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ABSTRACT

In order to establish a baseline map of cetacendsother pelagic megafauna across the French Ekguré=1), the French
agency for marine protected areas (AAMP) decidezbtaluct a series of surveys allowing hotspotsahdance and diversity to
be identified and a future monitoring scheme t@$@blished. This paper describes the generalrdgsiggress and perspectives
of the project. A dedicated aerial survey methoggldollowing standard protocols, was preferredsiip surveys. The general
design corresponds to published protocols prepfoedmall cetaceans, but data for other marine malrfiarge whales,
sirenians), seabirds, sea-turtles, large teleguislarge elasmobranchs) are collected as well.lliFifauman activities (fishing
vessels, boating and merchant ships, marine deb@i$m size) are also recorded. Data collectedudelspecies, group size,
angle to survey track for cetaceans located wiii@m on both sides of survey track, allowing lirensect data analyses. For
seabirds all encounters located within 200m on tsidles of survey track are recorded for strip-teahsnalysis. Covariates
collected on board include sea-state, turbiditsgregland cloud coverage. The study areas will utéiyanclude all sectors of the
French EEZ in the tropical Atlantic (French Cariabeand Guiana), Indian (Reunion Island, Mayotte tedScattered Islands)
and south Pacific oceans (French Polynesia, Newddaia, Wallis and Futuna). Sampling is organisethiee hierarchical
spatial levels: regions (4 regions), areas (sevaeds per region) and gross bathymetric stratdf(slope, oceanic). The first
surveys were conducted from February-March 2008sacthe EEZ of Martinique and Guadeloupe (Caribp&aB,000 km2,
8,400 km or 71h of effort) and in October 2008 Gffiana (138,000 km?, 7,800 km or 63h of effortprirDecember 2009 to
April 2010, was conducted the southwest Indian @csarvey, designed and implemented regionally urierframework
provided by the Indian Ocean Commission (O3, a study region of approximately 5,000,000 km2 @0, km or 500h of
effort). The spatial modeling is conducted in tveps. Firstly, the statistical relationships betwseghtings per unit effort and
environmental covariates are established by usiAiyl GGeneralized Additive Models) among three cateézp of covariates:
covariates determining detection rates (cloud,eglaea-state, turbidity, observers, tiredness,.edgmphic covariates (depth,
latitude, longitude, distance to coast, slope, ng aceanographic covariates (Sea Surface Tempey&hh, distance to front,
height anomaly, .). Secondly, the established relationships are tsqatedict densities of sightings across regigxsther
objective is to derive minimal abundance estimégaising line-transect methodology for cetacearcisgeand strip-transect
methodology for birds. During the Caribbean sunsmg-state was suboptimal (Beaufort 3-4) in sgite@survey being planned
after the trade wind season. A total of 55 sigittin§ cetaceans were collected, of 12 different.téxdhe Guiana survey, sea-
state was excellent throughout (Beaufort 1-2) affdl sightings of cetaceans were collected, of lfemift taxa. In the southwest
Indian Ocean, detection conditions were excellentall areas of the Mozambique Channel and the SdgshPlateau,
intermediate in the northeast of Madagascar ana®irbal in Reunion and Mauritius. 1,274 sightingscetaceans were
collected on effort, including 17 different taxa.the Caribbean, the ‘average’ cetacean habitataapgdo be mostly located over
the slope, along the eastern side of the islanddimited overlap was found with human activiti#stals of 5,300 cetaceans and
15,400 seabirds were estimated in the surveyed brdhe Guiana survey area, minimal estimates82& T. truncatusand
1,942S. guianensisvere found. In the near future, the South Pac#fgions are planned to be surveyed during the yR&i8-11
(French Polynesia) and 2011-12 (southwest Pacifiea® around New Caledonia and Wallis and Futuniadllf, it is planned to
conduct in 2012-13 the Atlantic survey regionalgiven the surface areas to be covered for theselyhimobile pelagic
organisms, a regional approach is highly recomménderefore regional co-operations, similar to éime conducted in the
southwest Indian Ocean under the framework of tidiah Ocean Commission, would be highly beneficia. build the
conditions for such co-operations, contacts haJgetestablished with these countries and regiarakements identified to act as
frameworks for these collaborations.
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INTRODUCTION

The French Agency for Marine Protected AreAggnces des aires marines protég@esMP) was established
by the Act of April 14, 2006, with the following core missions: to sugpmublic policies for both creating and
managing marine protected areas, to coordinatedheork of MPA managers, and to manage human ressur
and funding provided for marine nature parks oreotmarine protected areas. To achieve this misshum,
AAMP seeksi.a. to build up a knowledge base from existing datavdrere appropriate, by organizing the
production of new data. In this respect, the vastre of the French EEZ (11million km2, 97% of wiite
around overseas territories, Fig. 1), its distitruin all three oceans at latitudes fraa 50°N to 50°S and its
fragmented nature make the identification of atease protected in priority particularly challengjmotably as
of the pelagic ecosystems whose biodiversity amttfaning are specially under-documented compaced t
coastal habitats.

The distribution of hotspots of diversity or abunda of cetaceans and other pelagic megafauna |(lindkes,
large teleosts and elasmobranchs) was considered &sy element of knowledge for the design and
implementation of a marine biodiversity conservatitrategy for three main reasons. Firstly, thegmeigs are
intrinsically vulnerable because of their generddisge size, high trophic level, low natural adulbrtality and
low fecundity; because of such characteristics nafsthese species are exposed to many anthropogenic
pressures and have a limited capacity to recowen fnighly degraded situations; they are therefsted in a
number of national, regional or international agneats for marine conservation. Secondly, it is alsosidered
that conservation strategies tailored for thesalfiigiobile species would be beneficial to ecosystamd lower
trophic levels over large areas or networks of graaconsequence colloquially named the umbreléciedf top
predators. Thirdly, these species form one of ¢ve domponents of pelagic biodiversity that candsdily seen
from the surface of the ocean and therefore besyaryacross large oceanic regions; it is theredgpected that
their species assemblages would reveal some ofnthpr properties of the underlying ecosystems, a
characteristics referred to as the indicator valueetaceans and other marine megafauna.
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Figure 1: The French Economic Exclusive Zonaléirk grey) stretches across all three oceans from
approximately 50°N to 50°S and is generally highigmented. Tropical regions of interest to the REQA
surveys are the eastern Caribbean/Guiana Platganse the southwest Indian Ocean, the westernhIaitific
Ocean, and the central South Pacific Ocean. Theses averlap with several Large Marine Ecosysterivt=s;
not shown).

In order to establish a baseline map of cetaceath®ther pelagic megafauna across the French Eigdré-1),
it was decided to conduct a series of surveys fB®8 onwards following a standardized methodoldmt t
would allow comparisons within and between regiassvell as temporally, for the sake of the idecsifion of
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hotspots of abundance and diversity and the eshabént of a future monitoring scheme (Table 1).sEhe
surveys are named the REMMOA surveys REcensements ddglammiféres marins et autr®légafaune
pélagique parObservation Aérienne (Census of marine mammals and other pelagic megafdy aerial
survey). Additionally, considering the fragmentesture of the French EEZ, notably compared to tlrediap
scale that is relevant for the species of intertrs, implementation of these surveys at regionalesty
collaboration with neighboring countries is encga@ The objective of the present paper is to teporthe
progress made so far in the Atlantic and the soesihwndian Ocean and the perspectives in the doautific.
For the sake of developing regional co-operatiorenehneeded, this paper is intended to help exchahge
information with scientists and stakeholders.

MATERIALSAND METHODS
General design, study areas and time line

A dedicated aerial survey methodology was prefeteedhip surveys for its capacity to cover vastarat a
much lower cost than dedicated ship surveys andtgoflexibility of implementation which allows augck
reaction to changing weather and sea conditions;éheesulting in a higher rate of platform usageptimal
detection conditions. These surveys follow the ggnf@ CANS methodology (Hiby and Lovell, 1998) adapto
aircrafts. A zigzag track layout is used and tratsare sampled at a target altitude of 180 m aodngl speed
of 90 km.h. Survey platforms are high-wing, double-engineraiits fitted with bubble windows; a Partenavia
P68 was used in 2008 in the Atlantic and two Bmifidorman BN-2 in 2009-10 in the southwest Indiar&t

Survey crew typically consists in two trained olvses observing with naked eyes and a flight leadeharge
of data collection. Observers rotate regularlyrisuze that observation effort never exceeds 4 coitise hours
for any given observer, in an attempt to minimize tecrease of attention due to tiredness. Thergleshesign
corresponds to published protocols prepared fotl smtaceans. However in addition to this, preseara group
size of other marine mammals (large whales, siremjaseabirds, sea-turtles, large teleosts ande larg
elasmobranchs are collected as well. Finally, hurmetivities (fishing vessels, boating and merchstmps,
marine debris > 0.5m size) were also recorded. Paltacted include species, group size, angle teegutrack
measured with an inclinometer for cetaceans locafigttin 500m on both sides of survey track, allogvime
transect data analyses. For seabirds all encoutdeased within 200m on both sides of survey track
recorded but angles are not measured, in an attempinimize disrupting the attention of the obsss/from
the target species (cetaceans) in areas of hidtirdedensities; consequently, seabird data areetarialysed
using strip transect methodology under the assomptiat all seabirds within the 2x200m sighting dsmare
seen; this latter assumption makes seabird datdy likiased, particularly for the smaller and darkpecies.
Identification is made to species level whenevessimle, but groupings are inevitable for animaés ttannot be
told apart from the air. Th8tenelladolphins and shelled turtles represent typicahgdas of such groupings.
Covariates collected on board include sea-statidity, glare and cloud coverage.

The study areas include all sectors of the Frer€d B the tropical Atlantic (French Caribbean andiaba),
Indian (Reunion Island, Mayotte and the Scattesantls) and south Pacific oceans (French PolynB&w
Caledonia, Wallis and Futuna). Sampling is orgahiatthree hierarchical spatial levels: regiongdgions;
Figure 1), areas (several areas per region as difiehphere in the southwest Indian Ocean) and gros
bathymetric strata (shelf, slope, oceanic).

The first surveys were conducted from February-Ma2008 across the EEZ of Martinique and Guadeloupe
(Caribbean; 123,000 kmz, 8,400 km or 71h of effartyi in October 2008 off Guiana (138,000 kmz, 7,8®0or

63h of effort) (Table 2; Figure 2; Van Canneytal, 2009, 2010). These surveys were restrictedad-tiench
EEZ as no attempt to implement them regionally wesle because of time constraints. As describedeabov
these surveys were stratified according to deptibgeaies defining the main habitats in these areas.

From December 2009 to April 2010, was conducted shathwest Indian Ocean survey. This survey was
designed and implemented regionally under the freanie provided by the Indian Ocean Commission (I0C),
which includes Comoros, Madagascar, Mauritius, Reutsland (France) and the Seychelies,a study region

of approximately 5,000,000 km2. Sampling design waseveral steps. Firstly we identified 7 areasessible

by aircraft and representing the variety of habit@td latitude-longitude across the region; eaeh ams then
stratified according to depth categories, as irtditaabove; finally sighting effort was allocatedthim each
strata (90,000 km or 500h of effort; Table 2; Fey@) in such a way that habitats expected to hawedensity

of cetaceans (Chldepleted oceanic waters) would receive proportiganore effort than habitats with high
expected cetacean densities @hth oceanic waters, slope and shelf waters) abgtfficient data is collected
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for analyses irrespective of actual density. Finalh one area of this survey (the Seychelles boxX)igh
resolution digital camera was fitted under theralitcas a feasibility experiment for further deymitents.

Table 1. Provisional time line of the REMMOA sayvseries (in grey: done).

Actions Areas
Caribbean & Southwest French Southwest Caribbean & Monitoring
Guiana Indian Ocean Polynesia Pacific Ocean Guiana scheme
(local) (regional) (regional) (regional) (regional) workshop
Planning 2007-8 2008-9 2009-10 2010-11 2011-12 2013
Survey 2008 2009-10 2010-11 2011-12 2012-13
Analysis 2009 2010 2011 2012 2013
Dissemination 2010 2011 2012 2013 2014

The South Pacific regions are planned to be sudrelyeing the years 2010-11 (French Polynesia) &id 22

(southwest Pacific Ocean around New Caledonia aatlis\and Futuna). Finally, it is planned to condtie

Atlantic survey regionally in 2012-13. For eachioagl survey, the time line extents over 4 yeaesessary for
planning and conducting the survey, analysing #ta dnd disseminating the results (Table 1).

Analytical procedure

The general aim of the analyses is to map regidiarsity and relative abundance of cetaceans dher o
megafauna across oceanic regions and identify zohese hotspots of abundance or biodiversity opewéh
hotspots of human activities. The analytical styates exemplified from the Caribbean survey (Figdje but
must be considered as provisional since analygéfairt will develop and diversify as new surveyscbme
available.

The spatial modeling is conducted in two stepsstlyir the statistical relationships between sigigiper unit
effort and environmental covariates are establidgdexamining data at area and region levels. Sogmit
covariates are selected by using GAM (Generalizeditive Models) among three categories of covasiate
covariates determining detection rates (cloud,egl@ea-state, turbidity, observers, tiredness,.epgmaphic
covariates (depth, latitude, longitude, distancedast, slope, ...) and oceanographic covariates Soeface
Temperature, Chl distance to front, height anomaly,). .A forward model selection procedure allows thestm
significant covariates to be selected (Wood & Auigu2002); to date the covariate selection proceduas
limited to indentifying the four most significanarables. For the Caribbean and Guiana surveyggealjraphic
and oceanographic covariates were obtained fiip//las.pfeg.noaa.gov/oceanWatch/oceanwatchri safg).
Secondly, the established relationships are uspdettict densities of sightings across regions.

These results allow mapping of habitats of high dnigince for predator diversity by creating a mplisies
index (Equation 1) that combines several repretigatof different groups of pelagic top predators.

Ni,s

, _ 1l
Equation 1: H _?21

with Hs : Habitat index at locatiog T : total number of taxayl s : predicted relative abundance of theaxa at
the spatial locatios; M; : maximum predicted relative abundance ofitheaxa within the study area.

This map can then be crossed with maps of anthespogactivities to highlight areas of potentialeiratctions.
An index of human pressure on the habitat can beiredd in a much similar way than above (Equatipn 2

a
Equation 2: A, = z N, XC,
1

with A : index of human activity at locatios; N,s predicted abundance af" human activity; and,;: a
weighting coefficient reflecting the potential ingtaof the a" human activity on top predators, set to 1 in
absence of information.
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These two maps can then be crossed together intortigghlight areas of potential interactions (&tion 3).

Equation 3:C, = H X A,
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Figure 2: Maps of survey effort and sightingdextked during the French Caribbean (left) and Gaf@ight)

surveys.



SC/62/E14

o ] ] ]
7y Seychelles
5°5 / -
Transects
EEZ
10°S =
15°5
205 " Mauritius |
—_— La Reunion i
0 250 500 1000 Km
L 11 |

1125 R
1275 -
1325 B
14°5- =
1575 0 50100 200 Km y R
L[ il .

T T T T . T T T T
42°E 43°E 44°E 45°E 46°E 47°E 48°E 49°E S50°E

Figure 3. Maps of survey effort conducted inltiian Ocean, with a focus on one of the seversarea
(Comoros—Mayotte—Glorieuses-NW Madagascar) (laft)j distribution of sightings for marine mammalsg$®
and sharks-rays and turtles collected in that saiee (right).

Another objective is to derive minimal abundancénestes by using line-transect methodology for cesa
species (Bucklanet al, 2001) and strip-transect methodology for bi(@ertain and Bretagnolle, 2008). For
cetaceans, this is only possible when sufficiené ds available for fitting detection functions ass a region;
furthermore, the analyses are carried out undeaskamption that detection probability on track lis 1 [g(0) =
1], which is an evident source of underestimatidonetheless, these figures would be first estiméiesll
areas in which they can be calculated, which wéllebgreat interest to managers wherever interactizth
fisheries or other anthropogenic pressures habe mssessed and mitigated.

RESULTS

To date, the Atlantic surveys of eastern Caribbeach Guiana were conducted in February and Octob@8 2
respectively and the southwest Indian Ocean sufi@ay mid-December 2009 to mid-April 2010. Only the
Atlantic surveys have been submitted from a fiestes of analyses.
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Description of available data

During the Caribbean survey, sea-state was subap({Beaufort 3-4) in spite of the survey being plad after
the trade wind season. A total of 55 sightings efaceans were collected on effort, including 1Zednt
species or taxa (Tables 2 and 3; Figure 2 |BiJlaenoptera acutorostrat@d on-effort sightings)Balaenoptera
spp. (1), Megaptera novaeanglia9), Physeter macrocephalu3), Ziphius cavirostris(2), unidentified
Ziphiidae (4),0Orcinus orca(2), Globicephalamacrorhynchug5), Pseudorca crassiden@), Kogia spp (2),
Tursiops truncatug3), Stenellaspp.(7), Lagenodelphis hosé#t) and undetermined cetaceans (2). A majority of
sightings (cetaceans, birds, turtles) were madgldpe habitats, notably off the eastern (Atlansice of the
islands (Figure 2 left).

Y Other species
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Figure 4: Representation of the spatial modeliragedure from the distribution of sightings to a noép
preferential habitats for top predators and thatifleation of areas of potential interactionsexemplified from
the Caribbean survey.

Table 2: Total effort and associated number giiteigs of cetaceans, seabirds, turtles and elasmols.

Area Effort Cetaceans Birds Turtles Sharks and Rays
km, hours  Sightings (taxa) Sightings (taxa) Sightings Sightings
French Antilles 8,400 km 55 407 21 7
71h (11 taxa) (15 taxa)
French Guiana 7,300 km 140 291 36 149
63h (10 taxa) (11 taxa)
SW Indian Ocean 89,000 km 1,274 22,349 830 326
502h (17 taxa) (14 taxa)

In the Guiana survey, sea-state was excellent ¢inmut (Beaufort 1-2) and 140 sightings of cetacemes
collected on effort including 10 different specistaxa (Tables 2 and 3; Figure 2 riglBplaenopteraspp. (1
on-effort sighting),Balaenoptera physalug), Physeter macrocephaly8), Ziphius cavirostris(3), Ziphiidae
spp. (2), Mesoplodon spp. (2), Globicephala macrorhynchus (8), Globicephala or Pseudorca(l),
Peponocephala or Fere4d), Grampus griseugl), Tursiops truncatu$70), Sotalia guianensi§22), Stenellaor

7
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Delphinusspp. (8), delphinids undetermined (12). Cetaceghtisigs were fairly equally distributed across the
shelf, slope and oceanic strata (Figure 2, right).

In the southwest Indian Ocean, detection conditivese excellent in all areas of the Mozambique @kaand
the Seychelles Plateau, intermediate off Antonglly Bind Sainte Marie in the northeast of Madagaaoar
suboptimal in Reunion and Mauritius. Over the seddferent study areas of the SW Indian Ocean, 4,27
sightings of cetaceans were collected on effotuitiog 17 different species or higher level taxal{les 2 and
3): Balaenoptera acutorostratgd on-effort sightings)Balaenoptera eder{il), Balaenopteraspp. (17)Physeter
macrocephalus(46), Ziphius cavirostris (33), Mesoplodon densirostris (4), Indopacetus pacificus (3),
unidentified Ziphiidae (25)Globicephalamacrorhynchus(27), Pseudorca crassiden&4), Globicephalaor
Pseudorca(22), Peponocephala electré/5), Feresa attenuatdl), Peponocephala or Fere483), Kogia spp
(30), Grampus griseug62), Tursiops truncatug259), Sousa chinensi$9), Tursiopsspp or Sousa(213),
Lagenodelphis hosdil), Stenella attenuat#2), Stenella longirostrig16), Stenellaor Delphinusspp. (205),
unidentified delphinids (54), unidentified cetace480). In addition to this, 8 sightings of theesianDugong
dugonwere collected, as well as over 22,000 seabird8®dturtle sightings (Table 2). Examination of rdata
from one of the seven area plotted on a map sugigassin this case highest densities of cetacegitiags per
unit effort would be in slope habitats (Figured tight).

Table 3: Marine mammal species encountered dain@gurveys
(X: present; ?: unconfirmed)

Species French  French SW
Caribbean Guiana Indian
Ocean

Balaenopteraspp X X X
Balaenoptera musculus ?
Balaenoptera physalus X
Balaenoptera acustorostrata X X
Balaenoptera edeni

Megaptera novaeangliae X

Physeter macrocephalus X X
Orcinus orca X

Ziphidae spp. X
Mesoplodon densirostris
Hyperoodon planifrons
Ziphius cavirostris

Kogia spp.

Globicephala macrorhynchus
Pseudorca crassidens
Peponocephala electra
Feresa attenuata

Grampus griseus

Tusiops truncatus X
Sotalia guianensis

Sousa chinensis

Lagenodelphis hosei X
Stenella attenuata

Stenella longirostris

Stenella spp./ Delphinus sp X X

X

X X X X
X X % % X X X X X X X

X X X 9 0 v X

X X X X X X

Dugong dugon
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Modeling top predator preferential habitats and aseof potential risks

This section briefly describes the first analysesied out from the Caribbean data set (Figurend)) ia by no
means the only and definitive analytical procedarbe applied uniformly to all regions in the prtjeAs new
data sets become available the effort in spatialyars will develop and diversify.

Because no cetacean species was reported more thiares in this particular survey area, it was dedito
conduct the spatial analysis for all cetacean gbtdgether as a first approach. This model reptesekind of
‘average’ cetacean habitat biased in favour offéne most frequently seen taxa (here: sperm whalmpback
whale, Stenella sppandTursiops truncatusand will inevitably mask species specific habjtatferences. The
most significant covariates explaining this ‘averagetacean distribution were ‘distance to coaskype’, ‘Chl
a gradient’, and ‘distance to front’ among all caates available for this area; the resulting moslgilained
24% of total variance. The ‘average’ cetacean halppears to be mostly located over the slopagaibe
eastern side of the Caribbean archipelago (Figuraiddle of top row). A similar exercise was dowe 6ther
top predators (three seabird species) for whiclickemit data were obtained, and these spatial nsodere
combined into a single composite top predator modelhich cetaceans and seabirds had equal weilghtisis
top predator model, the Atlantic slope remainsmapdrtant habitats and waters closer to the islaedsh fairly
high values on the color scale as a result of paa@ting seabird habitat preferences (Figure 4tobotight
corner). A similar approach allowed a activity mbfite human to be established with fishing boatd &shing
gears (mainly net buoys); finally a model predigtiareas of possible interactions was obtained (Eigu
middle and left of bottom row respectively). Thee@s of higher risk appear to be located mostlyhim t
immediate vicinity of the islands, suggesting adoywressure on cetaceans in their core habitatatdd further
offshore on the Atlantic side.

Minimal abundance estimates

Different abundance estimates were made from thél@zan and the Guiana data set (Table 4). In thadh
Caribbean, no one cetacean species provided suifficlata for using the Distance sampling methodolog
Consequently, we attempted a strip transect edirficatall cetacean combined in order to produceiranmal
order of magnitude of cetacean number in the ak@mmade no correction for availability or detectinases
and as a consequence the estimate is negativedgchi&imilarly, we made strip transect abundanteates
for 4 seabird taxa (brown terns, brown sulidaepitrdirds and frigate-birds). Totals of 5,300 cetms and
15,400 seabirds were estimated in the surveyed(@stde 4).

In the Guiana survey area, sufficient data for @ise sampling methodology were obtained for thensom
bottlenose dolphin and the Guiana dolphin. Minirstimates of 38,280. truncatusand 1,942S. guianensis
were found under the assumption of g(0)=1 (TableV&rious strip-transect abundance estimates ws® a
calculated for other taxa with large number of sigys (frigate-birds, terns, manta rays, shelletés).

Table 4: Abundance estimates for main speciggaups. Figures are not corrected for availabdity
detection biases. On the basis of available knogdexh surface behavior of the different taxa, ueskmation
biases are likely to be the strongest for manta sayl turtles, intermediate for dolphins and theelst for birds.

Density

Region Taxa . 1 Abundance 95% CI
(ind.km™)
French Cetaceans 0.043 5,300 2,600 — 8,200
Caribbean Marine birds 0.125 15,400 11,300 - 20,200
: 0.2791
Cetaceans Tursiops truncatus (CV=0.24) 38,280 22,914 - 63,952
. . . 0.0439
Sotalia guianensis (CV=0.37) 1,942 928 — 4,063
French Others 0.1116 7,025 3,220 — 15,515
Guiana Marine birds Frigate-bird 0.039 5,450 1,960 - 10,70
"Grey" terns 0.199 27,500 13,700 — 44,750
"Brown" terns 0.137 18,980 9,500 — 32,900
Others Manta rays 0.017 2,400 1,300 - 3,700
Sea turtles 0.004 600 400 - 800
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DISCUSSION AND PERSPECTIVES

General

The implementation of the REMMOA aerial surveystifl at its beginning with two spatially restrictesurveys
fully done and only partially analyzed in the tregdi Atlantic (French Caribbean and Guiana) and regéonal
scale survey recently completed in the southwediain Ocean and still to be analyzed. Two regiorales
surveys are still to be conducted in the southreérind southwest Pacific Ocean in 2010-11 and 2211
respectively (Figure 5) and the eastern Caribbeaaf@ plateau region is planned to be surveyednedy in
2012-13. Lessons drawn from the first steps anemdly useful for the continuation of the project.

Regarding the choice of the platform, aircragssusships, the advantages and limitations of bothgygre well
known. Vessels allow a higher proportion of sightirto be identified at species level; thank torttégher
passenger capacity, they allow double platform owdlogy to be implemented and therefore the detecti
probability on track line to be estimated; finalbgcause of their much longer autonomy, logistitsti@ints on
survey design are lower. Their drawbacks includelithited flexibility of utilization during surveperiod which
generally precludes quick reaction to changing hweratind sea conditions, hence resulting in a lowatr of
platform usage in optimal detection conditionspshjenerate positive and negative interaction biasth the
survey target species (either cetaceans or birdgdhwimply species-specific analyses; because roftdd
steaming speed, several ships are needed to cdesded survey areas if sufficient spatial resoluis needed
for modelling; finally cost and carbon print peritueffort (km surveyed in effort) are higher. Farcaafts, the
higher flexibility of utilization allows an optimahte of platform usage under good detection candit there is
no evidence of survey target species reaction tweguplatform (this may be different with a helitep;
extended areas can be surveyed in a limited amwiutime; costs and carbon print are lower per efiibrt
flown (km surveyed in effort). Several limitations surveying from the air are well known and inauihe
heavier logistic constraints placed on survey dedi@rcrafts are ‘central-place’ survey platformgjgher
number of sightings that cannot be identified taecips; difficulty to implement the double platform
methodology and hence to estimate detection prbtyadi survey track.

In the case of the REMMOA survey series, cost eelassues were key elements of the decision becHitbe
vast geographical span of the project, which madhip survey too expensive. Some of the aircragesje
limitations can be mitigated. In particular, theportion of sightings identified to species cousditmproved by
using digital cameras fitted under the aircrafe #xperimental deployment made in the Seychellgswiib be
analyzed in this perspective. Specific methodokgiee available to estimate g(0) from an airctagy include
special arrangement in the cabin for implementimg double platform methodology, tandem flights aimel
circle-back procedure. The next two surveys shdntwbrporate dedicated experiments allowing detectio
probability to be estimated. Logistic constraintssurvey design can be alleviated by technicalmesgs such
as the use of additional gas tanks allowing lomgarational ranges. In this respect, observerrtiss is another
aspect to be considered and the capacity to ha@xina observer onboard is an advantage as vslotation
of observers to be done within a flight and obsgowabouts not to exceed a given duration for ang abserver.

Next steps

As mentioned earlier (Table 1), the South Pac#igions are planned to be surveyed during the y2@i8-11
(French Polynesia; top of Figure 5) and 2011-12itfswest Pacific Ocean around New Caledonia andisvall
and Futuna; bottom of Figure 5). The Polynesia eyralone (5,030,000 km2) would be of the same abati
extent as the southwest Indian Ocean survey. i@ massive single oceanic area belongingeéstme eco-
region, with a well defined latitudinal gradient mfoductivity from the Chh. rich waters of Marquesas Islands
in the North to the depleted waters of the Austréddands in the South, extending this survey jacaht waters
is not a priority as the area in itself can be seea region. Nevertheless, if nearby countries, (NK, Kiribati)
would consider developing similar initiatives irethEEZs, combining effort, data sets and analysasld be
recommended. The identification of areas withinriagion is underway and the definition of bathyiicestrata
and survey effort remain to be completed in coaaisy with the Atlantic and southwest Indian Oceanweys.

In the southwest Pacific survey, the French EED4@,000 km?) is split into two sub-units: the laiyew
Caledonia and Chesterfield bank area and the anValddlis and Futuna area that are located somdaltffitude
apart. The two areas are surrounded by many othettices’ EEZs, with which they share some welhiifeed

eco-region, like the Coral Sea and the southeairdsia region. In this context, implementing thasithwest
Pacific survey regionally in collaboration with ghbouring countries would be highly relevant. Psaial
areas to be surveyed are proposed (bottom of Figuréut are likely to be modified when the contexkt
regional cooperation is set. Bathymetric strataséitleto be defined in consistency with previous\eys.
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Figure 5: Provisional survey blocks planed fa Erench Polynesia EEZ (top) and New Caledoniavdaltiis-
Futuna EEZ (down).

Finally, it is planned to conduct in 2012-13 thelaftic survey regionally for the same reasons aseh
prevailing in the southwest Indian and southwesiflRaoceans. This would provide a second snapsieet of
the EEZs off Martinique, Guadeloupe and Guiana tedopportunity to better understand their relatiops
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within their eco-regions, the Eastern CaribbeanthedGuiana plateau/Amazon river plume respectiviigas
and bathymetric strata remain to be defined.

Perspectives

In the near future the immediate priority is to gdete the first series of REMMOA surveys. Given theface
areas to be covered for these highly mobile pelagi@nisms, a regional approach is highly recomradnd
Because of its large EEZ, French Polynesia candosidered as a region in itself; nonetheless exgdnani
information and possible synchronization of simigisting initiatives should be encouraged. In shathwest
Pacific Ocean and the western tropical Atlantie Erench EEZ is fragmented and overlaps with séea@:
regions that extend across many other countriesérwaTherefore a regional co-operation, similath® one
conducted in the southwest Indian Ocean under rdmmework of the Indian Ocean Commission, would be
highly beneficial. To build the conditions for $uco-operations, contacts have to be establishéd thvese
countries and regional agreements identified taadtameworks for these collaborations.

The long term objectives of the REMMOA surveys dséstablish an initial situation of cetacean anueot
pelagic megafauna diversity and relative abundamzkto build up a monitoring strategy to be implated

from this point onwards. When the series of sunisy@mpleted in 2013, it is planned to hold a vetidp that
would examine the statistical properties of the plete data set and infer recommendations for mongo
strategies. In this exercise, expertise from theimaanammal, seabird and fish scientific commuaitieuld be
most welcome and the outcomes of this work extrgraseful for all stakeholders and managers in chafg
monitoring cetaceans across the tropics.
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