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SUMMARY 




Summary 

The major goal of this Thesis was the study of the spatial distribution and abundance 
of different growth forms of tropical rain forest plants, at different spatial scales, in 
relation to their ecological response to major environmental gradients in 
methodological NW Amazonia. Basic knowledge of the distribution of individual 
species and species assemblages is necessary for the conservation of the Amazonian 
rain forests. Amazon forests are well known for harboring a high plant biodiversity. 
However, it is still not clear which mechanisms address the species assemblages and 
the distribution patterns ofdifferent growth forms at different spatial scales. 

In this study, new insights into comparative environmental control on herbs and 
woody understory plants, tree, epiphytes and lianas species composition at different 
spatial scales are presented. These main issues were addressed with a new series of 
well distributed high resolution relevés of terrestrial vascular plant species 
composition. These were sampled along the principal environmental gradients in a 
wide rain forest area in Colombian Amazonia , and adjacent (Amazon) areas of 
Ecuador and Perno This study is one of the few at plot level in Amazon forests, 
which compares different growth forms, including (near)-total epiphyte species, in 
relation to environmental control in one survey designo As the study is limited to 
NW Amazonia, humidity (in terms of total annual rainfall) and geomorphology is 
quite similar between sample sites, thus allowing a more robust analysis ofthe effect 
of finer environmental variables as soil elemental contents. 

In Chapter 2 the goal was to define differences in species richness and tree and liana 
species-assemblages in three adjacent terra firme forests in the middle Caquetá, 
Colombia. A vegetation survey of trees and lianas equal to or more than 10 cm 
diameter breast height (DBH) was carried out along a single longitudinal transect 
(10m x 2 J60 m) passing through a low plain terrace , a high dissected terrace, and a 
high plain terrace. Species were classified as either locally abundant or locally rare. 
Abundant species were defined as "generalists" (in all environments), 
" intermediate" (in two environments), and "specialists" (in only one environment) 
using 2x3 contingency table. There were 146 (39%) species classified as locally 
abundant and 231 (6 J%) as locally rare. Among the abundant species, 70 percent 
were generaJists, 25 percent were special ists and 5 percent were intermedia te. 
Although there was a significant number of rare species, for those species with 
sufficient number to statistical test spatial distribution, the results suggest that many 
species are generaJists and that beta diversity at the local scale (2 . 16 ha) is rather 
low. Larger data sets over larger geographical areas should be analyzed to determine 
the degree of species turnover in Amazonian forests. 

In Chapter 3 distribution patterns of vascular plants with DBH ~ 2.5 cm were 
studied on the basis of compositional data from 30 small plots located in the Meta 
area in Colombian Amazonia. The research questions were: How are distribution 
patterns of species in relation to local abundance in plots? Do understorey species 
(defined as species with individuals that never attained DBH ~ 10 cm anywhere) 
show better correlations with soils and environment than canopy species (defined as 
species with individuals that attained DBH ~ 10 cm)? Are patterns found in the 
entire range of landscape units comparable to those found in well-drained uplands 
alone? Species that occurred in more than one plot showed higher local abundances. 
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This pattern was consistent among environmental generalists and specialists. Locally 
rare species (with maximul11 one individual per plol) occurred mostly in well
drained uplands . Considering all landscape units, Mantel tests showed substanLial 
correlalions between environmental dala (soil chernical data , drainage and flooding) 
and species composition. Canopy species were only slightly less correlated with 
environmental data than understorey species. Elimination of the spalial component 
in the data did nol reduce these correlations. In well-drained uplands , understorey 
species were better correlated wilh soils than canopy species. Here, however, the 
spatial configuration of the plots becal11e more important in explaining species 
pattems. 

1n Chapter 4 epiphytism in Colombian Amazonia was described by counting 
vascular epiphytes in thirty 0.025-ha (5 x 50 m) pI01S, well distributed over the main 
landscape units in the middle Caquetá area of Colombian Amazonia. Each plot was 
directly adjacent to a O.I-ha plot al which the species composition oftrees and lianas 
(DBH ~ 2.5 cm) had been recorded three years earlier. The purpose ofthe study was 
to explore abundance , diversity, and distribution of epiphytes between the principal 
landscape units. A tolal of 6129 individual vascular epiphyles were recorded 
belonging to 27 families, 73 genera , and 213 species (which included 59 morpho
species). Araceae, Orchidaceae, and Brol11eliaceae were the most speciose and 
abundant famil ies. A lotal of 2763 phorophytes were regislered, 1701 (62%) of 
which with DBH ~ 2.5 cm. About 40-60% of the woody planls with DBH ~ 2.5 cm 
carried epiphytes, which points at low phorophyte limilalion throughout all 
landscapes. Epiphytism was concentrated on stem bases. Just as trees, epiphyte 
species assemblages were well associated with the main landscapes. Contrary to 
trees, however, epiphyte abundance and diversity (species richness, Fisher's alpha 
index) hardly differed between the landscapes. This calls for caution when 
explanations for distribution and dynamics of tree species are extrapolaled to growlh 
forms with a totally differenl ecology. 

In Chapter 5 in a case-study t1'om Colombian Amazonia, species information from 
ferns and Melastomataceae was used lo explain the compositional patterns 01' other 
vascular plant specles in 40 widely distribuled O.I-ha pI01S. Canonical 
correspondence analysis was applied to regress vascular plant species composition 
in lhe forests against informalion from these two indicator groups (summarized as 
axes of principal coordinate analyses), logether with that from soils, landscape, and 
lhe spatial sampling designo In tOlal , 53941 individuals of 2480 vascular plant 
species were recorded. Of these, 17473 individuals and 132 species were from ferns 
and Melastomataceae. In 19 well drained upland (lierra firme) plots 19622 vascular 
plant indi viduals and 1716 species were found, with 3793 plants and 91 species from 
ferns and Melastomataceae. In both lhe sel of all landscapes and the subset of tierra 
firme forests the principal PCoA axes of the two indicator groups were highly 
related to the main patterns of foresl species composilion . In principie, therefore , 
ferns and Melastomataceae can be used lo delect and forecast changes in the forest 
composition of the study area. However, evidence was nol obtained that ferns and 
Melastomataceae show more potential to predicl the main patlerns in species 
composition of forests than soil, landscape, and spatial variables. The partioning of 
the total variation in fores! composition showed that lhe effect of ferns and 
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Melastomataceae was quite independent from that of soil, landscape, and space. lt 
was suggested that correlative studies of plant indicators with other subsets of 
tropical forest plants may not allow to separate direct effects from those derived 
from indirect correlations, given the complexity of the factors governing tropical 
forest compositional patterns. 

[n Chapter 6 the aim was to assess patterns of diversity and composition of woody 
lianas in NW Amazonia. The study was carried out in three different areas in 
northwestern Amazonia: Metá, forming part of the middle Caquetá basin in 
Colombia; YasunÍ in Ecuador; and Ampiyacu pertaining to the Maynas Province in 
Peruvian Amazonia Woody lianas with DBH _ 2.5 cm were surveyed in O.I-ha 
plots, that were laid out in floodplains, swamps, and well drained uplands (Tierra 
Firme) in each of the three study areas. Plot density, diversity (family, genus and 
species richness as well as Fisher's alpha based on species), and species composition 
of lianas were regressed against region (or plot coordinates), landscape, extension of 
landscape units surrounding the plots, soil chemical information, and forest structure 
using ANOVA, multiple regression and canonical ordination analysis. A total 
number of 2670 woody lianas were found in 77 O.I-ha plots, including 46 vascular 
plant fami I ies, 126 genera, 263 fully identified species, and 122 morpho-species. 
Liana density did nol respond significantly to landscape, regions, or the interaction 
ofthese two factors. However, landscapes and regions differed signiticantly in liana 
diversity. Swamps contained the lowest diversity. Ampiyacu plots stood out in their 
high species richness and Fisher's alpha, while Metá and YasunÍ differed far less. In 
multiple regression the latitudinal position of the plots had the strongest effect on 
Ijana Fisher's alpha, but soil and forest structure information did not. In contrast, 
liana species cOlllposition was best related to soil fertility, leading to a distinct 
position 01' the tierra firme plots in Colombia. Also important was a longitudinal 
effect separating lhe Yasuní plots from the other areas. Despite its uniform rainfalJ 
and geomorphology NW Amazonia was not homogeneous in diversity and 
composition of woody lianas. Patterns of liana diversity and composition were not 
parallel. The peak in liana diversity in Ampiyacu had no relationship with soil 
fertility, and might be due to the more central position of this area in the Amazon 
basin, compared to YasunÍ and Metá. Soil fertility was responsible for a strongly 
outlying liana composition of tierra firme forest in the Colombian area. Independent 
from soils, lhe liana assemblages in Yasuní differed from the other areas, possibly 
due to influx from Andean liana flora elements. 

In Chapter 7 the response shape of 24 species and 89 genera of woody vascular 
plants (DBH~2.5 cm) to environmental gradients was studied on the basis of 800.1
ha plots located across the main landscape units in three different rain forest areas in 
Colombia, Ecuador, and Peru, NW Amazonia. The following hypotheses are 
considered : (1) Most genera and species respond to complex environmental 
gradients wilh a symmetrical Gaussian function; (2) The response shape of species 
and genera along a soiJ gradient is the same as that along a complex species or 
genera derived gradient. Complex gradients were obtained from ordination analyses 
(DCA and PCA). For the descriplion of genera and species response shapes, five 
logistic regression hierarchic models known as HOF models, which range from t1at 
lO skewed, were used. In al! landscapes, along all gradients, most species showed a 
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response shape different to a symmetrical model. In Tierra Firme forests alone, 
compared to all landscapes, there were much Inore f1at response shapes for both 
genera and species along all gradients. Regardless of f1at models (no trend) in both 
all landscapes and Tierra Firme alone, a smal! proportion of species and genera 
displayed a similar response shape along the complex and the edaphic gradients. 
80th hypotheses were rejected. This study supports the continuum concept as the 
more appropriate model of vegetation organization in Amazonian rainforests. [n 
Tierra Firme, most taxa did not show any preference for a part ofthe gradient, which 
corresponds with the idea that compositional species tumover (beta diversity) in this 
landscape unit is low. In all landscapes, the number symetrical models increased, 
which supports a higher compositional turnover. Soil fertility (as quantified by the 
first PCA axis) is not the overridingly dominant factor affecting species 
distributions. Other factors (e.g. the inf1uence of pests, phylogenetic structure, 
resource competition, or dispersal) are likely to have a stronger inf1 uence upon the 
distribution of species and genera . 

Chapter 8 details the main conclusions of the previous chapters, accompanied by 
methodological considerations and the general implications for conservation. The 
main methodological issues discussed were the advantages and disadvantages of the 
sampled protocol employed, which emphasizes on the undersampling problem and 
the respective high abundance of rare species in plant inventories in tropical rain 
forests . Jt is also concluded that when different growth forms and different spatial 
scales are merged, a much more complex vegetation model arises. General strategies 
to preserve the Amazon forests as non-timber forests resource exploitation, and the 
creation of protected areas are proposed. Finally, it is suggested as necessary to 
strengthen the links between stake holders and land managers with those engaged in 
conservation research to improve the communication f10w in both directions. 
Decision makers need to be made more aware of how science can contribute to 
practical conservation, and vice versa. 




