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Abstract: Seasonally dry tropical forests are distributed across Latin America and the Caribbean 

and are highly threatened, with less than 10% of their original extent remaining in many 

countries. Using 835 inventories covering 4660 species of woody plants, we show marked 

floristic turnover amongst inventories and regions, which may be higher than in other neotropical 

biomes such as savanna. Such high floristic turnover indicates that numerous conservation areas 

across many countries will be needed to protect the full diversity of tropical dry forests. Our 

results provide a scientific framework within which national decision makers can contextualise 

the floristic significance of their dry forest at a regional and continental scale. 

One Sentence Summary: High floristic turnover indicates a need for conservation areas 

throughout the Neotropics to protect threatened dry forests. 

Main Text: Neotropical seasonally dry forest (dry forest) is a biome with a wide and fragmented 

distribution, found from Mexico to Argentina and throughout the Caribbean [(1 , 2) Fig. 1]. It is 

one of the most threatened tropical forests in the world (3), with less than 10% of its original 

extent remaining in many countries (4). 



 

 

Fig. 1. Schematic dry forest distribution in the Neotropics (based on Pennington et al. (5), 

Linares-Palomino et al. (2), Olson et al. (6) and the location of DRYFLOR inventory sites (see 

Fig. 2).   

Following other authors (7, 8), we define dry forest as having a closed canopy, distinguishing it 

from more open, grass-rich savanna. It occurs on fertile soils where the rainfall is less than 

c.1800 mm per year, with a period of 3-6 months receiving less than 100 mm per month (7-9), 

during which the vegetation is mostly deciduous. Seasonally dry areas, especially in Peru and 

Mexico, were home to pre-Columbian civilisations, so human interaction with dry forest has a 

long history (10). The climates and fertile soils of dry forest regions have led to higher human 

population densities and an increasing demand for energy and land, enhancing degradation (11). 

More recently, destruction of dry forest has been accelerated by intensive cultivation of crops 

such as sugar cane, rice and soy, or by conversion to pasture for cattle.   

Dry forest is in a critical state because so little of it is intact, and of the remnant areas, little is 

protected (3). For example, only 1.2% of the total Caatinga region of dry forest in Brazil is fully 

protected compared to 9.9% of the Brazilian Amazon (12). Conservation actions are urgently 

needed to protect dry forest’s unique biodiversity – many plant species and even genera are 

restricted to it, reflecting an evolutionary history confined to this biome (1).  

We evaluate the floristic relationships of the disjunct areas of neotropical dry forest and highlight 

those which contain the highest diversity and endemism of woody plant species. We also explore 

woody plant species turnover across geographic space amongst dry forests. Our results provide a 

framework to allow the conservation significance of each separate major region of dry forest to 

be assessed at a continental scale. Our analyses are based upon a subset of a dataset of 1602 



 

 

inventories made in dry forest and related semi-deciduous forests from Mexico and the 

Caribbean to Argentina and Paraguay that covers 6958 woody species, which has been compiled 

by the Latin American and Caribbean seasonally dry tropical forest floristic network 

[DRYFLOR; http://www.dryflor.info; (13)].  

We present analyses that focus principally on DRYFLOR sites in deciduous dry forest vegetation 

growing under the precipitation regime outlined above (7 – 9), as measured using climate data 

from Hijmans et al. (14). We excluded most Brazilian sites in the DRYFLOR database with 

vegetation classified as “semi-deciduous” because these  have a less severe dry season and a 

massive contribution of both the Amazonian and Atlantic rain forest floras (13). The only semi-

deciduous sites retained from southeast Brazil were from the Misiones region, which has been 

included in numerous studies of dry forest biogeography [e.g. 5, 15); Fig. S1] and we therefore 

wished to understand its relationships. We also excluded sites from the chaco woodland of 

central South America because it is considered a distinct biome with temperate affinities 

characterized by frequent winter frost (5, 16). Sites occurring in the central Brazilian region are 

small patches of deciduous forest that are scattered on areas of fertile soil within savanna 

vegetation known as “cerrado”. We performed clustering and ordination analyses on inventories 

made at 835 DRYFLOR sites that covered 147 families, 983 genera and 4660 species (13).  

 

Floristic relationships, diversity, endemism and turnover 

Our clustering analyses, based on the unweighted pair-group method with arithmetic mean 

(UPGMA) and using the Simpson dissimilarity index as a distance measure (17), identified 12 

floristic groups: i. Mexico, ii. Antilles, iii. Central America-northern South America, iv. 

Northern inter-Andean Valleys, v. Central inter-Andean Valleys, vi. Central Andes Coast, vii. 

http://www.dryflor.info/


 

 

Tarapoto-Quillabamba, viii. Apurimac-Mantaro, ix. Piedmont, x. Misiones, xi. Central Brazil 

and xii. Caatinga. (Fig. 2; Table S1).  

 

Fig. 2. Neotropical dry forest floristic groups based on woody plants. Geographical 

representation of UPGMA clustering of 835 dry forest sites using the Simpson dissimilarity 

index as a measure of distance. 

 

The relationships amongst the floristic groups were similar in both the analysis of 835 sites (Fig. 

2) and another that pooled all species lists from all sites in each of the 12 floristic groups in order 

to explore the support for relationships amongst them (Fig. S2). The placement of the 

geographically small Peruvian inter-Andean groups of Apurimac-Mantaro and Tarapoto-

Quillabamba is uncertain as previously reported by Linares-Palomino et al. (2), and differs in the 

two cluster analyses (Fig. 2, Fig. S2) which is reflected in low AU (Approximately Unbiased 

probability support) values (0.71; Fig. S2). More detailed floristic inventory is required in these 

poorly surveyed forests, which is also suggested by species accumulation curves that have not 

levelled in these geographic areas (Fig S3). 

The analysis pooling all species lists in each floristic group (Fig. S2) and an NMDS ordination 

(Fig. S4A for all sites and S4B pooling all species in each floristic group) recognises a higher 

level northern cluster (Mexico, Antilles, Central America, northern South America, and northern 

inter-Andean Valleys). The distinctiveness of Mexican dry forests has been widely recognised 

(8) and the well-supported Antillean floristic group reflects that the Caribbean is also a 

distinctive neotropical phytogeographic region with high endemism (18, 19). The support for a 

higher level northern cluster confirms a north-south division in neotropical dry forest that was 



 

 

suggested by Linares-Palomino et al. (2) based upon a dataset that was more sparse in the 

northern Neotropics (57 sites compared to 276 here). The separation of a northern cluster of 

neotropical dry forests, which includes all areas in Colombia and Venezuela, from all other dry 

forest areas further south in South America, may reflect the effectiveness of the rain forests of 

Amazonia and the Chocó as a barrier for migration of dry forest species, as suggested by Gentry 

(20).  

A higher level southern cluster comprises eastern and southern South American areas that divide 

into two sub-clusters, the first formed by Piedmont and Misiones and the second by central 

Brazil and the Caatinga (Fig. 2).  In the analysis of pooled species lists, the Misiones group 

clusters with the central Brazil and Caatinga floristic groups with strong support (1.0 AU, Fig. 

S2), which is due to the large number of species shared amongst them as a whole (Misiones 

shares 409 spp. with central Brazil and 264 spp. with Caatinga; Fig. 3, Table S2).  

There are six Andean dry forest floristic groups (northern inter-Andean Valleys, central inter-

Andean Valleys, central Andes Coast, Apurimac-Mantaro, Piedmont, and Tarapoto-

Quillabamba), which are scattered across our UPGMA clusterings (Fig. 2, Fig. S2) and 

ordinations (Fig. S4), which reflects the great floristic heterogeneity of dry Andean regions first 

highlighted by Sarmiento (21). For example, the northern inter-Andean valleys of the Rio 

Magdalena and Cauca are placed within the higher-level northern South American cluster, 

whereas the Piedmont, Tarapoto-Quillabamba and Apurimac-Mantaro floristic groups are placed 

in the higher-level southern cluster in our pooled analysis (Fig. S2).   

The central Brazil, Caatinga and Mexico floristic groups contain the most species (1344, 1112 

and 1072 species respectively, Table S1), and the central inter-Andean Valleys and Apurimac-

Mantaro inter-Andean Valleys the least (165 and 78 species respectively).  Overall regional 



 

 

species richness may reflect an integrated time-area effect (22). The age of the dry forest biome 

is not known throughout the Neotropics, but the fossil record and dated phylogenies suggest a 

Miocene origin in Mexico (23) and the Andes (24). Our data suggest that larger areas of dry 

forest, such as in the Caatinga and Mexico, have accumulated more species. The small number of 

species in inter-Andean dry forests reflects their tiny area; the dry forests of the Marañón, 

Apurimac and Mantaro inter-Andean Valleys in Peru are estimated to occupy 4,411 km2 in total 

(25) compared to c. 850,000 km2 estimated for the Caatinga (26).  What is notable is the lack of 

an equatorial peak in regional species diversity (Fig. S5). The northerly Mexican dry forests, 

which reach the Tropic of Cancer, have high species numbers similar to the more equatorial 

Caatinga (1072 compared to 1112), despite being covered by far fewer surveys (33 compared to 

184, see Fig. S6) and in one third of the land area [280,000 km2; (27)]. It is intriguing that there 

may be a peak in regional dry forest species richness around 20 degrees latitude (Fig. S5), which 

may reflect a “reverse latitudinal gradient” of regional species richness in neotropical dry forest, 

which was suggested by Gentry (8). Our inventories used heterogeneous methodologies (e.g., 

plots and transects of varying sizes or general floristic surveys), which precludes any definitive 

discussion of alpha diversity at individual sites, but the high regional diversity of Mexican 

forests, which are distant from the equator, is remarkable. The high species richness of Mexican 

dry forests merits further investigation and may reflect their Miocene age combined with rates of 

species diversification that are potentially higher than in other dry forest regions. 

Species restricted to one of the 12 floristic groups (“exclusive” species in Table S1) may not be 

strictly endemic to them because they may be found elsewhere in areas not covered by our 

surveys. However, we believe that they do serve as a proxy for species endemism, which is 

supported by independent evidence from floristic checklists. For example, Linares-Palomino (28) 



 

 

reported 43% endemism of woody plants for the Marañón valley, Peru, which forms a major part 

of our Central Andean group and has 41% exclusive species. Mexican and Antillean dry forests 

have the highest percentages of exclusive species (73% and 65% respectively). The lowest 

percentage of exclusive species is found in central Brazil dry forests, which reflects the larger 

numbers of species shared with neighbouring floristic groups. Despite their close geographical 

proximity, Andean floristic groups have c. 30-40% exclusive species to each, reflecting high 

floristic turnover at relatively small spatial scales, which may be caused by dispersal limitation 

amongst the geographic groups and in-situ speciation within them (1, 29). 

Pairwise dissimilarity values for the whole dataset have a mean of 0.90 for Simpson dissimilarity 

(median = 0.94) and 0.94 for Sørensen dissimilarity (median = 0.97). The dissimilarity values 

among the 12 floristic groups (using the entire combined lists for each; Table S3) ranged from 

0.38 to 0.94 (mean = 0.79, median = 0.82) for Simpson dissimilarity and 0.43 to 0.98 (mean = 

0.87, median = 0.90) for Sørensen dissimilarity. High floristic turnover in dry forest has been 

shown in Mexico (30), but our dataset allows the first thorough assessment at a continental scale. 

In general, few species are shared among the floristic groups (Fig. 3), underlining the high levels 

of species turnover. It is also notable that dissimilarity values are high within all the deciduous 

dry forest floristic groups as well, with median Sørensen values ranging from 0.74 within the 

Caatinga to 0.90 within the Tarapoto-Quillabamba group (Table S4; the median value is slightly 

lower at 0.70 within the semi-deciduous Misiones group). These dissimilarity values are higher 

than those reported for the cerrado biome. Bridgewater et al. (31) showed Sørensen 

dissimilarities with a lower mean value of 0.58 amongst cerrado floristic provinces separated by 

c. 1,000 km, based upon floristic lists similar to those in the DRYFLOR dataset. The probable 



 

 

higher species turnover in dry forests at continental, regional and local scales is a result with 

considerable implications for conservation.  

The strongest floristic affinities are found amongst: (i) central Brazil, Caatinga, Piedmont and 

Misiones; and (ii) Central America and northern South America, Mexico and the northern inter-

Andean Valleys (Fig. 3). The relationship of the Caatinga and central Brazil dry forests, which 

share almost 700 species, has been highlighted previously (2, 15, 32), but what is striking 

elsewhere is the low levels of floristic similarity, even amongst geographically proximal floristic 

groups (e.g., northern and central inter-Andean Valleys).  

 

 Fig. 3. Geographical patterns of species turnover among 12 dryforest floristic groups (Fig. 2). 

Size of the circles is proportional to the number of species per group, size of coloured circles is 

proportional to the total number of species and grey circles to the number of exclusive species. 

The species turnover amongst areas is described by line widths proportional to the number of 

species shared (values from Table S2).  

 

The high floristic turnover reflects that few species are widespread and shared across many areas 

of neotropical dry forest. No species is reported for all 12 floristic groups, there are only three 

species shared amongst 11 groups and nine species amongst ten groups (Table S5). Some of the 

species recorded across most sites are widespread ecological generalists like Maclura tinctoria 

(Moraceae), Guazuma ulmifolia (Malvaceae) and Celtis iguanaea (Cannabaceae), which are 

common in other biomes such as rain forest. These species tend to grow in disturbed areas, so 

their presence in many dry forest sites could be a consequence of their high level of degradation 

and fragmentation. In other cases, highly recorded species are dry forest specialists, such as 



 

 

Anadenanthera colubrina (Leguminosae), which occurs in eight of the floristic groups and in 

more than 74% of the sites in the Caatinga, central Brazil and Piedmont, and Cynophalla 

flexuosa (Capparaceae) that occurs in 11 groups and is commonly recorded (~40% of the sites) 

in the Antilles, Caatinga and central Andes Coast.  

However, most frequently recorded species, defined as those registered in many sites, are seldom 

shared amongst any of our 12 floristic groups. For example, 85% percent of the top 20 most 

frequently recorded species in each floristic group (Table S6) are restricted to a single group, 

with a few exceptions where the same species was frequent across several groups (e.g., 

Anadenanthera colubrina and Guazuma ulmifolia, in five groups each). In other cases, there is a 

particular set of species characteristic for pairs of geographically proximal floristic groups such 

as the central inter-Andean Valleys and central Andes Coast, where the dry forest specialist 

species Loxopterygium huasango (Anacardiaceae), Ceiba trichistandra (Malvaceae), Coccoloba 

ruiziana (Polygonaceae) and Pithecellobium excelsum (Leguminosae) are recorded in >15% of 

the sites.  

Our presence-absence database cannot assess abundance in terms of numbers of stems or basal 

area. However, the extensive field experience of the DRYFLOR network team suggests that 

when frequently recorded species are dry forest specialists, they tend to be locally abundant, and 

often dominant. Our observations are reinforced by quantitative inventory data that indicate that 

the most dominant species in dry forest plots represent 8.5-62.1% of stems per plot, with a 

median relative abundance of 17.9% (33). In contrast to dry forest specialist species, widespread 

and frequently recorded ecological generalist species are often not locally abundant.  

Although frequently recorded dry forest specialist species in our dataset may be locally abundant 

and dominant, they generally have geographically restricted total distributions. Widespread 



 

 

species that are common in more than one dry forest floristic group (Fig. 2), such as 

Anadenanthera colubrina, which was emphasised in early discussions of neotropical dry forest 

biogeography (e.g., 14, 16), are the exception. In summary, there is little evidence for any 

oligarchy of species that dominates across neotropical dry forest as a whole. These patterns 

contrast strongly with the rain forests of Amazonia (34, 35) and the savannas of central Brazil 

(31), which are often dominated by a suite of oligarchic species over large geographic areas. The 

lack of an oligarchy of widespread, dominant dry forest species reflects the limited opportunities 

for dispersal and successful establishment amongst dry forest areas (1, 29). 

 

Conservation 

Our data show that variation in floristic composition at a continental scale defines 12 dry forest 

floristic groups across the Neotropics. The floristic differentiation of these main dry forest 

groups is marked; 23-73% of the species found in each are exclusive to it. These figures are 

likely to indicate high levels of species endemism, which is illustrative of the high floristic 

turnover (beta diversity) that our data reveal. This high endemism and floristic turnover across 

the dry forest floristic groups indicates that failure to protect the forest in every one would result 

in major losses of unique species diversity.  

The example of the Andean dry forest is illustrative in this context of the need for multiple 

protected areas. Andean dry forests fall into six floristic groups in our analysis (Fig. 2). Of these, 

two geographically small, but highly distinct groups in Peru, Apurimac-Mantaro and Tarapoto-

Quillabamba, have no formal protection at all. Only 1.4% (3,846 ha) of the total remaining dry 

forest in the northern inter-Andean Valleys  - one of the most transformed land areas in 

Colombia (36) - are protected (4), well short of Aichi biodiversity target 11 that calls for 



 

 

conservation of 17% of terrestrial areas of importance for biodiversity (37). In other Andean 

areas, accurate maps of all remaining areas of dry forest are unavailable, but given that 

DRYFLOR sites were chosen because they represent well-preserved areas of dry forest, we can 

ask the question of how well protected these survey sites are.  For example, only 14% of the 

central inter-Andean Valleys, 18% of the central Andes Coast, and 32% of Piedmont DRYFLOR 

sites occur within a protected area. If we are to conserve the full floristic diversity of Andean dry 

forest from north to south, future conservation planning must prioritise areas in Peru and 

elsewhere in the Andes that are globally unique but entirely unprotected. These Andean forests, 

like virtually all neotropical dry forests, have high local human populations and are exploited for 

agriculture and fuelwood. Conservation solutions therefore require a social dimension including 

opportunities and incentives for human communities and private landowners (11). 

Median pairwise floristic dissimilarity values within the floristic groups of 0.73 for Simpson 

dissimilarity and 0.85 for Sørensen dissimilarity show that floristic turnover is also high at 

regional scales, a result only previously shown for Mexico (30). Major dry forest regions such as 

the Caatinga and Mexico are each home to more than a thousand woody species, and the high 

floristic turnover within them means that to protect this diversity fully will require multiple, 

geographically dispersed, protected areas. Conservation of some of these areas could be 

promoted by classifying their endemic species using International Union for the Conservation of 

Nature (IUCN) Red List criteria, for which the distribution data in the DRYFLOR database can 

provide a valuable basis.  

Overall, only 14% of sites in the DRYFLOR database, which were chosen to cover the 

maximum remaining area of neotropical dry forest, fall within protected areas. Placed in the 

context of our dataset that shows high diversity, high endemism, and high floristic turnover, it is 



 

 

clear that current levels of protection for neotropical dry forest are woefully inadequate. It is our 

hope that our dataset for Latin American and Caribbean dry forests and the results shown here 

can be a basis for future conservation decisions that take into account continental level floristic 

patterns and thereby conserve the maximum diversity of these threatened but forgotten forests. 
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Materials and Methods 

Floristic data 

We use data assembled by the Latin American and Caribbean seasonally dry forest 

floristic network (DRYFLOR; http://www.dryflor.info/). DRYFLOR has developed the 

first comprehensive dataset of the woody flora of neotropical dry forest sensu lato (15, 

20, 38) across its full range, which covers tall semi-deciduous forests on moister sites to 

thorn woodland and cactus scrub on drier ones. The data are for woody plants at least 3 m 

in height and excluding lianas or climbers, following the criteria of NeoTropTree (Tree 

Flora of the Neotropical Region; http://www.icb.ufmg.br/treeatlan/). Floristic lists come 

mainly from floristic surveys or ecological inventories, most of which are published in 

journal articles, books, technical reports and theses, as well as our own extensive field 

work. Every list covers a site of uniform vegetation type. The maximum size of a site is a 

circular area with a diameter of 10 km, but most are smaller. In some cases researchers 

and institutions provided unpublished floristic data to DRYFLOR. The DRYFLOR 

database contains 6958 species (the database includes only taxa identified to species and 

does not use infraspecific taxa) from 1169 genera and 159 families, obtained from 

192,264 occurrence records from 1602 sites across Latin America and the Caribbean.  

 

Taxonomic concepts of families are based upon the Angiosperm Phylogeny Group 

III system (39). To identify misspellings, the species list was tested in the Taxonomic 

Name Resolution Service v3.2 (http://tnrs.iplantcollaborative.org). Accepted species 

names and synonyms followed the most recently updated taxonomic resources for the 

Neotropics such as Catalogue of Seed Plants of the West Indies (19), Flora del Conosur 

(http://www2.darwin.edu.ar/Proyectos/FloraArgentina/FA.asp) and Flora do Brasil 

(http://floradobrasil.jbrj.gov.br/). In cases where these sources were in conflict, we 

contacted taxonomic specialists whenever possible.  

 

Dataset exploration 

Preliminary analyses were necessary to standardize and explore the nature and 

structure of the dataset. We first built a binary matrix of species versus sites based on the 

DRYFLOR database, excluding chaco sites and singleton species (1836 species that 

occur at just one site). We removed sites with less than eight species presences (n=105). 

Knowing that some areas of dry forest in the Andes have complete floristic inventories 

with few woody species, eight species was the threshold chosen making a balance 

between keeping the greatest number of sites and avoiding the intrinsic noise that 

species-poor sites or incomplete sampling usually add (17). The matrix for these 

preliminary analyses contained 4999 tree species and 1467 dry forest sites.  

 

A clustering analysis was run altering the order of the sites 10000 times, which was 

summarized using a 50% majority rule consensus tree, using Simpson dissimilarity as a 

distance measure and the unweighted pair-group method with arithmetic mean (UPGMA) 

as the linkage method (see “Data analysis” below). The consensus tree showed eleven 

groups, the relationships amongst which were not well resolved. The eleven groups are: i. 

Semi-deciduous vegetation types (including the Misiones region); ii. Central Brazil; iii. 

Central inter-Andean Valleys; iv. Central Andes Coast; v. Antilles; vi. Venezuelan Andes 

(montane); vii. Northern inter-Andean Valleys; viii. Mexico; ix. Piedmont and Apurimac-

http://www2.darwin.edu.ar/Proyectos/FloraArgentina/FA.asp
http://floradobrasil.jbrj.gov.br/
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Mantaro; x. Caatinga; and xi. Tarapoto-Quillabamba. Sites from Central America and 

northern South America form a series of groups, the relationships of which were 

unresolved (Fig. S1). 

 

 The cluster of 715 semi-deciduous sites is largely comprised of formations from the 

Atlantic Forest, central Brazil (mostly gallery forest) and the Misiones region. Semi-

deciduous formations are tall forests in areas where between 30 and 60% of the leaf mass 

is lost during the dry season (40) but where the seasonal rainfall regime is less severe. 

The semi-deciduous sites include species more characteristic of humid environments such 

as the Atlantic and Amazon rain forests, which enter the savanna (“Cerrado”) region of 

central Brazil in gallery forest along rivers. The proximity of dry forest areas to different 

major biomes, for example savanna in the Cerrado region or rain forest and montane 

forest elsewhere (1), promotes the incursion of different floristic elements into 

transitional semi-deciduous areas. In the semi-deciduous sites, the genera with most 

records are Eugenia, Myrcia, Miconia, and Ocotea, which are not typical or dominant 

elements from drier forest formations. Based on the multiple moist forest elements 

present in the transitional areas, we decided to exclude most of the semi-deciduous sites. 

Similarly, we excluded the group of sites from the Venezuelan Andes because their 

species lists included elements from montane forest (i.e. Viburnum tinoides, Miconia 

theizans, Clusia rosea and C. minor) and other humid environments (i.e. Myrsine 

coriacea and Vismia baccifera). In contrast, we retained a set of semi-deciduous sites 

(n=84) from the Misiones region, which is a traditional recognized dry forest nucleus (1, 

5) that extends from eastern Paraguay to north eastern Argentina, because we aimed to 

understand its relationships.  

 

Our final dataset, focusing on the drier, deciduous formations plus the Misiones 

nucleus, contained 835 sites, 147 families, 983 genera and 4660 species of which 1504 

(32%) are singletons, found at just one site.  

 

Data analysis 

We performed ordination and classification analyses, both of which excluded 

singleton species, to identify the main regions of neotropical dry forest and to describe 

the floristic affinities amongst them. Analyses were run in the R Statistical Environment 

v. 3.2.1 using the packages vegan (41), recluster (42), and pvclust (43). Pairwise floristic 

distances were calculated using the Simpson dissimilarity index because our dataset 

varied in numbers of species per site (from 8 to 305 species), and this index is less 

affected by variation in species richness than other measures (17). The Simpson 

dissimilarity (β sim) calculates the compositional distance between pairs of sites β sim = 

1 -  J / [J+ min (A, B)], where A and B are the number of species unique to each site, and 

J is the number of species common to both sites (44).  

 

Non-metric multidimensional scaling (NMDS) ordinations used the function metaMDS - 

of the vegan library (41). In addition, we carried out a sensitivity analysis using 

monoMDS in order to explore the effects of tied dissimilarity values, which were found 

to not be significant (results not shown). NMDS was performed using 100 and 1000 

random starts to reach a stable solution in two and four dimensions with stress values 
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lower than 0.13. Classification hypotheses of the sites employed UPGMA hierarchical 

clustering (17, 42). The Simpson dissimilarity amongst sites had a high percentage of tied 

values, which implies that many equivalent trees are likely in the classification, and 

indicates that the results can be affected by the order of the sites in the species by site 

matrix. When the pairwise distance values are equal, the pairs first linked in the species 

by site matrix are more likely to be clustered. To avoid this bias, we used the recluster 

package (42) (recluster.cons function), performing 10000 random re-orderings of the 

sites. 

 

In order to investigate relationships amongst the floristic groups identified by the 

overall clustering analyses (12 floristic groups; see below), we pooled the species lists for 

each group into a single list and conducted clustering analyses on a species × floristic 

group matrix. We used a pvclust approach, as here there are no tied values in the distance 

matrix. This method provides Approximately Unbiased (AU) support values per cluster, 

computed by multiscale bootstrap resampling; clusters with high AU values (e.g., >0.95) 

are strongly supported (43).  

 

Using these pooled species lists for each floristic group we plotted the number of 

sites surveyed against the total number of species found in a given dry forest floristic 

group (Fig. S6). We also calculated Simpson and Sørensen dissimilarity values amongst 

the groups (Table S3) and amongst all sites within them (Table S4). We used Simpson 

because it is less affected by variation in species richness as explained above as well as 

Sørensen because it has been widely employed in prior studies of floristic turnover in 

tropical forests and allows for comparison with these studies. These calculations included 

singletons because we wished to capture fully the floristic dissimilarity between sites.  

 

To assess how well the floristic diversity is captured in our dataset, we calculated 

expected species accumulation curves for each floristic group using a sample-based 

rarefaction method (45), from the “specaccum” function in the vegan library (41).  

 

In order to evaluate diversity gradients in terms of distance from the equator in our 

final dataset a linear and a polynomial regression were fitted to a scatterplot of absolute 

latitude versus total number of species per dry forest site.  

 

We conducted an assessment of the conservation status of dry forest by overlaying 

the distribution of our 835 sites on to the coverage of protected areas across the 

Neotropics. We used conservation units from the World Database on Protected Areas 

(WDPA) reported by 2015 (UICN &UNEP-WCMC, www.protected planet.net). 
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Fig. S1. 

Fifty percent majority rule consensus tree based upon 10000 random site order-addition 

hierarchical clustering analyses of 1467 dry forest sites, excluding singleton species and 

using Simpson dissimilarity and UPGMA as the linkage method. Sites from central 

America and northern South America indicated in black. 
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Fig. S2 

Hierarchical classification of the12 floristic dry forest groups using Simpson dissimilarity 

and UPGMA as the linkage method. The node values correspond to the approximately 

unbiased bootstrap (AU), obtained using 10000 iterations of multiscale bootstrap 

resampling. The higher-level northern cluster is indicated with blue lines. 
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Fig. S3 

Species accumulation curves for each dry forest group calculated using a sample-based 

rarefaction method. Grey shadow shows confidence intervals from the standard deviation. 
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A. 

B. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S4  

NMDS ordination plots in two dimensions of dry forest floristic groups. A: 835 sites; 

stress values = 0.124, tr = 1000. B: 12 floristic groups; stress values = 0.116, tr = 100; 

relationships inferred from a classification using the UPGMA method (Fig. S2) are 

indicated by lines. 
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Fig. S5 

Fitted lines plot for polynomial (black line, R2= 0.2196) and linear (blue line, R2= 0.159) 

regression of absolute latitude versus total number of species of 835 dry forest sites. 
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Fig. S6 

Scatter plot of number of sites versus the total number of species per dry forest floristic 

group. 
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Table S1.  

Description of dry forest floristic groups: numbers of sites, records, taxonomic diversity 

including singleton species and percentage of exclusive species 

 

 
  

Group
Number 

of sites

Number of 

families

Number 

of genera

Number 

of 

species

Median of 

species per 

site

Mean of 

species per 

site

% exclusive 

species 

Antilles 66 74 286 611 39 44.1 65

Apurimac-

Mantaro
8 30 58 78 20 17.8 38

Central 

Andes  Coast
60 54 178 288 16 19.7 35

Caatinga 184 80 369 1112 88 97.7 32
Central inter- 

Andean 

Valleys

36 40 111 165 13.5 13.8 41

Central 

America -

Northern SA

121 81 377 808 27 33.1 40

Central Brazil 130 94 429 1344 99.5 103.3 23

Mexico 33 83 355 1072 78 98.1 73

Misiones 84 85 313 728 114 106.1 30

Northern 

inter-Andean 

Valleys

56 65 230 418 16.5 25.9 28

Piedmont 46 92 353 700 29.5 61.8 35
Tarapoto-

Quillabamba
11 68 196 332 30 42.5 28
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Table S2. 

Shared species among dry forest floristic groups. Deeper grey shade indicates greater 

numbers of shared species, corresponding to line widths in Figure 3. 

 

 

Antilles
Apurimac-

Mantaro

Central 

Andes Coast
Caatinga

Central inter-

Andean

CentralA-

NorthSA

Central 

Brazil
Mexico Misiones

Northern 

Inter-Andean
Piedmont

Tarapoto-

Quillabamba

Antilles 611 7 42 58 12 138 73 124 51 81 39 36

Apurimac-

Mantaro
78 21 9 19 10 12 12 17 11 30 13

Central Andes 

Coast
288 48 64 79 70 63 51 64 71 50

Caatinga 1112 12 127 695 59 264 70 179 89

Central inter-

Andean
165 21 21 20 22 23 32 17

CentralA-

NorthSA
808 191 202 96 241 98 94

Central Brazil 1344 72 409 122 321 149

Mexico 1072 50 102 68 31

Misiones 728 75 232 90

Northern Inter-

Andean
418 76 73

Piedmont 700 134

Tarapoto-

Quillabamba
332



 

 

13 

 

Table S3. 

Dissimilarity values among dry forest floristic groups: A. Simpson; B. Sørensen. Deeper 

grey shade indicates greater values. 

A. 

 
B. 

 
  

Antilles
Apurimac-

Mantaro

Central 

Andes Coast
Caatinga

Central inter-

Andean

CentralA-

NorthSA

Central 

Brazil
Mexico Misiones

Northern 

Inter-Andean
Piedmont

Tarapoto-

Quillabamba

Antilles 0.00 0.91 0.85 0.91 0.93 0.77 0.88 0.80 0.92 0.81 0.94 0.89

Apurimac-

Mantaro
0.00 0.73 0.88 0.76 0.87 0.85 0.85 0.78 0.86 0.62 0.83

Central 

Andes Coast
0.00 0.83 0.61 0.73 0.76 0.78 0.82 0.78 0.75 0.83

Caatinga 0.00 0.93 0.84 0.38 0.94 0.64 0.83 0.74 0.73

Central inter-

Andean
0.00 0.87 0.87 0.88 0.87 0.86 0.81 0.90

CentralA-

NorthSA
0.00 0.76 0.75 0.87 0.42 0.86 0.72

Central Brazil 0.00 0.93 0.44 0.71 0.54 0.55

Mexico 0.00 0.93 0.76 0.90 0.91

Misiones 0.00 0.82 0.67 0.73

Northern 

Inter-Andean
0.00 0.82 0.78

Piedmont 0.00 0.60

Tarapoto-

Quillabamba
0.00

Antilles
Apurimac-

Mantaro

Central 

Andes Coast
Caatinga

Central inter-

Andean

CentralA-

NorthSA

Central 

Brazil
Mexico Misiones

Northern 

Inter-Andean
Piedmont

Tarapoto-

Quillabamba

Antilles 0.00 0.98 0.91 0.93 0.97 0.81 0.93 0.85 0.92 0.84 0.94 0.92

Apurimac-

Mantaro
0.00 0.89 0.98 0.84 0.98 0.98 0.98 0.96 0.96 0.92 0.94

Central 

Andes Coast
0.00 0.93 0.72 0.86 0.91 0.91 0.90 0.82 0.86 0.84

Caatinga 0.00 0.98 0.87 0.43 0.95 0.71 0.91 0.80 0.88

Central inter-

Andean
0.00 0.96 0.97 0.97 0.95 0.92 0.93 0.93

CentralA-

NorthSA
0.00 0.82 0.79 0.88 0.61 0.87 0.84

Central Brazil 0.00 0.94 0.61 0.86 0.69 0.82

Mexico 0.00 0.94 0.86 0.92 0.96

Misiones 0.00 0.87 0.68 0.83

Northern 

Inter-Andean
0.00 0.86 0.81

Piedmont 0.00 0.74

Tarapoto-

Quillabamba
0.00
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Table S4. 

Floristic dissimilarity values within each dry forest floristic group as measured by 

Simpson and Sørensen dissimilarity index. 

 

Group 
Simpson index Sorensen index 

mean median mean median 

Antilles 0.72 0.75 0.82 0.85 

Apurimac-
Mantaro 

0.70 0.68 0.76 0.76 

Central Andes 
Coast 

0.67 0.70 0.77 0.81 

Caatinga 0.63 0.63 0.72 0.74 

Central inter- 
Andean Valleys 

0.77 0.80 0.81 0.85 

Central America 
-Northern SA 

0.77 0.80 0.85 0.87 

Central Brazil 0.69 0.69 0.75 0.76 

Mexico 0.77 0.79 0.86 0.88 

Misiones 0.47 0.45 0.67 0.70 

Northern inter-
Andean Valleys 

0.73 0.78 0.84 0.86 

Piedmont 0.67 0.68 0.83 0.86 

Tarapoto-
Quillabamba 

0.84 0.86 0.89 0.90 
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Table S5. 

Tree species recorded in more than nine dry forest floristic groups. 

 

 

  

Species               Group Antilles
Apurimac-

Mantaro

Central 

Andes  

Coast

Caatinga

Central 

inter-

Andean

CentralA-

NorthSA

Central 

Brazil
Mexico Misiones

Northern 

Inter-

Andean

Piedmont
Tarapoto-

Quillabamba

Cynophalla flexuosa X X X X X X X X X X X

Sapindus saponaria X X X X X X X X X X X

Trema micrantha X X X X X X X X X X X

Celtis iguanaea X X X X X X X X X X

Cordia alliodora X X X X X X X X X X

Guazuma ulmifolia X X X X X X X X X X

Maclura tinctoria X X X X X X X X X X

Randia armata X X X X X X X X X X

Tecoma stans X X X X X X X X X X

Urera caracasana X X X X X X X X X X

Ximenia americana X X X X X X X X X X

Zanthoxylum fagara X X X X X X X X X X

Cedrela odorata X X X X X X X X X

Prockia crucis X X X X X X X X X

Senegalia polyphylla X X X X X X X X X

Trichilia hirta X X X X X X X X X

Vachellia macracantha X X X X X X X X X
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Table S6. 

The 20 most species-rich families, the most species-rich genera and most recorded 

species, per dry forest floristic group. 

Group (sites) Family (species) Genus (species) 
Species (number of sites in which 

recorded) 

Antilles (66) Leguminosae (61) Eugenia (16) Bursera simaruba (54) 

  Rubiaceae (46) Coccoloba (15) Bourreria succulenta (41) 

  Myrtaceae (33) Ficus (13) Guapira fragrans (39) 

  Boraginaceae (27) Cordia (11) Citharexylum spinosum (34) 

  Euphorbiaceae (21) Guettarda (11) Eugenia monticola (33) 

  Arecaceae (18) Erythroxylum (9) Randia aculeata (33) 

  Lauraceae (17) Zanthoxylum (9) Cynophalla hastata (32) 

  Malvaceae (16) Casearia (8) Amyris elemifera (31) 

  Moraceae (16) Croton (8) Krugiodendron ferreum (29) 

  Sapotaceae (16) Miconia (8) Gymnanthes lucida (27) 

  Bignoniaceae (15) Tabebuia (8) Picramnia pentandra (26) 

  Polygonaceae (15) Maytenus (7) Schaefferia frutescens (26) 

  Rhamnaceae (15) Bourreria (6) Tabebuia heterophylla (25) 

  Rutaceae (15) Caesalpinia (6) Cynophalla flexuosa (24) 

  Salicaceae (14) Comocladia (6) Erythroxylum rotundifolium (24) 

  Apocynaceae (13) Diospyros (6) Guettarda scabra (24) 

  Sapindaceae (13) Guapira (6) Quadrella indica (24) 

  Melastomataceae (12) Plumeria (6) Canella winterana (22) 

  Cactaceae (11) Calyptranthes (5) Ficus citrifolia (22) 

  Celastraceae (11) Clusia (5) Nectandra coriacea (22) 

  Malpighiaceae (11) Coccothrinax (5) Sideroxylon foetidissimum (22) 

  Meliaceae (11) Myrcia (5)  
    Ocotea (5)  
    Reynosia (5)  
    Sideroxylon (5)  
    Thouinia (5)  
    Trichilia (5)  
    Ziziphus (5)  

Group (sites) Family (species) Genus (species) 
Species (number of sites in which 

recorded) 

Apurimac-Mantaro 
(8) 

Leguminosae (13) Cnidoscolus (3) Dodonaea viscosa (6) 

Euphorbiaceae (11) Croton (3) Vachellia aroma (6) 

  Malvaceae (6) Ipomoea (3) Aloysia scorodonioides (5) 

  Asteraceae (5) Lantana (3) Anadenanthera colubrina (5) 

  Bignoniaceae (5) Tecoma (3) Ipomoea pauciflora (5) 

  Solanaceae (4) Baccharis (2) Aralia soratensis (4) 

  Cannabaceae (3) Celtis (2) Eriotheca discolor (4) 

  Convolvulaceae (3) Clusia (2) Lantana camara (4) 
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  Urticaceae (3) Eriotheca (2) Nicotiana glutinosa (4) 

  Verbenaceae (3) Jatropha (2) Vasconcellea quercifolia (4) 

  Clusiaceae (2) Manihot (2) Aeschynomene tumbezensis (3) 

  Sapindaceae (2) Nicotiana (2) Furcraea andina (3) 

    Prosopis (2) Jatropha augusti (3) 

    Solanum (2) Leucaena trichodes (3) 

    Vachellia (2) Schinus molle (3) 

      Tecoma fulva (3) 

      Trema micrantha (3) 

Group (sites) Family (species) Genus (species) 
Species (number of sites in which 

recorded) 

Caatinga (184) Leguminosae (279) Eugenia (33) Aspidosperma pyrifolium (149) 

  Myrtaceae (88) Erythroxylum (24) Myracrodruon urundeuva (149) 

  Euphorbiaceae (46) Senna (23) Cereus jamacaru (137) 

  Rubiaceae (44) Ficus (21) Anadenanthera colubrina (136) 

  
Malvaceae (38) Myrcia (20) 

Handroanthus impetiginosus 
(135) 

  Rutaceae (35) Mimosa (19) Jatropha mollissima (135) 

  Cactaceae (34) Bauhinia (17) Cynophalla hastata (131) 

  Asteraceae (29) Casearia (16) Schinopsis brasiliensis (131) 

  Erythroxylaceae (24) Machaerium (16) Commiphora leptophloeos (129) 

  Moraceae (24) Psidium (16) Mimosa tenuiflora (126) 

  Bignoniaceae (23) Pilosocereus (15) Annona leptopetala (124) 

  Sapotaceae (23) Senegalia (15) Senna spectabilis (124) 

  Apocynaceae (22) Aspidosperma (13) Guapira laxa (123) 

  Salicaceae (21) Cordia (13) Ziziphus joazeiro (117) 

  Annonaceae (19) Ocotea (13) Bauhinia cheilantha (113) 

  Malpighiaceae (18) Byrsonima (12) Maytenus rigida (112) 

  Lauraceae (17) Pouteria (12) Spondias tuberosa (109) 

  Vochysiaceae (17) Zanthoxylum (12) Senna macranthera (103) 

  Arecaceae (16) Chamaecrista (11) Cordia trichotoma (102) 

  Sapindaceae (16) Maytenus (11) Croton blanchetianus (101) 

  Solanaceae (16)     

Group (sites) Family (species) Genus (species) 
Species (number of sites in which 

recorded) 

Central inter-
Andean Valleys 

(36) 

Leguminosae (23) Croton (9) Vachellia macracantha (28) 

Euphorbiaceae (17) Ficus (6) Lantana rugulosa (17) 

Asteraceae (14) Cestrum (4) Opuntia soederstromiana (16) 

  Malvaceae (13) Lantana (4) Dodonaea viscosa (15) 

  Solanaceae (12) Opuntia (4) Baccharis latifolia (14) 

  Cactaceae (9) Acalypha (3) Tara spinosa (14) 

  Moraceae (8) Baccharis (3) Lycianthes lycioides (13) 

  Boraginaceae (7) Byttneria (3) Tecoma stans (12) 

  Sapindaceae (5) Ceiba (3) Schinus molle (10) 
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  Verbenaceae (5) Cordia (3) Cyathostegia mathewsii (9) 

  Anacardiaceae (4) Duranta (3) Lantana camara (8) 

  Bignoniaceae (4) Myrcianthes (3) Abutilon ibarrense (7) 

  Lauraceae (4) Solanum (3) Mimosa albida (7) 

  Myrtaceae (4) Tecoma (3) Mimosa quitensis (7) 

  Capparaceae (3) Tournefortia (3) Schinus areira (7) 

  Meliaceae (3)   Tournefortia fuliginosa (7) 

  Berberidaceae (2)   Varronia macrocephala (7) 

  Malpighiaceae (2)   Zanthoxylum fagara (7) 

  Piperaceae (2)   Acalypha padifolia (6) 

  Rubiaceae (2)   Berberis pichinchensis (6) 

  Rutaceae (2)   Croton abutiloides (6) 

  Urticaceae (2)   Croton menthodorus (6) 

Group (sites) Family (species) Genus (species) 
Species (number of sites in which 

recorded) 

Central America- 
northern South 
America (121) 

Leguminosae (171) Casearia (18) Guazuma ulmifolia (87) 

Rubiaceae (50) Cordia (16) Astronium graveolens (77) 

Euphorbiaceae (38) Lonchocarpus (16) Spondias mombin (71) 

Salicaceae (29) Coccoloba (14) Bursera simaruba (68) 

  Malvaceae (26) Croton (13) Hura crepitans (47) 

  Annonaceae (24) Ficus (12) Cochlospermum vitifolium (46) 

  Boraginaceae (23) Machaerium (11) Platymiscium pinnatum (46) 

  Moraceae (22) Annona (10) Cecropia peltata (41) 

  Polygonaceae (22) Inga (10) Quadrella odoratissima (40) 

  Capparaceae (21) Erythroxylum (9) Ceiba pentandra (39) 

  Arecaceae (18) Eugenia (8) Sterculia apetala (38) 

  Bignoniaceae (17) Randia (8) Samanea saman (36) 

  Myrtaceae (17) Trichilia (8) Maclura tinctoria (35) 

  Rutaceae (17) Zanthoxylum (8) Albizia niopoides (34) 

  Apocynaceae (16) Guapira (7) Pseudobombax septenatum (34) 

  Sapindaceae (16) Bauhinia (6) Enterolobium cyclocarpum (32) 

  Meliaceae (15) Bunchosia (6) Libidibia coriaria (32) 

  Nyctaginaceae (14) Cynophalla (6) Prosopis juliflora (32) 

  Cactaceae (13) Erythrina (6) Handroanthus billbergii (31) 

  Primulaceae (13) Handroanthus (6) Pithecellobium dulce (31) 

    Miconia (6)   

    Phyllanthus (6)  
    Senna (6)  

Group (sites) Family (species) Genus (species) 
Species (number of sites in which 

recorded) 

Central Andes 
Coast (60) 

Leguminosae (64) Ficus (9) Bursera graveolens (39) 

Cactaceae (24) Cordia (8) Colicodendron scabridum (36) 

Malvaceae (18) Opuntia (7) Cordia lutea (34) 
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  Euphorbiaceae (15) Croton (6) Loxopterygium huasango (32) 

  Moraceae (13) Senna (6) Vachellia macracantha (32) 

  Rubiaceae (11) Mimosa (5) Eriotheca ruizii (29) 

  Boraginaceae (9) Psidium (5) Libidibia glabrata (29) 

  Bignoniaceae (8) Trichilia (5) Pithecellobium excelsum (28) 

  Capparaceae (8) Vachellia (5) Ceiba trischistandra (25) 

  Meliaceae (8) Armatocereus (4) Cynophalla flexuosa (25) 

  Solanaceae (8) Browningia (4) Cochlospermum vitifolium (24) 

  Myrtaceae (6) Ceiba (4) Geoffroea spinosa (22) 

  Polygonaceae (6) Inga (4) Guazuma ulmifolia (22) 

  Sapindaceae (5) Annona (3) Prosopis pallida (20) 

  Anacardiaceae (4) Celtis (3) Coccoloba ruiziana (18) 

  Apocynaceae (4) Coccoloba (3) Leucaena trichodes (17) 

  Asteraceae (4) Cynophalla (3) Albizia multiflora (15) 

  Cannabaceae (4) Eriotheca (3) Piscidia carthagenensis (15) 

  Nyctaginaceae (4) Erythrina (3) Beautempsia avicenniifolia (14) 

  Verbenaceae (4) Simira (3) Bougainvillea spectabilis (14) 

    Tecoma (3) Erythrina smithiana (14) 

    Zanthoxylum (3)   

Group (sites) Family (species) Genus (species) 
Species (number of sites in which 

recorded) 

Central Brazil (130) Leguminosae (298) Eugenia (33) Guazuma ulmifolia (112) 

  Myrtaceae (78) Erythroxylum (21) Anadenanthera colubrina (109) 

  
Rubiaceae (66) Ficus (21) 

Handroanthus impetiginosus 
(109) 

  Malvaceae (50) Bauhinia (20) Myracrodruon urundeuva (102) 

  Euphorbiaceae (49) Aspidosperma (18) Astronium fraxinifolium (101) 

  Rutaceae (35) Senna (18) Maclura tinctoria (92) 

  Annonaceae (33) Cordia (16) Tabebuia roseoalba (90) 

  Lauraceae (31) Inga (15) Dilodendron bipinnatum (88) 

  
Moraceae (30) Myrcia (15) 

Enterolobium contortisiliquum 
(87) 

  Salicaceae (28) Trichilia (15) Sterculia striata (87) 

  Solanaceae (28) Byrsonima (14) Acrocomia aculeata (82) 

  Apocynaceae (27) Casearia (14) Aspidosperma subincanum (81) 

  Sapindaceae (26) Machaerium (14) Senegalia polyphylla (81) 

  Arecaceae (24) Mimosa (14) Aspidosperma cuspa (77) 

  Meliaceae (24) Ocotea (14) Albizia niopoides (75) 

  Malpighiaceae (23) Psidium (14) Terminalia argentea (74) 

  Cactaceae (22) Annona (13) Cecropia pachystachya (71) 

  Bignoniaceae (21) Miconia (13) Cordia glabrata (71) 

  Erythroxylaceae (21) Senegalia (13) Talisia esculenta (70) 

  Chrysobalanaceae (20) Solanum (13) Cordia trichotoma (69) 

  Combretaceae (20)     
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Group (sites) Family (species) Genus (species) 
Species (number of sites in which 

recorded) 

Mexico (33) Leguminosae (297) Bursera (54) Vachellia farnesiana (21) 

  Euphorbiaceae (69) Lonchocarpus (32) Plumeria rubra (20) 

  Burseraceae (56) Croton (25) Pithecellobium dulce (19) 

  Malvaceae (49) Ficus (21) Senna atomaria (19) 

  Rubiaceae (40) Mimosa (19) Tecoma stans (18) 

  Apocynaceae (32) Caesalpinia (16) Vachellia campechiana (18) 

  Boraginaceae (31) Quercus (16) Vachellia pennatula (18) 

  Moraceae (27) Pithecellobium (15) Bauhinia divaricata (17) 

  Rutaceae (24) Senna (15) Haematoxylum brasiletto (16) 

  Malpighiaceae (22) Diospyros (13) Lysiloma divaricatum (16) 

  Salicaceae (19) Calliandra (12) Spondias purpurea (16) 

  Sapotaceae (18) Vachellia (12) Bursera fagaroides (15) 

  Asteraceae (16) Bauhinia (11) Ceiba aesculifolia (15) 

  Celastraceae (16) Eugenia (11) Comocladia engleriana (15) 

  Fagaceae (16) Randia (11) Ficus cotinifolia (15) 

  Myrtaceae (16) Sideroxylon (11) Guazuma ulmifolia (15) 

  Sapindaceae (16) Diphysa (10) Caesalpinia pulcherrima (15) 

  Anacardiaceae (15)   Apoplanesia paniculata (14) 

  Capparaceae (14)   Amphipterygium adstringens (14) 

  Polygonaceae (14)   Bursera grandifolia (14) 

      Lysiloma acapulcense (14) 

Group (sites) Family (species) Genus (species) 
Species (number of sites in which 

recorded) 

Misiones (84) Leguminosae (110) Eugenia (28) Cordia americana (75) 

  Myrtaceae (72) Solanum (18) Chrysophyllum gonocarpum (67) 

  Solanaceae (40) Ocotea (17) Ruprechtia laxiflora (65) 

  Rubiaceae (35) Miconia (11) Chrysophyllum marginatum (64) 

  Lauraceae (33) Ficus (10) Allophylus edulis (63) 

  Euphorbiaceae (27) Myrcia (10) Eugenia uniflora (63) 

  Asteraceae (22) Nectandra (10) Holocalyx balansae (63) 

  Bignoniaceae (18) Cestrum (9) Syagrus romanzoffiana (63) 

  Melastomataceae (16) Erythroxylum (9) Luehea divaricata (62) 

  Moraceae (16) Annona (8) Cedrela fissilis (61) 

  Rutaceae (16) Handroanthus (8) Peltophorum dubium (61) 

  Salicaceae (16) Inga (8) Cupania vernalis (60) 

  Meliaceae (15) Myrsine (8) Diatenopteryx sorbifolia (60) 

  Sapindaceae (15) Piper (8) Pilocarpus pennatifolius (60) 

  Anacardiaceae (14) Trichilia (8) Cabralea canjerana (59) 

  Malvaceae (13) Casearia (7) Parapiptadenia rigida (59) 

  Annonaceae (12) Ilex (7) Sorocea bonplandii (59) 

  Arecaceae (12) Maytenus (7) Casearia sylvestris (58) 
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  Apocynaceae (10) Senegalia (7) Trichilia catigua (57) 

  Celastraceae (10) Senna (7) Cordia trichotoma (56) 

    Zanthoxylum (7) Sebastiania brasiliensis (56) 

Group (sites) Family (species) Genus (species) 
Species (number of sites in which 

recorded) 

Northern inter-
Andean Valleys 

(56) 

Leguminosae (77) Ficus (10) Guazuma ulmifolia (39) 

Rubiaceae (25) Zanthoxylum (9) Ochroma pyramidale (26) 

Euphorbiaceae (22) Piper (8) Senna spectabilis (25) 

  Moraceae (18) Croton (7) Pithecellobium dulce (24) 

  Lauraceae (14) Erythroxylum (7) Zanthoxylum fagara (24) 

  Myrtaceae (14) Eugenia (7) Anacardium excelsum (22) 

  Malvaceae (13) Inga (7) Erythrina poeppigiana (22) 

  Arecaceae (12) Miconia (7) Pseudosamanea guachapele (22) 

  Rutaceae (10) Coccoloba (6) Ficus insipida (18) 

  Salicaceae (10) Machaerium (6) Cupania americana (17) 

  Urticaceae (10) Senna (6) Psidium guineense (17) 

  Bignoniaceae (9) Casearia (5) Croton gossypiifolius (16) 

  Melastomataceae (9) Clusia (5) Zanthoxylum rhoifolium (16) 

  Meliaceae (9) Cordia (5) Brosimum alicastrum (15) 

  Annonaceae (8) Acalypha (4) Sapindus saponaria (15) 

  Boraginaceae (8) Bactris (4) Achatocarpus nigricans (14) 

  Piperaceae (8) Bauhinia (4) Attalea butyracea (14) 

  Polygonaceae (8) Brownea (4) Ocotea veraguensis (14) 

  Anacardiaceae (7) Calliandra (4) Astronium graveolens (13) 

  Capparaceae (7) Cecropia (4) Cecropia peltata (13) 

  Clusiaceae (7) Lonchocarpus (4) Ceiba pentandra (13) 

  Erythroxylaceae (7) Nectandra (4) Euphorbia cotinifolia (13) 

  Primulaceae (7) Ocotea (4) Machaerium capote (13) 

  Sapindaceae (7) Solanum (4) Muntingia calabura (13) 

    Trichilia (4)   

    Vachellia (4)   

Group (sites) Family (species) Genus (species) 
Species (number of sites in which 

recorded) 

Piedmont (46) Leguminosae (157) Inga (20) Anadenanthera colubrina (39) 

  Euphorbiaceae (33) Senegalia (11) Achatocarpus praecox (29) 

  Asteraceae (32) Senna (11) Myracrodruon urundeuva (27) 

  Cactaceae (32) Eugenia (10) Pisonia zapallo (23) 

  Myrtaceae (28) Prosopis (10) Vachellia aroma (23) 

  Bignoniaceae (22) Machaerium (9) Parapiptadenia excelsa (22) 

  
Anacardiaceae (21) Solanum (9) 

Enterolobium contortisiliquum 
(21) 

  Malvaceae (21) Aspidosperma (8) Tipuana tipu (21) 

  Solanaceae (20) Celtis (8) Allophylus edulis (20) 



 

 

22 

 

  Rubiaceae (18) Maytenus (8) Libidibia paraguariensis (20) 

  Apocynaceae (16) Schinus (8) Ruprechtia apetala (20) 

  Sapindaceae (16) Cereus (7) Celtis iguanaea (19) 

  Rutaceae (14) Croton (7) Senegalia praecox (19) 

  Capparaceae (13) Ficus (7) Handroanthus impetiginosus (18) 

  Moraceae (13) Coccoloba (6) Pterogyne nitens (18) 

  Nyctaginaceae (13) Cordia (6) Tecoma stans (18) 

  Polygonaceae (13) Erythroxylum (6) Vachellia caven (18) 

  Salicaceae (13) Luehea (6) Amburana cearensis (17) 

  Celastraceae (11) Zanthoxylum (6) Cynophalla retusa (17) 

  Meliaceae (10) Baccharis (5) Phyllostylon rhamnoides (17) 

    Bauhinia (5) Ruprechtia laxiflora (17) 

    Bougainvillea (5) Senna spectabilis (17) 

    Erythrina (5) Trichilia claussenii (17) 

    Kaunia (5)   

    Myrsine (5)   

    Piptadenia (5)   

    Schinopsis (5)   

    Trichilia (5)   

    Vachellia (5)   

Group (sites) Family (species) Genus (species) 
Species (number of sites in which 

recorded) 

Tarapoto-
Quillabamba (11) 

Leguminosae (46) Aspidosperma (7) Trichilia elegans (7) 

Moraceae (18) Inga (7) Brosimum alicastrum (6) 

  Rubiaceae (15) Neea (7) Triplaris cumingiana (6) 

  Euphorbiaceae (13) Trichilia (7) Erythroxylum ulei (5) 

  Meliaceae (12) Coccoloba (6) Inga umbellifera (5) 

  Malvaceae (11) Allophylus (5) Morisonia oblongifolia (5) 

  Lauraceae (10) Eugenia (5) Zanthoxylum rhoifolium (5) 

  Sapindaceae (10) Ocotea (5) Ceiba insignis (4) 

  Nyctaginaceae (9) Capparidastrum (4) Celtis iguanaea (4) 

  Polygonaceae (9) Casearia (4) Coccoloba padiformis (4) 

  Sapotaceae (9) Chrysophyllum (4) Handroanthus serratifolius (4) 

  Apocynaceae (8) Cordia (4) Anadenanthera colubrina (3) 

  Arecaceae (8) Erythroxylum (4) Aspidosperma rigidum (3) 

  Capparaceae (8) Ficus (4) Brosimum guianense (3) 

  Annonaceae (7) Machaerium (4) Cedrela fissilis (3) 

  Bignoniaceae (7) Nectandra (4) Ceiba boliviana (3) 

  
Myrtaceae (7) Piper (4) 

Chrysophyllum venezuelanense 
(3) 

  Urticaceae (7) Terminalia (4) Clarisia biflora (3) 

  Boraginaceae (6) Urera (4) Cordia alliodora (3) 

  Cactaceae (6)   Coussapoa villosa (3) 
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Salicaceae (6) Croton abutiloides (3) 

Drypetes amazonica (3) 

Manilkara bidentata (3) 

Neea hermaphrodita (3) 

Phytelephas aequatorialis (3) 

Platymiscium stipulare (3) 

Preslianthus pittieri (3) 

Prunus rotunda (3) 

Pseudolmedia rigida (3) 

Rhamnidium elaeocarpum (3) 

Rollinia cuspidata (3) 

Solanum riparium (3) 

Sorocea sarcocarpa (3) 

Steriphoma peruvianum (3) 

Trichilia pleeana (3) 
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