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1.1 INTRODUCnON 

Norlhweslern Amazonianjoresl conservalion: a challenge jor ec%gislS 
The actual deforestation rates in Amazonian rain forests are extremely high . The 
worst case scenario could lead to an almost total disappearance of the largest tropical 
forest mass that nowadays exists on the earth , in a relatively short time (Laurance el 
a/. 2001). Patterns of rain forest plant diversity in northwestern (NW) Amazonia 
have particular importance as plant diversity in this area reaches exceptional high 
values per unit area (Gentry 1988a, Valencia el a/. 1994, ter Steege el a/. 2003) . To 
guarantee an effective conservation planning, basic knowledge on the distribution of 
individual species and species assemblages is necessary. In spite of the fact that 
information concerning to plant communities has much increased in the last decade, 
most studies have focused on trees because they are the most conspicuous elements 
in the forests (Gentry 1988b, Duivenvoorden 1995, 1996, Pitman el a/. 1999, 2001, 
ter Steege el al. 2000, Condit el a/. 2002). However, it is well known that vascular 
plant diversity in tropical rain forests is also well represented by other growth forms, 
such as climbers, shrubs , epiphytes and herbs (Gentry and Dobson 1987, 
Duivenvoorden 1994, Balslev el a/. 1998, Galeano el a/. 1998) . In addition to this 
lack of knowledge on non-tree growth forms , most studies ha ve been based on 
different methodological approaches at individual species or community level, 
different sample designs, and different spatial scales, which hampers the 
comparisons and extrapolations among independent case studies. 

The Pleistocene and Miocene-Pliocene climate history has been considered as the 
cornerstone to understand the origin of the plant and animal biodiversity and 
biogeography in Amazonian rain forests (Haffer 1969, Colinvaux 1987, Van der 
Hammen and Absy 1994, Hooghiemstra and van der Hammen 1998). The refugia 
hypothesis claims a repeated expansion and retreat of forests and savannas due to 
cyclic drier periods, which created forest refuge centers of endemism and promoted 
allopatric speciation (Haffer 1969, Prance 1982). The additional cooling hypothesis, 
based on the idea that temperatures were lower during the Pleistocene glaciations, 
results in a past-time with a constant migration of montane forests that promoted 
parapatric and sympatric speciation (Colinvaux 1987). However, adequate pollen 
record s to test these two hypotheses are still lacking (H. Hooghiemstra, pers . comm. 
2004). Furthermore, biogeographical predictions of the two climate-based 
hypothesis are quite similar, which make it difficult to draw conclusions based on 
the present-day pattems of species distributions (Tuomisto and Ruokolainen 1997). 

The measure of diversity at local and regional scale has often been related to the 
definition of alpha and beta diversity, respectively. Alpha diversity measures, which 
include species richness and species abundance models, are employed to define tbe 
diversity within a habitat. Beta diversity, in contrast, is essentially a measure of the 
rate of change in the tloristic composition between habitats in a Jandscape or along 
environmental gradients (Magurran 1988). The extent at which biotic and abiotic 
processes intluence species diversity varies according to the scale of organization of 
the ecological systems. Local-scale processes such as canopy gap formation , 
dispersal limitation, competition, pests or insect attacks, and niche specialization, 
determine the structure and interactions of individuals within a population. 
Regional-scale processes such as migration, speciation, extinction , river dynamics, 
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recruitment limitation, climatic and landscape variation, determine the structure and 
organization of the ecological communities (H ubbell 1997, 2001 ; van Gemerden 
2004). Despite of regional processes patterns play an important role structuring the 
compositional local-scale patterns (Hubbell 2001, Huston 1999), local processes still 
remain quite important (Gaston 2000). Diversity patterns vary according to the 
spatial scale (Crawley and Harral 2001), but no single mechanism can explain a 
given pattern (Gaston 2000). 

In tropical rain forests it is still unknown how, and at which extent local and regional 
scale processes address species distribution , diversity maintenance, and species co­
existence (Tdman 1982, Brown 1995, Gaston 2000, HubbeJl 200 1, Wright 2002). [n 
NW Amazonia, light gap disturbance and microclimatic conditions were found as 
important factors addressing floristic differences at local scale (Denslow 1987, 
Terborgh and Mathews 1999, Svenning 2000). In contrast, recruitment limitation 
was found to be a powerful force that limits the predictability of species richness or 
species composition, even in those lighter places such as forest gaps (Hubbell el al. 
1999). The demographic disequilibrium diversity maintenance hypothesis (ConneJl 
1978), which claims short-term and small-scale spatial denographic variation, was 
supported by a population analysis of the canopy palm friarlea delloidea (Svenning 
and Balslev 1997). The escape hypothesis or Janzen-Connell model (JanzenI970, 
Connell 1971), which claims recruitment reduction near conspecific adults due to 
pests, was partially supported when tested with two single species in Amazonian 
rain forest (Aslrocaryum murumuru and Dipleryx micranlha) (Cintra 1997), but 
rejected for most tree species analyzed in Panamá (Condit el al. 1992). Based on 
multi-species approaches , contrasting resuIts arose as welJ. Harms el al. (2000), on 
the basi s of data from seed traps and seedling recruitment in Barro Colorado Island , 
argued that even partial effects of Janzen-Connell mech anism s play an important 
role promoting species co-existence. Nevertheless, Hyatt el al. (2003), based on a 
meta-analysis from published papers dealing with this hypothesis , simply denied any 
probability that diversity maintenance and species survival should increase with 
distance from the parent plant. 

[n the same way, regional and local species diversity is strongly influenced by the 
interaction between environmental heterogeneity and dispersal (McLaughin and 
Roughgarden 1993). Upper Amazonian forests have been conceived as a dense 
mosaic of different forest types , each characterized by local assemblages of tree 
species, among which many are edaphic specialists (e .g. Gentry 1988a; see also 
Tuomisto el al. 1995, and Clark el al. 1998). On the other hand , beta diversity of 
relatively big trees among forest types has been considered rather low, at least in 
well drained uplands (Tierra Firme) where tree alpha diversity is highest 
(Duivenvoorden 1995, Pitman el al. 2001). However, a high sampling error is a 
common feature in tropical forest tree inventories (Duivenvoorden el al. 2002), due 
to the fact that most species are locally rare (Hubbell and Foster 1986, Pitman el al. 
1999). The way that a species can be classified as abundant or rare, which largely 
depends on the plot size, minimum plant size, growth form, and geographical scale 
considered, is a relevant question in conservation biology (Rabinowitz 1981 , Pitman 
el al. 1999). Forests with high degrees of local endemic plant species occurring in 
dense mosaics of different flori stic assemblages require completely different 
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strategies of conservation than forests built up by populations of locally rare but 
widely di stributed generaJist species. 

Another fundamental issue in understanding ecological theory concerns the species 
response shape along complex environmental gradients. The unimodal bell-shaped 
curve , which in ecology finds its origin in niche-assembly rules, has been commonly 
recognized as a fundamental response shape to environmental gradients (Gauch and 
Whittaker 1972, ter Braak and Looman 1986). However, there is not su ffi cient 
evidence to support thi s view as a general law in plant ecology. Species response 
shapes might di ffer among gradient types (Austin and Smith 1989), growth forms 
(Minchin 1989), biological interactions (Austin 1999), and gradient locations 
(Austin and Gaywood 1994). Whether or not species display response shapes other 
than Gaussian and if they are continuously distributed along environmental 
gradients, have strong implications on an accurate prediction of spatial species 
distribution . An appropriate link between ecological theory and statistical modelling, 
largely depends on these conditions (Austin 2002). The shape of the species 
response curve itse lf is, aboye al!, a parametric concept (Oksanen and Minchin 
2002). Information on the shape of response curves from tropical rain forest species, 
highly needed for theory building of rain forest structure and composition (Austin 
1987, 1990; 0kland 1992; Austin el al. 1994), is hardly avai lable (Gartlan el al. 
1986; Svenning 1999). 

Non Iree growlhlorms: a black box in Amazonian rainloresls 
Climber plants, as well as other plant groups like epiphytes, have mostly been ruled 
out from inventories and vegetation models in spite of their ecologica l and 
functional importance (Schnitzer and Carson 2000). Lianas are a polyphyletic group 
of plants that have anatomical differences with trees , and need support to grow up 
and settle (Carlquist 1991 , Schnitzer and Bongers 2002). They have been reported as 
an increasingly important el ement in tropical rain forest, which could induce the 
future forest into drastic changes in dynamics, diversity, and carbon fix ation 
capability (Phillips el al. 1994, Dewalt el al. 2000, Schnitzer el al. 2000, Phillips el 
al. 2002). Vascular epiphytes, which depend oftrees and lianas to es,t:ablish, are well 
known for their active role in the hydroJogical regulation cycle of the forests 
(Veneklaas 1990, Wolf J 993). Epiphytes are plants that inhabit a discontinuollS and 
three-dimensionaJ organic landscape, mostly not in contact with the forest sod 
(Bennett 1986). Patterns of distribution and floristic composition of epiphytic plants 
have been related to factors such as dispersal ability (Benzing 1986; Wolf 1993), 
relative humidity (Leimbeck and Ba.lslev 2001), soil fertility (Gentry and Dodson 
l 987b), and variability in forest structure and host tree features (Nieder el al. 1999, 
Freiberg 1996, 2001 , van Dunné 2001). However, the way by which different 
growth forms are rel ated to each other and depend on abiotic and biotic fa ctors, is 
still poorly known. For example, holo-epiphytes do not seem to ha ve any direct 
relationship with soils. However, as soils affect floristic patterns and forest structllre 
(Duivenvoorden 1996), they indirectly determine factors as humidity and light, 
which control establ ishment and growth of epiphytes. Therefore, the analysis of 
different growth forms combined wi 11 help to obtain a better understanding of 
floristic patterns related to so ils and not related to so il s in Amazonian rain forests . 
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recruitment limitation, climatic and landscape variation, determine the structure and 
organization ofthe ecological communities (Hubbell 1997,2001; van Gemerden 
2004). Despite of regional processes patterns play an important role structuring the 
compositional local-scale patterns (Hubbell 200 1, H uston 1999), local processes stilJ 
remain quite important (Gaston 2000). Diversity patterns vary according to the 
spatial scale (Crawley and Harral 2001), but no single mechanism can explain a 
given pattern (Gaston 2000). 

In tropical rain forests it is stillllnknown how, and at which extent local and regional 
scale processes address species distriblltion, diversity maintenance, and species co­
existence (Tilman 1982, Brown 1995, Gaston 2000, HlIbbell 200 1, Wright 2002). [n 
NW Amazonia, light gap disturbance and microclimatic conditions were found as 
important factors addressing floristic differences at local scale (Denslow 1987, 
Terborgh and Mathews 1999, Svenning 2000). In contrast, recruitment limitarion 
was found to be a powerfuJ force that limits the predictability of species richness or 
species composition, even in those [ighter places such as fore st gaps (H ubbell el al. 
1999). The demographic disequilibrium diversity maintenance hypothesis (Connell 
1978), which claims short-term and small-scale spatial denographic variation, was 
supported by a population analysis of the canopy palm friarlea delloidea (Svenning 
and Balslev 1997). The escape hypothesis or Janzen-ConneJl model (Janzen 1970, 
Connell 1971), which cJaims recruitment reduction near conspecific adults due to 
pests, was partially supported when tested with two single species in Amazonian 
rain forest (Aslrocaryum murumuru and Diplelyx micranlha) (Cintra 1997), but 
rejected for most tree species analyzed in Panamá (Condit el al. 1992). Based on 
multi-species approaches, contrasting results arose as well. Harms el al. (2000), on 
the basis of data from seed traps and seedling recruitment in Barro Colorado Island, 
argued that even partial effects of Janzen-Connell mechanisms play an important 
role promoting species co-existence. Nevertheless, Hyatt el al. (2003), based on a 
meta-analysis from published papers dealing with this hypothesis, simply denied any 
probability that diversity maintenance and species survival should increase with 
distance from the parent plant. 

In the same way, regional and local species diversity is strongly influenced by the 
interaction between environmental heterogeneity and dispersa l (McLaughin and 
Roughgarden 1993). Upper Amazonian forests have been conceived as a den se 
mosaic of different forest types, each characterized by local assemblages of tree 
species, among which many are edaphic specialists (e.g. Gentry 1988a ; see also 
Tuomisto el al. 1995, and Clark el al. 1998). On the other hand , beta diversity of 
relatively big trees among forest types has been considered rather low, at least in 
well drained uplands (Tierra Firme) where tree alpha diversity is highest 
(Duivenvoorden 1995 , Pitman el al. 2001). However, a high sampling error is a 
common feature in tropical forest tree inventories (Duivenvoorden el al. 2002), due 
to the fact that most species are loca lly rare (Hubbell and Foster 1986, Pitman el al. 
1999). The way that a species can be c1assi fied as abundant or rare, which largely 
depends on the plot size, minimum plant size, growth form, and geographical scale 
considered, is a relevant question in conservation biology (Rabinowitz [981 , Pitman 
el al. 1999). Forests with high degrees of local endemic plant species occurring in 
den se mosaics of different floristic assemblages require completely different 
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strategies of conservation than forests built up by populations of locally rare but 
widely distributed generalist species. 

Another fundamental issue in understanding ecological theory concerns the species 
response shape along complex environmental gradients . The unimodal bell-shaped 
curve, which in ecology finds its origin in niche-assembly rules, has been commonly 
recognized as a fundamental response shape to environmental gradients (Gauch and 
Whittaker 1972, ter Braak and Looman 1986). However, there is not sufficient 
evidence to support this view as a general law in plant ecology. Species response 
shapes might differ among gradient types (Austin and Smith 1989), growth forms 
(Minchin 1989), bioJogical interactions (Austin 1999), and gradient locations 
(Austin and Gaywood 1994). Whether or not species display response shapes other 
than Gaussian and if they are continuously distributed along environmentaJ 
gradients, have strong implications on an accurate prediction of spatial species 
distribution . An appropriate link between ecological theory and statistical modelling, 
largely depends on these conditions (Austin 2002). The shape of the species 
response curve itself is, aboye all, a parametric concept (Oksanen and Minchin 
2002). Information on the shape of response curves from tropical rain forest species, 
highly needed for theory building of rain forest structure and composition (Austin 
1987, 1990; 0kland 1992; Austin el al. 1994), is hardly available (Gartlan el al. 
J 986; Svenning 1999). 

Non Iree growlh forms: a black box in Amazonian rain foresls 
Climber plants, as welJ as other plant groups like epiphytes, have mostly been ruled 
out from inventories and vegetation models in spite of their ecological and 
functional importance (Schnitzer and Carson 2000) . Lianas are a polyphyletic group 
of plants that have anatomical differences with trees, and need support to grow up 
and settle (Carlquist 1991 , Schnitzer and Bongers 2002). They have been reported as 
an increasingly important element in tropical rain forest, which could induce the 
future forest into drastic changes in dynam ics, diversity, and carbon fixation 
capability (PhilJips el al. 1994, Dewalt el al. 2000, Schnitzer el al. 2000, Phillips el 
al. 2002). Vascular epiphytes, which depend of trees and lianas to es.tablish, are well 
known for their active role in the hydrological regulation cycle of the forests 
(Veneklaas 1990, Wolf J 993). Epiphytes are plants that inhabit a discontinuous and 
three-dimensional organic landscape, mostly not in contact with the forest soiJ 
(Bennett 1986). Patterns of distribution and floristic composition of epiphytic plants 
have been related to factors such as dispersal ability (Benzing 1986; Wolf 1993), 
relative humidity (Leimbeck and Balslev 2001), soil fertility (Gentry and Dodson 
1987b) , and variability in forest structure and host tree features (Nieder el al. 1999, 
Freiberg 1996, 2001, van Dunné 200 J). However, the way by which different 
growth forms are related to each other and depend on abiotic and biotic factors, is 
still poorly known. For example, holo-epiphytes do not seem to have any direct 
relationship with soils. However, as soils affect floristic patterns and forest structure 
(Duivenvoorden 1996), they indirectly determine factors as humidity and light, 
which control establishment and growth of ep iphytes . Therefore, the analysis of 
different growth forms combined will help to obtain a better understanding of 
floristic patterns related to soi Is and not related to soi Is in Amazonian rain forests. 
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Regarding only terrestrial plants in tropical rain forests , few studies have, as yet, 
taken into account the relationships among different growth forms, such as herbs, 
shrubs and trees, and abiotic factors , such as soits (Webb el a/. 1967, Ruokolainen 
el a/. 1997, Vormisto el al. 2000). A pioneer study carried out in Austra li a (Webb et 
al 1967) arrived at two main conclusions: (1) larger trees and woody lianas primarily 
reflect the macro-ecological patterns, which largely depend on climatic factors and 
are quite independent of site conditions; (2) understory species, such as shrubs and 
herbs , display low influence from macro-climatic conditions, but are more 
dependent on micro-environmental factors, which include also biological processes. 
Indeed, independent studies In NW Amazonia based on canopy trees 
(Duivenvoorden 1995, Pitman el a/. 2001, Condit el a/. 2002) and understory 
species (Tuomisto el a/. 1995, 2003a) suggested that plants with different sizes, 
growth forms, or pertaining to different guilds have a different ecology leading to 
different patterns of floristic composition in relation to environmental factors (lagt 
and Werger 1998, Ruokolainen and Voormisto 2001). Jn contrast, recent studies in 
NW Amazonia also claimed that terrestrial growth forms ranging from herbs to big 
trees, might show important common trends in patterns of floristic composition that 
are large ly determined by edaphic variabi lit y (Ruokolainen el a/. 1997, Vormisto el 

a/. 2000). In these latter studies, the authors apply and advocate the use of seJected 
plants groups -mostly understory species, such as ferns, palms and 
Melastomataceae- as bioindicators. 

Juslificalion 
The effect of sca le on species distribution and diversity patterns has a particular 
importance for conservation and decision-making in natural ecosystems. In NW 
Amazonia from local to intemediate scales, and in accordance with landscape 
variation, insights into relevant patterns of tree species have become available in the 
last decades (i.e. Duivenvoorden 1995, Pitman e l al. 1999). However, in the 
Amazon basin, only a few attempts to link floristic patterns at local and intermediate 
scale to larger scales have been done so far (Pitman el al. 1999). Since trees are the 
most conspicllous component of the forests, which creates support and conditions 
for the establishment of other growth forms, understanding the relationship between 
trees and other growth forms might help to simplify the conservation planning ofthe 
whole forest ecosytem. Nevertheless, it is virtually uknown how to extrapolate the 
knowledge acquired from trees to other growth forms , such as lianas, herbs, shrubs 
and epiphytes. This is why, in this study, we used and enhanced already existent 
information of forest inventories with new supplementary data, which comprised a 
wide environmental gradient in a range of spatial scales (from local to regional), and 
a variety ofdifferent growth forms in W Amazonia. 

OUTLINE OF THIS THESIS 

rn this thesis, the main issues mentioned aboye are addressed in more detail with a 
new series of well distributed high resolution relevés of terrestriaL vascular plant 
species composition. They all have been sampled aJong the principal environmental 
gradients in a wide rain forest area in Co lombian Amazonia, and adjacent (Amazon) 
areas of Ecuador and Peru (Fig. 1.1). 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 

It/lrodllclion 

study is limited to NW Amazonia, humidity (in terms of total annual rainfall) and 
geomorphology is quite simi lar between sample sites, thus allowing a better analysis 
of the effect of other environmenta l variables . This in contrast to other spatial 
studies in Amazonia where annual rainfall varies between study sites (Clinebell el 
al. 1995, ter Steege el al. 2000, Pitman el al. 1999, 2001). New insight on 
comparative environmentaJ control on understory , tree, epiphytes and lianas species 
composition at di fferent spatial scales is obtained . Furthermore, strategies of habitat 
occupation (generalists, specialists) in relation to patterns of local abundance, 
relationships between different growth forms, use of setected plant taxa as 
bioindicators of patterns of plant distribution, and species response curves to 
complex environmental gradients, will be presented. 

Aims 
The principal aim was to study the spatia l distribution and abundance of different 
growth forms of rain forest plants at different spatial sca les (on the basis of a 
substantial set of new relevés, which includes (near)-total vascular plant species 
composition such as big trees, li anas, epiphytes, shrubs and herbs) in relation to their 
ecological response to major environmental gradients in a wide area of NW 
Amazonia. Spatial scales ha ve been arbitrarily subdivided into local, meso or 
intermediate, and regional. Local scale is referred to plot scale, which in this study 
ranges from 0.1 ha to 2.16 ha. Mesoscale is considered for those surveys carried out 
within a country, which range from 3 ha to 2000 km2 Regional scale is defined for 
those analyses that involved more than 2000 km 2 and included areas in the three 
countries. 

The principal research questions addressed are: 
Al local scale (Tierra Firme in Colombian Amazonia): 
• 	 How are bi g tree species (DBH~ I 0.0 cm) distribllted along a narrow 

environmental gradient crossing three geomorpho logical units (Iow plain 
terrace, high dissected terrace, and high undissected terrace) in Tierra Firme 
forests? 

Al mesoscale (Melá and Chiribiquele areas, /vliddle Caquelá basin, Colombian 

Amazonia): 
• 	 [s beta diversity higher among woody understory species than among big trees? 
• 	 Are the distribution and diversity patterns of vascular epiphytes related to the 

main landscape units and woody species composition in the Metá area? 
• 	 Can we use sorne selected plant species as bioindicators to predict the floristic 

pattern of all other plant species present in a plot-based survey in different 
landscape units? 

Al regional scale (NW Amazonia): 
• 	 What are the local and regional patterns of diversity and composition of woody 

lianas (DBH>2.5 cm) in NW Amazonia? 
• 	 What is the predominant response shape of woody (DBH>2.5 cm) species and 

genera to complex environmental gradients in NW Amazon ia? 
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Regarding only terrestrial plants in tropical rain forests , few stlldies have, as yet, 
taken into account the relationships among different growth forms , such as herbs, 
shrubs and trees, and abiotic factors, such as soils (Webb e l a/. J 967, Ruokolainen 
el a/. 1997, Vormisto el a/. 2000). A pioneer study carried out in Australia (Webb et 
al 1967) arrived at two main conclusions: (1) larger trees and woody lianas primarily 
reflect the macro-ecoJogical patterns, which Jargely depend on climatic factors and 
are quite independent of site conditions; (2) understory species, such as shrubs and 
herbs , display low influence from macro-climatic conditions, but are more 
dependent on micro-eovironmental factors , which include also biological processes. 
Iodeed, independent studies in NW Amazonia based 00 caoopy trees 
(Duivenvoorden 1995, Pitman el a/. 200 1, Condit el a/. 2002) and understory 
species (Tuomisto e l a/. 1995 , 2003a) suggested that plants with different sizes, 
growth forms, or pertaioiog to different guilds have a different ecology Jeading to 
different pattems of floristic composition in relation to environmental factors (Zagt 
and Werger 1998, Ruokolainen and Voormisto 200 1). In contrast, recent studies in 

W Amazonia also cJaimed that terrestrial growth forms ranging from herbs to big 
trees, might show important common trends in patterns of floristic composition that 
are largely determined by edaphic variability (Ruokolainen el a/. 1997, Vormisto el 
a/. 2000). In these latter studies, the authors apply and advocate the use of selected 
plants groups - mostly understory species, such as ferns, palms and 
Melastomataceae- as bioindicators. 

Juslijicalion 
The effect of scale on species distribution and diversity patterns has a particular 
importance for conservation and decision-making in natural ecosystems. In NW 
Amazonia from local to intemediate scales, and in accordance with Jandscape 
variation, insights into relevaot patterns of tree species have become available in the 
last decades (i.e. Duivenvoorden 1995, Pitman el al. 1999). However, in the 
Amazon basin, only a few attempts to link floristic patterns at local and intermediate 
scale to larger scales have been done so far (Pitman e l a/. 1999). Since trees are the 
most conspicuous component of the forests, which creates support and conditions 
for the establ.ishment of other growth forms , understanding the relationship between 
trees and other growth forms might help to simplify the conservation planning of the 
whole forest ecosytem. Nevertheless, it is virtually uknown how to extrapolate the 
knowledge acquired from trees to other growth forms , such as lianas, herbs, shrubs 
and epiphytes. This is why, in this study, we used and enhanced already existent 
in formation of forest inventories with new supplementary data , which comprised a 
wide environmental gradient in a range ofspatial scales (from local to regional), and 
a variety ofdifferent growth forms in NW Amazonia. 

1.2 OUTLINE OF TRIS TRESIS 

In this thesis , the main issues mentioned aboye are addressed in more detail with a 
new series of well distributed high resolution relevés of terrestriaL vascular plant 
species composition. They all have been sampled aIong the principal environmental 
gradients in a wide rain forest area in Colombian Amazonia, and adjacent (Amazon) 
areas of Ecuador and Peru (Fig. 1.1). This study is one of the few at plot level in 
Amazon forests, which compares different growth forms , including (near)-totaI 
epiphyte species, in relation to enviroomental control in one survey designo As the 
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study is Jimited to NW Amazonia, humidity (in terms of total annual rainfall) and 
geomorphology is quite similar between sample sites, thus allowing a better analysis 
of the effect of other environmental variables. This in contrast to other spatial 
studies in Amazonia where aonual rainfall varies between study sites (Clinebell e l 

a/. 1995, ter Steege el a/. 2000, Pitman el a/. 1999, 2001). New insight on 
comparative environmental control on understory , tree, epiphytes and liaoas species 
composition at different spatial scales is obtained. Furthermore, strategies of habitat 
occupation (generalists, specialists) in relation to patterns of local abundance, 
relationships betweeo different growth forms, use of selected plant taxa as 
bioindicators of patterns of planl distribution, and species response curves to 
complex environmental gradients, will be presented. 

Aims 
The principal aim was to study the spatial distribution and abundance of di fferent 
growth forms of rain forest plants at different spatial scales (on the basis of a 
substantial set of new relevés, which includes (near)-total vascular plant species 
composition such as big trees, lianas, epiphytes, shrllbs and herbs) in relation to their 
ecological response to major environmeotal gradients in a wide area of NW 
Amazonia. Spatial scales have been arbitrarily subdivided into local, meso or 
intermediate, and regional. Local scale is referred to plot scale, which in this study 
ranges from 0.1 ha to 2.16 ha. Mesoscale is considered for those surveys carried out 
withio a country, which range from 3 ha to 2000 km2 Regional scale is defined for 
those analyses that involved more than 2000 km2 and included areas in the three 
countries. 

The principal research questions addressed are : 
Al local scale (Tierra Firme in Colombian Amazonia) . 
• 	 How are big tree species (DBH 2:. IO.O cm) distributed along a narrow 

environmental gradieot crossing three geomorphological units (Iow plain 
terrace, high dissected terrace, and high undissected terrace) in Tierra Firme 
forests? 

Al mesoscale (MelÓ and Chiribiquele areas, Middle Caquelá basin, Colombian 

Amazonia): 
• 	 Is beta diversity higher among woody understory species than among big trees? 
• 	 Are the distribution and diversity patterns of vascular epiphytes related to the 

main landscape units aod woody species composition in the Metá area') 
• 	 Can we use sorne selected plant species as bioindicators to predict the floristic 

pattern of all other plant species present in a plot-based survey in different 
landscape units? 

Al regional scale (NW Amazonia): 
• 	 What are the local and regional patterns of diversity and composition of woody 

lianas (DBH>2.5 cm) io NW Amazonia? 
• 	 What is the predominant response shape of woody (D8H>2.5 cm) species and 

genera to complex environmental gradients in NW Amazonia? 
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Sludyarea 
The study was carried out in four different areas in northwestern Amazonia: middle 
Caquetá basin, which includes the Chiribiquete and Metá areas in Colombian 
Amazonia (roughly between 00_2°S and 700_73 °W); YasunÍ area in Ecuadorian 
Amazonia (roughly between 0°-l. lOS and 76°-76.5°W); and Ampiyacu area 
pertaining to the Maynas Province in Peruvian Amazonia (roughly between 3-3.5°S 
and 7J.5°-72.5°W) (Fig. 1.1). AII areas are in the Humid Tropical Forest life zone 
(bh-T) according lO Holdridge el al. (1967). The average annual temperature is near 
25°C, and annual precipitation varies around 3000 mm. AIl months show an average 
precipitation aboye 100 mm . In the Metá and Yasuní areas the lowest rainfall is in 
January and February, whereas in Puerto Isanga it is in August and September (Lips 
and Ouivenvoorden 2001). 

Northwestern Amazonia has been geologically divided into two Cenozoic 
sedimentary basins: "pericralonic" or Andean basin and "intracratonic" or 
Amazonian basin (Rasanen 1993). The Middle Caquetá area in Colombia and the 
Ampiyacu area in Peru are located within the Amazonian basin, while the YasunÍ 
area is within the Andean basin (Lips and Ouivenvoorden 2001). The principal 
landscape units found here are well-drained floodplains, swampy areas (including 
permanently inundated backswamps and basins in Iloodplains or fluvial terraces) , 
areas covered with white-sand soils (found on high terraces of the Caquetá River 
and in less dissected parts of the Tertiary sedimentary plain), and well-drained 
uplands or Tierra Firme forests (which are never flooded by river water and incJude 
low and high fluvial terraces and a Tertiary sedimentary plain) (Duivenvoorden and 
Lips 1995). Soils and landscape units are called well-drained when soil drainage 
(according to FAO 1977) is imperfectly to well-drained (FAO drainage class:::: 2) , 
and poorly drained when soils are poorly to very poorly drained (FAO drainage 
cJass < 2). 

AII the areas studied are predominanlly covered by ' primary' forests that lack recent 
evidence of disturbance. These forests are mainly inhabited by indigenous 
communities. In the Colombian study area the surveys were carried out in forest 
lands owned by the people of the Muinane and Miraña groups, which live along the 
Caquetá River in small groups that do not exceed 200 in number each (Sánchez 
2001). The Chiribiquete area, which was inhabited in the past by the Carijona 
indigenous tri be , is located within the Chiribiquete National Park. There are almost 
no people 1 iving in this area nowadays (Peñuela and von H i Idebrand 1999). The 
Yasuní area has been historically inhabited by the Huaorani community. Until just a 
couple of decades ago, the Huaorani people were nomads. However, after the 
incursion of the oil companies they became sedentary (Macía 2001). The YasunÍ 
National Park is a protected zone in the Ecuadorian Amazonia with a very low 
population density. This area is very well known for harbouring a high plant 
diversity (Valencia el al. 1994). In the Ampiyacu area, in Peruvian Amazonia, the 
indigenous communities in the study area are part of three main indigenous tribes: 
Boras, Huitotos and Okaina. In the period of the rubber exploitation, most members 
of these communities migrated southward from Colombia into this area, expelled by 
the violence or forced by the rubber tree employers (García 200 1). 

1mrodllCl ion 

Main praperl ¡es allhelield dala 
The current study addresses the research questions by means 01' three datasets: (1): 
data from a survey carried out on only trees (OBH>IO cm) along a transect of 10 x 
2160 m (2.16 ha) in Tierra Firme forests in Colombian Amazonia; (2): quantitative 
data on (near)-total vascular plant composition in Colombian Amazonia from 40 
0.025-ha well distributed plots covering a total area of I ha: and (3): data concerning 
woody plant species composition (DBH>2.5 cm) In a total of 90 O.l-ha plOlS, 
located in piJot areas in the Amazon basin of Colombia (Caquetá basin, 40 plots), 
Ecuador (Yasuní area , 25 plots), and Peru (Ampiyacu area, 25 plots). 80 ofthese 90 
plots came from an EU funded project to assess non-timber forest resources in NW 
Amazonia (Ouivenvoorden el al. 200 1). Plot position was recorded using a GPS. 
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Figure 1.1. Localion of the different sampled areas in NW Ama7. onian. 

HRAZII 

Botanical collections were made of all vascular plant species found in each plot, 
according to the minimum plant size included in the sampled designo Identification 
too k place at the herbaria COAH, HUA, COL, QCA, QCNE, AMAZ, USM, MO, 
NY and AAU (Holmgren el al. 1990). The nomenclature of families and genera 
folJows Mabberley (1989). Visual interpretation of satellite imagery and aerial 
photographs were carried out to define the study area as well as the 
geomorphological maps of the different stlldy afeas (Ouivenvoorden and Lips 1993, 
Tuomisto and Ruokolainen 2001 , Duivenvoorden 2001, von Hildebrand el al. in 
prep.). In the central part of each one of the 90 O.I-ha plots, a soil description llnti I 
120 cm depth was done, and a soil sample was taken at a depth of 65-75 cm. 
Chemical soil analyses were carried out at the soil laboratory of the lnstitute for 
Biodiversity and Ecosystem Dynamics (IBEO) ofthe Universiteit van Amsterdam. 
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Sludyarea 
The study was carried out in four different areas in northwestern Amazonia: middle 
Caquetá basin, which includes the Chiribiquete and Metá areas in Colombian 
Amazonia (roughly between 00-2°S and 700-73°W); Yasuní area in Ecuadorian 
Amazonia (roughly between 0°-1. lOS and 76°-76.5°W); and Ampiyacu area 
pertaining to the Maynas Province in Peruvian Amazonia (roughly between 3-3.5°S 
and 71.5°-72.5°W) (Fig. 1.1) AII areas are in the Humid Tropical Forest life zone 
(bh-T) according to Holdridge el a/. (1967). The average annual temperature is near 
25°C, and annual precipitation varies around 3000 mm. AII months show an average 
precipitation aboye 100 mm. In the Metá and Yasuní areas the lowest rainfall is in 
January and Febrllary, whereas in Puerto Isanga it is in August and September (Lips 
and Duivenvoorden 2001). 

Northwestem Amazonia has been geologically divided into two Cenozoic 
sedimentary basins: "pericratonic" or Andean basin and " intracratonic" or 
Amazonian basin (Rasanen 1993). The Middle Caquetá area in Colombia and the 
Ampiyacu area in Peru are located within the Amazonian basin, while the Yasuní 
area is within the Andean basin (Lips and Duivenvoorden 200 1). The principal 
landsca pe units found here are well-drained floodplains , swampy areas (including 
permanently inundated backswamps and basins in floodplains or fluvial terraces), 
areas covered with white-sand soils (found on high terraces of the Caquetá River 
and in less dissected parts of the Tertiary sedimentary plain), and well-drained 
uplands or Tierra Fimle forests (which are never flooded by river water and inelude 
low and high fluvial terraces and a Tertiary sedimentary plain) (Duivenvoorden and 
Lips 1995). Soils and landscape lInits are called well-drained when soiJ drainage 
(according to FAO 1977) is imperfectly to well-drained (FAO drainage class 2: 2), 
and poorly drained when soils are poorly to very poorly drained (FA O drainage 
elass < 2). 

AII the areas studied are predominantly covered by 'primary' forests that lack recent 
evidence of disturbance. These forests are mainly inhabited by indigenous 
communities. In the Colombian study area the surveys were carried out in forest 
lands owned by the people of the Muinane and Miraña groups, which live along the 
Caquetá River in small groups tb.a t do not exceed 200 in number each (Sánchez 
2001). The Chiribiquete area , which was inhabited in the past by the Carijona 
indigenous tri be, is located within the Chiribiquete National Park . There are almost 
no people living in thi s area nowadays (Peñuela and von Hildebrand 1999). The 
Yasuní area has been historically inhabited by the Huaorani community. Untiljust a 
couple of decades ago, the Huaorani people were nomads. However, after the 
incursion of the oil companies they became sedentary (Macía 2001). The Yasuní 
National Park is a protected zone in the Ecuadorian Amazonia with a very low 
population density. This area is very well known for harbouring a high plant 
diversity (Valencia el a/. 1994). In the Ampiyacu area, in Peruvian Amazonia, the 
indigenous communiries in the study area are part of three main indigenous tribes : 
Boras, Huitotos and Okaina. In the period of the rubber exploitation, most members 
ofthese communities migrated southward from Colombia into this area, expelled by 
the violence or forced by the rubber tree employers (García 2001). 

In,roductio/'l 

Main properlies oflhefie/d dala 
The current study addresses the research questions by means 01" three datasets : ( 1) : 
data from a survey carried out on only trees (DBH> 1 O cm) along a transect of 10 x 
2160 m (2 . 16 ha) in Tierra Firme forests in Colombian Amazonia; (2): quantitative 
data on (near)-totaJ vascular plant composition in Colombian Amazonia from 40 
0.025-ha well distributed plots covering a total area of 1 ha; and (3): data concerning 
woody plant species composition (DBH>2.5 cm) \O a total of 90 O.I-ha plots, 
located in pilot areas in the Amazon basin of Colombia (Caquetá basin, 40 plots), 
Ecuador (Yasuní area, 25 plots), and Peru (Ampiyacu area, 25 plots). 80 ofthese 90 
plots carne from an EU funded project to assess non-timber forest resources in NW 
Amazonia (Duivenvoorden el a/. 2001). Plot position was recorded usi ng a GPS. 
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Figure 1.1 . Location of the different samp led areas in NW Amnzonian. 

HRAZII. 

Botanical collections were made of all vascular plant species found in each plot, 
according to the minimum plant size ineluded in the sampled designo Identification 
took place at the herbaria COAJ-l, HUA, CO L, QCA, QCNE, AMAZ, USM , MO, 
NY and AAU (Holmgren el a/. 1990). The nomenclature of families and genera 
follows Mabberley (1989). Visual interpretation of satellite imagery and aerial 
photographs were carried out to define the study area as well as the 
geomorphological maps of the different study areas (Duivenvoorden and Lips 1993, 
Tuomisto and Ruokolainen 2001, Duivenvoorden 200 1, von Hildebrand el a/. in 
prep.). In the central part of each one of the 90 O.I-ha plots, a soil description until 
J 20 cm depth was done, and a soi I sample was taken at a depth of 65-75 cm. 
ChemicaJ soil analyses were carried out at the soil laboratory of the Institute for 
Biodiversity and Ecosystem Dynamics (IBED) of the Universiteit van Amsterdam. 
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1.3 A BRIEF SUMMARY OF THE CHAPTERS 

This PhD. thesis presents a compilation of several articJes, which have already been 
publ ished in, accepted by or submitted to, in international peer-reviewed journals. 
The different chapters are specially arranged in accordance with the spatial scale, 
which starts from a local scale (Chapter 2), going by several topics at intermediate 
(Chapters 3, 4 and 5) and regional scales (Chapters 6 and 7), and finishing with a 
synthesis that incJudes implications for forest conservation planning in NW 
Amazonia (Chapter 8). 

In Chapter 2, contingency tables \Vere used to test \Vhether or not 10cal1y abundant 
species were randomly distributed along three different kinds of alluvial terraces 
from the Caquetá River. Most of the abundant species that allowed statistical 
analysis \Vere classified as generalists. In Chapter 3, Mantel and partial Mantel tests 
were carried out to analyze the effect of geographical space and environment on the 
observed patterns of woody understory and canopy species distribution. It was 
concluded that canopy species had a wider distribution and \Vere less depending on 
soil specialization than understory species. Hence, for understory plants the spatial 
configuration of the plots became more important in explaining species patterns . In 
Chapter 4, just as trees, the ordination diagram of Detrended Correspondence 
Analysis (DCA) showed that epiphyte species assemblages were well associated 
with the main landscapes units. Mantel correlation analysis showed a non significant 
corre/ation between the epiphytes composition and the spatial sampling set-up of the 
plots. According to one-way ANOV A analyses, and contral)' to trees, vascular 
epiphyte abundance and diversity (species richness , Fisher's alpha index) hardly 
differed between the landscapes. In Chapter 5, by means of a Canonical 
Correspondence Analysis (CCA), species information from ferns and 
Melastomataceae, together with that from soils, landscape, and spatial sampling 
design , was used to explain the compositional patterns of other vascular plant 
species in 40 widely distributed O.I-ha plots. No evidence was obtained that ferns 
and Melastomataceae showed more potential to predict the main patterns in species 
composition of forests than soil, landscape, and spatial variables. In Chapter 6 the 
main aim was to assess patterns of diversity and composition of woody lianas in 
three different areas in NW Amazonia. Woody lianas with DBH :::- 2.5 cm (DBH = 

diameter al breast height) were surveyed in O.l-ha plots , that were laid out in 
tloodplains, 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 01' lianas were analyzed in 
response to 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. Liana density did 
not respond signi ficantly to landscape, regions, or the interaction of these two 
factors. However, landscapes and regions differed significantly in liana diversity. In 
contrast, liana species composition was best related to soil fertility , leading to a 
distinct position of the Tierra Firme plots in Colombia. 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 80 O.I-ha plots located across 
the main landscape units in three different rain forest areas in Colombia, Ecuador, 
and Peru. We used a hierarchic set ol' logistic regression models to test if response 
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curves were skewed, symmetrical or monotonic. The continuum concept appeared as 
the most appropriate model of vegetation organization in the forests . Predictions of 
response curves of woody species based on soil ferlility gradients tended to be 
inaccurate. Faclors other Ihan soils probably had a slrong influence on the way how 
species were distributed along complex abstrac! gradienls. FinaJly, Chapter 8 
presenls Ihe general conclusions, including some general melhodological 
considerations and implications for conservation . 
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1.3 A BRIEF SUMMARY OF THE CHAPTERS 

This PhO. thesis presents a compilation of several articles, which ha ve already been 
published in , accepted by or submitted to, in international peer-reviewed journals. 
The different chapters are specially arranged in accordance with the spatial scale, 
which starts from a local scale (Chapter 2), going by several topics at intermediate 
(Chapters 3, 4 and 5) and regional scales (Chapters 6 and 7), and finishing with a 
synthesis that includes impl ications for forest conservation planning in NW 
Amazonia (Chapter 8). 

In Chapter 2, contingency tables were used to test whether or not locally abundant 
species were randomly distributed along three different kinds of alJuvial terraces 
from the Caquetá River. Most of the abundant species that allowed statistical 
analysis were classifted as generalists. In Chapter 3, Mantel and partial Mantel tests 
were carried out to analyze the effect of geographical space and environment on the 
observed patterns of woody understory and canopy species distribution. [t was 
concluded that canopy species had a wider distribution and were less depending on 
soil specialization than understory species. Hence, for understory plants the spatial 
configuration of the plots became more important in explaining species patterns. [n 
Chapter 4, just as trees, the ordination diagram of Detrended Correspondence 
Analysis (DCA) showed that epiphyte species assemblages were well associated 
with the main landscapes units. Mantel correlation analysis showed a non significant 
correlation between the epiphytes composition and the spatial sampling set-up ofthe 
plots. According lO one-way ANOYA analyses, and contrary to trees, vascular 
epiphyte abundance and diversity (species richness, Fisher's alpha index) hardly 
differed between the landscapes. In Chapter 5, by means of a Canonical 
Correspondence Analysis (CCA), species information from ferns and 
Melastomataceae, together with that from soils , landscape, and spatial sampling 
design, was used lO explain the compositional patterns of other vascular plant 
species in 40 widely distributed O.I-ha plots. No evidence was obtained that ferns 
and Melastomataceae showed more potential to predict the main patterns in species 
composition of forests than soil, landscape, and spatial variables. [n Chapter 6 the 
main aim was to assess patterns of diversity and composition of woody lianas in 
three different areas in NW Amazonia. Woody lianas with OBH 2: 2.5 cm (OBH = 

diameler at breast height) were surveyed in O.I-ha pJots, that were laid out in 
floodplains , swamps, and wel! drained uplands (Tierra Firme) in each of the three 
study areas. Plot density, diversity (family, genus and species richness as weJl as 
Fisher's alpha based on species), and species composition of lianas were analyzed in 
response to region (or plot coordinates), landscape , extension of landscape units 
surrounding the plots, soil chemical information, and forest structure using 
ANOY A, multiple regression and canonical ordination analysis. Liana density did 
not respond significantly to landscape, regions , or the interaction of these two 
factors. However, landscapes and regions differed significantly in liana diversity . In 
contrast, liana specics composition was best related to soil fertility, leading to a 
distinct position 01' the Tierra Firme plots in Colombia. In Chapter 7, the response 
shape of 24 species and 89 genera of woody vascular plants (DBH 2: 2.5 cm) to 
environmental gradients was studied on the basis of 80 O.l-ha plots located across 
the main landscape units in three different rain forest areas in Colombia, Ecuador, 
and Peru. We used a hierarchic set of logistic regression models to test if response 
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curves were skewed, symmetrical or monotonic. The continuum concept appeared as 
the most appropriate model of vegetation organization in the forests . Predictions of 
response curves of woody species based on soil fertility gradients tended to be 
inaccurate. Factors other than soils probably had a strong influence on the way how 
species were distributed along complex abstract gradients. Finally, Chapter 8 
presents the general conclusions, including some general methodological 
considerations and implications for conservation. 
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2.1 

S/ra/egies o/lree oeeupalÍon o/ a local seale in lerra firme lores/s in /he Colombion Amazon 

INTRODUCTION 

Amazonian forests and tropical coral reefs are known to have the highest species 
richness in the worJd (Connell 1978). Within Amazonian forests, those closer to the 
Andes are known to have higher species richness than those in the central 
Amazonian watershed (Valencia el al. 1994, Clinebell el al. 1995). Gentry (Gentry 
1988a,b, Clinebell el al. 1995) hypothesized that the forests along the Andean 
foothills are richer than those in the central basin because of a general positive 
relationship between species richness, precipitation, and mineral nutrient contents in 
soils. Nevertheless, when the number of individuals per uni! area is considered, this 
hypothesis no longer holds (Ter Steege e l al. 2000). Plots located in the central 
Amazonian have higher tree density, resulting in equal or even higher tree species 
diversity, that is, the ratio ofspecies to individuals (Ter Steege el al. 2000). 

Whether species richness is considered as the number of species per unit area or in 
relation to the number of individuals, lhere is still much debate on the causes ol' high 
species number and the way these species are related to one or more environments. 
Two opposing hypothesis have been proposed to explain tree species in tropical wet 
forests, the hypothes is of deterministic niche-assembly, and the hypothesis of 
probabilistic dispersal-assembly. According to the deterministic niche-assembly 
theory, plant communities are composed of groups of species that coexist in 
interactive equilibrium with each other, and one species is the best competitor for a 
given niche (Tilman 1982). This hypothesis implies a fine partitioning ol' the 
environment as shown for understory shrubs and feros in the understory of Peruvian 
Amazonia (Tuomisto el al. 1995). In contrast, the thcory ol' dispersal-assembly 
suggests that plant communities are lhe collection of species that overlap in 
environmental requirements for geographicaJ or historical reasons. According to this 
tbeory, the species in a community are in non-equilibrium , that is, they co-exist in 
changing relative abundances (Hubbell 1998). Since data have been recently 
publi shed in favor of both. the deterministic niche-assembly theory (Clark el al. 
1998, Tuomisto el al.. 1995) and the probabilistic dispersal-assembly (Harms el a/. 
2001), tbe explanation 01' species distribution may fa" between tbese two hypothesis 
(Hubbell 1998). 

According to Gentry (1988a,b), high levels oC species richness in the Tambopata 
region ofthe Peruvian Amazon can be attributed to high beta-diversity due to habitat 
specialization. This conclusion came from comparison ol' tree spec ies 10 cm 
DBH) in nearby 1 ha plots located in Tierra Firme and flooded forests. More recent 
studies of tree species composition in Tierra Firme foresls at a larger geographical 
scale have shown that, Beta diversity is rather low, most tree species appear as 
habitat generalists, and tbere is a low proportion of local specialists (Duivenvoorden 
and Lips 1998, Pitman el al. 2001). Beta diversity in Tierra Firme forests may 
increase wben the woody understory species are considered. These species seem to 
show higher specialization to soil conditions and higher dispersal limitation (Zagt 
and Werger 1998, Ruokolainen and Vormi sto 200 1). 

In tlle present study, we describe the species richness and the tloristic composition 
of three adjacent geomorphological units in Tierra Firme forests in lhe middle 
Caquetá area, Colombian Amazonia. We address the following questions: (1) is 
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there an e tlect of Ihe phys iographic changes on the spec ies ri chness across three 
landscape units? (2) are there tree species unique to eac h landsca pe unit or are tree 
species mainly di stribuled across all three units? Two ex tremes are poss ible : a large 
list of"spec¡alis ts" fo r eac h fores t type, and thus high beta di vers ity, or a large list of 
generali sl spec les and low beta di versi ty. 

2.2 METHOOS 

Sludy sile 

The study was carried ou t in the middle Caguetá of the Co lombian Amazon. [n 
particular: vegetation .surveys were ca rri ed out in three adjacent geomorphological 
Ul1Jts rnTlerra Firme torests: low pla in lerrace, hi gh di ssected terrace, and high plain 
terrace In the Villa Azu l area ot: th e Muinane indigenous community (0° 32' S; 12 0 6' 
W) . These three unlts are a ll ot Quaternary age and are not subjec t to flooding from 
the Caquetá Ri ve r. The low plain ten'ace (LPT), 15-20 m aboye the average water 
leve l Jn the nver, IS a tl at well-drained unil with deep so il s (pH 0·4 0 cm =3 .7-4.0; total 
bases ~ 4.4 meqllOO g) classi fi ed as Pa leudults (Botero el al. 1993). The high 
dl ssected ten'ace (HDT), 30-40 m above the river, is com posed of hi lls 20-30 m ta ll , 
moderately to well dra ined, with stab le 10ps and unstable hill s ides (slopes 50-60%) 
~~I th s:,gns of ac ll ve geomorpho logica l processes like mass movements, resulting in 
steps va rymg In helght from a few centimeters to 1-3 m. Soils are shallow in the 

hill tops and deeper on the slopes and valley botloms. Soils have low mineral 
nutri enl content (pH O.~fI cm - 3.7; total bases = 2.9 meq/ I 00 g) and are c lassified as 
Kandiudults (Botero el al. 1993). The hi gh pl a in terrace (HPT), 40-50 m above the 
river, is a tlat, well-drained unit with no signs of eros ion (i .e. creeks). Soils are a lso 
deep with low_minera l nulrient contenl s (pI-{ 1I.4f1cm =3.7; total bases = 2.3 meqllOO 
g) a~ d class lh ed as Kanhapludults (Bolero el a/. 1993). Average mean annual 
ramlall ( 1979-1 990) is 3059 mm wilh no mon th with les s than 100 mm . The 
elevation is approx imately 90 m.a.s. l. and the mean annual temperature ( 1980-1989) 

owas 25.7 e (Du lvenv oorden and Lips 1993) . 

Swnp/ing melhoU.\' 

The vegetation survey was ca rri ed ou l a long a single long itudinal transeet 10 m x 
2160 m loeated in a west-east direc li on, and pass ing lhrough a low pl ain terrace (nO 
m), a hlgh dl ssec led lerrace (nO m) , an d a high plain ten'ace (nO 111). For every tree 
and llana more lhan 10 cm DBH , dislance fro m the ori gi n o í' tl1e transec t and the 
dlameter were recorded. Spee imens of ea eh indi vidua l were collected and 
determi ned by means of comparisons al the Herba ri o Amazónico (COA H) and 
Herbano Nac iona l Colombiano (COL). Voucher spec imens (A D 00 1-2044) are 
depos ll ecl In COAH and Ihe Herbarium of the Bota ni ca l Garden of Mede llin 
(JAUM) 

Dula onulv.\' i.l 

For data a nalysis, the cO lllinuous Iransec l was divided in subplots 10m x 30 m 
resulllng rn 24 plots in each or lhe three landsca pe uni ls. The spec ies were c1ass ifi ed 
as " Ioea ll y abundanl" ir lhey had more lhan one individual per hectare (a rter Pitman 
elol. 1999) , ~n cl iflhey wcre presenl in lhree or more su bplots. Otherwi se, species 
~V llh lwo or tew~r rn dlvidua ls in the ent ire 2. 16 ha and prese nt in two subplots or 
tewer, were delrned as "Iocally rare". To determ ine ir lhe abundant spec ies 
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distributed along this transec t were restri cted to one, lwo, or three landscape units, a 
2 x 3 contingency tab le was analyzed using the "Ecological ProfiJe" method 
(Ezcurra and Montaña 1984). In this meth od, the con tingent table contains th ree 
faclors ( i.e. landscape units) and the frequency of presence and absence of the 
species within the subpl ots in each landscape uni!. The null hypothesis is that every 
species belongs to a single population and is di stributed al random, lhus occurring in 
al! three units. Observed va lues of G (w ith distribut ion Chi-square) were compared 
with the ex pected va lue 01' Chi-square for two degrees of freedom (5 .9). Ir the 
observed va lue was higher than the expected value, the null hypothes is was rejected, 
and thus the di stributi on 01' the species was restri cted to one or two units. To 
determine which unit(s ) the spec ies was res tri eted to, the foll owing procedure was 
used. For each factor, obse rved values of G were eompared with Chi-square for one 
degree of freedom. If the observed value was hi gher than tabulated (3.84), the 
spec ies was e ither more (+) 01' less (-) abundant than ex pected. On the contrary, if 
the observ ed value was lower tha n tabul aled, Ihe species was cons idered lo be 
indifferenl to thi s factor (O) . Thus, a species could be restri cted to one 
geomorpho logical un it wh en on ly one va lue was posi live (i.c . 01+10; -/ /-), to two 
geomorphological units when Iwo val ues were posi ti ve (i. e. +/-/ !- ) or evenly 
distributed when all val ues were zeros (O/O/O). These spec ies are referred here as 
"speciali sts", "intermediates" ancl "generalists", respec tively . The Jaccard 
coefficient (J), whieh is designed for presenee-absence data (Legendre and Legendre 
1998) , was used as a meas ure 01' simil ar il y (bela diversily) in the tloristic 
composition al1long landscape un its. 

2.3 RESlJLTS 

Along the 2 160 m x 10m Iransect, tbe re were a tota l 0 1' 5 1 fami lies, 140 genera, and 
377 morph olypes of trees more than 10 cm DBH. Determination of morphotypes 
was possible at different leve ls: 189 (50%) lo tbe species le ve !, 120 (33%) to the 
genus leve l, and 66 (17.5%) lO the fa mi ly leve!. Onl y two morphotypes (0.5%) were 
not identified. AII the di fferenl morphotypes wil! be refe red to as spec ies. Th e most 
abundant famili es were Leeythidaceae with 204 individuals (13%), Leguminosae 
with 160 individ ua ls ( 10.2%) and l'vIyri sli caeeae with 15 1 individuals (96% ) ( Fi g. 
2.1) 

Species ri chness was higher in the high di ssected terrace (229 specieslO.n ha) 
foJlowed by the high plain ten ace (178 species/O.n ha) and the low pl ain terrace 
( 174 spee ies/O.n ha). When species ric hness was considered as lhe rat io between 
the nUl1lber of species and the number of individuals co ll ecled in each lorest type, 
the LPT showed the highest va lue (0.382), foll owed by HDT (0.376) and HPT 
(0. 361 ). 

COlllparison between fores l ty pes using lhe Jacca rd Index showed thal lhe LPT and 
HDT, as we l! as the LPT and HPT, had 26 '% of lhe spec ies in common , while the 
HDT and HPT had 30 % of the spec ies in common. There werc 146 (39%) spccies 
classified as " Ioca ll y ab undant" and 23 1 (61 "10 ) c lassified as " Iocally nlre". The 
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there an effect of the physiograp hi c changes on th e species richness across three 
landscape units? (2) are there tree species unique to eacb landscape unit or are tree 
spec ies mai nl y distributed ac ross a ll three units? Two ex tremes are poss ible : a large 
list of "specialists" for each forest type, and thus high beta diversity, or a large li st of 
general ist species and low beta divers ity. 

2.2 METHODS 

Sludy s i/e 

The study was carried ou t in the middle Caquetá of the Co lombian Amazon. In 
parti cul ar, vegetation su rveys were ca rried out in three adjacent geomorphological 
units in Tierra Firme forests: low pl ain terrace, high dissected terrace, and high plain 
terrace in the Villa Azul area of the Muinane indigenous comm unity (00 32' S; 72 0 6' 
W). These three units are a ll of Quaternary age and are not subject to fl ood ing from 
the Caq uetá Ri ver. The low pla in terrace (LPT), 15-20 m aboye the average water 
leve l in the ri ve r, is a na t well-d rained unit with deep so il s (p H 0-40 cm =3.7-4 .0; total 
bases = 4.4 meq/IOO g) class i fied as Paleudults (Botero el al. 1993). The hi gh 
di ssected terrace (H DT), 30-40 m aboye the ri ver, is composed of hill s 20-30 m tall , 
moderately to well drained , with sta ble tops and unstable hill s ides (s lopes 50-60%) 
wi th signs of ac ti ve geomorphological processes like mass movements, resulti ng in 
"steps" va rying in height from a few centimeters to 1-3 m. Soils are shallow in the 
hill tops and deeper on the s lopes and valley bottoms. Soils have low mineral 
nutri ent content (pH 0-40 cm = 3.7; total bases = 2.9 meq/ l 00 g) and are class ified as 
Kandiudults (Bote ro e l al. 1993). The hi gh plain terraee (HPT), 40-50 m above the 
ri ver, is a flat , well-drained unit with no signs of eros ion (i.e . creeks). Soils are also 
deep with low mi neral nu tri ent conte nts (pH fI-40clII =3_7; tota l bases - 2.3 meq/lOO 
g) and classi fied as Kanhapllldlllts (Botero e l a/. 1993). Average mean an nual 
rainfall ( 1979-1990) is 3059 mm wit h no month with less tban 100 mm . The 
elevation is approximately 90 m.a.s .!. and the mean annual te mperature ( 1980-1989) 
was 25.7"C (Ouivenvoorden and Lips 1993). 

Sampling /1/e lhody 

The vegetation survcy was ca rri ed out along a single long itudi na l transect 10 m x 
2 160 m located in a west -east direct ion, and passing through a low pl a in terrace (720 
m) , a high dissecled terrace (720 m), and a hi gh plain tetTace (720 m). For every tree 
and liana mo re than 10 cm DBH , dis ta nce from the origin of the transect and the 
diameter were recorded . Specimens of each individ ual were co ll ec ted and 
determincd by means ol' comparisons at the Herbario Amazónico (COA H) and 
Herbario 'ac ional Colomh iano (CO L). Voucher spec imens (AO 00 1-2044) are 
deposiled in COAH and the Herbal·i um of the Botanical Garden of MedeUin 
(JA UM). 

Dala allol\ 's is 

For dala analysis, the con linuous transcct was divided in subplots 10 !TI X 30 m 
result ing in 24 plots in eac h or the three landscape units. The species were class ifi ed 
as "Ioca ll y ab llndanl" irthey had more lhan one individual per hectare (a fter Pit man 
el al. 1999), and i l· they werc present in th n~e or more subplolS. Otherwise, species 
wilh rwo or rewer individuals in the entirc 2. 16 ha and presenr in rwo subp lots or 
fewer, were detined as "Ioca lly rare". To determine ir lhe ab undanl species 
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distributed along this transect were restri cted to one, two, or three landscape unit.s, a 
2 x 3 contingency tab le was analyzed using the "Eco log ical Profil e" method 
(Ezcurra and Mon taña 1984). In thi s method, the con tingent rabie con tains three 
factors (i.e. landscape units ) and Ihe frequency of presence and absence of rh e 
species within the subp lots in each landscape unir. The null hypothes is is that every 
species belongs to a s ingle population and is distri buted at random , thus occurring in 
al! three units. Observed va lues of G (wi th distr ibuti on Chi-square) were compa red 
with the expecred va lue of Chi-square for two degrees of freedom (5.9). If the 
observed value was higher than the expected value, the nul! hypothesis was rejected , 
and thus the distribution o f the species was res tri cted to one or t\V o units. To 
determine whi ch unit(s) the species was restri cted to, the foll owi ng proced ure was 
used. For eac h fa ctor, observed values ofG were compared with Chi-square for one 
degree of freedom. If the observed va lue was higher than tabulared (3.84), the 
speeies was ei ther more (+) or less (-) abundant than ex pected . On the contra ry , if 
the observed va lue was lower than tabulared, the species was considered to be 
indifferent to thi s fac tor (O). Thus , a spec ies could be res tri cted to one 
geomorphologica l unir when onl y one va lue was positive (i.e. O/ /0; -1 1-), to two 
geomorphological unirs when [wo va lues were posilive (i.e . -r/-I+ ) or evenly 
distributed when all values were zeros (0/010) . These species are refe rred here as 
"speci ali sts", "intermediates" and "genera li srs", res pectively . The Jacca rd 
coefficienr (J) , which is designed for presence-absence data (Legendre and Legend re 
1998), was used as a meas ure of simil arily (beta diversity) in rhe tl ori stic 
composirion among land scape un its. 

2.3 RESULTS 

Along the 2 160 m x 10 m transect, there we rc a tota I o f 5 I ['a m i I ies, 140 genera , and 
377 morphotypes of trees more tha n 10 cm DBI-l . Dererminati on of morpholypes 
was poss ible at di ffe ren t leve ls: 189 (50%) ro the specics leve! , 120 (33%) to the 
genus leve !, and 66 ( 17.5%) to the family leve!. Onl y 1\V0 morphotypes (0.5%) were 
not identified. AII rhe different morphotypes will be refe red t.o as spec ies. The most 
abundanl families were Lecy th idaceae with 204 indi vidual s (13 %), Legul11inosae 
with 160 individual s (10.2%) and Myri sri caceae wilh 15 J indi viduals (9.6%) (F ig. 
2. 1 ) 

Species r ichness was higher in the hi gh dissected ten"ace (229 specieslO.72 ha) 
followed by rhe high plain terrace (J 7~ species/O.72 ha) and lhe low plain terrace 
(174 species/O.72 ha). When species ri chness was considered as lhe ratio between 
the number of species and the number of ind ividuals collec ted in each forest type, 
the LPT showed the highest value (0.382), fo ll owed by HDT (0.376) and I-IPT 
(0.361 ). 

Comparison between fo rest types using the Jaccard Ind e;.; showed thal rhe LPT ane! 
HOT, as we ll as the LPT ane! HPT, had 26°;;, of lhe spec ies in common, while the 
HDT and HPT had 30 % of the species in C01ll11l0n. There wcre 146 (39%) spccies 
eJassifled as "Ioca ll y abund an t" and 231 (6 1 % ) elassificd as "Ioca ll y rare". The 
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Fi gure 2. 1. Rela ti ve abundance of plant famiJies in the 2. 16 ha longirudinal plot covering a 
low plain te rrace, a hi gh di ssec ted te rrace, a nd a high plain terrace. 

resuJts of the " Ecological Pro fiJ e" method , showed that the abundant spec ies 
occurred in one, two or three forest types. The largest group was composed of those 
species that were present in a II three forest types (l02 species of J 46; 70%) (Table 
2.1). Oenocarpus balaua is a very good example of this strategy (Fig. 2.2). A second 
group was composed of species that were located in only one of the three forest 
types: those reslricted to the low pla in terrace (seven spec ies; 4.8%), the high 
dissected terrace (J 7 spec ies; 11.6 % ) and the high pla in tenace ( 11 species; 7.5%) 
(Table 2.1). Species as Lacmellea arborescens in LPT, Senefe/dera AD891 in HDT 
and Swarlzia schomburgkii in HPT belong to this group (Fig. 2.2). A third group 
was composed of the species that were present in two of the three forest types; those 
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that occur in LPT and HDT (one species; 0.7%), HDT and HPT (five species; 3.4%), 
and LPT and HPT (three species; 2%) (Table 2.1). Species such as Eschwerlera 
AD685 in LPT and HDT, Qua/ea AD34 8 in LPT and HPT, and Eschwerlera 
parvifolia in HDT and HPT are examples (Fig. 2.2). For the rest of the specles (23 J 

. . 6101) (Tab le 2 1) and due to low occurrence in the entire transec t (present specles, 10 . , . ' . .' . h' h 
in one or two subplo ts), it was not poss lble sta tl s tlcall y to dlscn m1llate to w IC 

group they belonged. These species a re referred here as " rare" specles. A ltst o f aJl 

species is g iven in the Appendix l . 
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Figure 2. l. Relative abundance of plant familie s in the 2. J6 ha lon gitudinal plot covering a 
low plain terrace, a high di ssected len'ace, and a high plain terrace. 

results 01' the "Ecological Profile" method , showed that the abundant species 
occurred in one, two or three forest types. The largest g rOllp was composed of those 
species that were present in all three forest types (J 02 species of J46; 70% ) (Table 
2. 1). Oenocarpus ba/aua is a very good example of this strategy (Fig. 2.2) . A second 
group was composed of species that were Jocated in only one of the three forest 
ty pes: those restricted to the low plain terrace (seven species; 4 .8% ), the high 
dissected terrace (1 7 species; 11.6 % ) and the high plain terrace (11 species; 7.5% ) 
(Table 2.1). Species as Lacmellea arborescens in LPT, Senef e/dera AD891 in HDT 
and Swar/zia schomburgkii in HPT belong to this grollp (Fig. 2.2). A third grollp 
was composed of the species that were present in lwo of the three [orest types ; those 
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that occur in LPT and HDT (one species; 0 .7%), HDT and HPT (five species; 3.4% ), 
and LPT and HPT (three species; 2%) (Table 2 . 1). Species sllch as Eschweilera 
AD685 in LPT and HDT, Qua/ea AD348 in LPT and HPT, and Eschwedera 
parvifolia in HDT and HPT are examples (Fig. 2 .2 ). For the rest of the specles (23 J 

species; 61 %) (Table 2 . 1), and due to low OCCllrrence in the entire transect (present 
in one or two sllbplots), it was not posslble statlstlcaJly to dlscrImmate to whlch 
group lhey belonged . These species are referred here as " rare" specles. A IIst of all 

species is given in the Appendix J. 
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Figure 2.2. Exa mples of the di fferenl Slralegies of lree occupation for abundanl species: 
specialists (occur in onl y one foresl lype), mtermedlale (occur In two foresl 
lypes) and generalists (occur in all three foresl types). The lotal length of the 
transect is 2 160 m and each conliguous plot is \Om x 30 m. 
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OlSCUSSJON 

Species richness, species diSlrilmlion, al1d cnvironmenlal faclors 
AII three lorest types are ri ch in spec ies oftrees and li anas L lO cm DBH) with the 
highest spec ies richness in the hi gh di ssec ted terrace, HDT (229 species/O.72 ha). 
Thi s high vallle , when com pared to that in the relati ve ly fi at land types [I ow plain 
terr'ace ( 174 spec ies/0172 ha) and high plain terrace ( J 78 spec ies/O,72 ha)] may be 
lhe reSllll of several environm ental and biological faclors, The foresr o f the high 
dissected te/Tace has the hi ghest nllmber oí' "spec ia li sts" (17 species only occllrring 
in that unit) and ''ra re'' spec ies (95 spec ies). A Itho ll gh rhese species are associa led 
with an environmenl thar is both unstable (i.e. Ill ass movements, resulting in "s teps" 
from a few cenlimelers lo 1-3 m) , and heterogeneous (le. hilllOps, slopes and valley 
bottoms with variable so il s and waler conlent), no da la is available on specific 
corre lalion s belween spec ies occurrence and micro-environments. Further resea rch 
is needed lo clarify the role of landsca pe inslab ility and environmental heterogeneity 
(i.e TlIomisto el al. 1995, Clark el al. 1998) as proxima l causes of spec ies 
distriblltion and abllndance at the mesosca le in Amazonian forests. 

S/mlcgl' oj"occupaliol1 amI hr:la divasily 
In the prese nt stlldy, the "specia li sts" and "rare" species are defined here at a very 
local sca le (2. 16 ha) and not in abso lllte tenns or in reference to other cl ass ifica ti on 
schemes (Ra binowitz e l al. 19R6) The presence of spec iali st spec ies in each of the 
three non-flooded forests in thi s stud y sugges ts th a!" there is some degree of 
determinism (assoc ial ion of spec ies lo environlllen lal units) in lhe distriblltion of 
lhese tree species al least at a local sca le . 1 f the occ urrence of these species is not 
onl y considered loca ll y, as we ha ve done in thi s sludy, but in a wider 
biogeographical scnse (i.e , Colombia n ol' NW Amazonian), it is li ke ly that some of 
lhese "unique" species aClual ly occu r in other torest types but at different densilies 
(Pi tm an el al. 1999). For inslance, Micrupholis guyanensis, a speciali sl of lhe LPT 
in the study s ile, occurs in a variety of flooded and non flooded forests (Lescllre and 
Boul et 19X5, Duivenvoorden and Lips 1993, Urrego 1997), Other spec ialists of the 
HDT (/vlicrClndru .I'/J,."ceona, Hevea fJr!l1 lhwniana, and Rinorea mcemosa) and HPT 
(Swarl::ia schomlJl/lgkii, Pl'Oli llln gml1di/o!ium and Mezilatlrus ilatlba) have been 
reported in other I"orcsl types as well (DlI ivenvoorden and Lips 1993, Sánchez el al. 
200 1). 

Tab le 2.1. Numbcr of spec ies accordi ng lO occupation slralegy, S = spec iali st, [ = 

inl.:rlllccliale. G ' gcncra li sl . 

i\bundant Rare Sub-tola l 
Landscape nlts \ Str¡¡l<:gy S G 
Low Plain Ten'ace (LPT) 7 64 71 
High DisSL: Clcd TelT~cé (flD T) 17 92 109 
Hi gh Plain Terracc (HPT) 11 51 62 
LPT and HDT 1 8 9 
LPT Hnd H PT 3 <} 12 
HDT and I1PT 5 7 12 
Generalisls 102 102 
TOTA 35 9 102 23 1 77 

S/ra/egies of /ree occl/¡Ja/ioJ7 a/l/locol seale il1/ermji","~ !Oresls in /h e Colombian Amazon 

Considering those species with sufticient individuals to run stati sti ca l analysis, beta 
diversity is low at loca l sca le: most species are general is ts wilh a random 
distribution on the three landscape unils. These reslll ts contrast with those reported 
in a similar stud y at fine sca le in Perllvian Amazonian, in which the authors 
demonstrated that mos t tree species were differentially distributed with respect to 
environmental conditions (Yormisto el al. 2000). Low tree beta diversity in Tierra 
Firme forests has been demonstrated al bOlh mesosca le and large sca le as well 
(Duivenvoorden and Lips 1998, Pitman el al. 2001, Condit el al. 2002). 

If all species are considered in the analysis of spatial occllpation (with 0 1' without 
sufficient individual s to run statistical analysis), beta diversity or the tllrnover 01' 
species from one environment to another, seems lo be rather high. The high 
abundance of rare species and the autocorre lated patterns of species with limited 
dispersal (Condit el al. 1996, Plotkin el 01. 2000), makes dilli cu1t analyz ing species 
from the point of view of thei r associa ti on with one or more envi ron ments, This in 
turn , makes difficult our understand ing o f lhe prox imal causes ol' species richness 
and tllrnover. The ex istence o f true specia li sts can onl y be determined wilh a 
complete survey of the potentiaJ di str ibuti on range of these species, or the analysis 
ofal! in fo rmation oftree plots already colJected by variolls resea rch group. 
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DIscussrON 

Species richness, species dislrihUlion, and environmenlaljaC/ors 

Alllhree rores! Iypes are rich in species oftrees and lianas (_ JO cm DBH) with the 
higbest species richness in the high dissec!ed terrace, HDT (229 speciesJO.72 ha) . 
This high value, when compared to tha! in the relatively tlat land types [low plain 
tenace (174 species/0172 ha) and high plain terrace (178 speciesJO.72 ha)] mal' be 
Ihe resul! 01' several environmental and biological factors. The forest of the high 
dissected ten'ace has the hi ghest number of "speciali sts" (17 species only occurring 
in Iha! unit) and ''ra re'' species (95 species). Although these species are associated 
with an environmenl that is bolb unstable (i.e. rnas s movements, resulting in "steps" 
from a few centimeters to 1-3111), and heterogeneolls (i.e. hilltops, slopes and valley 
bottol11s wil:h variable soil s and water content), no data is available on specific 
correlations belween species occurrence and micro-environments. FlIrther researcb 
is needed to clarify the role of landscape instability and environmental heterogeneity 
(i.e Tuomislo el ul. 1995, Clark el 01. 1998) as proximal causes of species 
dislribution and abllndance al the mesoscale in Amazonian forests. 

Slrulegy olOCCU/iOliol1 (md hela diversilv 

In the presenl stlldy, tbe "spec iali sts" and "rare" species are defíned here at a very 
local scale (2.16 ha) and not in absolute terms ol' in reference to other c1assification 
schemes (Rabinowitz el 01. 1986). The presence of specialist species in each of the 
lhree non-n ooded forests in Ihi s sl udy Sllggesls that tbere is Some degree of 
detenninism (association of species to envirollmental lInits) in the distribution of 
these tree species al leas l al a local scale. 1 f the occurrence of these spec ies is not 
only considered locally , as we have done in this stud y, but in a wider 
biogeographicaJ sense (i.I! . Colombian or NW Amazonian) , it is likely that sorne of 
lhese " unique" spccies actllally occur in olher forest types but at dirferent densities 
(Pitman el 01. 1999). For inslance, ¡\4icropholis gUI'onensis, a specialist of the LPT 
in the stlldy site, occurs in a variely of nooded and non nooded forests (Lescure and 
Boulet 1985, Duivenvoorden and Lips 1993, UrTego 1997). Other specialists of the 
H DT (Micral7dm s /Jr'I/Cl!W10, I1c vco /;el1llwl11iol1o, and Rinorea racemoso) and HPT 
(Swarlzio .\choll1hurgkii, Protillm grulldljólium and ¡\;fezilollrus ilauba) have been 
repol1ed in other rores 1 types as well (Duivenvoorden and Lips 1993, Sánchez el 01. 
200 1). 

Table 2. 1. NumbCl' 01' species according ro occ upation slralegy . S = specialisl, 1 = 
in tennec!iate, G - generalisl. 

Ahundanl Rare Sub-total 
Landscapc nils \ ,' lrategy S G 
Low Plain Terrace (LPT) 7 64 71 
High Dissected Ten'ace (H DT) 17 Y2 109 
High Plail) Terracr (HPT) 11 SI 62 
LPT and HDT 8 9 
LPT and J-IPT :; Y 12 
HDT anc! IiPT 5 7 12 
General ísts 102 102 
TOTAL 35 ') 102 231 3 7 

Slralegies ollree oCCllpa/ion al (1 localscale ffI lerro/irme fi>resls in Ihe ColombilJtI Amazon 

Considering those spec ies wilh sufficient individual s to run statislical analysis, beta 
diversity is low at local scale: mosl species are generalists with a random 
distribution on the three landscape llnits. These res ults contrasl with lhose reported 
in a similar study at fine sca le in Peruvian Amazonian, in which the aulhors 
demonstrated that most tree species were differentially distributed with respect lo 
environmental conditions (Vormisto el al. 2000). Low Iree beta diversity in Tierra 
Firme forests has been demonstrated at both mesosca le and large sca le as well 
(Duivenvoorden and Lips \998, Pitman el ul. 200 1, Condit el al. 2(02). 

If al! species are considered in the analysis of spatial occupation (with or without 
sufficient individllals to run statistical analysis), beta diversity or the lurnover 01' 
species from one environment to another, seems to be rather high. The high 
abundance of rare spec ies and the autocorrelated patterns of species with limited 
dispersal (Condit el a/. \996, Plotkin el al. 2000), makes di fticuJt analyzing species 
from the point of view of their association with olle or more environments. This in 
tu m, makes difficult our understanding of the prox imal causes 01' species richness 
and turnover. The existence of true speciaJists can only be determined with a 
complete survey of the potential di stribution range of these species, 01' the analysis 
of all information of tree plots already collected by various research group. 

20 

http:speciesJO.72
http:speciesJO.72


Chapter 3 


DIFFERENT FLORISTIC PATTERNS OF WOODY 

UNDERSTORY AND CANOPY PLANTS IN COLOMBIAN 


AMAZONIA 


Alvaro 1. Duque M., Mauricio Sánchez, Jaime Cavelier and Joost F. 

Duivenvoorden. 


Journal ofTropical Ec%gy 18 : 499-525 (2002) 




Chapter 3 


OIFFERENT FLORISTIC PATTERNS OF WOOOY 

UNOERSTORY ANO CANOPY PLANTS IN COLOMBIAN 


AMAZONIA 


Alvaro J. Duque M., Mauricio Sánchez, Jaime Cavelier and Joost F. 

Du i venvoorden . 


Journal ofTropical Ec%gy 18 : 499-525 (2002) 




Differenl jlorislic pallernS ofwood)'lInderSlory and cano{JY planls /n Colomhian Amazonia 

3.1 INTRODVCTlON 

The identification and explanation of plan! distributions at local and regional scales 
in Amazonia, and the humid tropics in general , are gaining increasing attention 
(Caley and Schluter 1997, Hubbell 1997, Pitman el al. 1999, Terborgh and Andresen 
1998). In humid tropical forests, spatial patterns of species are aggregated (Condit el 
al. 2000, Denslow 1987, Hubbell 1979), and tend to show high numbers of scattered 
and rare species (H ubbell 1995, 1997). Recent comparisons at regional scales in 
Peruvian Amazonia show that many locally rare !ree species have wide regional 
distributions (Pitman el al. 1999, see also Murray el al. 1999). 

In upper Amazonia, Gentry (1988, see also Tuomisto el al. 1995) suggested that 
forests are a fine-grained mosaic of many different forest types, each characterised 
by local assemblages of edaphic specialists. Spatial studies of canopy trees (in this 
study defined as plants with DBH 2: 10 cm ; DBH = diameter at breast height) in 
Colombian (Duivenvoorden 1995, Duivenvoorden and Lips 1998) and Peruvian 
Amazonia (Pitman el al. 1999), however, showed that beta diversity at mesoscales 
(i. e. over geographical distances of 1-103 km) is low, especially in the well-drained 
upland forests which are the mOSI widespread forest type in this region. 

Better understanding of plant distribution patterns is highly relevan! as forests with 
high levels of local endemic species occurring in fine-grained patches require 
completely different strategies of conservation than forests built up by populations 
of locally scarce but widely distributed generalist species. Insights into the degree of 
environmental preference of forest taxa are also highly necessary for calibration of 
the growing body of palynological data from the lowland tropics (van der Hammen 
and Hooghiemstra 2000) . 

Most studies on plant-edaphic relationships in tropical forests (e.g. Bail\ie el al. 
1987, Clark el al. 1998, 1999; Duivenvoorden 1995) focused on canopy trees. 
However, tropical forests contain many more plan! species among the individuals in 
the understory (Duivenvoorden 1994, Gentry and Dodson 1987). It may well be that 
understory species show greater edaphic speci ficity than large, well-establ ished trees 
(Zagt and Werger (998). Chance elements related to unpredictable events of gap 
formation influence the successful establishment of large trees. Also, it might be 
argued that for understory plants which live predominantly in shaded conditions, 
edaphic heterogeneity might be an importan! source ol' variation for genetic 
selection. On the other hand , several authors have reported on evidence for spatial 
heterogeneous light conditions at forest floors and effects on plant performance 
(Nicotra el al. 1999, Terborgh and Mathews 1999, Svenning 2000). 

The current study was set up to compare patterns of !hese species groups in a series 
of O.I-ha plots, well distributed in the principal landscape units of a part of 
Colombian Amazonia. The research questions were: How are the principal 
distribution patterns of species in relation to local abundance in plots') Do understory 
species show better correlations with soils and environment than canopy species? 
Are patterns found in the entire range of landscape unilS comparable to those found 
in wel\-drained uplands alone? 
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3.2 METHODS 

Sludyarea 
The 'study area comprises about 1000 km 2 and is situated along the middle stretch of 
the Caquetá River in Colombian Amazonia , roughly between IO_2°S and 70o-73°W. 
The principal landscape units found here are well-drained floodplains , swampy areas 
(including permanently inundated backswamps and basins in floodplains or fluvial 
terraces), areas covered with white-sand soils (found on high tenaces of the Caquetá 
River and in less dissected parts ofthe Tertiary sedimentary plain), and well-drained 
uplands (which are never flooded by river water and include low and high fluvial 
terraces of the Caquetá River and a Tertiary sedimentary plain) (Duivenvoorden and 
Lips 1993 , Lips and Duivenvoorden 1996). Soils and landscape units are calJed 
well-drained when soil drainage (according lo FAO 1977) is imperfectly to well­
drained (FAO drainage class ::: 2), and poorly drained when soiJs are poorly to very 
poorly drained (FAO drainage class < 2). A previous ordination analysis of forest 
compositional patterns 01' the current data set (Duque e l a/. 2001), allowed the 
recognition of four forest types which correspond close ly to the main landscape 
units: well-drained floodplain forest, well-drained upland forests (Tierra Firme), 
swamp forests (excluding any white sand forests), and white sand forests . The area 
receives a mean annual precipitation of about 3060 mm (1979-1990) and monthly 
rainfall is never below 100 mm (Duivenvoorden and Lips 1993). Mean annual 
temperature is 25 YC (1980-1989) (Duivenvoorden and Lips 1993). 

VegefOlion sampling and identiflcalion o(bolanical vouchers 
[n each of the above-mentioned landscape units, 30 plots were located (Fig. 3.1). In 
order to establish the plots, starting locations along the Caquetá River and the 
direction of the tracks along which the forests were entered, were planned on the 
basis of the interpretation of aerial photographs (Duivenvoorden 200[). During the 
walk through the forests, soils and terrain forms were rapidly described, and the 
forest was visually examined. In this way sites with homogeneous soils and 
physiognomically homogeneous forest stands were identified. Jn these stands, 
rectangular plots were delimited by compass, tape and stakes, working from a 
random starting point, with the restriction that the long side of the plot was parallel 
to [he contour line. Plots were located without bias with respect to floristic 
composition or forest structure (including aspects of density and size of trees, and 
presence of lianas). AII plots were established in mature forests that did not show 
signs of recent human intervention , at a minimum distance of 500 m between plots 
(Fig. 3.1). Plots were mapped with GPS. Plot size was O. I ha and most plots had 
rectangular shape (20 x 50 m). Plots were sllbdivided into subplots of 10 x 10m, in 
which all vascular plant individuals with DBH ::: 2.5 cm were numbered. The DBH 
of a ll individuals was measured with tape . Their height was estimated using long 
poles as a reference measure. Fieldwork took place in 1997 and 1998 

Botanical collections (numbers MS2900-7049 and AD3900-4092) were made of all 
species found in each plot. [dentification too k place at the Herbario Amazónico 
(COAH), the herbarium of the Missouri Botanical Garden (MO), the herbarium of 
the Universidad de los Andes in Santafé de Bogotá, and the Herbarium of the 
University of Aarhus (AA U). The nomenclatllre of families and genera foJlows 
Mabberley (1989). Within families or groups of c10sely allied families, specimens 
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that could not be identified as species because of a lack of sufficient diagnostic 
characteristics, were clustered into morpho-species on the basis of simultaneous 
morphological comparisons with all other specimens. 
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Figure 3.1. Location 01' O.I-ha sample p.lots in lhe Meta area (Colombian Amazonia). 

Soil dala 
Roughly in the central part of each plot, a soil core was taken to 120 cm depth in 
order to describe the mineral soil horizons (in terms of colour, mottling, hori zon 
boundaries, presence of concretions, and texture) and to define soil drainage (in 
classes of FAO 1977). At each augering position a soil sample was taken at a depth 
of 65-75 cm. Due to an unplanned delay in soil sampling in one floodplain plot and 
two plots in white sand forests , samples from only 27 plots were analysed. For 
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3.2 METHODS 

Studyarea 
The 'study area comprises about 1000 km" and is situated along the middle stretch of 
the Caquetá River in Colombian Amazonia , roughly between lO_2°S and 70o-73°W. 
The principal landscape units found here are well-drained floodplains, swampy areas 
(including permanenlly inundated backswamps and basins in floodplains or fluvial 
terraces), areas covered with white-sand soils (follnd on high terraces of the Caquetá 
River and in less dissected parts of the Tertiary sedimentary plain), and well-drained 
uplands (which are nev er flooded by river water and include low and high fluvial 
terraces of the Caquetá River and a Tertiary sedimentary plain) (Duivenvoorden and 
Lips 1993, Lips and Duivenvoorden 1996). Soils and landscape units are called 
well-drained when soil drainage (according to FAO 1977) is imperfectly to well­
drained (FAO drainage class ~ 2), and poorly drained when soils are poorly to very 
poorly drained (FAO drainage class < 2). A previous ordination analysis of foresl 
compositional palterns of the current data set (Duque el al. 200 1), allowed the 
recognition of four forest types which correspond closeJy to the main landscape 
units: well-drained floodplain forest , welJ-drained upland forests (Tierra Firme), 
swamp forests (excluding any white sand forests), and white sand forests. The area 
receives a mean annual precipitalion of abollt 3060 mm (1979-1990) and monthly 
rainfall is never below 100 mm (Duivenvoorden and Lips 1993). Mean annual 
temperature is 25.TC (1980-1989) (Duivenvoorden and Lips 1993). 

Vegetation sampling and iden/ificalion afhatanico! vauchers 
[n each of Ihe above-menlioned landscape units, 30 plots were located (Fig. 3.1). In 
order lo eSlablish the plots , stal1ing locations along the Caquetá River and the 
direction of the tracks along which the forests were enlered, were planned on the 
basis of the interpretation of aerial photograpbs (Duivenvoorden 2001). During the 
walk through the forests, soils and terrain forms were rapidly described, and the 
forest was visually examined. In this way sites with homogeneous soils and 
physiognomically homogeneous forest stands were identified . In these stands, 
rectangular plots were delimiled by compass, tape and stakes , working from a 
random starting point, with the restriction that the long side of the plot was parallel 
to the conlour line. Plots were located without bias with respect to floristic 
composition or forest structure (including aspects of density and size of trees, and 
presence of lianas). AII plots were established in mature forests that did nol show 
signs of recent human intervention, at a minimum distance of 500 m between plots 
(Fig. 3.1). Plots were mapped with GPS. Plot size was 0.1 ha and most plots had 
rectangular shape (20 x 50 m). Plots were subdivided into subplots of 10 x 10m, in 
which all vascular plant individllals with DBH ~ 2.5 cm were numbered. The DBH 
of all individuals was measured with tape. Their height was estimated using long 
poles as a reference measure. Fieldwork took place in 1997 and 1998 

Bolanical collections (numbers MS2900-7049 and A D3900-4092) were made of all 
species found in each plot. ldenti fication took place at lhe Herbario Amazónico 
(COAH), the herbarium of the Missouri Botanical Garden (MO), the herbarium of 
the Universidad de los Andes in Santafé de Bogotá, and the Herbarium of the 
University of Aarhus (AAU). The nomenclature of families and genera follows 
Mabberley ( 1989). Within families or groups of closely allied families , specimens 
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Ihat could not be idenlified as species beca use of a lack of sufficient diagnostic 
characteristics, were clustered into morpho-species on the basis 01' simultaneous 
morphological comparisons \Vith all other specimens. 
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Figure 3.1. Location of O. l-ha sample plots in the Met.á area (Colombian Amazonia). 

Soil dala 
Roughly in the central part of each plot, a soil core was taken to 120 cm depth in 

arder lo describe the mineral soil horizons (in terms of colour, mottling, horizon 

boundaries, presence of concretions, and texture) and to define soil drainage (in 

classes of FAO 1977). At each augering position a soil sample \Vas taken at a depth 

of65-75 cm. Due to an unplanned delay in soil sampling in one floodplain plot and 

two plots in white sand forests , samples from only 27 plots were analysed. For 


'-. 

27 



Planl diversi(y scaled by gro",,'/¡ jorms along spalial and el/vironmenlal gradienls 

analyses, soil samples were dried at temperatures below 40°C, crumbled and passed 
through a 2-mm sleve. At the soil laboratory of the Institute of Biodiversity and 
Ecosystem Dynamlcs at the University of Amsterdam, total content of Ca, Mg, K, 
Na and P was determmed by means of atomic emission spectrometry of a subsample 
of 100-200 mg from the sleved fractlOn, that had been d igested in a solution of 48% 
Hf and 2M H2S04 (after Lim and Jackson 1982). Total content of C and N was 

determined for the sieved fraction by means of a Cario Erba 1\ 06 elemental 
analyser. 

Calegories ofjlorislic composilion 
Three categories of floristic data are considered in the analysis: all species (DBH :::: 
2.5 cm); canopy specles (species with individuals that were found with DBH > 10 
cm; and understory species (species with individuals recorded with a maximal OBH 
of less than 10 cm, anywhere in the plots). Understory species are thus represented 
by plants that wdl never attam DBH :::: 10 cm, or by juvenile individuals of plants 
that may develop II1tO blg canopy trees. For the species-environment analysis in 
well-dramed uplands (see Table 3.6), only understory species among individuals 
wlth helghts below 10m are considered (Welden el al. 1991). 

Distribulion patterns andforesl prejáence 
Species found with a maximum density of 1 stem per plot , are defined as locally rare 
(after Pltman e l al. 1999). Otherwise species are referred to as locally abundant. 
Specles are called environmental specialists when found in only one of the main 
landscape UllltS defined in this study. When recorded in more than one of these 
landscape units, species are considered environmental generalists. 

~orrelalion ?fspecies wilh soils, landscape units , and geographical space 
rhe correlatlOns between species, environmental variables, and geographical space, 
were calculated by Mantel and partial Mantel tests (Leduc el al. 1992, Legendre and 
Legendre 1998), as made available in R-Package (Casgrain and Legendre 2000). In 
these tests, geographlcal space is used in much the same way as environmental 
variables, to define and test correlatíon between matrices (Legendre 1993). 

In all Mantel tests, matrices of similarity coefficients were used. Species matrices 
were calclllated with the Steinhaus indexo This asymmetrical quantitative coefficient 
permits lIsage of species abundance data (Legendre and Legendre 1998). 
Env~ronmental matr~~es were calculated with Gower's symmetrical similarity 
coetficlent. Thls coethclent permlts sllTIlIltaneous incorporation of both nominal and 
quantitative variables (Legendre and Legendre 1998) . Spatial informatíon was 
quantlfied by means of Euclídean dístances between plots. Probabilities of r-values 
were defined on the basis of 999 permutations. 

DifIerenl jlorislic pallerns a(woody unders/urv and canapy planls in Colombian Amazonia 

3.3 Results 

Florislic dala 
A total of 13,989 individual vascular plants (DBH :::: 2.5 cm) was recorded in the 30 
plots of 0.1 ha each. A total number of 4343 botanical collections were made, 
representing 89 fami lies, 378 genera, and 1502 species, inc1uding 478 
morphospecies (31% of all species). The most common species found in the area are 
listed in Appendix 2 (a complete species listing is annexed to Sánchez el al. 200 1). 
303 morphospecies (20% of all species) were identi fied only to genus, and 159 only 
to family (10% of all species). In the 15 plots of 0.\ ha established in the well­
drained uplands , 81 families, 310 genera, and 1124 species were found. 650 canopy 
species were recorded (43% of all species found), 16 of which were liana .species. 
852 understory species (57% ofall species) were found. Ofthese, 161 speCles were 

lianas. 

Dislribulion pallerns 
Average plot densities of individuals (DBH :::: 2.5 cm) in the main landscape lInits 
ranged between 273-669 per 0.1 ha (Table 3.1). A proportion of 15-32% of these 
individllals had DBH ::: 10 cm. Average species densities (DBH :::: 2.5 cm) fluctuated 
between 36- \ 83 per 0.1 ha. Average canopy species densities were between 16-54 

per 0.1 ha. 

Many species were restricted to only a few plots (Fig. 3.2). For example, almost halr 
of all the species (DBH :::: 2.5 cm) were found in only one plot, and 80% of the 
species were found in three plots or less. Most species were also represented by only 
a few individuals (fig. 3.3). About 43 % of all species were only fOllnd as I 
individual, and 80% of the species as three individuals or less (Fig. 3.3). In both 
cases, patterns in well-drained lIplands were quite similar to patterns in alllandscape 

units together. 

Table 3.1. Densities oro species and plant individuals in two DBH classes, recorCled in O. ) -ha 
plots in the main landscape units 01' the Metá area (Colombian Amazonia). Shown 

are averages .L standard devi ation 01' n plots . 
species individual s SpCCICS II1dividuals n 

DBH ~ 2.5 cm DBII ..-' 10 cm 

well-drained 93 ± 16 273 + 53 35 + l) )7 .L 9 5 

floodplains 
swamps 

white sands 

well-drained uplands 

72 ± J 8 

36 ± 18 

183 ± 21 

669 ± 302 

521 ± 2 12 

436 ± 6[< 

27 ± R 

16 ± 7 

54 ± 7 

160 ± 11 5 

111 ± 40 

79 L 14 

5 

5 

1:; 

There were sli ghtly more loca lly abundan! spec ies (57'1., 01' all specics DBH > 2.5 
cm) than locally rare species (43% of all species DBH 2.5 cm) (Tab lc 3.2). Most 
species occurred in only one landscape unit. Those species tha! wcre found in more 
than one plot tended to ach ieve higher local abundance than species restricted to a 
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analyses, soil samples were dried at temperatures below 40°C, crumbled and passed 
through a 2-mm sleve. At the soil laboratory of the Institute of Biodiversity and 
Ecosystem DynamlCs at the Unlversity of Amsterdam, total content of Ca, Mg, K, 
Na and P was d~termJned by means of atomic em ission spectrometry of a subsample 
of 100-200 mg from the sleved fraction, that had been digested in a solut ion of 48% 
HF and 2M H2S04 (after Lim and Jackson J982). Total content of C and N was 

determined for the sieved fraction by means of a CarIo Erba I 106 elemental 
analyser. 

Calegories offlorislie composilion 

Three categories of floristic data are considered in the analysis: all species (DBH ~ 
2.5 cm); canopy species (species with individuals that were found with DBH > 10 
cm; and understory species (species with individuals recorded with a maxima l OBH 
of less than 10 cm, anywhere in the plots). Understory species are thus represented 
by plants that will neverattain DBH ~ 10 cm, or by juvenile individuals of plants 
that may develop lOto blg canopy trees. For the species-environment analysis in 
well-dramed uplands (see Table 3.6), only understory species among individuals 
wlth helghts below 10m are considered (We ld en el al. 1991). 

Dislribulion pallerns andjores l preference 

Species found with a maximum density of 1 stem per plot, are defíned as locally rare 
(after Pltman el al. 1999). Otherwise spec ies are referred to as loca lly abundant. 
Specles are called environmental specialists when found in only one of the main 
landscape unlts defined in this study. When recorded in more than one of these 
landscape units, species are considered env ironmental genera li sts. 

Corre/al ion ofspecies wilh soi/s, /andscape unilS, and geographica/ space 
The correlatlons between species, env ironmental variables, and geographica l space, 
were calculated by Mantel and partial Mantel tests (Leduc el al. 1992, Legendre and 
Legendre 1998), as made available in R-Package (Casgrain and Legendre 2000). In 
these tests, geographlcal space IS used in much the same way as environmental 
variables, to define and test correlation between matrices (Legendre 1993). 

In all Mantel tests, matrices of simi larity coeffícients were used. Species matrices 
were calculated wlth the Sleinhaus indexo This asymmetrical quantitative coefficient 
permlts usage of species abundance data (Legendre and Legendre 1998). 
Envl~onmenlal . matnces were calculated with Gower's symmetrica l similarity 
coefhclenl. Thls coeffic lent permlts slmultaneous incorporation of both nominal and 
quantltatlve variab les (Legendre and Legendre 1998). Spatial information was 
quantlfíed by means of Euclidean distances between plots . Probabilities of r-values 
were defined on the basis of 999 permutations. 

Difleren/.fIorislic pal/erns ojlVoody u;'ders /ory and canopy plan/s in Colambiun Amazonia 

3.3 Results 

Florislic dala 
A ~otal of 13,989 individual vascu lar plants (DBH ~ 2.5 cm) was recorded in the 30 
plots of 0. 1 ha each . A total number of 4343 botanical co ll ections were made, 
representing 89 fami lies, 378 genera , and 1502 species, including 478 
morphospecies (31 % of all species). The most common species found in the area are 
listed in Appendix 2 (a complete species listing is annexed to Sánchez el al. 200 1). 
303 morphospecies (20% of all species) were identified only to genus, and 159 only 
lo family (10% of all species). In the 15 plots of 0.1 ha established in the well­
drained uplands , 8J fami Iies, 310 genera, and I 124 species were found. 650 canopy 
species were recorded (43% of all species found), J6 of which were liana species. 
852 understory species (57% of al! species) were found. Of these, 161 spec les were 
lianas. 

Dislribufion palferns 
Average plot densities of individuals (DBH ~ 2.5 cm) in the main landscape units 
ranged between 273-669 per 0. 1 ha (Tab le 3.1). A proportion of 15-32% of these 
individuals had DBH ::: 10 cm . Average species densities (DBH ::: 2.5 cm) fluctuated 
between 36- 183 per 0. 1 ha. Average canopy species densilies were between 16-54 
perO.l ha. 

Many species were restricted to only a few plots (Fig. 3.2) . For example, almost half 
of all the species (DBH ~ 2.5 cm) were found in only one plot , and 80% ot" the 
species were found in three plots or less. Most species were also represented by on ly 
a few individuals (Fig. 3.3). About 43% of all species were on ly found as 1 
individual , and 80% of the species as three individua ls or less (Fig. 3.3) . In both 
cases, patterns in well-drained uplands were quite similar to palterns in alllandscape 
units together. 

Table 3. l. Densities of species and plant individual s in two DBH classes, recorded in O. I-ha 
plots in lhe main land scape units 01' the Metá area (Colombian Amazonia). Shown 
are averages ± standard deviation of n pl ots. 

spec ies individuals sp.:ci es mdi viduals n 

DBH ~ 2. 5 cm DBH _ 10 cnl 

well-drained 
tl oodplains 
swamps 

93 ± 16 

72 ± 18 

273 jo 53 

669 ± 302 

35 + ') 

27 t R 

57 ± 9 

160 ± 11 5 

5 

5 

white sands 36 ± 18 52 1 ± 2 12 ló ± 7 1I1 ± 40 5 

well-drained uplands 183 ± 21 436 ± óR 54 ± 7 79 ! 14 1:; 

There were slightly more locally abundan! species (57%1 01' all specics DBH - 2.5 
cm) than loca lly rare species (43%1 of all spcci es DBH > 2.5 cm) (Tab le 3.2) . Mosl 
species occurred in only one landscape uni l. TIJose spec ies lhal were found in more 
than one plot tended lO ac hieve hi gher local abu ndance lhan speci es reslri cted ro a 
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single plot. Among the entire set of species recorded , including the species that were 
found in only one plot, the number of locally rare species in relation to that of the 
locally abundant species was higher. In the well -drained uplands lhe locally rare 
species contributed almost 50% of the total species richness (Table 3.3). In all other 
landscape units, locally abundant species prevailed . When the species that were 
found in only one plot were excluded, local abundance became proportionally more 
important, especially in the well -drained uplands. 

Species-environmenl correlalions 
The abiotic variables used to correlate species data witb environmental information 
included tlooding, drainage , and physico-chemical soil variables (Table 3.4). When 
the entire data set derived from plots in all landscape units was analysed , the species 
composition of both canopy and understory was strongly correlated with soils and 
tlooding (Mantel r = 0.55 and Mantel r = 0.64, respectively; see Table 3.5). The 
spatial configuration of the plots correlated rather poorly with species patterns, even 
though this correlation was just significant (P = 0.05) for understory species. When 
the effect of soils and flooding was removed , the correlation between species 
patterns and spatial positioning of the plots improved. The environmental 
information and location of the plots were just significantly correlated (Mantel r = 
0.1 1, P = 0.04) . 

Nuonher 01" ploL' 

Fi gure 3.2. Number of spec ies (DBH 2: 2.5 cm) recorded in an in creasing number of plots of 
0.1 ha . in lhe Metá area (Colombian Amazonia) 

Differenl }Ioristic pallerns o} H'oody IIl/ders lo~)' ami canopy plants in Colombian Amazonia 

Table 3.2. Number of locally rare and loca lly abundant vascular plant spec ies (DBH 2: 2.5 cm) 
in view of species presence in one or more landscape units in the Metá area 
(Colombian Amazonia). Landscape ullits considered are well-drained Ooodplains, 
swamps, well -drained uplands, and 'white sand' areas. 

Species in two or more plots AII species 

nu mber of landscape un its where species are found 

4 3 2 

Locally abundant species 3 	 42 170 404 861 

2 29 127 641Locally rare species O 

Table 3.3. Number of locally rare and locally abundant vascul ar plant species (DBH 2: 2.5 cm) 
in different landscape units, in th e Metá area (Colombian Amazonia). 

Landscape units 

Well-drai ned Swamps Well-drained While sands AII 

fl ood pla ins upl ands 

AII species 

Locally abundant 200(61%) 141 (62%) 563 (50%) 85 (69%) 861 (57%) 

Locally rare 127 (39%) 88 (3 8%) 555 (50%) 38(31 %) 641 (43%) 

Species found in two or more plots 

Locally abundant 137 (71 %) 108 (68%) 436 (68% ) 62 (75%) 6 14 (79%) 

Locally rare 57 (2 9%) 52 (32%) 201 (32%) 21 (25 %) 163 (21 %) 

Restricting the ana lyses to the well -drained uplands, the species-environment 
relationships were less pronounced (Table 3.6). lt became particularly poor among 
canopy species (Mantel r = 0. 15, P = 0. 12). Understory species composition 
continued to show a significant correlation with soils (Mantel r = 0.30; P = 0.004) , 
even when the spatial effect of the positioning of the plots was taken. away (partial 
Mantel r = 0.33 ; P = 0.0002). The location of the plots became an important factor in 
explaining species patterns, particularly among understory species (Mantel r = 0.52), 
also after correction for the environmental effect on species patterns (partial Mantel 
r = 0.53 for understory species). The environmental information and location of the 
plots were not significantly correlated (Mantel r = 0.04, P = 0.27). 

3.4 DlSCUSSION 

Amazoni a, and 74% claimed by Romero-Saltos el al. (200 1) in Ecuadorian 
Amazonia). The unidentified specimens in this study (31 % of all species) were 
mostly sterile and largely taken from juvenile individuals, which tend to show high 
morphological variability (Romoleroux el al. J 997). Some of the morphospecies 
might turn out to represent species new to science (R . Liesner and H. van der Werff, 
pers. comm .). However, other morphospecies may well correspond to one of the 
jdentifíed species , despite the efforts to simultaneously compare all specimens from 
the same genus or family 
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single plot. Among the entire set of species recorded, including the species that were 
found in only one plot, the number of locally rare species in relation to that of the 
locally abundant species was higher. Tn the well-drained uplands the locally rare 
species contributed almost 50% of the total species richness (Table 3.3). rn all other 
landscape units, locally abundant species prevailed. When the species that were 
found in only one plot were excluded, local abundance became proportionally more 
important, especially in the well-drained uplands. 

Species-environmenl corre/alions 
The abiotic variables used to corre\ate species data with environmental information 
included flooding , drainage, and physico-chemical soil variables (Table 3.4). When 
the entire data set derived from plots in all landscape units was analysed, the species 
composition of both canopy and understory was strongly correlated with soils and 
flooding (Mantel r = 0.55 and Mantel r = 0.64, respectively; see Table 3.5). The 
spatial configuration of the plots correlated rather poorly with species patterns, even 
though this correlation was jusI significant (P = 0.05) for understory species. When 
the effect of soils and flooding was removed, the correlation between species 
pattems and spatial positioning of the plots improved. The environmental 
information and location of the plots were just significantly correlated (Mantel r = 

0.11, P = 0.04). 
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Figure 3.2. Number of species (DBH 25 cm) recorded in an increasing number of plots of 

0.1 ha, in lhe Metá area (Colombian Amazonia) 

Diflerenljlorislic pallerns O/I>'OO(/V I1l1derslory and canopl' plan/s' in Colombian Amazonia 

Table 3.2. Number of locally rare and locally abundant vascular plant species (DBH 2: 2.5 cm) 
in view of species presence in one or more landscape unils in lhe Metá area 
(Colombian Amazonia). Landscape units considered are well-drained floodplains, 

swamps, well drained uplands , and 'white sand' areas. 
Species in l\Vo or more plOIS AII species 

number of landscape units where species are found 

432 1 

Locally abundant species 3 42 170 404 86\ 

Locally rare species O 2 29 127 641 

Table 3.3. Number of locally rare and locally abundanl vascular planl species (DBH 2: 2.5 cm) 
in differentlandscape units, in the Metá area (Colombian Amazonia). 

Landscape unils 

WelJ-drained Swamps Well-drained White sands Al! 

flood pJains uplands 

AII species 

Locallyabundant 200 (61%) 141 (62%) 563 (50%) 85(69%) 861 (57%) 

Locally rare 127 (39%) 88 (38%) 555 (50%) 38 (31 %) 641 (4 3%) 

Species found in two or more plots 

Locally abundant 137 (71%) 108 (68'Yo) 436 (68%) 62 (75%) 614 (79%) 

Locally rare 57 (29%) 52 (32% ) 201 (32%) 21 (25%) 163 (21%) 

Restricting the analyses to the well-drained uplands, the species-environment 
relationships were less pronounced (Table 3.6). It became particularly poor among 
canopy species (Mantel r = 0.15, P = 0.12). Understory species composition 
continued to show a significant correlation with soils (Mantel r = 0.30; P = 0.004), 
even when the spatial effect of the positioning of the plots was takell away (partial 
Mantel r = 0.33; P = 0.0002). The location of the plots became an important factor 10 

explaining species patterns, particularly among understory species (Mantel r = 0.52), 
also after correction for the environmental effect on species patterns (partial Mantel 
r = 0.53 for understory species). The environmental information and location of the 
plots were not significantly correlated (Mantel r = 0.04, P = 0.27). 

3.4 DISCUSSION 

Amazonia , and 74% claimed by Romero-Saltos el a/. (200 1) in Ecuadorian 
Amazonia) . The unidentified specimens in this study (31 % of all species) were 
mostly sterile and largely taken from juvenile individuals, which tend to show high 
morphological variability (Romoleroux el al. 1997). Some of the morphospectes 
might turn out to represent species new to science (R. Liesner and H. van der \Verff, 
pers. comm.). However, other morphospecies may well correspond to one of the 
identified species, despite the efforts to simultaneously compare all specimens from 
Ihe same genus or famiJy 
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Figure 3.3. Number of species (DBH ~ 2.5 cm) recorded with an increasing number of 
individuals in plots 01' 0.1 ha, in the Metá area (Colombian Amazonia). 

Species distribution 

Species that Occurred in more than One plot showed higher Jocal abundaoces. 
Positive abundance-distribution relationships are often fOllod in many organisms and 
at a variety of spatial sea les (see an overview in Gaston and Kunin 1997, see also 
Brown 1984, Hanski el al J993). The most important explanations mentioned are 
sampling artifacts (Jocally rare species are less likely to be incJuded in small sample 
plots and hence may appear with a more limited regional distribution), 
metapopulation dynamics (details in Hanski 1982, and Hanski el al 1993) and 
di fferent degrees of ecological specialization (geoeralists would be able to exploit a 
wider range of resources and show less habitat specialization). In the current study 
generalist species (found in more than one main laodscape unit) aod specialist 
species (found io only one main landscape unit), showed a more-or-Iess similar 
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abundance-distribution pattero. However, the estimates of local population size or 

environmental preference of many species were crude as the plot samples contained 


~ onlya few individuals ofthese species. AIso, the applied defioition of local rareness ·s
and local abundance is arbitrary. It should be stressed that the great majority ofthe 
so-called locally abundant species are found with a low number of individuals per 
plot (see Fig. 3.3). This makes that the term 'locally abundan!' in this context may be 
coosidered as somewhat misleading (Pitman e l al. 1999). 
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Figure 3.3. Number of species (DBH ~ 2.5 cm) recorded with an increasing number of 
individuals in plOIS oC 0.1 ha, in the Metá area (CoJombian Amazonia). 

Species dislribulion 
Species that occurred in more than one plot showed higher local abundances. 
Positive abundance-distribution relationships are often found in many organisms and 
at a variety of spatial scales (see an overview in Gaston and Kunin 1997, see also 
Brown 1984, Hanski el al. 1993). The mast important explanations mentioned are 
sampling artifacts (Iocally rare species are les s likely to be included in small sample 
plots and hence may appear with a more limited regional distribution), 
metapopulation dynamics (detai Is in Hanski 1982, and Hanski el al. 1993) and 
different degrees of ecological specialization (general ists would be able to exploit a 
wider range ofresources and show less habitat specialization). In the current study 
generalist species (found in more than one main landscape unit) and specialist 
species (found in only ane main landscape unit), showed a more-or-Iess similar 
abundance-distribution pattern. However, the estimates of local populatíon size or 
environmental preference of many species were crude as the plot samples contained 
onlya few índividuals ofthese species. Also, the applied definition of local rareness 
and local abundance is arbitrary. Jt should be slressed that the great majority of the 
so-calJed 10caIJy abundant species are found with a low number of individuals per 
plot (see fig. 3.3). This makes that the term 'Iocally abundant' in this context may be 
considered as somewhat misleading (Pitman el al. 1999). 
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When poorly distributed species (found in only one plot) are removed the 
contribution of locally rare species to the entire species pool decreases most in ~ell­
drained upland forests, Species that occur with one individual in only one plot are 
therefore relatively common in wel'-drained uplands, and contribute to the high 
alpha diversity in these uplands. 

Species-environmen/ pallems in al/ /andscape l/ni/s (who/e arca) 
Most species occur in only one landscape unit (Table 3.2). Because the plots are 
well dlstnbu,ted In the area thi s result suggests that species have rather strong 
preferences tor one of the pnncipal landscape units in the area. However, processes 
ofdlspersal among species may have led to relatively high species overlap between 
nelghbounng plols in one landscape unit. The Mantel tests serve to quantify these 
spatial effects . 

Table 3.5. Mantel and partial Mantel correlation of species composition with space 
and environment in all landscape units (27 plots). Matrix A is composed 
of SteInhaus similarity coefficients between species data. Environment is 
the matrix composed of Gower's similarity coefficients between 
environmental data . Space is the matrix composed 01' Euclidean distances 
between plots. Mantel r is the Mantel correlation coefficient between 
matrix A and matrix B. Partial Mantel r is the Mantel correlation between 
matrix A and matrix B when the effect of matrix C is removed. 

Alllandscape un its Mal1lel r panial Mantel Probability 

Matrix A Al! species (DBH _ 2.5 cm) 
Matrix B 
Environment 
Space 
Matri x B Matrix e 

0.63 
008 

0.001 
0.105 

Environmel1l Space
Space Environment 
Matrix A = Canopy species 

0.65 
0.1 9 

0.001 
0.004 

Matri x B 
Environment 
Space 
Matrix B Matrix C 

0.55 
0.09 

0.001 
0.09 

Environment Space
Space Environment 
Matrix A = Understory species 

0,57 
0.1 7 

0,001 
0.005 

Matrix B 
Environment 
Space 
Matrix B Matrix e 

0.64 
0.1 I 

0.00 1 
0.05 

Environment 
Space 

Space 
Envi ronment 

0.66 
0.24 

0.001 
0.002 

The Mantel analysis of species found among all individuals (DBH ~ 2.5 cm) 
recorded In a/llandscape units (Table 3.5) shows a substantial amount of correlation 
between the matrices of species and environmental data (Table 3.5). Despite their 
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rather low plot densities, canopy species are only slightly less correlated with 
environmental variables than understory species. Elimination of the spatial 
component in the data, does not reduce these correlations. lt seems therefore that 
forest plots which share certain properties oC tlooding, drainage and soil fertility 
(including white sand soils) contain more-or-Iess similar assemblages of vascular 
plant species. Conclusions about environmental preferences of species should 
always be corroborated by experiments to discover causa tive mechanisms and 
underlying eco-physiological processes 

Table 3.6. 	 Mantel and partia] Mante] correlation of species composition with space and 
environment in lhe well-drained uplands (15 plots). Matrix A is composed of 
Steinhaus similarily coefficients between species data. Environment is the matrix 
composed of Gower's similarity coefficients between environmental data . Space is 
the matri x composed oC Euclidean distances between plots . Mantel r IS the Mantel 
correlation coefficient between matrix A and matrix B. Partial Mantel r is the 
Mantel correlation between matrix A and matrix B when the effect oC matrix C is 
removed. 

Uplands well-drained 	 Mantel r partia] Mantel Probability 

Matrix A = AII species (DBH 2: 2.5 cm) 
Matrix B 
Environment 0.24 0.034 
Space 0.56 0.001 
Matrix B Matrix C 
Environment Space 0.26 0,034 
Space Environment 0.57 0.001 
Matrix A = Canopy species 
Matrix B 
Environment 0,15 0,12 
Space 0.29 0.002 
Matrix B Matrix C 
Environment Space 0.15 0.14 
Space Envirollment 0,29 0.002 
Matrix A = Underslory species (height < 10m) 
Matrix B 
Environment 0.3 0.004 
Space 0,5 2 0,001 
Matrix B Matrix C 
Environment Space 0.33 0.002 
Space Environment 0.53 0001 

Indications for recurrent patterns of vascular planl species composition in similar 
landscape units in NW Amazonia are not new (e.g. Duivenvoorden 1995, Tuomisto 
el al. 1995). Pitman el al. (1999) concluded that beta diversity among tree specles lJl 

SW Amazonia (Manu area, Peru) is weak, and found that 26% of tree species (DBH 
~ 10 cm) were restricted to one forest type (with species from two or more plots). In 
the present study, this percentage is slightly higher (35%). Perhaps the vanatlon lJl 

soils and flooding among tl1e plots studied by Pitman el al. was lower than in the 
current study. This may be due to their larger plot size (0.825-2.5 ha) which 
increases within plot environmental heterogeneity or to smaller gradients among 
soils in the footslope zone of the Andes (Iess white sand soils, ubiquitous 
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When poorly distributed species (1'ound in only one plot) are removed, the 
contrlbutlOn of locally rare species to the entire species pool decreases most in well­
draln~d upland forests. Species that Occur with one individual in only one plot are 
therefore relatlvely common in IVell-drained uplands, and contribute to the hioh 
alpha diversily in these uplands. b 

Species-environmenl pallerns In alllandscape lInlls (whole area) 
Most species Occur in only one landscape unit (Table 3.2). Because the plots are 
IVell dlstnbu.ted In lI~e area this result suggests that species have rather strong 
preferences 10r one of the principal landscape units in the area. HOIVever, processes 
ofdlspersal among specles may have led to relatively high species overlap between 
nelghbounng plots In one landscape unit. The Mantel tests serve to quanti fy these 
spatlal effects. 

Table 3.5. Mantel and partial Mantel correlation of species composition with space 
and envlronment in al! landscape units (27 plots). Matrix A is composed 
of Stelnhaus sllntlanty coefficients belween species data. Environment is 
the matrix composed 01' Gower's similarity coefficients between 
environmental data. Space is the matrix composed of EucJidean distances 
between plots. Mantel r is the Mantel correlation coefficient between 
matrix A and matrix B. Partial Mantel r is the Mantel correlation between 
malrix A and matrix B when the effect of matrix C is removed. 

Alllandscape units Mantel r partial Mantel Probability 

Matrix A 
Matrix B 

AII species (DBH ~ 2.5 crn) 

Environrnent 
Space 
Matrix B Matrix C 

0.63 
008 

0.001 
0.105 

Environrnent Space
Space Environrnenl 
Matrix A = Canopy species 

0.65 
0.19 

0001 
0.004 

Matrix B 
Environrnent 
Space 
Matrix B Malrix C 

0.55 
0.09 

0.001 
0.09 

Environrnent Space
Space Environment 
Matrix A = Understory species 

0.57 
0.17 

0001 
0.005 

Matrix B 
Environment 
Space 
Matrix B Matrix C 

0.64 
0./1 

0.001 
0.05 

Environment 
Space 

Space 
Environment 

066 
0.24 

0.001 
0.002 

The Mantel analysis of species found among all individuals (DBH ?: 2.5 cm) 
recorded In al! landscape unlts (Table 3.5) sholVs a substantial amount 01' correlation 
between the matrices of species and environmental data (Table 3.5). Despite their 
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rather low plot densities, canopy species are only slightly less correlated with 
environmental variables than understory species. Elimination of Ihe spatial 
component in the data, does not reduce these correlations. lt seems therefore that 
forest plots which share certain properties 01' tlooding, drainage and soil Fertility 
(incJuding white sand soils) contain more-or-Iess similar assemblages of vascular 
plant species. Conclusions about environmental preferences of species shouJd 
always be corroborated by experiments to discover callsative mechanisms and 
underlying eco-pbysiological processes 

Table 3.6. 	 Mantel and partial Mantel correlation of species composition with space and 
environment in the well-drained uplands (15 plots). Matrix A is composed of 
Steinhaus similarity coefticients between species data. Environment is the matrix 
composed ofGower's similarity coeflicients between environmental data. Space is 
the matrix cornposed of Euclidean distances between plots. Mantel r is the Mantel 
correlation coefficient between matrix A and matrix B. Partial Mantel r is the 
Mantel correlation between matrix A and matrix B when the effect of matrix C is 
removed. 

Uplands well-drained 	 Mantel r partial Mantel Probability 

Matrix A = AII species (DBH ::. 2.5 cm) 
Matrix B 
Environment 0.24 0.034 
Space 0.56 0.001 
Matrix B Matrix C 
EnvironmenJ Space 0.26 0.034 
Space Environment 0.57 0.001 
Matrix A = Canopy species 
Matrix B 
Environment 0. 15 0. 12 
Space 0.29 0.002 
Matrix B Malrix C 
Environrnent Space 0.15 0.14 
Space Environment 0.29 0.002 
Matrix A = Understory species (heighl < 10m) 
Matrix B 
Environment 0.3 0.004 
Space 0.52 0.001 
Matrix B Matrix C 
Environrnent Space 0.33 0.002 
Space Environment 0.53 0.001 

[ndications for recurrent patterns of vascular plant species composition in similar 
landscape units in NW Amazonia are not new (e.g. Duivenvoorden 1995, TlIomisto 
el al. 1995). Pitman el al. (J 999) concluded that beta di versity among tree specles 111 

SW Amazonia (Manu area, Peru) is weak, and found that 26% of tree species (DBH 
?: 10 cm) were restricted to one forest type (with species from two or more plots). In 
the present study, this percentage is slightly higher (35%). Perhaps the variation in 
soils and flooding among the plots studied by Pitman el al. was lower than 111 the 
current study. This may be due to their larger plot size (0.825-2.5 ha) which 
increases within plot environmental heterogeneity or lO smaller gradients among 
soils in the footslope zone 01' the Andes (Iess white sand soils, ubiqllitous 
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enrichments by volcanic ash) compared to wider soil gradients found further 
downstream. Pitman el al. found plot densities of individuals with DBH 2: 10 cm 
ranging between 282-858 ha-l. These densities are in the same range as those found 
with DBH 2: 2.5 cm in the O.I-ha plots (Tahle 3.1). 

Species-environmenl patterns in well-drained uplands 
In the well-drained uplands, where the factor of flooding and drainage is held more 
or less constant, the Mantel correlation between the overall set of species (found 
among all individuals of DBH 2: 2.5 cm) and soils is low but significant (Table 3.6). 
This correlation is due to understory elements, because patterns in canopy species 
are no longer associated with soils . The understory species-to-soil correlation 
remains significant when effects of space are removed. In a comparable sampling 
design of well-distributed O.I-ha plots, Duivenvoorden (1995) claimed low but 
significant species-to-soil relationships in well-drained uplands of the middle 
Caquetá area (Colombia) for trees (DBH 2: 10 cm). When correcting for effects of 
space and forest structure a partia1 canonical correspondence ana1ysis showed that 
about 6% of the tree species pattems were significantly correlated with soils 
(Duivenvoorden 1995). The lack of correlation with canopy species in the current 
study might be due to the comparatively low number of plots analysed (15 versus 39 
by Duivenvoorden 1995). Comparison of Mantel tests and correspondence analysis 
is outside of the scope of this study (see Legendre and Legendre 1998). 

In the well-drained uplands, the spatial configuration of the plots is more important 
than soils in explaining species pattems. Many soil independent processes (Condit 
1996), Iike herbivory, seed dispersal by animals, plagues and attacks by fungi, 
species migration, colonisation and competition for space and light in dynamic 
forest ecosystems affect species composition at scales wide enough to influence 
species composition in neighbouring plots in the area of the current study. The 
spatial effect is more pronounced in well-drained uplands than in the whole of the 
study area , both in absolute terms and in comparison to the environmental effect. 
Apparently, the wider the gradient in soils and flooding, the less important the role 
of the above-mentioned spatial processes. 

Canopy species versus undersloly species in relation lo environmenl 
In the well-drained uplands, just as in the whole data set, understory species are 
better correlated with soils than canopy species. Also the spatial configuration of 
plots has a greater effect on understory species patterns than on canopy species 
patterns. It seems likely that the current presence of many canopy individuals in the 
plots is an unpredictable result of Iight-induced growth due to events of gap 
formation in the recent past. The presence of understory individuals, on the other 
hand , might be more limited by seed dispersal , germination, and survival in 
heterogeneous light environments (Hubbell 1997, Nicotra el al. 1999, Terborgh and 
Mathews 1999). Better adaptation to specific local soil properties might improve the 
competitive strength of these species . As indicated aboye, such processes might take 
place at scales sufficiently wide to facilitate sorne spatial dependence among the 
plots included in the current survey. 
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4.1. INTRODUCTlON 

Northwestern Amazonia has been recogni zed as a region with high tree diversity 
(Valencia el al, 1994), but also where the epiphyte communities exhibir high 
abundance and diversity (Gentry and Dodson 1987b; N ieder el al. 2001). In the past 
decades, most studies carried out on vascular plants have focused on the tree 
component, despite the fact that the non-tree vegetation is responsible for a high 
percentage of the total diversity in the tropical forests (Gentry and Dodson 1987a; 
Galeano el al. 1998; Schnitzer and Carson 2000). 

Epiphytes are plants that inhabit a discontinuolls and three-dimensional landscape, 
directly in contact with the forest soi 1 or not (Bennett 1986). Patterns of di stribution 
and floristic composition of epiphytic plants have been related to factors of dispersal 
(Benzing 1986; Wolf 1993), hllmidity and soils (Gentry and Dodson 1987b; 
Leimbeck and Balslev 2001), and variability of structure, superficial area and 
inclination and size of branches of host trees (phorophytes) (Nieder el al. 1999 ; 
Freiberg 1996, 2001). Recently, in nearby rain forests of the Yasuní area, Leimbeck 
and Balslev (2001) reported substantial di fferences in aroid epiphytism between 
floodplains of the Tiputini river and surrounding uplands , suggesting a strong role of 
phorophyte limitation in floodplain forests. 

Here we make the first attempt to quantitatively describe vascular epiphytism in 
Colombian Amazonia. We counted vascular epiphytes in thirty 0.025-ha plots, well 
di stributed over the main landscape units in a part of the basin of the middJe Caquetá 
River (Fig. 3.1). Each plot was directly adjacent to a O. I-ha plot at which the species 
composition of trees and lianas (DBH 2.5 cm) had been recorded three years 
earlier (Duque el al. 2001) . The purpose of this paper is to present these species 
data , while focusing on the qllestion whether or not there existed any difference in 
abundance , diversity, or distribution of epiphytes between the principal landscape 
units in the Metá area . 

4.2 METHODS 

Sludy sile 
The 'study area comprised about 1000 km2 and was situated along the middle stretch 
of the Caquetá River in Colombian Amazonia near the mouth of the Metá river, 
roughly between 1°-2° S and 70°_73° W (Fig. 3. 1). The principal landscape units 
found here were well-drained floodplains, swampy areas (inclllding permanently 
inundated back swamps and basins in floodplains), areas covered wilh white-sand 
soils (found on high terraces of the Caquetá River and in less dissected parts of the 
Tertiary sedimentary plain) , and weJl-drained uplands or Tierra Firme (never 
flooded by river water and including low and high fluvial terraces of the Caquetá 
River and a Tertiary sedimentary plain) (Duivenvoorden and Lips 1993; Lips and 
Duivenvoorden 2001). Soils were called well-drained when they showed a FAO 
drainage class of2 or higher, and poorly drained when this class was below 2 (FAO 
1977). The height of the studied forests varied between 10-15 m (white sand areas), 
15-25 m (well drained floodplains and swamps), and 25-35 m (Tierra Firme). 
Extensive forest structural information is given in Duque el al. (2001). The area 
received a mean annual precipitation of about 3060 mm (1979- 1990) with a mean 
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