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Introduction

Climate change has a range of direct and indirect impacts on coral reefs, and in
combination with other human-induced stressors is leading to unprecedented
pressure on coral reefs. Climate change poses a multitude of threats to reefs but the
increased frequency and severity of coral bleaching events is among the most
pressing. Spatially extensive or “‘mass’ coral bleaching events, driven by unusually
warm sea temperatures, have now affected every major coral reef ecosystem in the
world (Wilkinson 2004). Coral bleaching is caused by a disruption in the symbiosis
between the coral animal host and the single-celled algae that reside within its
tissues, the zooxanthellae. These symbiotic algae provide the coral with nutrients
through photosynthesis, and are pigmented, giving corals their rich colours. The
symbiotic relationship breaks down when high sea temperatures alter the chemical
photosynthetic pathways in the zooxanthellae, producing toxic by-products.
Ultimately the zooxanthellae are expelled from the coral and the transparent coral
tissue remains, clearly revealing the white limestone skeleton beneath — hence the
name ‘bleaching’. Corals can regain their zooxanthellae and survive bleaching if
conditions abate. However, if the thermal stress persists, corals can and have died in
great numbers (Wilkinson 2004). Corals provide structure, habitat and food for the
rich biological diversity for which reefs are renowned. These interdependencies
mean that the effects of coral bleaching are potentially devastating to ecosystems and
the communities and industries that depend upon them. Consequently,
understanding the effects and implications of coral bleaching, and identifying
strategies to reduce stress and mitigate impacts, are urgent challenges for the
conservation and management of coral reefs worldwide.

The Great Barrier Reef has experienced two major coral bleaching events in recent
years, 1998 and 2002. During both events at least half of the reefs within the GBR
Marine Park were affected by bleaching, with up to 5% of reefs suffering serious
damage (>50 per cent corals killed). The spatial extent of these events, combined
with the high level of mortality seen at severely affected sites, has lead to widespread
concern about the future of the Great Barrier Reef in the face of global climate
change. To meet the challenge of responding to coral bleaching events, the Climate
Change Group at the Great Barrier Reef Marine Park Authority (GBRMPA)
developed a Coral Bleaching Response Plan in 2002, as part of a response to the
bleaching event that occurred in the late summer (February and March) of that year.
Since then, the Climate Change Group has coordinated implementation of the
Response Plan each summer — December to March — and has reviewed and refined it
annually. The Response Plan has four primary components: 1) Early Warning
System, 2) Assessment and Monitoring, 3) Management Actions, and a 4)
Communication Strategy (Figure 1). Monitoring of the Early Warning System and
some aspects of the communication strategy occur annually while components 2 and
3 only apply if a spatially extensive and/or severe bleaching event occurs. During
each summer season an effective management response to bleaching depends on
clear and transparent communication between managers and senior decision-makers,
stakeholders and the public. Communication is, therefore, an overarching theme.
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Within this document, the objectives of each of the four primary components are
outlined and the components described in detail.

Importantly, the Response Plan has been developed in conjunction with A Global
Protocol for Assessment and Monitoring of Coral Bleaching (prepared by WWF, World
Fish Center and GBRMPA) and A Reef Manager’s Guide to Coral Bleaching (an
international collaborative effort led by the NOAA, GBRMPA and IUCN) to
maximise comparability and consistency with bleaching responses in other regions.

Early Warning System Assessment and Management Actions
Monitoring
Climate monitoring Temporary closures
Sea temperature monitoring Aerial surveys Reef protection markers
Bleachwatch 44— | [ntensive in-water SUNVeys | mmlp Fishing moratoriums

Communication

- Annually Website
[] If bleaching occurs

Email updates
Media releases

Figure 1. Four components of the Coral Bleaching Response Plan. The Early Warning System,
Assessment and Monitoring, and Management Actions are all connected by the need to clearly
and effectively communicate about bleaching risk, ecosystem condition, and management
strategies following bleaching events.

1. Early Warning System

Mass coral bleaching is preceded by a series of conditions that can be used to assess
the probability of an event occurring. The Early Warning System uses climate
forecasts, remote sensing data, BleachWatch reports and site inspections to monitor
conditions that are conducive to coral bleaching and any early signs of bleaching.
These elements are described below.

Prior to the summer season, calm, clear ENSO-like climatic conditions can develop
that are known to warm sea temperatures. Above-average water temperatures often
follow, which can lead to patchy bleaching or bleaching of more vulnerable coral
species (Figure 2). Widespread bleaching can ensue, resulting in a mass bleaching
event. Recent advances in science and technology allow for monitoring of these
climatic conditions that lead to bleaching as well as near real-time monitoring of sea
temperatures throughout the Marine Park and Coral Sea. A volunteer monitoring
network — BleachWatch — also provides localised sea temperature and habitat
information to ensure managers are notified of early signs of bleaching. The
BleachWatch network is spatially extensive and provides an information exchange
that makes monitoring cost-effective and educational. If bleaching is reported then
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site inspections are undertaken to confirm the severity of bleaching and form the
final step in the early warning process. If bleaching impacts are severe and/or
spatially extensive, the Assessment and Monitoring component is implemented.
The following sections describe each element of the Early Warning System in more
detail.

Weather and climate forecasts Reeflemp and weather stations  BleachWatch and site inspections

TAFE 4FE_ 15JE

Detection system

oA
b 4

Hot, still conditions Water temperature increases Minor bleaching begins

Bleaching stages

Increasing bleaching risk

Figure 2. Detection of early signs of coral bleaching can occur at a number of stages including
(a) forecasts of hot, calm conditions, (b) mapping by ReefTemp or weather stations of anomalous
high water temperatures, (c) reports by reef users of the initial stages of coral bleaching, which is
followed by site inspections.

Climate monitoring and prediction

A number of factors are known to cause high sea temperatures in the Great Barrier
Reef. In particular, delayed or weak development of the monsoonal trough over
northern Australia during summer appears to be a strong precursor to the
anomalously warm conditions that, if severe or prolonged, can cause coral bleaching.
Based on an emerging understanding of the relationship between weather and sea
temperatures for the Great Barrier Reef, current and forecast weather conditions can
indicate whether conditions conducive to bleaching are likely. Specifically, forecasts
of calm clear conditions, above average summer temperatures, below average rainfall
or combinations of these will provide advanced warning that logistical preparations
for the Assessment and Monitoring component of the Response Plan should begin.

The probability of above average summer sea temperatures, and hence the likelihood
of a mass bleaching event occurring, can now be predicted using the coupled ocean-
atmosphere seasonal prediction system POAMA (Predictive Ocean Atmosphere
Model Australia), developed by the Centre for Australian Weather and Climate
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Research (CAWCR). Experimental POAMA SST forecasts for the GBR! are produced
for up to 6 months into the future, with significant skill in predictions up to three
months ahead (Spillman and Alves 2008; Figure 3). It is expected that future
improvements in the model will lead to increased skill with longer lead times.
Seasonal climate predictions reviewed in the early stages of summer can help
indicate the potential for the development of anomalous sea temperatures in coming
months. In particular, above average sea temperatures in the GBR and western
Pacific are often associated with El Nino events, forecasts of which have been
operationally produced by POAMA since 2002. The presence and/or prediction of
strong El Nifio conditions or the forecasting of above average temperatures by
POAMA will trigger logistical preparations for bleaching assessment and monitoring
(see Figure 8).
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Figure 3. Experimental POAMA forecasts of sea surface temperature anomalies in the GBR
region for the 2008/2009 summer (current as of late November 2008). The forecasts show that
temperatures throughout the GBR Marine Park and Coral Sea are likely to be 0.2 to 0.4 °C above
the long-term averages for the region for the entire summer period.

Sea temperature monitoring

A number of environmental stresses can lead to coral bleaching. It is, however, well
established that spatially extensive or mass bleaching events are caused by
anomalously high sea temperatures (Hoegh-Guldberg 1999). Excessive and
persistent sea temperature anomalies are, therefore, a good indication that conditions
are approaching levels known to be stressful to corals. Reeflemp has been developed

! http://poama.bom.gov.au/experimental/poamal5/sp_gbr.htm

Coral Bleaching Response Plan - GBRMPA 7



to monitor summer sea temperatures in near real-time using temperature data
collected by environmental monitoring satellites, and provides early warning of
potential bleaching on the Great Barrier Reef.

The ReefTemp suite of products monitors sea temperatures, as well as several novel
measures of temperature stress known to be strongly correlated with past
observations of bleaching impacts, for coral reefs in all Australian waters?. ReefTemp
was developed by the GBRMPA in collaboration with the Bureau of Meteorology and
the remote sensing group of the CSIRO and was first trialled on the Great Barrier
Reef in late 2005. The ReefTemp suite of products is a locally developed equivalent of
the National Oceanic and Atmospheric Administration’s (NOAA) HotSpot program?,
but with a 1-km resolution and with daily updates.

ReefTemp produces images that display the current sea surface temperatures around
Australia as well as sea surface temperature anomalies, accumulated heat stress
(degree heating days), and heating rate (Figure 4). The sea surface temperature
anomaly is the temperature above the long-term average for that month, while the
degree heating days is an index that incorporates both the intensity and duration of
heat stress. A degree heating day is equivalent to one day in which a temperature of
1°C above the long-term average is observed. The heating rate indicates the intensity
of the temperature anomaly, and is calculated as degree heating days divided by the
number of days temperatures have exceeded the long-term average (see Maynard et
al. 2008 for more detail).

2 http://www.cmar.csiro.au/remotesensing/reeftemp/web/ReefTemp.htm).
3 Available at: http://www.osdpd.noaa.gov/PSB/EPS/SST/climohot.html
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HR 2006

OR. Olympic Reef

Figure 4. ReefTemp images of the southern Great Barrier Reef in February 2006 when reefs
within the Keppel Bay region bleached severely; and from February 2007 when no bleaching
was observed. The degree heating days index did not vary much across the southern GBR in
late summer 2006 but the heating rate, the best predictor of bleaching severity, does vary.
ReefTemp correctly predicted that reefs east of the Keppel Islands, such as Heron Island and
Olympic Reef, would not bleach while severe bleaching was predicted for reefs within the
Keppel Bay region where 80% of reefs were observed to be affected by bleaching from February

to May 2006.

In addition, in situ measurements of local sea
temperatures are available from a network of
weather stations installed on the Great
Barrier Reef and maintained through a
collaboration between the GBRMPA and the
Australian Institute of Marine Science*
(Figure 5). These weather stations record
water temperature at the surface and at 6m
depth providing important information
about depth-related variability, and a
mechanism to ground truth ReefTemp
outputs.

4 http://data.aims.gov.au/awsqaqc/do/start.do
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ReefTemp and the weather stations are
monitored regularly throughout the summer
season. When reefs or reef regions within
the GBR Marine Park experience prolonged
periods of excessively high temperatures,
managers maintain close contact with a volunteer network of observers — BleachWatch
— to ensure regular reports of reef condition are submitted and managers are made
aware of any changes in habitat condition.

Figure 5. Weather station operated by AIMS
at Myrmidon Reef, an outer-shelf reef offshore
of Townsville.

BleachWatch

Detecting the early signs of a mass bleaching event requires a wide network of
observers on the Great Barrier Reef due to its size and because the initial onset of
mass coral bleaching can range from gradual and patchy to rapid and uniform.
BleachWatch is a community monitoring network that has been designed to provide
reliable reports of reef condition throughout the summer season. BleachWatch was
established in 2002 and is built on a network of regular reef users, including tourism
operators, scientists, conservation groups, fishers and community members who
voluntarily monitor and report on conditions at reefs that they visit. Participation in
BleachWatch spans the Great Barrier Reef from Port Douglas in the north to
Bundaberg in the south. The broad base of participation is supported by the close
coordination and linkages between BleachWatch and related programs such as the
Rapid Assessment Monitoring Protocol (RAMP) deployed by Queensland Parks and
Wildlife and the Eye on the Reef program developed for the tourism industry to
monitor broader indicators of system health.

BleachWatch participants are provided with an education-based kit and asked to
complete reef monitoring forms — BleachWatch reports - on a weekly or fortnightly
basis (see Appendix A). To fill out the form participants are asked to provide
information about: the reef location, general habitat condition, observations of
bleaching, and weather conditions at the time of their visit with specific emphasis on
the sorts of conditions known to heighten bleaching risk (i.e. high water
temperature, low cloud cover, high air temperature and low wind speed).

BleachWatch reports are reviewed weekly (see Table 3) to identify where coral
bleaching has been sighted, whether it is spatially or locally significant, and whether
the Assessment and Monitoring component of the Response Plan should be
implemented. The reports submitted by BleachWatch participants are compiled and
synthesised into summary regional reports of reef condition every month during the
summer season. The reports are sent to participants to update them on reef
condition at the sites they visit, to alert them of current and/or changes in bleaching
risk, and as a way of reinforcing the value of the information they collect. In
addition, synthesis reports inform participants of any differences between what they
have observed in their region and what other visitors in their region have observed.
At the end of the high bleaching-risk season, a summary report describing
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BleachWatch participation, bleaching observations and recommendations for future
years is prepared and posted on the GBRMPA website.

BleachWatch participation is greatest in areas of the Great Barrier Reef that are
tourism hubs, such as Cairns, Port Douglas and the Whitsundays. Other regions are
not regularly visited and represent a gap in the spatial coverage of the monitoring
network. Collaborations with Coastwatch and Reef Check help capture reports of
bleaching from areas that are not regularly visited by other participants. Reports of
severe bleaching from either BleachWatch or affiliated efforts are verified by the
Climate Change Group who undertake site inspections.

Site inspections

Site inspections are conducted on an as-needed basis at sites where BleachWatch
participants or Coastwatch have reported severe bleaching as well as if bleaching risk
is classified as ‘high’ (see Table 1). Site inspections involve the completion of detailed
bleaching surveys using the Rapid Assessment Monitoring Protocol (see Appendix
D). Ideally, these site inspections are completed with the involvement of BleachWatch
participants who have reported bleaching. In most cases this amounts to tourism
operators and their helping representatives from the GBRMPA with site inspections
provides them with in-water training and creates opportunities to discuss the
importance of regular BleachWatch reporting as well as the applications of the
information collected. If site inspections confirm that bleaching impacts are
moderate to severe, either locally or regionally, then the Assessment and Monitoring
component of the Response Plan is implemented.

Table 1. Defined levels of bleaching risk and bleaching severity. High bleaching risk or reports of
moderate to severe bleaching results in targeted site inspections; if bleaching severity is confirmed
then the Assessment and Monitoring component is implemented.

Category Level Criteria

e Persistence of strong HotSpots (anomaly > 1 °C) for two
consecutive weeks or very strong HotSpots (anomaly > 2 °C) for
one week over majority of region

e NOAA Degree Heating Weeks > 4
ReefTemp degree heating days index is > 50 at multiple sites

o ReefTemp heating rate index is > 2 at multiple sites

¢ Bleaching thresholds exceeded at inshore and offshore sites or
there are anecdotal reports of bleaching from multiple sites

e SST forecasts from POAMA indicate warmer than average
conditions for the coming season

Bleaching Risk High

¢ Reliable reports of minor coral bleaching (1-10% of colonies
Bleaching affected by bleaching) from multiple reef sites covering at least 2
Severity Low regions”™ in the GBR Marine Park
¢ Reliable reports of minor bleaching (as above) from a few reef
sites scattered throughout the entire GBR Marine Park
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¢ Reliable reports of moderate coral bleaching (10-50% of colonies
affected by bleaching) from multiple reef sites covering at least 3
Moderate regions™ in the GBR Marine Park
¢ Reliable reports of moderate bleaching (10-50%) from a few
sites only, scattered throughout the entire GBR Marine Park

¢ Reliable reports of severe coral bleaching (>50% of colonies
High affected by bleaching) from multiple sites covering at least 4
regions™ in the GBR Marine Park

* See Figure 6, and Appendix B for more detailed maps of each region.
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2. Assessment and Monitoring

The objective of the Assessment and Monitoring component is to assess the spatial
extent and severity of coral bleaching events and determine the ecological
implications of mass bleaching. The implications of mass bleaching include but are
not limited to: coral mortality, shifts in coral community structure, altered habitat
composition, ecosystem flow-on effects, and reduced social or economic value.

A two-tiered approach of intensive in-water surveys at routine sites (surveyed
during each event) and targeted sites (those most affected by bleaching), combined
with aerial surveys provides the best possible combination of spatial coverage and
continuity (Oliver et al. 2004). Such an approach is a pragmatic yet defensible way
to collect data quickly during a bleaching event while creating a long-term record.
While there have been recent developments in the use of satellites to measure
spatially extensive bleaching (Elvidge et al. 2004), this approach is expensive and
depends on satellite schedules and image availability and quality. Purchasing
satellite images is, therefore, considered an alternative where and when aircraft
cannot be deployed and when high-quality satellite images are available for locations
not monitored by pilots and divers.

On the Great Barrier Reef, the peak of previous bleaching events has occurred around
February to March. Beaching events progress quickly once visible signs of stress are
prevalent, with only four to six weeks required for bleached corals to either recover
or die. If surveys are delayed they can provide an underestimate of bleaching
impact severity as many corals may have died or recovered, making it difficult to
confidently attribute any coral mortality to bleaching-related stress. To accurately
characterise the extent and severity of bleaching, bleaching-induced mortality and
associated longer-term ecological implications requires three temporal surveys are
undertaken: baseline, event and survival/mortality. By surveying sites that are also
surveyed as part of the bi-annual AIMS Long Term Monitoring Program, additional
surveys are not required to gather data on baseline conditions and long term trends
in reef condition.

Survey sites

The Response Plan surveys 45 routine sites for intense in-water assessments
(Appendix C). These sites are surveyed bi-annually by the AIMS Long-term
Monitoring Program, which works to provide long-term data on baseline condition.
This means surveys need only be completed during a bleaching event (to assess
extent and severity of bleaching) and post-event (to assess extent of bleaching-
induced mortality). The sites represent cross-shelf as well as latitudinal gradients
along the Great Barrier Reef. The site groupings are located at latitudes centred on
Lizard Island, Cairns, Townsville, Whitsunday Islands and the Capricorn Bunker
Group (Figure 6 and Appendix B). Three inshore, three mid-shelf and three outer
shelf reefs are surveyed in each transect.
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Figure 6. Response Plan monitoring sites routinely surveyed during a mass bleaching event.
High-resolution maps of each cross-shelf transect (Maps A — E) can be found at Appendix C.
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Survey method

At each site, three 50m
transects are surveyed on
the reef crest (1 —4 m)

and lower reef slope (6 — ‘
9 m), by a two-diver team T >

that conduct a rapid
assessment datasheet (see
Hill and Wilkinson 2004;
Figure 7, and Appendix D
for survey datasheet) and
complete photo transects
(see English et al. 2004;
Appendix D for survey
datasheet). Photo

transects are

YN Rapid Asvatartnt

systematically carried out 0 costes
by holding the camera 40 g Com
— 60 cm above the o e
substrate and the | Ej' ot " y \|
observer taking a photo Wl L ob o a A " |
every 0.5 m. In this way, 3 = o = e % g

h h t f Length of transect: 50m
each photo frame
documents 0.5 x 0.5 m of Figure 7. Schematic representation of the Assessment and
substrate (English et al. Monitoring protocol. A) spatially extensive aerial surveys
2004). The photos are provide reef-wide information that is verified by B) intense in-

water surveys at 45 sites using C) the rapid assessment
monitoring datasheets (see Appendix D).

later analysed by
identifying the substrate,
and bleaching severity, at five points within the photo frame (see Figure 7B). The
rapid assessment provides information about the extent and severity of the bleaching
event in near real-time, which can be immediately communicated to senior
management, government and the public (see Marshall and Schuttenberg 2006). In
contrast, the photo transects, whilst requiring a more lengthy analysis, provide a
long-term record, more detailed information and increased data resolution, which is
useful for understanding the patterns and specificity of bleaching events. In
addition, since the photos are discontinuous, either each photo or each transect could
be an independent statistical sample, ensuring the data can be used to help answer a
variety of research questions. This monitoring protocol is rigorous but also easy to
teach and implement, with surveys at each site completed in less than two hours.

Reef sites reported through BleachWatch to be severely affected by bleaching may also
be targeted for completion of the survey protocol described here.
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Figure 8. Response Plan schedule of routine and responsive tasks before, during, and after the coral bleaching season
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3. Management Actions

The long-term implications of coral bleaching depend on the spatial extent of
bleaching impacts and on the amount of coral mortality resulting from bleaching
events. Coral mortality rates will strongly influence recovery times as availability of
coral larvae from surviving corals are a key factor in successful recolonisation of a
damaged site. Bleaching events are expected to increase in frequency and severity as
a result of climate change, making recovery processes increasingly important in the
ability of reefs to persist as coral-dominated systems. Significantly, many human
activities impose stresses on coral reefs that compound the risks imposed by coral
bleaching. Through reducing these compounding pressures, management actions
can help reefs cope with or recover from coral bleaching events, and thereby build
the resilience of reefs to climate change.

This Response Plan provides a suite of possible management actions that can support
the resilience of the Great Barrier Reef to coral bleaching events. The extent and
severity of bleaching will determine which actions are most appropriate and where
they should be implemented (Figure 9, and Table 2).

Strong reef-based
ecanomy and society

'/Hea\rhy caral

Opportunities for

management Mo bleaching

2
EChoy
Protect resistence Y
4 datermined by
4 Environmental factars

e .ﬁlmr\)\ing Intrinsic factars
;

/
/
b
Build tolerance
/ determinedt by
/ Comlhaaith
Mortality ~ Exposure

/ Intrinsic factors
F

Recovering

/
/
e , Ecosystern
LGN TR T
Promote recovery :
/ determined by
v

Connectivity

Herbivory

/
7

Unhealthy ecosystem i<

Water guality

—‘éﬁﬂ(/ Recruitment
: » > Sociceconomic
Support human adaptive capacity adaptation
de by

50Ci0economic  reanoric d versity
decline Supportive policy
Capital and technelogy
Hurman resource skills

Time/effort/resources for recovery

>

Figure 9. Opportunities for management action to reduce the impacts of stressful sea
temperatures on coral communities (from Marshall and Schuttenberg 2006)

Potential management actions involve reducing the anthropogenic pressures so as to:
protect resistance to thermal stress, build tolerance to bleaching and promote recover
after a bleaching event. For example, corals exposed to stressors such as pollutants,
excessive turbidity, sedimentation, decreased salinity or pathogens, are likely to have
compromised health, increasing their susceptibility to bleaching and reducing
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survivorship. Furthermore, chronic local stresses, such as poor water quality, can
affect the recovery potential of reef communities as reproduction and larval
recruitment in corals are processes that are particularly sensitive to environmental
conditions. In addition, growth rates of macroalgae increase in nutrient-rich waters,
leading to risk of overgrowth of substrate that would otherwise be suitable for coral
recruits (Hoegh-Guldberg et al. 2007).

In addition to measures to build ecosystem resilience, the Response Plan can help
build social and economic resilience to coral bleaching events. Resource users that are
well-informed of risks, involved in efforts to understand problems and included in
decision-making processes about strategies to address resource issues can be
expected to much more resilient to resource impacts (Marshall & Marshall, 2007). The
Response Plan, especially through the BleachWatch program, provides opportunities
for strong involvement by resource users who might be affected by coral bleaching.
These relationships also assist GBRMPA to identify management actions that might
enhance the resilience of reef users to bleaching events (eg. through provision of
targeted educational materials, flexible permitting arrangements, etc). By working
closely with stakeholders to understand and respond to coral bleaching events, the
Response Plan also enables GBRMPA to support the adaptive capacity of reef users
in the context of future damage from bleaching events.

Table 2. Options for management actions that can reduce the severity of bleaching impacts on coral
reef ecosystems

Goal Scale Management action

e Identify and protect refugia with resistant populations (eg

. Local to resistant coral species, previous history of bleaching resistance)
Protect resistance

regional e  Protect areas with environmental factors that facilitate
resistance (e.g. high water mixing, upwelling, shading)

e  Minimise pressures associated with human activities that
compromise coral health (e.g. physical damage, pollution,
Local  resource extraction/fishing pressure and introduced species or

Build tolerance and disease)
regional e  Protect areas with intrinsic and environmental factors that
facilitate tolerance (e.g. tolerant species, upwelling, topographic
complexity)

e Minimise pressures associated with human activities that
compromise coral recovery, in particular poor water quality

Local
coastal development, catchment uses
P
Promote recovery and
regional e  Minimise pressures associated with human activities that

compromise recruitment (eg damage or removal of ‘sources’ of
coral recruits)

e  Flexible planning to allow for targeted protection of reef

Loc al[ areas

Support adaptive  regional e  Supportive policy to allow for immediate and temporary
capacity and management actions to be implemented
national e  Social and economic diversity to facilitate changes in

resource use
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e High level communication with senior decision-makers
and stakeholders

Managers can invest their resources to mitigate impacts at local scales and/or more
broadly at regional levels. Local actions will be particularly important when severe
bleaching impacts are highly localised and the severe bleaching event that occurred
on reefs in the Keppel Bay in 2006 provides an example. In contrast, however,
spatially extensive and severe bleaching events will require broader actions.
Importantly, post-bleaching survey data on survival and recovery is needed to
identify key areas for action and to assess the resilience of the reef to bleaching. This
information will determine the appropriate actions required to reduce human-related
stressors. In most cases, local actions, like temporary closures, that work to protect
extremely unique resources will be complemented with actions that influence larger
areas, such as improving water quality.
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4. Communication Strategy

As described here, responding to coral bleaching events strategically and effectively
involves a combination of routine and responsive tasks implemented through an
Early Warning System and, if a bleaching event occurs, Assessment and Monitoring
as well as Management Actions (see Figure 8). All routine and responsive tasks rely
on effective communication, particularly since bleaching events attract significant
interest from the public, media and senior decision-makers (see Table 3). The
Response Plan ensures timely and credible information on coral bleaching in the
Great Barrier Reef Marine Park is available during and in the months and years that
follow bleaching events.

Table 3. The frequency and timing of tasks associated with collating current bleaching information
and effectively communicating during the bleaching season.

Frequency Timing/Trigger Task

e Check GBRMPA ReefTemp and NOAA HotSpot maps on web
e Receive updated GBR sea temperature graphs from AIMS

Review weekly weather summary, for example air temp, cloud cover

Weekl
eey Monday and wind from Bureau of Meteorology
e Review BleachWatch (including Coastwatch) reports and update maps
e Prepare briefing for internal meetings
e Monitor extent of bleaching using existing information and evaluate
Weeklv/ for trends (ie change in bleaching extent)
ee
. onstan . vise senior management and the Minister if worsening o
y Constant Advise GBRMPA seni g d the Minister if ing of
fortnightly conditions
e Announce web update and send brief report to senior management
e Actively solicit confirmatory bleaching reports from reliable sources,
Hich bleachin including BleachWatch participants, Day-to-Day Management field
& N & officers, AIMS, other researchers, etc.
risk . .
e  Alert relevant project coordinators and managers
e Brief GBRMPA senior management
Event- e Brief GBRMPA executive and the Minister
based

Prepare media position, draft statement and consult with GBRMPA
media coordinator and executive

Brief all GBRMPA staff, stakeholders and collaborators

e Release media statement

Moderate or
severe
bleaching event
observed*

e Actively promote and solicit submissions to online bleaching reports
to provide broad spatial coverage

* See Table 1

In addition to the task and reporting schedule outlined in Table 3, a briefing schedule
for GBRMPA senior management, the Minister, and stakeholders is outlined in Table
4. This schedule ensures these groups are aware of when delivery of reports can be
expected.
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Table 4. Targeted briefing schedule to communicate onset of bleaching season (predetermined dates)
and bleaching risk and occurrence throughout the bleaching season (date determined by when trigger

level is reached).

Briefings
Approx. .
Trigger! .
date Malslzi;:l:ent Minister | Stakeholders Message
Summer approaching; bleaching
1 Dec Annually A A A risk period; Response Plan being
implemented
Temperature trends for
20 Dec Annually A December; plans for Christmas
break
High A A Temperatures unusually high;
bleaching risk coral bleaching event probable
High temperatures recorded;
Moder.a fe A A A moderate bleaching observed;
bleaching
areas most affected
Very high temperatures
Severe A A A recorded; severe bleaching
bleaching observed; areas worst affected;
mortality likely
Temperature trends for first half
15 Feb? Annually A of summer; summary of any
observed coral bleaching
Summer concluding; bleaching
31 March | No bleaching A A A risk period over; no significant
bleaching observed
Moderate or High water temperatures
severe recorded; bleaching observed;
bleaching A A A preliminary assessment of extent
% and severity; detailed surveys
cvent underway
Moderate or
Summary of full extent and
severe
30 May . A A A severity of bleaching;
bleaching ) o
% implications for GBR
event

* See Table 1
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Conclusion

This Response Plan outlines the strategic approach that GBRMPA is employing to
tackle the challenge of climate-induced coral bleaching and provides practical tools
for monitoring, assessing and reducing bleaching risk and impacts. The Response
Plan will continue to be implemented prior to and during each summer season and
in the months and years that follow bleaching events. As bleaching events become
more frequent and severe, impacts on the reef ecosystem and on reef users will
become increasingly acute and apparent. Accordingly, there will be escalating
expectations for management actions that can build the resilience of the reef, and
those who depend on it for cultural connection, recreation and income. While coral
bleaching is only one aspect of the challenge presented by a changing climate, this
Response Plan lays the foundations for an informed and adaptive approach to
building the Reef’s resilience to climate change.
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Appendix A - BleachWatch reporting form

._-h

observe to conserve

™\

';u- #{)\Bleachwatch

1. Observer Details

N B TN s o e e N M TR BN o o s e
LASE MEITHE. .....ccoieveerrsees vemrrsmerenrrnnreannes FIFSE MEMAC | PR A P N ot SR e T ) | g | | S e e e s T 1 e
P s ke Vessel/Organisation: ...,

Observer Category! Reef Visitor J Marine Tourism Industry |_| Scientist |:

oth'El"lP'lcaw:pocrfy]
2. Infarmation about the site I PTG v o ot i o s s
Reaf ID /Name: ... % ; {optional) Lat.: . Long.:,

Hatitat: Lagoon |_| Crest |_| Slope |_| Flat |:| Bommie field | | Front Reef |: Back Heel‘|_

(1o | et :
Cloud Cover (pkasedrcle) 1 Clear Fartly Cluud:,' r-1am|1.r |:I|::||.J|:1',.I Owvercast

Alr Temp: Water Temperature: 0-3m 5-10m |
Wind Speed (please circie) 0 0-5kn 5-10kn 10-15kn =15kn Yes Mo change
Is this your first submission? Mo Yes  Has this site changed since your last submission? :| l_

3. Reef Condition

+ Live Coral at this site labe1) ! « Three Most Common Coral Lifeforms
Category O (0%) [] category 3(31-50%) [ ] Present : {in oo of dbuncancot
Branching :| Bushy :|
Category 1 (1-10%) [ |  Category 4 (51-75%) [ | i ] oigtate  []
Category 2 (11-30%) [ | Category 5 (76-100%) || idic [ Eiensio: [ ]
Soft Coral |:|

e o « Lifeforms Bleached (Table 2):
+ Bleached Coral at this site mase1
Category 0 (0%) [ | Category 3(31-50%) [ | Branching [ | Bushy [
Category 1 (1-10%) | |  Category 4 (51-75%) [ ] Pl | | Digitate | |

Massl E i
Category 2 (11-30%) [ |  Category 5 (76-100%) [ | ;:C": | E ncrusting ||
k] ra

* Most Common Level of Bleaching Severity ianly sakect one)
Bleached anly on upper surface |: Indicate the depth range of the Bleaching
Pale/Fluarn [very light or yellowish) i Min: [ ] Max: [
Tatally bleached white |:
Dead coral with algae |:

5. Detailed Types Present / Bleached

Presant Bleached Fresent Bleached Presant Bleached

Acropora |: |: Turbinaria J J Porites |_| |_|
Fungiidae |_| |_ Stylophora |: D Sarcophyton J |_|
Pocillopora |_| |_ Faviidae |: :| Lobophytum |_| |_|
Serlatopora |:| |: Montipora [ ] [] Sinularia ] |_|

L L1 T O OO P DO PP

Wersion 2.0
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BleachWatch reporting form page two

Table 1: Guide to CATEGORIES for coral cover or bleaching

The figure below is designed to assist in estimating percentage cover.
It can be used to:
1) estimate the percentage of living coral covering the seafloor; and
2) to estimate the percentage of living coral that is affected by
bleaching.

Whether corals are arranged in clumps, dots, networks or patches, the
diagrams can be used to determine which category best describes the
area you are assessing.

Table 2: Coral LIFEFORMS

The diagrams below are a guide to the main
lifeforms, or shapes, of corals. Lifeform is a good
general indicator of the type of coral, although
more experienced observers are encouraged to
identify corals to higher levels of resolution (ie.
family or genus) where possible.

Category 0
absent (0%)

Category 1
(1-10%)

Category 2
(11-30%)

Category 3
(31-50%)

Category 4
(51-75%)

Category 5
(76-100%)

Branching:

Includes all branching corals
+ staghorn
+ open branching

Bushy:
Includes all bushy corals
» compact branching

@
o

Plates

¥ o ... Includes all horizontally
""" flattened corals
i « table
Digitate:
Includes all digitate corals
» pillar
* knobbly
« finger-like
Massive:

Includes all massive/boulder
corals:

* brain

* honeycomb

* kidney (Porites)

Encrusting @

Includes all corals that form

thick layers as they grow over the
reef surface. (often taking on the
shape of whatever they overgrow)

Soft Corals:
Flexible and they move with
water motion

Please send back information to the GBRMPA using our reply paid address or website

www.gbrmpa.gov.au

Version 2.0

No stamp required

REMEMBER: We still appreciate your weekly reports, whether you have recorded bleaching or not.
Thank you.
FOLD HERE
i Australian Government Delivery Address:

2 PO Box 1379
98X Great Barrier Reef TOWNSVILLE QLD 4810
Marine Park Authority

if posted in Australia

3 w
5 ¥
3 g
z &
m I
ﬁ IIl|]lIlIII"IIII[IIII[|I”lllllllnlll“ll"l"llll E
L4
Great Barrier Reef Marine Park Authority
Reply Paid 1379
TOWNSVILLE QLD 4810
ATTACH TAPE HERE
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Coral Bleaching Response Plan - GBRMPA



Appendix B —Locations of intensive survey sites

I = Inner-shelf reef, M = Mid-shelf reef, O = Outer-shelf reef

Coordinates

Site coordinates (deg min)

Transect and Region Reef Name Latitude Longitude
Far Northern Martin Reef (I) 14 45.566 145 22.586
(Cooktown to Linnet Reef (I) 14 47.33 14521.21
Lizard Island) Decapolis Reef (I) 14 51.021 145 16.401
MacGillivray Reef (M) 14 39.02 145 29.65
Nth Direction Island (M) 14 44.784 145 31.02
Lizard Island lagoon (M) 14 41.661 145 27.935
Yonge Reef (O) 14 34.431 145 37.251
Carter Reef (O) 14 31.584 145 35.1
No Name Reef (O) 14 37.776 145 38.967
Northern Green Island (I) 16 46.372 145 58.601
(Cairns) Low Isles (I) 16 23.189 145 34.356
Fitzroy Island (I) 16 55.384 145 59.765
Mackay Reef (M) 16 2.697 145 39.147
Michaelmas Cay (M) 16 33.09 146 3.241
Hastings Reef (M) 16 30.182 146 1.594
St Crispin Reef (O) 16 4.399 145 50.975
Opal Reef (O) 16 12.451 145 54.452
Agincourt No.1 Reef (O) 16 2.509 145 52.209
Central Pandora Reef (I) 18 48.694 146 25.803
(Townsville) Havannah Island (I) 18 50.04 146 32.482
Middle Reef (I) 19 11.759 146 48.799
Davies Reef (M) 18 48.679 147 40.231
Rib Reef (M) 18 28.495 146 52.863
John Brewer Reef (M) 18 37.358 147 5.045
Chicken Reef (O) 18 39.348 147 43.43
Dip Reef (O) 18 24.227 147 27.32
Myrmidon Reef (O) 18 15.278 147 23.163
Southern Hayman Island (I) 203.58 148 54.099
(Whitsundays) Border Island (I) 2010.517 149 2.098
Langford & Bird Island (I) 204.78 148 52.614
Reef 19131S (M) 19 46.162 149 22.719
Reef 19138S (M) 19 48.5 149 25.58
Reef 20104S (M) 20 2.007 149 41.686
Slate Reef 19159 (O) 19 39.837 149 55.061
Hyde Reef (O) 19 44.488 150 5.187
Rebe Reef (O) 19 47.829 1509.775
Far Southern Nth Keppel Island (I) 235.187 150 54.311
(Capricorn Bunkers and | Middle Island (I) 239.896 150 55.42
Swains South) Halfway Island (I) 2312.193 150 58.187
Gannet Cay (M) 21 58.743 152 28.955
Chinaman Reef (M) 220.116 152 40.119
Reef 21529S (M) 2152.02 152 11.183
Turner Cay (O) 21 42.204 152 33.807
Wreck Island (O) 2319.149 151 58.785
One Tree Island (O) 23 29.261 152 5.554
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Appendix C — Detailed maps of survey site locations in each cross-shelf transect
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Appendix D — Rapid assessment survey data sheet

GBRMPA Rapid Assessment Monitoring Sheet

Region:

Reef Name:

Date:

ITIme:

Observer:

Dive Buddy:

Vessel:

Site Details: Upper slope

Water Temp:

Surface:

Depth

|pepth:

Notes:

Benthos

%o cvr

(1

% cvr
Transect 1 (1)

Yo cvr
Transect 2 (1)

Transect 3

Abiotic

Notes

Notes

Notes

Sand

Rubble

Other

7%

Other Live

Coral

Bleaching severity (2)
0] 23] 4

severity (2) |EL
213

severity (2)
2 [ 3

Soft

Hard

Acropora
Montipora
Pocilloporids:
Parites
Faviids

Algae Notes Notes Notes
Fleshy/upright/macro
CCA

Filamentous (Turf)
Ephemeral/scuzzy

Total 100% 100% 100%
Canopy height | | |
min/max/mode (cm)

Other Impacts

Reef flat ocbservations

Other notes and observations

Bleaching severity levels 0 to 4 are described below and the blank boxes on the

datasheet, just below the severity levels, are filled-in with the percentage of colonies in
each taxa group bleached at each severity level.

Index Bleaching level Visual assessment

0 None Colonies unaffected by bleaching

1 Low Colonies are slightly pale

2 Moderate Colonies are mostly pale and/or fluoro bleached

3 Severe Colonies are mostly pale and partially bleached white

4 Extreme Colonies are completely bleached white and/or recently

died as a result of bleaching
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