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Since 2005, in the frame of its work on the management of human activities, the Souffleurs d’Ecume 
association has been integrating alerts and recommendations concerning the fossil fuel dependence 
issue. Today, this action results in the “Energy program”. There are three objectives: 
 

- Spread the scientific information about the acknowledged and potential impacts of climate 
changes on Mediterranean cetaceans.  

- Consider the economical aspect of human activities dependence on fossil fuels.  
- Recommend experimental and practical measures (as reproducible examples), in order to 

reduce this dependence and to diminish local greenhouse gases emissions (local alternatives 
for a global issue).  

 
The following arguments are provided in order to understand the stakes.   
 
 
IPCC scenarios  
 
The IPCC (Intergovernmental Panel on Climate Change), is a scientific body that was established by 
the World Meteorological Organization (WMO) and the United Nations Environment Programme 
(UNEP). Via several thousands of scientists involved in climatology, the IPCC regroups almost all the 
member states of the United Nations and aims to evaluate the risks of human-induced climate change. 
Today, all the IPCC official publications have been approved by the represented nations (including the 
top oil consumers like the USA and Saudi Arabia). 
 
The last assessment report of the IPCC, shows that, according to different scenarios, the average 
warming of the planet will be between 1.8 and 4°C by 2100 (IPCC, 2007). This order of magnitude 
represents what separates our era from the last glacial period, when climatic conditions could by no 
means sustain our present population. 
 
Thereby, according to scientists, such an increase of temperature in a very short time period 
represents a real “climatic shock”, likely to be responsible for disastrous ecological disorders and for 
which no solution has yet been considered by our society (in Jancovici, 2005). 
 
Although the present observations show that global temperature increases proportionally to 
atmospheric greenhouse gases concentration, there is thresholds over which the climatic system 
responds very differently (threshold process).  
 
Each year, 2 Gt of carbon is absorbed by the oceans through physical and biological process but, this 
“carbon pump” could be saturated by 2020-2030 (Orr et al., 2001) and a significant reduction in the 
efficiency of the Southern Ocean sink of CO2 has recently been observed (Le Quéré et al., 2007). 
 
Positive feedback processes would tend to accelerate the rate of global warming (Woodwell & 
Mackenzie, 1995). The amount of methane sequestered as methane hydrates in the oceanic 
sediments of continental plates, as well as in permafrost regions, could be 3000 times larger than the 
amount of methane present in the atmosphere (Blunier, 2000). With an increase of water 
temperatures, methane hydrates could become unstable and release vast quantities of methane into 
the atmosphere. Given that methane is 20 times more efficient than carbon dioxide at trapping infrared 
radiation, this could have catastrophic climatic consequences. Such an event, known as a “methane 
burp”, occurred about 200 million years ago. By increasing the atmospheric temperature by 4 to 8 
degrees, and reducing the amount of oxygen, this phenomenon may have been responsible for the 
extinction of 80 % of the oceanic fauna at that time (Hesselbo et al., 2000; Kennett et al., 2000).  
 
What separates us from this threshold and, if crossed, what would the impacts on life be? The answer 
remains unknown: by crossing this threshold, we would start a “pressure cooker” that would accelerate 
the rate of climate change and it would then be too late to consider solutions (Jancovici, 2008). 



 

 3 

The misunderstanding of climatic mechanisms often 
justifies our recurrent resistance to act. We thus emit 
each year more greenhouse gases into the 
atmosphere and a large part of them will remain 
stable for several centuries. Today, the carbon 
dioxide (CO2) concentration is 368 ppm, whereas 
between 1000 and 1750, it was stabilized at 280 
ppm.  
 
Another reason to consider this issue is paradoxically 
the stagnation or diminishment of the world oil 
production capacities. What will be the economical 
and social consequences of an expensive and 
insufficient oil supply? Can we reasonably count on 
renewable energies for our ever-increasing energy 
consumption? Which abundant and cheap energy will 
permit us to adapt to climate change?  
 

 
 
Impacts on marine ecosystems and cetaceans 
 
According to Thomas et al. (2004), climate change is today one of the most serious threats to 
biodiversity and “on the basis of mid-range climate warming scenarios for 2050, 15-37% of species in 
our sample of regions and taxa will be ‘committed to extinction’”.  
 
Global warming is already affecting marine ecosystems (CBD, 2003; Parmesan & Yohe, 2003) and 
although lower trophic levels are the most likely to be altered, cetaceans could be affected by global 
warming in a variety of ways (e.g. Gambaiani et al., in press), as shown in figure 2. 
 

 
 
Figure 2. Overview of the potential impacts of global warming on marine life, including cetaceans (from Gambaiani & al., 2005). 
 
Marine organisms that survive under specific ecological parameters (e.g. seawater temperature, 
salinity and current patterns) and that cannot adapt themselves or move when the environmental 
conditions change, could be seriously affected by climate change. Such foodweb alterations are likely 
to produce significant cascade effects on marine biodiversity including impacts on species of higher 
trophic levels, such as cetaceans. 
 

 
Figure 1: estimation of the average surface temperature 
increase between 1990 and 2100 according to different 
scenarios (one for each colour). For a given scenario, 
the continuous line gives the most probable value for 
temperature increase between 2000 and 2100 (= to an 
average between different models). The shaded zone on 
the right side represents the standard deviation for 
temperature increase (for all types of models). 
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For instance, in the Mediterranean Sea, cold-water species like the small euphausid Meganyctiphanes 
norvegica whose distribution and abundance is correlated with specific hydrobiological parameters 
(e.g. seawater temperature, salinity and current patterns) might be affected by climate change-induced 
alteration of ocean circulation. Situated at the northern limit of its ecological tolerance, this species 
constitutes the only known food supply of the fin whales (Balaenoptera physalus) in this region (Viale, 
1985; Besson et al., 1982; Orsi Relini & Giordano, 1992; Orsi Relini et al., 1994;  Astruc & Beaubrun, 
2001) and in case of unsuitable environmental properties, will not be able to move northward because 
of the physical land barrier. 
 
Aguilar & Raga (1993) and Simmonds & Mayer (1997) have suggested that the mass mortality of 
thousands of striped dolphins (Stenella coeruleoalba) during the 1990-1992 morbillivirus epizootic 
might have been caused by the unusual warm and dry winter of 1989-1990 that led to abnormally 
warm water temperatures and low rainfall. This phenomenon resulted in reduced nutrient input into the 
eastern Mediterranean and thus low productivity (Simmonds & Mayer, 1997). This led to the decline of 
the dolphin’s common prey and explains why many of the dolphin carcasses showed depleted body 
fat reserves (Aguilar et al., 1991). Global warming is likely to encourage the spreading of tropical and 
subtropical viruses and pathogens (CIESM, 2004) and may promote epizootics events like 
morbillivirus infections (Agardy, 1996), which have also been identified in the endangered 
Mediterranean monk seal (Monachus monachus) (Van de Bildt et al., 1999). 
 
This example is based on an extreme meteorological event that might not be related to climate change 
(we must not confuse meteorological events with climate). However, according to the IPCC, if we do 
not limit our greenhouse gases emissions, such meteorological episodes could become more 
frequent. Although recent climatic anomalies represent only a small part of the forecasted changes, 
they have already generated important responses in marine ecosystems (e.g. Gambaiani et al, in 
press). 
 
Moreover, the rise of atmospheric CO2 could increase the acidity of seawater and therefore reduce the 
saturation state of CaCO3 species in the oceans, namely calcite and aragonite (Caldeira & Wickett, 
2003; Orr et al., 2005). By reducing the level of calcium carbonate saturation, ocean acidification will 
affect the process of calcification of some marine key organisms such as calcifying plankton (e.g. 
coccolithophores), coralline algae, pteropod molluscs and coral polyps (Kleypas et al., 1999; Riebesell 
et al., 2000; Feely et al., 2004). Cephalopods may also be particularly sensitive. The seawater 
acidification phenomenon can also have an impact on the reproductive patterns of fish (Stanley, 
1984). 
 
According to a study recently carried out by The Royal Society (2005), the plankton calcification 
process could become very limited and a large portion of marine life could then disappear by 2100. 
 
 
Combined effects of global warming and energy crisis on human activities  
 
Today, the majority of commercial activities carried out within the Pelagos Sanctuary considerably 
depend on oil.  
 
Let’s take the example of whale watching, whose elements are also relevant for commercial shipping. 
According to Mayol (2005), 80% of the whale-watching boats are presently driven by powerful diesel 
engines (up to 2 x 480 CV) consuming more than 1000 litres of diesel oil per day (more than 50% of it 
is used to reach the observation zone and come back to the harbour). Despite the ineluctable increase 
of oil price, fuel represents 10 to 25% of the operators’ budget. Although the price increase is 
generally passed on to tickets’ prices, it is obvious that this principle has begun to reach its limits. 
 
It results in three phenomenon caught in a vicious circle: the constant increase of the operator’s oil 
budget, the enrichment of atmospheric greenhouse gases and the global warming impacts on 
cetaceans and, indirectly, on whale-watching. The IPCC, besides, declares that by affecting coastal 
ecosystems, climate change could influence several sectors of activity of the French costal area. How 
could we then envisage long-lasting and sustainable perspectives?  
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The French government created two distinct and complementary organisms:  
- The MIES (Greenhouse Gases Interdepartmental Mission), which aims to reduce 

anthropogenic greenhouse gases emissions in the frame of the Kyoto Protocol.  
- The ONERC (National Observatory of the Effects of Global Warming), which intends to limit 

human activities vulnerability to global warming.   
 
The latter recommends to consider the issues of climate change and its consequences in terms of 
adaptations in order to integrate it in all decisions making at all levels, in all sectors, on the same level 
as mitigation measures which aim to limit the causes of climate change.  
 
In a report addressed to the Prime Minister in 2005, the Observatory reminded the necessity of taking 
into consideration the issue of climate change in all the future projects, not only at national but also at 
regional level. The willingness of Pelagos and ACCOBAMS to manage human activities with a 
sustainable approach fully meets this imperative. 
 
To synthesise 
 
Although it would not be reliable to say that the consequences of climate change on Mediterranean 
cetaceans and their related activities are well acknowledged, several concerns come out of the 
literature (e.g. Gambaiani et al., in press). The impacts of global warming are not certain but probable. 
We could thus choose to ignore them and wait for the statistics to answer to our questions. But, except 
if an unknown negative feedback would reverse, by chance, the phenomenon; the answer could be 
available too lately. Would it then be sensible to count on good luck when the issue is so important?     
 
Of course, energy shortage and climate changes are phenomena which transcend the geographical 
boundaries of the Pelagos Sanctuary. Two divergent points of view can be confronted: the first one 
would consist in not being concerned about an issue of global scale. The second one would 
recommend a local action plan, which beyond its exemplary and reproducible aspect would encourage 
a voluntary adaptation to fossil fuels shortages (what physical sciences are going to force us to do 
sooner or later anyway).  
  
The United nations estimate that 150 millions of people could be forced to migrate by the end of the 
century because climate could not be compatible anymore with their model of society or their survival. 
Considering human issues, a pessimistic approach for the possible evolution of climate in the next 
decades would not leave much time for the problem of Mediterranean cetaceans.  
 
It is conceivable to initiate a realistic and efficient action, on the condition that man (you, us, 
companies, governments, …) assesses the importance of the phenomenon whose he is the only one 
responsible and able to take action.  
 
 
Souffleurs d’Ecume “ Energy Program”  
 
If the objective is to encourage sustainable activities, we must consider the “energy aspect” in the 
management of human activities in the Pelagos Sanctuary and ACCOBAMS. The “Energy” program of 
Souffleurs d’Ecume aims to:  
 

a. Synthesise the acknowledged and expected ecological impacts of atmospheric greenhouse 
gases enrichment on Mediterranean cetaceans and on their habitats.  

b. Assess the fossil fuel energy dependence and to quantify green house gazes emission of 
human activities that are concerned by the management programs of the Pelagos Sanctuary 
(in particular commercial shipping and whale watching) with the set up of several Bilans 
Carbone ® (= “carbon assessment”, cf. annex). 

c. Evaluate the social and economic issues resulting from this dependence 
d. Consider a reorganisation of the excursions in order to limit their fossil fuel consumption and 

their greenhouse gases emissions. 
e. Realise an exhaustive literature review to list the different renewable energy techniques and 

new technologies which exist or are being studied around the world and make an inventory of 
scientists, engineers, ideas men, manufacturers, and other organizations involved in 
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alternative boat propelling techniques that would be susceptible from being interested in 
testing this technology in the study area. 

f. Remind the current legislative context and the three countries commitments in terms of 
reduction of greenhouse gases emissions. 

g. Set up an action plan (reorganisation and alternative energies) through a local 
experimentation, in order to reduce the fossil fuel consumption of the concerned activities and 
identify closely related issues (e.g. what to think about airline companies operating between 
Corsica and the mainland faced with the reorganisation of maritime traffic). This would make 
Pelagos an exemplary and resource area in terms of diminishment of fossil fuel energy 
dependence at a local scale.  

 
This program is susceptible to be integrated into the Local Climate Plan and into the new maritime 
integrated policy of the European Commission (Livre Bleu). This policy wishes to set up pilot actions in 
order to reduce climate change impacts in coastal areas and to support international efforts aiming to 
limit vessels greenhouse gases emissions. Furthermore, the ONERC has already showed his interest 
for the previously presented measures in the frame of “a refection on the energy independence of 
insular states faced with their marine transportation needs”. Then, the French consulting society 
“Carbone 4” (www.carbone4.com), which would be, in a first time, charged to carry out the Bilans 
Carbone ®, then to formulate feasible propositions for the program, and to set up real “carbon 
strategy”. 
 

Contacts:  
Souffleurs d’Ecume  

Pascal MAYOL (pmayol@souffleursdecume.com) 
Delphine GAMBAIANI (delphine.gambaiani@yahoo.fr) 

With the contribution of Stéphane Amant et Jean-Marc Jancovici. 
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