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Executive summary

Coral reefs occur in all eight nations bordering

the Arabian Gulf, and they represent the most
biodiverse and economically important ecosystem

in the region. Economic development has spurred
rapid population growth across the Gulf in recent
decades, necessitating the development of critical
infrastructure to support burgeoning populations

in coastal cities. While regional environmental
regulators should always promote avoidance as
central to their impact mitigation strategy in order to
maintain the integrity of these important ecosystems,
there may be occasional cases where development of
critical infrastructure near coral reefs must occur. In
these cases, coral relocation may represent a means
of offsetting development impacts. While coral
relocation appears conceptually simple, it is a highly
complex and delicate process that requires careful
planning, implementation and post-intervention
monitoring to be successful. This report provides a
framework for maximising such success.

This manual opens with a discussion of the importance
of coral reefs at global and regional levels and

Coral Relocation in the Arabian Gulf

explores pressures facing Arabian Gulf reefs. We then
examine the impact mitigation hierarchy, to show
that coral relocation should be considered only as

a last resort measure where coastal development

is to occur and provide data and case studies as
examples of unanticipated risks and vulnerabilities
that are inherent in coral relocation. The remainder
of the document then outlines the current best
practices for coral relocation that includes elements
from the planning phase to the operational phase,
incorporating considerations around the unique
environmental context of the Gulf, and then describes
the critically important post-relocation monitoring
phase that is necessary to measure success and
inform future programmes on lessons learned.

The intended use of these recommendations is to
provide scientifically justified advice, to plan, design,
implement and assess relocation programmes for the
unique environmental context of the region. Adoption
of the principles and practices outlined in this manual
will serve to enhance the success of coral relocation
programmes in the Arabian Gulf.
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David Gatward

“As we stride towards more sustainable development in
the Gulf region, preserving our coral reefs is paramount.
This manual is a testament to our dedication to integrating
sustainable practices into coastal development. It
underscores the significant role of environmental impact
assessments and diverse management strategies in
safeguarding these vital ecosystems. By focusing on
avoiding development activities in vulnerable areas and
reinforcing the need for careful planning, execution, and
post-relocation monitoring in coral relocation projects,
we are setting a new standard in sustainable engineering.
This approach protects our natural heritage and ensures
that our engineering solutions contribute positively to the
environment and its myriad inhabitants.”
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Eiman Al Khalaqgi

“Innovation stands at the forefront of our efforts

in preserving the Gulf's rich and diverse marine
ecosystems. As detailed in this manual, the coral
reefs around the Gulf represent a stronghold of
biodiversity and a crucial economic asset. The
challenge of developing infrastructure while
preserving these natural wonders has necessitated
innovative approaches. Coral relocation, while
complex, emerges as a vital tool in our endeavour to
balance development with ecological preservation.
This manual encapsulates our commitment to
pioneering methods that ensure the success of such
delicate operations, marking a significant step in our
journey towards sustainable innovation.”

Coral Relocation in the Arabian Gulf

Marie Seraphim 1, Erin Collins 2 John A. Burt 3%,

! Marine Biology Laboratory, New York University Abu Dhabi, PO Box 129188, Abu Dhabi, UAE; Current address:
Scottish Seabird Centre, The Harbour, North Berwick, EH39 4SS, UK

2 Arts & Humanities Visual Design Lab, New York University Abu Dhabi, PO Box 129188, Abu Dhabi, UAE

3 Arabian Center for Climate and Environmental Sciences (ACCESS) and Center for Interacting Urban Networks
(CITIES), New York University Abu Dhabi, PO Box 129188, Abu Dhabi, UAE

* Corresponding author: John.Burt@nyu.edu

Citation information:

Seraphim, M., Collins, E., Burt, J.A. (2024) Coral relocation in the Arabian Gulf: Benefits, risks and best-practices
recommendations for practitioners and decision-makers. Published by Abu Dhabi Ports Group, UAE. P.1-60. DOI:
10.13140/RG.2.2.11660.12162

Coral Relocation in the Arabian Gulf Page




o)

02
03
04
05

Table of Contents

Coralreefs: a valuable, but vulnerable, ecosystem

The importance of coral reefs in the Arabian Gulf

2.1 Pressures on Arabian Gulf reefs

Towards more sustainable development in the Arabian Gulf

3.1 Offsetting development impacts through coral relocation

Coralrelocation: Still a developing science

4.1Relocation rationale

Best practices for coral relocation: planning phase
5.1Planning & goal setting
5.2 Baseline assessment of donor site
5.3 Baseline assessment of multiple recipient sites
5.3.1 Assessment of wave exposure and flushing
5.3.2 Assessment of substrate suitability
5.3.3 Substrate stabilisation or enhancement
5.3.4 Local pressures or protections
5.3.5 Assessment of site-specific physico-chemical conditions
5.3.6 Assessment of site-specific biotic characteristics
5.4 Logistical considerations

5.5 Final planning and piloting

04

1

16
19

20
20
22
22
22
22
24
24
24
25
26
26

Coral Relocation in the Arabian Gulf

o 6 ‘ Best practices for coral relocation: operational phase

07
08
09
10

6.1Species selection for relocation

6.2 Removal techniques and handling stress

6.3 Relocation of beneficial reef- and/or colony-associated fauna
6.4 Transportation methods and transport stress

6.5 Seasonal climate considerations

6.6 Receiving site preparation

6.7 Colony placement considerations

6.8 Colony attachment methods

Best practices for coral relocation: Post-relocation monitoring phase

Case studies from around the world

Acknowledgements

References

Coral Relocation in the Arabian Gulf

27
27
27
29
29

31

31
32
33

35

39

50

51

Page



Coralreefs: a valuable, but
vulnerable, ecosystem

Coralreefs are one of the planet’s most productiveand  While corals may superficially resemble rocks or plants,
valuable ecosystems. Millions of people are dependent they are actually animals that come in a variety of sizes
on the ecosystem goods and services they provide, and shapes that can vary markedly among species and
such as food items for tropical fisheries, cultural environments 72, Corals have a two-phase life cycle,
services and buffering of wave action, thus preventing where the adult colonies typically produce eggs that
shoreline erosion . In total, it has been estimated can drift in the water column for days to weeks as

that coral reefs provide over US$6 million per km?, they develop into larvae (planula) that are ultimately

annually, in economic benefits to coastal populations capable of swimming down to attach to the reefs °°.
across the tropics 2 - the highest economic value of all As the planula attaches, it begins secreting a calcium
major biomes on Earth 3. They are also an incredibly carbonate skeleton that permanently cements it to the
important asset for biodiversity. Coral reefs contain reef framework and undergoes a metamorphosis from
over a quarter of all marine species despite occupying its slug-like larval appearance into a small (ca. 1mm)
less than 0.1% of the ocean area 4, providing shelter, anemone-like polyp, a life-stage that it will retain for
food, and spawning habitats to an estimated 830,000 the remainder of its life7'°. Over time, this polyp will
reef-associated species °. They also represent one of grow clonally, making many copies of itself and slowly
the most productive ecosystems in the world, where develop into the large, complex coral colonies that
energy is tightly recycled through their diverse and we are familiar with — each of which is comprised of
extensive food webs ©. many thousands to millions of clonal coral polyps (Fig.
2). This carpet of clonal polyps forms a thin (1-2 mm)
veneer of delicate, jelly-like tissue across the surface of
the colony, with the millions of polyps each genetically
identical to one another. Although typically not visible
to the naked eye, each of these numerous, near-
microscopic, polyps is nourished by extending tentacles
out to feed on plankton in the water column (typically
at night) using stinging cells (nematocysts) similar to
their jellyfish cousins to capture food ". In addition, each
polyp contains hundreds of thousands of microscopic
photosynthetic single-celled algae (zooxanthellae)
that live symbiotically inside of the polyp tissue 2 (Fig.
2, right). This is an incredibly important symbiosis,
as these algae provide over 90% of a coral>s energy
supply through photosynthetic product. In exchange,
the corals provide the algae with a sustained supply
of nutrients gained from polyp feeding, an important
nutrient source, given the nutrient-poor waters that
corals (and their zooxanthellae) typically inhabit 34,
The millions of zooxanthellae per square centimetre
are what gives corals their bright, vibrant colours;
; , A : the coral tissue itself is actually translucent, like their
Y b ¢y b o b g ‘\ AN : i Fig. 1. Coral reefs are one of the most biodiverse and economically important jellyfish cousins, with only their white skeleton visible
¥l "",.“" " Wi y ) Sl N :‘\ \ N ! ecosystems on Earth. (Image credit: Toby Hudson (CC-BY-SA-3.0) underneath the thin veneer ofjelly—like tissue 7,

Image credit: Oliver Farrell
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https://commons.wikimedia.org/wiki/File:Coral_Outcrop_Flynn_Reef.jpg

Fig. 2. Corals are colonies typically comprised of millions of clonal polyps, each of which contain hundreds of thousands of microscopic photosynthetic algae that live

symbiotically within their tissue. This image “ColonyToSymbiont” (CC-BY-SA-4.0) was created from Porites cylindricaby Philippe Bourjon (CC-BY-SA-3.0), Porites cylindrica en

Samoa by Larry Basch (CC-PD), Zooxantelas en pélipo de Porites astreoides by NOAA (CC-PD), and Zooxanthellae by Todd LaJeunesse (CC-BY-2.0).

Corals thrive in clear, shallow, tropical or sub-
tropical waters with optimum temperatures of 23°
to 29° Celsius (Fig. 3). Coral growth rates differ
depending on the species. Thin branch-like species
(such as Acropora table corals) can grow at a rate of
100-150 mm/year, while large boulder-like species
(such as Porites mound corals) grow much slower
(5-10 mm/year), but are typically more sturdy and
resilient to external stressors 8. When coral colonies
grow, they secrete a calcium carbonate layer that
forms the skeleton that underlies the jelly-like polyp
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surface tissues (Fig. 4). Typically, it is only the top
few millimetres of a colony that is living coral tissue,
with the underlying non-living skeleton having been
laid down like rings of a tree as the colony grows”.
These hard skeletal structures of individual coral
colonies build above one another over time, forming
the complex reef framework that provides a three-
dimensional habitat for reef associated fauna on
local scales, with reef framework so extensive in
some areas that it is visible from space (e.g. the Great
Barrier Reef) 7.
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Fig. 3. Map of the global distribution of tropical coral reefs. Six percent of the world’s coral reef area occurs within the Arabian region 7. Data source: UNEP-WCMC (2021).
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Fig. 4. The anatomy of a coral polyp. Millions of clonal polyps can make up a single coral colony, with the delicate jelly-like surface tissues growing above the many layers of coral

skeleton that make up the reef framework. Source: Veron et al. 2022 *.
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While corals and the reefs they create are extremely
important ecosystems, these are under threat dueto a
range of interacting factors at both local and global scales
20, Rapidly warming sea temperatures associated with
global climate change is a major threat to corals, as high
temperatures can lead to a chemical cascade within the
corals’ tissue that causes them to expel their symbiotic
algae, often leading to mass coral decline -2, This stress
response is characterised by colonies losing their colourful
algal pigments, leaving only the bright-white skeletons
visible under the 1-2 mm translucent coral tissue on its
surface, this process is known as “coral bleaching” 2.
Additionally, ocean acidification, characterised by higher
levels of carbon dioxide absorbed within oceans leads to
lower pH through the formation of carbonic acid, which
can inhibit the development and maintenance of coral
skeletons?.

Fig. 5. Coral colonies can ‘bleach’ during extreme stress (e.g., high temperatures,
elevated nutrients, etc), during which they expel their colourful symbiotic algae and
turn white. Because those algae provide >90% of a coral’s energy budget, such loss
of algae during bleaching events can lead to mass coral decline if conditions do not

return to normal within a few days. Source: Vardhan Patankar (CC-BY-SA 4.0).

Local environmental threats also include physical
destruction due to coastal development and
destructive fishing practices, as well as sedimentation
and pollution that can inhibit photosynthesis

and promote coral disease. Overfishing of key
associated organisms, such as herbivorous fishes, is
also problematic as these free coral colonies from
macroalgae competition 24.

A combination of these threats has cumulatively led
to the loss of 14% of coral reefs globally since 2009
25, and a third of coral species are now considered

to be at risk of extinction due to climate change and
local pressures 2. The overall scientific consensus is
that coral loss is now outpacing reef growth #7, and
consequently prompting an acceleration of research
into coral reef restoration and impact mitigation
measures.

Fig. 6. Sedimentation from coastal development led to widespread mortality of
corals in UAE - 2007 ?8. Sedimentation from coastal development should be carefully
monitored and managed in areas even hundreds of metres from vulnerable reef

ecosystems. Source: John Burt.
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The importance of coral reefs
in the Arabian Gulf

Coral reefs occur in all eight nations bordering the
Arabian Gulf, representing an important natural asset for
Gulf nations. Reefs are the most species rich ecosystem
in Arabia, which is of particular importance given the

arid nature of the region and the constraints this puts

on terrestrial diversity °. The complex and productive
framework of Gulf reefs provides food, shelter and
spawning habitat to over 300 species of reef-associated
fishes, sharks and rays 3°3, with many of these species
being fully reef-dependent for part or all of their life cycle
32, Biomass of fish is substantially higher on coral reefs
than in surrounding habitats and many reef-associated
fish species are also commercially valuable 33, with reefs
supporting a fishing industry that is second only to oil

as an economic resource sector as well as a burgeoning
recreational diving and ecotourism industry 34. Thus,
coral reefs represent a critically important ecosystemin
terms of both biological diversity and economic value for
Gulf nations .

Irag

Fig. 7. Map of coral reef distribution in the Arabian Gulf and Sea of Oman.
Data source: UNEP-WCMC (2021).
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Gulf reefs also represent an incredibly important
asset for global science. The Gulf is one of the most
extreme seas on earth due to its location in the arid
subtropical high-pressure belt, its shallow depth
(average 30 m), and its semi-enclosed geography
that restricts mixing with the Indian Ocean 2°.

These conditions result in a marine system that

is characterised by extreme and highly variable
water temperatures (<12 to >36 °C annually), hyper
salinity (up to 44 PSU in open water, and higherin
embayments), occasional hypoxia, and often turbid
conditions 203837, As a result of these environmental
extremes, the Gulf is home to a relatively hardy
subset of reef-associated species that occur in

the Indian Ocean (e.g. corals, reef fishes and reef
invertebrates 363839 with diversity that is typically
ca. 10% of that occurring in the Indian Ocean,

but with assemblages that are typically heavily
dominated by stress-tolerant fauna 36.

Recent research has demonstrated that as a result
of their exposure to high temperatures, since the
Gulf was colonised by corals following the most
recent glacial retreat >12,000 years ago, corals

in the Gulf have genetically adapted to cope with
extreme temperature and today represent the most
temperature-tolerant corals in the world 4°-42, Thus,
given the rapid pace of climate change, Gulf reefs
have become a source of research on how corals
cope with and respond to extreme temperatures,
providing insights into how corals in other parts of
the world may respond to warming temperatures in
the coming decades 4344,

Additionally, there is growing research on whether
active intervention using Gulf corals (e.g. assisted
migration, crossbreeding) could be utilised to
support reefs in other regions 447,

The scientific value of Gulf reefs to the international
science community cannot be overstated 3543,
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Fig. 8. Arabian Gulf corals are among the most thermally tolerant in the world, making
this region a source for climate change related research. Here, a researcher samples a

coralin Qatar for a genetics study. Source: John A. Burt.

While Gulf corals are among the most thermally
tolerant in the world, regional variation in coral
diversity and tolerance does occur as a result of
environmental gradients across the Gulf. Most
species with rich and complex coral reefs can be
found along the coast of Iran and towards the
northern Gulf waters of Kuwait and eastern Saudi
Arabia, where incoming water from the Sea of
Oman as well as greater depths buffer coral reefs
from extreme temperatures 38 Towards the south
- where shallow depths result in more extreme
temperatures and where salinity is highest - coral
diversity is low 4850 but the total amount of coral
(i.e., percent cover of reefs by live coral) is typically
comparable to, and sometimes greater than, on
reefs in more benign parts of the Gulf ', with coral
assemblages largely dominated by stress-tolerant
species. Thus, while diversity and community
composition vary regionally, coral reefs represent
an important ecosystem regardless of their location
in the Gulf.

Fig. 9. Coral reef communities vary throughout the Gulf in response to environmental differences. More sensitive table corals (Acropora) tend to dominate in areas with more

benign conditions (e.g., Sir Bu Nair island in the central Gulf, left), while more robust brain and mound corals (Platygyra, Porites) tend to dominate where conditions are more

extreme (e.g. Ras Ghanada, Abu Dhabi, right), although the amount of live coral is often comparable across reef types °. Source: John A. Burt (photographed in 2014).
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Pressures on Arabian Gulf reefs

Although coral reefs in the Arabian Gulf are highly
important in terms of biodiversity, economic value, and
as assets for global science, increasing pressures on
these ecosystems is resulting in their degradation and
decline across the region >2.

Marine heat waves have been occurring in the Arabian
Gulf with increasing frequency and severity as a
consequence of global climate change ®'.

While Gulf corals are among the most thermally
tolerant in the world, during summer they live very
close to their upper thermal limits that even modest
increases in temperature (2 1°C above normal
maximum temperatures) can push them beyond
their physiological limits, resulting in bleaching and,
in extreme cases, mass mortality. Historic records
of marine heat waves and bleaching in the Arabian
Gulf indicate that the first bleaching event occurred
in 1982, followed by a long period without thermal
stress 33. However, since the late 1990s, bleaching
events associated with marine heat waves have
been recorded with increasing frequency in the Gulf,
occurring in 1996, 1998, 2003, 2010, 2011, 2012, 2017
and in 2021 515455,

The most recent bleaching events have been among
the most severe on record, and the amount of live
coral on reefs has declined by over three-quarters in
particularly badly affected areas as a result of mass
coral mortality >4.

Overall, coral cover across the Arabian Gulf has
declined by 40% between 1996 and 2019, largely as
a consequence of bleaching events associated with
marine heat waves >2.

Fig.10. Recurrent marine heat waves have caused coral bleaching to occur with

increasing frequency and severity in the Arabian Gulf in recent decades, such as during

this bleaching event on Kubbar Reef in Kuwait in 2015. Source: John A. Burt.
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While global climate change and marine heat waves
represent the most widespread threat to coral reefs
in the Arabian Gulf, more localised pressure from
coastal development and urbanisation has led to loss
and degradation of reefs around coastal cities and the
industrial sites that support them 5657,

Dredging and reclamation to support growth of
coastal real estate and navigation channels to support
seaborne industry and commerce has transformed
much of the nearshore environment of the Gulf, with
some estimates suggesting that as much of 40% of
the Arabian Gulf coastline is now comprised of heavily
modified or artificial coastline 2°57. Infrastructure
development operations such as harbour construction,
channel dredging or land reclamation can directly
threaten fragile coral reef ecosystems through their
direct removal during dredging or burial during
reclamation activities *8%°. Furthermore, even reefs
outside of the footprint of development may be
indirectly threatened by elevated sedimentation
during construction phases and longer-term changes
in hydrodynamics afterwards °. Therefore, while more
localised in extent compared with climate change
impacts, coastal development to support urban
expansion represents a ubiquitous environmental
pressure in the Gulf given the extensive nature these
activities 567,

As a result, there has been a growing interest from
regulators and developers to work together to
establish and implement more robust environmental
management measures to better enhance the
sustainability of coastal construction.

Fig.11. Coastal reclamation has been widely used to create iconic, globally recognised

waterfront real estate across the Arabian Gulf. Sediments from this process can be
environmentally impactful if conducted in close proximity to delicate ecosystems
such as coral reefs. Source: Richard Schneider (CC-BY-NC 2.0).
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Towards a more sustainable
development in the Arabian Gulf

Recognising the importance of coral reefs, there

has been growing interest in developing more
sustainable approaches to coastal development

in the Gulf region 58664, Government agencies
across the region are continuously strengthening
environmental impact assessment (EIA) processes
and engaging other policy and management
controls to conserve coral reefs (e.g., establishing
marine protected zones around areas of particular
biodiversity value) 55-¢7. These activities have
included the development of marine spatial planning
and ecosystem-based management approaches that
encourage avoidance of development activities in
vulnerable areas 6458-72,

These rapidly evolving regulatory frameworks are
likely to lead to substantial improvements in ensuring
the integrity of coastal ecosystems while allowing
for a more sustainable economic growth through
coastal development 73. With a primacy placed on
avoidance, such approaches will curtail development
activities that threaten coral reefs, instead favoring
permits where alternative development plans are

The elements of mitigation

Common,
Preferable

Avoidance
Alternative sites or
technology to eliminate

Minimization
Actions during design, construction,
and operation to minimize or

created to fully avoid ecosystem impacts 7475. Such
avoidance approaches should be considered the first
response in development planning, as it maintains
the integrity of functioning natural ecosystems
without the risks and limitations inherent in
minimisation or compensatory approaches 7677,

While full avoidance of ecosystem impacts should
be the goal of environmental management, there
are occasionally situations where development
must go forward. In such situations, the focus

for project managers then needs to shift to
minimisation of impacts, supported by activities that
repair, rehabilitate or restore the impacted areas,
potentially including offsets or compensation where
necessary to remedy any negative impacts 787°.
Coralrelocation serves as one potential tool in the
mitigation hierarchy where full impact avoidance

is not feasible 8°-83; it is, however, not without risk.
This report will focus on the benefits, challenges
and design features that must be appreciated when
considering coral relocation as an impact mitigation
approach.

Rare,
Undesirable

Compensation
Used as a last resort to
offset impacts

impacts eliminate impacts

Fig.12. The mitigation hierarchy should be adopted to best preserve intact and functioning coastal ecosystems in areas where development is to occur.
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Offsetting development impacts
through coral relocation

Development decision sequence

Can you avoid >
disturbing the reef?

This is the
best choice

Due to the rapid pace of coastal urbanisation in the
Gulf region to meet the requirements of growing
populations 34 and the consequent decline of
fragile coral reef ecosystems that often occur in
close proximity to coastal cities 5762, biodiversity
offsetting is becoming an increasingly popular tool
to mitigate impacts from development in recent A4

years across the Gulf region. Can you mitigate
the damage? >
Biodiversity offsetting is a type of management

action involving the active increase of biodiversity Mitigate
at an alternative site (using methods such as
coral relocation) to compensate for unavoidable
damage at a proposed development site 84-85, A4
In theory, ecological offsettmg may.hel[.) meet ‘ Can you restore
environmental and conservation objectives while

. - - - the reef after the
simultaneously allowing for continued economic damage is done? > @
growth through development &, although it does ’
entail some risk due to the uncertainty of success Restore the
86-88 Key concerns include lack of guidelines, reef
partial implementation (or even none) due to non-
compliance issues, long timelines and lag effects,

limited transparency about outcomes of previous N
offset projects, a lack of clarity regarding who is
responsible for monitoring and dissemination of
results post-implementation 8-°0, As stated above,
priority should always be given to avoidance and
minimisation before contemplating compensation
and offsetting °°.

Relocate as much
coral as possible

Fig.13. Flowchart illustrating the sequence of decisions that must be considered before
contemplating whether coral relocationis necessary. If relocationis to occur as an offset

strategy for development impacts, the goal should then be for no net loss of biodiversity.
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Coral relocation: Still
a developing science

This section of the manual highlights some of the
challenges and limitations of the process of coral
relocation so that readers are aware of the often-
underappreciated complexities of this field. The following
sections then highlight approaches that can be taken at
the various stages of the relocation workflow (planning,
implementation, monitoring and dissemination) to limit
such challenges and enhance success of relocation efforts.

Coralreefrelocation is the process of offsetting potential
impacts of marine construction at one location by moving
the targeted biodiversity to an alternative site outside

of the development area . While coralrelocation may
appear to be a relatively simple solution to resolve coastal
development and environmental conservation, reefs are
complex ecosystems that cannot be easily replaced or
transferred. The science of coral restoration and relocation
is relatively new and experimental in nature and remains
an area actively under development today. As such, a
large amount of prior planning using evidence-based
best-practice is needed to maximise success and mitigate
potential downsides of any relocation programme
2780829192 gnd as the field is still developing and because
relocation success is often highly context-specific, no
single approach should be considered as a solution.

Challenges to coral relocation

Preservation should always be prioritized over relocation!

Q.

o)

Coral reefs are the results of various complex ecological
interactions between the corals, that act as ‘ecosystems
engineers’, and the various organisms that inhabit,

benefit from, and promote reef function °3. These include
interactions between the corals and the various coral-
associated or coral-dependent mutualists (e.g., cleaner
shrimps, corallivorous fishes), as well as second-order
beneficiaries (e.g., predatory fishes that hunt on reefs) that
also provide benefits to corals (e.g., nutrient excretion)
94-99_Qverall, key processes and functional interactions
need to be maintained in restoration and relocation
projects to ensure thriving assemblages '°3. While individual
coral colonies can be physically relocated with relative
ease from one location to another, the complex and

often underappreciated functional relations with other
reef members can result in quite negative unintended
consequences that can inhibit relocation success without
considerable prior planning. For example, grazing by
herbivorous fishes and invertebrates has been shown to
be essential to prevent coral transplant overgrowth by
algae 00192 indicating that these key reef-associated fauna
need to be considered as part of any relocation effort.
Accordingly, the priority for any development project
should always be to maintain the integrity of existing
natural ecosystems through avoidance or stringent
mitigation measures, rather than relying on unpredictable
and often unsuccessful efforts involving relocation.

& High Cost
(? Undefined criteria of success

.

Fig.14. A graphical summary of the challenges facing coral relocation projects, a number of which often work in concert to limit successful implementation. In all contexts, impact

avoidance should be the primary goal in the mitigation hierarchy.
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Practical challenges of coral relocation

Coralreef relocation is not without its challenges.
Firstly, most published restoration activities have been
of relatively small size (100 m? on average '°4). While
the scale of relocation should be no less than the scale
of degradation based on impact mitigation theory and
best-practices (i.e., no-net-loss of ecosystem value),
large-scale projects are generally unachievable due

to the high cost of coastal relocation and restoration
work®°. For instance, mitigation activities such as coral
transplanting costs US$ 400,000 per hectare of reef,
on average . Budget setting itself is also complicated,
as planners need to estimate costs for pre- and post-
relocation monitoring surveys, operational costs for
collection, transport, and transplantation, as well as
probes and loggers for environmental monitoring.
Despite the great costs and time that have been
expended in recent decades and the rapid growth of
research in the field, success rates remain low in many
programmes due to the complex reality of trying to
establish a new ecosystem 6.

Furthermore, it is often difficult to find suitable recipient
habitats for coral relocation. In fact, one of the major
causes of marine restoration failure is inappropriate site
selection °°1%¢, Corals and their associated organisms
thrive in very specific environmental conditions and
therefore recipient sites need to match the thysical

and biological SETTING of their natural sites. This
includes similar hydrodynamic conditions (such as
water temperature, dissolved oxygen, pH, wave

action and currents), turbidity and sedimentation,

and having availability of hard substrate suitable for
attachment. Sandy or silty habitats are generally
unsuitable as fine particles may cover coral polyps,
inhibit natural recruitment, or promote disease 60197,
Other considerations include existing benthos at
recipient sites. Loose rubble may need to be physically
removed by divers or stabilised in place with wire mesh,
limestone boulders, or concrete '°8 and such activities
must be done while ensuring that resident organisms
are not damaged or displaced by the site preparation or
relocation processes.

If a suitable site is available, other challenges remain. Of
primary concern is the damage or physiological stress
than can be induced by the removal and transport
process at the donor site prior to relocation. Corals can
suffer significant stress handling during their removal
from the substrates, which generally involves mechanical
cutting for branching species and use of hammers and
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chisels for massive (boulder-like) species; subsequent
jostling in transport containers can exacerbate these
issues. As discussed earlier, the jelly-like top 1-2 mm

of coral tissue is extremely delicate, so any physical
handling by divers, contact with tools, or rubbing against
crates and/or other corals canresult in tissue damage.
This can lead to localised partial-colony mortality or
result inimpaired whole-colony health as energy is
redirected towards repairing damaged tissues, making
damaged colonies vulnerable to coral disease '°°. This,
combined with transport stress due to contact with

air and sun, or exposure to high water temperature (in
crates on transport boats), can cause a large proportion
of collected corals to be significantly stressed and
potentially cause reduced growth, reproduction, or
survival after translocation unless careful prior planning
is used to ameliorate these risks "™,

Fig.15. Even brief direct air and sunlight exposure, such as shown here, represents a major

stressor for most corals. Care should be taken to avoid air exposure, or minimise the time and

intensity by using shading and/or immersion (e.g., pools). Source: Doug Helton (CCO-PD).
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If relocation is successful, survival is yet not assured

as a high proportion of transplanted corals can suffer
later dislodgement unless appropriately planned

(50% loss by detachment ™). Dislodgement rates vary
with attachment method (cable ties, epoxy, cement,
etc.), however a formal comparison of the different
techniques is lacking, and an ideal attachment method is
yet to be determined beyond small-scale experimental
investigations ™, although it is known that survival is

low if no manual attachment methods are employed ™.
Other considerations must also be taken into account; for
instance, while cable ties are a fairly successful and cost-
efficient way of attaching corals to existing structures,
they do degrade over time and plastic is a growing
environmental concern ™.

Fig.16. Mesh bags are being used to store recently removed coral fragments prior to

relocation. A water-immersion approach can benefit corals by reducing the time they are
exposed to extreme temperatures, air or sunlight while awaiting transport to the receiving
site, and by keeping them elevated above the mobile sands on the sea bottom. However, the
contact of the mesh bag against the delicate colony surface can cause non-visible damage
to the coral tissues. Extreme care must be taken to consider and reduce any possible sources
of handling stress in coral relocation programmes. Source: FWC Fish and Wildlife Research
Institute (CC-BY-NC-ND 2.0).
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Evenif transportation and relocation initially appear
successful, post-relocation, stress may take weeks to
months to manifest due to lag effects from handling
stress, emerging disease, and responses to conditions
inthe new environment. Therefore, while a relocation
programme may look successful in the first days or
weeks, post-relocation loss may grow over time and

may not always be obvious if the crucial step of follow-
up monitoring s lacking. In cases where long-term
monitoring has been implemented, conclusions have
often been drawn from small subsamples of total
relocated corals due to financial and logistical constraints,
which reduce the reliability of the results &. As relocation
projects have often involved the use of small-sized coral
fragments for ease of transportation, reduced fecundity
may arise due to the lack of reproductively mature
colonies and coral oocyte resorption due to handling
stress ™" Furthermore, while broken fragments of larger
colonies may appear sexually mature, these fragments
may not reproduce until they have re-grown sufficiently
to a pubescent size, thus further hindering natural
reproductive processes on relocated reefs ™. In addition
to reduce reproductive capacity, a selection bias towards
more easily removed coral species may also disrupt
ecosystem function and promote the spread of disease
while simultaneously defeating the purpose of no net loss
of biodiversity that is implicit in relocation efforts being
used for impact offsetting ™. Finally, even in the best-
case scenario, where relocation is successful with minimal
loss over time, such activities can be hampered by local
population-related pressures (e.g., pollution) &%, so marine
managers should be focused, not only to the relocation
effort itself, but the long-term viability of the site.
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Coral relocation should not be considered a remedy
for construction-related impacts given the young
and largely experimental nature of the field M=20.12!,
Better establishment of long-term monitoring and
dissemination of the results would provide better
evidence on approaches where coral relocation can
be an appropriate tool to compensate for coastal
development 4, Given the constraints discussed
above, relocating corals should never be the first
point of action, and should only be considered as the
measure of last resort after appropriate prevention
and mitigation measures have first been adopted (see
Fig.12,13).

For sustainable development to occur, where

the integrity of natural ecosystems is given due
consideration, modification of development masterplans
to avoid or minimise impacts to vulnerable ecosystems
must be given priority. Multiple alternative options may
be explored, and the impacts of the various alternatives
may be calculated and weighed accordingly. Robust

risk mitigation measures can be putin place (e.g.,

use of silt screens, automated turbidity monitoring
stations, establishment of stop-work thresholds) that
can drastically lower potential damage to critical reef
habitats during coastal construction. By using such
approaches, coastal regulators and developers can
preserve reef ecosystems largely intact. As such, coral
relocation should only be adopted after all other options
in the impact mitigation hierarchy (e.g., avoidance,
mitigation) have been exhausted, and only with very
careful planning to ensure that there will be no net loss of
biodiversity and that approaches are used to ameliorate
known risks inherent with coral relocation efforts.

Relocation rationale

Fig.17. Abiologist carries a basket of branching corals to a boat for transport to arelocation

site. While it appears that the basket is being used to reduce handling stress to the corals,
exposure toair, elevated temperatures and direct sunlight while being transported by boat
alsorepresents amajor stressor to corals that must be avoided or minimised. Source: FWC

Fish and Wildlife Research Institute (CC-BY-NC-ND 2.0).

Despite the limitations, there will occasionally be instances where impacts cannot be avoided, and in this case,
despite the known limitations of coral relocation, it may be the only feasible approach to avoid high or complete
loss of corals from a development footprint. In these cases, corporations must follow environmental and social
responsibility guidelines that aim to support ecological justice ?4. As such, best practices to minimise loss and
enhance long-term survival must be employed and clearly defined as part of ecological offset policies, and coral
relocation must remain a complementary tool to other preservation efforts. When used correctly, coral relocation
may enhance local environmental awareness, support fish populations that serve as economic resources for
surrounding communities and provide coastal protection 5. But such successes can only be attained with careful
planning and consideration of the local context, and the best available knowledge on the factors that may enhance
or limit the successful implementation of a relocation effort. The following sections provides advice to enhance

such success.

Coral Relocation in the Arabian Gulf
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Best practices for coral relocation:
Planning phase

Planning & goal setting

The first step in planning a relocation intervention is

to estimate the primary and compensatory offsets
required from developers '?6. Any corporation that
causes damage to key natural resources such as coral
reefs must be responsible for the restoration and/or
replacement of these resources to their original baseline
condition, defined as ‘primary restoration’ ™. This means
that any relocation project should aim to recreate a
habitat as close as possible to the natural baseline prior
to the planned disturbance, which includes the original
ecosystems services. This involves covering the cost of
the damage assessment, restoration efforts and pre- and
post-restoration monitoring activities '°8.

Box 1.

The extent of the proposed impact to reefs

must be documented and quantified with a

natural resource damage assessment. Per

Symons et al., 2006 %8, this assessment must:

« Accurately document the size and shape of
the potential impact with georeferencing
tools
Describe the planned nature of the impact
(e.g., dislodging and overturning of coral
colonies as opposed to damage by extreme
sedimentation and land-based discharges)
Identify and quantify the corals and
other benthos affected (which includes
description of the reef habitat type)
Qualitatively document the impact
area before and after damages
(photographically and with videography) to
permit a post-impact assessment of losses

However, there will also be interim losses in ecological
services between the time where the original habitat is
lost until the relocated habitat has fully recovered, which
may take years to decades even in best-case scenarios

121 Corporations are liable to cover for these losses

with additional compensatory restoration, which may
come under the form of enhancement or restoration
initiatives that go beyond simply relocating corals out

of impact zones ™. For instance, the responsible party
may endeavour to enhance natural coral colonisation

of the relocation site by seeding the target area (or
deployable substrates) with lab-reared larvae as a means
of compensatory restoration. Natural larvae can be
collected from spawning species, fertilised in a controlled
laboratory environment (thus avoiding the usual high
mortality in the planktonic phase) and then settled onto
chosen substrate by inserting them into ‘tent enclosures’
deployed underwater 27128, Qverall, the quicker the primary
restoration is in achieving a self-sustaining ecosystem, the
lower will be the compensatory restoration needed.

Relocation options must be valued and compared to

the value of damaged resources. Predicted total time
until complete recovery of reconstituted reefs must

be approximated, and various spatial and temporal
scales of relocation must be assessed #. For the case of
compensatory restoration, various planning tools may be
used such as a habitat equivalency analysis to calculate
the total owed by the responsible party ™. It is critical that
a comprehensive range of stakeholders must be involved
in this step of the decision-making process ', where local
communities, organisations and NGOs are engaged in
both the planning and implementation stages. This may
indeed reduce conflicts over resource use and may even
provide collaboration and funding opportunities *°. When
selecting a candidate site for offsetting activities, the level
of human dependency of that site (i.e., strong reliance on
coral ecosystem services) must be assessed alongside the
analysis of restorability 2.

Coral Relocation in the Arabian Gulf

Local environmental knowledge from traditional
communities may also be drawn upon to augment
relocation success. For instance, local fishers may
recommend suitable sites to receive coral transplants based
on historical and passed-down knowledge, or they may
advise against others where environmental issues have
been sighted but not formally recorded. Communicating
with locals may also enhance community support 23, which
is strongly associated with restoration effectiveness =.
Such local environmental knowledge approaches are
being actively implemented in marine conservationand
management in the Arabian Gulf 7!, but remain relatively
underutilised in the coral relocation sphere. It is also
essential for highly trained professionals and scientists to
be at the heart of any relocation project so that they may
apply their expertise to supporting the implementation
and monitoring plans to ensure robust and measurable
outcomes. Through this engagement, consensus-driven
agreement on approaches should be developed among the
various scientists, managers, and other stakeholders. An
independent ‘quality assurance’ team should also be put in
place to ensure unbiased oversight ™°.

SMART Goals for Reef Restoration

Specific Measurable

Specific

Achievable

Measurable

Once planned reef damages and losses of
ecosystem services have been approximated, and
the expenses earmarked for relocation activities
have been agreed upon by all participants, project
objectives can be defined. Project goals should be
set to permit later assessment of the efficacy of the
initiative, in that they must be Specific, Measurable,
Achievable, Realistic and Timely (SMART goals)
131132 Use of SMART goals is critical, as project
failure is often attributed to limited scientific goal
setting in marine restoration and biodiversity
offset projects °°. Although commonly used as
metrics, item-based goals (e.g., % survival of coral
transplants, % coral cover, etc.) should not solely
be employed to measure success as these metrics
are not synonymous with full ecosystem functions
and services °%196, Defining clear, quantifiable,

and ecologically-sound targets is a crucial step in
planning a relocation intervention °°3. Goals must
also be prioritised in order of importance to aid

in later management decisions that may require
trade-offs 33,

R T

Realistic Timely

Good example: "Relocate 250 coral colonies of three coommon genera
(Platyqgyra, Dipsastrea and Porites) from the donor site to bare substrates on
the coralreef located 1km to the east over two weeks during cool autumn conditions."

Realistic

Timely Achievable

Poor example: "Move as many coral colonies as possible to a suitable

relocation site this year."

Fig.18. Coral relocation projects should have objectives that are shaped by SMART attributes, which will allow for later assessment of program success through use of

unambiguous, specific metrics.
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Baseline assessment of donor site

Following consensus on project goals by the various
stakeholders, a detailed investigation of the proposed
donor site may begin. This baseline of environmental
characteristics will be used to ensure minimal loss during
conservation interventions. Basic review elements
typically include coral, invertebrate and fish surveys
along with physico-chemical characteristics of the

site, as well as at relevant control (non-impact) sites

in the surrounding area for comparison 2. Common
all-encompassing metrics, such as coral percentage
cover, are not sufficient and should expand to include,
for example, coral species richness, density, composition
and reef rugosity, among other ecologically relevant
parameters. In addition to spatial replication across
impact and reference sites, conducting a single one-time
survey is unlikely to be adequate, as biodiversity is not
fixed and reefs are dynamic ecosystems, particularly

for mobile species such as reef-associated fishes which
are known to be a highly seasonally dynamic in the
Arabian Gulf 34135, Baseline research must account for
seasonal aspects and other environmental drivers and
therefore be spread over relevant time periods . The
use of georeferenced permanent transects or plots is
therefore typically preferred over haphazard or random
sampling strategies, so that the donor site may be
monitored over time, prior and following the proposed
impacts, to include tracking of individual colonies and
assessment of demographic changes in the community
%8, Photographic and video documentation of the donor
site is also essential to provide permanent baseline
records for future reference. The use of permanent plots
allows for reliable mapping of the donor site as well as
documenting key features over repeatable surveys °8.

Baseline assessment of multiple recipient
sites

Once baseline assessments of the donor site are
completed, the search for recipient sites may begin.
Typically, assessment should occur for several potential
recipient sites to allow ranking of sites based on
environmental suitability, but also to potentially employ
multiple recipient sites to hedge risks during relocation.

Assessment of wave exposure and flushing

One of the primary factors in considering a potential
recipient site is the degree of wave exposure. In
many regions, sheltered environments tend to be
preferred due to the potential for detachment loss
of relocated colonies due to wave action or from
mobile rubble scouring the area during storms
27121123, However, sheltered environments tend to
have more extreme temperature fluctuations %, and
in the Arabian Gulf sheltered environments tend

to have very high levels of suspended sediment
deposition, which has been shown to smother
corals, reducing their growth and survival 36.

As such, careful monitoring of several potential
recipient sites is essential to determine which
locations have the greatest probability of success.
In addition, risk mitigation approaches may need to
be adopted regardless of the location. For example,
using methods to stabilise rubble in shallow

areas (e.g., Fig. 15) or relocating corals to slightly
deeper depths to avoid the most extreme waves or
temperatures, if supported by data.

Assessment of substrate suitability

Substrate condition of potential recipient sites must
also be favourable for transplant attachment and
growth, as unstable substrates (e.g., unconsolidated
rubble or sand) limit the capacity for coral fragments
to attach and for coral larvae to settle and grow 7138,
while high amounts of macro-algae can damage

coral tissue, reducing coral growth and fecundity

135141 As such, bare reef framework or rock are ideal
substrates for coral attachment 2. In areas where only
unconsolidated substrates are available, enhancing the
physical integrity of the benthos may be possible prior
to transplantation™®. Loose rubble may be secured
with concrete mats, cement, limestone boulders,
plastic mesh or other overlay structures before corals
can be reattached to reduce secondary injury to
fragments #, although such processes are labour and
cost intensive. If structural complexity is lacking, three-
dimensional structures may need to be introduced

to provide shelter and habitat to reef-associated
organisms and restore ecosystem function ™°.
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Surplus waste materials such as tires, small, discarded
vessels and related items should be avoided as they
are likely to become mobile during storms and/or leak
harmful chemicals #2144, but limestone and concrete
may be appropriate materials when attempting to
restore structural relief particularly if designed with

ecological goals in mind (e.g. 3D complexity for fishes)
45, Limestone is similar in composition to natural

reef framework while common gabbro stone has
been shown to be attractive for coral colonisation,
and therefore are good materials to use for habitat
enhancement if locally available 27146,

Fig.19. Substrate suitability and stability is a primary consideration in selecting a candidate receiving site. In some cases, such as here, engineering approaches may have to be used to

stabilise rubble and other substrates to ensure that relocated corals are not at risk of dislodgement or damage during storms. Source: Alfred A. Coffield (CC BY-NC-ND 2.0).

Coral Relocation in the Arabian Gulf
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In areas where suitable hard-bottom habitat is limited
or unavailable, it may be necessary to introduce artificial
structures to serve as a substrate for attachment for
relocated corals. Such structures may include artificial
reef modules ¥, quarried boulders "6, 3D-printed clay
designs “® among others. Artificial substrates may

not only provide a substrate for relocated fragment
attachment, but they may also help control currents,
limit rubble movement, and provide habitat for fishes.
However, it should be recognised that such structures
can never serve as surrogates for natural habitats
impacted by development as artificial reef community
structure and function differs markedly from that of
natural reefs 2858149 |nstead, artificial reefs seeded with
relocated corals should be recognised as novel habitats,
unique in their own right, but that cannot replace natural
ecosystems regardless of size and complexity ™. If built
within MPAs, as suggested above, such structures may
have the potential to support spillover (of fish) and
larval subsidy (or corals and fish) into adjacent areas
once the community has matured 0251152,

Fig.20. Corals relocated to the environmental breakwater of Khalifa Port in Abu Dhabi,

UAE, where the concrete stabits provided a suitable habitat for coral attachment inan
area largely dominated by mobile sands and muds (natural corals to left, relocated corals

toright). Source: Rob Smith.
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Detailed surveys must also identify whether any
anthropogenic stressors impact the proposed
recipient site. All stressors must be accounted for
and quantified in terms of seriousness 3° and sites
highly impacted by pollution, algal overgrowth,
overfishing or destructive fishing, or other threats
must be immediately disqualified if the removal of
these stressors is not possible (or affordable) prior
to relocation *3. Sites with chronically high turbidity
and sedimentation loads must be avoided as fine
sediments reduce coral photosynthetic efficiency
and survival 60107154, Related to the general stress
context in selecting sites, the ‘protected status’ of
potential recipient sites is also of importance, as
established marine protected areas (MPAs) will limit
risks from future development 2. Therefore, sites
within a network of national parks, MPAs or reserves
are to be favoured where possible.

Once several candidate recipient sites have

been identified based on their hydrodynamics,
substrate and pressure status, more detailed
assessment of their site-specific environmental
conditions can begin. Any intended recipient site
must display similar environmental parameters

as the original donor site and existing conditions
must be established through monitoring if recent
environmental data is unavailable °°. If reefs did not
previously exist in a particular area there is usually a
reason (e.g., lack of suitable substrate, poor water
quality, etc), which would make such candidate
sites likely inappropriate for coral transplantation
efforts 7. Pre-relocation monitoring of several
candidate relocation sites is essential to determine
the variability and extremes of thermal range, depth,
wave exposure, current regime, salinity, light levels,
and tidal range among other related parameters as
abiotic conditions must be sufficient to support coral
communities 2428, Funding should be sufficient to
ensure sufficient in situ data loggers are available
for assessment of spatial and temporal variability in
conditions "6,
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The site’s biotic suitability must also be thoroughly
assessed for biological stressors, for example coral
predators such as Crown-of-Thorns starfish (COTs)
and competitors such as macroalgae and sponges
153, Corals’ predators can quickly decimate relocated
colonies 5, while competitors such as algae may
rapidly overgrow and smother transplants " or
produce chemical cues that inhibit later larval coral
settlement into the assemblage ™. Similarly, algal-
farming damselfishes frequently promote algal
growth within their territories and aggressively
exclude other herbivores that keep algal abundance
in check 93, and they have been shown to rapidly
colonise coral transplantation areas and reduce coral
survival by nipping at and damaging coral colonies
near their territories ™. While such predatory,
competitive, or grazing interactions are part of
natural processes in functioning reef ecosystems,

in recipient sites, any recently transplanted corals
will typically have experienced significant relocation
stress from which corals need weeks or months to
recover and, therefore, negative biotic interactions
can have an outsized impact in the early stages of
coral community establishment.

The most biologically suitable site for establishment
and growth of relocated corals is likely to be a
location in which corals are already the dominant
biota, as opposed to algae, sponges or others 23,
Recipient sites with existing high coral cover and
diversity are prone to provide conditions that support
coral survival, provided care is taken not to impact
the existing coral community during relocation ™. In
addition to relocation of corals, practitioners should
consider whether relocation of other reef-associated
fauna is warranted, particularly those that provide
functionally important roles that might enhance
transplant survival. For example, herbivorous fishes
and sea urchins serve an important role in controlling
the abundance of algae that often directly compete
with corals 7%, while guard crabs and cleaner shrimp
that use corals for shelter provide important roles in
removing sediments and epifauna and interfering with
coral-predators 7159169, Such a ‘whole assemblage’
perspective incorporates the functional diversity
necessary to support robust ecosystem function,
allowing a jump-start to the ecological integrity of the
newly established relocation site 102130,

Coral Relocation in the Arabian Gulf

Fig. 21. Assessment of potential coral competitors or predators (such as the coral-eating

Drupellasnail shown here) should be performed for each recipient site in transplantation
programmes, as such biotic interactions can have outsized negative impacts on colonies

stillunder stress from relocation. (Image credit: ConserveMarine (CC-BY-SA-4.0)
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Logistical considerations

Finally, assessment of logistical and social conditions
should be included when selecting potential recipient
sites for coral relocation. The proposed sites must be
easily accessible, but under minimal influence from
human visits (e.g., diving) or pressures (e.g., fishing,
pollution, etc.) ™. It should be in close proximity of

the donor site and the staging area in order to reduce
transport stress and, particularly, exposure to air, light or
extreme temperatures '3, unless resources can be used
forimmersion-based transportation (e.g., in boat-based
holding tanks with flow through water) 8. Managers
should also consider whether it is straightforward to
reach the potential receiving sites by boat, and whether
snorkelling or a SCUBA-based approach is necessary for
coral transplantation, as the latter will undoubtedly add
to the cost and risk of operations.

As discussed earlier, priority should be given to recipient
sites located within MPAs to limit risks from future
pressures. Alongside biotic and abiotic assessments,
social surveys (e.g., structured interviews) should

be performed to assess project acceptability and

its compatibility with existing human uses of each
candidate site 2.

Itis important to remember that a guiding principle

of offset through practices such as coral restoration

isa “no net loss” policy, ideally resulting in net gain

of biodiversity °°. Here, biodiversity is in the form of
structural attributes such as species richness, coral
cover, community composition and others, along with
service attributes, be they ecological or human-related;
these should be maintained at pre-development levels
- if not augmented - through the mitigation hierarchy
(avoidance, mitigation, etc.) as well as offset approaches
like coral translocation. As such, assessment of potential
recipient sites must also consider their size/area, and
whether there is sufficient availability of suitable non-
occupied space to accommodate the number and
diversity of corals that are planned for relocation.

Final planning and piloting

Once a suitable recipient site or series of sites has been
identified, consideration of the various coral relocation
methods may begin. A wide array of methods is
available for each stage of the relocation process (see
next section), and one or a combination of several
approaches may be more appropriate given the
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environmental, biological and impact mitigation context
of each specific project.

Methods must be specifically tailored to the needs of
the project, to the desired scalability, and to the context
of the location in which this project will occur ?°, and it
should be recognised that each possible methodological
approach at each stage of the relocation process will
come with its own strengths and limitations. Costs must
also be considered. Approximate expenses must be
budgeted for each alternative method, including staff
expenses, specialist diver fees, training for volunteer
helpers, boat rentals or fuel, SCUBA equipment,

and consumables used in the relocation process,
among others. For a summary of the costs for various
techniques see Bayraktarov et al., 2019 ', but recognise
that costs will be extremely contingent on the location
in which the project occurs and should be estimated
using local market rates.

Upon selection of the most optimal combination of
methods based on the local context, a pilot study

of the proposed methods is highly recommended

to ensure project success and minimal biodiversity
and economical loss °°9™2°, Such a pilot programme
will not only allow an assessment of the suitability

of the methods generally, but also provide the
essential hands-on experience necessary to assess
logistic feasibility and related real-world factors
that are often unanticipated at the planning stage.
Pilot studies should follow the “BACI” approach
(Before-After, Control-Impact '®?) to assess the
effectiveness of the methods selected. In this
approach, monitoring stations must be established
at recipient (impact) and non-recipient (control)
sites, with monitoring programmes conducted

over several time points prior (before) to and
following (after) a pilot relocation event. In order

to differentiate relocation-related effects from
stochastic processes (e.g., a disease outbreak,
bleaching, etc), it is necessary to perform pre- and
post-relocation monitoring at several distinct
relocation pilot sites and several control 163184, ideally
spatially interspersed amongst one another. Such an
approach allows for a robust, statistically justified
empirical assessment of the efficacy of the proposed
coral relocation methods and sites at limited cost,
prior to the large financial investment needed for full
implementation.
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Best practices for coral relocation:
Operational phase

Species selection for relocation

Following a thorough investigation of the donor

site and potential recipient sites and conducting a
pilot assessment of the proposed methodology, the
operational phase of coral relocation to the selected
recipient sites may begin.

As offset programmes are designed to maintain,

if not increase, local biodiversity 88°°, all attempts
should be made to include each species present

at the donor site at the relative proportions at
which they occur naturally. Selecting a wide array
of coral species not only supports the mitigation
goals of the relocation exercise, but will maximising
genetic diversity, helping to prevent population
collapse in case of disease events and supporting
later reproductive success during spawning events
195 |n addition, relocation of a diverse community
of corals will also ensure that a variety of coral
growth forms is included (e.g., branching, foliose,
massive or other shapes), providing enhanced
resilience of the relocated coral community as well
as more diverse habitat opportunities for fauna that
associate with specific morphotypes. For example,
while mound-like massive corals are typically much
more resilient to environmental stress and are
consequently more resilient to relocation processes,
they tend to be very slow growing that their re-
growth following relocation may take an extensive
time 810166 |n contrast, branching corals tend to

be more sensitive to relocation, but can grow very
rapidly - even after breakage during storms - and
provide complex habitats that supports numerous
fish species and shade for undergrowth coral
assemblages 895166167,

If relocating the entirety of the donor coral
assemblage is not logistically or financially feasible, a
wide range of coral species and growth forms should
be targeted, particularly for rare species most at

risk from the construction works (and justification
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must be provided for why the whole community was
not included in the programme). Within a particular
species, priority should be given to heathy, sexually
mature specimens, although a range size of colonies
>10 cm diameter may be utilised as larger corals
have higher fecundity and survival while smaller
corals tend to grow more rapidly, and size appears
to have no correlation with post-relocation mortality
8316188169 |n all cases, care should be taken to ensure
that no colonies being relocated have noticeable
evidence of association with disease or invasive
species 8019,

Removal techniques and handling stress

When the proportions of different species and
morphologies has been agreed on, removal of
colonies or fragments may begin, with corals stored
sub-surface while awaiting transfer to the recipient
location. These steps must be meticulously planned so
that minimum handling stress is exerted on the corals.

As discussed earlier, the upper 1-2 mm of a coral
colony is a highly vulnerable jelly-like tissue that

is highly sensitive to contact abrasion, be it with
hands, tools, the sides of transport crates or bags,
other corals, or other surfaces. The corals must be
removed from the donor site as gently as possible,
with considerable care taken to minimise or
eliminate contact with the jelly-like surface tissues
of the colonies during all stages of the relocation
process, from the colony removal to storage and
transfer stages, as well as during later placement in
the recipient site 2°.

The growth form and size of colonies will typically
dictate the most appropriate approach for removal.
For mounding or massive species, a hammer and
chisel (or crowbars for larger specimens) may be
used to sever attachment to the substrate at the
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Fig. 22. A marine habitat resource specialist uses a hammer and chisel to remove a coral

colony for relocation out of an area of planned impact from a vessel salvage operation.

Source:NOAA (CC-BY-NC-ND 2.0).

colony base, with care taken to minimise hand or
tool contact with the sides or tops of colonies and
constrain contact only to the base of the colony
while placing in transport trays 83. These may then
be fixed in the trays with the use of ‘lips’ cable-tied
or screwed across the base of the tray to limit lateral
movement of corals, to prevent colonies from sliding
into one another or the side of the tray. For large
colonies (e.g., large Porites bommies) that cannot
be transported in trays, large bolts or screws can

be drilled into the colony base at various locations
once it has been separated from the reef framework
by crowbars, and the colony raised and moved
underwater using inflated lift-bags'®’.

Relocation of whole colonies should be the

preferred approach, as this limits damaged
tissue that requires energy to repair and provides
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openings for disease introduction. However, some
species’ morphologies are naturally more fragile
and/or have small substrate attachment points,
making whole-colony removal more complicated
(e.g., branching or foliose coral species). While
priority should be given to whole-colony removal
where feasible, where not possible corals may

be fragmented into smaller sub-units (e.g., using
shears/cutters), with each fragment then provided
the same care to reduce contact as is provided for
other coral morphologies 8. The wound area must
be a small as possible to facilitate recovery and limit
bacterial infections and contact with live coral tissue
must be strictly limited, including contact between
adjacent colonies and/or the container walls during
transportation 8153,

While micro-fragmentation is increasingly being
explored as a reef rehabilitation option (where users
are intentionally reducing the size of fragments

to later grow out at more rapid rates, typically in
nurseries), it is not an approach that supports the
offset goals of impact mitigation programmes.
Additionally, micro-fragmentation has had highly
variable results in real-world applications due to
high rates of predation, disease and dislodgement
of the fragments, particularly during the early
stages 7973, Therefore, micro-fragmentation

is not recommended as a priority approach in
relocation programmes (i.e., it should only be done
in incidental cases where colonies are accidentally
fragmented).

In all cases, regardless of the species utilised or the
removal technique employed, technicians should
take care to reduce handling stress immediately
after the removal stage, typically when colonies are
being temporarily stored underwater and prepared
for transport. Corals should be placed in stable
storage/transport containers (e.g., plastic trays)
rather than on the seabed where they may roll in
waves, come into contact with adjacent benthos,
and/or be exposed to mobile sediments. Typically
transport containers will have weights attached

to maintain position at a fixed, flat location on a
consolidated area of substrate, and these will only
later be fixed with lift-bags to allow movement
through the water column for the transport phase.
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Relocation of beneficial reef- and/or
colony-associated fauna

Particularly where relocation is going towards non-reef
areas (e.g., a new artificial reef) because an existing reef
habitat is unavailable ™, the relocation process should
endeavour to include reef-associated fauna in addition

to coral colonies. Such efforts will help to build functional
diversity within the new recipient site and support the
rebuilding of key ecological processes 301674, This may
include more general reef-associated species such as

sea urchins, which play important keystonerolesin

algal suppression 7* and, as such, can reduce coral tissue
loss due to algal competition 8. Also important are
coral-dependent species that have strong mutualistic
relationships with individual coral heads used as protective
habitats. For example, guard crabs ( Trapeziaspp.) are
small crustaceans that live within the complex three-
dimensional habitats of branching coral colonies, where
they clean out sediments covering coral tissues >,
increasing colony growth rates °8. They also defend their
host against coral predators such as Crown-of-Thorns
starfish, reducing tissue loss7® and enhancing survival '°,
and against predatory snails 7, increasing growth rates
compared with undefended colonies 7. Omnivorous coral-
associated crabs such as the clinging crab (Mithraxspp.)
can also defend against algal competition and epifaunal
overgrowth, and crab-bearing corals can have enhanced
growth and survival *°. Despite a growing interest in
incorporating such ecological processes into coral
relocation or restoration programmes, less than a fifth of
published studies include trophic interactions in their design
100, As such, strong consideration of processes such as
herbivory, mutualism, corallivory, and nutrient cycling from
reef-associated consumers should be incorporated into the
planning phases of coral relocation efforts.

Fig. 23. Individual coral colonies are often home to mutualistic partners, such as this guard

crab, which actively defend and clean their host colony, supporting coral growth and survival.
Coralrelocation plans should therefore include relocation of such beneficial mutualists, the

coral colonies themselves. (Image credit: Hectoninchus (CC-BY-5SA-3.0)
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Transportation methods and transport
stress

Aside from damage induced by handling during
removal, the transport phase of coral translocation
projects represents one of the most potentially
damaging phases of the project and prior planning
should incorporate avoidance and mitigation of such
risks. The main issues to consider are contact abrasion
(e.g., corals bumping together) during transportation,
as well as exposure to environmental extremes (e.g., air,
high temperatures, UV).

In an ideal setting, corals should be relocated while
remaining fully immersed underwater 808183, This has the
benefit of reducing the likelihood to contact abrasion
between colonies and/or with the sides of the transport
crate, as corals will not have to be lifted into boats,
transported roughly over waves, and then lowered
backinto the water at the recipient site, where each
phase presents its own risks. In addition, by remaining
immersed underwater throughout the transport
process, corals will remain in a far more thermally
stable environment and avoid exposure to air and the
unfiltered UV light and solar insolation, stressors that
they would experience if carried on the surface.

On small scales, immersion transport can utilise

crates affixed to lift bags allowing individual divers to
transport colonies between nearby donor and recipient
sites (e.g., Fig. 24) "o2, For larger distances, transport
can be performed by fixing transport crates to hang
under the side of the vessel, with relocation occurring at
low speed (i.e., <1knot) to avoid causing corals to slide
or tumble within the crates ?8. In a large-scale example
of such a process, in 2009 over 22,000 corals growing
on 1,100 coral-covered stones were relocated 18 km in
Dubai, UAE, to avoid impacts of a pending development
78, All coral-covered rocks (often >1ton in weight) were
hung beneath transport barges by slings, and the barge
then slowly (ca. 1knot) hauled them to their recipient
site, on a breakwater far from the potential impacts of
development. By maintaining the corals beneath the
water, initial coral survival rates were high and within
four years coral cover was estimated to have increased
by 20% "7°.

While sea-based immersion may be functional for
short-distance transport, it is not feasible for all
projects, particularly where donor and recipient sites
are far from one another. In such cases, care must be
taken to ensure that corals are transported on the
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surface as efficiently as possible to minimise exposure
to the elements. Project planners should prioritise
using tank-like containers on the transport vessels to
allow corals to remain fully immersed in water during
the transport process to limit the known stressors of
surface-based transport. Large pools or tanks fitted
with battery-operated pumps allows a constant flow-
through of seawater into the container to maintain
water quality, dissolved oxygen and temperature €°,

while overhanging shading can be used to limit light
stress and UV exposure during the transportation
process "°. Where one cannot use immersion
containers for transport, attempts should be made

to minimise the travel time as much as possible, and
processes used to ensure that the corals stay moist
(e.g., continuous/frequent saltwater spray; covering
with seawater-soaked towels) and shaded from direct
Sunlight 110,181,182.

Fig. 24. Technicians use lift bags and crates to relocate large coral colonies. Such an approach reduces handling stress and limits air exposure time. Source: Alfred A.

Coffield (CC-BY-NC-ND 2.0).
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Seasonal climate considerations

Aside from the mechanics of the transportation
process, relocation plans should factor in local
climatic conditions, particularly around seasonal
temperatures and the potential for storm activity.
The Arabian Gulf is characterised by some of the
most extreme and variable environmental conditions
known to be experienced by corals globally 243183,
with winter in the northern Gulf (e.g., Kuwait)
leading to remarkably cold sea temperatures (12
°C), while the southern Gulf (e.g., the UAE and
Qatar) becomes the world’s hottest sea each
summer (>36 °C) 3683, As such, relocation during
peak summer or low winter temperatures should be
avoided, as such seasons represent major natural
physiological stressors for corals that would only be
exacerbated by relocation. Both cold- and warm-
water bleaching events have occurred in the Gulf in
the past 5154184185 gnd research has shown that coral
growth rates and/or partial-colony mortality can
be elevated during either summer or winter 36184
indicating that either of these extremes represent
a pressure on coral health. Thus, coral relocation
efforts in the Gulf should only occur during the
‘shoulder’ seasons of spring and autumn, and ideally
early in each season to allow corals to recover
from any relocation stress or damage before they
are exposed to the stress of the coming season.
The specific months of these seasons will vary
across the Gulf due to differences in local climatic
conditions, so decisions on specific timings must be
based on local data of sea and air temperatures for
a particular site. But generally, relocation efforts

in the Gulf should be prioritised for three to four
months before the onset of summer maximum or
winter minimum sea temperatures.

Sea surface temperature (°C)

Fig. 25. Sea surface temperatures in the Gulf are extreme and highly variable, and relocation
projects should avoid translocating corals in the thermally stressful winter and summer
seasons. Here the coldest (left) and warmest (right) monthly sea temperatures, averaged for

the decade between 2004-14 (Data from MODIS level 3, 9 km, Tl um, daytime SST).
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In the Arabian Gulf, the local wind environment can also play
aroleinselecting the timing for coral relocation. Seasonal
‘shamal’ wind events are typically strongest in the period
between late January and March, during which winds can
commonly exceed 20 knots for several days and lead to
extremely rough sea conditions and elevated turbidity

due to bottom sediment suspension ®. Such conditions

not only will result in costly ‘lost time’ as divers and boats
wait at shore for conditions to abate >, but also make
relocation planning and implementation far more logistically
challenging. Even if winds do slacken for several days, the
residual swell from storm events represents a continues
risk, as bottom swell makes careful colony removal or
attachment more difficult, and surface swell willincrease the
likelihood of damage or abrasion during the transportation
process ™. Such storm and swell conditions also increase the
likelihood of detachment of any recently attached colonies
82175, defeating the purpose of the relocation effort. As such,
relocation programmes should plan for activities to occur

in the period after the local ‘shamal’ season (which varies
somewhat around the Gulf), while also factoring in the
temperature conditions discussed earlier. Planning around
the ‘windy season’ will help limit detachment, abrasionand
breakage due to wave action'?’.

Receiving site preparation

Prior to the actual relocation effort, potential recipient
sites should be assessed as outlined in the section above
titled ‘baseline assessment of multiple recipient sites’ to
allow identification of the optimal site or sites where corals
will be relocated. Factors to consider include the wave
climate and flushing, substrate suitability and whether
substrate stabilisation or enhancement are required,
whether local pressures or protections are likely to affect
the project outcomes, and the local physicochemical and
biotic conditions of the potential recipient sites (see details
in above sub-sections). A detailed assessment of these
factors will allow practitioners to maximise successful
outcomes from this critical stage of relocation.

Depending on the composition of the substrate at

the receiving site, preparation may be required. This

may include the addition of artificial substrates (e.g.,
artificial reefs) for colony attachment ™47, stabilisation

of the substrate through use of cementing or mesh 2
(e.g., Fig.19), or related measures, with consideration
towards aesthetics, longevity, and potential unintended
consequences on the local biota or surrounding
environment. This is particularly true for addition of
artificial reefs which have become common in the Arabian
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Gulf, but which come with numerous underappreciated
risks that should be considered by marine managers
before adoption >°-152,

Evenin areas where suitable bare rocky substrate exists,
some site preparation and planning are necessary.
Studies have shown that ‘loose’ corals placed at receiving
sites without manual attachment have very low rates

of survival™, as coral self-attachment to the substrate
is generally a slow process and many will be damaged
or dislodged during storms. As such, use of prepared
‘attachment aids’ (e.g., Coralclip) may be necessary,
particularly in high energy environments affected by
waves ™. Even in areas where wave actionis less of a
concern, some substrate preparation is necessary, even
if using traditional direct epoxy or cement attachment
(detailed below). All marine substrates, even artificial
surfaces only hours old, will have a surface covered by

a biofilm comprised of a living microbial community
with associated exudates ®7-8, and more mature ‘bare’
substrates will typically be home to various microalgae
and invertebrates 461°°, all of which can interfere with
proper adhesion. As such, areas of ‘bare’ substrates are
not actually bare, and such surfaces must be heavily
scrubbed with wire brushes to reduce the biofilm, and
then chiselled to expose fresh, underlying rock to allow
a strong bond with the epoxy or cement (Fig. 26).
Detachment due to poor adhesion is one of the leading
causes of coral mortality during relocation projects
(50-65% loss of colonies "2™), suggesting that hyper-
focused efforts on substrate preparation need to be
made prior to attachment of relocated colonies in order
to maximise success. Such substrate cleaning efforts can
also help remove the presence of spatial competitors
such as macroalgae on adjacent substrates, improving
subsequent growth of transplanted colonies 2.

Fig. 26. Adiver uses an underwater pneumatic drill to prepare the substrate at areceiving site

for attachment of relocated coral colonies. Such an approach can provide cavities for epoxy
or cement to allow a better ‘grip’, since biofilms on natural substrates often result in poor

adhesion. Source: Erik Zobrist (CCO-PD).
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Colony placement considerations

Aside from substrate considerations, care should be taken
to consider the depth of relocation and the density of colony
placement at the receiving site during the planning process.

In general, corals should be relocated at depths
comparable to that of their donor site. Corals are
physiologically acclimated to specific light conditions that
occur at particular depths, such that changes in depth can
result in detrimental impacts to colony health. Coral colony
morphology ™3, symbiont density and community structure
194195 photosynthetic pigment composition ¢, sensitivity
to UV radiation *6, and various other parameters vary with
depthin order to minimise light stress at shallow depths or
maximise photosynthetic yield in low light of deep waters.
As such, relocation of coral colonies to depths different
from where they were derived at the donor site can cause
substantial photo-physiological stress to coral colonies,
with impacts that can last for more than six months % and
fullacclimation taking several years 7, while potentially
impacting their long-term health and survivorship. This is
particularly true in the Arabian Gulf, as depths shallower
than 3 m are subject to extreme temperature stress during
low wind conditions 35, while high turbidity limits coral
growth deeper than 10 m except at offshore seamounts
where surrounding clear waters support coral growth

to ~30 m depth 4834198 These observations suggest that
extreme care should be taken to relocate corals to withina
few meters of the depth from which they were obtained.

In addition to depth, planners should also consider the
spatial layout of how they plan to position colonies relative
to one another. One key parameter will be the density of
coral colonies. Higher colony density has been suggested

to facilitate reef structural integrity during storms °>°°, but
at too high a density inter-colony competition for space

can lead to decreased growth rates and survivorship 199200,
However, placing colonies too far apart also has risks, as this
may interfere with fertilisation success during spawning
and impede reef-scale reproductive output 3, and may
also make isolated colonies less attractive habitats to coral
dwelling organisms that provide important ecological
functions such as nutrient transfer 2°'. While further research
inthis area is necessary, the existing data suggests that a
unimodalrelationship exists, where positive density effects
occur at moderate densities, but negative effects occur at
high densities %2°°, and this is likely to be context specific.
Therefore, it is suggested that preliminary surveys of colony
density at local sites should be conducted to determine the
natural range and average density of coloniestouseasa
guide for relocation planning.
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Colony attachment methods

One of the final planning stages for the active phase
of a coral relocation exercise is the selection of the
method of colony attachment once they have been
relocated to the recipient site. Commonly used
attachment methods include the use of marine glue
(epoxy) or Portland cement, as well as masonry
nails, cable ties or stainless-steel wires, sometimes in
Combination 121,128,175,192,202.

Fig. 27. Metal wires and masonry nails being used to attach elkhorn coral fragments to the

reef framework of Fortuna Reef in Puerto Rico. Source: Erik Zobrist (CC-PD).
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The selection of attachment methods must be

made based on its potential for coral dislodgement
under local wave conditions #, with high wave-
energy environments avoided as loss tends to be
high regardless of attachment method in these
environments "M Epoxy and cement are the most
frequently used attachment methodes, particularly
for massive/mounding morphologies. Cable ties and
wires used in combination with nails embedded into
the reef substrate are commonly used for branching
species such as Acroporatable corals that tend to
have only limited bare skeletal tissue for adhesive
exposure after removal ?, and this approach also
supports high survival rates ™. Acroporatable corals
may be placed with their axial polyp facing upwards
to speed up growth or may be placed laying down to
provide a more stable base and allow new branches
to develop with time 3. Recently a new attachment
approach has been developed, called the Coralclip™,
which is a simple spring-clip that can hold fragments
in place in gaps in the reef framework and is easy to
deploy ™.



https://photolib.noaa.gov/Collections/Restoration/DARP/Fortuna-Reefer/emodule/1356/eitem/80491
https://photolib.noaa.gov/Collections/Restoration/DARP/Fortuna-Reefer/emodule/1356/eitem/80510

Fig. 28. Example of site preparation and attachment for a coral relocation project at Khalifa Port in Abu Dhabi, UAE, in 2020. Corals were relocated from one breakwater to another, with

attachment onto concrete stabits. Here, a) wire brushes were used to clean the surface, which were then b) scored with a hammer and chisel to expose the underlying concrete, before c)

an epoxy was applied to the substrate, allowing d) attachment of a coral colony and a labelled tag for long-term monitoring. Image credits: Prasanna Wijesinghe and Harry Cook.

The importance of attachment site preparation and
attachment method should not be underestimated:
on average only half to two-thirds of corals are
estimated to survive the relocation process 1061219,
and attachment failure in the weeks following
transplantation is a leading cause of their mortality
no92203, However, if colonies can remain immobile
and properly attached to the reef framework for
several months, their growing skeleton will begin to
self-adhere and form a strong bond to the substrate,
after which coral loss due to detachment is rare
no9z204 Regardless of attachment methods used,
planners should take care to minimise displacement
of existing benthos, and to limit the disruption of any
existing habitat-associated communities.
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Fig. 29. Aresearcher uses epoxy for attachment of a coral colony in the Florida Keys.

However, the lack of appropriate substrate cleaning and preparation is likely to resultin

detachment of any colonies during the first storm. Source: NOAA (CC-PD).
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Best practices for coralrelocation:
The post-relocation monitoring phase

A relocation project may only be described as successful
once ecological function has been restored and a self-
sustaining and resilient ecosystem has beenrecreated .
Arelocated assemblage should display similar species as
the donor system, represent all major functional groups,
have reproductive populations and be resilient to stress
125, To assess success, a key yet often underappreciated,
part of any biodiversity offset programme is monitoring.

Hypothesis-driven and ecologically-based monitoring
is a crucial step to periodically appraise the project’s
success and evaluate progress towards each individual
SMART goal®°. Consistent and comparable data

is necessary to quantify changes over time, and to
permit further intervention if necessary >. Monitoring
increases the scientific robustness, accountability and
transparency of relocation programmes and should be
a central component of any coral translocation effort
129, Funding must be allocated for this component of the
programme from the outset of the planning process,
and the monitoring findings should be used to help guide
adaptive management of the project '3°.

Fig. 30. Post-relocation monitoring is essential to determine whether a translocation

programme has met its intended goals, and identify zwhy some relocation sites are
successful while others are not. Such information should be made public to aid future

coralrelocation efforts. Source: Khalifa Port 2020 relocation project, John Burt.
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Best practice for coral relocation monitoring
programmes follows the BACI (before-after,
control-impact) approach. Surveys and monitoring
plans should be implemented well before any coral
relocation activities occur and follow the process
through its implementation and then for a period

of time after-the-fact to assess long-term success

2, To ensure that patterns observed at a particular
relocation site are the result of intervention and not
the result of stochastic processes, such programmes
should also include data not only from the donor and
recipient site(s), but also at undisturbed ‘reference’
sites nearby the donor site where corals are left

in place, as well as ‘control’ sites adjacent to the
recipient site where non-relocated communities

are monitored 2, Ideally, monitoring should include
multiple reference and control sites that are spatially
interspersed around intervention sites to support
identification of spatial trends alongside any temporal
trends that are picked up from the long-term periodic
monitoring %364, Factors to be considered for
monitoring in such a BACl approach are outlined in
the ‘best practices in coral relocation: planning phase’
section of this document, with careful consideration
made for the biological metrics to be catalogued

that represent not only the status of individual coral
colonies, but also community structural and functional
metrics that should be included. Metrics that can be
considered for the coral populations include coral
cover and abundance, reproductive capacity (e.g. %
of corals spawning) and recruitment (e.g. settlement),
coral condition (e.g. colony presence/absence, %
tissue loss, disease prevalence, etc.), species richness,
evenness and diversity, while habitat or community
metrics include invertebrate and fish community data
(e.g. presence/absence, abundance/density, richness,
evenness and diversity, and size-structure), measures
of reef complexity (e.g. rugosity, colony/reef height),
and habitat quality (e.g. water quality, sedimentation,
abundance/diversity of functional groups or coral
recruits, etc) ?5. Further detailed descriptions of
components to consider including in intervention-
based reef monitoring programmes such as coral
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relocation projects are provided in Goergen et al.
(2020) '>°, and readers are directed there for further
information in developing their monitoring plans.

Fig. 31. Researchers monitoring the health of a coral colony using a diving-PAM on

Saadiyat reef, Abu Dhabi. Monitoring programmes should aim to go beyond basic
indicators of relocation success (e.g., survival and growth), to include more subtle
signals of coral condition, such as disease, photosynthetic health, or related metrics
that support an assessment of success in meeting the project goals and objectives.

Source: John A. Burt.
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In addition to where and what to monitor, coral
relocation plans also need to determine the frequency
and length of the monitoring programme. In many
cases, the frequency and length of monitoring will be
contingent upon the specific objectives and goals of
the coral relocation programme 25, but they should
also reflect the nature of the timeframes at which
change is expected to occur for the corals and the
associated communities at the various sites under
consideration (Fig. 32). For example, post-relocation
losses from anchorage detachment are more likely

to occur in the first few weeks following relocation,
while attainment of reproductive capacity for
fragments may take several years or more; seasonal
environmental processes (e.g., severe bleaching
impacts and disease outbreaks are more common in
summer than in winter in the Arabian Gulf 51,205) also
need to be considered.
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Relocation Project Monitoring Guide

Timeline
Pre During Post
relocation relocation relocation
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Monitor donor monitoring monitoring
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anytime an
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Monitor Monitor donor Month 6
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recipientsites  during relocation -
to identify an process Month 2
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Fig. 32. Pre- and post-relocation monitoring is critical to assess the success of any relocation effort in meeting its goals. The survey timeframe and frequency as well as the

metrics to be studied need careful consideration during the project planning phase.
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By ensuring that a monitoring programme accounts for
temporal dynamics, project managers provide themselves
an opportunity to use adaptive management where their
data can be used to apply corrective/remedial actions
should any issues be identified during routine monitoring
125133, Monitoring therefore should incorporate short-

(~12 months), mid-(1-5 years) and long-term (>5 years)
timeframes ', with the frequency of surveys higher at
points during which more rapid change is expected,
particularly in the period immediately following coral
relocation, as well as after any major stochastic event
occurs (e.g., mass bleaching or storms) (Fig. 32). While
initial surveys will provide crucial information on the
immediate viability of a relocation project, it is not sufficient
to declare ‘success’ of relocation efforts in meeting their
goals given the long periods that marine ecosystems need
for ecosystem function to be restored@¢. Due to the slow
growth rate of most corals and the timeframe needed for
stabilisation of ecosystem functions, monitoring periods
should be considered on decadal scales, rather than the
monthly or yearly scales common to many monitoring
programmes 80, For instance, long-term monitoring
(>5-10 years) carried out annually would be needed to
determine trends in gamete production by relocated corals
or changes in reef structure or rugosity, and consequent
impacts on associate fishes and invertebrates . Monitoring
consistently is an applied research effort, where the goal

is for relocated reefs to establish into self-sustaining and
resilient ecosystems over time as a key outcome of the
impact mitigation process *?°.

Communication and dissemination of ‘lessons
learned’ is a key final stage of the coral relocation
and monitoring effort. The wealth of data collected
from a robustly planned and implemented coral
relocation effort can help support and guide the
success of future programmes seeking to mitigate
impacts to reef ecosystems. Data sharing and
communication of results is seen as one of the

most important challenges obstructing marine
conservation and management in the Arabian

Gulf 34, and mistaken approaches continue to be
repeated by others when relocation practitioners fail
to communicate results that might be considered
‘failures’ of their programme. But an unsuccessful
result is not a failure - it is an opportunity to

learn and to adapt for future relocation efforts.
Practitioners need to not only tout the ‘good

news’ stories that dominate the regional mass
media (typically without any public data available
to validate the comments), but also openly
communicate their results through conferences and
peer-reviewed publications where the veracity and
validity of the data is interpreted by subject experts.
Itis only with a shared and widely communicated
understanding of the challenges of coral relocation
- and the solutions that work best towards
mitigating these risks - that the regional coral reef
management community can maximise its success
in offsetting impacts from development on these
valuable ecosystems.
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Case studies from around
the world

(Burt, 2021)

h

Location:
Abu Dhabi, UAE.

Background:

A proposed expansion of Khalifa Port further into offshore
waters included a section of a 10-year-old breakwater
where coral communities occurred. Relocation of corals
out of the footprint area to a more distant breakwater
outside of the development area was proposed as part of
the offset, with a research component included to better
understand factors affecting success.

Goals:

Torelocate over 500 coral colonies of all genera present
to a breakwater outside of the development area, with
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120 of these colonies to be incorporated into a research
programme.

Methods:

Prior to relocation, a research programme was designed
to assess the performance (survival, condition, growth)
of relocated colonies based on three treatments:
species selection (3 taxa: Platygyra, Dipsastrea, and
Favites), attachment method (epoxy vs. cement),

and relocation depth (2-3 mvs. 6-8 m). To address
these three questions, a crossed field-experiment was
implemented, where 120 colonies were relocated, with
10 colonies of each species allocated to the various
attachment and depth treatments. In addition, over
400 more corals were to be relocated that were not

Page



incorporated into the research programme as part of
the offset programme. All relocated corals were to be
monitored for three years, with more intensive surveys
at the beginning (weekly for the first month, monthly
to three months, quarterly to the first year, and then
annually for year 2 and 3).

Scale:

Research colonies allocated to a 30 m section of
breakwater, with the additional colonies placed outside
over a ca. 100 m length of breakwater. Monitored for 3
years.

Monitoring:

Monitoring at each time point included attachment
success, full/partial colony survival, growth, and
condition (e.g., bleaching or disease).

Outcomes: In total, 588 colonies from seven genera were
relocated in late July 2020, with 120 of these allocated
to the relocation research programme. Unfortunately,

a severe marine heat wave occurred in the weeks after
the relocation exercise with temperatures reaching
36.9°C, resulting in loss of 85% of colonies within a
month of relocation. Comparisons between naturally
occurring corals on the breakwater and relocated corals
showed that this mortality level was consistent across
both groups, indicating that losses were not due to the
relocation activity itself. Despite the outcome, some
valuable information was obtained from the monitoring.
Survival of colonies placed deeper (6-8 m) was five-fold
higher than colonies that were placed at shallower (2-3
m), indicating the importance of depth for attenuating
heat stress on relocated corals. Depth also played a

role in attachment success. Regardless of attachment
method, virtually all relocated corals (whether live

or deceased from bleaching) remained attached to

the substrate when relocated to deeper parts of the
breakwater (92% attached), while detachment loss was
much higher for corals places in the shallows, but this
was primarily only for corals attached with epoxy (epoxy:
50% attachment after 1year; cement: 95% attachment
after one year at 2-3 m depth). Monitoring continues at
the time of writing.

Cost:
Undisclosed.

Challenges & lessons learned:

The most significant challenge that faces this coral
relocation programme was the timing of the coral
relocation, occurring just prior to the onset of a severe
marine heat wave. While comparisons to the natural
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coral communities showed that this event would have
been catastrophic regardless of relocation status, it
does underscore the importance of relocating coral
during ‘shoulder’ seasons to allow time for healing

and repair prior to the stress of summer or winter
temperatures. The results also showed that placement
of corals deeper (6-8 m) and attachment with cement
are more likely to result in higher survival of colonies
placed on breakwater habitats.

Considerations:

The data presented above represent the results from
the first of the three-year monitoring programme,

so further data will help to establish whether the
observed patterns stay true. Due to the heavy losses
of corals from bleaching, statistical analyses of the
resulting data will nonetheless remain a challenge due
to sample size limitations.
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DJIBOUTI

Location:
Bal Haf, Yemen.

Background:

The construction of a liquefied natural gas plant and
pipeline was scheduled to damage 3 sites displaying high
coral and fish density and diversity. Impacts included the
building of a cooling pipeline and jetty, the deployment

of concrete blocks for shoreline protection purposes and
warm seawater discharge at an outfall location. Coral
transplantation was proposed as a mitigation action of the
planned infrastructure works.

Goals:

To relocate a subset (value unreported) of coral colonies
that would be impacted by the construction works to safe
alternative nearby sites.

Methods:

A baseline survey identified coral species composition
at the donor sites. 3 recipient sites were selected for
transplantation interventions due to their proximity to
the donor sites while remaining outside of the direct
impact zone, similar depth range and comparable
water parameters. A selection of coral colonies in

the impact zone were selected with priority given

to large, rare, healthy and slow-growing specimens
totalling 1495 colonies. Small colonies were

removed with hammers and chisels and placed in
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plastic baskets, which were then loaded onto a boat
and ferried to the relocation sites. Colonies were
frequently splashed with water to reduce surface
stress. Medium and large colonies were displaced
with crowbars and arranged in large floating steel
baskets which were then towed submerged to their
final destination. 140 large Porites species bommies
were drilled in-situ and fixed with steel screws within
their calcium carbonate framework. Lift bags were
attached to the screws to shuttle the large coral
boulders to the recipient sites. Colonies were fixed
to the substrate with cement with the exception

of fragile Acropora branching species which were
affixed with epoxy.

Scale:
Spatial scale unreported, 5 monitoring surveys over the
course of 14 months.

Monitoring:

A dozen coral colonies per restoration site were
investigated over time for changes in their survival,
growth and health (disease occurrence).

Outcomes:

The overall survival of relocated colonies was 91%
1-year post-intervention with some anecdotal
evidence of growth. Coral transplant mortality was
attributed to sedimentation, predation by fishes,
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physical disturbances by fishermen, competition
with an invasive sponge and barnacles, and high
wave action. Massive coral morphologies appeared
to tolerate the transplantation process better than
branching species.

Cost:
<1% of the cost of construction works (value
unreported).

Challenges & lessons learned:

Large swells immediately following monsoon
season caused breakage and detachmentina
significant number of transplants (including large
coral bommies), which may be avoided by limiting
transplantation activities until this seasonal period
has passed or choosing less exposed recipient sites.
Fish predation also seemed to be exacerbated when
coral transplants displayed signs of stress, therefore
authors recommend a more careful selection process
when collecting transplant material. Necrosis was

observed at the site displaying the highest levels
of sedimentation. Authors also infer that barnacle
infestation on Porites colonies was related to high
sedimentation which highlights the need to select
more appropriate relocation recipient sites.

Considerations:

Only a subset of the original coral communities

were transplanted, and large areas of thriving reef
(original coral density unreported) were most

likely destroyed by the marine works. The limited
monitoring period and very small pool of monitored
colonies doesn’t allow for a definite evaluation of
project success, especially at the high sedimentation
and high exposure transplant locations. Fishes and
invertebrates were not studied aside from anecdotal
reports of corallivory and competition. Baseline
surveys of proposed recipient sites in particular are
lacking and may have prevented the transplantation
of fragile colonies where invasive invertebrates were
widespread.
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ARABIA

Location:
North-East Qatar.

Background:

The Barzan Gas Project pipeline was anticipated to affect
shallow coral reef communities during construction by
physical removal due to trenching activities and enhanced
sedimentation. RasGas Company Limited developed

a coral management, relocation, and monitoring plan
involving the relocation of threatened colonies to

a suitable site to acquire the state’s environmental
clearance.

Goals:
To identify or construct a suitable transplantation site and
to relocate 4% of at-risk coral colonies.

Methods:

Aninitial benthic environmental survey was carried out

to investigate coral density, size, health and species
composition along the pipeline and to assess the suitability
of coral communities for relocation works. Environmental
parameters including temperature, pH, salinity, turbidity,
dissolved oxygen and water depth were sampled at the
donor and potential recipient sites. Potential recipient
sites were assessed based on the following criteria:
substrate type, topographic relief, dominant biota, coral
presence/absence and percentage cover, and urchin
presence/absence. Due to a lack of suitable natural
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sites for coral re-attachment, an artificial reef of 550
quarried boulders was deployed on sandy substrate. The
recipient site was selected due to its proximity to a healthy
reference reef and its appropriate water depth. Corals
were selected for their size (>10cm), ease of removal and
overall health and removed with hammers and chisels
from the donor site. 1693 coral colonies were relocated
from the pipeline corridor to the limestone boulders and
re-attached with a cement mixture. A deep and a shallow
nearby natural reef reference sites were selected for
comparison through time.

Scale:
Spatial scale of ~720 m?, biannual surveys within a 5-year
monitoring programme.

Monitoring:

~10% of relocated colonies as well as 25 naturally
occurring colonies at each reference site were tagged

for monitoring purposes. The following metrics were
investigated as part of the monitoring programme;
transplanted coral colony attachment status, tagged
colony health (bleaching, tissue loss, algal growth),
benthic colonisation, reef fish assemblage, sediment
accumulation, sea urchin density and thermal trends (with
in-situ loggers).

Outcomes:
Coral health declined with time at the reattachment
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site with the majority of colonies (80%) displaying
signs of stress. Algal overgrowth on the boulders
was identified as the main source of stress to
relocated corals. Similar signs of low coral health
were observed on the tagged corals at natural
reference sites which were attributed to the highly
fluctuating natural environmental conditions in the
Arabian Gulf. Authors report anecdotal sightings
of coral recruitment at the artificial reef site.
Urchin density was low at the relocation site when
compared to densities reported in the literature for
this region.

Cost:
Unreported.

Challenges & lessons learned:

Limestone boulders may not be the most suitable
artificial substrate for coral relocation due to a lack
of small interstitial spaces within the rock matrix
itself which may have decreased overall coral colony
attachment.

Considerations:

Based on numbers recorded, more than 38,000 coral
colonies were lost due to the marine works described
at this location which is a less than ideal metric
considering the “no net loss” policy that ought to be
employed. Of the corals that were relocated, colony
health was degraded over time. More encouraging
results may have been obtained if transplantation
efforts were focused on areas where algae were not
the dominant benthic biota.

elocation in the Arabian Gulf

(ter Hofstede et al., 2016)

Location:
Coral Harbour, New Providence, Bahamas.

Background:

Dredging of an access channelin Coral Harbour was
expected to damage several patches of coral reef
by physical destruction, increased sedimentation
and turbidity. Contractual requirements
necessitated the relocation of these colonies out of
the direct zone of impact.

Goals:

To relocate all viable coral colonies (>10cm,
including large coral boulders) and associated
invertebrates outside of the impact zone.

Methods:

7 recipient locations near Coral Harbour with similar
environmental parameters were selected. 1523
coral colonies were detached with hammers and
chisels at their base. The size of transplants ranged
from 5-61cm. Octocorals, sponges, sea anemones,
and echinoderms were relocated alongside coral
colonies (abundance unreported). Large boulder
corals were relocated with a vessel-bound crane
while the remaining smaller colonies were towed
in a submerged container. Coral colonies were re-
attached with cement mixtures and marked with
permanent tags.
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Scale:
Spatial scale unreported, 14 months monitoring
period.

Monitoring:

Pre-relocation benthic surveys were conducted to
assess general reef composition (i.e., coral % cover
etc). Monitoring metrics included detachment rates,
survival rates, health condition (bleaching, disease,
predation scars) and size of all relocated colonies.

Outcomes:

A 91% survival rate was reported for all
transplanted colonies after 14 months. Of these
surviving colonies, 82% were in good health while
other displayed bleaching, predation scars and
partial tissue mortality. Growth rate outcomes were
unclear at this point. Changes to benthic metrics in
regard to baseline were unreported.

Cost:
Unreported.

Challenges & lessons learned: The general good health
of donor colonies and pristine recipient sites were
recognised as high contributors to project success.
Recipient sites mimicked the donor site’s environmental
parameters and observed low anthropogenic stressors.
High survival rates were also partially attributed to
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the seasonal timing of the relocation works; winter
relocations reduced high temperature stress and
allowed colonies to recover prior to hurricane season.
Other success factors included reduced transportation
stress with submerged relocation containers and good
adhesion to the new substrate.

Considerations:

The temporal scale of monitoring was limited (14
months), thus it is not possible to assess long-term
project success. Survival of relocated invertebrates
was not reported and a formal investigation of fish
assemblages and associated ecosystem processes was
lacking.

Coral Relocation in the Arabian Gulf

(Kotb, 2016)

JORDAN

Location:
Al-Dirreh Bay/Aqgaba Marine Park, Agaba, Jordan.

Background:

Plans for the development of a modernized port on
Al-Dirreh Bay threatened a diverse coral reef area
and popular dive site. To mitigate and compensate
for these harmful impacts on coral reefs, the Agaba
Special Economic Zone Authority approved the
relocation of at-risk colonies to degraded sites
within the Agaba Marine Park.

Goals:

To test the success of this relocation method as
a mitigation measure to coastal infrastructure
development.

Methods:

Recipient sites within the Agaba Marine Park were
selected due to their low coral cover. A nearby
control site was used to compare growth rates
between transplanted and natural coral colonies.
Environmental data (temperature, tidal range,
currents, salinity) was provided by the Agaba
Marine Science Station. ~7000 coral colonies
were detached from Al-Dirreh with hammers and
chisels and placed in floating cages. Submerged
cages were towed by barges to recipient sites in
Agaba Marine Park. Colonies of various species
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with healthy appearances were selected for
transplantation and special care was taken to avoid
damaging live tissue. Colonies were attached to
hard substrates with marine cement.

Scale:
Spatial scale unreported, 2-year monitoring study with
biannual surveys.

Monitoring:

Survival and growth rate of transplanted colonies were
investigated over a 2-year period. A subsample of 1096
colonies was investigated for survival metrics while a
subsample of 160 colonies was selected for growth rate
explorations and compared to 48 tagged natural coral
colonies at a nearby control site.

Outcomes:

Authors reported an overall survival rate of 87%,

with massive colonies displaying higher survival than
branching colonies. Growth rates per species were
comparable at the translocation site and at the control
natural reef site.

Cost:
Unreported.

Challenges & lessons learned:
High survival and growth rates were attributed to
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recipient sites displaying similar environmental
parameters to donor site, low transportation and
handling stress and overall health of selected
transplants. Authors recommend the set-up of a
nursery area within donor colonies to generate new
fragments and enhance restoration outputs (although
other authors have argued that coral nurseries
substantially increase cost and effort without additional
benefits over direct attachment in recipient sites ).

Considerations:

No description of total corals lost to development was
provided and a baseline study of the donor site and
pre-relocation recipient sites was lacking. Coral species
richness at the transplant sites versus control site was
not investigated and fish and invertebrate assemblages
were not assessed.

Coral Relocation in the Arabian Gulf

(Rodgers et al., 2017)

Location:
Kane‘ohe Bay, Moku o Lo‘e Island, Hawai‘i.

Background:

Several mature coral colonies (abundance unreported)
were scheduled for destruction due to the clearing of vessel
obstructions in a navigation channel.

Goals:
Torelocate large coral heads to a nearby dredged sandy
patch reef site.

Methods:

The recipient site was selected due to its proximity to
the impacted channel, suitable depth, and low coral
cover. Obstructing corals were dislodged with a pry

bar and towed submerged to the receiving site. Special
care was taken to exclude colonies with invasive algal
overgrowth. The method of attaching corals to the bare
sandy substrate is unreported.

Scale:

Spatial scale of relocation site was ~200 m2, monitoring
period of 1 years with data collected across 3 discrete
survey years.

Monitoring:
Both the donor and recipient sites coral cover and

species composition were investigated prior to
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relocation, with special focus on invasive species

of sponge and algae. Fish populations including
abundance, biomass and species richness were assessed
at the relocation site post-transplantation.

Outcomes:

Spatial complexity, fish abundance, fish biomass and
species richness increased significantly at the relocation
site. The fish assemblage was composed mainly of
herbivorous species. The donor site was able to recover
naturally from translocation activities.

Cost:
Unreported.

Challenges & lessons learned:

The use of large, sexually mature coral colonies in
relocation activities was shown to enhance project
success. Special care to limit the spread of invasive
algae was also highly recommended for future
endeavours. Rapid water temperature increases were
shown to rapidly reduce coral cover.

Considerations:

While the use of large colonies limited adverse sediment
impacts, translocation of coral colonies to sandy or silty
substrate is not usually recommended as fine sediment
may inhibit natural coral settlement.
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