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PREFACE

La Nouvelle-Calédonie constitue un espace géographique, social, culturel, économique et poli-
tique au sein duquel la recherche pour le développement prend tout son sens et sa dimension. Elle
représente en effet un des chemins pouvant contribuer 2 la structuration de la société plurieth-
nique néo-calédonienne, au cceur du Pacifique.

La recherche reléve d’une compétence de 1’Etat (Accord de Nouméa, 1998). dans un contexte
géopolitique régional, européen et international. Toutefois, le Conseil Consultatif de la
Recherche placé auprés du Congres de la Nouvelle-Calédonie permet un dialogue et des
échanges constants avec les collectivités territoriales. La compétence «Environnement» étant
provinciale, la proximité est permanente avec les trois provinces.

Parmi de nombreux domaines de recherche, la connaissance et la gestion de la biodiversité mari-
ne constituent des theémes d’intérét pour la communauté scientifique nationale et internationale,
de méme que pour les collectivités publiques. L’identification des especes, les associations au
sein des récifs coralliens, les comportements des écosystemes marins au regard des risques natu-
rels et anthropogéniques, 1’usage des récifs coralliens comme marqueurs des variations clima-
tiques, la gestion des ressources liée a la quéte des populations forment autant de domaines de
recherches investigués par I'IRD et ses collaborateurs depuis plus de 60 ans. Ils correspondent a
des axes thématiques qui placent la recherche finalisée comme un dispositif d’excellence a fort
potentiel de rayonnement national et international, au moment ol certains sites coralliens de la
Nouvelle-Calédonie sont présentés pour une inscription au Patrimoine mondial de 'UNESCO.
Cette classification espérée représente un des outils qui permettrait de soutenir la Nouvelle-
Calédonie dans le développement des sociétés traditionnelles confrontées a une économie active
et mondialisée.

Dans le cadre de cette stratégie de recherche, nous sommes fiers, avec nos collaborateurs, de
publier cet ouvrage, un guide des plus complets dans la thématique des espéces marines a ce jour.
Apres la description des principales caractéristiques géologiques, climatiques et géomorpholo-
giques de la Nouvelle-Calédonie, ce compendium propose la liste de 8783 especes identifiées, le
résultat d’efforts de recherche a long terme et d’un véritable engagement. Pour la premiere fois,
ce document donne la liste des especes de coraux de la Nouvelle-Calédonie.

Nous profitons de cette opportunité pour remercier le ministere de la recherche de nous avoir
aidé a financer cette publication, ainsi que les autorités publiques pour leurs étroites collabora-
tions dans les études sur les espéces marines de la Nouvelle-Calédonie. Ce compendium consti-
tue une pierre angulaire pour alimenter les projets de bases de données internationales telles que
Coml, EDIT, OBIS, etc. C’est un outil indispensable pour la protection, la valorisation et la ges-
tion des écosysteémes coralliens, dans un esprit d’intérét commun pour maintenir notre biodiver-
sité comme un trésor inestimable pour le futur de ’humanité.

Fabrice COLIN
Directeur du Centre IRD de Nouméa
Délégué de I’IRD pour le Pacifique Sud



FOREWORD

New Caledonia is a geographical, social, cultural, economical and political area where the
research for development fulfils all its meaning and expectations. Research represents indeed
one of the paths contributing to the structuring of a pluri-ethnic Caledonian society, in the mid-
dle of the Pacific region.

Research comes under the responsibility of the French State (Noumea Agreement, 1998) in a
regional, European and international geopolitical context. However, the Advisory Council of
Research coordinated by the Congress of New Caledonia allows a constant dialog and continu-
ing exchanges with local authorities. The competency ‘Environment’ being provincial, the link-
age with the three Provinces is permanent.

Among many research fields, the knowledge and management of the marine biodiversity is one
of interest for the national and international scientific community as well as for the public
authorities. Identification of living species, coral reef associations, behaviours of marine ecosys-
tems with regards to natural and anthropogenic hazards and risks, the use of coral reefs as trac-
ers of climatic variations, management of resources related to the request of populations are
research fields declined for more than 60 years by IRD and its collaborators. These constitute
the main axes which place finalized research as a device of excellence with potentially high
national and international influences, while the classification of some New Caledonian reef sites
to the UNESCO World Heritage sites is under evaluation. This expected classification is one of
the tools which may sustain New Caledonia in the development of traditional societies facing an
active and world-wide economy.

Within this research strategy, we are proud with our collaborators and all the contributors to
publish this volume, as a most completed guide in the thematic of New Caledonian marine
species nowadays. This compendium, after giving the main geological, climatic, geomorpholog-
ical features of New Caledonia, offers 8783 identified species as a result of a long-time research
effort and a strong involvement. For the first time, it provides the list of coral species from New
Caledonia.

We take the opportunity to thank the French Ministry of Research for helping us to finance this
publication, as well as public authorities for close collaborations to study New Caledonian
marine species. This compendium constitutes a key-work for feeding international data-base
programmes such as Coml, EDIT, OBIS, etc. It is a useful indispensable tool for the protection,
valorisation, and management of coral reef ecosystems in the spirit of a common interest for
maintaining our biodiversity as an inestimable treasure for the future of the humanity.

Fabrice COLIN
Director of the IRD Nouméa Centre
IRD Representative for the South Pacific



Une vue d’ensemble
de la biodiversité marine de Nouvelle-Calédonie

Claude E. PAYRI & Bertrand RICHER de FORGES

Introduction

L’origine du matériel biologique de cet inventaire est multiple et date pour certains groupes de
I’époque de la découverte de la Nouvelle-Calédonie par le Capitaine Cook en 1774.

Mais bien au-deld du contact européen, une grande connaissance des ressources marine de la
Nouvelle-Calédonie a du exister si on se réfere aux abondants restes coquilliers et os de poissons lais-
sés par I’homme il y a environ 3000 ans et qui témoignent de 1’exploitation qu’il faisait du milieu
marin. 11 reste sans doute encore beaucoup a faire en ethnobiologie et taxonomie vernaculaire pour
reconstituer les relations que ces insulaires ont entretenues avec leur environnement marin.

Avec I'arrivée des européens et la prise de possession de la Nouvelle-Calédonie débuteront les pre-
miéres explorations naturalistes, donnant naissances aux premiéres collections et aux premiers écrits
sur le monde marin et les récifs coralliens de Nouvelle-calédonie. On doit d’ailleurs & Charles Darwin
une des premieres représentations cartographiques des récifs de NC, et son extraordinaire précision
pour 1’époque mérite qu’elle soit reproduite ici (fig.1, page 10). Curieusement la Nouvelle-Calédonie
n’a pas €té visitée par les grandes expéditions qui ont sillonné les océans dans les années 1830-1840
a bord de I’« Astrolabe », du « Zélée » ou de 1’« Uranie » et ’histoire naturelle de la Nouvelle-
Calédonie peut €tre découpée en trois grandes époques.

La premiére, de 1850-1913, correspond & I’¢re des missionnaires et des naturalistes amateurs ;
Montrouzier, Balansa, Vieillard, autant de noms qui seront associés aux toutes premieres collections
naturalistes (p.ex. Mollusques, Algues) de 1a Nouvelle-Calédonie.

Puis, peu de choses se passeront dans le domaine avant la fin de la seconde guerre mondiale.

La seconde période 1946- 1990, débutera le 2 aofit 1946 avec la création du premier centre ORSTOM du
Pacifique 2 Nouméa, sous I’appellation de ’Institut frangais d’Océanie (IFO). Suivra I’ouverture des pre-
miers laboratoires dans la période 1947-1950 avec notamment les premiers travaux en océanographie biolo-
gique qui s’intéresseront au lagon et mers bordieres. Les noms de M et M™ René Catala seront désormais
associés a ces premiers travaux faisant état de listes d’organismes marins (Catala 1950).

L’affectation en 1965 au centre ORSTOM a Nouméa du N/O Coriolis, puis I’accroissement des
moyens & la mer avec le Vauban en 1976, plus tard la Santa Maria et le Dawa en 1990 s’accompa-
gneront d’une intensification des recherches et d’un renforcement des programmes scientifiques. Les
travaux menés durant cette période conduiront i la publication de nombreuses cartes thématiques
dont 1° Atlas de 1a Nouvelle-Calédonie, en 1981 (réédition en 1985). Pour les inventaires biologiques,
nous citerons les cartes de répartition des Foraminiféres et des Mollusques du lagon sud-ouest de la
Nouvelle-Calédonie par Debenay, réalisées entre 1978 et 1983. Les programmes de pharmacologie
SNOM, puis SMIB, ainsi que les premieres explorations de la faune marine de Nouvelle-Calédonie
et de ses dépendances accumulérent une grande quantité de matériel biologique. Les années 1960
furent également marquées par 1’action du professeur Roger HEIM qui forma 1’«Expédition
Francaise pour les Récifs Coralliens de Nouvelle-Calédonie » (1960-1963), parrainée par la
Fondation Singer-Polignac dont il était le Président. Il créa les « Cahiers du Pacifique »
(1958-1978) qui deviendront « Cahiers de 1’Indo-Pacifique » ou furent publier jusqu’en 1980
un grand nombre d’articles scientifiques. Enfin il encouragera et favorisera la participation
francaise aux travaux de la « Pacific Science Association ». La Fondation Singer-Polignac
organisera en 1990 un colloque qu’elle dédiera aux trente ans de recherche scientifique fran-
caise dans le Pacifique (1960-1990). Les actes qui en seront publiés, fournissent une précieu-



se synthése bibliographique par thématique de recherche et par région (Doumenge et
Doumenge, 1991).

La derniere période 1986-2006, sera marquée par l’intensification des travaux de
I’ORSTOM devenu IRD depuis 1998 et I’arrivée du N/O Alis. Au cours de ces 20 années et
pour la faune en particulier, un échantillonnage trés important a été réalisé dans la zone écono-
mique de Nouvelle-Calédonie, qui couvre environ 1 400 000 km?2 et comprend : la Grande Terre, les
iles Loyauté, les récifs d’Entrecasteaux, les iles Matthew et Hunter, les les Chesterfield et Bellona,
les récifs Lansdowne et Fairway, les monts sous-marins des rides des Loyauté, de Norfolk et de Lord
Howe (Fig. 1, Planche 1/1). Ces prélévements ont été opérés entre la surface et 1500 m de profon-
deur, avec quelques prélevements au-dela (Richer de Forges & Hoffschir, 2000 ; Richer de Forges et
al., 2005). Les échantillons triés ont été déposés au Muséum National d’Histoire Naturelle a Paris.
Apres un nouveau tri au niveau des familles, ils ont été enregistrés puis confiés pour étude a un réseau
de taxonomistes. Les résultats de ces campagnes ont été en partie publiés dans les volumes de la série
Résultats des Campagnes MUSORSTOM, devenue Tropical Deep-Sea Benthos. Certains groupes
zoologiques, particulierement importants pour les recherches sur les substances naturelles, ont fait
I’objet d’études taxonomiques dont les résultats ont été diffusés dans des ouvrages illustrés de vulga-
risation : Echinodermes (Guille ez al., 1986), Ascidies (Monniot et al., 1991), Eponges (Lévi et al.,
1998), Gorgones (Grasshoff & Bargibant, 2001), Serpents marins (Ineich & Laboute, 2002). En
outre, les principales informations sur la faune et flore des écosystémes marins de Nouvelle-
Calédonie pour ce qui concerne les fonds meubles sont réunies dans Richer de Forges (1991, 1998)
et Garrigue (1985, 1995), et pour les fonds durs, les moins bien connus, dans Laboute & Richer de
Forges (2004).

Un certain nombre de travaux ont été consacrés a 1’écologie et au fonctionnement de 1’écosystéme
corallien mais contribuent rarement aux inventaires, sauf exceptions comme le catalogue des algues
marines de Garrigue et Tsuda (1988).

Ce sont les résultats publiés de ’ensemble de ces études qui sont a 1’origine de la base de données
« Océane » complétée par les données de la littérature antérieure. Dans cette méme période,
I’Université de la Nouvelle-Calédonie verra le jour, et les programmes de recherche dédiés au monde
marin seront surtout centrés autour de questions halieutiques et d’écologie, et peu de travaux seront
consacrés aux inventaires.

Le présent document tente de faire le point sur la biodiversit¢ marine réellement (actuellement)
connue de Nouvelle-Calédonie en 2006.

Méthode

Sont prises en considération dans cet ouvrage les espéces signalées dans la littérature et dont 1’iden-
tification a été faite par un taxonomiste ou encore des espéces récemment récoltées, identifiées par
un spécialiste et pour lesquels nous disposons de spécimens. Pour établir ces inventaires, les listes
d’especes de chaque groupe, extraites de la base de données « Océane », gérée par le Centre IRD de
Nouméa, ont été envoyées aux spécialistes auteurs associés de 1’ouvrage. Ces spécialistes ont vérifié
I’origine des données extraites de la littérature taxonomique et mis a jour la nomenclature. Bien sou-
vent, ils ont aussi rajouté de nombreuses especes qui avaient été oubliées dans la base de données ou
récemment récoltées et non encore publiées.

Selon les auteurs et les groupes, I’inventaire a été limité aux seules espéces cotiéres (de 0 a2 100 m de
profondeur), alors que d’autres ont considéré que du point de vue biogéographique il était préférable
de traiter toutes les especes de la ZEE, quelle que soit la profondeur. Le bilan présenté ici est donc
un inventaire réduit ne comportant pas, par exemple, les brachiopodes ou les stomatopodes de pro-
fondeur supérieure & 100 m.




Contenu du Volume
Les chapitres sur I’environnement géologique, géomorphologique et hydroclimatique

Pour resituer ce catalogue des espeéces dans son contexte trois chapitres introductifs décrivent les
caractéristiques de la Nouvelle-Calédonie : un descriptif de I’histoire géologique de cette région du
sud-ouest Pacifique, un bilan des connaissances hydroclimatiques, une description géomorpholo-
gique des milieux coralliens.

Les groupes biologiques

Pas moins de 50 taxonomistes ont ét€ mis a contribution pour réaliser ce travail qui porte sur environ
43 grands groupes y compris les serpents, les oiseaux et les mammiferes marins, la mangrove et les
phanérogames marines. Ceci représente actuellement 1055 familles, 3274 genres et 8783 espéeces
(Tab. 1, page 13). La mangrove, qui constitue un écosysteme important associé aux récifs coralliens,
est pourtant insuffisamment étudiée. Seule la flore terrestre est traitée ici a travers les principales
associations végétales. Beaucoup reste a faire notamment dans I’étude des communautés marines qui
s’y sont développées.

A partir de ce catalogue de groupe et d’especes, une image simplifiée de la répartition de la biodiver-
sité est obtenue en regroupant les différents groupes de plantes a fleurs terrestres et marines, de cni-
daires, de crustacés et de vertébrés (Tab. 2, page 14 ; Fig. 2 ; Planche 1/2).

Bien entendu, le présent inventaire ne représente que la diversité actuellement étudi€ée. De nom-
breuses especes vivant en Nouvelle-Calédonie ne sont pas encore étudiées et ne posseédent donc pas
de noms. De plus, les écosystémes coralliens sont tres riches et d’une architecture complexe. La faune
des récifs coralliens et notamment des pentes externes et des débris coralliens est particulierement
sous étudiée. Or les travaux récents sur la flore marine ont montré que preés d’un tiers des especes
récemment recensées sont nouvelles pour la Nouvelle-Calédonie et proviennent a 80% des zones
situées au-dela de 40 m de profondeur sur les pentes externes. Par ailleurs, ’inexorable déclin de la
taxonomie continue et pour plusieurs groupes zoologiques il n’existe pratiquement plus de spécia-
listes au monde capable d’identifier ou de décrire les especes.

Ces résultats refleétent aussi I’effort de recherche variable sur chaque groupe. Par exemple, les especes
d’annélides polychétes sont trés nombreuses mais tres peu €tudiées. Les groupes les plus abondants
sont : les foraminiféres (6,4%), les algues (5%), les mollusques (19%), les arthropodes (22,5%) et les
vertébrés avec une grande majorité de poissons (20,4%). Ce dernier groupe est toujours invariable-
ment le mieux connu des faunes quelle que soit la région concernée, et la Nouvelle-Calédonie en est
une illustration.

Les parasites de poissons

Une étude sur les parasites de poissons a débuté en 2002 en Nouvelle-Calédonie. Ces parasites appar-
tiennent a plusieurs groupes zoologiques, plathelminthes, nématodes, copépodes, isopodes... Chaque
espece de poisson ayant plusieurs especes de parasites cela représente une tres grande part de la diver-
sité pratiquement inconnue. Les résultats de ces études sont présentées ici sous forme de deux listes
contenant les parasites et leurs hotes.



Ouvrages comparables a ce volume

Il y a peu de bons inventaires régionaux permettant des comparaisons biogéographiques dans le
Pacifique :

- le travail de pionnier réalisé par Seréne (1968) pour la faune du Sud-est asiatique et qui ne concer-
nait malheureusement que les octocoralliaires et les crustacés brachyoures (2500 espéces) ;

- I’inventaire publié a 1’occasion du Véme congrés des récifs coralliens a Tahiti (Richard, 1985)
signale 416 familles, 1196 genres et 2876 espéces de Polynésie frangaise ;

- le catalogue des espéces de 1’atoll d’Enewetak (Devaney et al., 1987) signale 902 familles, 2284
genres et 4671 especes ;

- I’inventaire publié par Paulay (2003) signale 408 familles, 1064 genres et 2921 espéces a Guam et
aux Mariannes.

Il n’existe aucun inventaire complet des especes signalées de la Grande Barriere de corail australien-
ne.

Conclusion

En dépit de I’effort de recherche réalisé au Centre IRD de Nouméa depuis 60 ans, la biodiversité
marine demeure encore insuffisamment étudiée. Les mangroves sont mal échantillonnées mais éga-
lement les fonds durs coralliens des récifs intermédiaires mais surtout des pentes externes. Le pré-
sent document donne, pour la premiére fois, un inventaire des especes de scléractiniaires construc-
teurs qui constituent pourtant le cadre environnemental dominant qui conditionne 1’existence méme
des autres écosystemes (herbiers, mangroves). La liste des poissons avec une nomenclature valide
était €galement trés attendue. Le premier effet positif de la réalisation de ce document est une amé-
lioration de la base de données « Océane » en qualité et en quantité.

Souhaitons que la parution de cet ouvrage, encourage les taxonomistes a compléter les inventaires en
étudiant les vastes collections encore non étudi€es et mettent en €vidence les nombreuses lacunes
d’échantillonnage qu’il faudrait combler pour approcher la connaissance de la biodiversité marine
réelle.
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Figure 1. New Caledonia coral reef maps, from Darwin (1874)
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Introduction

The sources of the biological material in this inventory are myriad and date, in some cases, from the
discovery of New Caledonia by Captain Cook in 1774. But even before the arrival of the Europeans,
considerable knowledge of marine resources must have already existed considering the abundant
3000 year old shellfish and fish bone middens that bear witness to mans early exploitation of marine
resources. There still remains much to be done in ethnobiology and folk taxonomy before we will be
able to completely understand the interactions between these ancient island communities and the
marine environment.

The arrival of the Europeans and the colonisation of New Caledonia heralded the first naturalist expe-
ditions, giving birth to the very first collections and written documents on the marine fauna and coral
reefs of New Caledonia. Indeed, it was Charles Darwin who produced one of the first maps of the
New Caledonian coral reefs and the extraordinary precision of this chart merits its hereafter (Fig. 1).

Curiously, New Caledonia was missed by the great circumnavigation expeditions of the 1830-40’s
aboard e.g., the “Astrolabe”, the “Zélée” or the “Uranie” and the natural history of New Caledonia
can be divided into three general eras.

The first, from 1850-1913 corresponds to the era of the missionaries and the amateur naturalists;
Montrouzier, Balansa, Vieillard are the names that are now associated with the very first collections
of New Caledonia flora and fauna (e.g. Molluscs, Algae.).

The inter-war period saw a halt in activity, and the second era from 1946-1990, began in August 2™
1946, with the creation, in Nouméa, of the first ORSTOM centre in the Pacific, then called “Institut
frangais d’Océanie (IFO)”. The opening of the first laboratories between 1947 and 1950 led to the
beginning of oceanographic research focussed on the lagoon and surrounding waters. The names of
Mr and Mrs René Catala were associated with this ground breaking work and the first inventories of
marine organisms (Catala 1950). The arrival of the R/V Coriolis in 1965 at the ORSTOM centre in
Nouméa, with the addition of the R/V Vauban in 1976, the R/V Santa Maria and the R/V Dawa in
1990, coincided with a growth in scientific research programs focalised on the marine environment.
The work conducted during this period led to the publication of numerous thematic charts, such as
the Atlas of New Caledonia in 1981 (274 edition in 1985). In terms of biological inventories, distribu-
tion maps of foraminifera and molluscs in the South-West lagoon of New Caledonia were produced
by Debenay from 1978 to 1983. The pharmacology programs “SNOM” and “SMIB” and the start of
programs focussed on the marine fauna of New Caledonia and dependencies brought a large amount
of biological material. The 1960’s also saw the “French Expedition to the Coral Reefs of New
Caledonia” (1960-1963) initiated by the Professor Roger Heim, President of the Singer-Polignac
Foundation which financed the expedition. He also started the “Cahiers du Pacifique” (1958-1978)
that became the “Cahiers de 1’Indo-Pacifique” within which a large number of scientific articles were
published until 1980. He also encouraged and aided the participation of French researchers in the
“Pacific Science Association”. In 1990 the Singer-Polignac Foundation organised a conference ded-
icated to 30 years of French research in the Pacific (1960-1990). The conference acts are published
and constitute an invaluable bibliographic compilation, organised by theme and geographic area
(Doumenge & Doumenge, 1991). :

The last period, extending from 1986 until today, is characterized by an intensification of the research
activities of the ORSTOM, which changed its name to IRD in 1998, and the arrival of the R/V Alis.
During the last 20 years, and regarding the fauna in particular, a large sampling effort has focussed




on the EEZ of New Caledonia. The area covers around 1 400 000 km?, and comprises : the Grande
Terre, the Loyalty islands, the Entrecasteaux reef, the Matthew and Hunter islands, Chesterfield and
Bellona islands, Lansdowne and Fairway islands, and the seamounts along the Loyalty, Norfolk and
Lord Howe ridges (Plate1/1). The samples were collected from between the surface and 1500 m with
a few others from deeper sites, sorted and then deposited at the Natural History National Museum in
Paris. Following a second sorting to the family level, the samples were registered and sent to a net-
work of taxonomists for examination and identification. The results from these campaigns have been
published, in part, in the series “Résultats des Campagnes MUSORSTOM”, which is now called
“Tropical Deep-Sea Benthos” . The taxonomy of certain zoological groups, in particular those impor-
tant for natural substance research have been published in some illustrated general works:
Echinoderms (Guille et al., 1986), Ascidians (Monniot et al., 1991), Sponges (Lévi et al., 1998),
Gorgonians (Grasshoff & Bargibant, 2001), Sea-snakes (Ineich & Laboute, 2002). Otherwise, the
principal details of the flora and fauna of the New Caledonian marine ecosystem are compiled in
Richer de Forges (1991, 1998) and Garrigue (1985, 1995) as regards the soft bottoms, and for the less
studied hard bottoms, in Laboute & Richer de Forges (2004).

Among the numerous studies dedicated to the ecology and function of the coral reef ecosystem, few
of them include inventories, with some exceptions such as the catalogue of marine algae by Garrigue
& Tsuda (1988).

It is the published part of the above body of work that was compiled in the database “OCEANE”. The
database is now regularly updated with new data as it becomes available.

The last decade has seen the opening of the University of New Caledonia as well as the advent of
research programs that are focussed on the ecology of the marine ecosystem and on fisheries sciences
at the expense of inventories of biodiversity.

Method

Here we attempt to summarise our knowledge of marine biodiversity as it stands today in New
Caledonia in 2006. For this inventory, only the specimens that are published after identification by
a taxonomist or species that have been recently collected, identified by a specialist and for which we
have a specimen, have been included. For the construction of the inventory, the species list for each
group, extracted from the ‘OCEANE’ database at the Centre IRD in Nouméa, were sent to the con-
tributing specialists and authors. They verified the data extracted from the taxonomic literature and
updated the nomenclature. In many cases, they also added species that were missing from the data-
base or had not yet been published.

Depending on the author, the inventory is limited to coastal species (0 to 100m depth), or considers
all of the species of the EEZ regardless of the depth if they find it preferable from a biogeographical
point of view. The census of marine biodiversity presented here is therefore a reduced version that
does not include, for example, the brachiopods or the stomatopods from depths of more than 100 m.

Contents of the volume
The geological, geomorphological and hydroclimatic environment chapters

In order to place the species catalogue in context, three introductory chapters describe the character-
istics of New Caledonia. The first is a description of the geological history of this region of the south
west Pacific, the second, examines the geomorphology of the coral reef system, and the third gives
an up to date inventory of the hydroclimate knowledge.

The biological groups

No less than 50 taxonomists contributed to this body of work that covers 43 broad groups, including
the sea snakes, birds and marine mammals, the mangroves and the marine Angiosperms This repre-



sents 1054 families, 3264 genus and 8783 species (Tab. 1). Mangroves form an important ecosystem
associated to coral reefs, and yet it remains very little studied. As a consequence, only the terrestrial
flora is examined here via the principle associations between the plants. Much remains to be done,

notably in the study of the associated marine communities.

Tab. 1. — Diversity of marine species from New Caledonia

Taxa Families Genera Species Authors

Mangroves flora 16 26 34 J. Munzinger & M. Lebigre
Foraminifera 99 226 564 J-P. Debenay & G. Cabioch
Algae & Marine angiosperms 64 190 446 C. Payri

Porifera 54 94 149 J. Hooper & M. Schlacher-Hoenlinger
Hydrozoa 16 34 109 N. Gravier-Bonnet

Actinia 2 10 13 D. Fautin

Ceriantha 2 2 5 T. Molodtsova

Antipatharia 5 8 21 T. Molodtsova

Stylasterida 1 12 49 A. Lindner

Zoantharia 3 7 11 F. Sinniger

Alcyonaria 8 20 173 L. Van Ofwegen
Gorgonacea 13 45 93 M. Grasshoff

Scleractinia 17 66 310 M. Pichon

Bryozoa 85 190 407 D. Gordon

Brachiopoda 3 3 4 A. Bittner

Phoronida 1 2 4 C. Emig

Fish parasites 28 70 130 J L. Justine

Polychaeta 34 145 286 F. Pleijel

Mollusca 118 395 1652 P. Bouchet et al.
Pycnogonida 9 24 74 R. Bamber

Copepoda 45 119 313 G. Boxshall & R. Huys
Isopoda 16 54 83 N. Bruce

Ostracoda 5 5 7 L. Kornicker

Amphipoda 58 121 198 J. Lowry

Cirripedia 20 53 166 D. Jones

Caridea 13 70 154 T.Y. Chan & M. Mitsuhashi
Peneoidea 6 30 102 A. Crosnier

Macroura 2 7 12 T.Y. Chan

Thalassinidea 8 14 26 P. Worschak

Galatheoidea 2 24 141 E. MacPherson

Paguroidea 4 27 90 P. MacLaughlin

Brachyura 42 268 552 B. Richer de Forges & P. Ng
Stomatopoda 9 35 62 S. Ayhong

Echinodermata 61 135 257 N. Ameziane

Tunicata 12 86 290 F. Monniot

Fish 152 596 1695 R. Fricke & M. Kulbicki
Sea-Snakes 1 7 15 1. Ineich

Sea turtles 2 3 4 J-L. d’ Auzon

Sea birds 11 24 55 J. Spaggiari et al.

Sea mammals 7 17 24 C. Garrigue

TOTAL 1054 3264 8783




Regrouping the different groups of cnidarians, crustaceans, vertebrates, marine and terrestrial
Angiosperms in the above catalogue gives a simplified image of the biodiversity (Tab. 2 and Plate
1/2).

Tab. 2. — Relative composition of the New Caledonian species identified in this volume.

TAXA Family Genera Species % Species
Flora & Marine Angiosperms 18 32 45 0.51
Protozoa 99 226 564 6.42
Algae 62 184 438 4.99
Porifera 54 94 149 1.70
Cnidaria 67 204 784 8.93
Lophophorates 89 195 415 472
Molluscs 118 395 1652 18.81
Worms 62 215 416 474
Arthropoda 239 851 1980 22.54
Echinodermata 61 135 257 293
Tunicata 12 86 290 3.30
Vertebrata 173 647 1793 2041
Total 1054 3264 8783 100

Obviously, the present inventory only represents the known diversity. Many of the species in New
Caledonia have yet to be described and so rest unnamed for the moment. Moreover, coral reef sys-
. tems are very rich and have a very complex architecture and the fauna of these reef systems and par-
ticularly that of the external reef slopes and debris is almost unknown. Recent work on the marine
flora has shown that almost a third of the species recently identified were new records for New
Caledonia and that over 80% of these new descriptions come from depths of over 40m on the outer
reef slopes. Sadly, the continuing decline in the number of taxonomists means that for many zoolog-
ical groups there is almost no specialist who can identify or describe these species.

The results reflect the varying research effort as a function of taxonomic group studied. For example,
despite annelid polychaetes species are numerous, they are very little studied. The most numerous
groups are: foraminifera (6.4 %), algae (5 %), molluscs (19 %), arthropods (22.5%) and the verte-
brates, with the majority being fish (20.4 %). This last group is generally the most well known regard-
less of the region studied, as is the case in New Caledonia.

Fish parasites

The study of fish parasites in New Caledonia started in 2002. These parasites belong to several zoo-
logical groups including the platyhelminths, nematods, copepods, and isopods. Each fish species
appears to have several species of parasites and it is therefore probable the parasites represent a large
proportion of the diversity that is still unknown. The results of these studies are presented here in two
lists presenting the parasites and their hosts.

Other works comparable to the volume

There are few rigorous regional inventories in the Pacific region that allow the biogeographic com-
parisons :



- The pioneering work of Serene (1968) on the fauna of South-East Asia: sadly, this work
only covers the octocorals and the brachyurian crustaceans (2500 species);

- The inventory published with the 5" Coral Reef Conference in Tahiti (Richard, 1985)
reports 416 families, 1196 genus, 2876 species in French Polynesia;

- The catalogue of species from the atoll of Enewetak (Devaney et al., 1987) reports 902
families, 2284 genus and 4671 species ; '

- The inventory published by Paulay (2003) reports 408 families, 1064 genus and 2921
species from Guam and the Marianas.

To date no complete inventory of the species found on the Great Barrier Reef in Australia exists.

Conclusion

Despite the research efforts conducted at the IRD centre in Nouméa over the past 60 years, much
remains unknown of the marine biodiversity of the area. Mangroves have received very little atten-
tion to date, as have the intermediate hard bottom coral substrates and especially the outer reef slopes.
This present document gives, for the first time, an inventory of the scleractinian reef building
corals, which constitute the main environmental frame without which the other ecosystems
(mangroves, algal beds) would not exist. Another long-expected development is the validat-
ed list of fish species. One of the most immediate implications of this work has been the ame-
lioration of the database “OCEANE” both in terms of quality and quantity.

It is our wish that this compilation will encourage the taxonomists working on the vast col-
lections still remaining unstudied to complete their work. Once this is done, we can then
identify the large sampling holes to be filled to perfect our knowledge and perhaps finally
approach a real estimate of marine biodiversity in New Caledonia.
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Introduction

The New Caledonian exclusive economic zone is located in the Southwest Pacific between Australia
and the Vanuatu archipelago (formerly New Hebrides). It extends over 1200 km from north to south
and 1800 km from west to east, from the Chesterfield Islands up to the Matthew and Hunter Islands
at the southern tip of the Vanuatu archipelago (Figure 1). The main islands of New Caledonia are
located on two parallel NW-SE trending ridges. The largest island (the 400 km-long and 50 km-wide
Grande Terre) and subordinate islands including the Belep islands in the north and the Isle of Pines
in the south are supported by the New Caledonia Ridge. The Loyalty Islands are supported by the
Loyalty Ridge.

Geologically, the area is schematically composed of a series of NW-SE trending ridges and basins
formed by i) stretching and spreading along the eastern margin of Australia during Late Cretaceous-
Paleocene times and ii) Eocene convergence which was responsible for the emplacement of one of
the largest ophiolitic complexes in the world: the New Caledonian ophiolitic nappe (a slice of ocean-
ic lithospheric mantle) from which weathering formed one of the world’s largest reservoirs of nick-
el. The ridges and basins are nowadays supported by the Australia plate that subducts beneath the
Vanuatu active volcanic arc. The southernmost segment of the arc supports the active volcanic islands
of Matthew and Hunter. These latter islands are thus on a plate (a micro-plate) that differs from the
one supporting the main islands of New Caledonia territory.

After reviewing the different morphostructural units and discussing the geological history of the New
Caledonia area, I will point out some facts that may be relevant in the study and understanding of
New Caledonia biodiversity.

Geological of the morphestructural units of the New Caledonia region

From west to east, the main geological units between Australia and Vanuatu include the Tasman Sea
Basin, the Lord How Rise with subordinate basins, ridges and chains, the New Caledonia Basin, the
New Caledonia Ridge, the South Loyalty Basin, the Loyalty Ridge, the North Loyalty Basin and the
Vanuatu Ridge (Missegue et al., 1991; Smith and Sandwell, 1997; ZoNéCo 1998) (Fig. 1 plate 1/1
and Fig. 2 plate 2/1).

The Tasman Sea Basin

To the southeast of Australia the Tasman Sea Basin is a wide (up to 2000 km) and deep (4000 m)
basin floored with oceanic crust formed by spreading from the Cretaceous (85 Ma: Santonian to Early
Campanian) to Earliest Eocene (52 Ma) (Hayes et Ringis, 1973; Weissel and Hayes 1977; Gaina et
al., 1998). In the central part of the basin, the N-S trending Tasmantid volcanic chain is an Oligocene
to Late Miocene hot spot chain showing the northward drift of the Australia plate (Vogt and Conolly,
1971; Mc Dougall and Duncan, 1988).

The Lord Howe Rise

The Lord Howe Rise is a main bathymetric feature which averages 400 km in width and extends over
1600 km from the Challenger Plateau off New Zealand to the Chesterfied area. Water depths on the
crest are 1200 to 750 m. In the north, at the latitude of New Caledonia, the Lord Howe Rise includes
several basins, ridges and chains. They are from west to east: the Dampier Ridge, the Middleton
basin, the Chesterfiel/Bellona Plateau, the Faust basin, the Lord Howe Rise crest, the Fairway Basin
and the Fairway Ridge. The Lord Howe Rise is interpreted as a thinned fragment of continental crust
split from Gondwana by Cretaceous rifting and subsequent spreading in Tasman Sea Basin, and it is




probably composed of Paleozoic basement overlain by rift basins with up to 4 km of Mesozoic and
Cenozoic sediments (Willcox et al., 2001; Van de Beuque et al., 2003; Exon et al., 2004).
Stratigraphy also indicates an emergence and major unconformity from the Late Eocene to Early
Oligocene (Burns et al., 1973), which correlates with described compressive structures of that age

(Lafoy et al., 1994; Symonds et al., 1999; Auzende et al., 2000).
The Lord Howe rise has Cenozoic seamount chains as exemplified by N-S trending volcanic edifices

on its crest (Van de Beuque et al., 1998; Exon et al., 2004) and the Oligocene-Miocene Lord Howe
seamount chain on its western side. The Chesterfield/Bellona plateau is supported by five guyots that
constitute the northern and oldest volcanoes (Late Oligocene ?) along the Lord Howe hotpsot chain
(Missegue et Collot, 1987).

The 800 km long, 130 km wide and NW-SE to NNW-SSE trending and southward deepening (1000
to 3000 m) Fairway Basin, firstly interpreted as oceanic in nature (Ravenne et al., 1977; Mignot,
1984; Eade, 1988; Uruski and Wood, 1991; Van de Beuque, 1999), is now considered to be floored
by stretched-thinned continental crust based on the presence of salt diapirs derived from Cretaceous
series (Auzende et al., 2000), gravity modeling (Vially et al., 2003) and extensional-type horst and
graben structures of the crust (Lafoy et al., 2005). It is proposed that the formation of the Fairway
Basin took place during the Late Cretaceous (95-65 Ma) by continental stretching, at the same time
as the stretching in the Middleton Basin (Lafoy et al., 2005).

The 600 km-long and NW-SE trending Fairway Ridge, culminating in its northernmost part at the
Lansdowne bank, thins and deepens southward. The origin of the ridge is still controversial.
Previously interpreted as a ridge of oceanic nature (Ravenne et al., 1977; Mignot, 1984) and as an
oceanic piece of the New Caledonia basin crust overthrust along the Lord How Rise (Lafoy et al.,
1994; van de Beuque, 1999; Auzende et al., 2000), it is now considered as thinned continental crust
(Vially et al. 2003; Lafoy et al, 2005).

The New Caledonia Basin

The New Caledonia Basin extends from west of Northern New Zealand to west of New Caledonia,
parallel to the Lord Howe Rise. The deepest (3600-3700 m) northern part (north of 22°30°S) strikes
NW-SE while the central part (3000 m deep) strikes NNW-SSE. Origin of the basin is controversial
from oceanic type (Shor et al., 1971; Dubois et al., 1974; Weissel et Hayes, 1977; Willcox et al.,
1980; Kroenke, 1984; Mignot, 1984 ; Sutherland, 1999 ; Auzende et al., 2000) to thinned continen-
tal type (Etheridge et al., 1989 ; Uruski et Wood, 1991 ; Sdrolias et al., 2003 ; Vially et al., 2003 ;
Lafoy et al., 2005). The horst and graben structure of the crust with westward tilted blocks and a sed-
imentary section up to 8 km thick suggests a thinned continental crust for the northern NW-SE seg-
ment. On this segment the crust dips to the east, toward the western margin of the New Caledonia
ridge. At the base of this margin, buried deformation features interpreted as the result of compression
have been recognized (Rigolot and Pelletier, 1988). In contrast to the northern segment, the central
segment of the basin, with magnetic lineations and an axial ridge buried by a 4 km-thick sedimenta-
ry sequence, is interpreted as a segment floored with oceanic crust that formed during the Paleocene
(possibly from 62 to 56 Ma) after Late Cretaceous—Earliest Paleocene stretching (Lafoy et al., 2005).

The New Caledonia Ridge

The New Caledonia Ridge is the NW-SE trending northern segment of the 70-100 km-wide Norfolk
Ridge which extends over 1500 km from the d’Entrecasteaux Reef to the northern tip of New
Zealand. As for the Lord How Rise, the Norfolk ridge is interpreted to be a continental ribbon
detached from Gondwana. Geology of the Grande Terre of New Caledonia (Lillie and Brothers, 1970;
Paris, 1981; Picard, 1999) has great similarities with that of New Zealand. Main geologic features of
the island have been tentatively extended along the submerged northward (Collot et al., 1988) and
southward (Rigolot, 1988) segments of the ridge.

The island is composed of a series of various terranes assembled during two tectonic events : a Late
Jurassic to Early Cretaceous tectonic collage (Paris, 1981 ; Meffre 1995 ; Aitchison et al. 1998) and



a Late Eocene subduction/collision resulting in the emplacement at the Latest Eocene (38-34 Ma) of
a large ophiolitic nappe (Avias 1967; Paris, 1981 ; Collot ez al., 1987 ; Aitchison et al., 1995 ; Cluzel
etal., 1994,2001).

The pre-Cretaceous terranes, mainly located in the central chain, are unconformably overlain by
Upper Cenomanian (Late Cretaceous) to Upper Eocene sediments, and include disrupted Late
Carboniferous ophiolite (Meffre et al., 1996 ; Aitchison et al., 1998), mid-Triassic to late Jurassic vol-
cano-sedimentary arc terrane (Meffre et al., 1996), Mid Permien to Late Jurassic volcano-sedimen-
tary arc terrane (Campbell et al., 1985), post-Liassic unit composed of oceanic crust and volcano-sed-
imentary distal deposits (Cluzel, 1996) and affected by a Late Jurassic high pressure metamorphism
(150 Ma : Blake et al., 1977).

The post-Early Cretaceous terranes also involved in the Late Eocene major event include:

- an unmetamorphosed Upper Cretaceous to Upper Eocene sedimentary pile well exposed along the
western side of the Grande Terre. This pile is composed of two sequences separated by an unconfor-
mity (Paris, 1981; Cluzel et al., 2001). The lower sequence includes an Upper Cretaceous fining-
upward clastic series of conglomerates, sandstones, coaly siltstones and volcanic rocks, overlain by
Paleocene to Middle Eocene pelagic limestones and cherts, indicative of a deepening of the deposit
environment. The upper sequence is a Upper Eocene (Upper Bartonian to Priabonian) flysch forma-
tion (Nouméa-Bourail and Népoui flyschs), deposited after a short period of deformation and erosion
and showing a coarsening upward sequence with (a) basal neritic limestones, (b) a «lower flysch»
member of marls and calcareous sandy marls, (c) an «upper flysch» member composed of fine-
grained calcareous turbidites interbedded with mafic breccias, and (d) a “wildflysch” member that
incorporates blocks and olistoliths of siliceous shales, limestones, basalts and flysch, topped by an
olistostrome recording the Late Eocene tectonic paroxism.

- a mafic unit of oceanic basalts interbedded with argillite and cherts (named basalt nappe or Poya
unit) of Late Cretaceous (Campanian) to Late Paleocene-Earliest Eocene age (85-55 Ma), with back-
arc or fore-arc affinities (Routhier, 1953; Espirat, 1963; Eissen et al., 1998; Cluzel et al., 1997,2001).
This unit, severely sheared and folded, is mainly exposed along the northern half part of the west
coast but also outcrops along the east coast; it always underlies the ultramafic nappe and tectonical-
ly overlies the Upper Eocene sedimentary rocks.

- mafic high pressure-low temperature metamorphic units (Pouebo and Diahot units) located in the
northeastern part of the Grande Terre (Brothers, 1974; Paris, 1981; Yokoyama et al., 1986; Maurizot
et al., 1989; Black et al., 1993; Clarke et al., 1997; Cluzel et al., 1995; Baldwyn et al, 1999; Carson
et al., 1999; Rawling and Lister, 2002; Fitzherbert ez al., 2004, Spandler e al., 2005). The units and
especially the Pouebo unit are interpreted to be the equivalent of the basalt nappe metamorphosed
under blueschist to eclogitic facies conditions, the latter (20 kbar, 650°C) indicating an underthrust-
ing equivalent to a depth of 60-70 km. Radiometric dating of the metamorphism peak is 44 Ma
(Spandler et al., 2005) while those from the cooling ages range from 40 to 34 Ma (Baldwyn et al.,
1999), indicating a rapid unroofing and exhumation of the metamorphic units in the north and a syn-
chronism with the final emplacement of the ophiolitic nappe (38-34 Ma) in the west and south of the
island.

- the ophiolitic nappe mainly composed of peridotites and well exposed in the southern part of the
island (3 km thick in the southern massif), Belep and Pines islands and as a series of klippes along
the western northern half of the island (Avias, 1967; Guillon et Routhier 1971; Guillon, 1975;
Prinzoffer et al., 1980). If the age of its emplacement is Late Eocene (Paris et al., 1979), the age of
these mantellic rocks is not accurate and considered to be Late Cretaceous or older from radiometric
datings of associated mafic and felsic dikes yielded Late Cretaceous (100-80 Ma) and Eocene (42-52
Ma) ages (Paris, 1981; Prinzhoffer, 1981). The peridotites are mainly harburgites and are the mother
rocks for the nickel of New Caledonia.

The Oligocene is characterised by a lack of marine sediments, and post-obduction granodiorite intru-
sions (St Louis and Koum) radiometrically dated from 32 to 24 Ma (Guillon, 1975) and interpreted



as the result of short-lived convergence episode along the western margin of the New Caledonia ridge
(Cluzel et al., 2005). The peridotites have been extensively weathered under aerial conditions since
Oligocene, leading to the development of thick Ni-rich lateritic mantles (Trescases, 1973, 1975;
Latham, 1986) and relict lateritic landsurfaces (Chevillotte et al., 2006). Brittle extensional defor-
mation plays an important role in the post-obduction morphotectonic evolution of the island
(Leguere, 1976; Lagabrielle et al, 2005; Chardon and Chevillotte, 2006). This extension which may
initiated in the Oligocene is expressed in the Neogene by the disruption of land surface formed dur-
ing Oligocene planation and in the outcrop at Nepoui of Lower-Middle Miocene fluvial conglomer-
ates with shallow water marine limestones (Coudray, 1976). Neogene ridge-normal then ridge-paral-
lel to oblique extensional tectonics are also responsible for the shape and subsidence of the New
Caledonia ridge margins (Daniel et al., 1976; Dugas and Debenay, 1978; Bitoun and Récy, 1982;
Rigolot, 1989; Chardon and Chevillotte, 2005; Flamand 2006). The Grande Terre displays one of the
largest barrier-reefs in the world, isolating a locally-wide lagoon. The barrier reef settled in the Early
Pleistocene (Coudray, 1976). Vertical motions from the 125 Ka reef indicate different tectonic blocks
and a general slow subsidence (0.03 to 0.16 mm/year) of the coast except in the southeastern part of
the Grande Terre and Pines island where coasts are uplifted (Launay and Récy, 1972; Launay, 1985;
Cabioch, 1988, Cabioch et al., 1996) and where quaternary faults have been observed (Lafoy et al.,
2000; Lagabrielle et al., 2005 ; Flamand, 2006) and seismicity occurs (Régnier et al., 1999; Pillet and
Pelletier, 2004).

The South Loyalty Basin

Parallel to the Norfolk/New Caledonia Ridge, the South Loyalty Basin (called also the West Loyalty
Basin) is a 1300 km-long, narrow (45-65 km wide), and northward deepening (from 2000 to 3800 m)
basin with oceanic crust dipping northwestward and filled with thick (up to 8 km) sediments which
are considered to be mainly post Eocene in age (Bitoun and Recy, 1982 ; Pontoise et al., 1982 ;
Collot, et al., 1987). Geophysical data suggests that the oceanic basement is the continuity of the
ophiolitic nappe of the Grande Terre. The age of the crust is unknown but considered as pre Late
Cretaceous (Collot et al., 1987) or Late Cretaceous to Paleocene (Cluzel et al., 2001).

The Loyalty Ridge

The loyalty ridge is a narrow ridge parallel to the South Loyalty Basin and Norfolk Ridge and more
or less continuous from the Cook Fracture zone in the South to the d’Entrecasteaux zone in the north.
It is composed of a series of seamounts and guyots and supports the Loyalty islands.

The geology of the ridge is poorly known and its origin and nature are unknown. Parallelism with
other ridges bordering the Australian margin suggests an old and continental origin (Monzier, 1993).
However, taking into account its possible link with the d’Entrecasteaux zone (an Eocene subduction
zone) and for convenience in the understanding the geology of New Caledonia, the Loyalty Ridge is
considered as an Eocene island arc in most of the reconstructions, (Maillet et al., 1983; Kroenke,
1984; Eissen et al., 1998 ; Cluzel et al., 1994, 2001 ; Crawford et al., 2003 ; Sdrolias et al., 2003 ;
Schellart et al., 2006). Middle to Upper Oligocene non orogenic volcanism has been also proposed
for the origin of the ridge (Rigolot, 1989; Monzier, 1993). Only few volcanic rocks have been recov-
ered in two areas. Upper Miocene (9-11 Ma) alkalic basalts (Baubron et al., 1976) outcrop on Mare
island. Submersible dives off Mare along the eastern flank of the ridge (Monzier et al., 1989) recov-
ered volcanic breccias, Middle Oligocene (32 Ma) alkaline rhyolites, Middle Oligocene tuffaceous
sandstones, Middle Upper Oligocene chalks, Upper Oligocene (27 Ma) alkalic basalts, Lower
Miocene (20 Ma) back-arc basalts, and algae and reefal limestones with reworked Eocene-Oligocene
and Mio-Pliocene fauna (Monzier, 1993). The ridge appears to be composed, at least partly, of non
orogenic alkaline volcanics of Middle to Late Oligocene and Late Miocene age, the youngest being
likely a part of a N-S trending hot spot track (Rigolot et al., 1988). None of the recovered rocks
argues for a volcanic arc origin, although this hypothesis, possible and attractive, is widely accepted
in the literature.



The Loyalty islands are mainly composed of Late Miocene to Pleistocene uplifted reef formations
covering the basement (Chevalier, 1968 ; Marshall et Launay, 1978 ; Bourrouilh, 1996; Carriére,
1987; Guyomard et al., 1996). The varying altitude of the islands shows the bulge of the Australia
plate in front of its subduction eastward beneath the Vanuatu arc (Dubois et al., 1974, 1977, 1988).
The islands diachronously emerged during the Pleistocene (possibly in the Latest Pliocene for Mare)
and are still emerging and uplifting (as exemplified by Ouvea) except the ones which have passed
the top of the bulge and are thus subsiding.

The North Loyalty Basin

The North Loyalty Basin (named also East Loyalty Basin) is a deep (3000 to 5000 m) basin floored
with oceanic crust dated of pre Middle Eocene age in its northernmost part (Andrews et al., 1975).
Bounded northward by the d’Entrecasteaux zone, it is the remaining part of a larger basin which dis-
appears eastward in the active Vanuatu subduction zone. Initially interpreted to have formed by
spreading in Early Eocene and regarded as the old part of the South Fiji Basin (Lapouille, 1982;
Weissel et al., 1982), it is now considered to have formed in Late Eocene (44 to 35 Ma: Sdrolias et
al.,2003) as a back arc basin of the Loyalty arc (Maillet et al., 1983; Cluzel et al., 2001; Schellart et
al., 2006).

The Vanuatu Trench and Ridge, the North Fiji Basin and the Vitiaz Trench Lineament

The Vanuatu Ridge is a 1500 km-long active volcanic arc related to the subduction of the Australia
plate since the Late Miocene (12-10 Ma). Oldest known arc volcanic rocks from the Vanuatu ridge
are however Early Miocene in age (Mitchell and warden, 1971 ; Camney and MacFarlane, 1982) and
related to the fossil west-dipping Vitiaz subduction zone along which Pacific plate subducted, Late
Miocene subduction reversal and initiation of east-dipping Vanuatu subduction being due to collision
of the Ontong Java Plateau and the Melanesian border plateau (Packham, 1973; Kroenke, 1984;
Brocher, 1985; Pelletier and Auzende, 1996). The Vanuatu arc rotated clockwise leading to the for-
mation of the active north Fiji back arc complex basin (Chase et al., 1971 ; Falvey, 1975 ; Auzende
etal., 1988, 1995).

The Vanuatu Trench is a segment of the present-day Australia-Pacific converging plate boundary
along which Australia plate dips eastward and is consumed. Relative motion of convergence at trench
is ENE-WSW and rate of motion varies along the trench and is about 12 cm/year at the latitude of
the Loyalty islands (Dubois et al, 1977; Louat et Pelletier 1989 ; Pelletier ez al, 1998 ; Calmant et al,
1995, 2003). Near 22°S, the Loyalty Ridge enters the trench and subducts/collides with the Vanuatu
arc since 300 ka (Monzier et al., 1989) , reducing the convergence motion south of the impact point
and forming sinistral E-W strike-slip motion across the arc and isolating a micro plate (Louat and
Pelletier 1989 ; Calmant et al., 2003) on which Mattew and Hunter islands are active volcanoes
(Maillet et al., 1986). This incipient collision is also supposed to have tectonic effects on the Loyalty
Ridge (Lafoy et al., 1996).

Tectonic evolution of the New Caledonia domain

Numerous Cretaceous to Cenozoic reconstructions of the Southwest Pacific and New Caledonia
region have been proposed in the past years (Kroenke 1984 ; Yan and Kroenke, 1993; Veevers, 2000 ;
Muller et al., 2000 ; Cluzel et al., 2001 ; Sutherland et al., 2001 ; Hall, 2002 ; Crawford et al., 2003 ;
Sdrolias et al., 2003 ; Schellart et al., 2006). Tectonic evolution concerning the New Caledonia
domain can be divided into 5 stages (Fig. 3, plate 2/2).

The pre-Late Cretaceous period

The Paleozoic to Early Cretaceous period is thought to be marked by a subduction zone along the
eastern margin of Gondwana. It ended with a Late Jurassic to Early Cretaceous tectonic orogeny (cor-
related with the Rangitata orogeny in New Zealand) that resulted in a collage of different units. The
various Late Carboniferous to Late Jurassic units found in New Caledonia assembled at that time to
form the old core of New Caledonia (Paris, 1981 ; Meffre, 1995 ; Cluzel et al., 2001).




The Early Late Cretaceous (120-100 Ma) to Earliest Eocene (55-50 Ma) period: marginal rifting and
spreading along the east Gondwana margin

This extensional tectonics period is marked by dislocation of the east Gondwana margin by Late
Cretaceous rifting and subsequent Latest Cretaceous to Latest Paleocene/Earliest Eocene spreading.
This results in a series of at least two thinned fragments of continental crust (the Lord Howe Rise,
the Norfolk Ridge and possibly the Loyalty Ridge ? and/or a ridge further to the east ?) and at least
three main basins floored with oceanic crust (the Tasman Sea Basin (100-85 Ma stretching, 85/80-52
Ma spreading), the New Caledonia Basin (95-62 ? Ma stretching, 62-56 Ma ? spreading) and the
South Loyalty Basin (100/80 ? or 85/80 -55 Ma ? spreading). Ages of the crust of the two latter basins
still derive from interpretations.

The major problem in the reconstruction for this period is the nature of the plate boundary east of the
area. Reconstructions have suggested this boundary is an east dipping subduction zone, a west-dip-
ping subduction zone, a strike-slip boundary, or no boundary at all. The recent reconstructions
(Cluzel et al., 2001 ; Crawford et al., 2003; Shellart et al., 2006) propose a continous west-dipping
subduction of the Pacific plate that rolled back eastward to accomodate the basins opening. However,
this attractive model does not fit well with the « classic » formation of successive back-arc basins in
which the closest basin to the trench is the youngest, because the basins are thought to be more or
less similar in age (except if an older age -Early Cretaceous- for the South Loyalty Basin is chosen).
Also, the associated volcanic arc accompanying this long term subduction is still largely undocu-
mented, even if one may consider that it disappeared by erosion or it is hidden beneath younger vol-
canic arcs or sediments.

The Early Eocene (55-50 Ma) to Latest Eocene/Early Oligocene period: lithospheric shortening and
the New Caledonian orogen

This period is marked by convergence inside the previously dismembered east Gondwana margin, by
the partial closure of North Loyalty Basin and finally by the emplacement of the ophiolitic nappe in
New Caledonia. Recent reconstructions (Cluzel et al., 2001 ; Schellart et al., 2006) propose a rela-
tively long-lived intra-oceanic east-dipping subduction zone inside the South Loyalty Basin during
Early to Middle Eocene. Subduction was locked in the Late Eocene (38-34 Ma) by the underthrust-
ing of the Norfolk ridge, resulting in the thrusting over the New Caledonia block of mafic and ultra-
mafic units with coeval (60-70 km) exhumation of metamorphic rocks by buoyancy-driven uplift. In
the final stage, the convergence motion jumped westward along the west margin of the New
Caledonia ridge, as suggested by compressive features at the toe of the western margin, the aban-
doned slab beneath southern New Caledonia (Régnier, 1988) and the post-orogenic Lower Oligocene
intrusives. Compression also affected the Fairway Ridge and Lord How Rise.

In the above-mentioned model, a large portion of the oceanic lithosphere of the wide South Loyaity
Basin would have been absorbed in subduction, and the subduction would be responsible for the
development of the Loyalty Ridge arc and the North Loyalty back-arc basin. However, the fore arc
of this subduction zone does not resemble classic fore arc domain, and volcanic rocks with arc affin-
ity are still unknown in the Loyalty ridge, and the direction of spreading in the North Loyalty Basin,
deduced from E-W trending magnetic anomaly lineations, is parallel -instead of normal- to the arc
and the subduction zone. An alternative model proposed here is to consider a narrow original North
Loyalty basin from which a small panel of lithosphere forming the foot of the New Caledonia Ridge’s
margin has been obducted, with no requirement of Eocene subduction to create the Loyalty Ridge.

The Oligocene to Late Miocene period : planation, extensional tectonics and subsidence, volcanism
This poorly-documented post orogenic period is marked by (low to moderate ?) uplift, erosion and
planation of the New Caledonia ridge. Isostatic uplift is likely accompanied by ridge-normal exten-
sional tectonics and subsidence of the margins, and could be due to the buoyancy force of the oro-
genic root thickened during collision, to loading by the overthrusted oceanic lithosphere and to ero-
sion. Ni-rich lateritic mantles likely mainly developed during this period of extensive alteration of the
peridotites.



This period is also marked by alkaline volcanism related to several hot spots that affect the Australia
plate, as exemplified by the Tasmantid chain in the Tasman Sea Basin, the Lord Howe volcanic chain
and the volcanic edifices along the Norfolk Ridge/Loyalty Ridge.

The Late Miocene (10 Ma) to Present period : extension, initiation of subduction, bulge-related defor-
mations and arc-ridge subduction/collision

The Latest Miocene is marked, to the east of the New Caledonia domain, by the initiation of the east-
dipping Vanuatu subduction zone. This zone of convergence, behind which the active North Fiji
Basin opened and along which part of the North Loyalty Basin (and other basins and features ?) was
consumed, appears to play a significant role in the Late Neogene evolution of New Caledonia and
Loyalty Ridges, as shown by (1) Late Neogene ridge-parallel to oblique extensional tectonics that
affected the ridges, (2) Quaternary faults, bulge-related Quaternary vertical motions of the Loyalty
islands and southern part of the New Caledonia Ridge, (3) Loyalty Ridge-Vanuatu arc interaction-
related deformation and (4) shallow seismicity of relatively low intensity in the Grande Terre (intense
seismicity, however, occurs in the easternmost part of the Loyalty Ridge close to the active Vanuatu
plate boundary).

Some geological aspects for the understanding of the New Caledonia biodiversity and
endemism

The problem of lands for refuge of the Gondwanian flora and fauna

The geology of the Grande Terre of New Caledonia indicates that after the Cretaceous the Norfolk
Ridge/New Caledonia Ridge was below sea level up to the Late Eocene (or possibly up to the Middle
Eocene), thus for a period of about 20 Ma (from 65 to 45 Ma). Indeed, the Paleocene-Lower Eocene
pelagic limestones and cherts following the Upper Cretaceous fining-upward clastic sequence indi-
cate relatively deep water deposits. Presence of an island on the New Caledonia Ridge is established
since the Late Eocene, the size of which was larger than today since the d’Entrecasteaux Reef area,
the wide northern lagoon, the wide southern lagoon, as well as parts of the upper slope of the pres-
ent-day margins were probably above sea level. Other islands likely existed in the Late Eocene-Early
Oligocene, on the Lord Howe Rise, Fairway Ridge and Loyalty Ridge. Islands also existed in Late
Oligocene on the Chesterfield/Bellona zone, and in Late Miocene on the Loyalty Ridge. Thus, one
may infer that the Gondwanian fauna and flora were introduced in New Caledonia during or after the
Middle to Late Eocene.

If New Caledonia was not a refuge for the Gondwanian biodiversity, did other land -except Australia
- exist in the region before the Middle-Late Eocene ? This in turn poses the major question concern-
ing the nature of the plate boundary east of Australia before 45-50 ma. If we consider (as proposed
by Veevers et al., 2000; Cluzel et al., 2001; Crawford et al., 2003; Schellart et al., 2006) that a west
dipping subduction continuously proceeded since that time during rifting and subsequent basin
spreading, therefore a volcanic arc must have been always active. This provides the possibility for the
building of an alignment of islands likely restricted in size east of the Norfolk-New Caledonia Ridge,
such as the present-day islands of the active Tonga or Vanuatu arcs.

The influence of the New Caledonian ophiolite

It is well known that the nature of the ultra basic ophiolitic nappe of New Caledonia plays an impor-
tant role in the floral endemism of the island. The peculiar speciation and diversification are driven
by the unusual type of ultra basic rock-derived soils rich in metallic elements and depleted in miner-
al salts. Most of the flora living on lateritic soils is endemic. Today ultrabasic rocks and associated
soils only cover about one third of the island. The ophiolitic nappe constituting the top of the tecton-
ic pile of the Late Eocene orogen, it is likely that when it emerged the Grande Terre island was fully
covered by the ophiolite, leading to species selection. However, the present-day ophiolitic nappe




lacks a complete crustal sequence (sheeted dike complex and mafic rocks) and we do not know if the
mafic crustal sequence existed on the top of the ultramafic rocks or if it has been removed by ero-
sion.

An other point about the possible role of the ophiolitic nappe for the biodiversity is alkaline
hydrothermalism resulting from reactions between water and upper mantle rocks (serpentinization).
Recently (Pelletier et al., 2006) an extensive active alkaline hydrothermal field has been revealed by
2004 and 2005 swath mapping and scuba diving in the floor of Prony Bay which developed in the
large peridotitic massif at the southemn tip of the Grande Terre, the “Prony aiguille” chimney was pre-
viously known (Launay and Fontes, 1985). Uncommon characteristics of this alkaline hydrothermal
system are similar (same high pH, same deposits of CaCo3 and Mg hydroxyde and same peridotitic
substratum) to those of the Lost City site recently discovered on the Mid-Atlantic Ridge (Kelley et
al., 2001) and which produces methane- and hydrogen-rich fluids serving as energy sources for
archaeal and eubacterial communities (Kelley et al., 2005). Such alkaline systems which derive from
hydration of the outcropping ultramafic rocks is interesting because it may share several characteris-
tics with hydrothermal environments at the beginning of life on Earth. The Prony Bay site is acces-
sible by scuba diving and thus may be of wide interest. It is possible that such other active or recent
hydrothermal sites exist in the present-day submerged portions of the remaining ophiolitic nappe
(parts of southeastern and eastern lagoons of the Gamnde Terre). Probably, such hydrothermal fields
already existed in the past since the Late Eocene emplacement of the ophiolitic nappe, and may have
played a first-order role in the evolution of the New Caledonian biodiversity.

Pleistocene sea level variation

The sea level has 100 Ka cyclic high and low stands since the last 0.9 Ma (Shackelton, 1987, 2000).
Low stands were 120-130 m below present-day sea level and high stands were sometimes 5 to 10 m
above present-day sea level. Such high amplitude and rapid variations may have significant effects
on the distribution of the New Caledonia marine biodiversity. Taking into account the slow subsi-
dence of the margins, the wide lagoon around the Grande Terre with depths much lower than 120 m
has been largely emerged and submerged several times during the last million years. Detailed
bathymetry of the lagoon however suggests that lakes with brackish water existed during sea falls in
the deepest parts of the lagoon, the depths of the passes being generally shallower than that the lagoon
itself (Dugas et al., 1980; Chevillotte et al., 2005). Lakes were likely in the relatively deep (60 m)
and closed northern lagoon (Collot ef al., 1988), as well as in the southern lagoon as suggested by
25-35 m deep closed basins in front of the Pirogue river and east of the Mato Pass. The production
of maps at different times during the last cycles, especially during the last glaciation/deglaciation
period (last 125 ka), taking into account subsidence, sedimentation and detailed bathymetry of the
lagoon, barrier reef and passes may be useful to locate possible refuges through Late Pleistocene for
the species of the lagoon.
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