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ABSTRACT 

The Rubiaceae represent one of the world’s five largest families of flowering plants. This family is diversified in terms of 
number of species, genera, physiognomic types or chemical spectra. Within their flora the Lesser Antilles (part of one of 
the world’s biodiversity hot spots) accommodate part o f this diversity, originating from tropical America. In order to enrich 
our knowledge of the Rubiaceae of the West Indies, we carried out a study in forest ecology in Martinique. The aim was to 
determine the chorology of the Rubiaceae species and their functions as well as to identify their various ethnobotanical 
uses. The place of the Rubiaceae in Martinique’s plant dynamics, the factorial conditions that favour their settlement and 
distribution have thus been defined using data from the world scientific l iterature, regional floras and field surveys. It is 
clear that this family occupies a wide range of habitats. The Rubiaceae are present in all bioclimates (dry to wet), in 
various plant formations at various stages of evolution. We recorded 89 Rubiaceae species divided in 41 genera. All forms 
of life are represented ranging from trees to grasses, through lianas and epiphytes. The Rubiaceae are an essential 
component of our region’s flora; nevertheless their diversity is weakened by a strong degree of anthro pisation 
characterised by environmental damage.  
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INTRODUCTION 

The Rubiaceae represent one of the largest families of flowering plants (angiosperms) in the world. There are currently 
approximately 611 genera and more than 13,100 species of Rubiaceae in the world [1 -4]. On a global scale as well as on 
the scale of tropical America, the Rubiaceae rank in fourth position after the Orchidaceae, Asteraceae, Fabaceae and 
Poaceae (Tables 1 and 2), [3, 5-7]. 

On average since the 1970s, more than sixty species have been discovered and circa four genera are described each 
year [4]. A worldwide list of all Rubiaceae known to date can be consulted on the Internet and is updated regularly [3]. The 
result is an important and constant work in terms of taxonomic classification [8 -10]. 

Table 1: Ranking of the five largest families of angiosperms in the world [4]. 

Rank Family Number of species Number of genera 

1 Orchidaceae 25158 830 

2 Asteraceae >23000 1535-1700 

3 Fabaceae 19350 727 

4 Rubiaceae 13143 611 

5 Poaceae 11591 700 

 

Table 2: Ranking of the five largest families of angiosperms in tropical America [7]. 

Rank Family Number of species 

1 Asteraceae 8000 

2 Orchidaceae 7000 
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3 Fabaceae  6700 

4 Rubiaceae 5000 

5 Poaceae 3300 

 

The Rubiaceae are cosmopolitan. There are some representatives in Antarctica: the Coprosma, Galium, Nertera and 

Sherardia genera. In temperate regions it is the genus Rubieae which is the most distributed [11 -13]. Most of these 
species are nevertheless located in tropical and subtropical regions. There are many "hot spots" in Central America, South 
America and the Caribbean: more than half of the species and one third of the family’s genera [4,7,11].  

The Rubiaceae occupy a wide range of habitats. They are found in dry regions, in the mangrove forests in the coastal area 
and even in alpine locations at over 4000 meters [4,7,13]. They are predominantly found in tropical wet forests with high 
tree abundance [4]. In the tropics, the Rubiaceae are highly susceptible to enviro nmental disturbances and are rarely 
found in secondary forests [4]. In South America the Rubiaceae are found in the Amazon basin, in the tropical forests of 
Brazil, in the Andean cloud forests, in the thorny plant forests of desert biomes, in the subtropical savannahs situated at 
high altitudes, in the sandy and salty lands close to the sea and covered with herbaceous plants [7].  

The Rubiaceae family has a variety of biological forms: some are trees forming part of the canopy of tropical forests 
(Chimarrhis), others are shrubs, epiphytes, myrmecophytes, annual or perennial grasses, lianas, succulents, and even 
aquatic life forms [4,11,14]. Table 3 presents the botanical determination keys to recognize the members of the family 
[1,4,7,11,15,16]. 

The chemical spectrum of the Rubiaceae is remarkable. They are the source of thousands of bioactive substances with 
promising pharmacological potential [17-24]. They are also widely used in the world and are recognized numerous 
properties: anti-inflammatory, analgesic, antibacterial, antiviral, antioxidant ... [17, 25-32]. The current phylogenetic 
classification of the Rubiaceae

1
 is presented in figure 1 [33.34].  

Table 3: The main botanical characteristics of the Rubiaceae [1,4,7,11,15,16]. 

 

RUBIACEAE 

Leaves  
Simple, whole, opposite, opposite decussated, sometimes whorled (3 to 6 leaves per knot) or 

pseudo-whorled. Leaf blade undivided and leaf margin always entire. 

The stipules Presence of interpetiolar or intrapetiolar stipules  

Flowers  
Actinomorphs and rarely zygomorphs. Gamopetal corollas. The number of stamens is often equal to 

the number of corolla lobes. The ovary is located lower. 

The fruits Capsules, berries, drupes or schizocarps. 

Other 
characteristics 

Presence of obturators, a Caspari band, and numerous alkaloids. 

 

 

 

Figure 1: Classification of the Rubiaceae according to APG III [33]. 

                                                                 
1
 According to the 2009 Angiosperm Phylogeny Group (APG III) [33,34]. 
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The Rubiaceae family consists of three subfamilies: Cinchonoideae, Ixoroideae, Rubioideae [1 ,2,12,17,35,36]. Some 
authors propose we retain only two subfamilies, the Cinchonoideae and Rubioideae and form super tribes [37], but this 
classification contains many genera with unresolved taxonomic positions [7]. Currently, the phylogenetic studies sti ll 
recognize the existence of the three above mentioned subfamilies and recognize 44 tribes [2,7,12,17,38].  

Several assumptions have been made about the origins and the diversification processes of the family, particularly for the 
tropical America taxa. In fact, there are biogeographic models which correlate their biological evolution with historical 
physical events [39.40]. Without establishing valid time frames for the divergence of the different family groups, the origin  
of the Rubiaceae is still unclear [13]. Whatever the flora of the Lesser Antilles, most of it originates from tropical America 
via the Greater Antilles, where there is strong taxonomic similarity at the level of the families. This fact is linked to the  
geological formation of the Lesser Antilles. The main dispersal vectors were the wind, water and bird fauna [41]. This flora 
was nevertheless enriched by African, European as well as Asian contributions. 

Scientific research in the forest ecology in the Lesser Antilles and particularly in Martinique has progressed considerably 
since the twentieth century [41-55]. In fact, our knowledge on sylvatic ecosystems is not better established: in terms of 
distribution modes, architectures and structures, functioning, phases of evolution, floristic comp ositions, and ecological 
profiles of the species. Naturally over time there has been a growing and remarkable enrichment of scientific productions 
[41-55] resulting in studies which targeted the plant families in particular. We have several objectives in w hat regards the 
Rubiaceae in Martinique: to determine their chorologies, their functions and their biodemographic importance within the 
natural vegetation, and to identify their ethnobotanical uses.  

MATERIALS 

The study is carried out in Martinique: a French island territory located in the Caribbean (Figure 2). It is a mountainous 
island of 1128 km2 which occupies a central position in the Lesser Antilles at 14° 40' north latitude and 61° west longitude.  
This island lies between Dominica in the north and Sainte-Lucie in the south, and is surrounded to the east by the Atlantic 
Ocean and to the west by the Caribbean Sea. 

 

Figure 2: Martinique’s location in the Caribbean.  

The Lesser Antilles including Martinique are the result of an intra-oceanic subduction between the North American plate 
and the Caribbean plate [56,57]. The various volcanic episodes that took place led to the formation of the island and the 
reliefs thus created were then remodeled by erosion.  

Therefore the island’s geomorphology is highly contrasted (Figure 3) with a mountainous northern part, composed of the 
most important and recent volcanic massifs (the Pelée Mountain: 1397 meters, the Pitons du Carbet 1196 m, the Jacob 
mountain: 800 m), and a less imposing southern part, consisting of hills which do not exceed 500 meters of altitude and 
the centre of the island characterised by the Lamentin and Riviére Salée plains. From a pedological point of view, 
Martinique has a remarkable diversity of soil types (Figure 4) [58]. 
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Figure 3: Hypsometric map of Martinique. (Source: IGN
2
) 

 

Figure 4: Soil map of Martinique. (Source: IRD
3
) 

The climate is a wet tropical one with an average annual temperature of 26°C. This island is regularly swept by eastern 
trade winds [59]. There are two main seasons: the dry season from February to March called "summer" and the rainy 
season from July to October called "winter". Shorter transition periods with less marked characteristics are added to these 
two seasons. The hydrological network is dense due to the very abrupt reliefs, in particular in the north (steep slopes and 
gullies), giving rise to a number of rivers with mainly torrential features.  

Martinique is subjected to the same mass of air but its topography generates very contrasting orographic rainfall on the 
island, leading to the creation of various bioclimates (Figure 5). These various bioclimates result in the stratification of the 
plant formations [41,50,51]. 

 

Figure 5: Bioclimatic floors of Martinique [51]. 

                                                                 
2
 IGN: National Geographic Institute (France). 

3
 IRD: Institute for Development Research (France) 
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In his works JOSEPH P. (2009, 2012) [41,51], described the altitudinal floors of the bioclimates and the asso ciated plant 
formations (Figure 6). We therefore generally distinguish in ascending order: from 0 to 250 m, a dry bioclimate with annual 
average rainfall of less than 1500 mm, which is associated with a tropical seasonal evergreen forest of lower horizon a nd 
xeric facies (formerly a xerophytic forest); from 250 to 500 m, a moderately humid bioclimate with annual rainfall ranging 
between 1500 and 2500 mm, associated with a typical tropical seasonal evergreen forest (formerly a mesophilic forest). 
Then, from 500 to 1300 m, a wet bioclimate with rainfall ranging between 2500 and 4000 mm or more, which is associated 
with a tropical sub-montane ombrophilous rainforest (formerly a hygrophilous forest) and a tropical montane ombrophilous 
forest (formerly known as the upper horizon of the hygrophilous forest). 

 

Figure 6: Martinique’s vegetation cover in pre -Columbian times [49]. 

There are a little more than 3000 plant species on the island (pteridophytes, gymnosperms, angiosperms ...) of which circa 
1000 are introduced [50]. The present vegetation is a mosaic of various plant formations belonging to very different 
phases of evolution [41,51]. This phytocenotic diversity

4
 is the result of the natural components structuring the island but 

also of a strong anthropization since the island was taken into possession in 1635 [41].  

METHODS 

Research in the global scientific literature has been conducted to collect global data on the Rubiaceae such as their 
botanical descriptions, phylogenetic class ifications, geographical distributions, ecologies, and ethnobotanical uses. An 
additional review has been carried out in the works on the Lesser Antilles flora [60,61] and in international floristic 
databases [3]. 

These bibliographic data have been supplemented by field surveys. The surveys were carried out in Martinique in different 
forest formations corresponding to various bioclimates and different stages of evolution. The surveyed stations were 
chosen taking into account the floristic units located in a  similar climatic context. Each survey consists of a transect 
subdivided into quadrats (Figure 7). The total areas are variable according to the minimal areas. The length of the 
transects varies but the quadrats are all the same size [62]. 

Transect 

 

Quadrat (50 m
2
) 

Figure 7: Illustration of the transect [63]. 

For each survey we record a number of ecological and floristic descriptors. These include the name of the species, the 
number of individuals from regenerations to mature specimens (biodemographic aspect), diameters (sections measured at 
1.33 m from the ground in accordance with the international standards), total heights and the height of the first 
ramifications [62].  

These descriptors allow us to characterize the surveyed forest formations in terms of architecture, structure, and floristic 
compositions. The very heterogeneous mesological factors combined with the relations between species lead to the 

                                                                 
4
 Plant community  
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emergence of a grouping of species or the so-called "species population" known as dominant within the stations in terms 
of number of individuals, distribution in the station and occupied land areas [41,53]. This population is highlighted using 
indicators already defined and used in forest ecology such as frequency (presence o f the species in the different 
quadrats), density (corresponding to the distribution of species populations in the station), distribution index 
(corresponding to the density multiplied by the relative frequency and expressing the biodemographic importance of the 
species) and the index of dominance (corresponding to the distribution index multiplied by the basal area expressing the 
species’ adaptation and expansion capacity within the environment) [53,63].  

Therefore the stations surveyed and presented here are located on Figure 8 and described in Table 4. For each bioclimate 
(from dry to wet) we present two stations that have been surveyed

5
 . For all of these stations (4700 m²) we counted 3625 

individuals. 

 

Figure 8: Location of the surveyed stations. 

The two dry bioclimate stations are composed of plant formations of the xerophytic type in the young secondary forest 
stage and in the shrub stage (Vauclin, Figure 8, Table 4). Two other stations located in zones normally covered by the  dry 
bioclimate however exhibit a meso-climate of the moderately wet type (Diamant and Marin, Figure 8, Table 4). This is 
linked to the topography of the site (the bottom of valleys) favouring a flora of mesophilic type. This represents a 
vegetation invers ion phenomenon [41]. These two stations are in the young secondary forest stage. The other two stations 
influenced by the wet bioclimate in the north of the island (Lorrain, Figure 8) consist of plant forms of hygrophilous type, in 
the late secondary forest stage (Table 4).  

The area-species curve correlates the number of new recorded species in relation to the surveyed surface. At the point of 
inflection, this curve allows us to estimate the minimal surface area. For Station 1 (Figure 9 (a)), the minimum a rea 
required for statistical processing is 600 m². Figure 9 (b), indicates that for station 2 the minimal area would also be 600 
m²; however after a slight shift the increase in the number of cumulative species indicates the change to another 
biocenosis

6
. The minimal area for station 3 is 650m² (Figure 9 (c)), nevertheless the fluctuations in the curve reveal 

environment disturbances. Station 4 is composed of two biocenoses, the first’s limit surface area is 300m² (Figure 9 (d)). 
Figure 9 (e) shows that the surveyed surface of station 5 corresponds to one part of a biocenosis because it has no 
inflection. FIG. 9 (f) (station 6) is characteristic of the survey of two contiguous biocenoses: the first having a 600m² are a. 

 

 

 

 

                                                                 
5
 The floristic surveys of the two stations in a medium wet environment were produced and kindly made available by 

Professor JOSEPH P. (University of the French West Indies, Martinique, France). Thanks to the Bioreca team for data 
collection in the field: Kévine Baillard, Séverine Ely-Marius, Yelji Abati, Yanis Jean-François. 
6
 Plant community  
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Table 4: Presentation of the surveyed stations. 

 

Figure 9 a, b, c, d, e, f:  

Area -species 

curve by station. 
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RESULTS 

1. Presentation of the Rubiaceae of Lesser Antilles and Martinique  

The list of all the Rubiaceae described in the Antilles and Martinique was compiled using the most recent flora [60 -61]. The 
main genera and number of species are presented in Table 5. According to these flores, some twenty plant species are 
endemic to the Lesser Antilles islands, including two in Martinique: Rondeletia martinicensis and Palicourea martinicensis. 

Table 5: Total number of Rubiaceae recorded in the Caribbean and Martinique [60-61]. 

 

2. Land surveys carried out in Martinique 

The surveyed stations are located on Figure 8 and described in Table 4. We present two surveyed stations for each 
bioclimate. These floristic surveys indicate the Rubiaceae family’s position in terms of biodiversity (number of species and 
individuals) in the vegetal mosaic of Martinique (Tables 6 and 7). 
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Table 6: Top 10 families ranked by number of species per station. 

 

No. of species: Number of species  

Table 7: Top 10 families ranked by number of individuals per station 

 

No. of ind. : Number of individuals  

The architecture and structure of the surveyed stations are defined based on the diameters of the living trees, (Figures 10, 
12 and 14) and the total heights (Figures 11, 13 and 15) [62]. The dominant species population for each station (in terms 
of number of individuals, their distributions and occupied land areas) is presented in Tables 8, 9, 10.  

a. Architecture and structure of the dry bioclimate stations 1 and 2 

Station 1 is in the secondary young forest stage: 60% of the trees have small diameters of 2.5 cm, 2% have diameters 
exceeding 20 cm and the majority of the trees do not exceed 15 meters in height (Figures 10 (a) and 11 (a)). Three 
species form the dominant species population for station 1: Citharexylum spinosum (Verbenaceae), Simarouba amara 
(Simaroubaceae) and Tabernaemontana citrifolia (Apocynaceae). Citharexylum spinosum is the most preponderant in 
terms of number of individuals (distribution index) and epigeal biomass (basal area), (Table 8 (a)). 

Station 2 is in the shrub stage: 95% of the trees have small diameters (2.5 to 5 cm) and the majority of the trees range 
between 1 and 8 meters in height (Figures 10 (b) and 11 (b)). Pisonia fragrans (Nyctagina ceae), Croton corylifolius 
(Euphorbiaceae) and Morisonia americana (Capparaceae) are the dominant species (Table 8 (b)).  
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Figure 10: Distribution of live tree diameter classes: station 1 (a), station 2 (b).  

 

 

Figure 11: Distribution of height classes: station 1 (a), station 2 (b).  
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Table 8: Ranking of the top ten species per dominance indices for station 1 (a) and station 2 (b).  

 

The Rubiaceae species recorded in the stations fall outside the classification (very low index), but are placed at the bottom 
of the tables to allow comparisons. 

b. Architecture and structure of the moderately wet bioclimate stations 3 and 4 

Station 3 is in the young secondary forest stage: 60% of the trees have diameters of 5 cm, but 33% have larger diameters 
ranging from 10 to 25 cm and the majority of the trees have heights up to 15 meters (Figures 12 (a) and 13 (a)). Two 
species make up the dominant species population in terms of number of individuals and the occupied basal area: Myrcia 
Fallax (Myrtaceae) and Cassipourea guianensis (Rhizophoraceae) (Table 9 (a)). 

Station 4 is also in the young secondary forest stage: 48% of the trees have small diameters of 2.5 to 5 cm, but 30% range 
between 10 and 30 cm in diameter. However, the majority of the trees have heights of no more than 8 meters (Figures 12 
(b) and 13 (b)). The dominant species belong to the Myrtaceae family: Plinia Pinnata and Pimenta racemosa (Table 9 (b)).  

 

Figure 12: Distribution of live tree diameter classes: station 3 (a), station 4 (b).  
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Figure 13: Distribution of height classes: station 3 (a), station 4 (b).  

Table 9: Ranking of the top ten species per dominance indices for station 3 (a) and station 4 (b). 

 

The Rubiaceae species recorded in the stations fall outside the classification (very low index), but are placed at the bottom  
of the tables to allow comparisons. 

c. Architecture and structure of the wet bioclimate stations 5 and 6 

Station 5 is in the late secondary forest stage: 67% of the trees have large diameters ranging from 15 to 30 cm; 5% have 
diameters of 90 cm. The trees can reach 8 to 40 meters high (Figures 14 (a) and 15 (a)). Three species form the dominant 
species population: Dacryodes excelsa (Burseraceae), Pouteria multiflora (Sapotaceae), Chimarrhis cymosa (Rubiaceae) 
(Table 10 (a)).  

Station 6 is also in the late secondary forest stage: circa 30% of the trees have diameters ranging from 10 to 40 cm, 3% 
have diameters greater than 60 cm. The majority of the trees range between 1 and 8 meters in height and 37% are well 
over 8 meters and can reach up to 40 meters (Figures 14 (b) and 15 (b)). Only one species is dominant for this station. It 
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is Swietenia macrophylla (Meliaceae). Indeed we are located here in an old plantation of Swietenia macrophylla for the 
production of wood. Then, under this abandoned plantation of Swietenia, the other plant species, parti cularly native ones, 
developed and regenerated. Among these regenerations the dominant species are Pouteria multiflora (Sapotaceae) and 
Chimarrhis cymosa (Rubiaceae), (Table 10 (b)). 

 

Figure 14: Distribution of live tree diameter classes: station 3 (a), station 4 (b). 

 

Figure 15: Distribution of height classes: station 3 (a), station 4 (b).  
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Table 10: The top ten ranking species per dominance indices for station 5 (a) and station 6 (b). 

 

DISCUSSION 

According to the regional flora [60-61] in the Caribbean there are 129 species of Rubiaceae divided into 54 genera, and in 
Martinique there are 89 species of Rubiaceae divided into 41 genera (Table 5). All forms of life are represented, from trees 
to grasses, through arbusts, shrubs, lianas and epiphytes. In the West Indies, the predominant physiognomic type is the 
shrub (40%), followed by grasses (19%), trees (17%) and arbusts (15%). In Martinique the shrub type is also dominant 
(42%), but followed by trees (21%), grasses (15%) and arbusts (12%). The lianas and epiphytes are poorly represented or 
little known. 

The genera of this family are almost quasi-composed of a single species. In fact, in the West Indies more than 60% of the 
family genera consist of a single species, less than 30% contain two to three species, and less than 6% contain more than 
ten species. The same applies to Martinique: 60% of the genera include a  single species, less than 30% contain two to 
three species and less than 5% contain more than ten species. The diversity in terms of the number of species and 
physiognomic types within this family is undeniable. According to regional floras and field surveys, in Martinique the 
Rubiaceae occupy a wide range of habitats ranging from the dry to wet bioclimate. They are found in forest undergrowth, 
transition forests, damaged areas and in the climax of the meso-hygrophilous forest as well as in hygrophilous forests.  

We can estimate the importance of the Rubiaceae within the island’s natural vegetation due to the floristic surveys we 
carried out. First, in terms of the number of species, all the stations combined, the Rubiaceae are generally among the 
largest families (Table 6). Then, in terms of the number of individuals, this family is not the most important, but is 
nevertheless among the top ten (Table 7). It has a larger number of individuals in the wet environment stations despite a 
smaller number of species. Table 4 also indicates that the diversity in relation to the number of families, species, genera 
and individuals is greater in the southern stations located in the dry bioclimate.  

These data indicate that the Rubiaceae are present: in bioclimates falling within the scope of the dry bioclimate and both in 
the young secondary forest stage and the shrub stage; in the bioclimates falling within the scope of the moderately wet 
bioclimate and in the young secondary forest stage, and in those of the wet bioclimate in the late secondary forest stage. 

Then the architecture and the structure of the various surveyed biocenoses allow to place the Rubiaceae within the 
ecologically dominant species populations. In the dry bioclimate for station 1 (xerophytic biocenosi s in the young 
secondary forest stage), there are six species of Rubiaceae (Table 8 (a)). None of them are part of the dominant species 
population because their distributions in terms of number of individuals and the basal area they occupy are negligible. For 
station 2 (xerophytic biocenosis in the shrub stage), only one species of Rubiaceae has been recorded: Morinda citrifolia, 
but its ecological importance is also negligible (Table 8 (b)). In the dry bioclimate plant formations with extra and intra -
sylvatic successional cycles

7
 [41], the Rubiaceae are well represented in relation to the number of species without being 

dominant. 
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In the moderately wet bioclimate, station 3 (mesophilic biocenosis, young secondary forest stage) exhibits seven species 
of Rubiaceae (Table 9 (a)) but their ecological importance is also negligible. Station 4 (mesophilic biocenosis, young 
secondary forest stage) exhibits four species of Rubiaceae also with negligible ecological importance (Table 9 (b)).  

The current vegetation in Martinique is a mosaic of various plant formations belonging to very different phases of evolution 
[41,51]. Facing a high degree of anthropization since the island was taken into possession in 1635 (even if the 
Amerindians were the first persons to occupy it from the 1st century), the biocenoses of the lower and middle floors (the 
dry and moderately wet bioclimate) have been severely damaged [41]. Therefore, our results match the descriptions in the 
global scientific literature that the Rubiaceae are very sensitive to environmental disturbances and are scarce in the tropics 
[4]. 

In the wet bioclimate, stations 5 and 6 (hygrophilous biocenosis in the late secondary forest stage) exhibit only one 
species of Rubiaceae: Chimarrhis cymosa. This Rubiaceae is part th is time of the cortege of the dominant species among 
the regenerations pushing under the plantation of Swietenia (Table 10 (a and b)). Therefore it dominates in terms of the 
number of individuals and its total biomass, and is one of the species best suited  to the environment (among 
regenerations). It is also part of the so-called climax species population, very specialized for the terminal stages of the 
hygrophilous forests in Martinique [55]. Our findings again coincide with the descriptions in the global scientific literature 
that the Rubiaceae are present in tropical wet forests with high tree abundance [4]. 

CONCLUSION 

The Lesser Antilles have an important diversity of Rubiaceae. Martinique has 89 species divided into 41 genera. All forms 
of life are represented: trees and grasses, shrubs, arbusts, lianas and epiphytes. However, the lianas and epiphytes are 
poorly represented, or even little known. The Rubiaceae are present in Martinique in all bioclimates, in various plant 
formations and in various stages  of evolution. The family seems well represented in relation to the recorded number of 
species and individuals. The Rubiaceae are part of the dominant species populations only in the wet tropical forests of the 
upper strata; the biocenoses of the island’s lower and middle levels being more marked by anthropization characterised by 
a high degree of environment damage. 
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