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Foreword

The Marine Protected Areas Agency, created by legislation dating from 14 April 2006,
aims to support public policy in the creation and management of marine protected
areas.  To succeed in this assignment, it looks to constitute a database of existing
data or, if need be, organise data gathering. 

In this perspective, the Agency has decided to make an aerial observation inventory of
marine mammal populations in all waters under French jurisdiction.  The priority has
been given to the French Antilles, in order to be able to supply as quickly as possible
the necessary elements for the marine mammal sanctuary application/.  An
observation campaign, managed by the Centre de Recherche sur les Mammifères
Marins [French Marine Mammals Research Centre] at the Université de La Rochelle,
was carried out in February and March 2008.  This work was supported locally by
Evasion Tropicale and SEPANMAR, associations involved for a number of years in
the monitoring networks.  

This report lists the data presented during the preliminary report and details the results
of a modelling exercise’ aiming to identify priority conservation areas within the
Caribbean arc.  



Introduction

Context 

The conservation of marine biodiversity in France is notably governed by a number of
European directives, including the Flora Fauna Habitats Directive, the Birds Directive and
soon the Framework Directive on the protection of Marine Habitats, increasingly related to
marine habitats included throughout the Exclusive Economic Zone (EEZ) or the Ecological
Protection Zone (EPZ) around the coasts of metropolitan France.  However, France’s
commitments to marine habitat conservation include much larger areas in French overseas
territories than in metropolitan France, with international stakes involved for a number of
remarkable habitats or species characteristic of tropical habitats not included in EC laws.  The
Marine Protected Areas Agency (AAMP) therefore wishes to extend rapidly the inventory,
monitoring and zonal conservation work on the marine heritage found in the waters under
French jurisdiction located outside of the Metropolitan territory.   

A number of diplomatic initiatives offer regional frameworks for developing a tropical marine
habitat conservation policy via the creation of marine protected areas.  In the Caribbean and
French Guyana sector,  the Cartagena agreement was set  up within the framework of  the
Convention for Migratory Species, (CMS).  Finally, France has handed in a proposal to the
International  Whaling  Commission  (IWC) for  the  creation  of  a  marine  mammal  sanctuary
within its French Antilles EEZ; this project, initially of a national scale, could eventually cover
other States in the region, a number of them having already shown interest in this approach
(United Kingdom, Netherlands, and United States).  Moreover, it is also clear that, on a strictly
biological level, EEZ divisions in the region and the mobility of the species concerned strongly
argue  in  favour  of  a  cooperative  approach  between  neighbouring  States.   Indeed,  it  is
important to bear in mind existing interaction between different marine protected areas when
setting up such a network  (Halpern et al. 2006).

This cetacean population survey project in the French Antilles EEZ generally aims to identify
environments associated with the largest densities of superior marine predators (mammals
and birds) and model these areas of ecological interest for the entire Caribbean arc. 

Objectives:

-To help define important cetacean conservation areas in the French Antilles EEZ 
-To describe the distribution of the species observed, their preferred habitats as well as their
relative abundance in the month of February.  
-To document the distribution of birds and sea turtles at open sea, as well as human activities
-To establish a reference point/ for bird and marine mammal populations within the Caribbean
arc. 

Summary of available information:

The diversity of cetaceous species present in the waters of the  Lesser Antilles, mainly near
islands and essentially along lee shores (Caribbean Sea), is fairly well documented.  This is



not the case for relative densities and distribution in different environments, including those of
the Atlantic.  In Guadeloupe, the most advanced and up-to-date information mainly concerns
manatees, thanks to the photo-identification monitoring carried out in the past ten years, and
other species found near the island’s lee shore all year round (Rinaldi, 2007).  In Martinique,
the relative abundance and distribution of cetaceans in the island’s territorial waters have been
monitored these past five years by one-off campaigns in the spring and autumn, campaigns
combining  visual  observation  and  acoustic  detection  (Jeremie,  2006).   In  addition  to  the
monitoring  work  carried  out  by  local  organisations  (Association  Evasion  Tropicale  and
SEPANMAR,  more  recently  Association  Breach)  on  a  regular  basis,  three  cetacean
observation campaigns carried out in the Caribbean have crossed into French Antilles waters,
two led by the IFAW during the winters of 1996 and 2000 and the third by NOAA in February-
March  2000.   The  first  two  mainly  targeted  manatees  found  along  the  lee  shores  of
Guadeloupe, Dominica, Martinique, Grenada and Tobago.  These campaigns also enabled to
document the presence of small cetaceans (Boisseau et al. 2000).  The third campaign, led by
NOAA, focused more specifically on humpback whales, Megaptera novaeangliae, in order to
determine their abundance in the south-east part of the Caribbean, an area stretching from the
Dominican Republic to the north coast of Venezuela (Swartz  et al. 2000).  This campaign
combining visual and acoustic observation has enabled to produce data linked to the presence
of other cetacean species, but still in lee shore waters.  
As far as sea-birds are concerned, various colony surveys, summarised on the birdlife website
(http://www.birdlife.org/regional/caribbean/index.html),  have helped to establish a list  of
species liable to be found at sea off the coasts of Guadeloupe and Martinique (Annexe 1).
Among them, the most abundant seems to be the sooty tern (Sterna fuscata), with 22,500
individuals nesting on the two islands. 

Choice of methodology:

In  view  of  this  study’s  objectives  and  the  surface  area  needing  to  be  covered,  aerial
observation is the chosen method.  All cetacean studies led up until  now in the Caribbean
have  helped  gather  information  mainly  regarding  lee  shores  and  rarely  further  than  200
nautical miles off the islands’ coasts.  The lee shores (Atlantic) are more difficult to access due
to conditions at sea, notably in the oceanic zones, and have thus rarely been surveyed (only in
Martinique’s territorial waters during SEPANMAR campaigns from 2003 to 2007).  The EEZ
extends out to approximately 80 nautical miles off the coasts of Martinique and Guadeloupe in
the Caribbean Sea (62°50’ W) and up to 200 nautical  miles in the Atlantic (57°30’ W).  This
area being vast, sampling by boat following the proposed sampling schedule for this campaign
would require 400 observation hours, that is to say approximately 50 days out at sea.  The aim
here is to produce an instant and general overview of preferred environments, including in the
French Antilles EEZ, making for a total surface area of approximately 123,000 km².

The main advantage of  aerial  observation by plane is to acquire a quasi-instant  image of
distribution and densities at a pertinent geographic scale for all cetaceous species (covering
vast areas in a small amount of time, at relatively lower cost).  The other advantage is being
able to observe certain species less visible from a boat, notably due to their discreet surface
behaviour  (e.g.  small  rorquals).   Finally,  this  methodology also  enables to  combine  other
layers of information, notably data concerning other species of marine fauna, such as sea-
birds and sea turtles.  Finally, data on human activities can also be gathered: fishing boats,
yachts, merchant ships, etc.  Moreover, implementation flexibility is also a major advantage of
aerial  observation  since  it  allows  use  of  the  best  meteorological  windows  to  optimise
observation and cetacean detection conditions.  



I. Gathering and archiving data

Study period and area:

The campaign took place from 4 February to 5 March 2008.  The study area, in this case the
French  Antilles  EEZ,  extends  out  200  nautical  miles  to  the  east  (Atlantic  Ocean)  and
approximately 80 nautical miles to the west (Caribbean Sea) of the Islands of Guadeloupe and
Martinique, as well as around the islands to the north (Saint Barts and Saint Martin).  These
zones encompass a number of  maritime habitats,  including the insular  plateau,  slope and
abyssal plain (figure 3a).

Study protocol and equipment:

The general  methodology framework  is  based on the  proven technique of  aerial  transect
sampling (Certain & Bretagnolle 2008).  This method has the double advantage of producing
distribution as well as density data on cetaceans.  This data can sometimes result in relative
abundance estimates for species spotted a sufficient number of times.
The method is therefore based on aerial observation along previously established linear
transects.  The aircraft used is a Partenavia P68C equipped with bubble windows (figures 1).
This is a six-seater, twin-engined high-wing plane with autonomy of approximately 7 hours’
flight time.  Two observers are positioned facing the bubble windows, seated on each side of
the aircraft at the centre and offering good vertical observation.  Observations are carried out
with the naked eye in a strip of approximately 500m wide on either side of the transect.  The
distances perpendicular to the transect line for the cetacean groups observed are measured
using an inclinometer (figure 2a).  All data, observations and observation conditions are
instantly recorded by a third person (figure 2c and 3c).  The method requires wind conditions
lower or equal to 4 Beaufort (wind �  15 knots) in order to ensure that wind sea affects
detectability in the least possible manner (as long as the swell does not break, it does not
hamper aerial observation). 

Figure 1: aircraft P 68C from company Air KeyWest equipped with bubble windows

Figure 2: observers (a: use of inclinometer for distance recordings, b and c: observation and recording
information in flight)

(a) (b) (c)

© AirKeyWest



Sampling and stratification:

The full study area is divided up into three separate and non-adjacent regions: the waters of
Martinique, those of Guadeloupe and those of the northern islands.  These regions make for a
total surface area of approximately 123,000 km² (table 1). 

The regions of  Martinique and Guadeloupe have been divided  into 3 sub-zones or  strata
corresponding  to  the  largest  distinct  oceanic  sectors:  Caribbean,  Coastal  Atlantic  (insular
plateau and slope) and Oceanic Atlantic (abyssal plain) (figure 3b).

Figure 3: study area map with bathymetry: boundaries of the French Antilles EEZ (a) and sampling sub-
zones A to G (b) 

Figure 4: maps of the scheduled sampling programme for each bloc (a) and sampling carried out (b)

               Total scheduled sampling                    Total sampling carried out

The transects created in each of these strata follow a zigzag profile, largely used in cetacean
sampling campaigns since they generally offer homogenous and systematic coverage of each

Océan 
Atlantique

Mer 
Caraïbe

(a) (b)

(b)(a)



stratum whilst  guaranteeing a stronger abundance estimate variance rate (Buckland et  al.
2001).  Sampling schedules have been generated by distributing the overall work into each of
the strata (figure 4a) in the most homogenous manner possible and with technical constraints
in mind (autonomy, working time, etc.).

The total amount of work theoretically scheduled was of 8,100 km: 3,300 in Martinique, 4,100
in Guadeloupe and 700 in the northern islands (table 1).  The total work carried out is in fact of
a more significant volume since a few transit flights were carried out in standard observation
conditions and are therefore considered as work flights for strata A, D and E.  On the other
hand, the work carried out on stratum F is less than scheduled.  Poor meteorological
conditions meant that flights had to be interrupted and could not be postponed.  In the end,
70.7 hours of flights were needed to carry out this campaign (72 % of flight time working and
28% in transit, thus a total of 50.9 hours of observation work). 

Table 1: stratification and observation work distribution

Region Bloc
Surface area

(km²)
Work scheduled

(km)
Worked carried

out (km)
Sampling intensity

(%)
Martinique Caribbean A 11400 1047 1128 9,9
Martinique Atlantic B 14680 1248 1211 8,2
Martinique Atlantic C 14120 991 1039 7,4
Guadeloupe
Caribbean D 11840 1198 1481 12,5
Guadeloupe Atlantic E 12560 1017 1316 10,5
Guadeloupe Atlantic F 53170 1924 1601 3,0
Northern islands G 5088 658 710 14,0
Total  122858 8085 8486 6,9

Data gathering:

The data is gathered by the 2 lateral observers and are communicated orally to the navigator.
They  are  instantaneously  recorded  thanks  to  the  software  programme  AudioVOR  8.6
developed for SCANS 1 and 2 aerial  campaigns (Hiby and Lovell,  1998).   The navigator,
positioned at the back of the cabin, follows the flight plan on the PC thanks to a software
programme and a GPS connection, and records the observation conditions and parameters
indicated by the observers.  At each observation, a vocal recording is made and saved by the
software, helping to check and validate at a later time that all observations have been correctly
recorded, a particularly useful function in areas of with strong observation densities. 

The observation data concern cetaceans, as well  as sea-birds, turtles, macro waste, boats
(fishing/yachts/merchant ships/…), Fish Aggregating Devices (FAD) and any fishing engine
represented by buoys.  The data also concerns environmental conditions (state of the sea,
turbidity, cloud cover and dazzle) as well as a cetacean detectability index (small delphinidae
reference) as appreciated by the observer (good, medium or bad conditions).  For cetacean
observations, the transect distance is recorded thanks to an inclinometer.  

Observing animals from the plane -  whether  birds or  marine mammals -  does not  always
enable species to be clearly identified.  In certain cases, the visual similarity between two
species,  physical  and/or  behavioural,  cannot  lead  to  positive  identification.   The  similar



species are in this event grouped by taxon (taxonomic class) in order to avoid any onsite
identification errors (Table 2).

Table 2: Classification of species by taxon according to their visual characteristics from the air 
Class Species Taxon

Marine mammals Bryde’s whale (Balaenoptera edeni) / Sei whale (Balaenoptera
borealis)

Medium rorqual

Marine mammals Small rorqual (Balaenoptera acutorostrata)
Marine mammals Humpback whale (Megaptera novaeangliae) 

Marine mammals
Pantropical spotted dolphin (Stenella attenuata / Atlantic spotted
d. (S. frontalis) / Striped dolphin (S. coerulaeoalba) / Spinner
dolphin (S. longirostris), Clymene dolphin (S. clymene)

Stenella spp.

Marine mammals Fraser’s Dolphin (Lagenodelphis hosei)
Marine mammals Bottlenose dolphin (Tursiops truncatus)
Marine mammals Short-finned pilot whale (Globicephala macrorhynchus)
Marine mammals Fake killer whale (Pseudorca crassidens)
Marine mammals Killer whale (Orcinus orca)
Marine mammals Sperm whale (Physeter macrocephalus)

Marine mammals Dwarf sperm whale (Kogia sima) / pygmy sperm whale (Kogia
breviceps)

Marine mammals Cuvier’s beaked whale (Ziphius cavirostris) / Indeterminate
beaked whale (Ziphiidé ind.)

Beaked whales

Sea-birds Brown booby (Sula leucogaster) / Red-footed booby (Sula sula) “Brown” boobies
Sea-birds Magnificent frigatebird (Fregata magnificens)

Sea-birds Great Skua (Catharacta spp)
Sea-birds Hydrobatidae spp. Hydrobatidae

Sea-birds Red-beaked tropicbird (Phaethon aethereus) / Yellow-beaked
tropicbird (Phaethon lepturus)

Tropicbirds

Sea-birds Manx shearwater (Puffinus puffinus) / Audubon’s shearwater
(Puffinus lherminieri) “Small” shearwaters

Sea-birds Ind. shearwaters

Sea-birds Brown noddy (Anous stolidus)

Sea-birds Sooty tern (Sterna fuscata) / Bridled tern (Sterna anaethetus) “Brown” terns

Sea-birds Roseate tern (Sterna dougallii) / Common tern (Sterna hirundo) /
Least tern (Sterna Antillarium) “Grey” terns

Sea-birds Royal tern (Thalasseus maximus)

Sea turtles Leatherback sea turtle (Dermochelys coriacea)

Sea turtles

Loggerhead sea turtle (Caretta caretta) / Green sea t. (Chelonia
mydas) / Hawksbill t. (Eretmochelys imbricata) / Olive ridley sea
t. (Lepidochelys olivacea) / Kemp’s ridley sea t. (Lepidochelys
kempii)

Leatherback sea turtles

Data processing:

Observation data, as well as observation work and conditions are transferred onto a MS
Access 2000 database after validation from the observers.  Maps and distribution pre-
analyses have been created with the ArcGis 9.2 software programme and its extension Spatial
Analyst.  The data is then analysed by the freeware software package R used for creating
spatial models. 



 II. Statistical analyses .

2.1. Spatial modelling

Objective and limitations:

The aim of this exercise is to offer extensive maps of all Caribbean arc waters, based on the
information gathered during flyovers of the French EEZ.  This type of cartography can be
obtained from spatial models drawn up in two stages:
(1) highlighting the statistical relation between the estimated density of animals observed in
one place and a certain number of environmental descriptors.  
(2) predicting the same density values for an entire sector for which numerical information or
at least qualitative data for these descriptors is available.  
At the end of this process, the administrator can access mapping of potential marine fauna
habitats, created from highlighted relations between the species and their environment.  

A certain number of hypotheses are needed to draw up these maps, including one stipulating
that the relations between species and their environment, on which the model is based, must
be invariable within the spatiotemporal window for which the predictions were made.  In other
words, a prediction in January can be obtained from a model built from data gathered in June,
using the hypothesis that the animals react in the same way to environmental variations in
January and June.  The same goes for spatial  differences: a statistical  model can predict
animal densities within a non-sampled zone as long as relations between species and their
environment are the same in the sample zone and the estimated zone.  This hypothesis is in
fact very restrictive since animals’ changes of activity from one sector to another or from one
season to another often do not back up this hypothesis.  We would therefore like to highlight
the fact that the predictions presented below can only be considered reliable within the study
area and during the sampling period.  We have nevertheless extended these predictions to all
of  the Caribbean arc area in  order to  supply  the administrator  with information that  is  as
complete as possible, even though less reliable when involving the furthest regions from the
French EEZ. 

Environmental descriptors:

In  this  case,  our  environmental  descriptors  are  satellite  data  downloaded  from
http://las.pfeg.noaa.gov/oceanWatch/oceanwatch_safari.php (NOAA website).   The data  listed  in
table 3 and presented in figure 5 bring together static (bathymetry)  and dynamic (surface
temperature;  surface chlorophyll;  water  stage anomalies)  environmental  descriptors.   The
gradient values linked to these descriptors were also calculated.  Two additional geographic
descriptors - distance from the coast and distance from the closest oceanic front - were also
calculated  from  the  observation  positions.   Fronts  were  located  using  an  environmental
descriptor supplied by NOAA, which combines a certain amount of geographical information to
calculate the probability that an oceanic front (thermal front, haline front, etc…) will form in a
given location.  

Figure 5: Spatial distribution of environmental descriptors used to characterise priority habitats for
superior marine predators in the Caribbean Arc.  The letter “g” refers to the gradients.  The colour scale
ranges from blue (low values) to red (high values). 



Table 3: List of environmental descriptors used and corresponding abbreviations 

Environmental descriptor abbreviation gradient
Surface temperature SST SSTg
Surface chlorophyll a CHLA CHLAg
Stage anomalies SSH SSHg
Bathymetry TOPO TOPOg
Distance to the closest coast DISTCOAST
Distance to the closest oceanic front DISTFRONT



Data preparation:

In order to standardise data (Certain et al. 2008), every transect line flown over by plane has
been subdivided into a succession of same-length segments (0.25 decimal degrees).  Each of
these segments can be geographically located, and contains the number of animals observed
for  each  species,  as  well  as  corresponding  environmental  information.   Each  segment
corresponds to the same sampling work, so that all segments may be compared to each other.

Generalised Additive Models:

We used Generalised Additive Models  (GAMs, Wood & Augustin 2002) to model relations
between density of individuals and their environment.  These models have the advantage of
being  able  to  include  non-linear  relations  between  animal  densities  and  environmental
descriptors  (helping  to  take  into  account  potential  threshold  or  optimum  effects,  etc…).
Models have been created for each of the most abundant bird species or taxa (tropicbirds,
brown  terns,  brown  noddies),  for  all  cetacean  populations  (all  species  included)  and  to
visualise the zones most affected by human activities (fishing buoys and floating waste).  The
number of observations obtained for the remaining taxa is too low (cf. table 4 & table 6) and
could not result in a strong enough spatial distribution model. 
Statistical models for the spatial  distribution of  animals are based on 4 co-variables.   The
choice of  environmental  co-variables included in each model is determined by a “forward”
selection model, in which each co-variable is first tested alone and the most efficient retained.
The efficiency of every model is evaluated using the generalised cross validation (GCV) grade,
which must be as low as possible.  The process is then carried out again with the remaining
co-variables, and so on and so forth until 4 co-variables are selected (cf. Wood & Augustin
2002).  We have chosen to limit our modelling exercise to 4 of the most pertinent co-variables
in  order  to  identify  clearly  the  most  important  environmental  factors for  the  distribution  of
superior predators at sea. 

Defining priority areas of interest:

A priority interest index in terms of biodiversity, reflecting the most frequented zones by the
different species of  superior  predators,  has been set  up by our team.  It  is  calculated as
follows, based on spatial predictions resulting from our models:
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where Is corresponds to the value of the significant index at the point of observation s; siN ,

corresponds to the predicted abundance of the ith taxon at point s; Mi corresponds to the
predicted maximum abundance for taxon i; and ci is a weighting factor reflecting the
importance of the ith taxon.  For this exercise, we had i=4 taxa (brown boobies, brown terns,
tailed tropicbirds and cetaceans) with a corresponding a spatial model.  With only very little
information on the heritage or ecosystem value of these taxa, we applied a value of 1 across
the board for the birds’ weighting factor and 3 for the cetaceans, so that each group
(cetacean/bird) had the same weight.  Thus, the resulting index suggests that birds and
cetaceans are as important in the process of designating marine protected areas.  Additional
research, notably bibliographical but also interviewing local biodiversity players and
populations, is required if we want to establish species-specific values for these coefficients.   

Measuring the intensity of human activities:

The method for calculating the priority habitat index can also be transposed to a spatial index
calculation regarding the intensity of human activity:
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where sA corresponds to the general intensity of anthropic activity at point s; saN ,  corresponds

to the predicted abundance of the ath type of activity, and ac  is a weighting factor for the ath

type of activity reflecting its impact on the marine environment. 
For this calculation, we distinguished between 3 types of activity: fishing boats, fishing buoys,
and leisure activities (yachts).  We consider that fishing activities have a greater impact on the
marine  environment,  and  therefore  more  liable  to  be  at  the  origin  of  conflicts  of  interest
between environmental managers and local economic activities.  Consequently, weight factor
values will be of 2 for fishing activities and 1 for recreational activities.  The values can be
refined via a series of local player interviews. 

Calculating the potential conflict index:

We propose indentifying areas or conflicts of use that could potentially appear within the
framework of marine area sanctuarisation projects.  The calculation of a potential conflict index

sC  naturally ensues from the combination of the previous indexes: 

sss AIC ´= .

The strongest values for sC are thus expected in priority habitat areas also the seat of intense
anthropic activity. 

2.2. Abundance estimates

Abundance estimates  have  been calculated  for  4  bird  taxa  (brown  terns,  brown  boobies,
tropicbirds and frigatebirds) using the strip-transect method (Certain & Bretagnolle 2008) and
a 500-m wide strip.  The 95% confidence interval associated with these abundance estimates
have been calculated by  bootstrap, creating 999 pseudo-samples by random sampling with
replacement from the divided data used for the spatial analyses.  For each of these bird taxa,
observation density as well as density of individuals can be estimated. 
As for marine mammals, the few observations per species – even when grouped together by
taxon - have not enabled us to use the distance sampling method, which requires a minimum
of  thirty  observations  (Buckland  et  al. 2001).   We nevertheless  present  a  strip-transect
abundance  estimate  for  sperm  whales  and  humpback  whales,  which,  even  through
conceptually less refined, makes for a rough estimate.
We also calculated these abundance estimates for the main anthropic activity indexes, that is
to say fishing boats and buoys on the one hand, enabling to evaluate the level of use for the
services supplied by the pelagic ecosystems within the Caribbean arc, and floating macro-
waste  on  the  other,  representing  an  index  for  the  impact  of  this  kind  of  pollution  on
ecosystems. 

2.3. Sensitivity analyses 

General approach: 

Lastly, we evaluated our sampling’s efficiency in the calculation of abundance estimates, in
order to evaluate possibilities of optimising future campaigns.  More specifically, we measured
the impact of three factors on the accuracy of abundance estimates in the case of superior



predators.  The first factor is the sampling work, which can be expressed in % of the area
covered.  This is indeed the only factor chosen by the administrator, a factor that can therefore
be adjusted according to needs.  The second and third factors depend directly on the animals,
the density of groups and the variability of group sizes.  Indeed, abundance estimates will be
all the more precise as the groups of animals are numerous, and as the number of individuals
per group remains stable.  To find out the variability of group sizes species by species, we
adjust  the negative  binomial  distribution for  group sizes  observed by maximum likelihood.
Finally, potential animal spatial distributions are simulated via a complex process that imitates
the statistical properties of survey data (fig. 6).   999 simulations were created, and for each
one of these, a fictive sampling per transect was carried out, suggesting a detection probability
of 1 over the entire strip sampled.  Abundance estimates and associated variation coefficients
resulting from these simulations thus enable to predict a variation coefficient for sampling work
carried out, as well as a group density and a variability rate for a given group size.   

Figure 6: Example of an observation data simulation (a, b, c, d, e, f).  These abundance estimates will
be calculated based on this sample. 

(a,b,c) Three Gaussian fields, spatially structured into three different scales, have been simulated.  

(d) These three fields are added, and the resulted field is set at a
threshold of 0 thus obtaining a latent field, structured on a number
of scales and representing the groups’ theoretical densities.

(e) for each pixel, the group number is chosen using a Poisson
distribution with an intensity equal to the theoretical density value
for the groups in the pixel.  

a) c)b
)

d
)

e)



(f) the groups are positioned in space and sampled using
randomly positioned perpendicular transects (in red).

Application:

Thus, a sensitivity analysis will be carried out on all bird taxa for which an abundance estimate
has been calculated, in order to position the sampling in the “realm of the possible reflecting
the potential  evolution of this sampling’s precision along with animal density and the work
carried out, for a given group size variability.  We have carried out the same kind of analysis
for marine mammals in view of determining if an increase in the sampling work carried out
might  improve  the  representative  nature  of  abundance  estimates  for  the  most  observed
species (sperm whales and humpback whales). 

f)



III. Results and interpretation: 

3.1. Observation summary

Observation conditions:

The meteorological conditions encountered during this campaign  often limited observation.
Easterly winds (trade winds) with an average speed greater than 15 knots, were above the
seasonal  averages and remained strong with relatively  few significant  lulls  throughout  the
month of February.  During the second part of the campaign, showers (regular and dense out
at sea) proved another restrictive factor.   

These conditions led  to more  time being  spent  every  day  searching  for  detailed  weather
forecasts.  The collaboration with Météo-France Guadeloupe departments helped to pinpoint
relatively favourable meteorological windows (figure 7).   Nevertheless, the conditions were
only very rarely below 3 Beaufort and observation conditions remained mediocre overall.  This
had the effect of limiting the width of the cetacean observation strip to approximately 500 m on
each side of the plane. 

Figure 7: Daily wind and swell averages recorded by the Atlantic Désirade buoy during the campaign
from 04 February to 05 March 2008.  Flight days are shown in orange on the swell’s histogram bars  
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Cetacean observations: 

During their observation work, observers spotted 55 cetaceans during work and 15 in transit,
including 8 outside of the study area; they identified 12 different taxa including 9 species (table
4). 

Table 4: total cetacean observations carried out on the transect line or in transit (species and group
sizes) 

Number of observations Group size
Species Transect Transit Total Min_Max Average
Balaenoptera edeni / borealis 1 - 1 - -
Balaenoptera acutorostrata 4 - 4 - 1,0
Megaptera novaeangliae 9 3 12 1_2 1,4
Stenella spp. 7 3 10 1_35 14,0
Lagenodelphis hosei 4 - 4 6_50 29,0
Tursiops truncatus 3 1 4 1_30 16,3
Globicephala macrorhynchus 5 - 5 2_20 10,8
Pseudorca crassidens 2 - 2 1_10 5,5
Orcinus orca 2 - 2 - 2,0
Physeter macrocephalus 8 8 16 1_5 1,4
Kogia sima / breviceps 2 - 2 - 2,0
Ziphius cavirostris 2 - 2 1_2 1,5
Ind. ziphiidae 4 - 4 1_3 2,0
Ind. cetacean 2 - 2 - 1,0
Total 55 15* 70  -  -

* including 8 outside of the study area (off the coast of Dominica and Antigua)

The most commonly encountered species were humpback whales  (n=9) and sperm whales
(n=8), small  delphinidae such as  Stenella spp  were spotted 7 times,  as well  as 6 beaked
whales  and 5 short-finned pilot  whales  (tables  4 and 5).   These are the most  frequently
encountered species, and all other species were observed at least 5 times.  This first report
shows  that  the  zones  covered  present  a  large  specific  diversity  but  with  seemingly  low
densities  on  the  scale  of  the  EEZ  and  for  the  month  of  February.   Moreover,  too  few
observations were recorded to obtain a reliable abundance estimate per species (at least 25 to
30 observations are needed to create a good observation model, without which abundance
estimates cannot be calculated using the distance sampling method (Buckland et al. 2001)).

Sperm whales and humpback whales are great divers and their surface availability is therefore
low.  The number of observations for these species is fairly high, which means that their true
densities  are  probably  much  higher  than  delphinidae,  whose  surface  availability  is  much
higher and which were observed in the same proportions as diving animals in some sectors. 



Table 5: total cetacean observations carried out on transect lines or in transit for each of the blocs (left)
and in each region (right)

Bloc Region

Species A B C D E F G
Caribbe

an
Atlantic
inshore

Atlantic
offshore

Northern
islands

Balaenoptera edeni / borealis 1  1

Balaenoptera acutorostrata 1 3 3 1

Megaptera novaeangliae 1 1 5 3 1 5 1 3

Stenella spp. 3 2 3 5 3

Lagenodelphis hosei 1 3  1 3

Tursiops truncatus 1 2 1 1 2 1

Globicephala macrorhynchus 2 1 2 2 3

Pseudorca crassidens 1 1  1 1

Orcinus orca 2  2

Physeter macrocephalus 1 1 6 3 1 7 4 1

Kogia sima / breviceps 1 1  1 1

Ziphius cavirostris 1 1 1 1

Ind. ziphiidae 1 1 1 1 1 1 1 1

Ind. cetacean 1 1      1 1   

Sub-total 9 5 6 13 14 9 6 22 19 15 6

Total 62 62

Generally, the number of observations per unit of work are low (table 6a and 6b) over the total
surface  area  canvassed.   Observations  were  nevertheless  made  in  each  of  the  strata
explored.  Higher relative abundance rates were observed in the “coastal” Atlantic regions and
the northern islands for humpback whales, in the “Caribbean” region for sperm whales, in the
“Caribbean and Coastal Atlantic” regions for small delphinidae, and finally in the “Caribbean
and Oceanic Atlantic” regions for larger delphinidae (table 6b and figure 8). 

Table 6: Relative abundance rate per unit of work for the main cetacean species encountered 
(a): relative abundance expressed in number of observations per km 

Region

 
Caribbea

n Atlantic inshore Atlantic offshore
Northern
Islands Total

Megaptera
novaeangliae 0,00038 0,00158 0,00038 0,00423 0,00106
Physeter
macrocephalus 0,00153 0,00119 - 0,00141 0,00094
Small delphinidae (1) 0,00230 0,00198 0,00114 - 0,00165
Large delphinidae (2) 0,00077 0,00040 0,00227 - 0,00106
Ziphiidae 0,00077 0,00079 0,00038 0,00141 0,00071
 
(b): relative abundance rate expressed in number of individuals per km

Region

 
Caribbea

n Atlantic inshore Atlantic offshore
Northern
Islands Total

Megaptera novaeangliae 0,00077 0,00237 0,00038 0,00423 0,00141
Physeter macrocephalus 0,00307 0,00198 - 0,00141 0,00165
Small delphinidae (1) 0,02990 0,05303 0,02500 - 0,03276
Large delphinidae (2) 0,01150 0,00396 0,01098 - 0,00813
Ziphiidae 0,00153 0,00158 0,00038 0,00282 0,00130

(1) Stenella spp., Tursiops truncatus, Lagenodelphis hosei 



(2) Globicephala macrorhynchus, Pseudorca crassidens, Orcinus orca
The first distribution maps show that cetaceans seem more frequent in insular plateau areas
and on the slope on the Caribbean as well as the Atlantic side (figure 8 and 9).  Nevertheless,
the number of  observations is too low to be able to comment these results; this therefore
remains to be confirmed by spatial analysis (cf. 3.2. observation spatial model).

Figure 8: cetacean observation maps (a: species observed; b: group sizes observed)

(b)

(a)

�	���	��

��������
�A�B ����

��
�A�B �	��

�A�B

�	��

����
��

�A�B

��������

���

���


����

����

���
���
���


��

���


��

��������

����

���


����

���


���


��

����
�	��

����

���

��

��
����

���


����
����

�������� ����

����

�A�B

���

���� ���
��

���
 �A�B

�	��

���


��

��

����

����

58°0'0"O

58°0'0"O

59°0'0"O

59°0'0"O

60°0'0"O

60°0'0"O

61°0'0"O

61°0'0"O

62°0'0"O

62°0'0"O

63°0'0"O

63°0'0"O

18°0'0"N 18°0'0"N

17°0'0"N 17°0'0"N

16°0'0"N 16°0'0"N

15°0'0"N 15°0'0"N

14°0'0"N 14°0'0"N

0 50 10025 Milles nautiques

�v
CRMM - ULR - Mars 2008

���
 Megaptera novaeangliae

���
 Balaenoptera acutorostrata

���
 Balaenoptera edeni/borealis

���� Stenella attenuatta

���� Lagenodelphis hosei

���� Tursiops truncatus

���� Globicephala macrorhynchus

���� Pseudorca crassidens

���� Orcinus orca

�� Physeter macrocephalus

���� Kogia sima/breviceps

�A�B Ziphius cavirostris

�A�B Ziphiidé ind.

�	�� Delphinidé ind.

�	�� Cétacé ind.



Figure 9: observation distribution maps for the most encountered cetaceans (a, b, c),

(a) delphinidae observation
distribution

(b) humpback whale observation
distribution

(c) sperm whale observation
distribution



Sea-bird observations: 

407 birds were observed on the transect lines, including 15 taxa (table 7 and 8, figure 10). The
most frequent taxa or species are magnificent frigatebirds, brown boobies, tropicbirds, brown
terns,  grey  terns,  royal  terns,  brown  noddies,  and  small  shearwaters.   The  number  of
individuals observed from other species remains low.  

Table 7: total bird observations (species and group sizes observed)

Number of Group sizes
Species observations Min_Max Average
Sula spp. 57 1_20 2,4
Fregata magnificens 19 1_2 1,3
Catharacta spp. 6 - 1,0
Océanite ind. 8 1_5 3,4
Phaethon spp. 171 1_2 1,1
Puffinus puffinus / lherminieri 4 1_10 3,3
Ind. shearwater 4 - 1,0
Anous stolidus 13 1_5 1,3
Sterna fuscata / anaethetus 110 1_100 6,0
Sterna dougallii / hirundo 6 1_6 2,2
Thalasseus maximus 4 1_2 1,3
Other species 5 - 1,0
Total 407  - 2,7

Table 8: total bird observations carried out in each of the blocs (left) and in each region (right) 

Bloc Region

Species A B C D E F G Caribbea
n

Atlantic
inshore

Atlantic
offshore

northe
rn

island
s

Sula spp. 9 12 1 18 5 3 9 27 17 4 9

Fregata magnificens 1 1 3 3 3 8 4 4 3 8

Catharacta spp. 2 2 1 1 2 3 1

Ind. Storm-petrel 1 1 3 2 1 1 3 3 1

Phaethon spp. 32 19 5 9 42 19 45 41 61 24 45

Puffinus puffinus / lherminieri 1 1 1 2 1 1 3 2

Ind. shearwater 1 1 2

Anous stolidus 3 3 1 3 3 6 6 1

Sterna fuscata / anaethetus 18 38 5 14 22 8 5 32 60 13 5

Sterna dougallii / hirundo 2 2 1 1 2 3 1

Thalasseus maximus 1 3 1 3

Other species 2 1 1 1 3 1 1

Sub-total 70 79 15 50 83 36 74 120 162 51 74



Figure 10: sea-bird observation maps (a: species observed; b: size of groups observed)
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The tropicbird proved to be a common species in the Antilles with more than 200 individuals
observed.  It was found everywhere in the EEZ with strong densities in coastal areas, but they
were also observed out at sea, sometimes up to 200 nautical miles from the Atlantic coast
(figure 11).  Most of the individuals were observed alone or in pairs and were not accompanied
by other species.  It is very difficult to be precise in terms of species and typical habitat since
two different tropicbirds difficult to tell apart are present in the zone.  According to publications
(Levesque  et  al. 2007)  the  red-beaked  tropicbird  is  very  common  and  nests  on  the
Guadeloupian  coast  whereas  the  yellow-beaked  tropicbird  potentially  breeds  there  but  is
clearly less common.  

“Brown” terns are by far the greatest in number in the Caribbean waters during this season,
with 658 individuals observed.  Nevertheless, the number of observations is only of 110, which
explains a large variation in group sizes, with concentrations reaching up to 100 individuals.
The most significant groups are particularly located in the south of Martinique (figure 12), that
is to say close to their nesting sites (cf. annexe 1).

Figure 12 “brown” tern observation
distribution (bridles or sooty)

Figure 11: tropicbird observation
distribution



“Brown” boobies are a priori much more present in the zone.  57 observations were made for a
total  of  134  individuals.   The  average  size  of  groups  is  of  2.4  with  certain  observations
concerning a group of twenty or so individuals.  Brown boobies are particularly centred on the
plateau and the islands in a radius of 80 nautical miles (figure 13). 

Other observations:

Figure 14: sea turtle observation
distribution

Sea turtle observations (n=21) were centred on the insular plateaux, often not far from the
coast  for  hawksbill  turtles whereas leatherback sea turtles seem to have a more oceanic
distribution (figure 14). 

Figure 13: “brown” booby
observation distribution



With regards to human activities, 175 positions of ships were recorded including 60 small-
scale fishing boats (Saintoises, Yoles).  This fishing activity is present in each of the islands, in
waters of the Caribbean as well  as the Atlantic, and seems to cover a radius of 50 to 60
nautical miles around the islands.  The yachting activity seems to be mainly carried out near
the islands in a radius of approximately 10 nautical miles with denser zones in St Martin, the
south of Guadeloupe and the south and west of Martinique. 

Figure 15: distribution map of human activities (a, b and c)



3.2. Spatial model of Observations.

Modelling animal distribution:

Final models are listed in table 9, and associated estimates in figure 16 for the 4 taxa.  Note
the importance of  surface chlorophyll  concentration and topography  when  defining priority
habitats for each of the taxa.  Bird and marine mammal density models show are relatively
equivalent in terms of efficiency, with 16.4% (Tropic-birds) to 29.2% (Brown terns) of variance
explained.  The estimates linked to these models each highlight different environments: brown
tern habitats are distributed on either side of the Caribbean arc, slightly off the coast of the
islands, with an apparent marked preference for the East of Guadeloupe.  On the contrary,
brown booby environments are found in greater number to the west  of the Caribbean arc,
notably  in  Guadeloupe.   Nevertheless,  a  few  brown  booby  environments  have  been
highlighted in the east, for example off the coast of Martinique.  Tropicbirds seem rather more
subservient to insular areas, despite two frequented zones further off the coasts on either side
of Guadeloupe, perhaps feeding areas at sea.  Moreover, tropicbirds were nesting during the
sampling season (Collier  et al. 2002), another explanation for the noted coastal preference.
Their  distribution  outside  of  the  sampling  period  is  probably  different,  with  more  marked
feeding zones at sea.  Finally, important habitats for cetaceans are notably located along the
Atlantic continental slope, with important zones located out to sea to the East of Martinique. 

Table 9: Descriptions of the spatial models used to predict animal densities or anthropic activity in the
Caribbean arc.  The variance explained percentage shows the explanatory importance of models. 
 

Taxon Co-variable n°1 Co-variable n°2
Co-variable

n°3 Co-variable n°4
% var.

explained
brown terns DISTCOAST CHLA TOPO SSH 17.5%

brown boobies CHLA SST SSH TOPO 24.4%
tropicbirds DISTCOAST SSH SSTg TOPOg 16.4%
cetaceans TOPOg CHLAg TOPO DISTFRONT 24%

waste LAT LON TOPO 12.3%
buoys TOPO SSHg SSH 64.8%

Fishing boats DISTCOAST TOPO DISTFRON 23.7%
Yachts DISTCOAST LON 53.5%



Figure 16: Predictions based on spatial models for the density of superior predators within the
Caribbean arc.  The colour scale ranges from blue (low densities) to red (high densities). (a, b, c) sea-
birds; (d) cetaceans

a) Brown terns b) Brown boobies

c) Tropicbirds

d) cetaceans



Modelling anthropic activities:

Estimates for the distribution of fishing buoys, fishing boats, floating waste and sail boats are
shown in figure 17.  Resulting predictions show that all human activities (fishing and yachting)
centred on the islands, whereas waste is more abundant in the western area of the Caribbean
arc, and can also be found in deeper zones, as shown in the north-east of the map.  Estimated
fishing buoy positions reveal the extensive use of coastal waters notably in Guadeloupe and
the  islands  of  Saint  Martin  and  Saint  Barts.   The  distribution  of  the  latter  only  partially
coincides with fishing equipment such as FAD (Fish Aggregating Devices), pots, and gillnets,
which could be located right up to and beyond the insular plateau (Guillou & Lagin. 1997).

Figure 17: Predictions resulting from the spatial models for anthropic activities within the Caribbean arc.
The colour scale ranges from blue (little activity/impact) to red (intense activity/ impact).

a) Fishing boats b) Fishing buoys

c) Yachts d) Macro waste



 Identifying priority habitats:

The distribution of a priority habitat index (fig. 18), calculated according to the formula given in
the methodology section,  summarises the information presented in  the maps dedicated to
each taxon or species (fig. 16).  This figure illustrates important habitats: all of the continental
slope to the east of the Caribbean arc as well  as large areas off  the coast of the east of
Martinique, to the West of Guadeloupe and to the East of Saint Martin and Saint Barts.  This
index has been calculated using a certain number of  hypotheses, which can be redefined
and/or refined according to the administrators’ priorities or potential future investigation work.  

Figure 18: Priority habitat index.  The colour scale ranges from dark blue (zone with little interest) to red
(strong interest) 



Identifying human activity zones

The human activity intensity index (fig. 19), which integrates estimates obtained for fishing
boats and yachts,  shows that  coastal  zones  are largely  used for  these two categories of
activities, with a small extension off the coast of Guadeloupe to the West, up to the continental
slope.   

Figure 19: Anthropic activity index.  The colour scale ranges from dark blue (zones with low interest) to
red (strong interest) 



Identifying potential conflict zones

Combining habitat index and human activity index maps helps to identify sectors for which the
implementation of management measures could lead to interactions with local activities (fig.
20).  These interactions could be important between the islands of Saint Martin and Saint
Barts and on the slope located to the west of Guadeloupe and around Martinique. 

Figure 20: Potential conflict index.  The colour scale ranges from dark blue (zones with low interest) to
red (strong interest)

Limits and interpretations of models:

The cartographic representations resulting from the generalised additive models presented in
this report depend on the choice of explicative co-variables.  Here, we have used a theoretical
and objective process to choose the explicative co-variables for each species (process known
as “forward selection” based on the minimisation of the GCV, cf. methodology section).  This
process only selects the “best” co-variables at our disposal, that is to say those most strongly
and most directly linked to animal density values.  
Nevertheless, birds or marine mammals  can onsite answer other environmental factors for
which we lack digital information.  The inclusion of these factors would no doubt enable to
improve our models’ efficiency.  The information taken from our cartography must therefore be
used with precaution. 



The large-scale spatial structure shown (for example the highlighted continental slope in the
priority habitat index map) can be considered are more reliable than finer-scale structures,
much more likely “artifactitious” structures, that is to say resulting from a specific configuration
of co-variables rather than the reality of the terrain. Also, model-based estimates based are far
less reliable outside the study zone and still less along the edges of the map.  For example,
abundance zones of  floating  waste  to the  East  (fig.  17d)  have most  probably  been over-
evaluated.  Finally, the differences between average abundance zones (in light blue/yellow)
and strong abundance zones (red) are to be put into perspective.  These numerical value
discrepancies can indeed only be the result of analysis artefacts, and can be adjusted via the
introduction of a new co-variable into the model.  We are on the other hand more confident as
to the reliability of the absence zone estimate (dark blue).  Thus, for the definition of priority
zones (fig. 18), we shall give equal importance to the continental slope zone (to the West) and
to the structures highlighted in the East and the North-East of Guadeloupe. 



3.3. Abundance estimates

Bird and marine mammal abundance estimates in the French Antilles EEZ are presented in
table 10, along with statistical moments (“mu” and “size”) resulting from the adjustment of the
negative binomial distribution for group size distributions by maximum likelihood.  Our minimal
abundance estimates list 15,400 birds and 5,300 marine mammals.  These numbers must be
taken as underestimates, since calculated using a theoretical detection probability equal to 1.
A classification of underestimation levels is proposed taxon by taxon in table 10, with the idea
that  estimates  for  species  diving  for  long  periods  of  time  are  probably  the  most
underestimated.  Nevertheless, these numbers are realistic in terms of estimates obtained in
the colonies (15,000 to 30,000 Brown terns in Tête à l’Anglais and Sainte Anne colonies, cf.
annexe 1)

Table 10: Abundance estimates by strip-transect for sea-birds, marine mammals and anthropic activities
in waters under French jurisdiction in the Caribbean arc.  The “underestimate” column is a subjective
classification of the abundance estimate underestimation rate

Taxon Abundance Icinf Icsup
Observation

density mu Size
underesti

mate
Brown terns 9200 5500 14000 0.0129 5.0273 0.2799 *

Brown boobies 1950 1200 2900 0.0067 1.3505 0.2263 *
Tropicbirds 2700 2200 3250 0.0201 0.09 5 *
Frigatebirds 350 200 550 0.0022 0.2636 5 *
Total birds 15400 11300 20200 0.04 1.7025 0.1222 *

Sperm whales 170 50 400 <0.001 0.4375 0.3404 ***
Humpback whales 160 50 300 0.0011 0.4172 5 ***
small delphinidae 3600 1400 6300 <0.001 5 0.3202 **
large delphinidae 1000 130 2000 <0.001 X X
Total mammals 5300 2600 8200 0.043 4.7568 0.2106 **

fishing boats 950 600 1250 0.0076 0.1804 0.1631 *
fishing buoys 2700 1600 4100 0.022 0.8086 0.3116 *
macro-waste 3400 2800 3950 0.028 0.013 5 *

3.4. Sensitivity analyses

The results concerning our abundance estimate sensitivity analyses are presented in fig. 21.
These  detail  the  sampling’s  efficiency  in  terms  of  the  abundance  estimator’s  variation
coefficient within possibilities defined by three criteria: work intensity, observation density and
statistical  distribution  of  group sizes.   These  analyses  help  to  constitute  three  groups  of
objects:  those for  which abundance estimates are efficient  (VC < 0.3;  Tropicbirds,  fishing
buoys and waste),  those for which abundance estimate precision is average but could be
improved by a reasonable increase in sampling work (VC around 0.4; brown terns, brown
boobies and fishing boats), and those for which the increase in work required for a significant
improvement  of  abundance  estimate  precision  seems  beyond  reasonable  (VC  >  0.5;
frigatebirds, sperm whales, humpback whales, small delphinidae).  
Please  note,  however,  that  such  variation  coefficient  values  for  marine  mammals  are  in
accordance with those found for these taxa in other major surveys (SCANS, SCANS-II, CODA
for example). 



It therefore clearly appears that the easiest taxa to follow over time, and for which trends seem
to be the most rapidly detected within a framework of repeated campaigns, are tropicbirds,
and, subject to an increase in the sampling intensity, brown terns.  This increase in work (in
proportion  to  the  study  area  covered)  can  nevertheless  be  counterbalanced  by  a  finer
definition of areas to canvass, based on habitat zones identified with spatial analyses (fig. 18).
For example, the sampling limited to strata B and E (fig. 3) would be quite adapted to the
temporal  monitoring  of  these  species  of  bird,  the  reduction  in  size  of  the  area  sampled
allowing for  a more precise estimate of  bird abundance in  these areas.   Such a strategy
suggests that populations are always concentrated in areas sampled, flyovers measuring the
temporal (seasonal) variability of the animals’ spatial distribution also being required.  

Figure  21:  Sensitivity  analyses  results.   Each  graph  shows  an  abundance  estimator’s  variation
coefficient (VC) value for a given density (abscissa) and sampling effort (ordinate).  The isolines delimit
the VC values of 0.1 (brown), 0.2 (red), 0.3 (orange), 0.4 (yellow), and 0.5 (white).  The black dot on
each graph corresponds to the sampling location in the Caribbean arc.  Each graph is specific to the
statistical properties of the group size distribution for each species/subject canvassed. (a, b, c, d) sea-
birds; (e, f, g) marine mammals; (h, i, j) human activity.

a) Brown terns

b) Brown boobies



c) Tropicbird

d) Magnificent frigratebird

e) Sperm whale

f) Humpback whale



h) fishing boats

i) fishing buoys

j) macro waste

g) Small delphinidae



IV. Summary and recommendations

This superior predator population evaluation programme within the Caribbean arc has enabled
to supply: 

(i) an inventory of  the species (or  taxa) of  birds and marine animals observed off  the
coasts of the Caribbean arc (Figures 8 to 13; Tables 4 to 8); 

(ii) an  identification  of  the  most  important  environments  for  superior  predators,  which
probably highlight important biological productive areas for marine environments
(Figures 16 and 18; Tables 3 and 9)  

(iii) an identification of the sectors most used for fishing activity, and for which conflicts
could appear within  the framework of  a santuarisation policy  for  certain marine
species (Figures 17, 19 and 20); 

(iv)minimal abundance estimates for the most observed species and taxa (Table 10); 
(v) a sensitivity analysis, enabling to identify taxa and species for which trends are most

likely to be detected, and giving an idea of the increase in work required to obtain
reliable abundance estimates taxon by taxon (Figures 21a to 21j).

Recommendations concerning the implementation of ae rial observation campaigns 

The main difficulties encountered and impacting on the fulfilment of these objectives are the
relatively low densities of marine mammals, combined with relatively unfavourable weather for
observation, due to the abnormally high trade wind season and punctuated with rare lulls. 

It may therefore appear that the observation effort deployed should have been more important;
bearing  in  mind the significant  set  costs,  further  observation  work  would  not  have led  to
proportional increase in the project’s total costs.  With regards to the degradation of animal
detection  conditions  at  sea  linked  to  sustained  winds,  the  flexibility  of  aerial  resource
implementation has enabled to limit this constraint.  However, this undoubtedly represents a
notable source of negative bias in abundance estimates, in particular as observations start to
move away from the plane’s 500m-wide route.  Prior data on expected densities would have
been of  great  help in  pinpointing  optimum observation effort  proportions.   Joint  sensitivity
analyses of Caribbean data (this study) and Guiana data (future study) will enable research on
superior predator density in these two separate situations.  These two density values probably
constitute  the  lower  and  upper  values  for  most  future  situations  encountered  throughout
French overseas EEZs.  Without a doubt, the preliminary results obtained in the Antilles, and
later in Guiana, will help to schedule the observation work in an optimum manner. 

Moreover, it is highly probable that the smallest and darkest predators (brown terns, brown
boobies…) are also difficult to detect over the entire width of the observation strip.  To do
away  with  this  issue,  defining  two  or  three  sub-strips  would  be  useful  to  estimate  the
importance of this observation bias.  Indeed, decreased observation probabilities during aerial
sampling of marine birds have already been detected beyond 50m, even for the most visible
species such as northern gannets (Certain & Bretagnolle 2008). 



Recommendations concerning priority habitats in the  Caribbean arc  

The continental slope has therefore been clearly defined as the priority habitat zone for all
superior predators, notably cetaceans.  To a lesser degree, the peri-insular zones or plateau
are also frequented by birds.  Crossing priority habitats and human activity zones highlights
potential  interaction  areas  located  relatively  near  the  islands.   The first  spatial  modelling
conclusions are to be read with caution since they are sensitive to the choice of co-variables
used.   Even though the  co-variable  “forward”  selection process helps to extract  the most
significant,  other  variables  than those tested to date could  be just  as important.   Further
analyses are therefore recommended, notably within the framework of joint use of Caribbean
and Guiana data. 

Moreover,  this  observation  campaign  does  not  take  into  account  the  possible  temporal
variations  (seasonal  or  interannual)  of  superior  predators’  distributions  and  preferential
habitats in the region.  It is a starting point, a basis for establishing a first overview of birds and
marine mammal distribution in the French Antilles and more generally in the Caribbean arc.
This starting point should lead to other similar initiatives looking to enrich geographically and
temporally  the  available  data  and  understand  relations  between  superior  predators  and
habitats in greater detail.  Dominica wishes to carry out a similar project in its waters, and at
the June 2008 meeting, United States, Netherlands, and United Kingdom delegations for the
International  Whaling  Commission  have  shown  great  interest  in  the  preliminary  results
obtained by the French Antilles.  A regional dynamic could considerably enrich the available
data and back up or refine habitat models presented in this report.  Similarly, this approach
could indeed help to highlight the evolution of distribution and human activity intensity. 



Conclusion

At the end of this biodiversity sampling programme in the Caribbean arc, it appears that aerial
observation and appropriate analyses help to extract a significant amount of information on a
large surface area rapidly and at reasonable cost.  This information constitutes a reference
value and can be used as a point of comparison to understand the evolution of the state of
health of the ecosystem studied.  The data gathered can moreover be used as a basis for a
research on creating  sectors  requiring  protection  measures,  as  well  as  planning  potential
conflicts linked to this type of approach.  Finally, the information extracted from this report can
be used as a solid basis for future research and management of the pelagic ecosystem in the
Caribbean arc.  Highlighting sectors with large populations of birds and marine mammals will
help to propose less intensive sampling programmes in view of creating time series, focussing
on priority zones.  
Pertinent research guidelines have also been identified in order to complete this ecosystem’s
management tools.  For example, additional operations can also be considered in order to
refine  abundance  estimates  for  deep-diving  species  (Whales  and  Sperm  whales):  the
deployment of beacons for assessing time spent under water would be an indirect method of
evaluating  the  number  of  non-observed  individuals,  and  therefore  correct  abundance
estimates.  In addition, this type of action would allow players to validate the identification of
priority zones for these great divers independently.  Additional exhaustive campaigns would
nevertheless  be  used  to  evaluate  the  temporal  variability  of  animal  distributions  and
abundances at sea, and ensure that priority sectors identified during these campaigns remain
priorities  at  other  times of  the  year.   In  the  same way,  this  approach could  highlight  the
evolution  of  human  activity  distribution  and  intensity.   Finally,  the  priority  habitat  index
presented in this report could be used as a basis for the development of a biodiversity index
taking into account both the most abundant sea-bird populations, marine mammal populations
and human activities.  Again, in this case, additional research (taking into account the natural
heritage value, the degree of human activity and the species conservation status) is needed to
fulfil this objective.  
These  ulterior  work  guidelines  could  lead  to  scientific  publications  that  will  contribute  to
international  recognition  of  tools  and  indicators  developed  by  the  French  state  and  to  a
standardisation of marine environment management methods within the Caribbean arc. 
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ANNEXE 1:  Minimum sea-bird estimates in Lesser Anti lles colonies (Virgin Islands to Trinidad and Tobag o) listed by
number of individuals



Source: Birdlife International,  Important Bird Areas in the Caribbean:  http://www.birdlife.org/regional/caribbean/index.html (consulted 16 January

2009)
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Total

American Virgin
Islands

100 100 250 280 20 50 20 20000 50 100 20970

Anguilla 0 36 310 60 2115 0 213 1 420 0 115 11300 316 891 0 15777

Dutch Antilles (except
for Curacao, Bonaire,

Aruba)
1000 890 0 0 130 0 0 10 0 0 90 0 0 0 0 2120

Saint Martin 0 60 0 0 0 0 82 0 0 0 0 0 0 140 0 282

Saint Kitts and Nevis 0 0 0 0 0 0 65 0 0 0 0 0 60 0 0 125

Antigua and Barbuda 0 0 5500 170 300 300 650 0 20 0 0 0 0 0 0 6940

Guadeloupe 0 215 0 0 0 0 130 0 0 0 0 15400 210 230 0 16185

Dominica 0 180 300 0 400 0 0 0 0 0 0 0 500 300 350 2030

Martinique 146 0 100 0 160 0 0 0 550 0 0 7000 230 310 0 8496

Sainte Lucia 0 0 0 0 0 0 0 0 50 0 0 0 250 0 0 300

Barbados 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50

Saint Vincent and the
Grenadines 0 0 619 0 550 3000 0 0 200 50 550 0 0 0 0 4969

Trinidad and Tobago 600 350 0 80 150 1169 0 0 0 0 0 0 43 0 0 2392

Total lesser Antilles 1796 1731 6829 310 3805 4469 1140 11 1240 50 755 33700 1609 1871 350 59666

 




