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Abstract

The history of the Opossums, Manicous of the Eastern Caribbean, Didelphis marsupialis insularis
(Linnaeus, 1758), distributed from the latitude of Grenada to that of Dominica, reconstructed on the
basis of data from paleobiology and paleogeology of the biodiversity of the Caribbean, contributes to
a questioning of the vision hitherto accepted underestimating tectonic geological history, presenting
an eastern Caribbean which would be made up of an archipelago of “oceanic islands which would have
emerged one after the other due to volcanic activities” , for which the very existence of terrestrial
fauna (insects, molluscs, vertebrates: mammals, reptiles and amphibians, in particular) would come
from elsewhere, in a mode of peripatric speciation; thus in a certain confusion and therefore scientific
uncertainty, the current dominant discourse claims:

- that new species considered as such are by peripatric speciation following dubious scenarios of
multiple “rafting”, that is to say dispersals of these animal species from the shores of northern South
America crossing expanses of sea while drifting on rafts of plants to be imagined running aground
randomly on “oceanic islands”.

- and that concerning species considered “non-endemic”, these are said to be “probably introduced”
by the first peoples of the Caribbean.

But the rate of endemism of the central islands of the eastern Caribbean, and particularly of
Martinique, and the latest advances and research results in paleogeology tend to invalidate such
scenarios of populations of these central islands of Saint Lucia, Martinique and Dominica by rafting
successions. Many flora and fauna species endemic to the central islands of the Eastern Caribbean
have not crossed the sea, nor even crossed the marine expanses by air, nor yet been transported and
introduced by the first peoples, to find themselves isolated on these he is ; these species exist following
a process of allopatric speciation and therefore found themselves progressively isolated from an
average of 35 millions years ago, due to a detachment of a northern part of the southern continental
crust. American, which will tectonically drift forming an isthmus then a large island, which will slide
along the subduction zone of the Caribbean arc, until a collision at the latitude of the Dominica channel,
before disintegrating and 'be overwhelmed.

Fundamental research for scientific knowledge in paleogeology and paleobiology is crucial for the
management and conservation of biodiversity and therefore the fight against invasive exotic species
in the Caribbean islands.

We propose a reconstructed history of the Manicou Opossum Didelphis marsupialis insularis,
determined by the geological history of this geographical region; history consistent with phylogenetic
data and current distributions of the Didelphis taxon. This historical scenario being valid for a certain
number of mammals; historical scenario therefore leading to a natural distribution of these mammals
which were present on the islands of the eastern Caribbean from Grenada to Dominica, and no further
north.

Keywords: history, Opossum, Sarigue, Marsupials, Didelphis marsupialis insularis, Manicou, Mannikou,
Matina, KaruWétu, geosciences, paleogeology, paleobiology, Eastern Caribbean, Grenada, Saint-
Vincent, Saint-Lucia, Martinique, Dominica, biodiversity, speciation, allopatric.
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New paleogeological data consistent
with those of molecular biology (phylogeny)

Molecular biology generally reveals that the genetic divergence of a number of species of flora
and fauna constituting the biodiversity of the Eastern Caribbean with their closest South
American continental congeners is much older than the presumed dating hitherto accepted.
of 24 million years of emergence for proto Martinique. For example, for the hylodes, this
genetic divergence between those from the Caribbean and those from South America, that is
to say the dating of the beginning of the process of speciation of the hylodes of the
Eleutherodactyls group of the Caribbean, is established between 50 to 45 million of years.
Another example, for the lizards of the Dactyloa group, of which it is currently accepted that
the different species are distributed on the islands of the Venezuelan coast (Bonaire,
Blanquilla, etc.) up to the latitude of Martinique in the eastern Caribbean. diverged from the
continental South American Anolis 37 million years ago. To the north of Martinique, the
Dominica Channel constituting a geographical barrier for Anolis species, we have from
Dominica to the latitudes of the islands of the Greater Antilles (Guadeloupe, Antigue, Eels,
Virgin Islands, Puerto Rico, Hispaniola , ...), another group of Anolis, the Ctenonotus, which
diverged genetically from the continental South American Anolis about 55 million years ago.

Initial results of geological studies carried out by Professor Mélodie Philippon and her team
from the Universities of the Antilles and Montpellier, already allow us to highlight a scenario
of tectonic geological evolution of the Caribbean plate which took place between 50 and 25
million years ago, which would coherently explain the modes of dispersal and speciation
processes, and the distributions observed today of species of endemic flora and fauna
constituting the biodiversity of present-day Caribbean islands; including distributions of
extinct or extinct species from these islands.

Note that this presumed geological scenario of the formation of the eastern Caribbean
islands, originally describing a fragmentation of the emerged surface of the north of the South
American continent and a detachment of the upper crust, forming a peninsula then a large
island ( which we, Mr. BOURGADE, have named “Matina” for study), which tectonically slid in
a northeast direction, along the subduction zone of volcanoes of the cordillera constituting
the arc of the eastern Caribbean; then scenario of collision of this Matina island with the south
of an archipelago of two other large islands, the one highlighted by Professor Philippon called
GrANoLA located further north, and the second island to the south of GrANoLA constituting
proto Guadeloupe, Marie- Galante, and Dominique (which we, Mr. BOURGADE, called
“KaruWeétu” for study), that such a scenario was mentioned by Dr. Roger MAUVOIS who during
a UNESCO Workshop organized by the PNRM in October 2015, explained the formation of the
Pitons massifs of Saint Lucia and Martinique by this same phenomenon of upper crust
migrations or “thrust sheet” phenomenon (described since 1936 by the German
mathematician, physicist and geologist Stille Wilhem Hans). These large islands of Matina,
KaruWétu and GrANoLA existing 35 million years ago, disintegrated, were almost completely
submerged 24 million years ago, except for the proto island banks of Martinique, Sainte- Lucia
and island bank east of Puerto Rico.
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Also, the presumed isthmus disintegrates to form islands, "Matina", then "Matigwana", at the
top of a cordillera (volcanic arc), located on the South-Eastern edge of the said Caribbean
plate, at the junction of the three films ( or plates) lithospheric, Caribbean, North America and
South America, south of GrANoLA, and which would have constituted a bridge (second after
that known as Aves: GAARlandia) between the Orinoco basin and the large islands of the
Caribbean Western; presumed isthmus highlighted by Marcel Bourgade in his publication,
Matina then Matigwana, two large islands that have formed over time geologically emerged
parts of the southern arc of the eastern Caribbean (November 2020), published on the site
https://hal.science/hal-02994952 was confirmed by a first mapping below, reconstituting the
geological context of 35 Ma ago, presented in January 2024 in Guadeloupe by Leny Montheil.

In order to correlate the phylogenetic patterns of the endemic species of the Eastern Caribbean with the global scenario of paleogeographic
evolution coherently explaining the dispersals, speciations and still current distributions of these species, we completed the map developed
by Lenny Montheil et al ., by naming islands and localities from 35 million years ago, while indicating their correspondence with islands of
the eastern Caribbean today.

In homage to the Taino languages, we attributed the toponym of Gwanaatabéy to the locality in the northwest of Cuba, corresponding
phonetically today to the Island of Youth and the Cuban province of Pinar del Rio. The lexeme Gwana, being present from north to south of
the Caribbean region, to name islands and countries, and used to specify in the group of lizards, the Iguanidae (Gwana => Iguana).

Jaragua, for the island located northwest of the Saba bank, so named today as a province of the Haitian state.

KaruWétu, to phonetically identify the large island existing 35 million years ago, south of GrANoLA, positioned at the base of the current
islands of the Guadeloupean archipelago (Basse Terre, Grande Terre, Désirade, Les Saintes, Marie Galante) and Dominica. Acronym made up
of Karu, prefix of Karukéra corresponding to Guadeloupe and Wétu prefix of Wétukubuli to name Dominica.

Matina, to identify the large island (going almost from Grenada to Martinique), continental fragment, sedimentary mass, which will break up
from the peninsula connected to the South American continent, to slide in a tectonic context along the South American plate; by a
phenomenon of thrusting on the Caribbean plate, in a northeast direction, during a period ranging from 35 to 25 million years, until collusion
with the island of KaruWétu. Matina, is phonetically the oldest Taino toponym known to name Martinique.


https://hal.science/hal-02994952
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Proto — GAARIandia and GAARlandia

Proto-GAARIlandia is a supposed predecessor to GAARlandia. In the Late Cretaceous and Early
Paleocene there was clearly a land bridge between North and South America, given the arrival
of Theria mammals in the latter continent during this period. Proto-GAARIandia is this inter-
American land bridge that made possible the first American biotic exchange (referring to the
later Great American Biotic Exchange). This proto-GAARIandia may have been formed by
volcanic activity, unlike GAARlandia. This land bridge would have been raised in response to
the tectonic movement of the South American plate towards the southwest.

The GAARIandia is the ancient land bridge, which connected the Paleogene, the current large
islands of the western Caribbean to South America. The term was constructed from the English
acronym GAAR, for Greater Antilles-Aves Ridge.

The geographical position of this GAARlandia bridge corresponds to the north-south oriented
shoals located between the north of the current eastern Caribbean (east of Puerto Rico) and
the north of Venezuela, passing through the island by Aves. It is believed to have been formed
during the transition from the Eocene to the Oligocene, 35 to 33 million years ago, through a
combination of tectonic rising in the region and overall falling sea levels.

The biological connection with northern South America allowed flora and fauna to spread
across the large islands of the western Caribbean. Fossils of mammals, ground sloths,
Caribbean monkeys, porcupines, hutias and cabiais, among others, have been found in the
large islands of the western Caribbean and have a certain South American origin (Philippon et
al ., 2020).

Proto-GrANoOLA (peninsula) and GrANoLA, than KaruWétu

The Proto-GrANoLA peninsula, 59 Ma ago, is located in the north of South America, positioned
almost parallel to the east of proto-GAARIlandia, following a direction from south to north.
Thus, this peninsula gradually between 50 Ma and 40 Ma, will detach itself from the north of
South America, to form the large island GrANoLA, (French-English acronym: GrAN for “Greater
Antilles” - and olLA for “of Lesser Antilles” North"). This large island of GrANoLA, comparable
in size to those of the current large islands of the western Caribbean, clearly existed around
35 Ma ago and allowed terrestrial biological connectivity between the eastern Caribbean and
the western Caribbean.

According to the map drawn up by Lenny Montheil (et al.), 35 million years ago, the island of
GrANoLA split into two; and it is this section south of GrANoLA that we named KaruWétu.

KaruWeétu, to phonetically identify the large island existing 35 million years ago, south of
GrANoLA, positioned at the base of the current islands of the Guadeloupean archipelago
(Basse Terre, Grande Terre, Désirade, Les Saintes, Marie Galante) and Dominica. Acronym
made up of Karu, prefix of Karukéra corresponding to Guadeloupe and Wétu prefix of
Wétukubuli to name Dominica.
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Proto-Matina (peninsula) and Matina

Matina, to identify the large island (going almost from Grenada to Martinique), continental
fragment, sedimentary mass, which will dislocate from the peninsula connected to the South
American continent (the proto-Matina), to slide along the length of a tectonic context the
South American plate; by a phenomenon of thrusting on the Caribbean plate, in a northeast
direction, during a period ranging from 35 to 25 million years, until collusion with the island
of KaruWétu. Matina or Matinina is phonetically the oldest Taino toponym known to name
Martinique.

The Eastern Caribbean arc: archipelagos of remnant
islands of Matina, KaruWétu, and GrANoLA

The islands of Martinique, Saint Lucia, Saint Vincent, the Grenadines, Grenada
are the remains of the large island of Matina which was submerged. The islands
on the coast of Venezuela, Aruba, Curacao, Bonaire, Tortuga, Blanquilla,
Testigas, Margarita, are also vestiges of proto-Matina.

The islands of Dominica, Marie-Galante, Saintes, Petite-Terre, Désirade,
Grande-Terre, and Basse-Terre of Guadeloupe are remnants of the large island
of KaruWétu.

The northern islands of Guadeloupe, Montserrat, Saint Kitts and Nieves,
Antigua and Barbuda, St. Martin, St. Barth, Anguilla, are remnants of the great
island of GrANoLA.

The island of Saba is a remnant of GAARlandia.
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Opossums

“The origin of marsupials dates back to the end of the secondary era, to the middle of the
Cretaceous, but the first known didelphid marsupial, Peradectes, did not appear in South
America until the end of the Cretaceous, around — 70 millions of years. It was a contemporary
of the dinosaurs. At the end of secondary school, mammals, and notably marsupials,
experienced explosive development, undoubtedly because of the space left free by the
disappearance of their dinosaur competitors. In South America, during the Paleocene, that is
to say at the beginning of the Tertiary era (60 millions years ago), more than twelve species of
didelphid marsupials, all of which have now disappeared, coexisted . At the end of the Tertiary,
from approximately 10 Ma BP to 3 My BP, the diversity of these marsupials was greater than
today, but then declined. Most of today's didelphids appeared at this time. » (Sources:
www.larousse.fr/encyclopedie/vie-sauvage/opossum/184559 )

Around 10 to 5 million years ago, the emergence of the Isthmus of Panama connected South
and North America and marked the end of the golden age for American marsupials, allowing
the passage of many North American placental mammals to South America. The resulting food
competition and climatic upheaval led to the elimination of two thirds of marsupial species.

The Virginia opossum also appeared very recently, due to the emergence of the Isthmus of
Panama. Its oldest remains, found in the southern United States, date back a few hundred
thousand years. The species would have differentiated from a population of common
opossums (Didelphis marsupialis) from Mexico which, after a drying of the climate, would have
found itself isolated in a humid region and would have evolved in isolation until becoming a
species distinct, the present-day Virginia opossum. Today, the species is widely established in
North America and Central America, and its great adaptation capacities allow it to be currently
expanding rapidly.

An opossum can run up to 7 km/h. A good walker and climber, the opossum is also a good
swimmer. In the water, it swims like a canine, with a pace close to that of its walk, and can
thus exceed a speed of 1 km/h for 10 minutes.

“American marsupials are then grouped under the general name of opossums — not to be
confused with Oceanian possums (sometimes also called opossums!) — are distributed
between three orders each comprising a family and live on most of the American continent,
from the Canadian border to Patagonia. The didelphidae family (order Didelphimorphia)
includes 2 subfamilies: the didelphinae (13 or 14 genera and 74 species, mostly intertropical)
and the caluromyinae (3 genera and 5 species). The caenolestidae (order Paucituberculata),
called in English shrew opossums, opossums-shrews, a name which also designates in French
the short-tailed opossums of the genus Monodelphis of the family Didelphidae, include three
genera (Caenolestes, Lestoros , Rhyncolestes) and six species. Finally, the microbiotheriids
(order Microbiotheria), South American and mountainous like the canolestidae, are only
represented by one species, the “monito del monte” (Dromiciops australis) or gliroides. The
vast majority of opossums are omnivorous and nocturnal.


http://www.larousse.fr/encyclopedie/vie-sauvage/opossum/184559
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These species are often discreet, small and sometimes rare, which explains why most are
poorly known to scientists and the general public.» (Sources:
www.larousse.fr/encyclopedie/vie-sauvage/opossum/184559)

Sarigues of the Genus Didelphis

The Didelphis genus is one of the most widespread in America. Six species are formally
recognized within this genus: Didelphis marsupialis, D. aurita, D. albiventris, D. virginiana, D.
imperfecte and D. pernigra. A seventh species, D. paraguaiensis, is mentioned by informal
sources as occurring in Rio Grande do Sul, Brazil and Paraguay, but little reliable information
is available to confirm its validity (Renate Ziller, 2015).

Some taxonomic uncertainty surrounds Didelphis marsupialis as some authors consider it to
be the same species as D. virginiana and also D. aurita. Several DNA studies have been
undertaken to explore the taxonomy; Caceres and Monteiro-Filho (2006) found that D.
marsupialis is genetically closer to D. aurita than to D. albiventris, with D. virginiana being
considerably more distant. Another study on antihemorrhagic proteins in the Didelphis
species found that D. marsupialis has DM40 and DM43 as inhibitors, while D. virginiana has a
homologous substance called oprin. Therefore, D. marsupialis and D. virginiana are
considered distinct species (Neves-Ferreira et al., 2000).

4 subspecies recognized for D. virginiana

Didelphis virginiana virginiana, distributed in the United States, except southern coastal area,
from Florida to Texas.

Didelphis virginiana pigra, United States, from Florida to Texas exclusively.

Didelphis virginiana californica, extreme southern United States, except California; Mexico,
except in the Yucatan Peninsula.

Didelphis virginiana yucatanensis, the smallest of the four; Yucatan Peninsula, Mexico.

Recognized subspecies of Didelphis marsupialis include:
D. marsupialis caucae, D. marsupialis insularis and D. marsupialis marsupialis.

The Manicou, Mannikou in martinican language, Didelphis marsupialis insularis (Linnaeus,
1758), “Manicou Caraibarum”, was observed, described and drawn by the European naturalist
Charles Plumier in 1690, as being close but different from the South American continental one
of Brazilian and Guyanese Northeast, observed and described by the naturalist Georg
Marcgrave (1610-1644) in his “Historiae rerum naturalium Brasiliae” published in 1648.

The black-eared opossum, known as “common”
Didelphis marsupialis (Linnaeus, 1758)

It measures 60 to 90 cm (half head and body, half tail); its weight varies between 0.6 and 1.6
kg.
Identification: the back and legs are black, the face and sides dirty yellow.

Distribution: forest and lowland savannah; from southern Mexico to the Amazon, as well as
the Atlantic forest of Southeast Brazil and Northeast Argentina.


http://www.larousse.fr/encyclopedie/vie-sauvage/opossum/184559
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Drawing by Plumier representing a Manicou (1690) observed in Martinique

The black-eared opossum, Didelphis marsupialis insularis is distributed in the eastern
Caribbean, in Grenada, Saint Vincent, Saint Lucia, Martinique and Dominica and no further
north. The island of Trinidad, also home to Didelphis marsupialis, located a few kilometers
from Venezuela, should be considered as being bioconnected almost almost by land to the
South American continental block.

The white-eared possum, Didelphis albiventris
Same size and weight as the common opossum.

Identification: lighter back and sides; white, not black, jar hairs; white face with a central black
stripe and black rings around the eyes.

Distribution: subtropical humid forests, dry savannahs and at altitude up to 4,000 m; southern
Venezuela, from Colombia to northern Chile, eastern, central and southwest Brazil to northern
Argentina.

Other species are the Azar sarigue (Didelphis aurita), the Guiana white-eared possum
(Didelphis imperfecta) and the Andean white-eared possum (Didelphis pernigra).

10
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1y % o
Didelphis marsupialis
insularis

Distribution of species and subspecies of the genus Didelphis of American opossums.

Opossums of the genus Didelphis, of the recently appeared species Didelphis virginiana (like the
iguanas of the species Iguana iguana rhinolopha), present in Mexico and the USA (Virginia, Texas, New
Mexico), result from the process of speciation peripatric, their ancestors Didelphis marsupialis
marsupialis originating from northern South America having dispersed as soon as possible from the
formation of the Isthmus of Panama 10 to 5 Ma ago.

While the Manicous of the subspecies Didelphis marsupialis insularis result from a process of
allopatric speciation, their ancestors having been established for more than 35 My BP. on the
peninsula to the north of the South American continent, proto-Matina, which tectonically
separated from the continent to give rise to the large island of Matina; which will disintegrate
and be submerged around 25 Ma BP. . The islands of Martinique, Saint Lucia, Saint Vincent, the
Grenadines, Grenada being the remains of the large island of Matina which was submerged. And
those on the coast of Venezuela, Aruba, Curacao, Bonaire, Tortuga, Blanquilla, Testigas,
Margarita, being also vestiges of proto-Matina.

The species Didelphis marsuplialis, Didelphis albiventris, Didelphis aurita, would result from a process
of sympatric speciation at the base, then parapatric. Opossums of the species Didelphis imperfecta are
the result of hybridizations between Didelphis marsupialis and Didelphis albiventris. Opossums of the
species Didelphis pernigra, isolated in the Andes, would rather result from a process of peripatric
speciation.

11
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For the record: The 4 modes of speciation

espéce  2llopatrique . i atrique PATAPAIAUS o patrique

population initiale ‘ ‘ ‘ ‘
1ére étape
de la spéciation

formation d'une polymorphisme
barrigre physigue colonisation d'una géndtique

nouyala nicna dcvloglgua

accroissement de . D ‘ ‘)
l'isolement
reproductif

dans una dans uns a l'intérieur
nicha isolds nichs  d'une population
adjacanta

@ © © @

Venezuela

The Manicou opossum Didelphis marsupialis already present on proto-Matina 35 Ma ago.
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Manicou opossums probably penetrated the GAARlandia peninsula, 35 Ma ago, but did not
prosper there, nor therefore survived the submergence of this isthmus, like the Iguana
melanoderma, on refuge islets of the Saba bank. The ancestors of the Manicou Didelphis
marsupialis insularis, once detached from the Proto-Matina peninsula of northern South
America, and the isthmus of GAARIandia, were therefore isolated on the island of Matina.

From 28 Ma BP, as the Matina gradually submerged, the Manicou survived by finding refuge,
on islets that were remnants of the large islands, remaining emerged and constituting proto-
Martinique, proto-Saint Lucia, proto- Grenade.

Obviously, the presence in Dominica of Manicou of the species Didelphis marsupialis insularis
endemic to Martinique, reveals the fact that very probably there existed between 24 Ma BP
and approximately 10 Ma BP a terrestrial connectivity, in the zone of collusion between the
extreme north of Matina, and the south of KaruWétu (current strait between Dominica and
Martinique). See cartographic figure below presenting details of this collusion zone, today
submerged in the northeast of Martinique, and the southeast of Dominica, in the past and
during a period of geological time, also presumed habitat zone and circulation of Iguana
delicatissima.

M

Details of the collusion zone between the north of Matina and the south of KaruWétu, presumed to have emerged

In the period from 24 Ma BP to 10 Ma BP, this area of the Makouba bank found itself for a time constituting a
bridge between Matina and KaruWétu (at least like a super tombolo to the north of the Makouba bank
nicknamed by fishermen Martinican “Dien Bien Phu”; surface of land remaining above ground for sufficient time
to allow passage and dispersal of various animal species in both directions, including among others the hylode
ampbhibian of the species Eleutherodactylus martinicensis, iguanas of the Iguana species /. delicatissima, ... which
then moved in the direction KaruWétu towards Matina; in the other direction Matina towards KaruWétu, there
were for example the spherodactyls, Sphaerodactylus festus, the hylod Eleutherodactylus johnstonei, and
certainly the mammal Manicou Didelphis marsupialis insularis.

13
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On the large island of Matina, the ancestors of Didelphis marsupialis insularis obviously
cohabited with the ancestors of animal species of mammals, amphibians, reptiles, and
sedentary birds, molluscs and insects. With the ancestors of the mammals Pillory Rat or
Muskrat, Megalomys desmarestii (). Fischer, 1829); of Agouti, Dasyprocta antillensis (Carl Von
Linné, 1758) which was a great consumer of the fruits of Pachira insignis; the Nine-banded
Armadillo, Dasypus novemcinctus (still present in Grenada, mentioned and drawn by Du Tertre
as being present in Martinique); from the Martinique murine, Myotis martiniquensis (LaVal,
1973).

Cohabitation on Matina of Didelphis marsupialis insularis with ancestors of the Iguana
insularis, with other reptiles and amphibians, ancestors of the Martinique Skink, Capitellum
metallicum (Plée, 1820); of the Great Skink of Martinique, Mabuya mabouya (Bonnaterre,
1789); of the herminier holotropid, Leiocephalus herminieri (Dumeril & Bibron, 1837); of the
Kourés or Martinique snake, Erythrolamprus cursor (Bonnaterre, 1790); of the Martinique
Boa, Boa sp. (Moreau de Jones, 1818); Zanndoli, Dactyloa roquet (Bonneterre, 1789); from
Chofé Soley, Gymnophthalmus pleii (Bocourt, 1881); of Ti Mabouya: Sphaerodactylus vincenti
(Boulenger, 1891), Sphaerodactylus festus (Barbour, 1915), Sphaerodactylus microlepis
(Reinhardt & Lutken, 1862), Sphaerodactylus sp. X (Bourgade, 2013); from Gwo Mabouya,
Thecadactylus rapicauda (Houttuyn, 1782); of Ti Sepan Te, Sténostomes, Tetracheilostoma sp.
(Schlegel, 1839); of the Trigonocephalus, Bothrops sp. (Bonnaterre, 1790), B. lanceolatus, and
B. caribbaeus; Ti Grounouy, Hylodes Eleutherodactylus johnstonei; of the Martinique Allobate,
Allobates chalcopis (Kaiser, Coloma & Gray, 1994), small amphibian strictly endemic to the
summits of northern Martinique.

Note: The South American opossum Didelphis marsupialis is known to be very resistant to envenomation by
snakes. Opossum serum has been shown to inhibit hemorrhage induced by Crotalinae and Viperinae venoms.
Tested against Bothrops jararaca venom, the antibothropic complex (ABC) isolated from opossum serum was at
least six times more antihemorrhagic than commercial antivenom. ABC showed no proteolytic activity per se and
was not hydrolyzed by the venom. It inhibited the hydrolysis of casein by B. jararaca venom, but did not inhibit
its hydrolytic activities on Na-benzoyl-l-arginine ethyl ester (BAEE) and Na-benzoyl-dl- arginine p-nitroanilide
(BAPNA). The inhibitor did not interfere with the activities of trypsin and bacterial collagenase on BAPNA and N-
(3-[2-furyl]acryloyl)-Leu-Gly-Pro-Ala (FALGPA), respectively. It reduced chymotrypsin hydrolysis of N-acetyl-I-
tyrosine ethyl ester (ATEE) because ABC is also a substrate for this enzyme. By sodium dodecyl sulfate
polyacrylamide gel electrophoresis, B. jararaca venom preferentially degraded the Aa chain of fibrinogen and
the a chain of fibrin. Tested on extracellular matrix proteins, the venom hydrolyzes collagen IV, gelatins | and V,
laminin and fibronectin, in addition to depolimerizing the dimers of the a chain of collagen I. Fibrillary collagen
V does not have been designed. These hydrolyses were inhibited by ABC and by EDTA. Our results show that the
antibothropic complex is an inhibitor of venom metalloproteinase, which could, at least in part, explain its
antihemorrhagic activity. Electrophoretic evidence indicated the formation of a noncovalent complex between
antihemorrhagic factor and B. jararaca venom component(s). (Neves-Ferreira et al., 2000).

The opossums, Manicous of Martinique and Saint Lucia, isolated for millions of years on Matina have
therefore developed a very strong resistance to the venoms of Bothrops lanceolatus, and Bothrops caribbaeus.
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On the South American continental peninsula, the future large island of Matina => ancestor of the Bothrops of Martinique
and Saint Lucia : % Bothrops lanceolatus , Bothrops caribbaeus
Evidence of the existence of Matigwana Island (St Lucia and Martinique) after submersion of the south of Matina.

Hypothesis of non-rafting ; similar to the scenario of the presence of Bothrops in Trinidad by allopatric vicariance

M. Bourgade, after SUBUTTEC Kick-off in

Genetic divergence estimated with * others continental Bothrops in millions of years Before Present (Ma BP)

Ancestors of the Trigonocephali B. lanceolatus, and B. caribbaeus also present on proto-Matina

LIST OF ENDEMIC SPECIES OF MARTINIQUE AND SAINT LUCIA VERY LIKELY TO
HAVE INHABITED PROTO-MATINA AND MATINA (not limited)

Known extinct species of mammals from the eastern Caribbean:

Pillory Rat or Muskrat, Megalomys desmarestii (J. Fischer, 1829); Agouti, Dasyprocta antillensis (Carl
Von Linné, 1758); who was a great consumer of the fruits of Pachira insignis. The Nine-banded
Armadillo, Dasypus novemcinctus (still present in Grenada, mentioned and drawn by Du Tertre as being
present in Martinique).

Eastern Caribbean mammal species:

Manicou, Didelphis marsupialis, present from Trinidad to the latitude of Dominica, the species was
protected in Martinique until recently, to be today declared in scientific uncertainty as being "probably
introduced into the eastern Caribbean by Native American".

The Martinique Murin, Myotis martiniquensis (LaVal, 1973), species of bat strictly endemic to the island
of Martinique.

Known species of reptiles and amphibians, extinct or disappeared from Martinique:

Martinique skink, Capitellum metallicum (Plée, 1820); Great Skink of Martinique, Mabuya mabouya
(Bonnaterre, 1789); Herminier holotropid, Leiocephalus herminieri (Dumeril & Bibron, 1837); Kourés
or Martinique snake, Erythrolamprus cursor (Bonnaterre, 1790); Martinique boa, Boa sp. (Moreau de
Jones, 1818); Big Frog, Leptodactylus fallax (Miller, 1926).
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Species of reptiles and amphibians endemic to the Eastern Caribbean native to South America,
distributed from the latitude of Grenada to that of Dominica:

Zanndoli, Dactyloa roquet (Bonneterre, 1789); Chofé Soley, Gymnophthalmus pleii (Bocourt, 1881); Ti
Mabouya, 4 species of Spherodactyls, Sphaerodactylus vincenti (Boulenger, 1891), Sphaerodactylus
festus (Barbour, 1915), Sphaerodactylus microlepis (Reinhardt & Lutken, 1862), Sphaerodactylus sp. X
(Bourgade, 2013); Gwo Mabouya, Thecadactylus rapicauda (Houttuyn, 1782); Ligwan, Iguana
delicatissima (Laurenti, 1768); Ligwan Sent-Lisi, lguana sanctaluciae (Breuil et al., 2019); Ti Sepan Te,
Stenostomes, Tetracheilostoma sp. (Schlegel, 1839) 3 species currently being studied in Martinique, 1
species described in Saint Lucia, 1 species described in Barbados; Trigonocephalus, Bothrops sp.
(Bonnaterre, 1790) 1 species in Martinique B. lanceolatus, 1 species in Saint Lucia B. caribbaeus; Ti
Grounouy, Hylodes Eleutherodactyles, 2 species, Eleutherodactylus johnstonei and Eleutherodactylus
martinicensis; Martinique allobate, Allobates chalcopis (Kaiser, Coloma & Gray, 1994), small amphibian
strictly endemic to the peaks of northern Martinique.

Reptile species strictly endemic to Saint Lucia native to West Africa:

Mabouya, Hemidactylus palaichthus (Daltry, 2009), only present on the Maria Islets in the south-east
of Saint Lucia. Exception in the Eastern Caribbean with the species of Brazilian hemidactyl also native
to West Africa from the islands of the Gulf of Guinea, Hemidactylus brasilianus, unique proof of the
possibility but also of the rarity, of transatlantic rafting, there is 16 million years old (Carranza and
Arnold, 2005).

Known extinct species of birds from Martinique:

Gwakamayo parrot or Martinique macaw, Ara martinica (W. Rothschild, 1905); Kano or Koukou Te,
Speotyto cunicularia (Molina, 1782).

Examples of sedentary bird species endemic to the Eastern Caribbean (south latitude of Dominica):

Blue-headed Hummingbird, Cyanophaia bicolor (Gmelin, 1788), endemic to northern Martinique and
Dominica; Madeira Hummingbird, Eulampis jugularis (Linnaeus, 1766), with a distribution of the
species in the eastern Caribbean between the latitude of St-Barthelemy in the north and that of St-
Vincent in the south, which presents the strait between Martinique and Dominica, as an epicenter of
dispersion. The White-throated Thrasher, Ramphocinclus brachyurus (Viellot, 1818), endemic species
of Saint Lucia and Martinique; Korean nightjar, Hydropsalis cayennensis (Gmelin, 1789), very discreet
bird present in the north of South America, and enigmatic presence among all the islands of the eastern
Caribbean, observed only and only in Martinique.

Terrestrial mollusk species endemic to Martinique

The land snail fauna present in Martinique includes 61 species; among these at least 34 are native; 22
species of snails are endemic (including 3 species that could be newly described for science), and 12
are more widely endemic to the Caribbean.

Painted helicine, Helicina fasciata picturata (Mazé, 1874), endemic to Martinique, only on the northern
central Pitons massifs.

Helicina pudica (Drouét, 1859), endemic to Martinique, south-western peninsula.

Helicina sp. 1, endemic to Martinique, known only on the Montagne du Vauclin.
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Helicina sp. 2, endemic to Martinique, known only from Absalon Balata.

Hoary Cyclophorus, Amphicyclotulus cinereus (Drouét, 1859), endemic to Martinique, considered
extinct.

Martinique cyclophore, Amphicyclotulus martinicensis (Shuttleworth, 1857), endemic to Martinique,
northern massifs and Vauclin mountain.

Reddish Cyclophore, Amphicyclotulus rufescens (G.B. Sowerby I, 1843), endemic to Martinique.

Reddish ambrette, Amphibulima rubescens (Deshayes, 1830), endemic to Martinique, present only in
the north.

Multifasciated Bulimee, Drymaeus multifasciatus (Lamarck, 1822), endemic to Martinique.

Martinique bulbime, Protoglyptus martinicensis (L. Pfeiffer, 1846), endemic species rarely observed
and very localized in the south of Martinique.

Mazé's Bulimet, Protoglyptus mazei (Crosse, 1874), endemic to Martinique.
Protoglyptus sp. , endemic to Martinique.

Rank glandine, Laevaricella semitarum (L. Pfeiffer, 1842), endemic species not commonly observed,
present exclusively in the north of Martinique.

Laevaricella sp., endemic species of northern Martinique, Pitons and massifs of Mont Conil.

Depressed pleurodont, Discolepis desidens (Rang, 1834), endemic species of Martinique, currently
known from a single station of very limited area in Fonds Saint Denis.

Golden tooth pleurodont, Gonostomopsis auridien (Rang, 1834), endemic present only in the north of
Martinique.

Pleurodonte discolor (Ferussac, 1821), endemic to Martinique.
Brown Pleurodont, Pleurodonte hippocastanum (Lamarck, 1792), endemic to Martinique.
Pleurodonte Petit-Noyau, Pleurodonte nucleola (Rang, 1834), endemic to northern Martinique.

Beck's pleurodont, Pleurodonte obesa (Beck, 1837), species endemic to the coast of the southwest
peninsula of Martinique, threatened by the urbanization of its habitat.

Marbled Pleurodont, Pleurodonte parilis (Ferussac, 1822), endemic species of northern Martinique.

Endemic insect species of Martinique

Concerning Coleoptera, 11 species are endemic to Martinique, out of the forty-four (44) species of
Scarabeidae that have been recorded, including 10 species endemic to the Eastern Caribbean.

The only species of Scarabeidae endemic to Martinique benefiting from protected status is the
Hercules dynasty, Dynastes reidi (Chalumeau,1977)

For long-horned beetles, among the 60 species of Cerambycidae present in Martinique, 13 are endemic
to the island, and 30 to the eastern Caribbean.
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Concerning other Coleoptera, there are other families which are also taken into account during ZNIEFF
inventories. Almost every year, new species for science are discovered in Martinique.

For dragonflies, in Martinique, 26 species of anisoptera (damselflies) and zygoptera (dragonflies) are
present, including Protoneura ailsa, endemic to the islands of Dominica, Martinique and Saint Lucia.

Regarding Butterflies, let us cite an example of a nocturnal species endemic to Martinique which is the
Pinchon Castnia (Castnia pinchoni). This butterfly, flying by day, is present in the humid mountainous
areas of the northern part of the island, at the peaks of Carbet, at Morne Jacob and at Mount Pelée,
between approximately 350 and 600 m altitude. It is uncommon to encounter it and the specimens
observed so far are all males.

Discussion

“There is some confusion as to whether one of the subspecies of Didelphius (possibly D.
marsupialis insularis) was introduced to the Lesser Antilles from Trinidad or whether the
species is native” (Long, 2003) .

In Saint Lucia it is classified as native by some and exotic by others, as it is believed to have
been introduced by Native Americans (Caribbean Conservation Association, 1991).

Thus since the beginning of the 2000s, in the logic of a vision hitherto accepted
underestimating tectonic geological history, presenting an eastern Caribbean which would be
made up of an archipelago of “oceanic islands which would have emerged one after the other
due to volcanic activities", for which the very existence of terrestrial fauna (insects, molluscs,
vertebrates: mammals, reptiles and amphibians, in particular) would come from elsewhere,
in @ mode of peripatric speciation, in an approach and a somewhat fixed discourse on the
geography of the Caribbean, allegations are conveyed in a certain confusion claiming:

- that new species considered as such in the Caribbean are by peripatric speciation following
dubious scenarios of multiple “rafting”, that is to say dispersals of these animal species from
the northern shores of the South America crossing expanses of sea while drifting on rafts of
plants to be imagined running aground randomly on “oceanic islands”.

- and that concerning species considered “non-endemic”, these are said to be “probably
introduced” by the first peoples of the Caribbean.

Such allegations and discourses have led to the consideration “probably” that the Manicous
D. marsupialis insularis were introduced by “Native Americans” into the Eastern Caribbean.
(Breuil, et al., 2012; International conference on island biodiversity, flora, fauna and man in
the Lesser Antilles, Martinique, November 8 — 10, 2010).

The services of the French State have not failed to listen to these speeches and allegations,
although their authors recognize that they are in scientific uncertainty, and these authorities
have nevertheless in violation of their own precautionary principle, taken decisions to repeal
texts of laws which protected in Martinique the Manicou Didelphis marsupialis insularis, but
also still in scientific uncertainty, have called into question the protection of the endemic
hylode of the eastern Caribbean, the Eleutherodatylus johnstonei.
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Arreté du 17 février 1989 fi ...

> Article 2
Version en vigueur du 24 mars 1989 au 27 janvier 2018

Abrogé par Arrété du 17 janvier 2018 - art. 5

Sont interdits dans le département de la Martinique la
mutilation, la naturalisation ou, qu'ils soient vivants ou
morts, le transport, le colportage, |'utilisation, la mise en
vente, la vente ou l'achat des spécimens de l'espéce
suivante:

TAXONOMIE : Marsupiaux.
NOM SCIENTIFIQUE : Didelphis marsupialis.
NOM VERNACULAIRE : Opossum.

SYNONYME : Manicou.

Order repealed in 2018

Also a ministerial decree of October 14, 2019 establishing a list of protected amphibians and reptiles
represented on the territory of Martinique completes the previous list with new endemic species
inventoried, but at the same time unfortunately, proceeds in an inconsistent manner with the
withdrawal or excluding the amphibian species Eleutherodactylus johnstonei, which is recognized in
the current state of herpetological knowledge and molecular biology as an endemic species of the
Eastern Caribbean.

These species would therefore no longer have the status of protected species in Martinique, even
though they are in their natural context in the eastern Caribbean.

These decisions to exclude this species of mammal Didelphis marsupialis insularis then of amphibian
Eleutherodactylus johnstonei from lists of protected species represented on the territory of
Martinique, a territory geographically in the epicenter of the eastern Caribbean and of course
naturally organically connected to the islands of Grenadian Basin, are arbitrary and discriminatory
in relation to other species maintained at the status of protected species.

The decree of February 17, 1989 establishing protection measures for mammals represented in
Martinique, providing for the protection and conservation of the Manicou Didelphis marsiupialis
insularis was repealed in 2018 in defiance of the constitutional principle of precaution, in confusion
and scientific uncertainty.

Just like the decree of February 17, 1989 establishing measures for the protection of reptiles and
amphibians represented in the department of Martinique: this decree of February 17, 1989
establishing measures for the protection of reptiles and amphibians represented in the department of
Martinique, makes mention of four species supposedly recognized at the time of Eleutherodactylus
sp., including the two species Eleutherodactylus johnstonei and Eleutherodactylus martinicensis. Dr.
Michel Breuil put forward his hypothesis in 2002 “declaring” in a publication that the hylode E.
johnstonei as a species “introduced into the Lesser Antilles” and even “invasive” (Breuil, 2002), even
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though this author recognizes a origin which would be Barbadian of the species compared to the other
Caribbean islands, while suggesting that it was also introduced there, and that it in fact came from
elsewhere. Initial molecular biology data from Hedges et al. published since 2008, then those more
recent from 2015 specifying phylogeny and molecular clock, definitively invalidate the hypotheses of
Dr. Michel Breuil therefore wrongly “declaring” in 2002 the hylode E. johnstonei as a species
“introduced in the Lesser Antilles” and even “invasive”. The biologist Hedges suggests a Saint Lucian
origin of the hylod E. johnstonei (Hedges et al. 2008), understanding well and sensing following his first
molecular biology work that its incontestable natural environment of speciation is the Eastern
Caribbean, and that the common ancestor of the two hylodes Eleutherodactylus johnstonei and
Eleutherodactylus martinicensis diverged genetically from the other Eleutherodactyls of the Puerto
Rico island bank, and the South American continent, since the Eocene, there are more than 41 million
years old. It is therefore in this context since 2008 of scientific certainty of the eastern Caribbean origin
of the common ancestor of the two hylodes Eleutherodactylus johnstonei and Eleutherodactylus
martinicensis, but despite uncertainties concerning the origin, or place(s) of speciation, or even
center(s) of dispersion, of these two species of hylodes attested to be present since the Eocene on
island banks in the eastern Caribbean, which the administration then arbitrarily took the decision to
still classify one of the two species as being endemic to Martinique and the other not. In disregard of
the precautionary principle, the administration proceeded with the implicit classification of E.
johnstonei as an invasive species in Martinique, in the decree of February 8, 2018 relating to the
prevention of the introduction and spread of invasive exotic animal species. Moreover, in the “Atlas of
Amphibians and Reptiles of Martinique” published in 2018, one of the authors of the “Taxonomic list
of herpetofauna in French overseas territories: Ill. Territorial collectivity of Martinique” published in
2019, Maél Dewynter, while classifying the E. johnstonei in a list of “established introduced species” in
2019, however expresses in 2018, and recognizes the scientific uncertainties regarding the unknown
origins (i.e. location of dispersal centers) of the two species of hylodes present in Martinique, attested
as existing since the Eocene on island banks of the proto-eastern Caribbean.

It is undeniable that there are uncertainties, in the current state of scientific knowledge, as to the
precise origins in the Eastern Caribbean, that is to say the centers of dispersal, or the places where the
processes of speciations of the two species Eleutherodactylus johnstonei and E. martinicensis. And in
such a context of requirements in terms of protection and conservation of biodiversity, the
precautionary principle is essential. The precautionary principle is a philosophical principle which aims
to put in place measures to prevent risks, when science and technical knowledge are not able to
provide certainty, mainly in the field of the environment and health. The precautionary principle is
binding on administrations. It requires them to develop forecasting and evaluation procedures within
themselves in order to try to prevent major risks that could lead to their liability being incurred. The
precautionary principle was introduced into French law by the Barnier law of February 2, 1995 on
strengthening environmental protection. According to this principle, "the absence of certainty, taking
into account current scientific and technical knowledge, must not delay the adoption of effective and
proportionate measures aimed at preventing a risk of serious and irreversible damage to the
environment at a cost economically acceptable. The Council of State applied this principle. In its
Association Greenpeace France judgment of September 25, 1998, it pronounced on this basis a stay of
execution of a decree from the Ministry of Agriculture and Fisheries which authorized the marketing
of varieties of genetically modified corn. This principle has constitutional value today. Indeed, the
constitutional revision of March 1, 2005 annexed the Environmental Charter to the Constitution.
However, Article 5 of the Charter provides: "When the occurrence of damage, although uncertain in
the state of scientific knowledge, could seriously and irreversibly affect the environment, the public
authorities shall ensure, by application of the precautionary principle and in their areas of
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responsibility, the implementation of risk assessment procedures and the adoption of provisional and
proportionate measures in order to prevent the occurrence of damage. Furthermore, by its judgment,
Commune of Annecy of October 3, 2008, the Council of State specified that all the rights enshrined in
the Environmental Charter had binding legal value.

Apart from the facts of geological history presented in this present publication which refute
the discourse according to which the endemic species considered as such in the Eastern
Caribbean are by peripatric speciation; the second part of this discourse which claims that
it was the first peoples of the Caribbean who introduced the Manicous into the eastern
Caribbean deserves the following observations:

1) The phylogeny of the Manicous attests that it is indeed a single species Didelphis marsupialis
ssp. which inhabits the islands of the eastern Caribbean, from the latitude of Grenada to that
of Dominica. This already implies that as for the Caribbean Bothrops, the origin of dispersal of
these Manicous is the Orinoco basin (geographical area of northern South America, present-
day Venezuela). This excludes the possibility that it was people from the Guiana plateau,
Arawaks and/or Kalinas who most recently migrated to the Caribbean who could have
introduced these Manicous into the islands.

2) Even if this would have been the case for the very first peoples migrating to the Caribbean,
such as the Siboney, originating from the Orinoco basin (present-day Venezuela), the latter
having populated almost all of the Caribbean islands, to the extreme west of Cuba,
Gwanaatabéy (Pinar el Rio, Island of Youth), then why have they not systematically introduced
this same species of Manicou in all the islands(?) that they have a populated time, beyond
Weéitubuliki (Dominica).

3) The systematic transport of these opossums, night owls and rebels against human presence,
emitting highly unpleasant and unbearable odors when they feel threatened, to intentionally
distribute them on islands would not have been an easy undertaking in the Kanwa (boats).

4) These peoples inhabiting the Orinoco basin and especially indigenous to the coastal coastal
areas of Venezuela, practiced more fishing, and were therefore more consumers of seafood
and nutrients from the rivers, than of meat from terrestrial fauna .

5) These people living in the Orinoco basin, over several generations, in great coordination,
would have curiously systematically selected one and the same species of Didelphis, to
transport it and introduce it to the Caribbean islands, while several species Dildelphis and
other kinds of opossums were at their disposal. Moreover, to corroborate our observation,
the Arawaks and Kalinas, who transported land turtles called Molokoy from the Guiana
plateau, transported without distinction towards the Caribbean the two species of the
Testunididae family at their disposal: Chelonoidis carbonarius and Chelonoidis denticulatus.
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Conclusion

The scenario of an intentional introduction of a single species of Didelphis, on the islands of
Grenada, the Grenadines, Saint Vincent, Saint Lucia, Martinique and Dominica, which would
have taken place over several generations, by humans from first peoples migrating to the
Caribbean is clearly improbable, implausible and without serious foundation.

If we accept that the Eastern Caribbean arc is made up of archipelagos of islands remnants of
larger islands. That the islands of Martinique, Saint Lucia, Saint Vincent, the Grenadines,
Grenada are the remains of the large island of Matina which was submerged. That the islands
on the coast of Venezuela, Aruba, Curacgao, Bonaire, Tortuga, Blanquilla, Testigas, Margarita,
are also vestiges of proto-Matina.

That on this large island of Matina, the ancestors of Didelphis marsupialis insularis obviously
cohabited with the ancestors of animal species of mammals, amphibians, reptiles, and
sedentary birds, molluscs and insects. Everything becomes coherent. The Manicous, like other
mammals such as the Pillory Rat or Muskrat, Megalomys desmarestii, the Agouti, Dasyprocta
antillensis, the Nine-banded Armadillo, Dasypus novemcinctus, the Martinique Murin, Myotis
martiniquensis, existed on Matina and still exist on islands in the Eastern Caribbean.

Manicou conservation issues

Understand that the opossums, Manicous of Martinique and Saint Lucia, isolated for millions of
years on Matina have therefore developed a very strong resistance to the venoms of Bothrops
lanceolatus, and Bothrops caribbaeus, species declared since 2015 by the IUCN, as having critically
endangered species status; it is to understand, if only for anthropogenic needs, that the protection
and conservation of Bothrops snakes goes hand in hand with that of Didelphis marsupialis insularis.

22



Editions Caraibe Vivante

Acknowledgments — | warmly thank Ansel Fong, and David Maceira, biologists from Santiago de Cuba,
who since 2013 have encouraged me to persevere in my approach to herpetological and geological
research. Thank you to Pascal Vatblé and David Belfan for their observations, their interests and
passions for the living and hence for the research of data relating to Martinique's biodiversity. My
thanks also go to Roger Mauvois for this fundamental information on geology, as well as to Garcin
Malsa and Ronald Brithmer for their readings and critiques of my publications. Thanks to Yvan Ineich
and Gilles Beeuf for their warm encouragement. Thanks to Mélodie Philippon and her team from the
Universities of the Antilles and Montpellier who were keen to invite me to Guadeloupe in January
2024, in order to participate in the launch of a research program, SUBUTTEC Kick-off relating to the
paleogeology and paleobiology of the Eastern Caribbean; thank you particularly to Jean-Jacques
Cornee and Manuel Pubellier who enlightened me in my understanding of geological processes and
phenomena. Special thanks to Lenny Montheil for the development of his map specifying the context
of the emerged lands of the Caribbean 35 Ma ago.

Bibliographic references:

- Du Tertre, J.B. (1654). Histoire générale des isles de Saint-Christophe, de la Guadeloupe, de la
Martinique et autres de I’Amérique ou I'on verra I'établissement des colonies francaises dans ces isles,
leurs guerres civiles et étrangéres et tout ce qui se passe dans le voyage et retour des Indes. Paris, J.
et E. Langlois.

-DuTertre, J.B. (1667). Histoire générale des An tilles habitées par les Francois. T. 2 contenant I’histoire
naturelle, Paris, Thomas Jolly.

- Dumeril, A.H.A,, Bocourt, M.-F. & Mocquard, F. (1870 — 1909). Etude sur les Reptiles. Pp. 1-1 012, 76
pl. in Milne-Edward, H. & Vaillant, L. (Dir.), Recherche géologique pour servir a I’histoire de la faune de
I’Amérique Centrale et du Mexique. Part. 3, Sect. 1. Imprimerie nationale, Paris.

- Barbour, T. (1914). A contribution to the zoogeography of the West Indies, with especial reference to
Amphibians and Reptiles. Mem. Mus. Comp. Zool., 54 (2): 1-359.

- Barbour, T. (1921). Memoirs of the Museum of Comparative Zoology at Harvard College. Vol. XLVII.
No.3. Sphaerodactylus. Cambridge, U. S. A. December.

- Barbour, T. (1930). A list of Antillean reptiles and amphibians. Zoologica (N.Y.), 11 (4): 61-116.14

- Barbour, T. (1935). A second list of Antillean reptiles and amphibians. Zoologica (N. Y.), 19 (3): 77-
141.

- Stille, Wilhelm Hans (1936). “Die Entwicklung des amerikanischen Kordillerensystems in Zeit und
Raum,” in Sitzungsberichte der preussischen Akademie der Wissenschaften zu Berlin, Math.—Phys. KI.

- Barbour, T. (1937). Third list of Antillean reptiles and amphibians. Mem. Mus. Comp. Zool., 82 (2): 77-
166.

23



Editions Caraibe Vivante

- King, W. (1962). Systematics of Lesser Antillean lizards of the genus Sphaerodactylus. Bulletin of the
Florida State Museum — Biological sciences University of Florida — USA

- Schwartz, A. (1964). A review of Sphaerodactylus vincenti in the southern Windward Islands.
Caribbean Journal of Science, 4, 391-409.

- Schwartz, A. (1965). A new subspiecies of the gecko Sphaérodactylus microlepis
- Pinchon, R. P. (1967). Quelques aspects de la nature aux Antilles. Fort de France, 254 p
- Westerkamp, D. ( 1975). Atlas de la Martinique — Carte géologique.

- Martha, A., Marcum, Michael A., Alexander J., Muensch, H., Arnold, F., Powell, R. (1986). Redux: New
genera of anoles (Squamata: Dactyloidae) are unwarranted Steven Poe - Department of Biology and
Museum of Southwestern Biology, University of New Mexico, Albuquerque, NM 87131 USA.

- Andreieff, P., Baubron, J.-C., Westercamp, D. ( 1988). Histoire géologique de la Martinique, (Petites
Antilles).

- Stephan, J.F. (1990). Paleogeodynamic maps of the Caribbean. Bulletin n°6 Soc. Geol. France, Paris.

- Julien-Laferriére, D., and Atramentowicz, M. (1990). Feeding and reproduction of three didelphid
marsupials in two neotropical forests (French Guiana). Biotropica 22: 404-415.

- Smith, A. G., Smith, D. G., Funnell, B. M. (1994). Atlas of Mesozoic and Cenozoic Coastlines. Cambridge
University Press.

- Breuil, M., (1994). Les iguanes Iguana delicatissima de I'llet Chancel (Martinique). Rapport de mission
effectuée a I'ilet Chancel.

- Smit, J., T. B. Roep, W. Alvarez, A. Montanari, P. Claeys, J. M. GrajalesNishimura, and J. Bermudez
(1996). Coarse-grained, clastic sandstone complex at the K/T boundary around the Gulf of Mexico:
Deposition by tsunami waves induced by the Chicxulub impact, in The Cretaceous-Tertiary Event and
Other Catastrophes in Earth History. Geol. Soc. Am. Spec. Pap. 307, edited by G. Ryder, D. E. Fastovsky
and S. Gartner, pp. 151-182, doi : 10.1130/0-8137-2307-8.151

- Hedges, S. B. (1996). The origin of West Indian amphibians and reptiles. Contributions to West Indian
herpetology: a tribute to Albert Schwartz.

- Catzeflis, F. M., Richard-Hansen, C., Fournier-Chambrillon, C., Lavergne, A., and Vié, J.-C. (1997).
Biométrie, reproduction et sympatrie chez Didelphis marsupialis et D. albiventris en Guyane frangaise
(Didelphidae: Marsupialia). Mammalia 61: 231-243.

- Guillemin, M.-L. (2000). Structuration spatiale et stratégies de reproduction chez deux marsupiaux
Didelphidés de Guyane (Didelphis marsupialis et Philander opossum): Relation avec la structuration
génétique des populations. These de “Biologie des organismes”, pp. 1-223. Université de Paris XIllI.

- JOHN J. WIENS, and BRADFORD D. HOLLINGSWORTH (2000). War of the Iguanas: Conflicting
Molecular and Morphological. Phylogenies and Long Branch Attraction in Iguanid Lizards. Section of
Amphibians and Reptiles, Carnegie Museum of Natural History, Pittsburgh, Pennsylvania 15213—-4080,
USA.

- Lucien Jaclour, (2000). La Rose de la Caraibe. Récit.

24



Editions Caraibe Vivante

- Neves-Ferreira, A. G.C,, et al. (2000). Inhibitory properties of the antibothropic complex from the
South American opossum (Didelphis marsupialis) serum. https://doi.org/10.1016/S0041-
0101(96)00195-X

- LESCURE, J., (2000). Répartition passée de Leptodactylus fallax Miiller, 1923 et d’Eleutherodactylus
johnstonei Barbour, 1914 (Anoures, Leptodactylidés), Bulletin de la Société Herpétologique de France,
No. 94, 13-23.

- Wiens, J. J. & Hollingsworth, B. D. (2000). War of the Iguanas: Conflicting Molecular and
Morphological. Phylogenies and Long-Branch Attraction in Iguanid Lizards. Section of Amphibians and
Reptiles, Carnegie Museum of Natural History, Pittsburgh, Pennsylvania 15213—-4080, USA.

- Wister, W., Thorpe, R. S., Salomao, M. D. G., Thomas, L., Puorto, G., Theakston, R. D. G., & Warrell,
D. A. (2002 ). Origin and phylogenetic position of the LesserAntillean species of Bothrops (Serpentes,
Viperidae): biogeographical and medical implications. Bulletin of the Natural History Museum:
Zoology, 68(02), 101-106.

-Thorpe, R.S., Stenson, A. G. (2003). Phylogeny, paraphyly and ecological adaptation of the colour and
pattern in the Anolis roquet complex on Martinique. Molecular Ecology, 12(1),117 132.

- Long, J. L. (2003). Introduced Mammals of the World. Their History, Distribution and Influence. CSIRO
Publishing, Australia.

- Gradstein, F. M., Ogg, J. G., Smith, A. G., Eds. (2005). A Geologic Timescale 2004. Cambridge University
Press.

- Pasachnik, S.A., M. Breuil, and R. Powell. (2006). Catalogue of American Amphibians and Reptiles.
Ilguana delicatissima Laurenti. Lesser Antillean Iguana, Iguane des Petites Antilles.

- Morton, M. (2007) Saint Lucia Iguana: Report 2002-06. Unpublished report to Durrell Wildlife
Conservation Trust, Jersey, and Saint Lucia Ministry of Agriculture Forestry Department, Union, Saint
Lucia.

- Johansson, H., Surget-Groba, Y., & Thorpe, R. S. (2008). . Microsatellite data show evidence for male-
biased dispersal in the Caribbean lizard Anolis roquet. Molecular ecology, 17(20), 4425-4432.

- Thorpe, R. S., Surget-Groba, Y., Johansson, H. (2008). The relative importance of ecology and
geographic isolation for speciation in anoles. Philosophical Transactions of the Royal Society B:
Biological Sciences, 363(1506), 3071-3081.

- Hedges, S.. B., Kumar (2009). Discovering the timetree of life, Oxford University Press, New York.

- Breuil, M. (2009). The terrestrial herpetofauna of Martinique: Past, present, future. Applied
Herpetology, 6(2), 123-149.

- Daltry, J. C. (2009). The status and management of Saint-Lucia's forest reptiles and amphibians.
National forest and bio-physical resource inventory project ; Caribbean — Saint-Lucia.

- Robert Williams (2009). Saving the Saint Lucia iguana from a new, alien threat. Durrell Wildlife
Conservation Trust Saint Lucia.

- Caroline LEGOUEZ (2010). Plan national d’actions de liguane des petites Antilles (lguana
delicatissima) 2010-2015. Coordination : DEAL Martinique Cellule Martinique de 'ONCFS.

25


https://doi.org/10.1016/S0041-0101(96)00195-X
https://doi.org/10.1016/S0041-0101(96)00195-X

Editions Caraibe Vivante

- Thorpe, R. S., Surget-Groba, Y., & Johansson, H. (2010). Genetic tests for ecological and allopatric
speciation in anoles on an island archipelago. School of Biological Sciences, Bangor University, Bangor,
United Kingdom ; PLoS Genet, 6, €1000929.

- Bustamante, G. (2011). The biophysical characteristics of the Caribbean Sea and the Gulf of Mexico:
Ocean currents and the connectivity of the marine biological populations of the Tropical NW Atlantic
Coastal Biographic Province.

- Breuil, M. (2011). The terrestrial herpetofauna of Martinique: Past, present, future. Conservation of
Caribbean Island Herpetofaunas, 2, 311-338.

- Hedges, S. B., & Diaz, L. M. (2011). The conservation status of amphibians in the West Indies.
Conservation of Caribbean Island Herpetofaunas, 1, 31-47.

- Pietsch, T. W. (2011). Charles Plumier's “Manicou Caraibarum” (c. 1690): a previously unpublished
description and drawing of the common opossum, Didelphis marsupialis Linnaeus, 1758. Print ISSN:
0260-95410nline ISSN: 1755-6260 Published on behalf of The Society for the History of Natural History.

- Robert Powell and Robert W. Henderson (2012). Island lists of West Indian- amphibians and reptiles
. Editors : Bulletin Florida Museum Natural History vol. 51(2)).

- Nicholson, K.E., Crother, B.l., Guyer, C., Savage, J.M. (2012). It is time for a new classification of anoles
(Squamata: Dactyloidae). Zootaxa 3477, 1-108.

- Ron Blakey, (2012). Vidéo Paleogeography Views of Earth's History provided, by Professor of géology,
Northern Arizona University; www2.nau.edurcb?7. Vidéo présentant simulation de I'évolution des
plaques tectoniques, et dérive des continents depuis 600 Ma et prévisions futures + 100 Ma.
http://www.dailymotion.com/video/xp5k5f les-continentsterrestres-700-millions-d-annees-de-
mouvement_tech

- Pichot, Thibaud (2012). Les rides de Barracuda et de Tiburon, a I'Est de la subduction des Petites
Antilles : origine, évolution et conséquences géodynamiques.

- Breuil, M. et al. (2012). Actes du Colloque international Biodiversité insulaire la flore, la faune et
I’'homme dans les Petites Antilles, Martinique, 8 — 10 novembre 2010

- Breuil M. (2013). Caractérisation morphologique de I'iguane commun Iguana iguana (Linnaeus, 1758),
de I'iguane des Petites Antilles Iguana delicatissima Laurenti, 1768 et de leurs hybrides. Bull. Soc. Herp.
Fr.(2013) 147 : 309-346 .

- Barat, Flore (2013). Nature et structure de l'isthme inter-américain, Panama : implication sur la
reconstruction et I'évolution géodynamique de la plaque Caraibe.

- Sepulchre, P., Arsouze, T. , Donnadieu, Y., Dutay,J.-C., Jaramillo, C. ,Le Bras, J., Martin, E., Montes,
C., Waite, A. J. (2014). Consequences of shoaling of the Central American Seaway determined from
modelling Nd isotopes; Paleoceanography, DOI: 10.1002/2013 PA002501

- Sepulchre, Pierre (2014) Vers une nouvelle chronologie de la connexion des amériques; CNRS, Centre
National de Recherche Scientifique, LSCE/IPSL article sur site web : http://www.insu.cnrs.fr/node/4706

- Jessica L. Martin, Charles R. Knapp, Glenn P. Gerber, Roger S. Thorpe, and Mark E. Welch (2014).
Phylogeography of the Endangered Lesser Antillean Iguana, Iguana Delicatissima: A Recent Diaspora in
an Archipelago Known for Ancient Herpetological Endemism.

26



Editions Caraibe Vivante

- Catzeflis, F. M. (2015). Etude sur le Manicou (Didelphis marsupialis : Marsupiaux) de Martinique.
Rapport final et synthése 2005 a 2015. INSTITUT DES SCIENCES DE L' EVOLUTION ; UMR 5554 CNRS.

- Prates, I., Rodrigues, M. T., Melo-Sampaio, P. R., & Carnaval, A. C. (2015).Phylogenetic relationships
of Amazonian anole lizards (Dactyloa): Taxonomicimplications, new insights about phenotypic
evolution and the timing ofdiversification. Molecular phylogenetics and evolution, 82, 258-268.

- Hedges, S.B., Marin J., Suleski M., Paymer M. & Kumar S. (2015). Tree of Life Reveals Clock-Like
Speciation and Diversification. Mol Biol Evol 32: 835-845.

http://www.timetree.org/public/data/TimetreeOfLife2015.tre

- Sacco, L. (2015). Isthme de Panama : une datation de sa fermeture secoue les géosciences. Article
paru dans revue Futura-Sciences :

http://www.futurasciences.com/magazines/terre/infos/actu/d/tectonique-plagues-isthme-panama-
datation-fermeturesecoue-geosciences-57723/

- Allard Saint-Albin, Alex (2015). Présentation PowerPoint sur le theme de la biodiversité martiniquaise
fonction de I'évolution géologique - Atelier UNESCO, Martinique. Organisé par péle scientifique du Parc
Naturel Régional de la Martinique au mois d'octobre.

- Mauvois, Roger (2015). “Nouvelle hypothese relative a la formation géologique de I'archipel Caraibe”
présentée lors de I'atelier UNESCO, Martinique; Organisé par le pdle scientifique du Parc Naturel
Régional de la Martinique au mois d' octobre. http://www.manioc.org/fichiers/V15425

- Delannoye, R. et al. (2015). Mollusques continentaux de la Martinique. Biotope Editions ; publications
scientifiques du Muséum.

- Renate Ziller, S. (2015). Didelphis marsupialis (common opossum). CABI Compendium
https://doi.org/10.1079/cabicompendium.84946

- Dewynter, M. (2018). Atlas des amphibiens et reptiles de Martinique.

- Bourgade, Marcel & Fong G., Ansel (2018). Amphibiens et reptiles. Inventaire Rapide Biologique,
Social et Technologique (IRBST ).

- Saffache, Pascal, Bourgade, Marcel, Joseph, Doris, & Serlan, Julien (2018). Rapport d’expertise —
Caractéristiques physico-géographiques de la Cohé du Lamentin et de la Baie de Génipa. Inventaire
Rapide Biologique, Social et Technologique (IRBST ).

- Breuil, M., Vuillaume, B., Schikorski, D., Krauss, U., Morton, M. N., Hayness, P., Daltry, J. C., Corry, E.,
Gaymes, G., Gaymes, J., Bech, N, Jelic, M. & Granjean, F. (2018). A story of nasal horns: A new species
of Iguana Laurenti, 1768 (Squamata, Iguanidae) in Saint Lucia, St Vincent & the Grenadines, and
Grenada (Southern Lesser Antilles) and its implications for the taxonomy of the genus Iguana.

- Tong, Y., Binford, G., Rheims, C. A., Kuntner, M., Liu, J. & Agnarsson, |. (2018). Huntsmen of the
Caribbean: Multiple tests of the GAARlandia hypothesis

- Bourgade, M. (2019). Site Internet : Gwanakaéra, Herpétologie MatiniKarayib. Reptiles et amphibiens
de la Martinique / Micro-herpétofaune endémique de la Caraibe Orientale depuis I'Eocéne.
https://gwanakaera---reptiles-et-amphibiens-de-la-martinique-endemig-01.webself.net/accueil

- Bourgade, M. (2019). Sphaerodactyls Endemic to South-Eastern of Martinique and Geological History
of the Eastern Caribbean. Demonstration of a 4th species S. X sp. Presents on the peninsula of Sainte-

27


http://www.futurasciences.com/magazines/terre/infos/actu/d/tectonique-plaques-isthme-panama-datation-fermeturesecoue-geosciences-57723/
http://www.futurasciences.com/magazines/terre/infos/actu/d/tectonique-plaques-isthme-panama-datation-fermeturesecoue-geosciences-57723/
http://www.manioc.org/fichiers/V15425
https://doi.org/10.1079/cabicompendium.84946
https://gwanakaera---reptiles-et-amphibiens-de-la-martinique-endemiq-01.webself.net/accueil

Editions Caraibe Vivante

Anne, supposed center of dispersion of the common ancestor of Sphaerodactylus microlepis, S.
vincenti, and S. festus. Living Caribbean Publishing. ICEV Resarch Department : Caribbean Institute of
Ecology and Living; CD2S Martinique. 55 p.

- Bourgade, M. (2019). Ce que nous dit la phylogénie de I'herpétofaune de la Martinique ; Reptiles et
amphibiens endémiques de Martinique et histoire géologique de la Caraibe orientale. Editions Caraibe
Vivante du CD2S (Centre Caribéen du Développement Durable et Solidaire).

- Courcelle, M. et al. (2019). Digging for the spiny rat and hutia phylogeny using a gene capture
approach, with the description of a new mammal subfamily, Mol. Phylogenet. Evol., 136, 241-253.

- Delsuc, F. et al. (2019). Ancient mitogenomes reveal the evolutionary history and biogeography of
sloths, Curr. Biol., 29, 1-12.

- Bourgade, M. (2020). Note herpétologique relative au contexte martiniquais pour la conservation de
I'lguana delicatissima menacé et la Gwanakaéra des Kalinas. https://hal.science/hal-02472119

- Bourgade, M. (2020). History of Squamate Lizard Dactyloidae from the Eastern Caribbean, Origins of
Anolis from Martinique, Zanndoli Matinik (Dactyloa roquet). https://hal.science/hal-02469738

- Philippon, M., Cornée, J-J.,, Miinch, P., Van Hinsbergen, D. J. J., BouDagher-Fadel, M., Gailler, L.,
Boschman, L. M., Quillevere, F., Montheil, L., Gay, A., Lebrun, J.F., Lallemand, S., Marivaux, L., Antoine,
P. O. (2020). Eocene intra-plate shortening responsible for the rise of a faunal pathway in the
northeastern Caribbean realm. https://doi.org/10.1371/journal.pone.0241000

- Cerpa, N. G. and Arcay, D. (2020). Overriding plate velocity control on surface topography in 2-D
models of subduction zones, Geochem. Geophys. Geosyst., 21, e2019GC008900.

- Cornée, J.-J. et al. (2020). Paleogene carbonate systems of Saint Barthélemy, Lesser Antilles:
Stratigraphy and general organization, Newsl. Stratigr. 53, 461-478.

- Marivaux, L. et al. (2020). Early Oligocene chinchilloid caviomorphs from Puerto Rico and the initial
rodent colonization of the West Indies, Proc. R. Soc. B, 287, 20192806.

- Minch, P. et al. (2020). By land or sea: How did mammals get to the Caribbean islands? Eos
Transactions American Geophysical Union, 101, https://doi.org/10.1029/2020E0151745.

Philippon, M. et al. (2020). Caribbean intra-plate deformation: Paleomagnetic evidence from St.
Barthélemy lIsland for post-Oligocene rotation in the Lesser Antilles forearc, Tectonophysics, 777,
228323.

- Bourgade, M. (2020). Matina then Matigwana, two large islands that have formed over time
geologically emerged parts of the southern arc of the eastern Caribbean. https://hal.science/hal-
02994952

- Bourgade, M. (2020). Contribution pour une révision de la liste taxinomique des Sphérodactyles (Ti-
Mabouya) de Martinique. https://hal.archives-ouvertes.fr/hal-02453673

- Bourgade, M. (2020). Incertitudes scientifiques relatives a la localisation précise du biote de
spéciation et centre de dispersion de I'ancétre commun des Eleuthérodactyles, E. johnstonei et E.
martinicensis, endémiques de la Caraibe orientale depuis I'Eocene (-50 Ma) : Exigence du principe de
précaution pour le biote du pays caribéen martiniquais. UICN - Atelier Especes Exotiques Envahissantes
- Fort de France, Martinique, 10 — 13 février 2020, Martinique. ffhal-02473831f

28


https://hal.science/hal-02472119
https://hal.science/hal-02469738
https://doi.org/10.1371/journal.pone.0241000
https://hal.science/hal-02994952
https://hal.science/hal-02994952
https://hal.archives-ouvertes.fr/hal-02453673

Editions Caraibe Vivante

- Bourgade, M. (2024). HISTORY OF CARIBBEAN ENDEMIC IGUANAS From Chicxulub to the present day.
(hal-04652088)

- Larousse Encyclopédie : www.larousse.fr/encyclopedie/vie-sauvage/opossum/184559 )

29


http://www.larousse.fr/encyclopedie/vie-sauvage/opossum/184559

