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“Sábado víspera de la Santísima Trinidad (3 de junio de 
1542). . . ..vimos una boca de otro río grande á la mano 
siniestra, que entraba en el que nosotros navegávamos, el 
agua del cual era negra como tinta, y por esto le pusimos 
nombre del Río Negro, el cual corría tanto y con tanta 
ferocidad que en más de veinte leguas hacia raya en la otra 
abu, sin resolver la una con la otra” (Fr. Gaspar de Carvajal. 
Relación del viaje de Francisco de Orellana al río 
Amazonas—1541–1542). 
“On some black-water rivers, such as the Pacimoni, the 
Atabapo, and the Rio Negro in some parts of its course, the 
breadth of inundated land is entirely clad with bushes and 
small trees of very equable height, on the skirts of which the 
Virgin Forest rises abruptly to a height more than twice as 
great. This is called by the natives ‘caatinga-gapo.’ Besides 
these differences of aspect, the natives will tell you there are 
other more intrinsic ones.” (Notes of botanist on the Amazon 
and Andes, Richard Spruce, 1908) 
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3.1 Introduction 

The entire Amazon watershed (sensu lato: 8, one million km2 ) includes 22 main 
tributaries, covering Bolivia, Brazil, Colombia, Ecuador, Peru, and Venezuela 
(including Amazon sensu stricto, Guayana Shield pro parte, Andean foothills and 
Gurupí basin; sensu ter Steege et al. 2013; Antonelli et al. 2018). These regions are 
home to a great diversity of ecosystems and to nearly 40% of the world’s tropical 
vegetation, with more than 50,000 plant species (Prance 2001; Morley 2011). The 
number of tree species inside the Amazon basin has been the subject of continuous 
debate during the last two decades (Hubbell et al. 2008; ter Steege et al. 2016, 
2019a). Based on a comprehensive database of 1946 forest plots with up-to-date 
taxonomy, the most recent estimate is that over 15,000 tree species are expected to 
occur in Amazonia (ter Steege et al. 2020). In the exceptionally diverse Amazonian 
forests, between 1.4% (227 ssp.) and 4.03% (654 ssp.) of the tree species are 
extremely common and make up 50% of all trees over 10 cm DBH. This subset of 
disproportionately common trees has been dubbed the hyperdominants (ter Steege 
et al. 2013; Draper et al. 2021). The increase of hyperdominants is the result of a 
larger set of plots: for the first time, 1240 small 0.1 ha plots (that included all 
individuals with a minimum DBH cut-off of 2.5 cm) were assembled in a study 
that examined tree dominance across forest strata, from the understory to the tallest 
canopy, and emergent layers as well (Draper et al. 2021). These authors also found 
that although species belonging to a range of phylogenetically dispersed lineages 
have become hyperdominant in small size classes, hyperdominants in large size 
classes are restricted to a few lineages. In addition, some of the hyperdominants that 
dominate large forest areas are tree, treelet, and palm species with some evidence of 
domestication, especially in locations near archeological sites (Levis et al. 2017;
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Montoya et al. 2020). Moreover, the distribution range of only a few Amazonian tree 
species extends across the entire Amazon basin, while most tree species have 
restricted geographic coverage (Kristiansen et al. 2009).
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A similar imbalance is observed in species-to-genus ratios: over half of all 
Amazonian tree species belong to genera with 100 or more species, while the 
majority of genera have ten or fewer species (Gentry 1993; Dexter and Chave 
2016; ter Steege et al. 2019a). 

Currently, there is a relatively good understanding of the structure and floristic 
composition of the forests in the Amazon basin, mainly the forests located in the 
western sector of the basin and in the Andes foothills (for reviews, see Pitman et al. 
2008; Tuomisto et al. 2016, 2019; Alvez-Valles et al. 2018; Silva-Souza and Souza 
2020). 

Among the main rivers of the Amazon watersheds, the Rio Negro is remarkable: 
it is the second largest tributary of the Amazon river and the largest blackwater river 
in the world (Latrubesse and Stevaux 2015; Marengo et al. 2016). Its basin, together 
with the Amazon delta represents the wettest section of Amazonia (Espinoza et al. 
2009; Nascimento et al. 2019). Rio Negro is the name that the Guainía river takes at 
its confluence with the Casiquiare channel. The botanical exploration of the Rio 
Negro basin was summarized in Huber and Wurdack (1984), Huber (1995a), 
Aymard et al. (2016), ter Steege et al. (2016), and in Appendix 3.2. 

Here we present a phytosociological analysis of the forests in the upper Rio Negro 
(north-western Amazon) and adjacent south-western Orinoco basins, including terra-
firme forests growing on clay soils, Amazonian white-sand forests, and flooded areas 
that occur along black, white, and clear-water rivers. This phytosociological classi-
fication provides vegetation information organized in hierarchical units to analyze 
and explain the floristic composition, vegetation structure, and diversity of the 
forests, as well as their relationship with environmental conditions, hitherto not 
presented in more conventional studies. 

3.2 General Features of the Study Area 

The study focuses on the Rio Negro (northern/north-western Amazon basin) and part 
of the adjacent south-western Orinoco basins. This region comprises the south-west 
of the Amazonas state of Venezuela, the south-east of the Guainía and Vaupés 
departments of Colombia, and the Roraima and north-west portion of the Amazonas 
states of Brazil. The Rio Negro basin has an area of ca. 750,652 km2 and a combined 
river length of ca 1600 km (Arellano-Peña et al. 2019). The two largest freshwater 
archipelagoes (Mariuá and Anavilhanas, with ca. 1200 and 400 islands, respec-
tively), which also include the largest flooded igapó forest systems in the world 
with a highly diverse fauna (Latrubesse and Stevaux 2015), are located in the middle 
and lower portions of this river. Furthermore, in its upper course, the Rio Negro has 
the longest set of river rapids of the Amazon basin (ca. 16 km long, in São Gabriel de 
Cachoeira, Amazonas state, Brazil). This river originates in the headwaters of the 
Guianía river in Colombia, flows southward into north-western Brazil, and turns 
eastward north of the municipality of São Gabriel da Cachoeira, where it receives the



waters of the Xié, Isana, and Vaupés rivers. It then continues in an east-south-east 
direction until it flows into the Solimões river, near Manaus (Brazil), together 
forming the main body of the Amazon river. 
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The geographic boundaries of the Rio Negro basin are defined in the north by the 
drainage divide that separates its watershed from the Guaviare, upper Atabapo, and 
Orinoco rivers; in the west by the upper watersheds of the Guainía and Vaupés 
rivers; to the south by the junction of the Japurá river with the Solimões river; and in 
the east by the southern foothills of the Guayana Shield drained primarily by the Rio 
Branco. The Serranía de la Neblina (Cerro de La Neblina: 2992 m and Pico de 
Neblina 3014 m), which divides Brazil from southern Venezuela, located in the Rio 
Negro basin, is part of the Guayana Shield highlands known as Tepuis (Huber 1987). 
The Serranía de la Neblina is formed by ancient rocks of the Serra dos Surucucus 
formation (1046 m) (Santos et al. 2003) and is rich in endemic species and unique 
habitats (Riina et al. 2019). The basin also holds other important ancient highlands 
such as: Serra da Aracá (ca. 2000 m), Serra de Curicuriari (1400 m, also known as 
Serra da Bela Adormecida), Serra do Pirapucu (2134 m), Pico Rondon (1189 m) in 
the Brazilian state of Amazonas; Serra do Apiaú (1222), Serra da Lua (532 m), and 
Serra do Tepequém (595 m) in Roraima state (Brazil); the Serranía de Naquén 
(ca. 900 m) which divides Brazil from southern Colombia and the Kanuku 
Mountains (1067 m) in southwestern Guyana; the Aracamuni and Avispa massifs 
(with a maximum elevation ca. 1600 m) in Southern Venezuela; and Pico Tamacuari 
(2349 m) in Sierra Curupira and SierraTapirapecó along the Brazilian-Venezuelan 
border (Huber 1995b). 

The average annual rainfall in the Rio Negro basin varies between 3000 and 
4095 mm (Espinoza et al. 2009), with the highest values in the upper stretch (≥ 
3600 mm) and 0–2 months with less than 100 mm precipitation. Mean annual 
temperature fluctuates between 26 and 32 °C. 

The upper Rio Negro and part of the adjacent south-western Orinoco region have 
a dense fluvial network, composed of numerous rivers the waters of which flow into 
the Amazon and Orinoco rivers (Goulding et al. 1988). The system is connected with 
the Orinoco basin through the Casiquiare channel (Fig. 3.1). The latter establishes a 
permanent water connection between the drainage basins of the Amazon and 
Orinoco (Stokes et al. 2018). The Rio Negro watershed is characterized predomi-
nantly by blackwater tributaries that originate from habitats encompassing large 
areas covered by white-sand soils, formed from the erosion of Precambrian Guayana 
Shield rocks (Klinge 1965, 1967; Junk et al. 2011). However, the Rio Branco is the 
exception, as it is the largest white water tributary of the Rio Negro basin. In contrast, 
the Orinoco basin distinguishes itself by having primarily clear and white water 
tributaries that drain Tertiary sediments of the Andes and the strongly weathered 
soils on the Guayana Shield (Ríos-Villamizar et al. 2020). The middle Orinoco river 
basin does have a few minor black water tributaries, such as the Atabapo, Inírida (vía 
the Guaviare), Ucata, and Sipapo rivers, among others, and a major one in its lower 
course, the Caroní river. 

The basins show considerable variation in floristic composition and forest struc-
ture along local and regional environmental gradients. According to previous



studies, such variation is strongly correlated with geomorphology, soils, geology, 
drainage, and climate (Rodrigues 1961; Takeuchi 1961, 1962a, 1962b, 1962c; 
Klinge et al. 1977; Anderson 1981; Klinge and Herrera 1983; Salamanca 1983; 
Medina et al. 1990; Ballesteros 1995; Schargel et al. 2000; Córdoba and Etter 2001; 
Boubli 2002; Rudas et al. 2002; Aymard et al. 2009; Stropp et al. 2011; Pombo de 
Souza 2012). The region also comprises a large, low-altitude peneplain of ca 
165,000 km2 , where hydromorphic Spodosols and Quartzipsamments are very 
frequent (Dubroeucq and Volkoff 1998; Schargel et al. 2000; Schargel and Marvez 
2009). The peneplain landscape comprises a mosaic of unique vegetation types, 
particularly sclerophyllous forests on oligotrophic and acid soils, known as “caatinga 
Amazónica” (Colombia, Venezuela), “caatinga Amazónica baja,” “bosques de arena 
blanca” (Colombia), “campinarana forestada,” “campina alta” (Brazil), “varillales” 
(Colombia, Perú), “tastaboa” in Tucano, “parabcoha” in Desano (Ballesteros 1995), 
and “hamáliani” in Baniwa languages (Abraão et al. 2009). 
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Fig. 3.1 Junction of the Casiquiare channel with river Guianía, Colombia and Venezuela borders; 
photograph by Gerardo A Aymard C 

The peneplain landscape also harbors small to extensive areas of savannas, 
shrubby savannas, and scrublands growing on white sands (Huber 1995c; Lleras 
1997), locally called “caatinga gapó” by the natives of the upper Rio Negro (Spruce 
1908), “sabanas de arena blanca,”  “banas” (Klinge and Medina 1979), or low 
campinas, and further south “campina de solo arenoso” (Anderson 1981), 
“campinarana arbustiva” (Lisbôa 1975)  or  “campinarana graminea lenhosa” 
(Pombo de Souza 2012). A similar type of vegetation also occurs as far south as 
the Peruvian Amazon in the Jenaro Herrera district and the Allpahuayo-Mishana 
Reserve near Iquitos, where these plant communities are known as “varillales” and 
“chamizales” (Fine et al. 2010), as “varillales” in Leticia, Amazonas department in 
Colombia (Peñuela 2014), “muri bush” in Guyana (Richards 1952), and also in 
southern Brazil (Acre and Rondônia states), where they are known as “Chapada de 
Parecis” (Prance 2001).
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Table 3.1 Characteristic tree species per locations 

Location Characteristics tree species 

Taracuá, Amazonas (Brazil); Rodrigues (1961) Hevea rigidifolia, Micrandra sprucei, 
Pagamea coriacea, Caraipa sp. 

Ilha das Flores, Amazonas (Brazil); Rodrigues 
(1961) 

Eperua leucantha, Micrandra sprucei, 
Catostemma sclerophyllum, Hevea nitida 

Iucabí river, Amazonas (Brazil); Takeuchi 
(1962a) 

Eperua leucantha, 
E. purpurea. E. rubiginosa, Aldina discolor 

Timbó de Betania, Vaupés (Colombia); 
Ballesteros (1995) 

Aspidosperma fendleri, Calophyllun lucidum, 
Aldina latifolia, Clusia spathulifolia 

La Esmeralda, upper Orinoco river, Amazonas, 
(Venezuela); Coomes and Grubb (1996) 

Eperua obtusata, Micrandra siphonioides, 
Caraipa longipedicellata, Macrolobium 
gracile, Byrsonima wurdackii 

Base of Pica da Neblina National Park; 
Amazonas (Brazil); Boubli (2002) 

Micrandra sprucei, Eperua leucantha, Hevea 
cf. brasiliensis, Caraipa sp. 

San Carlos de Río Negro, Amazonas 
(Venezuela); Klinge and Medina (1979); 
Dezzeo et al. (2000); Aymard et al. (2009). 
Eastern sector of Guianía department 
(Colombia); Cárdenas-López et al. (2007) 

Micrandra sprucei, Eperua leucantha, 
Micropholis maguirei, Caraipa densifolia 

Along road Maroa-Yavita, Amazonas 
(Venezuela); Aymard et al. (2009) 

Eperua leucantha, Micrandra sprucei, 
Couma catingae, Xylopia benthamii 

Middle Içana river, Amazonas (Brazil); Stropp 
(2011) 

Inga sp., Micrandra sprucei, Aldina 
heterophylla, Eperua purpurea, E. leucantha 

São Gabriel da Cachoeira, Amazonas (Brazil); 
Stropp (2011) 

Eperua leucantha E. purpurea, Aldina 
heterophylla, Inga sp. 

Middle Cuy(i)arí river, Guainía (Aymard et al. 
2016) 

Micrandra sprucei, Hevea rigidifolia, 
Caraipa longipedicellata, Iryanthera 
juruensis 

The Rio Negro white-sand caatinga forests or campinaranas are not uniform in 
terms of floristic composition. Different white-sand forest types have been described 
and are summarized in Table 3.1. In addition, these white-sand forests are 
established through an ecological and floristic transition between terra-firme forests 
commonly found on peneplain red-yellow clay soils, and flooded forest communities 
on alluvial plains called igapó and varzéa (Prance 1980; Kubitzki 1989; Aymard 
et al. 2009; Wittmann et al. 2017; Luize et al. 2018). Chapters 5 and 6 in this book 
complement the results of the present chapter, as they describe the pattern of forest 
cover distribution within the Amazonas state in Venezuela. 

3.3 Materials and Methods 

3.3.1 Tree Inventory Data 

The inventory data used in this study include all Angiosperm treelets and trees with 
diameter at breast height (DBH) ≥ 2.5 cm. The dataset contains 1368 species 
identified in inventory samples that were established across 226 localities

https://doi.org/10.1007/978-3-031-20799-0_5
https://doi.org/10.1007/978-3-031-20799-0_6


(Appendices 3.1, 3.2, and Fig. 3.2; this information is available at the following link: 
https://1drv.ms/f/s!AsgLjs_JMencgZsGYB0kltyDnwkiIg 
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Fig. 3.2 Location of the study plots in the Rio Negro basin of Brazil, Colombia, Guyana and 
Venezuela (blue area) and the Orinoco basin of Colombia and Venezuela (light green area). A high-
resolution image is found in the following link: https://1drv.ms/f/s!AsgLjs_JMencgZsGYB0 
kltyDnwkiIg 

The subset of 1368 species was selected from a database that includes 49,116 
individuals and 2877 species and morphospecies; 1509 taxa were eliminated due to 
either too low representation in the region or difficulties in obtaining a good 
taxonomical resolution. 

In Colombia, plots were located in Guainía (127), Guaviare (20), Vaupés (7), 
Amazonas (4), and Vichada (3) departments. In Venezuela, plots were concentrated 
in the Amazonas state (42) and, in Brazil, plots were located in the state of Amazonas 
(23) along the banks of the Rio Negro. 

The tree identification names and taxonomic nomenclature were standardized and 
updated, using a dynamic list of Amazonian tree species (ter Steege et al. 2019 
onward: http://atdn.myspecies.info/node/2466). 

All maps were based on the reflectance data of a LANDSAT 5, 7, and 8 mosaic 
(58 tiles), and produced using a combination of supervised interpretation techniques. 
The final composition was built with algorithms from the software packages Octave 
(version 5.2.0; https://www.gnu.org/software/octave/) and Grass (version 7.8.2; 
https://grass.osgeo.org/). Using satellite mosaic classification and an artificial neural 
network, vegetation reflectance in areas without available plots was matched with 
the reflectance of plant communities already detected and identified in this study. 
Areas with unidentified vegetation types resulted from the lack of both plots and 
correlation with a known reflectance signal (Fig. 3.5).

https://1drv.ms/f/s!AsgLjs_JMencgZsGYB0kltyDnwkiIg
http://atdn.myspecies.info/node/2466
https://www.gnu.org/software/octave/
https://grass.osgeo.org/
https://1drv.ms/f/s!AsgLjs_JMencgZsGYB0kltyDnwkiIg
https://1drv.ms/f/s!AsgLjs_JMencgZsGYB0kltyDnwkiIg
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Variation in floristic composition and forest structure across physical variables 
such as geomorphology, soils, geology, drainage, and climate were interpreted in the 
framework of previous studies including Schargel et al. (2000), Schargel and Marvez 
(2009), Quesada et al. (2011), IGAC (2014, 2018), and Zinck (Chaps. 6 and 7 
this book). 

3.3.2 Phytosociological Analysis 

Information on species and field data was stored and managed using Microsoft 
Excel. The aboveground biomass for all species was calculated using a raw field 
and estimated data set with the Chave et al. (2005) allometric formula. Artificial 
neuronal networks (ANN) were employed to find some missing values of DBH 
(diameter at breast height), tree height, and wood density. Based on 11,100 complete 
tuple records (DBH, height, wood density; in a matrix m×n a tuple refers to a set of 
data in a complete row mi), a new matrix was constructed incorporating 39,211 new 
records (no tuples). The ANN outcomes showed a good fit for the missing values 
related to the known and raw field data behavior (Haykin 2009; Arellano-Peña and 
Rangel-Ch. 2015). According to the correlation coefficients (R), the R training 
describes the behavior between the existing variables within two matrices. The 
main matrix (X) has several columns that hold integer type data, where every 
number represents the classification of different taxa levels, besides some known 
vegetation variables (double type data) such as height and wood density. 

In contrast, the second matrix (Y) has the known values of the dependent 
variables such as DBH. It is essential to emphasize the possibility of setting different 
configurations. As a consequence of the learning process with ANN, the training 
phase registered R values between 0.812 and 0.994. The R validation aims to 
compare some known and observed results within the model with some predicted 
results. The R values fluctuated between 0.792 and 0.994. The R test value proves 
the behavior of the predicted variables, their fit to the model with values between 
0.805 and 0.994, and the whole process with R between 0.808 and 0.994; these 
results validate the ability of the model to estimate missing values (Fig. 3.3). 

The plot data were analyzed using two-way indicator species analysis 
(TWINSPAN) (Hill 1979). The latter was carried out using PC-ORD Multivariate 
Analysis of Ecological Data for Windows, version 7.0 (McCune and Mefford 2016). 
TWINSPAN reveals clusters or groupings of plots similar in terms of species 
composition. Such clusters can indicate associations of tree communities or 
sub-communities. 

The resulting TWINSPAN was interpreted in terms of syntaxonomical 
classification of the vegetation, based on floristic affinities, according to the 
Zürich-Montpellier approach (Braun-Blanquet 1979; Westhoff and van der Maarel 
1973). TWINSPSAN classifies species and samples in a way that approaches the 
results of a Braun-Blanquet vegetation table. This was used to build a key to the 
classification of the samples by identifying one to several species, which were 
particularly diagnostic of each division in the classification. The pseudo-species

https://doi.org/10.1007/978-3-031-20799-0_6
https://doi.org/10.1007/978-3-031-20799-0_7
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Fig. 3.3 Estimation of missing values of DBH, height, and wood density using artificial neuronal 
network (ANN)



analysis cuts were carried out in TWINSPAN with five levels or intervals. Five plots 
were chosen as the minimum group size for division, and five species as the 
maximum number of indicators per division.
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3.4 Results 

TWINSPAN produced five levels and established 21 indicator species. These 
species classify the samples and plots under a unique class (two main orders, with 
five alliances, seven associations, and a larger group integrated by several indeter-
minate associations) (Figs. 3.4 and 3.5). The results of this phytosociological 
classification divided the forests into three main pedobiomes that occur in the 
study area. These pedobiomes reflect three forest types associated with different 
substrates and floristic and structure differences: the Amazonian caatinga 
(campinarana) on well-drained sandy soils on slightly higher peneplain surfaces, 
the tall terra-firme forests on deep well-drained clay soils, and forests in alluvial 
plains on soils with water-logging at different depths. Soil features (e.g., drainage, 
very low water retention capacity, and nutrient availability in lesser degree), and 
types of water are the factors that split the forests into three main pedobiomes in the 
study area. The influence of these factors is reflected in the floristic and structure 
differences among Amazonian caatinga, terra-firme forests, and forests in alluvial 
plains. 

3.4.1 Phytosociological Classification 

The procedure defined the phytosociological class Eperuo leucanthae—Eperuetea 
purpureae from which the first division level distinguished two orders. 

Fig. 3.4 Dendrogram showing TWINSPAN classification of species (eigenvalues numbers in 
normal text)
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Fig. 3.5 Map of the study region showing the phytosociological groups in the upper Rio Negro 
and Orinoco basins. A high-resolution imagen is found in the following link: https://1drv.ms/f/s! 
AsgLjs_JMencgZsGYB0kltyDnwkiIg

https://1drv.ms/f/s!AsgLjs_JMencgZsGYB0kltyDnwkiIg
https://1drv.ms/f/s!AsgLjs_JMencgZsGYB0kltyDnwkiIg
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3.4.1.1 Order I 
The first order (Parahancornio surrogatae-Aldinion latifoliae) is composed of 
communities strongly associated with blackwater drainage (i.e., tall caatinga 
(campinarana) forest and Micrandra spruceana, Monopteryx uaucu, and Erisma 
japura forests), with the following indicator species: Hevea guianensis, Eperua 
purpurea, Mucoa duckei, Monopteryx uaucu, Oenocarpus batatua, Pouteria 
cuspidata, Caraipa longipedicellata, Calophylum brasiliense, Iryanthera elliptica, 
and Aldina kunhardtiana. This order was separated at the second level by alliance II 
with the indicator species Parahancarnia surrogata and Aldina latifolia. At the third 
level, alliance I was split into association I (Aldina latifolia, Terminalia 
ochroprumna, Swartzia sericea, Pachira nitida) and association II (Caraipa 
longipedicellata, Micrandra sprucei, Compsoneura debilis, Cyrilla recemiflora). 

Association I also includes the flooded forest communities on blackwater 
floodplains, called igapó (Figs. 3.6 and 3.7) by Ducke (1954), Prance (1980), and 
Kubitzki (1989). In the Rio Negro region, about 119,000 km2 of the basin are 
covered by igapó with forest coverage >85% (Householder et al. 2021). The same 
authors are in agreement with the general hypothesis that the flood duration gradient 
is a major environmental driver of compositional turnover in floodplain forests, even 
among distant sites. This implies that species ecological distributions along the flood 
duration gradient are predictable and unlikely to be geographically distinctive 
between sites (Householder et al. 2021). The igapó in the Rio Negro also contains 
unique large areas made up of medium high trees with small dark leaves, very 
different from the exuberant Amazonian vegetation, even from the igapò forests. 
These communities are known as “boyales” or “selvas de boya” in Colombia and 
Venezuela (Vareschi 1963) and “formações do Molongó” in Brazil (Ducke 1938). 
“Boyales” are abundant in flooded areas of the northern Rio Negro basin in 
Colombia and Venezuela, and extend south to the river Urubú in Brazil (Ducke 
1944). In general, they are made up of numerous small trees with extremely light 
wood (mainly at the base of the trunks), adapted to the blackwater habitats 
(Mägdefrau and Wutz 1961; Berry and Wiedenhoeft 2004). The unique ecological

Fig. 3.6 Rio Negro basin: igapó forest; upper Cuy(i)ari river, Guianía department, Colombia; 
photograph by Jorge L. Contreras, #Ciprogress Greenlife



characteristics of the “boyales” make their flora predominantly endemic (e.g., 
Anaxagorea inundata, Malouetia molongo, Micrandra inundata, Pouteria 
pimichinensis), and well adapted to the extreme conditions of annual flooding 
(Fig. 3.8). These communities are dominated by taxa from Annonaceae, 
Apocynaceae, Malvaceae, and Euphorbiaceae (Aymard et al. 1989). This kind of 
vegetation represents unique and large riparian communities in the north-western 
Amazon basin and part of the Orinoquia (Romero-G et al. 2019). Nonetheless, recent 
studies and reviews of the vegetation associated with the rivers of both basins make
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Fig. 3.7 Rio Negro basin: igapó forest; (a) “Caño Emeri,” San Miguel river basin, sector “Pajaral,” 
Amazonas state, Venezuela; photograph by Gustavo A. Romero-González; (b) upper Guianía river, 
Guianía department, Colombia; photograph by Adela Lozano, #Ciprogress Greenlife



no mention of “boyales” or “formações do Molongó” (Wittmann et al. 2017; Luize 
et al. 2018; Householder et al. 2021).
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Fig. 3.8 Boyales dominated by Molongum laxum (Benth.) Pichon (Apocynaceae) in floodplain of 
the Atabapo river, Venezuela; photograph by Gustavo A. Romero-González 

The third level also recognized alliance II (Clathrotropis glaucophylla, Eperua 
leucantha, Micrandra sprucei, Oenocarpus bataua) and association III 
(Macrolobium limbatum, Micrandra elata, M. sprucei, and Mucua duckei). The 
fourth level produced alliance III (Eperua leucantha, E. purpurea, Hevea 
guianensis, Monopteryx uaucu, Virola michelii) and association IV (Eperua 
purpurea, Oenocarpus bataua). The fifth level divided the rest of alliance III in 
associations V (Aldina heterophylla, E. leucantha) and VI (Eperua purpurea, 
Erisma japura). Association VI harbors the forests dominated by E. purpurea, a  
soil generalist species (Aymard et al. 2009), known as “aceitón” in Colombia, 
“copaibarama” in Brazil, “yevaro” in Venezuela, and “waapa” in Kuripako language 
(A. Calero-Cayopare, pers. com). 

3.4.1.2 Order II 
The second order (Goupio glabrae—Minquartiion guianensis) corresponds to forests 
associated with white and clear waters, growing mostly on clay soils. This syntaxon 
is named after the exclusive species Goupia glabra and Minquartia guianensis as the 
dominant species on disturbed forests. The Goupio glabrae—Minquartiion 
guianensis holds two alliances and two associations: an undefined Attalea maripa— 
Brosimum utile association, and the Eschweilero parviflorae—Mouririetum 
grandiflorae asociation. Forests dominated by palms are represented by the unde-
fined alliance of Astrocaryo chambirae—Socrateion exorrhizae.
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Fig. 3.9 (a) “Sasafrás” forest, a community that extends from the alluvial plains to terra-firme 
forests on terraces drained by clear waters; (b) forest dominated by Mespilodaphne cymbarum 
(Kunth) Trofimov (Lauraceae), a valuable timber known as “Sasafrás del Orinoco”; Guaviare river, 
Guainía department, Colombia; photographs by Francisco Castro-Lima 

The second level of this order separated alliances IV (Goupia glabra, Minquartia 
guianensis, Mouriri grandiflora) and V (Astrocaryum chambira, Calycophyllum 
megistocaulum, Euterpe precatoria, Inga tessmannii, Psedolmedia laevis, 
Psychotria remota, Socratea exorrhiza), the latter being a complex group without 
defined forest associations in alluvial plains mixed with palm communities. The 
third level showed two different divisions, the association VII (Clathrotropis 
brachypetala, Erisma laurifolium, Eschweilera parviflora, Mouriri grandiflora, 
Pouteria baehniana, Protium divaricatum, Virola elongata, Zamia ulei), and 
another branch including a larger group without clear associations. The last cluster 
was characterized by the following indicator species: Attalea maripa, Brosimum 
utile, Eschweilera parviflora, Euterpe precatoria, Goupia glabra, Mayaba 
elengans, Mespilodaphne cymbarum, and Virola elongata. These communities 
extend from the alluvial plains to terra-firme forests on terraces such as the “sasafrás” 
forests, a community dominated by Mespilodaphne cymbarum (Fig. 3.9). 

3.4.2 Vegetation and Environmental Conditions 

Soil and water types were related to the clustering of species dominance data into 
two orders. The first one comprises three alliances and six associations, mainly 
dominated by the high caatinga (campinarana) because of the abundance of Caraipa 
longipedicellata, Eperua leucantha, Micrandra sprucei, and Mucoa duckei growing 
on very poorly drained Spodosols (Figs. 3.10 and 3.11). Other communities, such as 
tall and medium forests on somewhat poorly drained Entisols on terraces, appeared 
in this order (i.e., Monopteryx uaucu and Erisma japura forests). These communities 
were separated from the high caatinga because their floristic composition shows that



they share species well distributed over moderately and poorly drained Entisols, 
Inceptisols, Oxisols, and Ultisols. The tall and medium forests also contained taxa 
that were common in areas with Spodosols. The variety of habitats strongly suggests 
that the above-mentioned species are not white-sand specialists, as it has been 
proposed (García-Villacorta et al. 2016). Examples of taxa with a wide habitat 
preference and frequent in forests that grow on white sands in the upper Rio 
Negro are: Aldina kunhardtiana, Dendropanax neblinae, Eperua leucantha, 
E. purpurea, Erisma micranthum, Hebepetalum humiriifolium, Helianthostylis 
steyermarkii, Pentamerista neotropica, Sloanea floribunda, and Tetrameranthus 
duckei, all considered soil generalists by Aymard et al. (2009). Plant communities 
of the upper Rio Negro basin found on white sands and terra-firme forests growing 
on clay soils may have a common evolutionary history (Aymard et al. 2016). 
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Fig. 3.10 Rio Negro basin: high caatinga on very poorly drained Spodosols; “Caño Vitina,” lower 
Atabapo river, Guianía department, Colombia; photograph by Francisco Castro-Lima 

The second order includes the communities associated with white and clear 
waters, growing on clayey soils. Under this physical condition, communities tolerate 
considerable differences in drainage, because in poorly drained soils root mats 
develop below the litter layer. These communities are composed of an array of 
medium to tall forests mixed with palm communities, with three to four vertical 
layers at heights of 25–35 m, 15–25 m, 7–12 m, and 3–7 m. The top layer included 
emergent trees reaching heights of 35–45 m, such as Erisma laurifolium and Goupia 
glabra, giving the canopy of this forest type a very irregular aspect. The vertical 
discontinuities are further accentuated by the frequent occurrence of gaps caused by 
tree falls. The third and fourth layers are not always easily distinguished because of
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Fig. 3.11 Rio Negro basin: high caatinga on very poorly drained Spodosols; (a) “Campo Alegre,” 
upper Cuy(i)ari river, Guianía department, Colombia; photograph by Francisco Castro-Lima, 
#Ciprogress Greenlife; (b) San Carlos de Río Negro, Amazonas state, Venezuela; photograph 
by Gerardo A. Aymard C



the high density of species such as Anaxagorea brachycarpa, Clathrotropis 
glaucophylla, Heterostemon conjugatus, Iryanthera paradoxa, Matisia ochrocalyx, 
Pseudosenefeldera inclinata, Sagotia heterocalyx, and Zygia claviflora. Dense 
colonies of palm species such as Astrocaryum chambira, Bactris corosilla, Euterpe 
precatoria, Iriartella setigera, and  Socratea exorrhiza, as well as the giant 
caulescent herb Phenakospermum guyannense (considered an indicator of disturbed 
forest) were present in the third layer. The phytosociological classification and 
description of the new alliances and associations of the forest communities of the 
Rio Negro region are outlined in Appendices 3.1, 3.3, and Figs. 3.4 and 3.5.
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3.5 Discussion 

3.5.1 General Aspects 

The study shows that a relatively low number (226) of small to medium-sized 
transects and plots (mostly 0.1 ha transects) may be sufficient to set up a robust 
phytosociological analysis of vast regions (Figs. 3.4 and 3.5). This approach allows 
comparing local variations in forest structure and floristic composition by soil 
topography across areas with different environmental conditions. An important 
issue in evaluating the results is the degree to which site diversity (alpha diversity) 
is being measured vs. locally varying habitat diversity (beta diversity). Local diver-
sity can be affected by the shape of the plot, with increasingly narrow rectangular 
plots generally showing higher diversity values than broader or square plots (Condit 
et al. 1996). Large plots (≥ 1 ha) have provided useful data to characterize forest 
structure and composition, and if properly tagged, protected, and monitored, they 
can provide long-term data on the growth, mortality, regeneration, dynamics of 
forest trees, and climate change (ForestPlots.net 2021). However, given the costs 
and labor they require to sample and maintain, such plots are relatively few and 
spatially scattered. A lower-cost and faster alternative, especially when permanent 
plots are not required or are not feasible to maintain, is 0.1 ha transects (Gentry 
1982). With similar effort necessary to set up one-ha plots, many smaller plots can be 
established, yielding valuable information about variability in forest sites at a local 
scale (Gentry 1988a, 1988b; Clinebell et al. 1995; Aymard et al. 2009). Often, a 
lower diameter cut-off (usually 2.5 cm DBH) is used in small plots, which yields 
individual stem numbers of the same magnitude as those obtained from hectare plots 
sampled at ≥10 cm DBH. Gentry (1988a, b; Draper et al. 2021) used 980 transects of 
0.1 ha, combining efficient ecological sampling with high-quality botanical 
identifications to describe large-scale patterns of alpha diversity and floristics, and 
then create highly distributed measurements of the world’s forests (for a review, see 
Phillips and Miller 2002; ForestPlots.net et al. 2021). 

The phytosociological study presented here shows that the order level was most 
useful to characterize the alliances and their communities. At this level, the 
eigenvalues were as high as 0.5. High values determine a significant dispersion of 
the data in the analysis that allows displaying the species along environmental



variables (ter Braak, 1987). The analysis with TWINSPAN generated end-groups of 
five blocks that represent vegetation units in five alliances and nine associations that 
form the dendrogram (Fig. 3.4). 
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Variations in floristic composition could be related to the particular drainage and 
water-holding capacity of soils where these forest types grow. For example, there are 
species that tend to occur on deep well-drained terra-firme soils (e.g., Allantoma 
lineata, Caryocar pallidum, Erisma japura, Eschweilera micrantha, Guarea 
trunciflora, Manilkara huberi, Mezilaurus itauba, Minquartia guianensis, 
Pseudosenefeldera inclinata, Scleronema micranthum), or on very poorly drained 
Spodosols in lowlands (e.g., Aspidosperma verruculosum, Caraipa 
longipedicellata, Compsoneura debilis, Couma catingae, Hevea rigidifolia, 
Mabea arenicola, Micrandra sprucei, Micropholis maguirei, Myrcia neoforsteri, 
Neocouma ternstroemiacea). In addition, a considerable amount of taxa appear only 
in riparian, swamp, and seasonally black water-flooded forests on alluvial plains 
growing on soils with water-logging at different depths (e.g., Eschweilera tenuifolia, 
Guatteria heteropetala, Handroanthus barbatus, Leopoldinia piassaba, Lissocarpa 
benthamii, Molongum laxum, Mouriri acutiflora, Myrcia argentigemma, 
Parahancornia negroensis, Spongiospermum riparium); individual species respond 
differently to the flood duration gradient (Householder et al. 2021). 

This point is illustrated by Sabatier et al. (1997), who in French Guiana observed 
substantial changes in forest communities in the transition of soils with deep vertical 
drainage to superficial lateral drainage. At large scale, however, the forest structure 
and dynamics have been noted to vary across the Amazon basin in an east-west 
gradient in a pattern that coincides with variations in soil fertility, topography, and 
geology (Pitman et al. 2008; Quesada et al. 2011, 2012). 

Therefore, large-scale variations in forest biomass could not be explained by any 
of the soil or climate properties analyzed here. A recent study using one-ha forest 
inventory plots in Costa Rica showed that, while plant species richness was con-
trolled by climate and soil water availability, vegetation carbon storage was strongly 
related to wood density and soil phosphorus availability (Hofhansl et al. 2020). 
These results also suggest that local heterogeneity in resource availability and plant 
functional composition should be considered to improve projections of tropical 
forest ecosystem functioning under future climate scenarios. 

Oligotrophic soils (either Spodosols or clay soils) throughout the Rio Negro basin 
(Herrera 1985; Dubroeucq and Volkoff 1998; Schargel and Marvez 2009; Quesada 
et al. 2011; IGAC 2014) influence in minor degree differences in forest types in this 
region (Schargel and Marvez 2009; Stropp et al. 2014). Moreover, several studies 
showed that soils, drainage, moisture retention, and water types (i.e., black, clear, 
and white waters) are the principal factors that separate terra-firme, caatinga, and 
alluvial plain forests in the study area (Medina et al. 1990; Franco and Dezzeo 1994; 
Coomes and Grubb 1996; Schargel et al. 2000; Stropp et al. 2011). 

Besides, human intervention by way of shifting cultivation and the enrichment of 
the original forests with introduced, useful species, on the better-drained soils, 
cannot be discarded as a cause for creating floristic differences (Levis et al. 2017; 
Montoya et al. 2020). Total rainfall does not need to decrease drastically to favor



vegetation change on these nutrient-poor soils, most of which have low water 
retention capacity. An increase in the length and severity of the dry season would 
be sufficient. It was observed that the geographical distribution of many 
non-generalist species is related to average annual rainfall and the duration of the 
dry season. For example, Aldina kunhardtiana, Caraipa longipedicellata, 
Chrysophyllum sanguilentum, Eperua purpurea, E. leucantha, Helianthostylis 
steyermarkii, Inga neblinensis, Leptobalanus cardiophyllus, Macrolobium 
limbatum, Mezilaurus itauba, Monopteryx uaucu, Ouratea clarkii, Protium 
carolense, P. crassipetalum, Roucheria punctata, Swartzia benthamiana, and 
Tachigali odoratissima represent taxa that belong to a larger group of species that 
is only found in areas within the basin with precipitations between 3000 and 
3600 mm and 0–2 months with less than 180 mm precipitation, suggesting that the 
distribution pattern of many species is also directly related to annual precipitation 
patterns and the duration of the dry season. These climatic parameters, in conjunc-
tion with the gradient in soil fertility, are considered by ter Steege et al. (2003, 2006, 
2010) as the two main variables that predict values of alpha diversity and stem 
density in Amazonian forests. In their proposed model, they found that the most 
diverse forests are located just south of the equatorial line (areas with 0–1 month 
with precipitation <100 mm); while the less diverse ones were found on the 
Guayana Shield and in the Amazon area of Bolivia (areas having 5–7 months with 
precipitation <100 mm). A comparison of this pattern with data provided by 
Aymard et al. (2009) shows that the duration of the dry season (DSL) was more 
useful in determining species distributions than predicting alpha diversity values, 
because the upper Rio Negro and part of the adjacent south-western Orinoco region, 
with higher rainfall and few months of little rain, also has low alpha diversity. This 
finding contradicts the assumption that predicts that high elevation and extremes of 
substrate-related factors underpin the floristic segregation of environmentally “mar-
ginal” vegetation types and “terra-firme” forests, rather than climatic factors, which 
in these case are relatively unimportant (Oliveira-Filho et al. 2021). 
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3.5.2 Forest Structural Characteristics 

The upper Rio Negro (north-western Amazon) and adjacent south-western Orinoco 
basins, where forest structure varies across different soil types and local topography, 
holds a top layer that includes emergent trees reaching heights of 35–45 m, and a 
medium to short dynamic tree stratum like most northwestern Amazon forests 
(Quesada et al. 2012). According to Draper et al. (2021), smaller-statured species 
may be exposed to different biotic and abiotic filters across large spatial scales, and 
these variables develop greater local specialization associated with distinct func-
tional characteristics. 

Canopy and mean tree height decreased from soils with moderate to poor 
drainage to very poorly drained Spodosols. Very low moisture retention, due to 
shallow soil depth or coarse sandy saprolite, also determined a tree height decrease in 
the somewhat poorly drained Entisols (Schargel and Marvez 2009) together with an



increase in high values of stems (Uhl and Murphy 1981; Aymard et al. 2009; Stropp 
et al. 2011). 
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In the San Carlos de Río Negro area, Klinge and Medina (1979) and Bongers 
et al. (1985) found that the reduction in height of the caatinga (campinarana) 
community was related to a reduction in depth of the aerated soil layer above the 
water table. This forest community dominated by Micrandra sprucei and Eperua 
purpurea is similar to those of caatingas nearby Manaus (Takeuchi 1962a, 1962b). 
Moreover, the tallest layer of this forest is 15–25 m high, and dense colonies of 
Mauritia carana and Euterpe catinga also occurred in this layer (Aymard et al. 
2009). 

The frequency of tall trees (DBH > 80 cm, over 45 m high) is low in the upper 
Rio Negro basin compared with the adjacent south-western Orinoco basin. The most 
frequent trees which reached over 45 m high were: Allantoma lineata, Brosimum 
utile, Caryocar spp., Eperua purpurea, Ecclinusa ramiflora, Erisma bicolor, 
E. japura, Eschweilera spp., Goupia glabra, Mespilodaphe cymbarum, Micrandra 
spruceana, Micropholis brochidodroma, Minquartia guianensis, Monopteryx 
uaucu, Parahancornia negroensis, Pouteria spp., Swartzia floribunda, Terminalia 
(Buchenavia) spp., and Vochysia ssp. By contrast, all forest types had a larger 
number of medium and smaller trees located in the second and third strata that 
defined the forest structure. 

With the minimum DBH cut-off of 2.5 cm used in this study, the number of stems 
sampled varied from 101 to 1017 per plot, whereas one-hectare plots with a 
minimum DBH of 10 cm often have around 500 stems (Valencia et al. 2005). The 
high density of individuals with lower average diameter in very nutrient-poor soils is 
due to increased tree longevity in the lower strata and understory levels, very slow 
growth, presence of sclerophyllous leaves with low nutrient content, and high levels 
of phenols and tannins that inhibit herbivory (Janzen 1974). Cuevas and Medina 
(1986, 1991), Medina et al. (1990), and Sanford and Cuevas (1996) observed in the 
upper Rio Negro region that plant individuals on soils with the lowest fertility invest 
more resources in the development of fine roots to penetrate the soil and obtain 
nutrients, than in photosynthetic tissues (discussed in Chap. 4). This reduction in 
photosynthetic tissue reduces the population of herbivores and eventually produces a 
positive result by developing plants with better defense mechanisms, representing an 
evolutionary response of species that grow on very nutrient-poor soils (Fine et al. 
2006). However, Stropp et al. (2014) provide no evidence that an interaction 
between herbivory and soil nutrient availability drives habitat association of tree 
species in white-sand and terra-firme forests of the upper Rio Negro. Nutrient 
conservation depends on the structure of plant communities; forests on nutrient-
poor soils, located in the upper Rio Negro in front of the Guayana Shield, have high 
wood density values, defense mechanisms, and more efficient nutrient conservation 
(Vitousek and Sanford 1986; Medina et al. 1990) than Amazonian forests located on 
more fertile soils on the foothills of the Andean Cordillera (Pitman et al. 2008), and 
in well-drained upland forests in north-western Amazonia (Duivenvoorden et al. 
2005; Cano and Stevenson 2009).

https://doi.org/10.1007/978-3-031-20799-0_4


76 H. Arellano-Peña et al.

The forests located in the south-western Orinoco basin have four vertical layers 
(35–45 m, 15–25 m, 7–12 m, and 3–7 m). The top layer included more emergent 
trees than in the Rio Negro basin, reaching heights of 45 m, giving the canopy of this 
forest a very irregular aspect. The second layer (15–25 m) is quite heterogeneous, 
and the third and fourth layers are not always easy to distinguish because of the high 
density of species such as Clathrotropis brachypetala, Matayba elegans, Mouriri 
grandiflora, Pseudolmedia laevis, and Virola elongata. These communities harbor 
numerous colonies of palms, of which stand out Euterpe precatoria, Iriartella 
setigera, Socratea exorrhiza, Oenocarpus bataua as well as the Strelitziaceae 
Phenakospermum guyannense. Palms perhaps represent the most characteristic 
physiognomic element of the terra-firme and riverine forests of the Amazon and 
Orinoco basins (for a review, see Alvez-Valles et al. 2018). In the tall forests studied 
here, seedlings of Oenocarpus bataua were abundant everywhere, and Astrocaryum 
gynacanthum and Bactris corosilla often formed a layer 3–6 m high with their long, 
divided leaves. Other small to medium-stature species, such as Astrocaryum 
chambira (“palma cumare”) with long spines along its trunks, were scattered in 
the forest. Individuals of Oenocarpus bataua were the tallest palms (to ca 30 m), and 
sometimes appeared as canopy emergent. The distribution of palm species in 
lowland forests is usually correlated with gradients from well to poorly drained 
soils (Alvez-Valles et al. 2018). In the study area, Mauritia carana, for example, 
occurs on poorly drained sites between the caatinga forest and white sand savannas, 
and Leopoldinia piassaba is generally associated with poorly drained Spodosols and 
low water retention soils (Vareschi 1963; Kubitzki 1991). 

North-western Amazonian forests appear to be comparatively poor in climbers 
(Putz and Mooney 1991). The so-called “matas de cipós” (liana forests), found in 
other Amazonian regions especially between the Xingu and Tocantins rivers (Prance 
1989) do not occur in the upper Rio Negro area (Putz 1983). In this study, lianas 
were represented by only 143 species (10.45%), mainly in terra-firme forests on 
moderately to poorly drained soils. 

3.5.3 Plant Diversity 

The upper Río Negro region is reportedly not a region rich in local tree diversity 
when compared to other Amazonian ecosystems (Uhl and Murphy 1981; Dezzeo 
et al. 2000; Boubli 2002; Cárdenas-López et al. 2007; Aymard et al. 2009; Stropp 
et al. 2011; Pombo de Souza 2012). The same pattern has been observed in other 
places with white-sand ecosystems in the basin (Capurucho et al. 2020). A study in a 
forest dominated by Eperua purpurea in San Carlos de Rio Negro (Venezuela) 
identified 183 species, detected by combining the results of a 0.10 ha transect and a 
1-ha plot (Aymard et al. 2009). In this area, the highest number of species occurred 
in terra-firme forests because these are the largest communities, the terra-firme 
occupies 70–80% of Amazonia (ter Steege et al. 2003, 2019b). 

Similarly, in the upper Rio Negro basin, terra-firme forests located in the upper 
Isana region are plant communities with high species diversity, recording between



108 and 162 species in three plots of 40 × 40 m (1600 m2 ) with DBH ≥ 5 cm  
(Arellano-Peña et al. 2019). In areas on podzolic soils and with high rainfall within 
the upper Rio Negro basin, the fewest species occur in sectors with drainage 
limitations, dominance of ectomycorrhiza in the topsoil layer, and lower nutrient 
retention capacity (Kubitzki 1990; Moyersoen 1993). This relationship is coherent 
with the high local species endemism reported by Steyermark (1982) and Kubitzki 
(1989) in the Rio Negro basin, including Duguetia aberrans, D. sancticaroli, 
Besleria yatuana, Chamaecrista ipanorensis, Eschweilera rionegrense, Mezilaurus 
caatingae Pseudephedranthus fragans, and Vochysia steyermarkiana. These forests 
consist of relatively few species (oligarchic) mixed with taxa represented by just one 
or a few individuals known as rare species (ter Steege et al. 2019b). The latter 
contribute enormously to regional diversity, have very low values of abundance in 
the oligarchic forests, and are usually the most difficult to identify at the level of 
species (Aymard et al. 2009). 
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The low diversity of species in the region is perhaps partially explained by factors 
related to the history and evolution of Neotropical forests, such as climatic events 
that the biota of the lowlands of northern South America lived through from Tertiary 
to Quaternary (Hooghiemstra et al. 2002, 2006; Hoorn et al. 2010, 2017; Wesselingh 
et al. 2010), including variations in precipitation patterns during the last glacial 
advance (Last Glacial Maximum, LGM) approximately 18,000 years ago (van der 
Hammen and Absy 1994; Ruiz-Pessenda et al. 2009). These events caused changes 
in forest vegetation in some sectors of the Amazon basin, which was replaced by 
savannas (Ruiz-Pessenda et al. 2009), shrubs or other characteristic communities of 
dry environments (Häggi et al. 2017). In other areas like the region that currently 
corresponds to the Rio Negro basin, vegetation may have been constantly subjected 
to changes through longer dry periods, with overall less rainfall, and higher sediment 
flow than in the western Amazon (Hooghiemstra et al. 2006), where forest cover was 
persistent (Bush et al. 2004). By responding to these changes in climate and 
significant landscape transformations, biomes expanded or contracted, becoming 
either connected or disjointed (Colinvaux et al. 2000; Pennington et al. 2004; Baker 
et al. 2020). 

These environmental factors have produced significant alterations of the forest 
due to fires during the Holocene, a fact that is supported by the numerous samples of 
charcoal found in the region of San Carlos de Río Negro (Venezuela) and Lake 
Acarabixi (Brazil) dating from the Holocene (Saldarriaga and West 1986; 
Rodriguez-Zorro et al. 2018). Continuous changes in vegetation perhaps did not 
allow maintaining a previous flora or the formation of a flora as rich in species as that 
of western Amazonia (Stropp et al. 2009, 2011). Bush et al. (2004) and Cordeiro 
et al. (2011) conducted palynological and geochemical studies in the “Lagoa da 
Pata,” in the upper Rio Negro (Amazonas state, Brazil), that revealed significant 
changes in the environmental history of this portion of the Amazon basin during the 
late Quaternary. The authors found pollen from elements of Andean regions such as 
Alnus, Hedyosmum, Myrsine, Podocarpus, and Weinmannia, mixed with lowland 
genera (e.g., Cedrela). The sediment core (113.6 cm deep) indicated that the



elements of the mountainous regions were very abundant between 45,000 and 
12,000 yr. calBP. 
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Subsequently, in the range of 12,000 yr. calBP to the present, the pollen of the 
Andean genera disappeared completely from the sample studied (even Cedrela). 
Furthermore, the geochemical study from “Lagoa da Pata” matched perfectly with 
the results forwarded by Bush et al. (2004). This outcome revealed three hydrologi-
cal and climatic regimes from 50,000 to 10,000 yr. calBP, characterized by a 
relatively wet climate (from 50,000 to 26,300 yr. calBP), a decrease in productivity 
(from 26,300 to 15,300 yr. calBP) that indicated a dry phase, and an increase in 
lacustrine productivity from approximately 15,300 to 10,000 yr. calBP (Cordeiro 
et al. 2011). In addition, two recent studies in the upper Rio Negro region (Lake 
Acarabixi) revealed that between 9000 and 4000 yr. calBP took place in the warmest 
and driest period of the last 100,000 years which coincided with changes in evapo-
ration and precipitation that caused lake levels to drop over most of tropical South 
America (Rodriguez-Zorro et al. 2018; Nascimento et al. 2019). Furthermore, 
highland taxa such as Hedyosmum and Myrsine were found at that time together 
with igapó forest species like Astrocaryum, Eschweilera, Macrolobium, Myrtaceae, 
and Swartzia. During the late Holocene (1600 to 650 yr. calBP), no drastic changes 
in vegetation were observed, but the presence of pioneer species like Vismia and 
Cecropia, along with the evidence of fires, pointed to human disturbance. Currently, 
with the exception of Podocarpus (P. tepuinensis), Gordonia (G. spathulata), 
Cyathea (C. macrosora), two species of Otoba (O. glycycarpa, O. parviflora) and 
few species of Ilex (e.g., I. casiquiarensis, I. davidsei, and I. spruceana), none of the 
highland genera mentioned in the palynological study have been registered in the 
present-day flora of this region. Nowadays, Podocarpus is an almost exclusive genus 
of montane zones; nonetheless, P. tepuiensis was found in the watershed of the upper 
Rio Negro (Berry and Aymard 1997). The presence of these five genera in the 
lowlands indicates the remnants of a relict flora that existed in the region between 
45,000 and 12,000 yr. calBP and was different in species than the current one. 
Therefore, other species may have disappeared, leading to very distinctive forests 
than we see now (Bush et al. 2004). 

The occurrence of highlands taxa found in the study area, partially agree with the 
Oliveira-Filho et al. (2021) assumption that the lack of these taxa in lowland 
Amazonia is likely driven by temperature, an important environmental factor driving 
floristic differentiation between montane and terra firme forests in the Amazon basin. 

All this evidence points out that perhaps the forest did not fragment, but suffered 
significant variations in floristic composition due to drastic changes in temperature 
and precipitation, which effected diversity during the late Quaternary. 

Because of its important number of taxa and their endemic elements, Huber 
(1994) placed the upper Rio Negro basin in the Guayana phytogeographical region, 
rather than as part of the Amazonian phytogeographical region, where it has 
traditionally been placed by phytogeographers. Nevertheless, a recent study aimed 
to regionalize the Amazon tree flora identified the upper Rio Negro as a main 
subregion through 161 indicator taxa (Silva-Souza and Souza 2020).
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At local scale, the diversity in the upper Rio Negro and south-western Orinoco 
basins is low, partially explained by factors related to the history, area and evolution 
of Neotropical forests. This condition is related to climatic events that affected the 
biota of the lowlands of northern South America from Tertiary to Quaternary. It is 
documented that a more seasonal dry-wet climate caused marginal forest retraction 
and, together with temperature decrease, rearranged forest composition to some 
extent. This is observed in pollen records across Amazonia, depicting the presence 
of taxa at glacial times in localities where they do not live presently (D’Apolito et al. 
2017). 

Most of the taxa recorded in this study show a wide distribution throughout much 
of the Amazon basin, while some of the dominant species are restricted to the upper 
Rio Negro area, such as Eperua purpurea, E. leucantha, Erisma japura, and 
Micrandra sprucei (Clark et al. 2000). However, sampling artifacts certainly con-
tribute to distort species distributions in the Amazon basin due to the strong tendency 
for collection density to be high in very few localities (Nelson et al. 1990; Schulman 
et al. 2007), such as close to main towns (e.g., Barcelos, San Carlos de Rio Negro, 
São Gabriel de Cachoeira), and lower in more distant rural areas (Hopkins 2019). 
Furthermore, a recent study showed that ca 300,000 km2 of the Brazilian Amazon 
had been deforested by 2017, without having a single tree specimen recorded 
(Stropp et al. 2020). 

3.6 Conclusions 

This study provides new information on the floristic composition, structure, and 
diversity of the vegetation using a phytosociological classification. The analysis with 
TWISNPAN shows that the order level was the most useful variable to characterize 
vegetation. At this level, the classification developed notable resolution represented 
by five alliances and nine associations (Fig. 3.4). However, significant compositional 
differences may arise from chance alone, even among sites with identical environ-
mental conditions, because small forest inventories yield a diverse pool of regional 
taxa (Gentry 1982; Ricklefs 1987). 

Soil features (e.g., drainage, very low water retention capacity, and nutrient 
availability in lesser degree), and types of waters are the factors that split the forests 
in three main pedobiomes in the study area. The influence of these factors is reflected 
in the floristic and structure differences among Amazonian caatinga on well-drained 
sandy soils on slightly higher peneplain surfaces, tall terra-firme forests on deep 
well-drained clay soils, and forests in alluvial plains on soils with water-logging at 
different depths.
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Although the Rio Negro basin harbors the largest blackwater river in the world, it 
is still one of the least studied regions of the Amazon (Hopkins 2019; Stropp et al. 
2020). Lleras (1997) pointed out that the entire basin (ca 750,652 km2 ), at a regional 
level, holds an exceptionally high species diversity (over 15,000), with several 
genera (e.g., Asteranthos—Scytopetalaceae, Hylaea—Apocynaceae, Neblinaea— 
Asteraceae, Neblinantha—Gentianaceae, Neblinanthera—Melastomataceae, 
Pyrrorhiza—Haemodoraceae) and a significant number of species only known to 
occur in the Rio Negro basin and its tributaries. 

The predominantly descriptive nature of this phytosociological study is justified 
considering the state of baseline knowledge on the northern and north-western 
Amazonian ecosystems, particularly concerning spatial components of soil, types 
of draining water, and forest variation. Nonetheless, our results support the hypoth-
esis predicting that distinct forest categories are associated with soil and climate 
conditions. Moreover, our study detected a dominance of important tree species. In 
addition, we found that sites with similar vegetation types (i.e., tall caatinga forest) 
show high affinity (in terms of structure but not in floristical composition, see 
Table 3.1) between them regardless of their separation along a geographic gradient. 
This affinity was also pointed out by Oliveira-Filho et al. (2021) in the entire 
Amazon basin, at least in reference to forest structure. 

3.7 Forest Conservation Issues 

Despite the relatively low number of one-ha plots and transects (226) analyzed here, 
it was possible to report differences in species composition and structure of the 
forests, and their relationships with environmental conditions such as soil 
characteristics and drainage across the upper Rio Negro region. Some of the 
differences between the forest characteristics observed in this study may be easily 
detectable on satellite images (Tuomisto et al. 2019). Rapid diversity assessments in 
small plots and transects preceded by general physiographic surveys based on 
remote sensing would be an efficient tool to estimate the overall level of the vascular 
plant diversity and its variability over large regions, or else in separate physiographic 
subdivisions, such as floodplains, swamps, or well-drained areas. Such information 
would offer basic reference material to evaluate the desirability for conservation and 
protection of certain rainforest areas and to help interpret the effects of human 
intervention and fragmentation of forests upon local and regional levels of vascular 
plant diversity. Moreover, a larger number of smaller inventory sites, such as those 
established during rapid diversity assessments, is likely to capture more diverse and 
heterogeneous tropical forest habitats than a smaller set of larger transects (Clinebell 
et al. 1995).
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One alternative approach to improve data collection, at least in the Rio Negro 
region, involves local inhabitants in academic research collaborations. While the 
deforestation rate inside indigenous territories and protected natural areas remains 
well below the rates outside, unsustainable forest clearing is on the rise across the 
Amazon basin (Walker et al. 2020). Indigenous rights are violated by changes in 
current legislation that threaten to weaken indigenous peoples’ constitutionally-
guaranteed territorial rights. Regarding the Rio Negro indigenous territories, a total 
of 387 requests for mining concessions were pending in Brazil already in 2016 
(Almeida et al. 2016) and 75 in Colombia by 2020 (ANLA 2020). The most severe 
threat may be in Venezuela, where the government overlooked illegal mining and 
deforestation. All these actions put at risk the forests of the indigenous people of the 
region, even though the Brazilian, Colombian, and Venezuelan constitutions recog-
nize that indigenous people have rights to their traditional territories. Large protected 
areas of the Amazon basin north of the Equator are located in the Rio Negro region 
(Lleras 1997). These include the “Alto Orinoco-Casiquiare” Biosphere Reserve 
(82,662 km2 , in Venezuela), a bi-national Park that features “Parque Nacional 
Serranía de la Neblina” (13,600 km2 ) in Venezuela, and “Parque Nacional del 
Pico de la Neblina” (22,200 km2 ) in adjacent Brazil, as well as “Monumento Natural 
Piedra del Cocuy” (0.15 km2 ) in Venezuela, a place close to which the frontiers of 
three countries merge. Lleras (1997) recommended giving high priority for the 
conservation of the large area along the Colombian-Venezuelan border (Rio 
Negro, Atabapo, and Vichada river basins), which would extend south to merge 
with existing conservation units in Brazil. Therefore, more conservation strategies 
and public policies are needed to respect the indigenous peoples’ rights, and at the 
same time, understand their ancestral role in accomplishing Amazonian forest 
sustainability for centuries. 
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Appendix 3.1: Phytosociological Classification and Description 
of the New Alliances and Associations of the Forest 
Communities in the Rio Negro Region 

Phytosociological 
classification 

Physiognomy and 
composition 

Ecology and 
distribution 

ORDEN I 
1. Parahancornio 
surrogatae Aldinion 
latifoliae all. Nov. 
(Figs. 3.5 and 3.6) 
Typus: Aldino 
latifolia -
Terminalietum 
ochroprumnae (this 
study; Appendix 3.1 
(this information is 
available in the 
following link: 
https://1drv.ms/f/s! 
AsgLjs_ 
JMencgZsGYB0 
kltyDnwkilg). 
Lowlands forests of 
the Parahancornia 
surrogata - Aldina 
latifolia alliance 
Cover area: 
81,621.43 km2 

(Figs. 3.5 and 3.6) 

The forest 
communities of this 
alliance are of 
medium to high 
stature (25–35 m 
tall), characterized by 
the presence of 
trees of: 
Apocynaceae, 
Euphorbiaceae, 
Lauraceae, Fabaceae, 
Malvaceae, 
Moraceae, 
Myristicaceae, and 
Sapotaceae 

This alliance is 
defined on the basis 
of 24 samples that 
included 279 species, 
166 genera in 
62 families. This 
syntaxon is named 
with the elective 
species 
Parahancornia 
surrogata and the 
dominant legume 
species Aldina 
latifolia. Within the 
elective species are: 
Calophyllum 
brasiliense, 
Glandonia 
williamsii, Caraipa 
longipedicellata, 
Sloanea laurifolia, 
Hevea nitida, Mollia 
speciosa, Pachira 
nitida and Licania 
mollis. Other species 
can be found in 
Appendix 1. This 
alliance includes two 
new associations: 
Aldino latifoliae -
Terminalietum 
ochroprumnae and 
Caraipo 
longipedicellatae -
Micrandretum 
spruceii 

The Parahancornia 
surrogata - Aldina 
latifolia alliance is 
found on slightly 
elevated positions in 
depressions, and on a 
sandy, somewhat 
poorly drained 
Entisols and 
spodosols. It is 
exposed to water-
logging and also 
more susceptible to 
short droughts than 
other poorly or very 
poorly drained sandy 
soils, due to the 
shallow depth to the 
coarse sandy 
saprolite. This 
alliance is compound 
by forests on white 
sands, “terra firme,” 
and seasonally 
flooded forests with 
or without palm 
dominance. 

1.1 Aldino latifoliae
- Terminalietum 
ochroprumnae 
assoc. nov. (Figs. 3.5 
and 3.6). 
Typus: Plot 
no. CC_130, 
TWINSPAN ID 69. 
Coordinates datum 
WGS84 LAT 3.6877, 

The forests of 
terminalia 
ochroprumna and 
Pachira nitida are 
medium to high in 
stature and density, 
composed by trees 
with a DBH average 
greater than 10 cm. In 
this association, the 

This association is 
defined on the basis 
of 7 samples that 
included 90 species, 
61 genera in 
27 families. The 
name of this 
syntaxon was based 
on the elective 
species, the legume 

This vegetation 
community consists 
of low caatingas on 
white sand and 
seasonally flooded 
forests in black 
water. The forest of 
the association 
Aldino latifoliae 
Terminalietum 

(continued)
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LON -67.4550.
Altitude 89 m.
Colombia.
(Appendix 2; this
information is
available in the
following link:

Forests of terminali
ochroprumna and
Aldina latifolia
Cover area:
11,703.52 km2

(Figs. and 3.6)3.5

https://1drv.ms/f/s!
AsgLjs_
JMencgZsGYB0
kltyDnwkilg)

a

following species
registered the largest
height: Vochysia
catingae (26.1 m),
Parkia discolor
(25.7 m), terminalia
ochroprumna
(21.3 m), Elaeoluma
crispa (18 m), and
Aldina latifolia
(16 m). The species
with the highest
physiognomic
expression
(relativized
units) are: Aldina
latifolia (5.7%),
Calophyllum
brasiliense (5.6%),
Hevea guianensis
(5.1%), Pachira
nitida (4.9%),
Humiriastrum
excelsum (3.3%),
Leptabalanus
wurdackii (3.1%),
Elaeoluma crispa
(2.9%) and Mollia
lepidota (2.8%).

Aldina latifolia and
terminalia
ochroprumna, the
most dominant and
exclusive species. In
this association,
Elaeoluma crispa
was registered as
exclusive species as
well. Within the
elective species are:
Pachira nitida,
Macrolobium
multijugum, Mollia
lepidota, Peltogyne
paniculata, Swartzia
sericea, Tachigali
paniculata,
Humiriastrum
excelsum, and
Leptobalanus
apetalus. Other
species can be found
in the Appendix 3.1.
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ochroprumnae was 
determined based on 
seven (7) samples 
located in Colombia 
(i.g., along the 
Atabapo river in the 
border with 
Venezuela). Detailed 
information about 
these localities are 
found in Appendix 
3.2. 

1.2. Caraipo 
longipedicellatae
-Micrandretum 
spruceii assoc. nov. 
(Figs. 3.5 and 3.6) 
Typus: Plot CC_153, 
TWINSPAN ID 92. 
Coordinates datum 
WGS84 LAT 3.0986, 
LON -67.7889. 
Altitude 110 m. 
Colombia. 
(Appendix 3.1) 
Forests of Caraipa 
longipedicellata and 
Micrandra sprucei 
Cover area: 
69,917.91 km2 

(Figs. 3.5 and 3.6) 

The forests of 
Caraipa 
longipedicellata and 
Micrandra sprucei 
exhibit medium 
statures and 
densities. These are 
composed of trees 
with a DBH average 
greater than 10 cm. In 
some areas there are 
some emergent trees 
of up to 35 m. The 
highest heights were 
recorded to 
Parahancornia 
negroensis (35 m), 
P. surrogata (28 m), 
Discophora 
guianensis (26.5 m), 
Caraipa llanorum 

This association is 
defined on the basis 
of 17 samples that 
included 222 species, 
145 genera and 
60 families. This 
syntaxon is named 
with the elective 
species Caraipa 
longipedicellata and 
the dominant species 
Micrandra sprucei; 
Humiria crassifolia 
and Cyrilla 
racemiflora were 
recorded as exclusive 
species. Micrandra 
sprucei, 
Compsoneura 
debilis, and Caraipa 
longipedicellata are 

This association 
includes caatingas on 
white sands, “terra 
firme” forests, and 
seasonally flooded 
forests in black water 
with or without 
palms dominance 
over poorly drained 
sandy soils. A 
substrate that tolerate 
considerable 
differences in 
drainage classes, 
probably by the root 
mat develops in the 
litter layer. 
The forest of the 
association Caraipo 
longipedicellatae 
Micrandretum 

(continued)
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https://1drv.ms/f/s!AsgLjs_JMencgZsGYB0kltyDnwkilg
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(21.5 m), and
Micrandra sprucei
(20 m). Some of the
species that present a
high physiognomic
expression in this
syntaxon are:
Micrandra sprucei
(18.7%),
Aspidosperma
verruculosum
(8.9%), Henriquezia
nitida (6.6%),
Caraipa
longipedicellata
(5.4%),
Parahancornia
surrogata (3.2%),
Pradosia
schomburgkiana
(1.8%),
Chrysophyllum
amazonicum (1.8%),
and Doliocarpus
novogranatensis
(1.5%).

among the elective
peciess

(continued)
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spruceii was 
described based on 
17 samples located in 
Colombia (e.g., 
Atabapo and 
Guasacavi rivers, 
near of Inirida, Mirití, 
Mitú towns, and the 
“Serranía de 
Naquén”) and 
Venezuela (e.g., 
along San Carlos de 
Río Negro-Solano 
road). Detailed 
information about 
these localities is 
found in Appendix 
3.2. 

2. Oenocarpodo 
batauae - Eperuion 
leucanthae all. Nov. 
(Figs. 3.5 and 3.6) 
Typus: Micrandro 
elatae -
Micrandretum 
spruceii (this study; 
Appendix 3.1) 
Lowlands forests of 
the Oenocarpus 
bataua and Eperua 
leucantha 
Cover area: 
38,073.06 km2 

(Figs. 3.5 and 3.6) 

The forest 
communities of this 
alliance are forests of 
medium to high 
stature, reaching to 
40 m height. These 
are characterized by 
the presence of trees 
of Apocynaceae, 
Arecaceae, 
Lauraceae, Fabaceae, 
Malvaceae, 
Moraceae, and 
Myristicaceae. 

This alliance is 
defined on the basis 
of 61 samples that 
included 852 species, 
323 genera in 
87 families. 
Oenocarpus bataua 
(as the elective 
species) and Eperua 
leucantha (as the 
dominant) were 
chosen to coined the 
name of this 
syntaxon. The 
exclusive species are: 
Erisma micranthum, 
Retiniphyllum 
concolor, and Hevea 
rigidifolia. 
Eperua leucantha, 
Clathrotropis 
glaucophylla, 
Macrolobium 
limbatum, and 

This alliance contains 
low and high 
Caatingas on white 
sands, “terra firme” 
forests and 
seasonally flooded 
forests in black water 
with or without 
palms dominance. 
The Oenocarpus 
bataua—Eperua 
leucantha alliance is 
located on elevated 
positions in 
depressions, very 
poorly drained sandy 
Spodosols on plains, 
with similar 
characteristics to the 
Spodosols located in 
the San Carlos de Rio 
Negro (Herrera 1979, 
1985; Schargel and 
Marvez 2009).
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Micrandra sprucei
were registered as
elective species.
This alliance
comprises two new
upper Rio Negro
typical associations
such as the
Amazonian caatinga,
and the “Yévaro”
forests (Micrandrum
elatum - Micrandrum
spruceae and
Oenocarpodo
batauae Eperuetum
purpureae).
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2.1. Micrandro 
elatae -
Micrandretum 
spruceii assoc. nov. 
(Figs. 3.5 and 3.6) 
Typus: Plot 
CC_154, 
TWINSPAN ID 93. 
Coordinates datum 
WGS84 LAT 3.0833, 
LON -67.7833. 
Altitude 108 m. 
Colombia. 
(Appendix 1) 
Forests of 
Micrandra elata and 
Micrandra sprucei 
Cover area: 
21,835.99 km2 

(Figs. 3.5 and 3.6) 

The forests of 
Micrandra elata and 
M. sprucei are of 
medium stature 
(28 and 25 m) and 
high density 
composed of trees 
with a DBH greater 
than 10 cm. 
Calophyllum 
brasiliense (30 m), 
Hevea benthamiana 
(30 m), H. guianensis 
(30 m), and Sloanea 
floribunda (30 m) 
recorded the highest 
heights in this 
formation. The 
species with the 
biggest dominance 
expression 
(relativized 
units) are: Micrandra 
sprucei (25.4%), 
M. elata (6.9%), 
Caraipa 
longipedicellata 
(4.1%), Hevea 
benthamiana (3.1%), 
Eperua leucantha 
(3.0%), E. obtusata 
(2.8%), Hevea 
pauciflora (2.7%), 
Micrandra sprucei 

This association is 
defined on the basis 
of 18 samples that 
included 255 species, 
136 genera in 
52 families. This 
syntaxon was named 
used Micrandra elata 
(the elective species) 
and Micrandra 
sprucei as the 
dominant. 
Chrysophyllum 
bombycinum and 
Hevea benthamiana 
were recorded as 
exclusive species. 
Among the elective 
species are: 
Micrandra sprucei, 
M. elata, 
Macrolobium 
limbatum, Ficus 
guianensis, Caraipa 
longipedicellata, and 
Mucoa duckei. 

This kind of 
vegetation is 
composed of low and 
high caatingas on 
white sands, “terra 
firme” forests and 
seasonally flooded 
forests over black 
and white water with 
or without palms 
dominance. The 
forest of the 
association 
Micrandrum elatum-
Micrandrum 
spruceanum can be 
found on areas in 
upper Rio Negro over 
poorly drained sandy 
soils. This 
community tolerates 
considerable 
differences in 
drainage classes. 
This association was 
determined based on 
18 samples located in 
Colombia (e.g., near 
Inírida, Almidón/La 
Ceiba area, Chorro 
Bocón at Inírida 
river, Campo Alegre 
at Cuiarí river) and 
Venezuela (e.g., La 

(continued)
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(2.7%), and
Macrolobium
limbatum (2.1%).
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Esmeralda, upper 
Orinoco river, along 
Maroa-Yavita road). 
Detailed information 
on these localities is 
found in Appendix 
3.2. 

2.2. Oenocarpodo 
batauae -
Eperuetum 
purpureae assoc. 
nov. (Figs. 3.5 and 
3.6) 
Typus: Plot CC_115, 
TWINSPAN ID 54. 
Coordinates datum 
WGS84 LAT 3.3822, 
LON -67.3386. 
Altitude 101 m. 
Colombia. 
(Appendix 3.1) 
Forests of 
Oenocarpus bataua 
and Eperua 
purpurea 
Cover area: 
16,237.07 km2 

(Figs. 3.5 and 3.6) 

The forests of 
Oenocarpus bataua 
and Eperua purpurea 
are medium to tall 
stature and high 
density. These are 
composed of trees 
with a DBH average 
diameter greater than 
10 cm. The canopy of 
the forest is 
composed of trees of 
between 20 and 40 m 
with a dense cover 
and great number of 
palms. In this 
association, the 
following species 
registered the highest 
heights: Eperua 
purpurea (46 m), 
Erisma japura 
(40 m), Eschweilera 
tessmannii (40 m), 
Monopteryx uaucu 
(40 m), 
Pseudoxandra 
leiophylla (37 m), 
Vochysia grandis 
(37 m), and 
Oenocarpus bataua 
(25 m). The species 
with the most 
physiognomic 
expression are 
Eperua purpurea 
(10.3%), Micrandra 
sprucei (6.3%), 
Swartzia parvifolia 
(4.4%), Eperua 
leucantha (3.6%), 
Leopoldinia piassaba 
(3.2%), Monopteryx 

This association is 
defined on the basis 
of 44 samples that 
included 761 species, 
297 genera in 
82 families. The 
elective species 
Oenocarpus bataua 
and the dominant 
species Eperua 
purpurea, were 
chosen to coined the 
name of this 
syntaxon. Within the 
elective species are: 
Brosimum utile, 
Minquartia 
guianensis, Virola 
elongata, 
Pseudolmedia 
laevigata, 
Clathrotropis 
glaucophylla, 
Iryanthera 
crassifolia, Erisma 
splendens, Ocotea 
aciphylla, Roucheria 
Columbiana, and 
Leopoldinia 
piassaba. 

This association 
harbors the low and 
high caatingas on 
white sands, “terra 
firme” forests and 
seasonally flooded 
forests over mixed 
water with palms 
dominance. The 
forest of the 
association 
Oenocarpodo 
batauae Eperuetum 
purpureae can be 
found on areas in the 
upper Rio Negro over 
poorly drained sandy 
soils. This type of 
vegetation was 
described based on 
samples located in 
Colombia (e.g., along 
Atabapo river, 
Nabuquén at Inírida 
river, upper Isana 
river) and Venezuela 
(Casiquiare channel, 
near San Carlos de 
Río Negro). Detailed 
information on these 
localities is found in 
Appendices 3.2, 3.3 
and 3.4.
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uaucu (3.1%),
Erisma japura
(3.0%), Oenocarpus
bataua (2.4%), and
Aldina kunhardtiana
(2.0%).
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3. Monopterygo 
uaucus - Eperuion 
purpureae all. Nov. 
(Figs. 3.5 and 3.6) 
Typus: Aldino 
heterophyllae 
Eperuetum 
leucanthae (this 
study; Appendix 3.1) 
Lowlands forests of 
Monopteryx uaucu 
and Eperua 
purpurea 
Cover area: 
120,675.10 km2 

(Figs. 3.5 and 3.6) 

The communities of 
this alliance are 
composed of forests 
of medium to high 
stature (up to 
30–45 m tall), 
characterized by the 
presence of emergent 
trees. According to 
the abundance, 
frequency and basal 
area values, the most 
important families 
are Apocynaceae, 
Arecaceae, 
Lauraceae, Fabaceae, 
Malvaceae, 
Moraceae, and 
Myristicaceae. 

This alliance is 
defined on the basis 
of 27 samples, that 
included 919 species, 
corresponding to 
314 genera in 
78 families. 
Monopteryx uaucu as 
the elective species, 
and Eperua purpurea 
as the dominant were 
chosen to coined the 
name of this 
syntaxon. Within the 
elective species are: 
Eperua leucantha, 
Hevea guianensis, 
Micrandra sprucei, 
M. spruceana, 
Brosimum 
guianense, Erisma 
japura, Eschweilera 
pedicellata, 
Monopteryx uaucu, 
Iryanthera laevis, 
Zygia claviflora, 
Micropholis 
guyanensis, and 
Abarema jupunba. 
Other species can be 
shown in Appendix 
3.1. 

This kind of 
vegetation assembles 
low and high 
Caatingas on white 
sands and “terra 
firme” forests. The 
Monopteryx uaucu— 
Eperua purpurea 
alliance hold forests 
with four vertical 
layers. This forest 
was located on a 
poorly drained sandy 
Entisol in depression, 
on a moderately 
drained Ultisol on a 
hill, and a poorly 
drained Inceptisol on 
a foot-slope of a low 
hill. Both the Ultisol 
and the Inceptisol 
have sandy loam, and 
sandy clay loam 
textures below the 
sandy surface 
horizon (Schargel 
and Marvez 2009). 

3.1. Aldino 
heterophyllae 
Eperuetum 
leucanthae assoc. 
nov. (Figs. 3.5 and 
3.6) 
Typus: Plot S_6, 
TWINSPAN ID 218. 
Coordinates datum 
WGS84 LAT -
0.1007, LON
-66.8804. Brazil. 

The forests of Aldina 
heterophylla and 
Eperua leucantha are 
of medium stature 
and high density. 
These are composed 
of trees with a DBH 
average greater than 
10 cm. In some areas 
there are some 
emergent trees of up 
to 46 m; the highest 

This association is 
defined on the basis 
of 19 samples that 
included 716 species, 
262 genera in 
70 families. This 
syntaxon is named 
used Aldina 
heterophylla (the 
exclusive species) 
and Eperua 
leucantha (the 

This kind of 
vegetation harbors 
low caatingas on 
white sands and 
“terra firme” forests. 
The forest of the 
association Aldino 
heterophyllae -
Eperuetum 
leucanthae can be 
found on areas in the 
upper Rio Negro 

(continued)
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(Appendix 3.1)
Forests of Aldina
heterophylla and
Eperua leucantha
Cover area:
9358.28 km2

(Figs. nd 3.6)3.5 a

heights were
recorded to
Scleronema
micranthum
(46.4 m), Brosimum
utile (35 m), Erisma
laurifolium (35 m),
protium
alvarezianum (35 m),
Swartzia tomentifera
(34.4 m), Eperua
purpurea (30 m),
E. leucantha (30 m),
and Aldina
heterophylla
(28.1 m). Several
species presented
higher physiognomic
expression in this
syntaxon (relativized
units) such as:
Eperua leucantha
(13.1%), E. purpurea
(9.4%), Monopteryx
uaucu (7.3%), Aldina
heterophylla (4.7%),
Clathrotropis
macrocarpa (3.6%),
Micrandra
spruceana (3.0%),
Scleronema
micranthum (2.2%),
Swartzia polyphylla
(1.6%), and Swartzia
tomentifera (1.3%).

dominant species). In
this vegetation
pattern,
Chamaecrista
adiantifolia, Sloanea
obtusifolia,
Himatanthus
obovatus, Pradosia
schomburkiana, and
Vitex sprucei were
identified as
exclusive species.
Within the elective
species are: Swartzia
tomentifera,
Trattinnickia
glaziovii, Ocotea
rhynchophylla,
Sandwithia
guyanensis,
Brosimum rubescens,
Pouteria cuspidata,
Bocageopsis
pleiosperma, Virola
calophylla, Erisma
calcaratum,
Micrandra
spruceana, Hevea
guianensis,
Chimarrhis
duckeana, Couma
guianensis, and
Cyrillopsis
paraensis.
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growing on poorly 
drained sandy soils; it 
tolerates considerable 
differences in 
drainage class. This 
association was 
determined based on 
19 samples located in 
Brazil (e.g., São 
Gabriel da 
Cachoeira, middle 
Içana river, Pico da 
Neblina National 
Park), Colombia 
(e.g., Punta de Tigre, 
upper Isana river) 
and Venezuela 
(i.g. Mawarinuma 
river at the base of 
“Sierra de la 
Neblina”) as well. 
Detailed information 
on these localities is 
found in Appendix 
3.2. 

3.2. Eperuo 
purpureae -
Erismetum japurae 
assoc. nov. (Figs. 3.5 
and 3.6) 
Typus: Plot P6, 
TWINSPAN ID 191. 
Coordinates datum 
WGS84 LAT 2.2071, 
LON -68.2781. 
Colombia. 
(Appendix 3.1) 
Forests of Eperua 
purpurea and 
Erisma japura 

The forests of Eperua 
purpurea and Erisma 
japura have a 
medium to tall 
stature, high density 
and great number of 
palms. The trees have 
a DBH average 
greater than 10 cm. In 
this association the 
following species 
have the highest 
heights: Pouteria 
ucuqui (45 m), 
Eschweilera collina 

This association is 
defined on the basis 
of 8 samples, that 
included 332 species, 
169 genera in 
55 families. Eperua 
purpurea (as elective 
species) and Erisma 
japura (as the 
dominant) were 
chosen to name this 
taxon. Within the 
elective species are: 
Protium 
crassipetalum, 

This association 
assembles the “terra 
firme” forests and the 
tall caatingas. The 
forest of the 
association Eperuo 
purpureae Erismetum 
japurae can be found 
on areas in the upper 
Rio Negro growing 
on poorly drained 
sandy and clay soils; 
it tolerates 
considerable 
differences in 

(continued)
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Cover area:
111.316.82 km2

(Figs. and 3.6)3.5

(44 m), Brosimum
utile (40 m),
Micropholis
brochidodroma
(40 m), Swartzia
floribunda (40 m),
Allantoma lineata
(35 m), Ecclinusa
ramiflora (35 m), and
Goupia glabra
(35 m). The species
with most
physiognomic
expression
(relativized
units) are: Erisma
japura (18.3%),
Eperua purpurea
(13.9%), Goupia
glabra (3.3%),
Heterostemon
conjugatus (2.9%),
Ecclinusa ramiflora
(2.9%), Swartzia
pinnata (2.5%),
Sandwithia
heterocalyx (2.5%),
Pseudosenefeldera
inclinata (2.1%),
Hevea guianensis
(2.1%), and
Eschweilera
pedicellata (2.0%).

Aldina kunhardtiana,
Heterostemon
conjugatus, Swartzia
pinnata,
Clathrotropis
glaucophylla,
Oenocarpus bacaba,
Ecclinusa bullata,
Helianthostylis
steyermarkii, and
Pouteria guianensis.
Other species can be
shown in the
Appendix 3.1.
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drainage classes. 
This kind of 
vegetation was 
described based on 
eight (8) samples 
located in Colombia 
(e.g., mouth of 
Naquén river, Puerto 
Colombia - Guainía) 
and Venezuela (e.g., 
Maroa-Yavita road). 
Detailed information 
on these localities is 
found in Appendix 
3.2. 

ORDER II 
1. Goupio glabrae -
Minquartiion 
guianensis all. Nov. 
(Figs. 3.5 and 3.6) 
Typus: Eschweilero 
parviflorae -
Mouririetum 
grandiflorae (this 
study; Appendix 1) 
Lowlands forests of 
the Eschweilera 
parviflora and 
Mouriri grandiflora 
Cover area: 
333,950.47 km2 

(Figs. 3.5 and 3.6) 

The forest 
communities of this 
alliance are medium 
to high in stature, up 
to 45 m tall. These 
communities are 
characterized by the 
presence of trees of 
Arecaceae, 
Burseraceae, 
Lauraceae, 
Lecythidaceae, 
Fabaceae, 
Melastomataceae, 
Moraceae, 
Myristicaceae, 
Olacaceae, 

This alliance is 
defined on the basis 
of 95 samples that 
included 1983 
species, 532 genera 
in 120 families. This 
syntaxon is named 
with the exclusive 
species Goupia 
glabra and the 
dominant species 
Minquartia 
guianensis. In this 
vegetation alliance 
others exclusive 
species were: Abuta 
grandifolia, 

This alliance is 
compound by “terra 
firme” forests, forests 
with palm dominance 
and seasonally 
flooded forests in 
white and clear 
waters with or 
without palm 
dominance. The 
Eschweilea 
parviflora—Mouriri 
grandiflora order is 
located on in the 
transition between 
alluvial plains and 
the hills (“lomeríos”) 

(continued)
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Rubiaceae,
Sapindaceae, and
Sapotaceae.

Cynometra
marginata, Mabea
nitida, Clarisia
racemosa,
Oenocarpus minor,
and Richeria grandis.
The elective
species are:
Dendrobangia
boliviana, Siparuna
guianensis, Mouriri
grandiflora, Virola
elongata,
Heterostemon
mimosoides,
Trichilia micrantha,
and Xylopia nervosa.
This alliance includes
two associations: An
undefined named
compound by Attalea
Maripa and
Brosimum utile, and
the Eschweilero
parviflorae -
Mouririetum
grandiflorae.
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over Ultisol and 
poorly drained 
Entisol. 

1.1 Attalea Maripa -
Brosimum utile 
(Figs. 3.5 and 3.6). 
Representative plot 
no. P2, TWINSPAN 
ID 187. Coordinates 
datum WGS84 LAT 
1.7449, LON
-69.7660. Altitude 
193 m. Colombia, 
Venezuela and Brazil 
(Appendix 3.1) 
Forests of Attalea 
Maripa and 
Brosimum utile 
Cover area: 
267,160.37 km2 

(Figs. 3.5 and 3.6) 

The forests of Attalea 
Maripa and 
Mespilodaphe 
cymbarum are 
communities of 
medium to high 
stature and density, 
mainly composed by 
trees with a DBH 
average greater than 
15 cm. This analysis 
was outline such as 
an undefined 
association. The 
canopy of the forest 
is composed of trees 
with heights between 
20 and 40 m. 
Brosimum utile, 
Euterpe precatoria, 
Matayba elegans, 
Eschweilera 
parviflora, and 

This kind of 
vegetation was 
defined on the basis 
of 68 samples, that 
included 1905 
species, 516 genera 
in 117 families. This 
group of undefined 
associations 
registered Attalea 
Maripa as the 
elective species, and 
Brosimum utile as the 
dominant. As 
exclusive species 
were registered: 
Brosimum utile, 
Zygia cataractae, 
Maprounea 
guianensis, Mouriri 
acutiflora, Garcinia 
madruno, Piper 
arboreum, protium 

This vegetation is 
represented by “terra 
firme” forests, 
flooded forests with 
palm dominance, and 
seasonally flooded 
forests with or 
without palm 
dominance. The 
forest of Attalea 
Maripa and 
Brosimum utile 
assembles 
68 samples located in 
Brazil (e.g., near 
Manaus city, Uatuma 
river, Pico da Neblina 
National Park), 
Colombia 
(i.g. Cumaribo-
Vichada, Mitú, 
middle Caquetá river, 
“El Retiro” (“La 

(continued)
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Virola elongata
being the most
abundant species.
Some of the highest
heights were
recorded in
Minquartia
guianensis (58 m),
Aldina latifolia
(40 m), Brosimum
utile (40 m),
Caryocar glabrum
(40 m), Eschweilera
parviflora (40 m),
Mespilodaphe
cymbarum (40 m),
Vochysia assua
(40 m), V. grandis
(40 m), and Attalea
Maripa (20 m).To
this syntaxon the
species with the
biggest dominance
expression are
Eschweilera
parviflora (3.0%),
Attalea Maripa
(1.9%), Goupia
glabra (1.7%),
Allantoma lineata
(1.6%), Swartzia
tomentifera (1.5%),
Euterpe precatoria
(1.4%), Minquartia
guianensis (1.3%),
Chaetocarpus
schomburgkianus
(1.3%), and
Brosimum utile
(1.2%).

laxiflorum, Zygia
inaequalis, and
Homalolepis cedron.
Other exclusive
species can be show
in the Appendix 3.1.
Among the elective
species are: Gustavi
augusta, Myrcia
fallax, protium
stevensonii, Inga
acrocephala,
Macrosamanea
amplissima, Maquir
calophylla, Duguetia
quitarensis, and
Gustavia acuminata.
Other species can be
shown in Appendix
1.

n

a

a
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Lindosa”), Inírida 
river, near mouth of 
“caño Bocón,” 
Guaviare river, upper 
Isana river) and 
Venezuela (e.g., 
along Casiquiare 
river, middle and 
lower Ventuari river). 
Detailed information 
on these localities is 
found in Appendix 
3.2. 

1.2 Eschweilero 
parviflorae -
Mouririetum 
grandiflorae assoc. 
nov. (Figs. 3.5 and 
3.6). Typus: Plot 
CC_173, 
TWINSPAN ID 112. 
Coordinates datum 
WGS84 LAT 3.7917, 
LON -67.8197. 
Altitude 108 m. 

The forests of 
Eschweilera 
parviflora and 
Erisma laurifolium 
are communities of 
medium to high 
stature and density, 
mainly composed of 
trees with a DBH 
average greater than 
15 cm. Protium 
divaricatum, 

This association is 
defined on the basis 
of 28 samples that 
included 373 species, 
176 genera and 
60 families. This 
syntaxon is named 
with the exclusive 
species Eschweilera 
parviflora and the 
dominant species 
Mouriri grandiflora. 

This association is 
compound by “terra 
firme” forests and 
seasonally flooded 
forests with or 
without palms 
dominance. The 
forest of the 
association 
Eschweilero 
parviflorae 
Mouririetum 

(continued)
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Colombia.
(Appendix 3.1).
Forests of
Eschweilera
parviflora and
Erisma laurifolium
Cover area:
66,790.09 km2

(Figs and 3.6). 3.5

Eschweilera
parviflora, Brosimum
utile, Pouteria
baehniana, Mouriri
grandiflora,
Clathrotropis
brachypetala, and
Virola elongata
being the most
abundant species. In
this association
following species
registered the highest
heights Clathrotropis
glaucophylla (35 m),
Eperua purpurea
(35 m), Erisma
laurifolium (35 m)
Goupia glabra
(35 m), Vochysia
splendens (33 m),
Caryocar glabrum
(32 m), Qualea
ingens (32 m),
Eschweilera
parviflora (30 m),
and Mouriri
grandiflora (30 m).
Some of the species
that present a high
physiognomic
expression in this
syntaxon (relativized
units) are: Eperua
purpurea (5.2%),
Caryocar glabrum
(4.2%), Mouriri
nigra (3.4%), Goupia
glabra (2.9%),
Leopoldinia piassaba
(2.7%),
Leptobalanus
apetalus (2.6%),
Eschweilera
parviflora (2.6%),
protium divaricatum
(2.4%), Virola
elongata (2.2%), and
Mouriri grandiflora

In this vegetation
pattern Pouteria
baehniana was
registered as
exclusive species.
Within the elective
species are:
Clathrotropis
brachypetala,
Mouriri grandiflora,
Eschweilera
parviflora, Virola
elongata, protium
divaricatum, Erisma
laurifolium, and
Aptandra tubicina.
Other species can be
shown in the
Appendix 1.
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grandiflorae was 
determined based on 
28 samples located in 
Colombia (e.g., 
Guaviare river at 
mouth Inírida river, 
near Inírida, Nukak 
reservation). Detailed 
information on these 
localities is found in 
Appendix 3.2.

(1.8%).



Syntaxonomy

3 The Forests of the Upper Rio Negro (North-Western Amazon) and. . . 93

Phytosociological 
classification 

Physiognomy and 
composition 

Ecology and 
distribution 

2. Astrocaryo 
chambirae -
Socrateion 
exorrhizae all. Nov. 
(Figs. 3.5 and 3.6). 
Representative plot. 
GB_8, TWINSPAN 
ID 172. Coordinates 
datum WGS84 LAT 
2.4232, LON
-72.3699. Colombia. 
(Appendix 3.1) 
Lowlands forests of 
the Astrocaryum 
chambira and 
Socratea exorrhiza 
without indefinite 
associations 
Cover area: 
6958.74 km2 

(Figs. 3.5 and 3.6) 

The forest 
communities of this 
alliance are medium 
to high stature, up to 
25–30 m tall, 
characterized by the 
high presence of 
palms and trees of 
Burseraceae, 
Lauraceae, 
Lecythidaceae, 
Fabaceae, 
Melastomataceae, 
Moraceae, 
Myristicaceae, 
Rubiaceae, 
Sapindaceae, and 
Sapotaceae. Some of 
the highest heights 
were recorded in 
Vochysia splendens 
(26.5 m), Virola 
marleneae (22.4 m), 
Clathrotropis 
macrocarpa 
(21.4 m), Socratea 
exorrhiza (13.9 m), 
and Astrocaryum 
chambira (9.3 m). 
The species with 
most physiognomic 
expression are 
Erythroxylum 
macrophyllum 
(6.8%), Psychotria 
remota (6.0%), 
Palicourea 
raveniana (6.0%), 
Sorocea muriculata 
(4.8%), Theobroma 
subincanum (2.5%), 
Socratea exorrhiza 
(2.3%), Astrocaryum 
chambira (2.1%), 
Miconia punctata 
(2.0%), 
Pseudolmedia laevis 
(1.8%), and 
Clathrotropis 
macrocarpa (1.8%). 

This alliance is 
defined on the basis 
of 16 samples that 
included 102 species, 
79 genera and 
39 families. 
Astrocaryum 
chambira (as the 
elective species) and 
Socratea exorrhiza 
(as the dominant) 
were chosen to name 
this syntaxon. As 
exclusive species 
were registered: Inga 
tessmannii, 
Psychotria remota 
and Jacaratia 
spinosa. The elective 
species are: 
Calycophyllum 
megistocaulum, 
Astrocaryum 
chambira, 
Pseudolmedia laevis, 
Euterpe precatoria, 
and Socratea 
exorrhiza. 

This alliance is 
composed of “terra 
firme” forests with 
palms dominance, 
located in the 
transitions between 
the alluvial plains 
and the terraces over 
Entisol and Ultisol 
soils. This kind of 
vegetation was 
described based on 
16 samples located in 
Colombia (e.g., San 
José del Guaviare. 
Nabuquén creek, 
Puinawai natural 
reserve). Detailed 
information on these 
localities is found in 
Appendix 3.2.
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Appendix 3.2 Botanical Explorations in the Rio Negro Basin: 
A Review 

Introduction 

The record of human occupation in the upper Rio Negro basin, based on ceramic 
shards, dates back to between 3750 (Sanford et al. 1985) and 3570 (Neves 1998) 
years B.P. Other data, based on soil charcoal samples, dates human occupation to 
between 640 and 250 years B.P. for the top 20 cm soil layers, and between 6260 and 
530 years B.P for the lower 20–90 cm soil layers (Saldarriaga and West 1986). It is 
interesting that the dates reported by these authors correspond with dry episodes in 
the Amazon basin and surrounding areas (van der Hammen 1972; Bush and 
McMichael 2016). The authors suggest that dry and humid periods alternated from 
6000 to 400 B.P. The age estimated from charcoal and shards confirms that the 
region has been subjected to fires during extreme dry periods, and indicates periods 
of human disturbance (e.g., shifting cultivation) for the last 3750 years. 

It is well known that the region comprising the upper Río Negro and Orinoco 
basins was traveled, explored, and inhabited for several millennia by ancestral 
groups such as the Makú-Puinave, the Arawak, and the Tucano (Zucchi 2006). 
Migrations or movements of these ancestral groups came from the Central Amazon 
region to the Rio Negro basin approximately 4500–3500 B.P. (Meggers 1979), 
perhaps escaping the devastating droughts or Mega-Niño events that took place in 
Central Amazonia during this time (Meggers 1994; van der Hammen 2006; Olivares 
et al. 2015). No doubt, the Río Negro basin was relatively well explored by the 
earliest inhabitants of the region, who were able to classify vegetation types and its 
most important plant species before Europeans arrived (Abraão et al. 2009). Also, 
Pre-Columbian populations categorized Amazonian rivers by the color of their 
water, and they knew that water color was related with fish richness or soil fertility 
(Junk et al. 2011). 

The Journeys 

Fifteenth to Nineteenth Centuries 
The first Iberian journeys down the Amazon river, from the Andes to the Atlantic 
Ocean, were undertaken by two groups of Spaniards, one commanded by Francisco 
de Orellana (1541–1542) and later by Pedro de Ursúa (1560–1561) accompanied by, 
among others, the infamous Lope de Aguirre. Chronicles of these travels, written by 
Fray G. de Carvajal in the case of Orellana’s saga (Carvajal 1848), and by several 
witnesses and second-hand accounts in the case of Ursúa and Aguirre’s (e.g., 
Vazquez 1881), spoke of large areas of forest along the Amazon river and numerous, 
well-populated native villages. During Orellana’s journey a mighty black water river 
was sighted flowing from “El Poniente,” and was called “Río Negro” (Carvajal 
1848).
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After the two Iberian voyages down the Amazon river, the interest in knowing the 
Amazon basin in greater detail took a remarkable impact at the cartographic level, 
especially by the French, Portuguese, and Jesuits and Franciscans priests (Cintra 
2012a). The first accurate map of the Amazon River was drawn by French 
cartographers, including one by Count of Blaise François Pagan (1655) and several 
by Nicolas Sanson (1656, 1657, 1680, 1698, and 1699), drawn and engraved during 
the golden age of French cartography (Cortesão 1965). Pagan’s map, Magni 
Amazoni Fluvii (Pagan 1655), is considered the most remarkable of all the charts, 
not just of the Amazonas river, but of the whole of Amazon basin (Cortesão 1965; 
Cintra 2011). It was based mainly on the account of Father Cristóbal de Acuña, who 
descended the river with Pedro Teixeira in 1639, and determined some latitudes and 
estimated distance in leagues between consecutive locations. This chart was the first 
established canvas of the meridians and parallels that scientifically situated the 
Amazon and took full advantage of the geographic data supplied by the discoverers. 
Nicolas Sanson (the royal cartographer of France) published his first Amazonas map 
in 1656. He improved his first map with several versions published in 1657, 1680, 
1698, and 1699. The maps of the Amazon River traced by Sanson present precise 
geographic coordinates considering its time, shows a well-determined prime merid-
ian, and also employs a creative methodology to deduce longitudes from latitudes 
and distances that had been covered (Cintra and de Oliveira 2014). After Pagan’s and 
Sanson’s maps, the Jesuit priest Samuel Fritz drew a map of the Amazon in 1691 and 
later had one engraved in 1707. Much simplified versions of Fritz’ map were first 
published in 1717 (engraved in French), 1726 (in German), 1755 (in Spanish), and in 
1819 (a second version in French), accompanying an extract of his description of the 
“Maragnon.” Of the map engraved in 1707, apparently, only a few copies circulated 
are fewer are extant; the other four maps were published in “Lettres Édifiantes et 
Curieuses” (in Fritz 1717 and 1819, for the first and second versions in French, 
respectively), in Der Neüer Welt-Bott (Fritz 1726, in German), and “Cartas 
edificantes, y Curiosas” (Fritz 1755), journals then little read outside religious 
circles. It is evident that the scientific cartography of Amazonas begins with the 
map of Count of Pagan (for a review see: Cintra 2011, 2012b; Cintra and Freitas 
2011; Cintra and Furtado 2011; Cintra and de Oliveira 2014). 

Some years later, researchers started collecting plants and studying the vegetation 
of the Amazon river. Charles de La Condamine, who navigated this river in 1743, 
wrote the first biological report (de La Condamine 1745). European scientists 
considered his expedition the beginning of the great era of Amazonian travel (ter 
Steege et al. 2016). La Condamine remarked on numerous plant products such as 
curare, the arrow poison, derived from Strychnos spp. (Loganiaceae); he also 
documented for the first time the quinine tree, Cinchona officinalis L. (Rubiaceae) 
and the rubber tree, Hevea spp. (Euphorbiaceae). However, the first known large 
collection of Amazon plants was made by Alexandre Rodrigues Ferreira 
(1756–1815) during his voyage of 1783–1792 (Wurdack 1971). He explored the 
Amazon river and its main tributaries, including the Rio Negro and Rio Branco 
between 1785 and 1786, where his itinerary notably included the Isana and Vaupés 
rivers (Pereira da Silva 2008). His group collected and drew numerous plants and



animals during this expedition. Asteranthos brasiliensis Desf. (Scytopetalaceae), 
with showy yellow, fused petals, and an actinomorphic androecium, is an endemic 
genus of the Rio Negro basin, and perhaps one of the most extraordinary plants they 
documented (see Fig. 3.12 on the text of Chap. 3). 
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Fig. 3.12 Asteranthos brasiliensis Desf. Lecythidaceae. Predominantly occupies a geographical 
range from Eastern Colombia and stretches to incorporate Southern Venezuela and Northern Brazil, 
with a specific concentration in the Upper Río Negro region. This species is classified as arboreal 
and grows best primarily in hydric or moisture-rich environments—image captured by H. ter Steege 

Later, “caño” Pimichín and the rivers Guianía and upper reaches of the Río Negro 
were explored by the famous naturalists F. H. A. von Humboldt and A. J. A. Bonpland 
(in April 1800), gathering the first biological collections of that section of the Río 
Negro basin. They were followed by C. F. P. von Martius and J. B. von Spix 
(1819–1820), A. Plée (1821), L. Reidel (1828), J. B. Natterer (1830–1832), R. H. 
Schomburgk (1839; 1855), P. J. Ayres (1842–1844), A. R. Wallace (1850–1851), and 
R. Spruce (1850–1854), at a time when scientists in Europe were fascinated by the 
tremendous diversity of fishes, insects, mammals and plants being discovered, and 
before modern scientific research on ecology and evolutionary biology. 

Richard Spruce (1817–1893) was remarkable among all personalities above 
mentioned. He was a pioneer botanical explorer of the north-west Amazon and the 
northern Andes in the middle of the last century. He collected ca 7000 botanical 
specimens and made numerous important botanical discoveries. This British bota-
nist, who opened up the Rio Negro region to science between 1850 and 1854, must 
be counted amongst the greatest naturalists ever to have engaged in collecting and 
studies anywhere in unexplored Neotropical territories (Schultes 1983). As a result 
of his meticulous observation and insatiable curiosity, a basis for our understanding 
of great areas of the Amazon was early and most firmly laid. Not only did Spruce



advance taxonomy and floristics, but he was also a notable bryologist and made 
many important observations in ethnology, ethnobotany, linguistics, and geology 
(Spruce 1908). 
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Nineteenth to twentieth Centuries 
The Portuguese and later Brazilians started an ambitious plan of exploration in the 
Rio Negro during the nineteenth century, shortly after the consolidation of 
Amazonas province in 1850. Several explorers visited the watersheds of main 
affluents (for a review see: Tenreiro-Aranha 1906). After this period, the exploration 
of the Rio Negro basin and its most important rivers continued with the work of, 
among others, G. Wallis (1863–1864), J. W. H. Traill (1874), J. Barbosa Rodrigues 
(1884–1885), P. H. W. Taubert (1896), E. H. G. Ule (1901–1902), É. Bommechaux 
(1903), G. A. E. Hübner (1903–1907, 1914), C. T. Koch-Grünberg (1903–1905), 
J. Huber (1904), H. Schmidt and L. Weiss (1907–1908), W. A. Ducke (1910–1932, 
1933–1936, 1941–1942), J. G. Kuhlmann (1918), and D. E. Melin (1924). Also, it is 
important to point out that large sections of the Rio Negro and some of its tributaries, 
as well as the Casiquiare and the upper Orinoco, were extensively explored in the 
first quarter of the twentieth century by H. A. Rice and P. P. von Bauer. Their 
emphasis was geographical exploration; unfortunately, little biological material was 
collected, but important cartographical material resulted from their travels (Rice 
1910, 1914, 1918, 1921, 1928; von Bauer 1919). 

To this list of explorers, we should also mention the many plant collectors who 
worked on behalf of commercial horticultural houses in Europe and the United 
States who, although remaining largely anonymous, were behind the discovery 
and introduction of many plant species, particularly orchids, bromeliads, and other 
ornamental plants. 

After the Treaty of Bogotá between Colombia and Brazil was signed in 1907, the 
Brazilian government started another program of exploration in the Rio Negro basin in 
1927–1929, under the charge of Marshall Boaberges Lopes de Sousa. The botanist on 
this expedition, F. von Luetzelburg made significant botanical collections and 
annotations of types of vegetation of the upper Rio Negro (Lopes de Sousa 1955, 
1959); he also visited the Casiquiare channel (Huber and Wurdack 1984). Attalea 
luetzelburgii (Burret) Wess. Boer (Arecaceae), a palm with subterranean stems 
represents a notable species among the numerous plants collected during his expedition. 

The exploration of the Río Negro basin continued with the field work of 
G. H. H. Tate (1928–1929), E. G. Holt, W. Gehriger and E. R. Blake 
(1930–1931), B. A. Krukoff (1936), J. Cuatrecasas (1939), R. de Lemos Fróes 
(1941–1952), Ll. Williams (1942), J. A. Steyermark (1944; 1970), P. H. Allen 
(1943–1945), F. Cardona-Puig (1946), R. E. Schultes and F. López (1947–1948), 
J. Murça Pires (1947–1952), G. A. Black (1947–1950), B. Maguire et al. 
(1950–1966), J. J. Wurdack et al. (1951–1959), H. García-Barriga (1951), 
R. Romero-Castañeda (1952), A. Fernández-Pérez (1953), W. A. Rodrigues 
(1954–1968), V. Vareschi and K. Mägdefrau (1958–1962), L. A. Garay (1960), 
G. Eiten (1963), J. Ewel (1964), N. T. da Silva and U. Brazâo (1966), E. Medina 
(1968), L. Ruiz-Terán and J. Bautista (1968), M. Fariñas et al. (1969), J. A.



Steyermark, C. Brewer-Carias and G. C. K. Dunsterville (1970), P. Maas (1971), 
B. Manara (1971), and G. T. Prance (1971). As shown here, numerous botanists, 
anthropologists, and ecologists have visited the Rio Negro basin to study the flora, 
vegetation, ethnography, and inhabitants in the last two hundred years. In the last 
five decades, fieldwork was carried out primarily by botanists, ecologists, and 
naturalists from the three countries that share the Rio Negro basin. Multiple studies 
have been done, too numerous to cited them all here. 
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Besides this remarkable amount of fieldwork, thousands of plant collections from 
Amazonia (including some from the Rio Negro) were products of the 8 expeditions 
to the Amazon basin conducted by B. A. Krukoff in 1923–1950 (Landrum 1986), 
and the 25 expeditions sponsored by the bi-national plant collecting program 
“Projeto Flora Amazônica” (Prance et al. 1984). 

In addition, thousands of botanical specimens were collected in Brazil during the 
execution of the “Biological Dynamics of Forest Fragments Project (BDFFP)” set up 
near Manaus, and resulting from the field work conducted by “Instituto Amazónico 
de Investigaciones Científicas SINCHI” for nearly three decades in the Colombian 
Amazon. Likewise, in Venezuela, many botanical collections and publications 
resulted from: the interdisciplinary and multi-national project conducted by the 
“Instituto Nacional de Investigaciones Científicas (IVIC),” perhaps the most detailed 
study of Amazon caatinga and terra-firme forests ever conducted in the Upper Rio 
Negro (Medina 2000); the “Proyecto inventario de los recursos naturales de la región 
Guayana-PIRNRG-” (Zinck 1986); and the expeditions to “Serranía de la Neblina” 
(Brewer-Carías 1988). Finally, we must cite the collections generated by “Proyecto 
inventario de los recursos naturales de la región Guayana-PIRNRG-”, conducted by 
“CVG-Tecmin” (Corporación Venezolana de Guayana-Técnica Minera, C.A.) and 
other national and international institutions, a major effort to inventory the natural 
resources of the Venezuelan Guayana. As part of this project, a multidisciplinary 
team studied the upper Rio Negro and Orinoco basins in 1990–1992, which gathered 
large sets of plant specimens, ecological data (Aymard 2001), as well as soils and 
rocks samples. This field work resulted in the discovery of numerous new plant 
species and the gathering of data for a chorological report for this region (Aymard, in 
preparation). 
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