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Module 3: Assessing the ecological impacts of
mass coral bleaching and identifying resilient areas

Aims

In the previous section, you learned how to predict the risk of a mass bleaching event using a
range of available tools and information services. This module deals with the first part of the
response strategy that managers should take when a mass bleaching event occurs. When mass
bleaching occurs, managers must rapidly assess the extent and severity of bleaching in order to
make timely and effective management decisions and communicate the situation to communities,
stakeholders, managers, government departments and the media. This module aims to provide
managers with the skills and knowledge necessary to assess the impacts of bleaching on coral
communities and ecosystem processes. Certain reef areas may escape bleaching or may recover
rapidly from bleaching due to underlying physical characteristics of the local reef environment or
physiological attributes of the coral community present. The occurrence of a mass bleaching
event provides managers with an opportunity to identify resilient reef areas, gain an
understanding of the underlying causes of resilience and incorporate these factors into
management planning. This module also aims to provide managers with the ability to identify
resilient reef areas and incorporate resilience monitoring into bleaching assessment protocols.

Module Outline
3.1.1 Identifying bleached corals
3.1.2 Estimating the extent and severity of mass bleaching
3.1.3 Identifying Bleaching Thresholds: How warm is too warm?
3.1.4 Techniques for assessing the impacts of bleaching
Activity: Identifying bleached corals
3.2.1 What is Ecological Resilience?

Case Study—Assessing the Health of Kaneohe’s Reefs

3.2.2 Factors that Confer Resilience
3.2.3 Identifying resilient areas
3.2.4 Monitoring for resilience

Learning objectives
By the end of this module you will have:
v" An understanding of the why we need to assess the ecological impacts of mass coral
bleaching.
v' The ability to identify bleached corals.
v' The ability to assess the geographic extent and severity of a mass bleaching event.



v" An understanding of how bleaching assessments differ to normal monitoring.

In-water experience carrying out a bleaching impact assessment.

v" The ability to link bleaching observations with in-situ temperature measurements to
calculate bleaching thresholds.

v" A knowledge of reef characteristics that may promote resilience to bleaching.

v Identify characteristics of a healthy reef from a local perspective

v' The ability to use bleaching events to identify resilient reef areas.

AN

Background

When a mass bleaching event occurs, reef users, other stakeholders, the media, and senior
government officials will want to know: ‘How bad is it? What are the impacts to the reef?” and
‘What will it mean for the local stakeholder community?’. Managers must rapidly assess the
extent and severity of mass bleaching in order to make timely and effective management
decisions and communicate the situation to others. This module details a range of methods that
can be used by managers, scientists and community members to identify bleaching and assess the
extent and severity of a mass bleaching event. Since mass bleaching is transitory in nature, the
decision about when to conduct a rapid assessment of bleaching impacts, including which
protocol can be best mobilized and used, may have significant implications for the survey results
and for any conclusions made from those results. Experience from around the world during
previous bleaching events has led to the development of standard set of strategies that can help
with monitoring-related decisions. The World Wildlife Fund (WWF), the WorldFish Centre, and
the Great Barrier Reef Marine Park Authority (GBRMPA) have compiled these experiences into
A Global Protocol for Assessment and Monitoring of Coral Bleaching (can be downloaded from
the ReefBase website: www.reefbase.org). The Protocol aims to provide detailed guidance for
planning and implementing bleaching assessments under a range of resource settings, while
ensuring that data are useful and readily integrated into a global database of coral bleaching
impacts. The Response to Climate Change Workshop held in Hawaii seeks to build upon these
established techniques, and incorporate the knowledge of our communities’ traditional systems.
This suite of techniques from different perspectives will allow managers to gather sufficient
information to report to concerned community members, stakeholders, managers, decision
makers, media and the general public.

Ongoing monitoring is also required to document the long-term ecological impacts of mass
bleaching and other major disturbances on reef ecosystems. It is necessary to track changes in
reef communities over longer timeframes (several years to decades) in order to estimate the
probability and rate of recovery, increase the ability to determine the cause of changes in reef
condition, and evaluate the effectiveness of management strategies. Knowledge shared between
cultural practitioners and management can provide insights into the on-the ground effectiveness
of management practices in valuable ways that would be otherwise very difficult to come by.
Maintenance of long-term monitoring programs and relationships between managers and the
communities they serve will assist managers in detecting gradual changes in coral community



structure that may occur due to bleaching and mortality and to maximize their ability to attribute
chronic impacts to particular stresses, including coral bleaching. Monitoring on an annual or
semi-annual basis should be complemented with additional surveys timed to detect the
occurrence and impact of coral bleaching at long-term monitoring sites. The data from such
targeted surveys will help managers determine the relative influence of coral bleaching on the
long-term dynamics of coral reef ecosystems. Coral reef monitoring protocols have been
developed for a wide range of skill levels, ranging from Reef Check for volunteers, to the
comprehensive Survey Manual for Tropical Marine Resources developed by the Australian
Institute of Marine Science (AIMS) and the Global Coral Reef Monitoring Network for reef
scientists and managers. This section highlights the relative benefits and weaknesses of a range
of assessment approaches, and introduces the value of incorporation of traditional Hawaiian
knowledge so that managers can make the best choice of methods to be included in a bleaching
response plan.

The severity of bleaching responses varies between reefs during mass bleaching events.
Identification of areas that have historically had high resilience to bleaching provides the basis
for a network of refuges to underpin resilience-based management of the reef ecosystem.
Refuges serve as a seed bank to facilitate the recovery of areas with lower natural resilience, and
will play a central role in networks of protected areas designed to maximize ecosystem
resilience. The identification of resilient areas as an ecosystem management strategy is already
being applied in various locations around the world. The experiences gained from these
initiatives will help to refine knowledge and develop additional protocols for the identification of
resilient areas. The outcomes of these early tests of resilience management strategies will also
provide important information about the extent to which the factors that confer resilience on an
area will remain consistent over time. As managers, you too can contribute to this knowledge
through incorporating resilience monitoring into bleaching monitoring protocols.

The Nature Conservancy, together with a group of partners, has developed a Reef Resilience (R?)
Toolkit to help managers develop and apply resilience principles for managing coral reefs. This
module, as well as Module 7 of the workshop, draw from R?to review the features that resilient
reefs, and to outline how to identify areas of high resilience on reefs and incorporate these into
management plans and strategies. Managers are directed to the R? toolkit or website
(www.reefresilience.org/index.htm) for a more detailed discussion of how to identify resilient
areas and incorporate these areas into MPA design.




Reference materials

ﬁﬁ@j Journal Articles and Books

Oliver, J, P. Marshall, N. Setiasih and L. Hansen 2004 A Global Protocol for Assessment and Monitoring
of Coral Bleaching. WorldFish Center, Penang, Malaysia and WWF Indonesia, Jakarta. 35 pp.

Siebeck, U. E., Marshall, N. J., Kliter, A. and Hoegh-Guldberg O., 2006 Monitoring coral
bleaching using a colour reference card. Coral Reefs 25: 453-460.

Web Links and Organisations
"«r

Bleaching assessment protocols:

Great Barrier Reef Marine Park Authority Coral Bleaching Response Plan:
http://www.gbrmpa.gov.au/__data/assets/pdf file/0020/13169/Coral_Bleaching_Response_Plan
2006-07_Final.pdf

Reef Check Bleaching Monitoring Protocol:
http://www.reefcheck.org/protocols data/Monitoring Instruction.php

Australian Institute of Marine Science — coral bleaching index:
http://www.aims.gov.au/pages/search/search-coral-bleaching.html

BLAGRRA: Atlantic and Gulf Rapid Reef Assessment Bleaching Protocol:
http://www.agrra.org/BLAGRRA/index.htm

TNC Florida Reef Resilience Program, Expert Response Protocols
http://www.nature.org/wherewework/northamerica/states/florida/preserves/art17499.html

Information and databases:
ReefBase global database on bleaching threats:
http://www.reefbase.org/global database/default.aspx?section=t4




Section 3.1.1 Assessing Ecological

Impacts of Bleaching

Module 2

Assessing the Ecological Impacts of
Mass Bleaching and

Identifying Resilient Areas

Section 3.1 Assessing Ecological Impacts

Outline:
311 Identifying bieached coras
3.1.2 Estimating the: éxtent and severnty of mass bleaching

3.1.3 How warm i bod warm®

+ Identifying bieaching thresholds

= Linking obsenvations wilh in sify temperature
3.1.4 Techniques Tor bleaching assessment

3.1.1 Identifying bleached corals

Bleached coral: distinguishing characteristics

Current bleaching

« Coral tiesue slill presentialive

+ Pale, fuorescent o completely white appearance

+ Argas of pakstwhibe tssue across exposed parts of
wivole colony (rather than Slarting from Hps of Dase)

= Mumerows Colonics over large reel anga

Previous bleaching © harder (o dstinguish
= May be due o olher factors (Salinily, fresheater elo.)

Distinguishing bleaching from other issues

Distinguishing bleaching from other issues

Canfusing Bleaching with
Growth lips and margins

Distinguishing bleaching from other issues

White and Black Band Disease
* Black Band Disease

* black mat (@ few men fo cm] wide
= meving scrows the surface of the skeleton
* lpmning behined Dare whibe siorieton
+ White Syndrome
= Pacifi host genera. Acrapors, Monbipora
= Pajchy, imegular shaps
= el Al i el day
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Distinguishing bleaching from other issues

What's going on here?

&

Bleaching + recent death from black-band diseage

Distinguishing bleaching from other issues

Parratfish Biles
+ Tissie loss and skeletal SEaMng in palches of strips

Distinguishing bleaching from other issues

Damselfish Biles
= Lok for small, ginsular (<1om diameter) lesors in the coral

Stegaifes pvednng Eneespol demsetishg AarreeFfieh Soet m MonLe st rea

Distinguishing bleaching from other issues

Predation by Fireworms (Hemmodice caanetlafa, Canibbean)
[(Euwryihoa complanada, Hawali)

H eanwsculaly of M lnvodets

W cavrroisiy on M faveclls wih shie plagus

Distinguishing bleaching from other issues

Predation by gastropod molluses
ook Tor snailis) close bo while skelelon

Distinguishing bleaching from other issues

Predation by crown-of-thoms seastar (Acanthaster planci)
*Tigswe has been comsumed, leaving bare while shelgton
sLoak for ofther signs of similar predation and'or prey in the area

Module 3. Monitoring for Bleaching and Resilience
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Distinguishing bleaching from other issues

Barnacle infastations

siduliphe fooal white spols
“Closer inspection. indhvidual coml calices imasded by bamache

Distinguishing bleaching from other issues Distinguishing bleaching from other issues
Recent Bleaching va. Old, Undetermined Maortality Recent Old
Recent mortality
{intact skeleton) vs.
old mortality
{eroded skeleton)

“Aecertily demd™ s defined as any norslving paris of the coral in which iBw comliin
SRR A e WREE DR ABE NRES o SN S000d B e nTat 1D Bl

“0id dead™ in defired a3 any nonlivieg parts of the coralin which B conalile sinclures
By gl GO of SEvEred S by SAGERVIR that Bre RSE SRRy FemovRd [Seman
Algasirreprialoalog

Distinguishing bleaching from other issues

Old
Recent versus
old moriality

Recent
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Identifying bleached corals: Challenges

Pitfalls
A Al al geredaal 1"
Cilam il s
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Section 3.1.2 Bleaching Extent and Severity

Section 3.1.2 Bleaching Extent and Severity

Estimating the spatial
extent and severity of
bleaching

Wny Gn we head te measyre bleaching?

1. Tomake iimely and cffective managemens dog=sions
2. Taocomruacalc ¢ educaln

3 Angwar questions fram stakeholdors, modia,
gawcrament, cancerned pubis:

‘Haw kad 2 ¥
Whar gre fe g GeiE i e resf
Hhat wil i maan for the feczl stakeholder commumiy

Bleaching is variable

» Bleaching varies at all scales:

= regions, reels, sites, species,
colonies

= Numenus sources of variation:
= Exposure, including deptin &
habitak
= Enwironmental history
« acclimatization
« ghift towards resistant
species
MEED TQ ASSESS THE EXTENT AND SEVERITY OF THE BLEACHING EVENT

Corals show differential susceptibilities

Ganesral Susosminiley Gradier

“ et o8

Fagh susceplivity o

i SurkCophlably [
Bl ining

bleacting
Species vary in susceptibility
Broad pattern of resistance
Taxonomic pattemns are diagnostic
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Recognizing the severity/stage of bleaching

Laww
» Fale (discoloration of coral tissue)

Bleaching
« Partially Bleached (Patches of fully

bleached or white tissua)

severity

« Bleachad (tiesue is totally translucent, no
zooxanihellae pigmentalion visible)

Within Colony Variability in Severity

Pale aor yellawish

» Polyps that hawve either just starbed to bleach {or are recoverning from
Dlzaching).

Within Colony Variability in Severity

Partial bleaching
« Patches of fully bleached, ransiucent tissue

Low
Within Celony Variability in Severity l |
||
Partial bleaching
* Biolchiness (muli-local)
= Mostly masshes

Within Colony Variability in Severity

Partial bleaching
+ Exposed upper surlaces (iole of shading)

Within Colony Variability in Severity

Fully Bleached
+ Tissue is totally transiuzent, no zocwanthelae pigment visdie

Module 3. Monitoring for Bleaching and Resilience
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Within Colony Variability in Severity Estimating the spatial extent of bleaching
Pastel and totally bleached

= Some bleached conals glow pale purphe, penk o biued
+ Non-aocant hellae pigments confar color

Estimating % coral cover and % bleaching

Pl | e el {mwi v g By
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Section 3.1.3 Indentifying Bleaching Thresholds

Module 3

Assessing the Ecological Impacts of

Mass Bleaching and
Identifying Resilient Areas

Section 3.1.3 ldentifying bleaching thresholds

Why do we need to know bleaching
thresholds for cerals?

+ To be able to predict bleaching events
related to warm water anomalies

» To understand how climate changa is likaly
to affect coral communities

= To examine whether corzgls are adapting to
climate change

Section 3.1.3 Outline:

How warm is oo warm’?
» Intensity of warm water event
« Duration of warm water event

« (modified by irad@anee, water motion and okher
factors)

2) Determining bleaching thresholds:

« Bosed on experimental data

« Based an average manmum iemperatures
» Based on past bleaching events

Controlled laboratory experimentation:

Thermal Pollution Expenmental Faciity 1959

Expenmental determination of growth, bleaching, and mortality.

Bleached corals from
mesocosm experiments, 1870

Module 3. Monitoring for Bleaching and Resilience Page M3: 12




Exporimental determination of growth, biesching, and morality

Relatlve Growth (nommaleed o maximum R =
observed) from experiments on Hawaii | - s
coraks = species and total, i
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Recovery of Experimentally Bleached carals, 1970,

| T )
'Y LR

Fungia scutariarégaining pigment at normal temperaturas
after bleaching.

Experimental coral mortality-temperature relationships
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Experimental coral reproduction-temperature relationships
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Recnatment and grewdh of new setliements of P common cxal Pacadiagors
damieornes in microcodmd af Coconut lsland. Jokiel and Guiniher 1978

Field studies 1871-72

Kahe Peint Electrie Generating Station, Oahu, Hawsall

Field studies 1871-T2

Kahe Point, Oahu

Tharmal Flume,
Permanent transects
bleaching and

coral death.

{Jokiel and Coles 1574)
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Field studies 1971-72

Kahe Foint. Bleached Porifes jobats, dead Pocillopors meandring.

Field studies 1971-72

Spectral criteria
far classifying
blaachad,

pals

and normal
corals.

Jokial and Cales 1974,

Field studies 1971-72

| ii'ﬁ_l

Hahe Poinl, Qabu - Increasing damage with increased dechargs 1971-1572

Field studies 1971-72

Kahe Point Electric Generating Station, Oahu, Hawail

Field studies 1571-present

Kahe Paint, - Thermal Cutfall

Geagraphic differences in tharmal tolerance.

Enewatak Marine Biclogical Laboratory, August 1974

Module 3. Monitoring for Bleaching and Resilience
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Geopgraphic differences in thermal tolerance.,

Igunn Island, Enevwetak Aol
3 Seplember 1574

Regianal variation in thermal toderance.

During the summer months corals throughout the
wiarld are Iving within 1-2°C of their upper thermal
limnit,

Colos, 5. L., P, L. Jokisd and C. R, Lowis. 1576, Thamal toianance

in trepical varsus subtropical Pacilic real corale. Pas. Sei 300 156-166.

Reglonal vanation In thermal tolerance.

_ Calsa from r;
=TT
Jodial P L 2004, Terparmivrs Shrews ond Covell Bleaciimg 2008 pe 801 A28 jr Coml
iimaim el Disssss (€. Rossnberp snd 7. Lovs Ede L SprngenWenieg Hesdeisng

S — T

How warm is too warm?

Relationship between intensity and duration of heat stress

Temgetatats wwewoly | )

Hignos the concapt of degres Feating waessk (DHW) and degres rearting meomth (D)

Relstienship between Inansity ard durstien of heat streas
In relathen to inradiance.

Corals will bleach
and die more rapidly
at high irradiance
than at low
irradiance.

P——— ]

i
.|

L)
by

doicel P L 2004, Temperature Sirews and Coral Bleachicg 004 pp. 41-433 in Coral Feskh
a0 Ditasnd (€ ROssnbag and ¥, Loys €00} Sprnges- i g, Fsdstey

How warm is too warm?
Bleaching thresholds vary with:
1. Geographic region

2. Community compaosition
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Estimating bleaching threshalds

Thresholds based on average maximum
tamperatures

« Determing long term average maximum far region

» Determine current ocal temperature using
leggers or real-ime weather stations

« Bum anemalies an a Jaly o weaekly hasis 1o

determine accumulatad exposune (OHW'5)

» Bleaching threshold approx. 4 DHW

Estimating bleaching threshalds

Thresholds based on past bleaching events
v Salher recerds of wher corals did and did not blcach

ower preveoue yEars 3l sile of intecrest

Malch bleaching to hisloncal temperature recorde

Threzho!d falle between owest temperalure for bleaching

years and highest iemperature for nen-bleaching years

Take into account INTEMSITY and DURATION

Also rradiance (cloud cover, Wwrbiddy), water molien

uprwclling, zooxanihella clade type ©Ic.

Thresholds based on experimental data:

= Hover weell do thresholds derned from laboratony apply o the feld?

= Many factors interact with bleaching impacts in field
2.9, light, water movement, turbiity, lozal hestory of scclimation and
adaptation

« Thus conirolied laboratory expariments suspported by feld
observalions are especially valuabie

Prediction:

P i (0 1B g il 3 ST

Tiampaairg wend pigaatage| g 000

T A A

i
j;:‘.nh !F{H.mﬁ TI ilwﬁli!fo.rI]:’1i+1,|

Pradiction:

Ther firsi mass Blrachirg e<swrred in 1588 n fhe

e N L LT T

A patond majer Bloashing event sccurred In 2002
cantered Inihe nenhern pomion of 1he Anhipelags

Main Hawaiian |sland bleaching, 1906
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]
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NWHI Bleaching, 2002
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v B N T S i S S o S v
TN WP AW S WOW MW MFE WE W D AT

S Tamperatine il e L St maan long M AR S irLm

How well did thresholds derived from laboratory apply in the field?

Major tactors leading bo thi
1006 mass oleaching event:
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2. High surioce irmeadanse
[Summer irradance,
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4, Resincied walgr circubalion
in ahalom Kanecohs Bay
lewds o rapid healing under
Ihiss condilions.
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Regional differences in temperature:
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Regicnal differences in temperature:

Wwarmest Four Consssutive Weeks, IGOSS-NME Data
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Summary 3.1.3

« Scientiiic evidence established thermal limits for
Hawaiian corals by 1976,

» Evidence prevented construction of Heeia
electric generating plant in Hesia, Kaneohe Bay,
Oahu,

» Evidence forced multi-million dollar construction
of a new outfall at Kahe Point Oahu,

+ Evidence is sufficient to justify action to prevent
future collapse of Hawailan coral reefs.

Module 3. Monitoring for Bleaching and Resilience
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Section 3.1.4 Bleaching Assessment Techniques

3.1.4 Assessing Ecological Impacts of Bleaching

Outline of Talk:

1) Teshnigues for bleaching
BESESAMEN

21 Special considerations for
bleaching assessment
COmpaned Lo normal

- - %
monitaning Bidachesd Porfios Sompnesss,
Kanbohe Bay Sopt 1006
3) Florida Resf Resdience
Program (FRRFP) monidoring
prClocol

Why dn we nead td measure bleaching impacts™?

1 Ta make timely and effective management decis:ons
Ta communicaic £ cducalc

3 Anewer guestione from stakeholders, media,
gowornmienl, concorned public:

Haw bad s 87
Wihat ara e impaces te the raef
Wit et of soggr for (e lncan sfaketalder coemnefy?”

‘Whar does (tes mean i tenms of buman
suindval on the planar ®

Relevance of bleaching to global long term change.

inconvenient
truth

Imporiance of outreach and education

Crossing over the line = coral reefs as the “mine canary™.

B e L E T
..... o et =t 20

]:.--I

:-;11: IJ_|!.r,|r-| ol Il[|'|l__
i 4.’.r';||ﬂ|Iln*ﬂ*i;l'l* T O

- k) = =

Fo
Coral reets are the first ecosystems 10 undergo majer damage Jm CAN SErvE
10 SormAncE De wWorkd that drastic schon & nesded belone @ 5 oo Al foe the
planel as & whole
Ty Mughes. Darwin dward Plecary. SRS 3008

The “"COMBO" Model = an example run from Hawaii

Modaled resf dechng during thes century under BUSIness &5 usual Benans

Cover, pFshers, Hih b e

Ensddemeier, B. W, P.L. Josbel KL Zimmerman, DR, Lane, J. M Carey, 3.C. Bohling
JA Manich, (In prEEE) A modeing bl 19 evERane regional S0l reel relponaed te
RS i Chmate Gnd Goean chamnary Lisnol Oosanogi

‘Where are we going? And why are we all in this hand basket?

w
— =
J—
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A Multitude of Survey protocols:

s CRED surésys in NWHI {Jean Kenyon, Grata Asby, othars)
« Greal Barmer Medl Manne Fam Authonly Corsd Biaaching Response Flan
« Real Chack Blasching Monfarng Prolacs!
* Ausfraian insticte of Manng Soencs — coral Meaching moax
* BLAGRAA Atantic and Gulf Flapid Real Azsessmant Bleaching Prolocal
« TNC Flonda Heel Hasmience Frogram,. ExpsT Hesponse Frolocols
= Widie Consenvalon Scowaly Beaching Assessment Frofocal

SEE MANAGERS GUIDE FOR COMPREHENSIVE LIST

Use existing baseline surveys.

Example of high quality existing baseline data.

Why different survey pretocols?

+  Diffcrent gueslrons ochjeclives

+  [ifforent levers of obeensere (scientis1s, rangers,
rCSCUNSC UECTE]

+  [iferem rescurces (financial, time, baat diving, plane
+ [Difecrent spalial scales (smatl. large)

+  DiFcrem epporunitics for pannerzhip (commuonmics. dive
operalors, glass boltom Enals)

UMANASER'S GUIDE arg RE Toolkag yrgefil fo help
pou davelog & proforo

Which methods do we use?

First question: What are your goals?

+  Quantifying extent and severity of bleaching
+ Asseszing ecological impacts

+  Monitering leng-term changes

»  Raising awareness

¢ Understanding bieaching resistance

Experimentally bleached
Fumgie scuiana, undergoing

Rietcnery
Haneohs Bay 1870

Develop a Plan!

» Case study: B i
GEMRPA Coral Bleaching
Response Program

. flso
= Bali Baral Bhsaching Resporse
Flan
- Florida Keys NMS Blaaching
Fesporse Plan

Steps in the Bleaching Response Plan

= Early waming Y
= First Observations
= Broad scale surveys |
* Detailed surveys of impacts
- Immediate
- Long-term
« Communication

Module 3. Monitoring for Bleaching and Resilience
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Steps in the Bleaching Response Program

= Early Warning
= First Observations
* Broad scale surveys
* Detailed surveys
- Immediate

- Long-term
Based on MG Table 2.3

Michvay Aloll 2002, phats By Jean K

First observations

Questions:

+ & bleaching accurming?

+ Where is it oceurring?

+ What propartions and types
af corals have been affected?

= How bad is it?

(&.g. Weather, 35T data, Alerts)?

+ Do abservatians match bleaching predictions

First observations - Volunteer Reporting

#.4. BleachWalch (GBR, FRNMS, Bali}

« Tourism/dive operators
= Involves ~10 mins / week
+ Resource kit and reports

« First Observations
» Broad scale surveys
+ Detailed surveys of impacts

Steps in the Bleaching Response Program

provided
» "Dbserve fo Conserve”

rav-r PR

Advaniage; Cost effective, large area coverage, awareness

Disadvantages. Often subjective, reliability depends on fraining

= Immediate
- Leng-term

Based af MG Table 2.3

Broad-scale surveys

Questions:
+ Are community reports comect?

* Where is bleaching oceurring?

« Vihat is e total area of reef affected
by bleaching?

* How bad is the bleaching?

= What i the categorny of extent and
severity?

Broad-scale surveys
Technigues:
« Timed swims
* Boat-based observations
= Manta-tow
« Aerial surveys

= Satellite surveys
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Steps in the Bleaching Response Program

« First Observations

» Broad scale surveys
* Detailed surveys of impacts
= Immediate (Baselines, Coral Impacts)}
- Long-term (Ecosystem Impacts,
Recovery)
-Use of existing metwork of manitoring
sites (CRAMP, CRED, WAP, DAR, others)

Based on MG Table 23

Detailed surveys

Questions:

= WWhat are the lscal impacts of a
masgs blaaching event?

= What percentage of corals have
survived or died from bleaching?

« What kinds of corals were most
affected by bleaching?

* Has the species composition of
diversity of a resf changed due ta a
bleaching event?

Detailed surveys

Techniguas:

= Line intercept and point
intercept transects

+ Belt transects

+ PhotolVideo transects

Florida Reef Resilience Program (FRRP)

FRRP Disturbance Response Monitoring

= Moniter coral reef health after a disturbance

+ 052007 focused on coral bleaching

+ Tralned exparts surveyed corals and bleaching <8
on FL reaf tract during peak anmaal
temperatures

+ Follow-up surveys after moderate/sevens
bleaching years

* Can be used for other disturbances (eg.
Hurricanes)

Flarida Reef Resilience Program (FRREP)
Field Methods

« Random sites generated and  * Species level identification
assigned o leams + Bleaching and disease (visually)

* 1% 10m bt transects (2site) * Data entered online

= Measurelasgess all corals + Database queried for results
{»=dcm)

Flarida Reef Resilience Program (FRREP)
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Choosing the right methods

Manager's Guide Table 2.3, Brown ef &i. 2004,

Incorporating bleaching monitoring into
routine monitoring

nuutine:!.upg term Coral Bleaching
Man itaring Mun_ltnllnﬂ

+ Estabish basslng
+ Lang-termm monionng

Early warming - defec] mmpaad
Doatenmmng heved of impact

* Demonstrate trends » Dutect spatial extert
* Inform management * Identiy patiens
ek

Infiarm management decisions
Modaly lang term manitoning

Special Considerations for Eleaching Assessment Special Considerations for Eleaching Assessment

A manager must be skilled at:

+  Recogniging when a bleaching
event IS ocourring

A manager must be
skilkfd at: Bleaching severity index
Accurately describing “™ Pale (discaloration of coral
the severity of tisut)
bleaching Fartially Bveached (Fatches of

Hully iesscied or while D)

Blenchied (tinsee o botaly whibe
no rocuanthellae visitble)

High

Special Considerations for Bleaching Assessment

A manager must be skilled at:
=+ Deciding when ta survey
Before — Easy
During = Rely on reports
After = Difficult; Need to wait
until mortality issue is resolved to
understand full impacts

Precigion and statistical power

Eapeatabilty

Appropriate langth and
numbar of the mnseds

Nurmibar of frarmes o subsamphes
Covar eslimation techniques

Obsarear variation

Timsa and cosls
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Summary

= There will be increasing ecpportunities 10 deecnbe more
severe and mare frequent bleaehing events

+ Managers nocd Lo asscss e cxlent and severity af
bleaching and impacts on ecosyetems

+ Warious approaches lo maniborng
— Wz right or wrang chaoice! Cnly pocor slatistical design

+ Moingds used depend on obpechvg s, rosaurces and [eycls
af experlize (no single best method')

= Best walug Pearm nbegrating oo SHRgrab ne monitenng
with Bleackang rmandoring

= Develop a Bleaching Response Program be be ready (o
Lrrs

Section 3.2.1 What is Ecological Resilience?

Section 3.2 Section 3.2. Outline

1. What is Ecological Resilience?

Ecological Resilience to
Climate Change

2. Factors that Confer Resilience.
3. Using Bleaching to Identify Resilient Areas,

4. Incorporating Resilience Monitoring into a

Bleaching Response Plan.

ECDIGQ ical resilience 321 What is Ecological Resilience?

» Brainstorm: what is il? Ecological Resiliznce Dafinition

The capaciy of an qoosysten fo folerate disturbance
without colfapsrg into & guaiiativaly diffarent state
that is confralted by a differen! sel of procasses.

A resent ecosyslem can vithstand shocks and
rgfentdl 18e when NeCessary iHosnonag Smanse Rt

We aim for & healthy system that can bounce back
after major §tress
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VWhat is Ecological Resilience?

Avoid collapse into a different state
with different ecological processes:

Coral dominance Algal dominansce

Promoting resilience to climate change

» Increase stability of desirable
states

» Decrease stability of undesirable
states

+ Maintain functionsfprocesses

= Maintain biodiversity

+ Promote sustainable use

SAME ECOSYSTEM
ATTRIBUTES WE HAVE
BEEN MANAGING FOR
AlL Al ONGI

So what does resilience look like?

= High conver
= High drversdy
) Lo dsease

4 - Goaod waler
guality

- B SIPG0E range

- Coraks Sunivid stross

- o recruitmisnt

« Gonnecivity & lanal Sourses
- Funetional groups

Resiliance provides
opportunities to halp reefs
cope with climate change

Buying time

Managing reefs for resilience

1500 2000 ral ] 200
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Section 3.2.2 Factors that Confer Resilience

3.2.2 Factors that confer resilience:

Resilience to climate change is not a new concept...

e Nave been managing for resilience all along.

However, there are some FACTORS to consider that are
specific to resilience in the face of climate change

Factors that confer resilience:

Factars that confer resilience
fall into four broad categories!

1) Ecosysiem Condition
2) Biological Diversity
3) Connectivity

4) Local Environment

Factors that confer resilience:

Ecosystem Condition:

Coral Health

+ Coral Cover

« Water Quality

+ Herbivore Abundance

Factors that confer resilience:

Biological diversity:
+ Divarsity of zooxanthellag

+ Genelic diversity of corals
+ MWon-coral species diversity
+ Habitat diversity

* Functional redundancy

Factors that confer resilience:

Connectivity:
« between source and sink reefs

+ among reefls and associated habitals

Factors that confer resilience:

Local Environmental factors;
+ Cooling

+ Shading

+ Screening

+ Stress lolerance
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Cooling

Hydrodynamic £

models — predict 0

mixing/cooling § o
&
=]

(high tech approach)

L e LE 440 Lol

LUTM Easting fim)

How can the R2 Toolkit help?

B P il
| el St Nl letindll Sl i)

=

Shading

Siresb-To8Tance - i~y

.-- - '.r
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Section 3.2.3 Identifying Resilient Areas

Section 3.2 3 ldentifying resiliant areas Identifying resilient areas for management

Why do we need to identify resilient areas

. 1. PREDICTION:
) mﬂ:?n:tficm anes dus o ndemal kdentify factors on likely to confer
resilience,
= Data and obsarvations

« |dentifying resilient areas identifies
networks of refugia thal underpin
regilence-baged management

- ecological principles

2, OBSERVATION:
Observe local patterns of bleaching
response o wanm waler events

Identifying resilient areas — R2 toolkit

] e i b =0

[ PO VU PR SN P T

Identifying resilient areas for management

1. PREDICTION:
identily FACTORS on local reels
that are likely to confer
resilience.

- Data and observations

=ecological principles

=LUsze R? Toolkit to choose
factors to examine

Identifying resilient areas — R2 toolkit

2. OBSERVATION:
Directly observing local
patterns in bleaching
response to past warm
water events

H
s tmrery e by i I

Module 3. Monitoring for Bleaching and Resilience Page M3: 27



Using Bleaching Events to ldentify Resilient Areas

Using Bleaching Events to ldentify Resilient Areas

™ -
o e e
ﬁ
- - -
[ . = L

Using Bleaching Events to identify Resilient Areas

ke B Do o @ 2

e

Using Bleaching Events to identify Resilient Areas

Cio o @ 360

o v
ey B i

= R e

Using Bleaching Events to ldentify Resilient Areas

Using Bleaching Events to ldentify Resilient Areas

=
v v X
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ldentifying Resilient Areas
For identified resiliznt areas:
+ Use this wfermation to infaim randgemant decisons

+ Gonsder Incorparaling these areas into your
mahagement. wargihmg up olher 1ssues (Module T)

+ Slill large gaps in our understanding of resilience faclors

+ What were the factors present thal could have resulted in
this reslience ?

+ Weed YOUR dala g inform ecience

Adapting management

» Wark to reduce non-climate stressors
» Plan beyond the reef, use a holistic approach
+ Include bleaching resilience concepts in planning
v Represaniatron and sk spreadwg are shill e
angwel 1o uncertainty
= Include monitafing and hypothesis testing so you
can learn and adapt

» Ehare experiences

Sharing Experiences
IUCH Waorking Sooup

an Climate Change and Caral Reefs
(David Sbura et al.. MacArihur Fepndaten)

EBuilding a network of resilignge teal sites

YOU CAN HELP!

Section 3.2.4 Monitoring for Resilience

Section 3.2.4

Monitoring for Resilience

Which factors should we monitor?

Decision based on:

* Importance of factor in local area
* Resources required to monitor factor
+ Technical expertise required to monitor factor

+ Measurability of factor
(proxies, e.q. connectivity)




Resilience Factors: State of Knowledge

- .,’ ik
Factors we know confer resilience: I ;‘wl H
Functional diversity / j J il
Functional redundaney J I E“
Ifl | J—_,"4

Resilience Factors: State of Knowledge

Factars we know confer resllience:
Functional diversity /
Functional redundancy

Bl ot 3l 2003

Resilience Factors: State of Knowledge

Factors we know confer regilience:
Herbivory

MeClanahan et al.
McCook
Hughes et al.

Resilience Factors: State of Knowledge

Factors we know confer regilience:

Water Quality
K Anthany

of mortalily

Temperature

Exposure time

Izsoclines for the probabllity

Resilience Factors: State of Knowledge

Factors we know confer regilience:
Shading
{West and Salm 2003)

Resilience Factors: State of Knowledge

Factors that SHOULD confer resilience:
+ Connectivity
*  Coral cover/age and size distribution
Low fighing pressure:
+  Low level of other physical impacts/disturbances
« Waler movernent
v Low level of koeroders and dizseaze
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What do we actually measure? What do we actually measure?

Factor o sndition that confers
s e e

Characleristic thal provides
infermation about each
lactor

|

Variable Variable

Resistance and Tolerance - Factors Resistance and Tolerance: Indicators
Internal factors Internal factors wdaiors
Reef Resistance to Bleaching Reef Resistance to Bleaching =7% s stiuchire
Areas of high coral cover Areas of high coral cover Benilhic cover
Diversity Diversity Corvetipresence of §pecies
History of survival Fistory of survival Size olass structure
Acclimatization Acclimatization Proy indicalors
_ —
External factors - External factors
Cosling Cogling Cunents, ides, circulabion waves
" i ns
Shading .:ha-:lln!g |etaredineel Shpes. COral COMImUny
Sereening Screening Tusbiciay, water clarity, SOOM
Flushing Fiushing Currenis, tides, ciroulation, waves
Recovery potential: Factors Recovery potential: indicators
Internal factors Internal factors Indicators
i , High remaining caral Sipe class/poputation
High remaining coral cover & diversity cover & diversity i S
Good recruitment Recruitment Facruf abundance
'Healthy” population of herbivaras Subefrabe svailablly
Laws amaunts of bioerasion, Herbivory
corallivores, & coral discase Herbivorous fish
Low abundanse of
bioeroders,
coralliveres, & coral Siafveys - Lnching, careiiibores,
diaeann coral dsease




Recovery potential: Factors

External factors

+ Effective management
+ Good water quality

+ Matural disturbance regim.e
. Good connectivity

« Factors that concentrate
larval supply

Recovery potential: indicators

External factors Indicators
+ Effective management Management indicatons
« Good water quality WWater quality, sedmentation, ec

+ Matural disturbance regime  S0TS, wani Encigy, SUnveys

e

& G'Wd 'I:l:ll'lrllel;.'ﬂ\'it\’ mﬂmmmm Slitias

+ Faclors that concentrate Oceanographicireseanch studies
larval supply
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Variables to measure - depend on resources... Variables to measure - depend on resources...
Resilience Factor Resiience indicator Variable 1o monitor p—— =g
Coshng physcal fadom  Upweling H= Tidal moang mediel
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L= baps, one-off e
obsenalions of wind and .;&__ B ‘E% N
femperatune, local L S | e ol S
Hnowiedge =
[l il famng PeatEW e
Flushing: physical factors  Fast curnent speads H- Current mieters, s b e [, B s ot
that increass waler weather stations [rerm— e o o teopy o i e
mvement and promoba L- Maps, ane-off v iy e e e L
medng obsenations of currents. (e [P i s 5 ey it
maviced shcks fo — i e o
measure ide, ocal =_lﬂ- FIIY s e i e s 4
¢ o, D s S s s ey
[—= [
[0 i Vet s rasn st R
™ e e L4
Qa0 O e a2 W

Variables to measure - depend on resources...
- ——

(= o o i = =y
a=- 0 -

y
=1 R
o |y b

i B 5- e B- LS

B
B e el

Module 3. Monitoring for Bleaching and Resilience

Page M3: 32



Proceed with caution! Meonitoring For Resilience: Summary

+ Srtes thal ded pot Dleach dunhg ohe evant may s * Idenitying resilient sreas impodant for infonming managemant decizions
bBleach during the next event lar unknown reascns: o Identifoation of skse: Prediction ve Chearation

- Warm waler @venls are spatially wanabde and = Many resiience iactors still lack ewdence: Nead your halp!

unpredictable

. s 1K e o - e I
- Responses of corals are spalially and temporally Lise basic manapement principies in first instance
variable

= Incorporabe nesiliencg whenever possable and approprate

» Science underpinning impartance of resilience + Be ready lo sdapl management as more infomabon becomes avesdable
lactors is #lill evelying

Monitoring to identify Resilient Areas Monitoring to identify Resilient Areas

' ABOVE-WATER RESILIENCE DATA

Liim
LS P

Lo e v
Ko

e

FIELD ACTIVITY: |Eismmwse

Identifying Resilient Reef Areas |+

T W C
;"E—MHI-I-L-W-! Hate P WPl d Sk B F
il Water Eweriin. Faie P saiecd o bt ndw: s, bewn preweooasy wapoaesd o bl

Data Sh EE!S :-'-;;-:fl".lr‘l“h“xh-l‘ = -.- i :-.-.5-..-.. :...I'. iy @

Maps S

Monitoring to identify Resilient Areas

iBELDW-WATEH RESILIENCE DATA: | i
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