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Figure 9. One of the five distance constraint after final bundle 
adjustment. 

The bundle adjustment is able to process additional constraints 
as distances between points; this is done for final scale and 
accuracy control, all the residuals on the constraint distance are 
less than 0.5mm. 
After verifying the accuracy, a check for gross error is 
performed by comparing the measured point coordinate with the 
bounding box computed after densification and computation of 
a dense cloud of points. 
Finally a consistency check module is performed on the 
measured points by comparing the default values of the studied 
colonies. A consistency check module, based on the work made 
by Julien Seinturier during his PhD (Seinturier, 2007; Seinturier 
et alii, 2003) is continuously updated with the current plotting. 
 

 
Figure 10. Dense cloud of point measured automatically to 

check the manual measure. 
 
 
 

 
Figure 11. Dense cloud of point measured automatically to 

check the manual measure. 
 

3. RESULT ANALYSIS 

Underwater photography has been used to monitor 10 
populations in the NW Mediterranean Sea. Permanent plots 
have been set up in 5 marine protected areas (Parc Natural del 
Montgrí, les Illes Medes i el Baix Ter, Réserve Naturelle 
Marine de Cerbère-Banyuls, Parc Marin de la Côte Bleue, Parc 
National de Calanques et Réserve Naturelle de Scandola). 
Except for the populations within the Parc National de 
Calanques near Marseille, which was created in 2012, 
populations benefit from protective measures for the last 
decades. The analysis of photographic surveys allowed to obtain 
the following main results: (i) data on size-structure of 

populations submitted to different protection regulations which 
provided helpful information for the evaluation of the 
effectiveness of management measures on coral populations; the 
conservation status was higher in marine protected areas where 
all kinds of human activities are prohibited except scientific 
surveys (Linares et alii, 2010). (ii) The comparison of colony 
sizes monitored annually from permanent plots allowed to 
obtain reliable growth rates in height (Garrabou et al. 
unpublished data). (iii) Quantify the impact and recovery of 
harvesting events in unprotected populations near Marseille. In 
fact, fishermen often leave basal parts of the colonies from 
which red coral could recover. The photogrammetric analysis 
allowed to quantify the rates of recovery which resulted in a 
relevant mechanism to explain the persistence of populations 
submitted to harvesting (Garcia 2011, Garrabou et al. 
unpublished data)  
 
 

4. CONCLUSIONS AND FUTURE WORK 

4.1 An interdisciplinary work 

The work presented in this paper is based on ten years of 
interdisciplinary work where computer science researchers had 
to understand the real need of the biologists and the hard 
constraint of diving, and on the other hand, biologists had to 
change their methods in the field and in the lab. 
The method implemented in terms of photographs approach, 
scene illumination, practical feasibility on site, photogrammetric 
method, minimizing time on site and giving an estimator of the 
accuracy provided by the measurement method and a 
consistency check regarding the data collected by experts. 
Two kinds of scenarios were implemented: measurement of 
colony characteristics, such as base diameter, height, etc. This is 
done by making a set of photographs of a colony surrounded by 
a known quadrat. These measurements are stored in a local 
reference system, dependent of the quadrat placed on the scene. 
The second one is the measurement of zones delimited in the 
rock substrate in order to monitor changes over time on the 
zone; i.e. the measurements are stored in a local reference 
system expressed by relevant, fixed targets present on the zone. 
The result is a set of direct or indirect measurements made on 
the red coral colonies or by using a dense cloud of points post-
processed after photograph orientation. 
Finally in order to help the experts read the final documents, we 
are able to provide 3D models as well as generate 2D 
orthophotos that are accurate and reliable. 
  
4.2 Future work 

The use of underwater photogrammetry already enables 
researchers to obtain novel information on the size-structure 
population dynamics of red coral which provided new 
quantitative evidence of the effect of harvesting and the 
recovery of red coral populations dwelling in marine protected 
areas. Likewise, for the very first time we obtained reliable 
measures of growth rates on height in this species. The 
photographic records were also useful to quantify the necrosis 
rates on the populations affected by mass mortality events 
related with anomalous warming. In this study we focused on 
only one species, the red coral, but photographs contain 
information about many other species which could be analyzed 
in the future to provide more global information on the 
functioning of benthic communities. The use of underwater 
photogrammetry was proven very valuable, but a new avenue of 
applications for the study of such complex communities is 
already available with the development of affordable geo-
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referenced mosaic techniques. These mosaics will offer marine 
biologists new data sets of spatial related information which 
was just unachievable few years ago.   

Based on almost ten years of collaboration we will use these 
data, collected during these years, to study the evolution of coral 
during this time even if the methodology, implemented 
algorithms and photograph technology has changed. 
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