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

• Biotic 
– Causal agent a living organism 

• Pathogen,such as viruses or bacteria 
• Parasites 

• Abiotic 
– Causal  agent  an environmental  stressor  

• Changes  in salinity,  temperature,  light,  etc. 
• Exposure to toxic  chemicals 
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Population regulation by predation, disease, competition



  
     

 
     

  
  

    
    

 Disease Outbreaks 

1918: "Spanish flu" H1N1 Pandemic 
The most devastating flu pandemic in modern 
times, killing more than 500,000 people in the 
United States, and some 50 million people 
worldwide. Somewhere between 20 and 40 
percent of the global population was ill. 

An emergency hospital during 1918 influenza epidemic, in Camp Funston, Kansas. 
Credit: National Museum of Health and Medicine, Armed Forces Institute of Pathology 



  
     

 

  

 Disease Outbreaks 

•novel pathogens introduced into naïve host 
populations 

•endemic pathogens spread within a population 

host-pathogen ecology 
due to altered external factors, which affect 

An emergency hospital during 1918 influenza epidemic, in Camp Funston, Kansas. 
Credit: National Museum of Health and Medicine, Armed Forces Institute of Pathology 



 

Drivers of coral disease 

Host abundance 
Thermal stress 

Bleaching stress 

Nutrient stress 

Rainfall & Runoff 

Injury 



 
 

 

  

   
  

  

 

 

                     
Low exposure: 0–9 days, n = 18 transects

Moderate exposure: 40-78 days, n = 9 transects

High exposure: 296–347 days, n = 6  transects

Removal and dumping of 7.6 
million tons of marine sediment 

18 month project 

Largest natural gas project in 
Australia 

NASA MODIS Satellite imagery 
Evans et al. 2012 

Disease drivers: Dredging-related sediments 

Pollock et al. 
PLoS One 
(2014) 

Presenter
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) 




   

     
 

 

Dredging reveals sedimentation-disease links 

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, AICc=216.7, R2=0.33) 
Pollock et al. (2014) PLoS One 9:e102498; Correction (2016) 

Presenter
Presentation Notes
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.




 

 

 

   

                         
 

Climate change influences on      
marine infectious diseases 

Changes in Holobiont: Changes in Pathogen: 

  Symbiodinium 
 Δ microbial comm. 
  larval survival 

 new emergence 
 invasions 

 invasions 
 range shifts 

 range shifts 
 increased stress: 

 physical injury 
 nutrients 
 contaminants 
 salinity 

 increased abundance 
 increased virulence 

  susceptibility host 

Burge, Willis et al. (2014) Ann Rev Mar Sci 6:249-277 



 

   
    

 

Drivers of coral disease 

Local human stressors 
•Land-based pollution 
•Sedimentation 
•Overfishing  
•Human usage 

Global climate change 
•increased sea surface temperature 
•increased temperature anomalies 
•increased frequency of bleaching events 
•changes in storm frequency & intensity 



  
     

 

  

 Disease Outbreaks 

•novel pathogens introduced into naïve host 
populations 

•endemic pathogens spread within a population 
due to altered external factors, which affect 

host-pathogen ecology 

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 
•Improve local water quality 
•Increase critical fish stocks 
•Reduce other local, compounding stressors 

Management actions 
•Marine protected areas 
•Response plans  
•Citizen science 
•Direct treatment of diseases 



 

 

 

 

Management of coral disease 
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•needed to understand disease ecology 

Promote reef resilience 
•Improve local water quality 
•Increase critical fish stocks 
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Management actions 
•Marine protected areas 
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•Direct treatment of diseases 



 

     
 

   

Can marine reserves ameliorate coral health when 
exposed to acute and chronic stressors? 

Reserves: 25 sites 
(75 transects) 
Fished: 22 sites 
(58 transects) 

Lamb, Wenger, Devlin, Ceccarelli, Williamson, Willis  (2016) Phil. Trans. R. Soc. B 371: 20150210 

Presenter
Presentation Notes
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.



          

  

                   

Can marine reserves ameliorate coral health 
when exposed to acute stressors? 

Fished sites Reserve sites 

 7-fold lower disease prevalence in Reserves 1 year after severe cyclone 

Lamb et al. (2016) Phil. Trans. R. Soc. B 371: 20150210 

Presenter
Presentation Notes
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.



          

 

 
 

 

   
 

 

Can marine reserves ameliorate coral health 
when exposed to chronic stressors? 

Fished sites Reserve sites 

Exposure to plumes lower than average: 
 3-fold higher WSs outside reserves 

Exposure to plumes higher than average 
WSs same inside and outside reserves 

Reductions in water quality 
undermine efficacy of protected 
areas to alleviate disease 

Lamb et al. (2016) Phil. Trans. R. Soc. B 

Presenter
Presentation Notes
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.



 

 

 

 

Management of coral disease 
Research 
•needed to understand disease ecology 

Promote reef resilience 
•Improve local water quality 
•Increase critical fish stocks 
•Reduce other local, compounding stressors 

Management actions 
•Marine protected areas 
•Response plans  
•Citizen science 
•Direct treatment of diseases 





 

  

 

Effective disease management should target: 
 Improving water quality 
 Enhancing fish stocks 
 Limiting anthropogenic activities that cause injury 

Lamb et al. (2016) Phil. Trans. R. Soc. B 

Presenter
Presentation Notes
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.



 

 

 

 

Management of coral disease 
Research 
•needed to understand disease ecology 

Promote reef resilience 
•Improve local water quality 
•Increase critical fish stocks 
•Reduce other local, compounding stressors 

Management actions 
•Marine protected areas 
•Response plans  
•Citizen science 
•Direct treatment of diseases 





  Developed in 2008 



 

  

 

 

 

  

 

HAWAII’S RAPID RESPONSE 
CONTINGENCY PLAN 

3 TIERED RESPONSE PROGRAM 

RESOURCE MANAGERS  AND SCIENTISTS 

REPORT CONFIRMATION SURVEYS: PRESENCE /ABSENCE 

PRIMARY MONITORING BY REEF USERS “RAPID RESPONSE NETWORK” 

CORAL BLEACHING 
REPORT 

DISEASE OUTBREAK 
REPORT 

RAPID RESPONSE TEAM OF TRAINED EXPERTS 

RAPID RESPONSE PROTOCOL INITIATED 



    

 
 

    
 

  

• 
– 

– Over 5,000 species, almost 25% endemic 

Our Reefs: The Facts 

Hawaii’s reefs are vast 
410,000 acres, representing almost 
85% of coral reefs under US protection 

– Culturally, economically, biologically critical 



   
 

eorhawaii.org 

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 Hawaii’s reefs 

Coral bleaching Coral disease 

Invasive algae COTS 

Presenter
Presentation Notes
These are the main threats to Hawaii’s reefs that we need help identifying





2015 

Presenter
Presentation Notes
The 2015 bleaching event showed how useful EOR is as a tool for education and managers



 2015 bleaching event in Kaneohe Bay 



    
 

 

Division of Aquatic Resources (DAR) 
DAR monitoring sites 

Kauai 

Molokai 

Oahu 

Maui 

Lanai 

Hawaii 

Presenter
Presentation Notes
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 
13 reports 

Molokai 
0 reports 

Oahu 
35 reports 

Maui 
59 reports Lanai 

1 report 
Hawaii 

69 reports 

v 
x 



eorhawaii.org 

Citizen science 

Presenter
Presentation Notes
Reports are submitted online through our website

http:eorhawaii.org


 

  

 

 

 

  

 

HAWAII’S RAPID RESPONSE 
CONTINGENCY PLAN 

3 TIERED RESPONSE PROGRAM 

RAPID RESPONSE TEAM OF TRAINED EXPERTS 

RAPID RESPONSE PROTOCOL INITIATED 

RESOURCE MANAGERS  AND SCIENTISTS 

REPORT CONFIRMATION SURVEYS: PRESENCE /ABSENCE 

PRIMARY MONITORING BY REEF USERS “RAPID RESPONSE NETWORK” 

CORAL BLEACHING 
REPORT 

DISEASE OUTBREAK 
REPORT 



2010 



2010 

Rapid response to an acute 
MWS outbreak in 
Kaneohe Bay 



 

 

  

 

  
 

 

Rapid Response 
Acute MWS outbreak Team 

Fenny  Cox 
Frank Stanton 
Steve Coles 
Thierry Work 
Ashley Smith 
Blake Ushijima 

Bay wide surveys 
3 teams 

Each team with a boat driver & snorkeler 
GPS mark, notes, photography 

Sample collection 

Presenter
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



  

 

 

  
  

Acute MWS Outbreaks 
NB 

Rapid response 
CB 3 teams 

2010: 338 colonies affected 
SB 

Most affected colonies in the 
southern end of the Bay 

Aeby et al. 2016 

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 



 2nd outbreak of acute MWS 

Kaneohe Bay 
December 2011 



MWS outbreak 
2012 

NB 

CB 

SB 

3 
8 
46 

2 

17 
0 

3 

10 

285 

31 

46 

163 
86 

132 

239 

197 

2012:  >1000 colonies  affected 

Aeby et al. 2016 



     
2014 

DLNR develops capacity for reef response! 

http://dlnr.hawaii.gov/reefresponse/ 

http://dlnr.hawaii.gov/reefresponse




  

 

 

 

Hawaii management of coral disease 
Research - needed to understand disease ecology 

Promote reef resilience 
•Improve local water quality 
•Increase critical fish stocks 
•Reduce other local, compounding stressors 

Management actions 
•Marine protected areas 
•Response plans 
•Citizen science 
•Direct treatment of diseases 



 

 

    BBD outbreak on the reefs of Kauai 

Disease treatment: 
Lesion occlusion 

Colony 10 
9.30.12 

Before treatment Aeby et al. 2015 

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 
9.30.12 

After treatment 



Colony 10 
11.28.12 

http:11.28.12


 
Colony 10 
May 29, 2013 



 
 

 
   

 

 

 
 

 
   

 

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 loss/colony=4.4% 
•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 
•Improve local water quality 
•Increase critical fish stocks 
•Reduce other local, compounding stressors 

Management actions 
•Marine protected areas 
•Response plans 
•Citizen science 
•Direct treatment of diseases 
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