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Coral Disease

Disease: Any impairment of vital body functions,
systems, or organs.

e Biotic
— Causal agent a living organism
« Pathogen,such as viruses or bacteria
e Parasites

e Abiotic
— Causal agent an environmental stressor
» Changes in salinity, temperature, light, etc.
» EXxposure to toxic chemicals



Population density

Trauma
Disease
Emigration

1

T

Birth rate
Immigration

Time


Presenter
Presentation Notes
Population regulation by predation, disease, competition
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1918 "Spanlsh flu" HIN1 Pandemlc
The most devastating flu pandemic in modern
1t|mes Killing more than 500,000 people in the
!Unlted States, and some 50 million people

worldwide. Somewhere between 20 and 40

percent of the global populatlon was 1.
Fr .8 ' : '
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An emergency hospital during 1918 influenza epidemic, in Camp Funston, Kansas.
Credit: National Museum of Health and Medicine, Armed Forces Institute of Pathology
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An emergency hospital during 1918 influenza epidemic, in Camp Funston, Kansas.
Credit: National Museum of Health and Medicine, Armed Forces Institute of Pathology
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Drivers of coral disease

Host abundance
Thermal stress

Bleaching stress

Nutrient stress

Rainfall & Runoff

Injury




Disease drivers: Dredging-related sediments

Pollock et al. \‘\‘
PLoS One
(2014) :

Largest natural gas project in
Australia

Removal and dumping of 7.6
million tons of marine sediment
18 month project

NASA MODIS Satellite imagery
Evans et al. 2012
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Presentation Notes
For my first case study, the overall goal was to assess whether the influence of dredging associated sediment and turbidity influenced coral disease. Therefore, I used the Montebello and Barrow Islands off the northern coast of Western Australia as my study location.

The Gorgon Project is the largest single resource natural gas project in Australia's history [CLICK]. As you can see in this satellite image of the dredge plume, the project displaced approximately 7.6 million tons of marine sediment over an 18-month period. 

Offshore dredging at Barrow Island provides an ideal study system to investigate the effects of increased sedimentation and turbidity on otherwise pristine reefs and to isolate these water quality parameters from potentially compounding factors like salinity and nutrient stress. [CLICK]

Prior to coral health surveys, we first quantified the extent of the dredging-associated sediment plume over the duration of the project. To do this, we used freely available MODIS satellite imagery obtained from NASA to visualize the dredge plume extent. We then compiled these daily images to extract Sediment exposure days (which you can see here)* that tell us the total number of days the sediment plume was visible over any given point during the dredging project.

Using this information, we then identified reefs along the sediment plume exposure gradient that fit into one of three “exposure categories”: which were classified as either

Low exposure (0-9 sediment plume exposure days
Moderate exposure (40-78 sediment plume exposure days
High exposure (296-347 sediment plume exposure days

_________________________________________________________________________


The area affected by the dredging-induced sediment plume area was quantified daily over the duration of the dredging program using Moderate Resolution Imaging Spectroradiometer (MODIS) satellite imagery, as described by Evans et al. (2012). Briefly, the sediment plume boundary was interpreted manually using one of two MODIS images captured daily. A ‘hotspot’ analysis was performed on the cumulative daily plume boundaries to provide a dataset describing the number of days the sediment plume was present at any position within the waters surrounding the Montebello and Barrow Islands. These data were used to determine sediment plume exposure days, which are defined here as the cumulative number of days a suspended sediment plume was visible in satellite images at a given location throughout the duration of dredging operations. One year of pre-dredging MODIS imagery was also analyzed to identify a baseline for naturally occurring turbidity events.

411 of the 538 dredging days (i.e. 76% of days). Poor quality images (e.g., due to cloud cover or the sensor not capturing the study region) 



Low Moderate High
Dredge plume exposure

=» 2.5-fold increase overall =» 6-fold increase overall
=» white syndromes dominate =» sediment necrosis dominates

Multivariate distance-based linear model (DISTLM):

=>» Sediment plume exposure days is strongest disease driver
(best fit DISTLM, AlCc=216.7, R2=0.33)
Pollock et al. (2014) PLoS One 9:€102498; Correction (2016)
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Overall, if you examine the graph on the left, we identified 5 coral diseases, of which WSs represented 70% of the disease cases. and were 2.5 times greater at the high use sites compared to the low- and moderate-exposure sites [CLICK]

In addition, I also recorded a 6-fold increase in other signs of compromised coral health which includes ailments such as bleaching (with increased nearly 10-fold) and sediment necrosis (which increased 57-fold), which are very strong indicators that these corals are under a great deal of sediment stress. 

The Multivariate distance-based linear model identified sediment plume exposure days as the strongest driver of disease. This is visualised by this db-RDA ordination, which shows that while hard coral cover and SST anomalies separated low and moderate exposure sites, sediment exposure was the major driver of disease at high-exposure sites. 


______________________________________________________________________________________________________


A distance based linear model (DISTLM) was used in combination with distance based redundancy ordination analysis (dbRDA) to explore the hypotheses that variability in patterns of disease and other compromised health indicators could be explained by environmental variables (i.e., dredge plume exposure days, hard coral cover, predation, and calculated thermal stress; see Table 1). Preliminary diagnostics to assess multi-collinearity among predictor variables using draftsman plots indicated two thermal stress indicators, Peak SST and Peak SSTA, were highly correlated with Hot Snap (r = 0.87 and 0.79, respectively). To avoid redundancy, Peak SST and Peak SSTA were not included in the DISTLM or dbRDA. The DISTLM models the relationship between predictor variables and the multivariate data cloud based on a multiple regression. This routine finds the linear combination of variables that explains the greatest variation in the data cloud and examines the amount of variance explained by each variable, providing a pseudo-F statistical value. The best-fit model, based on corrected Akaike's Information Criterion (AICc), was then visualized in multidimensional space using dbRDA ordination (Anderson et al. 2008). Predictors that best explained the data were overlaid as biplots representing the strength (vector length) and direction of influence (Anderson et al. 2008). 

Dredging:
Dredge plume exposure days – number of days sediment was recorded over the site

Thermal stress:
Peak SST - Maximum SST recorded during dredging operations (May 2010 to November 2011) (°C) 
Peak SSTA - Maximum excursion of SST from the long-term climatological value during dredging operations (May 2010 to November 2011) (°C) 
Hot Snap - Accumulation of thermal anomalies greater than the long-term summer mean temperature plus one standard deviation (°C-weeks) 
Winter Conditions - Accumulation of winter anomalies (+ and -) from the long-term winter mean temperature (°C-weeks) 
MPSA - Average of summer temperature anomalies greater than zero calculated from the monthly mean temperature plus one monthly standard deviation 

Modeled:
Predicted disease abundance - Modeled numeric prediction of disease abundance based upon MPSA and total coral cover (disease cases per 1,500 m2) 


ANOVA and DISTLM (visualized through dbRDA) both identified dredge plume exposure level as the most significant environmental driver of elevated disease and compromised health levels. Among all environmental parameters assessed (Table 1), dredge plume exposure days was the only metric that differed significantly among exposure categories (Table 1, P < 0.001). Furthermore, the abundance of disease predicted by satellite-derived temperature-based stress metrics did not differ significantly among dredge plume exposure groups (Table 1, P > 0.05).
The dbRDA diagram depicting coral disease composition (based on the simplest best fit DISTLM, AICc = 216.65, R2 = 0.33), showed a clear separation of high-exposure sites from moderate- and low-exposure sites (Fig. 5a). The greatest amount of variation in the disease prevalence data was explained by dredge plume exposure days (pseudo-F = 3.97, p < 0.05) and total hard coral cover (pseudo-F = 4.01, p < 0.05), while the temperature metric Hot Snap (pseudo-F = 3.31, p < 0.05) explained a lesser, albeit still significant amount of variation in the data (Fig. 5a). The overlay vector for dredge plume exposure days corresponded to the axis separating high-exposure sites from low- and moderate-exposure sites, while the vectors for hard coral cover and Hot Snap largely corresponded to the axis separating sites within low- and moderate-exposure categories (Fig. 5a).
The dbRDA diagram depicting other compromised health indicators composition (based on the simplest best fit DISTLM, AICc = 215.57, R2 = 0.28) also showed a clear separation between tightly clustered high-exposure transects and the more dispersed low- and moderate-exposure transects (Fig. 5b). Dredge plume exposure days (pseudo-F = 5.99, p < 0.005) and Drupella (pseudo-F = 3.65, p < 0.05) explained the greatest amount of variation in the datacloud. The overlay vector for plume exposure days corresponded to the axis separating high-exposure sites from low- and moderate-exposure sites, while the vector for Drupella largely corresponded to the axis separating sites within low- and moderate-exposure categories (Fig. 5b).





Now, this is the first in situ data empirically linking elevated sedimentation and turbidity with elevated disease levels. These findings reveal a potentially very important, but previously underappreciated driver of coral disease on reefs, which will need to be taken into consideration in future development planning.
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Drivers of coral disease

Local human stressors
L and-based pollution
eSedimentation

*Overfishing

‘Human usage

— Global climate change

- sincreased sea surface temperature

| -lncreased‘Femperature anomalies
sincreased frequency of bleaching events
echanges in storm frequency & intensity
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An emergency hospital during 1918 influenza epidemic, in Camp Funston, Kansas.
Credit: National Museum of Health and Medicine, Armed Forces Institute of Pathology



Management of coral disease

Research
'needed to understand disease ecology

Promote reef resilience
sImprove local water quality
e|ncrease critical fish stocks
*Reduce other local, compounding stressors

~ Management actions
Marine protected areas
~*Response plans

«Citizen science

eDirect treatment of diseases



Management of coral disease

Research
'needed to understand disease ecology

Promote reef resilience
sImprove local water quality
eIncrease critical fish stocks
*Reduce other local, compounding stressors

o

Marine protected areas
~*Response plans

«Citizen science |
eDirect treatment of diseases



Can marine reserves ameliorate coral health when
EXPOsed to acute and chrenic Stressoers?

] ]
v 1467 150°E
Marine Park Zoning

] Marine National Park (reserve)
[ ] Conservation Park (fished)

[ habitat protection (fished)
[] general use

Great Barrier Reef
Marine Park

Lamb, Wenger, Devlin, Ceccarelli, Williamson, Willis (2016) Phil. Trans. R. Soc. B 371: 20150210
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Which brings me to my final case study, where I initiated surveys to assess whether marine reserves could mitigate coral disease in the Whitsunday Islands of the Great Barrier Reef marine Park, one of the most popular recreational fishing and boating areas in Australia.

For this study, I surveyed 21 sites in ‘no-take; Marine National Park Zones which make up about 33% of the marine park, which are indicated by the black circles in the green areas of the map.

I also surveyed 21 sites that are open to fishing:
11 sites were located in blue Habitat Protection zones, which comprise 28% of the marine park, are open to moderate levels of fishing and extractive activites 
I surveyed 10 sites in the yellow Conservation Park zones are also open to fishing and extractive activities, however fishing gear is restricted to one rod, line and hook per person. 

In order to reduce damage associated with anchoring, which is a common problem in this region of the marine park, the use of permanent boat moorings are encouraged in the marine reserves – on the map, I’ve indicated the number boat moorings located near each of the sites I surveyed in this study..

At each survey site I conducted coral health surveys as well as counted the abundance of derelict fishing line and collected sediment samples  In addition, the ‘fish people’ – aka Drs. Dave Williamson and Dani ceccarelli conducted visual census surveys of reef fish along the same transects.
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Management of coral disease

Research
'needed to understand disease ecology

Promote reef resilience
sImprove local water quality
eIncrease critical fish stocks
*Reduce other local, compounding stressors

o

Marine protected areas
~*Response plans

«Citizen science |
eDirect treatment of diseases
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Fig. 3. Diseases of reef-building corals are lower when adjacent to seagrass meadows. Frevalence
of surveyed coral diseases (mean £ SE) on reefs with adjacent seagrass meadows (white bars) com-
pared to reefs without seagrass meadows (black bars). Differences were tested using generalized linear

mixed models, where P < 0.001 (table S10). A total of B034 reef-building corals were examined at paired
sites among four islands.



Effective disease management shoeuld target:
> |Improving water quality

» Enhancing fish stocks
»> Limiting anthropogenic activities that cause injury
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BLEACHWATCH

Florida Reef Tract

Coral Bleaching Response Plan
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C-OCEAN

Notice any unusual marine events?

ASGUT  MOWSAPRESS  CONTACT E Community-Based Observations of Coastal Ecosystems and Assessment Network

NOTE: Farmerly known &s the MEERA Proje

With suppart from and coordination the Florida Kays National anctugry (FKNMS), C-OCEAN is designad to provida
early detection and assassmant of biclegical events occurring in the Florida Keys and surrounding waters. The geal of the
network is to help the scientific community better understand the nature and causes of merine avents that adversely affect
merine orgenisms, and assist angaing research efforts to assess and monitor events as they develop. U“uerstsndl“q thesa events

will help scientists and managers determine whether the events are natural orare inked to human acti

ies.

The key to the early detection of marine events is the paople who are on the water. Most of them have a considerable knowledge of
the area and an understanding of whan things are not as they should be. Anyone who is on the water frequently is encouraged to
report observations as soon as possible.

There is na paperwork involved, no specialized training needed, and no other participation or effortis required. By simply
providing what, where, and when something urusugl was ohsarved, residents cen previde scientists with
to detect patentially large scale avants as they develop. To repart an obsarvation contact Cary Walter, Project Caardinator, at
(Z0E)} 395-8730, or email cw

v information needed
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Hawaii's Rapid Response Contingency Plan Devel 9) p ed | ] 2008
for events of coral bleaching, disease or crown-of-thorns starfish
outhreaks

Dr. Greta Smith Aeby, Melanie Huichinson and Petra MacGowan




HAWAII' S RAPID RESPONSE '

CONTINGENCY PLAN

3 TIERED RESPONSE PROGRAM

g

PRIMARY MONITORING BY REEF USERS “RAPID RESPONSE NETWORK”

CORAL BLEACHING DISEASE OUTBREAK
REPORT REPORT

RESOURCE MANAGERS AND SCIENTISTS

REPORT CONFIRMATION SURVEYS: PRESENCE /ABSENCE

RAPID RESPONSE TEAM OF TRAINED EXPERTS

RAPID RESPONSE PROTOCOL INITIATED



Our Reefs: The Facts

e Hawaii’ s reefs are vast

— 410,000 acres, representing almost
85% of coral reefs under US protection

— Over 5,000 species, almost 25% endemic
— Culturally, economically, biologically critical



eorhawaii.org

Community Reporting Network

Coral Bleaching & Disease, COTS
and Marine Invasive Species


Presenter
Presentation Notes
Since few reefs are monitored that is why programs such as EOR are so critical to the management and conservation of the reefs

http:eorhawaii.org

Threats to

Coral bleaching Coral disease
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Invasive algae
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These are the main threats to Hawaii’s reefs that we need help identifying
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The 2015 bleaching event showed how useful EOR is as a tool for education and managers
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Most reefs in Hawaii are not monitored

9 monitoring sites on Maui
15 sites on Kona side of Hawaii


2015 Bleaching event in the Hawaii
# DAR monitoring sites
» 177 EOR reports

| Kauai
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eorhawaii.org

Make a Report Join Us! Education Galleries Contact Us

EYEs OF THE REEF HAawaAli

Community Reporting Network for coral bleaching, diseases, COTS and marine invasives
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EOR members help scientists unravel pufferfish die-off mystery
MARACH 7, 2017 2:10 PM

In 2010, pufferfish (Arothron hispidus) around the state were dying in large numbers. ECR members were guick 1o send in reports of
dying fish giving scientists valuable information on how widespread and extensive the die-off was. (mare...)

Citizen science

REPORT
Coral Bleaching

REPORT
Coral Disease

—

REPORT
Crown-of-Thorn Seastars

REPORT
Marine Invasives

ABOUT EYES OF THE REEF....

The Eyes of the Reef Network (EOR)
is an effective statewide reporting
system that enables all community
members and ocean users to
contribute to the long-term protection
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Reports are submitted online through our website

http:eorhawaii.org
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Rapid disease Kkilling coral in Kaneohe Bay

Posted: Apgr 02, 2 I
Lipdated: Apr 02, 2010 7:23 PM

010 10:38 AM

By Jim Mendoza - bio | email

KANEOHE (HawaiiNewsMNow) - In Kaneohe Bay the backbone of an
ecosystem is under attack.

"What we're starting to see is whole clusters, ten, twenty, thirty
colonies all dead in an area as the disease has passed from o
other within the last four to five weeks,” said Greta Aeby,
researcher with the Hawaii Institute of Marine Biology.

Acute Montipora White Syndrome -- a tissue Killin
slaughtered more than 100 colonies of red rice
Island.

"It usually comes in as a very bright w

colony. That white is where it's strip é@ 8
said. "The problems here is that & &
yvou're wiping out a decade's w ‘\ P .

P o o
Most of the damage is in " \.\;@G & &5,»0
guality's the poorest, & \(Sc‘ e«&‘ 4»“ o
, o S s

Dur reefs have Q; R *:b XA & £
pollution for d ?y &, 6\0“ o %&\Q show
the result 00 @&‘“ \(s\ Q‘éc 2 & = homes
for the shi. \/ Qg;‘ of e,};’ & Q};&Q . crumbles,
there's no ple & _ 9@‘6 & e @ pigger quys,”
she said. W W . o
o Q{% ,fo\ & \\‘\();b' @(’9
& & L 19
Aeby and other res. W & @c&f“‘K é@&@@ 41 zones and are
analyzing coral samp. & ° st” P N
QS)A‘?’\} é\q'& \*’é&?
"One thing that we want ¥ &’@‘3@ nat may be causing this disease.
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Rapid response to an acute
MWS outbreak in
Kaneohe Bay




Bay wide surveys
3 teams
Each team with a boat driver & snorkeler
GPS mark, notes, photography
Sample collection

Acute MWS outbhreak
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Presentation Notes
These are the areas that were surveyed throughout Kaneohe Bay.  Both fringing reefs and patch reefs in North, Central, and South bay were investigated
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Most affected colonies in the
southern end of the Bay
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Presenter
Presentation Notes
A total of 388 colonies were found with the majority of cases being seen in the South Bay. But to better understand this distribution the stage of infection for each of the colonies found was evaluated and given a number between 1 and 3


April 2010 April 2011
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Coral Disease Recurs
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f MWS killed
over 100 colonies of rice coral., ! i e has reappeared and is killing even more
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MWS outbreak
2012

1ies affected

Aeby et al. 2016



2014
DLNR develops capacity for reef response!

Department of Land and Natural Resources

j @ Reef Response

http://dInr.nawaii.gov/reefresponse/

Home Rapid Response Contingency Plan (RRCP) Current Rapid Responses ~ Past Final Reports Resources

@ Make a Report

® Get Trained with Eyes
of the Reef

J Contact Us

LATEST INFO: CORAL BLEACHING 2015 Division of Aquatic
Read More %) Resources

WELCOME TO DAR'S REEF RESPONSE HOMEPAGE!

The Rapid Response Contingency Plan (RRCP) provides the Department of Natural Resources (DLNR), Division of Aquatic

Resources (DAR) and its partners with a plan to respond to unusual events including coral disease, coral bleaching, and
Frovun i E . Tharn Srarfich (COTSY nathroalc



http://dlnr.hawaii.gov/reefresponse
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FOR INVESTIGATING
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PROFILE

A Framework for Responding to Coral Disease Qutbreaks
that Facilitates Adaptive Management

Roger Beeden - Jeffrey A. Maynard -
all - Scott F. Heron

/Pubished online: 1 N

Abstract  Predicted incr
associated with climate change have implic

ecosystems and the people and industries that depend
on them. Tt is critical that coral reef managers understand
these implications and have the ability to assess and reduce
risk, detect and contain outbreaks, and monitor and mini-
mise impacts. Here, we present a coral discase respons
framework that has four core components: (1) an early

system, (2) a tiered impact assessment program,
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Developing a Disease Response Plan
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Reef Health
Incident Response System
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Great Barrier Reef Marine Park Authority




Hawaii management of coral disease

Research - needed to understand disease ecology

Promote reef resilience
eImprove local water quality
sIncrease critical fish stocks
*Reduce other local, compounding stressors

_ I\/Ianagemenfactlons ==
~_eMarine protected areas =
Response plans ~ e
~*Citizen science

Direct treatment of diseases- -



Disease treatment:
Lesion occlusion

i %{L . . {._: ‘*’ - '. < & :' :
& s Colony 10
‘ 9.30.12

Aeby et al. 2015 “ " Before treatment


Presenter
Presentation Notes
Hudson (2000) used a single band of modeling clay over the band after removal of cyano mat.  Worked well.  Marine epoxy held better than clay when we tried it.  This method did not work for a white syndrome outbreak in Palmyra.


Colony 10
i 9.30.12
b ';_ 0 After treatment
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| Colony 10
11.28.12

~.



http:11.28.12

.- Colony 10'
“ May 29

, 2013
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Disease virulence & treatment

Untreated colonies (n=8)
*Case fatality rate=25%

Morbidity rate=100%
*Avg. amount of tissue loss/colony+=65.9%

Range=12.8%-100%

Treated colonies (n=8)
«Case fatality rate=0%

Morbidity rate=50%
*Avg. amount of tissue Ioss/colony

*Range=0%-35.4%



Presenter
Presentation Notes
Based on digital analysis after ~ 2months


Management of coral disease

Research
'needed to understand disease ecology

Promote reef resilience
sImprove local water quality
e|ncrease critical fish stocks
*Reduce other local, compounding stressors

~ Management actions
Marine protected areas
~*Response plans

«Citizen science

eDirect treatment of diseases
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