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The use and value of 2D mosaics in reef ecosystems 
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 Numerous methods for coral reef monitoring
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• 

Measure Document Link patterns/ 

Change processes 

Good Management 

Only if the right • Always sub- • Cumulative, poor 

metrics are sampling if documentation 

collected or measurements 


•	 A-priori decisions of change are 

insufficient or 

inaccurate 



 
 

 

 

  

 
 

 

 iews of a Changing World 

Rainforest 

 

 

 

• Document 
• Capture information on everything within the field 

of view 

• Link Patterns with Processes 
• You don’t need to know what to measure before 

something changes 

• Detect and Measure Change 
• Not only measure change but provide a visual 

record 

From: Fragile Earth V 

Bolivian 

1975 

Bolivian Rainforest 

2003 



      

 

    

Filling the Gaps 

1. Image solutions for monitoring and mapping coral communities 
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Technology 



  

  

 

 
 

 

 

 

 

DV camera 

SeaBED AUV 
Nikon D200 and 

Sony HDV 

Dual Nikon D7000 
Go Pro Hero2 Dive 

Housing 

Canon Powershot 

D10 

Input Data 



 

 A Mosaic View of Coral Reefs
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A Mosaic View of Coral Reefs
 

http://web2.physics.miami.edu/ agleason/mosaic_results/australia2010/bells_reef_zoomify.htm
 

http:http://web2.physics.miami.edu


 
 

   

 

 

Minute Mosaics 
• 19-44m2, 10-90 corals 

• 60 – 90 images @ 1/sec 

• 138 mosaics in 3 

days/5km 

~3 m 



  

 

 

 

 
• 8 gopro cameras, two days 

• 336,000 frames, ~40,000 m2, 6mm/pixel 

~150 m 

~
3

0
0
 m

 

Large Areas 



 

    

 

 

Technology Validation 

1. Measuring Sizes 2. Benthic Cover 3. Species Richness 

4. Damage Assessment 5. Long-Linear 

Distances 
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Documenting Coral Communities: Measuring Sizes
 



 

  

   

 

Documenting Coral Communities: 

Species Richness 

Success: Smaller of  either 90% Min diver, or min- difference in  

diver estimates 



   

 

 

 

 

 

 

  

  

 

 

                       

                       

                       

                       

                       

                         

 

                       

                         

                       

                       

 

 

    

 

LIT vs. Mosaic 

Brooke's Reef (30-40 

ft) 

Evans forereef (30-

40ft) 

Anniversary Patch 

(12 ft) 

Evans Reef Crest (15-

20 ft) 

Anniversary Damaged 

(12ft) 

MAJOR CATEGORY T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 

# 

Faile 

d 

% 

Success 

CORAL (C) 1.00 0.81 0.81 1.00 1.00 0.75 1.00 0.42 1.00 1.00 0.81 1.00 0.68 0.84 1.00 0.84 1.00 0.68 1.00 0.68 0 100 

GORGONIANS (G) 0.78 0.77 1.00 0.13 0.05 0.15 0.13 0.03 1.00 0.17 0.01 1.00 0.27 0.33 0.87 0.51 1.00 1.00 n/a 0.80 3 85 

SPONGES (S) 1.00 0.31 0.36 0.41 0.53 1.00 0.45 0.54 1.00 0.10 0.25 1.00 1.00 0.43 0.50 1.00 n/a 1.00 1.00 1.00 0 100 

ZOANTHIDS (Z) 1.00 0.52 0.69 1.00 0.21 0.72 n/a n/a n/a n/a n/a n/a 1.00 0.11 1.00 1.00 n/a n/a n/a n/a 0 100 

OTHER LIVE (OL) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 0.12 n/a n/a n/a 1.00 0.89 0.57 0.06 0 100 

DEAD CORAL WITH ALGAE 

(DCA) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

CORALLINE ALGAE (CA) n/a 1.00 0.06 n/a 1.00 1.00 1.00 n/a n/a n/a 1.00 n/a 1.00 0.12 0.72 0.25 0.12 n/a 0.25 n/a 0 100 

DISEASED CORALS (DC) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

COMBINED (SAND+ALGAE) 1.00 0.08 0.78 1.00 0.09 0.57 0.28 0.54 1.00 1.00 0.06 1.00 0.10 0.20 0.60 0.88 0.28 0.50 0.21 1.00 0 100 

Mosaics and Divers: Linear 

point intercept and compare 

vs. each transect individually 

Mosaic Transects Diver Transects 

Documenting Coral Communities: Benthic Cover 



A) Diver-based “fishbone” method 

 

 

     

   

 

 

     

 
 

 

 

 

  

   

 

 

  

 

 

C) Trace damaged area from mosaic 
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Documenting Coral Communities: 

Measuring Reef Damage 

GPS 6% higher than mosaics 

Fishbone 18% higher than mosaics 

Are differences related to measurement 

inaccuracy or sampled area? 



 

  

 
 

  

 

 

 

 

 

Document 

processes 

•	 Entire benthic • Don’t have to • Better information 

communities predict what is = better prediction 
• Coral size	 going to happen 
• Species Richness 

• Coral Cover 

• Damage estimates 

Measure Link patterns/ 

Change
 



  

 

 

 

 

 
 

 

 

 

 
 

 

 

 

*Cheeca Rocks, Florida Keys 

*6 sites established 

* Inshore patch reef 

*Coral cover 

*NOAA’s National Coral Reef 
Monitoring Program (NCRMP) 

*Mosaic sampling 2012-present 

*Additional sampling September 
2014 and March 2015 to 
document the effect of mass 
bleaching on coral community 



 

   

   

New Approach to Monitoring 

July 2012 July 2013 August 2014 

Sept 2014 March 2015 October 2015 



 A Mosaic View of Coral Reefs
 



 

 

 

 

 

 

   

 

  

   
 

   

  

 

 

 

Fate Tracking
 
None 

Pale 

Partially Bleached 

Bleached 

Complete Mortality 

*Digitized and track changes in all corals within the field of view 

*>5,000 colonies 

*Why use this level of detail? 

*OA study site – Provides a detailed record of health for carbonate 
budget analysis 

*Higher power to detect change than random transects 

*Also allows you to take past history into account of coral dynamics 

*Rapid field technique for entire community assessment 



                                                                      

 

 

 

 

 

      

   

 

2013   2014 2015 

No Stress 

Watch 

Warning 

Alert 

Average annual maximum 

Annual max + 1 C 

Florida Keys Record 

2014 Bleaching Event 



 
      

       

Total %Bleached = 72.8% 
Transect 4= 69.8% Transect 5= 84.7% Transect 6= 68.4% 

Transect 1- 82.5% Transect 2= 50.3% Transect 3= 84.2% 
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% Bleached Range: 49%-83% 

All Sites: 71% 

11 out of 22 species >90% bleached 

Pseudodiploria clivosa – 100% 

Orbicella annularis – 99% 

Siderastrea siderea- 37% 

Stephanocoenia intersepta- 35% 

Bleaching Susceptibility 



    
 

 

 

 
 

 

  

Coral bleached 2014 was 

it still there in 2015? 
15 species 100% survivorship 

21 >96% survivorship 

99% Survival 

Bleaching Recovery 
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September 2014 March 2015 



  
         

       

Total Tissue loss = -3.7% 
Transect 4= -3.5% Transect 5= -1.3% Transect 6= -1.6% 

Transect 1=-3.4% Transect 2=-7.8% Transect 3= -3.0% 



 

  

  
  

   

  

     

  

 

 

 

  

  

If a coral bleached in 2014 did it 

loose tissue? 

12.5% overall v.s ~5% 2003-2011 

(Lirman et al, 2014) 
66.6% Pseudodiploria clivosa(4 of 6) 

43.6% Orbicella faveolata (240 of 550) 

28.5% Porites astreoides (155 out of 544) 

6.6% of Orbicella annularis (80 out of 1218) 

1.4% Montastrea cavernosa (1 out of 86) 

Partial Mortality following bleaching 

September 2014 March 2015 
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13.1 

48.0 

Predisposed to Mortality in 
2015? 

Fate-Tracking:Bleaching Resilience 

*Not isolated events 

*Help explain some of the 

variability in mortality 

*Important as we move closer 

to periods when yearly 

bleaching is estimated to occur 



 

 

  

   

          

 

 

 

     

          

 

 

 

 

March 2015 

Pie charts show relative 

abundance of symbionts 

from clades 

A B C D 

September 2014 

Pie charts show 

relative abundance of 

symbionts from clades 

A B C D 

*Mosaics provide a demographic context for other work 

*Paul Jones- Symbiont communities of O. faveolata during and 

following the 2014 mass bleaching 

*Shift to Clade D coincided with reduced bleaching of O. 

faveolata in Summer 2015 



                                                                      

 

 

 

 

 

      

 

2013   2014 2015 

No Stress 

Watch 

Warning 

Alert 

Average annual maximum 

Annual max + 1 C 

2014 and 2015 Bleaching Event 



 Bleaching 2014 vs. 2015
 



  

 

  

 

 

 

 

 
 

 

 

 

Identify 

resilient/resistant 

or susceptible 

corals with MINIMAL 

field time 

*We can use new technologies to rapidly capture health 
information on 1,000’s of corals in a single dive and analyze 
them in the lab 

* Eliminate Shifting Baselines 

*We can also now SHOW and TELL the affects of various 
disturbances in a side-by-side view. 

*September 2014 bleaching event- Coral communities can be 
resilient to moderate/severe bleaching 

*Total coral mortality was rare (<1%) 



  

 

   
 

 

    
 

 

   

 

  
 

 
 

 

Identify 

resilient/resistant 

or susceptible 

corals with MINIMAL 

field time 

*Not isolated events.  Previous mortality increases likelihood of 
mortality during thermal events 

*Shift in algal symbiont communities maybe a very important resilience 
mechanism 

*Natural Experiment-Two years of bleaching and recovery information 

*Answer questions on resistance and resilience under multi-year bleaching 
conditions 

THANK YOU 
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