles but all of those creatures live on
reefs because of the coral, which provides them with homes and food.
Coral organisms themselves rely on tiny algae that live inside them for
food, while these tiny algae receive a home. When the ocean water
becomes too warm, coral organisms and the algae that live inside
them get stressed, and sometimes the algae are forced to leave their
coral homes. When this happens, the coral turns white, which is called
coral bleaching. If the coral organism is separated from its algae for
too long, the coral will die. If this happens to many coral organisms
on a reef, the reef itself will degrade. Researchers predict that 70-99%
of reefs worldwide will have degraded due to bleaching by 2100 [1].
However, some reefs are in areas of the ocean that have not yet heated
up as much as others and are not predicted to heat up as much in
the future. These reefs are at low risk of degrading in the future [1, 2].
One group of researchers gave every reef around the world a score
based on how likely it is to be degraded by climate change (e.g., by
bleaching or by storms) [2]. Reefs with a high score are unlikely to
degrade because of climate change, so we will call them low-risk reefs
for the rest of this article.

Adult coral are stuck to the ocean floor and cannot move, but they
produce young coral that are released into the ocean and are carried
by ocean currents until they mature and settle on the ocean floor. If
they settle where the conditions are just right for them to grow, they
will mature into adult coral. If there is a strong enough ocean current
between two reefs, young coral from a low-risk reef may be carried
to a less healthy reef, possibly saving it from degradation (Figure 1A).
In this way, reefs are connected by ocean currents into reef networks,
made up of all the reefs that can send or receive young coral to/from
each other. Reefs in the same reef network may be able to rescue
each other.

WHICH REEFS ARE IN WHICH REEF NETWORKS?

We determined which reefs are connected within the same reef
networks by calculating how likely it is that many young coral will
be carried by ocean currents from any one reef to any other reef. To
calculate this, researchers from around the world used a computer
model to simulate the movement of young coral among reefs [3].
They then used these movement data to calculate the number of
times young coral moved to and from particular reefs between
2003 and 2011. We only included the connections between reefs
that young coral traveled along often (based on data collected by
other researchers [4]) to determine which reefs were and were not
connected into reef networks. This became our present-day young
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Figure 1

(A) One large reef
network, including an
example of a reef (reef
X) that can send young
coral to another

reef (reef Y) and
potentially rescue reef
Y if reef Y is degraded.
(B) If reef X or reef Y is
degraded, a large reef
network could become
multiple, smaller
networks. This shows
us that losing certain
reefs (like reef X) breaks
apart more of the reef
network than losing
other reefs (like reef Y)
does.

Figure 2

Every dot on the world
map represents a reef.
The colors of the dots
indicate which reef
network each reef is in.
Each reef network was
assigned a unique
color. This map shows
that most present-day
reefs are either in very
large reef networks or
in very small reef
networks. The six
largest networks are
circled and numbered
1-6, in size order.
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Figure 1

coral movement computer model. Over the 12,292 reefs of the world,
we found 604 reef networks, with six particularly large ones (>290
reefs) and many small ones (Figure 2).

Figure 2

WHAT IF ONLY THE LOW-RISK REEFS SURVIVE?

To determine which reefs are low-risk, we re-calculated the reef
scores (from [2]) to only account for how likely a reef is to be degraded
by climate-related factors, such as bleaching and dangerous storms.
A reef was designated as low-risk if it scored in the top 29% of our
re-calculated reef scores. We then determined which reefs were in
which reef networks if only the low-risk reefs survived. We found that
many of the reef networks remained fairly large. This tells us that the
reefs that degraded in our model must have been in either small reef
networks or that the reefs themselves were not essential to keeping
the surviving networks together (that is, they must have been like reef
Y in Figure 1B). This is good news for coral reefs, as it tells us that, if
only the low-risk reefs survive into the future, they may be able to send
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Figure 3

(A) In our computer
model, each low-risk
reef first rescues the
reefs it sends young
coral to. In the next
step, those newly
rescued reefs (red dots
with black borders)
rescue the reefs they
are connected to. We
ran the computer
model through 50
steps like this, until all
the reefs that could
receive young corals
from low-risk reefs had
been rescued. (B) The
dots represent all
present-day reefs,
either low-risk,
rescued, or degraded
(see legend). This map
shows that <50% of
present-day reefs can
be rescued by young
coral spreading from
low-risk reefs.

young coral to each other, increasing the chances that those reefs
will survive.

CAN LOW-RISK REEFS RESCUE ALL THE WORLD'S
CORAL?

If only the low-risk reefs survive into the future, how many of the
world'’s reefs will they be able to send young coral to? We used our
computer model to answer this question by calculating which reefs
young coral could land on if they spread from the low-risk reefs.
This meant that we calculated all the reefs (the “rescued reefs”) that
the low-risk reefs could send young coral to, even those that can
only receive young coral via formerly degraded reefs (Figure 3A).
Unfortunately, we found that over half of present-day coral reefs could
not be rescued by the low-risk reefs ("degraded reefs” in Figure 3B).
This is because most of the low-risk coral reefs are in the same big
reef networks and are unable to rescue the many reefs outside of
those networks.
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Figure 3

WHAT DID WE LEARN AND WHY IS IT IMPORTANT?

In this study, we learned that most reefs are either in very big or
very small reef networks and that these networks will mostly survive
if only the low-risk reefs survive. Knowing which reefs are connected
to which other reefs and whether those reef networks will survive is
really important, as it helps us determine how to protect coral reefs
worldwide—it tells us which reefs should be managed together, and
which should not. Our results also stress the importance of finding
and protecting at-risk reefs that are good sources of young coral for
degraded reefs (see Figure 3B), since we now know that the degraded
reefs cannot be rescued by low-risk reefs. We are currently working
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hard to figure out where these good source reefs are, so that we can
protect them from future harm. Climate change is degrading reefs
around the world at frightening rates, so any information that tells
us which reefs can help us restore the world’'s coral reefs will help
us avoid riskier and more expensive methods for saving reefs. Overall,
these results will help save worldwide coral reef networks by guiding
reef-preservation efforts around the world.
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