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Purpose  

The purpose of my doctoral research is to determine 
whether Geographic Information Systems (GIS) 

combined with specific geospatial analytical techniques 

specifically, those techniques used in Spatial Epidemiology  
to map, detect, & spatially analyze disease epidemics 

 

can be used to further our understanding of coral health 

and if so, how?   



J. A. Lentz Dissertation Defense Presentation – March 29th, 2012 Slide 3 

Presentation Outline  

Part I      Introduction & Background Information 
Dissertation Chapters 1-3  

 

Part II    Developing the Analytical Protocol 
Dissertation Chapters 4-7 

 

Part III   Applying the Protocol to Coral Disease data 
 Dissertation Chapter 8 (published by PLoSone  in July 2011) 

 

Part IV   Discussion 
 

Part V    Summary & Conclusions 
Dissertation Chapter 9 



Part I 
 

Introduction & 
Background Information 
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95% decline in Caribbean Acropora  

Healthy  
Coral  

Thickets 

Algal 
Dominated 
Reef Ruble 
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Disease Terminology 

“Disease”  
any deviation from an organism’s normal, or “healthy,” state  

 
“Health” 

an individual’s ability to resist or adapt to various stresses,  
whether they are physical, chemical, biological, social, etc. 

 
“Epidemiology”  &  “Epizootiology” 

the study of the distribution & determinants of 
health-related states or events in specified populations,  

& the application of this study to control health problems 
 

“Etiology”  
the science & study of the causes of disease & their mode of operation  

 
“Pathology”  

the form of medical science & specialty practice concerned with  
all aspects of disease 
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Dr. John Snow (1813-1858) 

“Father of Modern Epidemiology” 
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Dr. John Snow (1813-1858) 

“Father of Medical Geography” 

Broad Street  
Pump 



Part II 
 

Developing a 
Geospatial Analytical Protocol 

for studying diseased corals 
 

through extensive 
Exploratory Spatial Data Analysis (ESDA)                       

of an Artificial Dataset   
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Study Design 
  

• different Types of Spatial Analysis & different Parameter Settings  

     can produce noticeably different results 

 

 
 

• Poor Selection or Improper Use of a given technique  

    Inaccurate Representations of the Spatial Distribution  

   and False Interpretations of the disease  
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Study Design 

• Comprehensive Review of many of the Geospatial Analytical Techniques 
commonly used by Spatial Epidemiologists 

• Each of the reviewed techniques were then applied to an Artificial Dataset 
with known cluster locations in order to determine which methods provided 
the most accurate and powerful results   

• In order to ensure that the Scale & Spatial Distribution of the Artificial Data 
would be similar to that of an actual coral disease dataset, I created the artificial 
dataset using the geographic & biologic attributes of data from an actual 
coral disease outbreak that occurred in the US Virgin Islands (USVI)  

• These results were used to develop different Geospatial Protocols based on 
the types of coral data available 

• I applied the techniques from one of the recommended protocols to data 
from the original disease dataset of a 2004 White-Band Disease (WBD) 
outbreak on an Acropora palmata population of corals in the USVI   
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Geospatial Protocol for 
Disease & Population data  

The following techniques  

were used on both  

non-weighted (Transect-level)  

& weighted (Colony-level) 
versions of the  

White-band disease (WBD) & 

underlying Acropora palmata 
coral population data from  
Mayor et al.’s (2006) study 

 
  Mayor PA, Rogers CS, Hillis-Starr ZM (2006) 

Distribution and abundance of elkhorn coral, 
Acropora palmata, and prevalence of White-
Band disease at Buck Island Reef National 
Monument, St. Croix, US Virgin Islands.                
Coral Reefs 25 : 239-242 
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White-Band Disease (WBD) 

Healthy Tissue 

 
Active WBD 

 
 

Recently Dead tissue 
killed by WBD  
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Study Site 

Buck Island National Monument 
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Mayor et al.’s (2006) BUIS Dataset 

Buck Island Reef  
National Monument 

 
 

US Virgin Islands 

Surveyed Habitat 
 

 
 
 

(< 10 m deep) 
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Creating the Artificial Dataset 

Step 1 

Create 4 Cluster Centers 

Step 2 

Define Cluster Boundaries 

Step 3 

Create 44 Clustered Points 

Step 4  

Create 331 non-Clustered Points 
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All of the ESDA Methods used on the Artificial Data 
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3 Tiered Approach to Geospatial Coral Epizootiology 
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3 Tiered Approach to Geospatial Coral Epizootiology 

 Tier  1 : Disease Mapping & Visualization 
spatial methods & visualization techniques used to visualize the spatial 
distribution of diseased corals through the creation of different types of maps 

 

 Tier  2 : Detection & Analysis of Disease Clusters 
spatial methods designed to detect & analyze spatial clusters of diseased individuals 

2A : General Disease Clustering   

results have no spatial output 
 

2B : Specific Disease Clustering   

results have spatial output 

 

 

 Tier 3: Disease Modeling, Prediction, & Ecological Analysis 
spatial methods used to model the relationship between the spatial distribution of 
diseased corals and other spatial, temporal, and ecological variables, in order to 
better understand how these variables influence the spatial nature of a given coral 
disease, test various hypotheses, and possibly even predict future disease outbreaks 
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Global vs. Local Statistics 

 General Disease Clustering methods use Global Statistics                           
to detect & analyze the “overall clustering tendency of the disease 
incidence in a study region”  

 

 Specific Disease Clustering methods use Local Statistics to detect 
& analyze the locations of specific disease clusters within the study region  

 
Global Spatial Statistics Local Spatial Statistics 

Used to emphasize the similarities  
over space 

Used to emphasize the differences 
over space 

Used to search for region-wide trends Used to search for local exceptions 

Spatial distribution is assumed to be 
homogeneous 

Spatial distribution is assumed to be 
heterogeneous 

Results are often non-spatial Results contain spatial output 

Results are usually single-valued 
statistics 

Results are usually multi-value 
statistics 



Part   III 
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Appling the 
Geospatial Protocol 
to coral disease data  

 
  

 
 

the  material presented in this section was 

published earlier this year in  PLoS one 

 

 
Lentz JA, Blackburn JK, Curtis AJ (2011) Evaluating Patterns of a 

White-Band Disease (WBD) Outbreak in Acropora palmata Using 
Spatial Analysis: A Comparison of Transect and Colony Clustering. 
PLoS one 6 : e21830 
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Tier  1 : Disease Mapping & Visualization 

+ 
       69  Total  A. palmata colonies with WBD 

2,423   Total  A. palmata colonies without WBD 

2,492   Total  A. palmata colonies 

  44   Total  A. palmata transects  with WBD 

331   Total  A. palmata transects  without WBD 

375   Total  A. palmata transects 

Colony – Level  Transect – Level  

+ 
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Normalized Expected K values (aka the “Poisson Distribution” or “CSR”) 

99% Confidence Intervals (CI) based on the normalized Observed K values for the Population 

D = (normalized Observed K for WBD) – (normalized Observed K for the underlying Population) 

WBD is significantly More clustered than the clustered distribution of the underlying population 

Clustered distributions of WBD and the underlying Population are not significantly different 

WBD is significantly Less  Clustered than the Clustered underlying Population 

The spatial distribution of  WBD is significantly Dispersed 
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1.6 Km 750 m  50 – 300 m 

𝑫 = 𝑳(𝒅)𝒘𝑾𝑩𝑫 − 𝒅 − [𝑳(𝒅)𝒘𝑷𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏 − 𝒅] 

Colony – Level  

1.5 Km 
1.25 Km 

Transect – Level  

𝑫 = 𝑳(𝒅)𝑾𝑩𝑫 − 𝒅 − [𝑳(𝒅)𝑷𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏 − 𝒅] 

Ripley’s K Analysis 
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DMAP’s Dual Kernel Analysis 

Colony – Level  Transect – Level  

Total Surface Area with WBD Prevalence Estimates greater than zero 
 was the same for both the Transect & Colony-Level analyses  

• High WBD Prevalence Estimates 
 

𝟒𝟒 𝐓𝐫𝐚𝐧𝐬𝐞𝐜𝐭𝐬 with 𝐖𝐁𝐃

𝟑𝟕𝟓 𝐓𝐨𝐭𝐚𝐥 𝐓𝐫𝐚𝐧𝐬𝐞𝐜𝐭𝐬
= 𝟏𝟏. 𝟕𝟑% 

 
• Suggesting that WBD was present in more 

than 10% of the Acropora palmata 
population  

Indicates  

• Low WBD Prevalence Estimates 

However… 
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DMAP’s Dual Kernel Analysis 

Colony – Level  Transect – Level  

•High WBD Prevalence Estimates 
 

𝟒𝟒 𝐓𝐫𝐚𝐧𝐬𝐞𝐜𝐭𝐬 with 𝐖𝐁𝐃

𝟑𝟕𝟓 𝐓𝐨𝐭𝐚𝐥 𝐓𝐫𝐚𝐧𝐬𝐞𝐜𝐭𝐬
= 𝟏𝟏. 𝟕𝟑 % 

 
• Suggesting that WBD was present in > 10% 

of the  Acropora palmata  population 
 

•Thus, the disease surface produced by the 
Transect-Level analysis indicates that the 
2004 WBD outbreak was quite severe 

•Low WBD Prevalence Estimates 
 

𝟔𝟗 𝐂𝐨𝐥𝐨𝐧𝐢𝐞𝐬 with 𝐖𝐁𝐃

𝟐, 𝟒𝟗𝟐 𝐓𝐨𝐭𝐚𝐥 𝑪𝒐𝒍𝒐𝒏𝒊𝒆𝒔
= 𝟐. 𝟕𝟕% 

 
• Suggesting that WBD was present in < 3% 

of the  Acropora palmata  population 
 

•Thus, the disease surface produced by the 
Colony-Level analysis indicates that the 
2004 WBD outbreak much less severe 
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DMAP’s Dual Kernel Analysis 

Colony – Level  Transect – Level  

•8 areas with significant WBD prevalence  

- located in areas with high & low WBD 
prevalence 

- distributed throughout the WBD prevalence 
area 

- significant clusters were fairly large in size 
(area)  

 

- this WBD outbreak appears to be a chronic 

- likely caused by a ubiquitous stressor 

• 1 main area with significant WBD prevalence  

- which also had the highest WBD prevalence 

• The presence of a “Primary Cluster” suggests …  

- this may be the origin of the WBD outbreak  

- could be caused by a point-source contaminant 

- WBD is likely contagious 

    spreading out from this primary cluster 
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Implications & Importance of Results 

 areas of significant disease clustering might indicate the presence of 
locally aggregated stress factors   surrounding corals more vulnerable to 
infection 

• By knowing where these clusters are occurring this hypothesis can actually be tested 

 The low prevalence of WBD among A. palmata colonies, combined with the fairly 
random spatial distribution of WBD colonies, might indicate that the disease is 
caused by either air and/or water-born direct transmission of the causative 
disease agent from a terrestrial point of origin (Jolles et al. 2002) 

 In addition, the dispersed WBD distributions might also indicate that the 
clustered coral population may offer protection from disease by providing 
physical barriers to the disease agents or toxins                   (Foley et al. 2005). 

 



Part   IV 
 

Discussion 
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Limited by the Availability of Robust Datasets 

http://coraldisease.org/  

http://development.unep-
wcmc.org/GIS/coraldis/searchForm.cfm 

http://reefbase.org 
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Limited by the Availability of Robust Datasets 

Designed to compile “information on the global 
distribution of coral diseases to contribute to the 

understanding of coral disease prevalence” 
http://coraldisease.org/  

 

The types of information they collect  are NOT 
conducive to any type of accurate or meaningful  

spatial epidemiological analysis 

 

• NO information is provided on the scale of the 
analysis (i.e. country, site, transect, colony, etc.) 

 

• ONLY collect data on disease presence  

 

Prevalence = “# of existing diseased cases in a given 
population over a specific period of time” 

     

http://coraldisease.org/  

http://reefbase.org/  

http://development.unep-
wcmc.org/GIS/coraldis/searchForm.cfm 
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Limited by the Availability of Robust Datasets 

Designed to compile “information on the global distribution of coral diseases to 
contribute to the understanding of coral disease prevalence” 

Searched for records of  
 Diseased Acropora   

in the Caribbean 
Between 1950 & 2012 

 
Results showed a  

total of 9 disease counts 
& they were all in 2009 

http://coraldisease.org/  
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Single KDE of WBD vs. dual KDE of WBD/Population 

Colony – Level  Transect – Level  
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Atlantic & Gulf Rapid Reef Assessment (AGRRA) 
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Atlantic & Gulf Rapid Reef Assessment (AGRRA) 
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Atlantic & Gulf Rapid Reef Assessment (AGRRA) 



Part   V 
 

Summary & Conclusions 
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Summary & Conclusions 

 Locations of significant clusters could be used to guide Microbial analyses 

 

 

 

 

 

 Study the  spatio-temporal changes in coral health 

 

 Compare spatial distributions of different diseases at the same location  

 

 Provide marine resource managers with information on the most 
vulnerable areas of the reefs 
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Geospatial Analysis of Corals 

The use of GIS and  

Spatial Analytical Methods  

can provide researchers with  

powerful tools that have the  

potential to greatly improve our 
current understanding of 

Coral Epizootiology 
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