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editoriaL

The Convention on Biological Diversity will celebrate its 20th anniversary 
this year. Its goal is to preserve biological diversity; one of its main 
priorities is to protect the marine environment. France, the second 
most important maritime country in the world, is a signatory of this 
convention and has set itself some ambitious objectives for protecting 
the marine environment. Above and beyond the 10% of coastal and 
marine areas to conserve as recommended by the treaty, France has 
promised to create 20% of Marine Protected Areas (MPAs) by 2020.
The French Marine Protected Areas Agency is a national public 
establishment set up in 2006 for the protection of the marine 
environment. The Agency helps implement various public maritime 
policies, particularly by creating and managing Marine Protected Areas 
(MPAs) in the waters around mainland France, in French overseas 
territories and, in some cases, in international contexts. It directly 
manages some parks and certain Natura 2000 sites and provides 
methodological, technical and financial support to all those managing 
MPAs (reserves, natural marine parks, etc.).
To carry out its missions, the Agency plays an important role in 
evaluating and monitoring the state of the marine environment and 
protective measures. In partnership with several scientific or socio-
professional organizations, it collects and processes a wide range of 
data as input for the definition of new Marine Protected Areas, for the 
evaluation of the state of the marine environment and for implementing 
management measures, etc.
Examples of scientific campaigns that have been organized by the 
Agency since its creation include exploration of the deepest canyons 
in the Mediterranean, aerial observation of marine mammals both in 
mainland France and in France’s overseas territories, mapping the 
seabed around the Marquesas Islands and charting the marine habitats 
of Natura 2000 sites and natural marine parks.
As the editorialist of this special issue of ArgosForum, the French Marine 
Protected Areas Agency shows how the monitoring of marine species 
by means of satellite telemetry with Argos transmitters improves our 
understanding and management of the marine environment. The stars 
of this edition are albatrosses, Barau’s petrels, shearwaters, sharks and 
loggerhead turtles, protected species that exemplify marine biodiversity.

By olivier Laroussinie
director, French Marine Protected areas agency
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For nearly 30 years BirdLife has been identifying 
Important Bird Areas (IBA) and using them to inform 
processes of Protected Area (PA) design, regional, 
national and global spatial planning exercises and 
as indicators of ecosystem health. IBA are priority 
sites for conservation and are identified using a 
standardized and well-established set of data driven 
criteria and thresholds. BirdLife has identified over 
10,000 IBAs to date, however, this work has been 
focused on the terrestrial biomes, only accounting 
for seabirds in designating colonies or important 
coastal areas. Until recently important pelagic sites 
(including those in international waters) have been 
overlooked.
 

traditionaL techniques 

Traditional techniques for identifying and qualifying 
IBAs include site visits, line transects and direct 
observations generally.  However, these are less 
relevant to pelagic applications; conducting line 
transects across entire oceans and at the temporal 
and spatial scale necessary is logistically and 
financially unfeasible. Tracking data, especially that 
which is remotely collected by the Argos system, 
offers a cost effective alternative, and as technology 
improves, devices are now more reliable and allow 
more accurate data to be collected for an increasing 
range of species. 

Pelagic seabirds, such as albatrosses and 
petrels, range over vast 

and remote areas of ocean. they spend nearly their entire life at-sea, 
returning to land only for breeding. on non-breeding migrations they 
may travel over 40,000 km, and even during breeding, when they must 
return to the colony to feed their young, they may still make foraging 
trips of 7,000 km lasting more than two weeks. Many populations of 
these birds are in stark decline. although they face threats on land, their 
decline can often be linked to their interactions with fishing vessels 
during their time at-sea. tens of thousands of albatrosses die every year 
as incidental by-catch in longline and trawl fisheries, and such dramatic 
mortality is having a severe effect on the species status. in response, 
Birdlife international has developed a methodology for identifying 
marine «important Bird areas» (iBas) for these seabird species and will 
be promoting protection of these sites through its global partnership 
and relevant policy mechanisms. as Phil taylor, of Birdlife international 
explains, argos tracking data plays an important role. 

user PrograM

Figure 1: Some of the analytical 
steps in the process of marine 
IBA identification. From top left to 
bottom right, Argos satellite data 
is used to determine the move-
ments of individuals, analyses 
identify the core use areas of each 
foraging trip (defined as the 50% 
UD), counts of overlapping core 
use areas, subsampling to esta-
blish representativeness values, 
and candidate site boundaries 
based on the population esti-
mation derived from representa-
tiveness values. Argos data allows 
fine scale behavioral changes 
to be noted allowing BirdLife to 
determine between foraging trips 
and time spent on the colony, 
between the varying stages of 
breeding when the movements of 
the birds are subtly different, and 
also allows BirdLife to quantify the 
interannual variability in seabird 
movements, a key input to deci-
ding whether an IBA is a static 
or dynamic site. The accuracy of 
Argos data also allows small scale 
sites, such as those shown here, 
to be identified, helping BirdLife 
be more targeted with its work. 

An adult Wandering Albatross carrying an Argos transmitter fitted by the British 
Antarctic Survey. Copyright Jonathan Ashburner.

By
Phil Taylor

compiling observations on a global scale

Copyright Jonathan Ashburner

identiFYing 
iMPortant 
Bird areas 
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with argos



Figure 2: the extent of the global Procellariiform tracking database (www.seabirdtracking.org) in January 2012. 

tracKing anaLYses

In recent years, many new methods have been 
developed for analyzing tracking data; sophisticated 
approaches to improve the accuracy of locations 
and to better understand behavior from movements 
are now readily applicable. 

However, a fundamental limitation when using 
tracking data in IBA designation is that tracking 
data provide information about the movement 
and distribution of tracked individuals only. IBA 
criteria ask for “regular presence” of a “significant 
abundance” to be proven for a site to qualify, and so 
an estimation of abundance must be derived. 
To address this BirdLife has developed a complex 
analytical approach using tracking data provided by 
a vast community of Argos users. The basic premise 
of the analysis is that areas used by high proportions 
of foraging or migratory trips are important; 
however, the calculation of these proportions is not 
straight forward and raises a number of issues. 
Analysis is undertaken on each unique combination 
of species, population and life-history stage. This 
ensures sites are appropriate to the specific behavior 
and distribution of the trigger species throughout 
its life-cycle, this is only possible when using high 
resolution data such as that provided by the Argos 
system. Kernel analysis and buffers are applied 
to each foraging/migratory trip  to calculate how 
frequently an area is used, and by what proportion 
of the population. Indices of representativeness 
are calculated by investigating the impact of 
subsampling the data, and the values are used in 
estimating the abundance at the sites. 
Regularity and stability are also assessed using 
statistical approaches, and sites are flagged as 

dynamic (i.e. mobile between years) when data 
is shown to be significantly different across years. 
First passage time analysis is used to determine the 
average scale of Area Restricted Search behaviour 
(ARS; high turning rates and slow flight speeds 
associated with foraging) and this is used to ensure 
site delineations are at the an ecological appropriate 
scale.

The methods have been shown to work consistently 
well across a range of species and regions, and the 
resulting sites have already been approved by a 
number of international policy mechanisms. 
When complete, this work will have identified marine 
Important Bird Areas for around 60 seabird species 
and the sites will be complemented by parallel IBA 
work for seabird colonies and near shore areas, and 
will be presented as the first global marine IBA 
inventory planned for launch in October 2012. 
 
tracKing dataBase

The success of this pelagic IBA work is entirely 
thanks to the support of those who have provided 
tracking data. BirdLife does not own the data 
itself, but instead has been allowed access to the 
data hosted in the Global Procellariiform Tracking 
Database (www.seabirdtracking.org; now hosting 
nearly 7,000 tracks), and other data on short term 
agreements. These data owners are listed at right 
and BirdLife extends its gratitude to them, as well 
as accreditation for the success of this work. Over 
half of the tracks made available to BirdLife have 
been collected using the Argos satellite system. 
These data have been particularly important in 
understanding small scale behaviour over long time 
periods, such as migratory stop off sites. 

Phil taylor 
Marine iBa analyst, BirdLife international

Phil taylor is the Marine iBa analyst for BirdLife 
international. he manages the BirdLife global 
Procellariiform tracking database and oversees 
the analysis of the data for iBa designation and 
for input into a number of other ocean user groups. 
his research interests are the movements and 
migrations of marine species, and understanding 
how these relate to threats at-sea.

 

data Providers
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(Department of Biology, Wake Forest University, USA), J. Arata (Instituto 
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(Wake Forest University, USA), N. Baylis (Falklands Conservation, Falkland 
Islands), E. Bell (Wildlife Management International, new Zealand), T. Boulineir, 
D. Gremillet (CEFE CNRS, France), L. Bugoni (Universidade Federal do Rio 
Grande, Brasil), P. Catry (Eco-Ethology Research Unit, ISPA-IU, Portugal), 
R. Crawford (Department of Environmental Affairs, South Africa), S. Cruz, C. 
Proaño , M. Wikelski (Max Plank Institute of Ornithology, Germany), R. Cuthbert 
(Royal Society for the Protection of Birds, UK), K. Delord, H. Weimerskirch (CEB 
CNRS, France), L. Deppe (University of Canterbury, NZ), L. Einoder, G. Elliot, 
K. Walker (Albatross Research, New Zealand), A. Freeman, K.J. Wilson (Lincoln 
University, New Zealand), J. Gonzalez-Solis (Universitat de Barcelona, Spain), A. 
Hedd, L. McFarlane Tranquilla (Memorial University of Newfoundland, Canada), 
M. Hester (Oikonos Ecosystem Knowledge, USA), M. Hindell (University of 
Tasmania, Australia), D. Hyrenbach (Oceanic Institute, Hawaii Pacific University, 
USA), P. Sagar, M.J. Rayner, D. Thompson, L. Torres (National Institute of Water 
& Atmospheric Research (NIWA), New Zealand), M. Kappes (University of 
California, Sanata Cruz, USA), Y. Kolbeinsson (Natturustofa Nodausturlands 
Hafnarstett, Iceland), G. Robertson, K. Layton (Australian Antarctic Division, 
Australia), M. Louzao  (Instituto Español de Oceanografía, Spain), S. Petersen, 
D. Nel (WWF South Africa, South Africa), V. Neves (IMAR-acores, Portugal), D. 
Nicholls (Bandicoot Recovery, Chisholm Institute, Australia), F. Sato , K. Ozak 
(Yamashina Institute for Ornithology, Japan), V. Paiva (University of Coimbra, 
Portugal), J.P. Granadeiro (Museu Nacional de História Natural, Portugal), 
R.A. Phillips (British Antarctic Survey, UK), C. Powell, F. Quintana (Wildlife 
Conservation Society, Argentina), G. R Balogh (US Fish and Wildlife Service, 
USA), I. Ramirez (BirdLife Europe, Brussles), A. Ramsay , C. Robertson (Wild 
Press, New Zealand), R. Ronconi (Dalhousie University, Canada), P. Scofield 
(Canterbury Museum, New Zealand), S. Shaffer (Designated representative of 
Seabird Working Group, Tagging of Pacific Predators program - Department 
of Biological Sciences, San Jose State University, USA), I. Sigurosson (South 
Iceland nature Centre, Iceland), J. Stahl, S. Waugh (Museum of New Zealand 
Te Papa Tongarewa, New Zealand), R. Suryan (Oregon State University, USA), 
A. Takahashi, T. Yamamoto (National Institute of Polar Research, Japan), B. 
Thomas (Massey University, New Zealand), R. Wanless (BirdLife South Africa, 
South Africa), F. Zino (Freira Conservation Project, Portugal)

5 #74 06/2012



the western indian ocean  is a 
very 

important habitat for ceteceans, turtles, tunas, billfish and seabirds, 
and yet the tropical pelagic ecosystems in this zone are increasingly at 
risk from human activity such as fishing and oil spills. in spite of this, 
Marine Protected areas (MPas) cover less than 1% of the oceanic and 
coastal surface of the region (figure derived from wioMsa, 2010). 
this is why Matthieu Le corre and his team embarked upon a large-
scale study of seabird habitats, compiling eight years of data on seven 
species of seabirds. to identify areas where seabirds may be at risk 
when at sea, they also compiled spatially explicit data on industrial 
fisheries and on maritime trade routes, conducting an overlap analysis 
of these threats with their tracking data. the objective of their study 
is to identify “marine hotspots” in the tropical western indian ocean  
  priority locations for designation as Marine Protected areas in the 
coming years, as Matthieu Le corre explains.

how seaBird 
Foraging 
grounds 
indicate 
PrioritY 

areas For MPas

By
Matthieu Le Corre

Figure 1: A Barau’s petrel. Image courtesy 
of  Patrick Pinet (ECOMAR).

This article was adapted with permission from Le Corre, M., et al. 
Tracking seabirds to identify potential Marine Protected Areas in the 

tropical western Indian Ocean.
Biological Conservation (2012), doi:10.1016/j.biocon.2011.11.015

identifying sensitive areas in interaction 
with human activity

research has been funded 
by the Pew environment group 

and the european union
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whY seaBirds can heLP identiFY 
iMPortant Marine haBitats For 
PeLagic ecosYsteMs

As seabirds are relatively easy to track at sea 
compared to most other marine top predators, there 
is a worldwide interest in using seabird telemetry data 
and at-sea surveys to identify potential MPAs. We 
propose that the foraging distributions and movements 
of seabirds can be used to identify oceanic areas 
of particular importance for the associated marine 
community assemblages. After all, the link between 
tropical seabirds and pelagic species is tight. Tropical 
seabirds rely on surface seizing and plunge diving 
(Harrison, 1990) to acquire prey, and very few are able 
to dive deeper than a few meters. Because epipelagic 
prey are distributed within the upper 50 meters of the 
water column, they are only accessible to seabirds 
when surface dwelling predators like tunas and 
dolphins pursue epipelagic prey and force them to flee 
toward the surface. 

Tropical seabirds take advantage of this 
phenomenon by frequently foraging over schools 
of tunas or dolphins to catch the evading prey. 
Because seabirds forage mostly at places of great 
productivity and of important ecological processes, 
we propose to ultimately use these foraging areas as 
indicator of potential Marine Protected Areas in the 
tropical western Indian Ocean. 
 
how tracKing data MaKes it PossiBLe 
to identiFY hotsPots

From September 2003 to July 2011, seven species 
of seabirds from 13 different populations have been 
tracked using Argos transmitters or archival tags 
(Global Positioning Systems (GPS) and Global Location 
Sensors also termed as ‘‘geolocators’’ (GLS)). This 
represents 222 tracked birds and 3891 days of study.

Our tracking data revealed five major oceanic 
areas where seabird density is particularly high  
(see Figure 2).

Figure 2. Seabird hotspots of the western 
Indian Ocean, based on tracking data. 
(A) Seabird density, (B) population 
density and (C) species richness. All 
these indicators are calculated per cell 
of 1° x 1°. 



what are the Main threats to PeLagic 
ecosYsteMs in the indian ocean ? 

Since the 1980s, surface dwelling tunas have 
been targeted by industrial fisheries in the 
tropical western Indian Ocean. Annual catches of 
tunas have increased 30-fold, from less than 40 
thousand tons in the early 1950s, to more than 
1200 thousand tons in 2007 (IOTC, 2008a). The 
depletion of surface dwelling tuna may reduce 
the foraging efficiency of many tropical seabirds, 
which could have cascading effects on their 
population dynamics.

The second major threat, which may impact 
marine biodiversity of the Indian Ocean, is oil 
pollution. Thirty-six percent of the world’s oil 
is produced in the Middle East, and most of it 
is exported via maritime routes throughout the 
Indian Ocean. Intensive maritime traffic increases 
the risk for low-level chronic pollution and 
potentially catastrophic oil spills (Vethamony et 
al., 2007; Sivadas et al., 2008).

identiFYing high risK areas 

In order to identify preferred fishing areas in the 
zone, we downloaded datasets (2000 to 2009) 
from the Indian Ocean Tuna Commission databases 
and compiled the total catches of long-line and 
purse-seine fishing separately. (http://www.iotc.
org/English/data/). As for the potential risk of oil 
pollution, an ocean pollution index derived from 
commercial shipping and port activities can be 
downloaded from National Center for Ecological 
Analysis and Synthesis databases (http://www.
nceas.ucsb.edu/globalmarine/impacts).

where seaBird Foraging sPots and 
high risK areas intersect

The overlap analysis between seabird density (as 
inferred through our tracking data) and potential 
threats at sea reveals that the five seabird hotspots 
overlap to various degrees with potential threats 
(Fig. 3D). The area with the highest overlap index 
is the Seychelles Basin, which holds both the 
highest seabird density and the highest human 
uses of the sea (substantial purse seine fishery, 
important long line fishery and important maritime 
traffic).

The Mascarene Archipelago and the south of 
Madagascar (including the Walters Shoals) also 
have a high overlap index and this is mostly due 
to high seabird density and high risk of pollution 
due to maritime traffic. Finally the southern 
Mozambique Channel and the central Indian Ocean 
have a relatively high overlap index and this is 
mostly due to the fact that important maritime 
routes cross these places of high seabird density.

concLusions

Our tracking data revealed the main foraging 
hotspots of seven seabird species of the western 
Indian Ocean and this should help to identify major 
areas where specific conservation measures should 
be implemented. However, this is an ongoing 
project with still tens of equipped birds flying over 
the tropical Indian Ocean at the moment. The map 
of the seabird hotspots of this part of the world is 
likely to evolve in the future as research progress.

Figure 3. distribution of the potential threats to seabirds at sea. (a) Purse seine catches, (B) longline catches, (c) 
risk of maritime pollution through maritime trades, (d) overlap between seabird hotspots and potential threats.  
data on purse seine and longline catches represent the total amount of catch of tunas and billfish made between 
2000 and 2009 (extracted from the database of the indian ocean tuna commission). data on risk of maritime 
pollution derived from halpern et al. (2008). see text for the calculation of the overlap index. 
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the shearwaters nesting in mainland France 
(cory’s, Mediterranean and 

Manx shearwaters) are all classified as vulnerable species in France 
and are listed in annex ii of the Bern convention on the conservation 
of european wildlife and natural habitats. this status confirms that 
all three species are highly sensitive to the variability of the pelagic 
ecosystem they depend on, and are thus good biological indicators 
of the health of that environment. however, there is a real lack of 
knowledge about the marine ecology of these sea birds. a new project 
launched by French research and governmental institutions capitalize 
on technological improvements to increase the knowledge base about 
shearwaters, as clara Péron and david grémillet explain.
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understanding favorable conditions for 
vulnerable species

To contribute to understanding these species, 
several French research and governmental 
organizations have launched a project entitled 
«Marine habitat of the Shearwaters of mainland 
France: an approach using transmitters and 
isotopic analyses». This project is being led by 
the CNRS Centre for Functional and Evolutionary 
Ecology in the framework of a larger program 
coordinated by the French Marine Protected 
Areas Agency called PACOMM (Programme 
d’acquisition de connaissances sur les oiseaux et 
les mammifères marins - Program for increasing 
knowledge of marine birds and mammals), 
which combines projects using complementary 
observation techniques: airborne, sea platforms, 
telemetry or acoustics.
 
using technoLogY to increase the 
KnowLedge Base

This project relies on major technological advances 
for its implementation, especially in terms of 
miniaturization, but also new statistical modelling 
methods. Long regarded as a minor complement to 
direct counting methods (from visual observations), 
the telemetry approach has now become a major 
tool for marine bird conservation at sea. Along with 
‘direct’ observations, it is essential for effective 
analysis of the spatio-temporal distribution of 
species. 

For the different colonies studied, the birds were 
fitted with transmitters to track their movements 
in offshore feeding areas during the breeding 
season (using GPS and Argos) or during their 
winter journey in the Atlantic (using geolocators 
and Argos). 

The Argos transmitters, which provide near real-
time positioning information by satellite relay, are 
currently the only way of accurately studying the 
marine distribution of individuals that do not need 
to come ashore for breeding (such as immature 

birds, adults that failed to reproduce, or juveniles). 
These categories and age groups are an important 
and sensitive part of the population, and their 
movements at sea are largely a mystery. 

It is also important to include their ranges in 
the definition of protected areas, to confirm the 
importance of specific marine habitats or to 
identify new ones. 

Given the size of the birds, the PACOMM program 
experts opted for solar-powered transmitters 
weighing 9.5g or 18g, operating on a 12h on/48h 
off cycle, or alternatively 12h on/24h off. 

A transmitter attached to a Mediterranean 
shearwater from the Port Cros colony that had 
failed to breed revealed a spatial segregation 
between individuals that had successfully 
reproduced. The unsuccessful individual headed 
east towards the Italian coast, while the successful 
ones fed in the Gulf of Lion.

Feathers 
and argos 

transMitters
By

Aurore Sterckeman, 
Clara Péron, 

Alain Pibot and David Grémillet

illustration of a shearwater fitted with an argos 
transmitter. image courtesy of clara Peron (ceFe-

cnrs) / French Marine Protected areas agency

Argos transmitter weighing 9.5g used on Mediterranean shearwaters and 
Cory’s shearwater chicks. Image: Clara Peron (CEFE-CNRS) / French 
Marine Protected Areas Agency 



resuLts

We tracked juvenile Cory’s shearwaters during 
their first sea voyage and immature birds (<5 
years) that prospected  in the colonies during 
the breeding season, before migrating to their 
wintering areas in the autumn. These data 
allowed us to track the birds as they left on their 
migration to the African coasts, and to highlight 
the importance of the Balearic Sea, off the coast 
of Spain, where many individuals made a stopover.
This information is invaluable for obtaining a 
comprehensive view of the threats to seabird 
populations nesting in mainland France.  
 

About the PACOMM
Programme d’acquisition de 
connaissances sur les oiseaux et les 
mammifères marins - Program for 
increasing knowledge of marine birds 
and mammals

Increasing the knowledge base about the marine 
environment, and in particular, about pelagic 
seabirds, is a major challenge for the French 
Marine Protected Areas Agency, whose mission is 
to create a coherent and representative network 
of Marine Protected Areas. This is why the agency 
initiates knowledge campaigns, such as the 
PACOMM program. The results of the study on 
“Marine habitats of the shearwaters of mainland 
France”, combined with data from other phases 
of the PACOMM program, will help scientists  

from CNRS CEFE to determine the spatial-
temporal dynamics of shearwaters’ marine 
habitats and identify wintering areas as well 
as migration corridors for different shearwater 
populations. In terms of management,  the 
results of this study will respond to functional 
questions making it possible to strengthen the 
effectiveness of the Marine Protected Area 
network, and define relevant bio-indicators. This 
work makes it possible to respond to Natura 
2000* requirements and help designate Natura 
2000 zones off the French coasts in accordance 
with the European Commission’s requirements. 
*Natura 2000 is one of the 15 different categories 
of Marine Protected Areas recognized under 
French law. 
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trajectories of immature cory’s 
shearwaters fitted with argos 
transmitters, from the riou 
colony (Marseille islands) in 
september 2011. 
data processed using the 
Kalman filtering algorithm.

To learn more
This article is based on the first interim report 
of the project entitled «Marine habitat of the 
Shearwaters of mainland France: an approach 
using transmitters and isotopic analyses», part 
of the PACOMM program - Clara Peron and David 
Gremillet, CEFE-CNRS - November 2011.



the eastern tropical Pacific 
(etP) is home to abundant populations of sharks and other marine 
predators. at some specific sites – such as the galapagos, cocos 
and Malpelo islands – they can still be seen in high numbers, close 
to what would be considered pristine population states. however, 
unsustainable fishing practices are threatening the collapse of many 
shark populations in the etP and worldwide. in order to support 
conservation efforts in their favor, it is essential to understand the 
ecology, migratory movements, and spatial dynamics of these species, 
as césar Peñaherrera and his colleagues explain.

MigratorY 
MoVeMents 

oF sharKs 
in the gaLaPagos 
Marine reserVe

By
César Peñaherrera, Eduardo Espinoza, Alex Hearn, 
James Ketchum, Pete Klimley, Yasmania Llerena, 

George Shillinger

Figure 1: Hammerhead dorsal fin with a SPOT 5 tag. 
Copyright Pete Oxford. 

evaluating spatial effectiveness of 
existing marine zones
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Marine Protected Areas (MPA) may offer considerable 
benefits to pelagic environments. But how do current 
MPA management models contribute to protection of 
shark and other apex pelagic species? The creation 
in 1998 of the Galapagos Marine Reserve (GMR) 
was expected to have a positive impact on all marine 
species. However, at the time there was limited 
technical information regarding the spatial dynamics 
of migratory species to inform related decision-making 
and management processes. 
 
the gaLaPagos exaMPLe

Since 2006, researchers in the Galapagos Islands 
have been working to assess the abundance trends, 
site fidelity and migratory pathways of sharks in the 
GMR. This research program began as a response to 
growing worldwide concern about the state of shark 
populations and the need to develop National Plans 
of Action. The project is a multi-institutional effort by 
the Galapagos National Park Directorate (GNPD), the 
Charles Darwin Foundation (CDF) and the University 
of California–Davis with the collaboration of Stanford 
University. Results obtained will provide MPA 
managers and stakeholders crucial biological and 
behavioral information to support shark management 
and conservation efforts in the GMR.

using argos to tracK sharKs

To date, the satellite telemetry component of the 
project has tagged 15 hammerhead sharks (Sphyrna 
lewini; classified EN-Endangered on the IUCN Red 
List of Threatened Species), 11 Galapagos sharks 
(Carcharhinus galapagensis; classified as Near 
Threatened), 15 blacktip sharks (C. limbatus; Near 
Threatened), seven silky sharks (C. falciformis; Near 
Threatened) and 25 whale sharks (Rhincodon typus; 
Vulnerable). Satellite tags in use by the project are 
SPOT 5, SPLASH and PAT tags (Wildlife computers), 
and Sea Tags (Desert Star). Mid-size sharks (1.5 to 
3.5 m in total length) are caught using a hook and 
line, brought onboard a research vessel with a sling, 
and tagged. The tags are attached to the dorsal fin of 
sharks with plastic bolts and stainless steel locknuts 
(Figure 1). Whale sharks are tagged in the water by 
SCUBA divers using pneumatic spear guns at half the 
power, and tags are placed in the musculature in the 
dorsal area in front of the first dorsal fin (Figure 2). All 
of these procedures were developed under the animal 
care protocol principles, in order to avoid any damage 
on the organism of tagged animals. 

Figure 2: Release of a hammerhead shark 
with a SPLASH tag attached to the dorsal fin. 
Copyright Alfreod Barrosso.



resuLts

Preliminary results show an intense use of the 
GMR especially by hammerhead, silky and blacktip 
sharks (Figure 2). Tracked hammerhead sharks 
have displayed interesting movements around a 
central foraging area, with long excursions into 
the high seas. One individual went as far as 1400 
km from the GMR, traveling Northwesterly when 
the device stopped sending signals. The longest 
track recorded for an individual lasted up to four 
months, and showed an elevated use of both the 
internal and near external areas of the reserve. 
In contrast, blacktip movements are constrained 
within the boundaries of the GMR, with a major 
use of coastal areas surrounding the islands. The 
individuals tracked sent signals from four days up 
to two months. Silky, Galapagos and whale shark 
data are still under analysis. It is expected that 
silky sharks will migrate back and forth from the 
GMR much like the hammerheads, as they are 
known to spend most of their lifetime in oceanic 
waters. Galapagos sharks are more coastal patrols, 
feeding and breeding near insular waters. Tracks 
observed to date for this species have shown few 
movements and are very restricted to near-coastal 
waters, similar to what has been observed for 
blacktips during their movements in the first days.
 
Results from whale sharks are still in the first 
phase of filtering and analysis. 
Only one track is presented and showed extensive 
north to south movements inside the marine 
reserve, though its tag fell off in less than one 
month after application.

does the Marine reserVe serVe its 
PurPose?

As the project is in an early stage, more data 
is needed to properly respond to the question 
of whether GMR boundaries provide enough 
protection to the core activity areas of the 
shark species under assessment. We anticipate 
integrating movement datasets from other pelagic 
fish species, including yellowfin and bigeye tuna, 
wahoo, striped marlin, and manta rays. Our 
ongoing pelagic species tracking and monitoring 
efforts, coupled with the integration of remotely-
sensed environmental datasets, will be essential 
for informing and improving management and 
conservation efforts within the Galapagos and 
other MPAs across the ETP. 

Figure 2: selection of 
shark track data collected 
by this project. tracks are 
colored depending the 
species (see color guide 
inside). 
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of Tasmania. Cesar has worked for almost seven years 
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About the Galapagos 
Marine Reserve (GMR)
The Galapagos Marine Reserve covers an area 
of approximately 133,000 km2 and is one 
of the 10 largest marine reserve in the world. 
Created in 1998 by the government of Ecuador, 
it is home to nearly 3000 species of marine 
plants and animals. In 2001, the GMR added to 
the list of World Heritage Sites, in recognition of 
its enormous ecological, cultural, and economic 
value for the conservation and maintenance of 
unique species in the world.



the loggerhead turtle ( c a r e t t a 
caretta) is 

one of the 7 species of marine turtles found in our oceans. it is also 
one of those best suited to temperate or even cool waters, as it can 
be found in the north sea. But this species is also one of the most 
endangered. it is currently considered to be subject to a high risk 
of extinction in the wild by the international union for conservation 
of nature (iucn). the loggerhead turtle is also considered to be an 
« indicator » species by the French Marine Protected areas agency 
because it is particularly sensitive to temperature change. this is why 
Florence dell’amico of the La rochelle aquarium and alain Pibot, of the 
French agency for Marine Protected areas, were particularly interested 
in learning more when five juvenile turtles were found washed up on 
the atlantic coast of France.  

tracKing 
Loggerhead 

turtLes
By

Florence Dell’Amico and Alain Pibot

A loggerhead turtle with an Argos tag. Photo courtesy of  
Aquarium La Rochelle S.A.S 

Monitoring endangered species faced 
with climate change
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Figure 1: The three turtles released in July 2009 moved northwards from the point of release and remained close to the coast. Then, at the beginning of 
August, two of them turned towards the west and displayed more pelagic-type behaviour. 

Un établissement public 
pour la protection du milieu marin

Every year, especially during the worst winter weather, 
young loggerhead turtles from different nesting sites 
(Florida, the Cape Verde Islands, etc.) are washed 
up on the beaches of the Bay of Biscay (off the 
Atlantic coast of France). They are generally victims 
of what the experts call “cold stunning”, a hypothermic 
reaction that affects the animals progressively when 
water temperatures drop below 10 or 11°C. As turtles 
are cold-blooded creatures, their metabolism can no 
longer compensate for the drop in temperature and 
they enter a lethargic state in which they will remain 
until the temperature rises again.
 
stranded on French Beaches

Research shows that juvenile loggerhead turtles can be 
delivered to locations outside their expected distribution 
by storm-driven surface currents, explaining how 
they end up in Bay of Biscay and the French coast. 
Generally, they migrate south again as the ocean cools. 
However, many of them do not manage to follow these 
cyclical movements, and remain trapped in colder 
waters, finally being stranded on French beaches.

In 2009, five young loggerhead turtles that had been 
found washed up on the Atlantic coast were fitted with 
Argos transmitters, thanks to funding from the French 
Marine Protected Areas.
Protected Areas Agency and CNES (the French Space 
Agency). Two of the geolocation transmitters also had 
sensors for water temperature and depth.

The three turtles released in July 2009 moved 
northwards from the point of release and remained 
close to the coast. Then, at the beginning of August, 
two of them turned towards the west and displayed 
more pelagic-type behaviour (Figure 1).
The two turtles released in September 2009 moved 
southwards from the point of release. They both 
remained close to the coast (Figure 2).
 
Venturing oFF to sPain

One of the turtles, tracked for 189 days, remained 
“blocked” in the southern Bay of Biscay, while the 
second entered the Mediterranean at the beginning 
of March. 



No more signals were received after 266 days of 
transmission, after the animal had been located 
at salt-works half-way between Valencia and 
Barcelona.
 
resuLts

Due to the small number of individuals studied, 
no clear conclusions can be drawn until additional 
data (from tracking studies conducted in 2011 
and 2012) can be compiled.  In addition, the 
biases related to the chosen individuals having 
already been stranded once should be taken into 
consideration, even if research indicates that 
natural behavior patterns are usually maintained 
by rehabilitated individuals.

Nevertheless, the operation has  yielded several 
interesting pieces of information :
That one of the turtles should have entered the 
Mediterranean was surprising considering the 
routes taken by the other individuals to which 
transmitters had been attached. However, 
migration of loggerhead turtles between the 
Atlantic and the Mediterranean via the Strait 
of Gibraltar has already been demonstrated by 
genetic studies and the recapture of tagged 
individuals. The Atlantic and Mediterranean 
populations therefore share the same development 
habitats in the western Mediterranean basin and 
the north-eastern Atlantic. 
There is a clear correlation between surface 
temperatures and the distribution of young 
loggerheads. This hypothesis, which has been 
verified by several other similar experiments, 
provides spatial and temporal guidelines for 
management measures. 

For example, in the Atlantic  and in the Gulf of 
Mexico, NOAA’s National Marine Fisheries Service 
has taken specific measures (modification and 
adaptation of fishing equipment, changes to 
fishing practice and adaptation of legal fishing 
periods) to reduce the risk of turtles being 
captured accidentally.  Such measures need to be 
justified in terms of the species’ ecology if they are 
to be accepted by fishermen.
 
Learning More aBout endangered 
sPecies

It is obviously indispensable to know the range of a 
population in danger of extinction if management 
measures are to be effective. But we can hope 
to learn even more. Marine biodiversity currently 
lists more than 275,000 species, and it is thought 
that the real figure includes more than 3 million. 
It is obviously impossible to study all these species 
individually. 

For this reason, the French Marine Protected Areas 
Agency, with several other partners, has launched 
a study of “indicator” species which, because of 
their key position in the ecosystem (apex predator, 
engineer species , umbrella species , etc.), provide 
information about more than their own evolution.
This is why tracked loggerhead turtles (because 
they anticipate peak temperatures) could provide 
advance warning of plankton blooms or invasions 
by jellyfish in the future.

These are the kinds of observations that in the 
coming years can provide us with some of the 
knowledge we need to mitigate our impact on the 
marine environment and consequently manage our 
natural heritage sustainably. 

Figure 2: the two 
turtles released in 
september 2009 
moved southwards 
from the point of 
release. they both 
remained close to 
the coast.
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ProJects

argos tracKs 
northern 

gannets 
Breeding on 

st KiLda
By

Sarah Wanless, 
Centre for Ecology & Hydrology (CEH)

the st Kilda archipelago far out in 
the atlantic 

off the west coast of scotland, is a world heritage site, renowned for 
its towering cliffs which during the summer are home to thousands of 
seabirds. however, st Kilda’s remoteness, its severe and unpredictable 
weather and lack of safe landing places means that studying these 
birds is very challenging and almost nothing is known about the 
biology of the approximately 60,000 pairs of northern gannets (Morus 
bassanus, about 20% of the east atlantic population) that breed on the 
island of Boreray and its offshore stacks stac Li and stac an armin. an 
archaeological expedition organized by the royal commission on the 
ancient and historical Monuments of scotland and the national trust 
for scotland to Boreray in July 2010, provided a rare opportunity to 
spend time on the island and a researcher from the centre for ecology 
& hydrology (ceh) went along to collect the first ever  information on 
the sea areas used by gannets while they were rearing chicks. 

Central to this work was the use of Argos technology 
to track individual birds. Sirtrack KiwiSat202  
PTTs were attached with waterproof tape to the 
tail feathers of 22 gannets (Fig 1). The loggers 
provided nearly 19,000 uplinks over a total of 970 
bird-days and showed that trip durations were 
long, typically around 24 hours but occasionally 
lasting several days. Distances travelled were also 
impressive with birds sometimes heading up past 
the Faeroe Islands to waters off the southeast 
coast of Iceland  – a round trip of >1000 km (Fig 
2).  Scaling up these results across the gannet’s 6 
week incubation period and 12 week chick rearing 

phase suggests that St Kilda gannets probably fly 
more than 30,000 km each breeding season. 

In addition to providing baseline information on 
important feeding areas for St Kilda’s gannets, 
results from this work will be compared with those 
from other gannetries around Britain and Ireland 
to establish the amount of overlap in foraging 
areas among birds from different colonies. Such 
information is urgently needed given plans for 
large-scale offshore renewables projects and 
current uncertainty about what impacts this might 
have on internationally important seabird species. 
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A northern gannet

observing in harsh conditions

Figure 1: Sirtrack KiwiSat202 PTTs were attached with waterproof tape 
to 22 gannets.

Figure 2: Foraging tracks of a northern gannet from St. Kilda during 
chick rearing (red) and after the breeding season (blue).  
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in Portugal, a seawatch wavescan multi-parametric  
buoy manufactured by Fugro that 

provides real-time monitoring of waves, current profiles, water 
temperature and meteorological parameters uses the argos Moored 
Buoy Monitoring service (MBM) to ensure continuous uninterrupted 
tracking and quick retrieval in case the buoy leaves its mooring. this 
service, that has been very beneficial to the Portugese hydrographic 
institute (ihPt), could also be of interest to any organization using 
VhF and gsM-driven oceanographic equipment in a coastal zone.

Moored BuoY Monitoring serVice : 
a case studY

A  pilot area was created off the beach of São 
Pedro de Moel, on the Portuguese west coast, 
to promote renewable energy from waves, by 
enhancing its technological development and its 
commercialization. In this framework, the IHPT 
was given the responsibility of conducting a 
multi-disciplinary study, including the deployment 
of  a Seawatch Wavescan multi-parametric buoy 
(CSA87) in order to provide real time monitoring 
of waves, current profiles, water temperature and 
meteorological parameters.  This buoy has been 
operating since December 2011, and receives 
regular major maintenance services every six 
months. 

aBout the  Portuguese hYdrograPhic 
institute (ihPt) 

The Portuguese Hydrographic Institute (IHPT) 
is the Portuguese Navy’s Laboratory of Ocean 
Sciences. Besides its military mission, the 
Hydrographic Office integrates the National 
Network of Public Research Institutes, and plays 
an important role in the scientific community of 
sea science and technology. It has skilled human 
and operational resources necessary for the 
development of multidisciplinary research projects, 
in partnership with national and foreign institutions, 
in the fields of physical oceanography, marine 
geology, chemistry, hydrography, navigation and 
environmental protection. 

 whY the ihPt uses the argos Moored 
BuoY Monitoring (MBM) serVice

Since the buoy is only 6 miles from land, data 
are transmitted by VHF instead of satellite 
communications.  Yet, what should happen if the 
buoy were to drift away, out of the range of the 
VHF land station ? We needed to find a service that 
provided the positioning of the buoy independently 
and worldwide. Since we already use Argos 
Subsurface Mooring Monitoring service for other 
deployed mooring systems since 1996, we chose 
the Argos MBM service, to solve this problem. In 
fact, we already had the proof of the service value: 
after a disruption in the VHF transmission due to 
unknown reasons, we were able to track the buoy 
position and be sure that it was not drifting. Being 
totally independent of the buoy, the system is very 
simple to use and a real value.   

Designed for moored buoys equipped with an Argos tracker, this 
service will alert the user if a buoy leaves its mooring zone or 
has not transmitted for more than 24 hours. The mooring zone is  
pre-defined by the user as a circle or a polygon.

in nominal mode, the user receives a daily report by email or 
FTP with the buoy’s latest position. 
in alarm mode (buoy is leaving the monitoring area or stops 
transmitting) the MBM service provides alerts by email, SMS, 
FTP or fax and all positions are delivered in real-time to the buoy 
operator for equipment recovery.

about the Moored Buoy Monitoring service 

Map of the area and a zoom of the deployment location of the buoy CSA87, 
on the 60m bathymetry (39.87º N, 9.10º W), approximately 6 miles from 
coast.

Providing continuous sea-state  
observations in coastal areas

argos 
Moored BuoY 
Monitoring 

serVice 
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serVices

By 
the Portuguese Hydrographic Institute 

Engineering team

Team : The IHPT Oceanographic Engineering team allows the mooring and the 
maintenance of the multi parametric buoys along the year. This team is composed of a mix 

of elements from two different divisions of IH (Oceanography and Electric Engineering) such 
as oceanographers (2), military personnel (5), electronic technicians (2), and a mission 

coordinator/team leader. Despite some turnover, the core team remains ensuring the success 
of the missions since 2009.

Authors: Inês Martins, José Paulo Pinto and Vânia Carvalho
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