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Chapter 8 


SYNTHESIS 

Alvaro 1. Duque M. 



8.1 

Synlhesis 

ANSWERING THE RESEARCH QUESTIONS 

Befa diversity af local and inlermediale scales: a combined ejJecl of environmenlal 
faclors and spalial processes 
At a local scale in Tierra Firme forests (Chapter 2), and according with the first 
research question , it was concluded that most big tree species are generalists. Thus, 
beta diversity was rather low, and to define a species as a 'true specialist' requires 
further and larger surveys. A species might be clasiff¡ed at a local scale as a 
specialist, and at the same time it might be also known at a intermediate or regional 
scale as a generalist. At intermediate scale (Chapter 3), and in regards with the 
second research question, it was confirmed that canopy species tend to be more 
wide-spread and less soil-specialized than understory species (Webb el al. 1967, 
Zagt and Werger 1998, RuokoJainen and Vormisto 2001). The main land unit 
stratification in the study area was strongly corre1ated with tbe floristic patterns, and 
dispJayed a similar trend of different species assemblages for both canopy and 
understory species. However, at mesoscale in Tierra Firme forests in Colombian 
Amazonia, the enhanced effect of soil characteristics on lInderstory species became 
evident. This is also a matter of growth form: trees react less than understory 
elements on changing conditions in a zonal forest covering slopes or land with 
drainage areas , such as streams, small swamps and small internal valleys. Spatial 
scaling laws (Brown 1995, Ritchie and Olff 1999, Haskell el al. 2002), which 
describe the interactions between mammaJs and the environment as a function of 
body size, cOllld be an interesting approach to synthesize those contrasting patterns 
between canopy and lInderstory plants in Amazonian Tierra Firme forests. This 
theory claims that larger species can detect larger patches, but reqllires lower 
resource concentrations, whereas smaller species require higher resource 
concentrations located in smaller patches (Ritchie and Olff 1999). 

Vascular epiphyles in Ihe Melá area: an unsaluraled spalial syslem 
Considering the third question, in Chapter 4 we concluded that there was a epiphyte
landscape association in Metá. It was hypothesized that some epiphyte species are 
more favoured by high humidity and better water supply (tloodplains and swamps) , 
or are better adapted to withstand drought (in low podzol forests) than others. The 
spatial configuration of the plots was independent of the recorded patterns, whereas 
the correlation between the woody tloristic composition and the epiphytes was 
rather high and significant. However, it was not possible to conclude for a specific 
relationship between individual ephipbytic species and phorophytes . Furthermore, 
we found tbat vascular epiphytes fail to effectively colonize a substantial number of 
potential phorophytes in Metá. When comparing to Yasuní (Leimbeck and Balslev 
2001), on a plot area basis, the forests of the Caquetá River contained less 
phorophytes covered with aroid epiphytes . The closeness of the YasunÍ forests to the 
Andes, which have been recognized as a centre of diversity for epiphytes (Gentry 
1982), may cause a greater saturation of epiphytes than in the Metá forests. This lack 
of large surrounding areas rich in epiphytes , along with the limited dispersal 
capability by wind of the bulk of individuals located in the forest understory, were 
hypothesized as the possible reasons for the ample avai lability of space for epiphyte 
individuals to settle. 
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8.2 

Plol7I di\'ersill' scoled ÓI' groll'lh/onn; a/ong spaliul und envi/'onlné'nlal gradienls 

Selecled planl laxa as bioindicalors for Amazonian¡ores I diversily 
Remote sensing tools, such as satellite images, and selected groups of planls that 
allow representative sample sizes (Clark and Grose 1999, Vormisto 2000), have 
been considered able to produce important information of forest biodiversity 
patterns in a cost-effective way (Vormisto e l a/. 2000, Tuomisto el al, 2003), 
However, in Chapter 5 of this study where the fourth question was considered, we 
did not find evidence that speci fic groups of plants, such as ferns and 
Melastomataceae, have more potential to predicl the main patterns in species 
composition of forest types lhan soil characteristics, landscape unit stratitication, or 
the spatial sampling set-up, The use of ecological indicators in tropical rain forests 
requires a prior test of their specitic utility to avoid misinterprelations, When the 
main goal is to preserve biodiversity, an unsuitable use 01' bioindicators could 
translate into a loss of time and resources, which in the current situation is essential 
for timely and successful conservation planning. 

Woody liana pallerns in NW Amazonia 
In Chapter 6 we tested the fifth question concluding that despite its uniform rainfall 
and geomorphology NW Amazonia was not homogeneous in its patterns of diversity 
and composition of woody lianas, Patterns of liana diversity and composition were 
not paralIel. Liana diversity peaked in Ampiyacu, which might be due to the more 
central position of this area in the Amazon basin, compared to Yasuní and Metá. 
Soil fertility had no effect on liana diversity but was responsible for a strongly 
outlying liana composition of Tierra firme forest in the Colombian area, The liana 
assemblages in Yasuní also differed from the other areas , possibly due to influx 
from Andean liana flora elements due to its close proximity to the Andes 

Species response curves: building Ihe hridge between slalislical melhods and 
ecological Iheory 
In Chapter 7 the sixth question regarding the response shape of species and genera 
was tested. MOSI species (and genera) showed response curves different of the bell
shaped one, which has been widely postulated as the universal response shape of 
species to environmental gradients (Gauch and Withaker 1972, ter Braak and 
Looman 1986). Thus, this study supported the continuum theory (Austin 1985) as 
the most appropriate model for vegetation patterns in NW Amazonia, Whether 
species responses do or do not show Gaussian shapes has important implications for 
ecological modelling, because mosl ofthe lechniques such as CA and its derivatives 
(DCA and CCA) assume unimodal symetrical curves as the standard response 
models, In the absence of a method thal emphasizes different models, we take the 
risk of falling into a type I error, accepling a false hypothesis. Individual species 
analyses might help to illuminate understanding of the plant community structure, 
and so, help to get a clearer picture of how to find mechanistic explanations for the 
existing patterns (Minchin 1989), 

METHODOLOGICAL CONSIDERATlONS 

The present study focused on species distribution along environmental gradients by 
means of several approaches based on different melhods, emphasizing the role 01' 
spatially structured factors, As pointed oul by Dale el al, (2002) , 'no single melhod 
can reveal all lhe important characleristics 01' spatial data, bullhe results of different 
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analyses are not expected to be complelcly independent of each other'. In tropical 
rain forests the analytical methods in community ecology that assume a speci fic 
model, such as DCA, CCA, and PCA , are still controversial (Austin 2002). 
However, they all are still among of the more suitable tools to analyze spatial 
patterns of species assemblage distriblltion (Legendre and Legendre 1998). 

The land unit approach in Amazonian rain forests proved to be very efficient in 
revealing the main florislic patterns at intermediate scales (see also Duivenvoorden 
and Lips 1995). In NW Amazonian forests, the local abundance and composition of 
species seems a random sample of the metacommunity with many singleton species. 
Dispersal rate functions come up as a key factor addressing this pattern . At a 
regional sca le, the vegetation mosaic becomes more comp lex and historical and 
biogeographical factors become important (Ricklefs and Schluter 1993). 

Sampling design 
The stratified-random pJot-based protocoJ used to sample both terrestrial and 
epiphytic plants showed advantages and disadvantages that may be considered in 
future studies. Large transects e l ha) can detect well the floristic and 
geomorphoJogical variation of big trees and lianas, but they produce a high edge 
effect that increases the amount of rare species and hampers the study of recruitment 
in dynamic-based studies (Sheil 1995). In long transects, there is also a considerable 
risk of faJling into pseudo-replication (l-Iurlbert J 990). The series of spatialJy 
distributed compact O.I-ha plots (DBH::::2.5 cm) empJoyed to quantify the terrestrial 
woody vascular plants, require less effort in the field than larger plots (I-ha) 
inclllding onJy big trees (DBH_ IO cm), and they reveal better the general diversity 
patterns. However, big trees could easily be undersampJed and more individuals and 
species guiJds mean a higher erfort identifying species in the herbarium (Phillips el 

al. 2003b). A marked advantage using compact O. I-ha plots instead of spl it O. J -ha 
plots as those employed by Gentry ( J 988a), is tllat they allow us to choose for 
strllctllral and geomorphological homogeneous forest-stands including soils , which 
avoid skewedness by tree falls or landsca pe ecotones. 

A serie of rectangular 0.025-ha plots (5 x 50 m each) was used to sample herbs, 
vascular epiphytes, shrubs, and woody plants with DBH<2.5 cm. Species with 
smaller size require smaller sample units. This plot size lIsed to study vascular 
understory species could be proposed as a good supplementary plot size to O. J -ha 
plots in Amazonian forests. They also showed good performance sampling vascular 
epiphytes, and detecting the species assemblages in Metá . Series of sam ple transects 
are better than a compact plot or individual trees, since they show a higher capability 
to encounter epiphytic species witil patchy distribution (Hietz and Wolf 1996, Van 
Dunné 200 1). Since they also comprise more individual s, they can reveal much 
better the community structllre. However, plot-based (or transec t-based) inventories 
of epiphytes demand a higher effort in plant collecting. In this study, we used 
indigenous climbers along with poles and binoclllars, and still there could be a 
possible bias in the tree crowns because of a lack of census of small elements, such 
as orchids and ferns. Another possible disadvantage of using plots in epiphyte 
inventories is the difficulty of comparing sample-volume 01' available superficies 
due to the three-dimensional structure of the forests, which is variable from one plol 
or forest type lo another (Van Dunné 200 1) . 
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Local abundanee and rarity 
In Chapters 2 and 3, this study confirmed that NW Amazonia rain foresls are 
characterized by a high amount of locally rare woody terrestrial species. However, 
the smal! sample size (and related undersampling) as well as the lack of a proper 
way to define the rarity of a species, hampered the identification of really 
endangered low-abundant species . For example, at mesoscale, considering species 
present in two or more plots (after Pitman el al. 1999), which might reduce the 
undersampling problem, rare species moved down from 43% to 21 %. This reduction 
was particularly strong in Tierra Firme plots (from 50% to 32%), where species with 
one individual in only one plot were common due to the high alpha diversity in this 
forest type (Duivenvoorden 1996). The question remained whether or not rare 
species are always represented by a high portion of species, as suggested by Hubbell 
(2001), even ifthe sample size is enlarged . 

Compared to woody trees and lianas , the amount of species with just one individual 
in vascular epiphytes was rather low (19%), as well as the total number of species 
with presence in only one plot (36%). Vascular epiphytes are known to be much less 
diverse than trees in Amazonian forests. A smaller reg ional diversity of vascular 
epiphytes results in a di fferent local slructure of relative species abundance than that 
observed for trees. Several mechanisms have been proposed for explaining thi s high 
amount of locally rare species in tropical forests: (1) recruitment reduction near 
conspecific adults due to pests (Janzen-Connell model), which creates space for 
other species; (2) ecological equivalence for all species that generates a random 
chance to reach any avai lable regeneration site (Hubbell 2001); (3) Mass effect 
(Shmida and Wilson 1985), which promotes species to settle and regenera te in an 
unsuitable environment. However, there is no consensus yet how much each of these 
mechanisms contribute to the establishment and mainlenance of local patterns of 
relative species abundance. 

Growlh jor/ns and spalial sea/e: a eomplex vegelalio/1 /nodel 
When the unit size, shape spacing, or extenl in a sarnple design are allered, statislical 
results are expecled to change (Dungan el a/. 2002). lndeed , diversity and floristic 
patterns at different spatial scales might be detennined by different processes 
(Crawley and Harral 200 1) . A combinalion of growth form and spatial scale of 
analysis, might lead lo an even more complex scenario thal does not permit any 
generalization. For example, in Melá at intermediale scale, the species assemblages 
of both vascular epiphytes and woody species were highly correlated lo each other, 
and arranged according lo the main landscape units . Nevertheless, differenl 
processes appeared to be responsible for these similar patterns. In the case of woody 
species, as shown in Chapler 3, factors such as tlooding, soil drainage and soil 
fertility , played a key role conlrolling th e distribution patlerns of the terrestrial 
plants (see also Duivenvoorden and Lips 1995). Regarding vascular epiphyles, as 
shown in Chapter 4, changes in environmental humidity (see also Leimbeck and 
Balslev 2001) and dispersal limilation ca me up as imporlant faclors' determining 
distribution parterns. At a regional scale in the presence of a pronounced 
environmental gradient, woody lianas (Chapler 6) showed a densily pattern lhat was 
not related to soil fertility . This might be due to the capability of lianas to reproduce 
by clones and to disperse by wind . However, at the sallle regional scale in NW 
Amazonia, Duivenvoorden el a/. (in press) reported a negative re lationship between 
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soil fertility and density of thin trees, possibly due to an increased treelet longevity 
and improved defense mechanisms against herbivory on poorer soils. Even though, 
as shown in the DCA ana lyses in Chapters 6 and 7, a simi lar pattern of floristic 
composition, in which regional processes and soil feltility had a remarkable 
inlluence, were found for trees and lianas. Our analyses of epiphytes, trees, and 
li anas suggested that parterns of diversity and composition do not have parallel 
explanations. Furthermore, they suggested that caution is needed when knowledge 
of tree species distribution and dynamics are extrapo lated to growth forms with a 
totally different eco logy and vice versa. 

8.3 IMPLICATIONS FOR CONSERVATION 

The new insights into plant community biodiversity patterns and structure in NW 
Amazonian forests presented here, should help decision makers to focus their 
research and conservation strategies more accurately on some crucial points that 
deserve special attention. Some widely used criteria in conservation planning such 
as alpha diversity or taxonomic richness, spatial species turnover, population 
abundance, rarity, and environmenta l representativeness (Prendergast e l al. 1999), 
are debated in this study, mainly for the Midd le Caquetá area in Colombian 
Amazonia. However, there is not a single indicator or general procedure to identify 
areas to be protected as conservation planning is dependent on technical factors such 
as the sca le of the survey as well as on political and socioeconomic imperatives . 

Forest samp ling in Amazonian rain forests faces some logistic obstacles, such as 
difficult access and high regional diversity, which increases effort and working time 
in the field . This is one of the reasons why most studies focussed on only a part of 
the total flora, leading to a lack of inventories considering different growth forms 
together. These difficulties also result in data sets with a high percentage of locally 
rare species , which usually produces undersampling of a considerable number of 
species (Duivenvoorden e l al. 2002). A species should be rare in several ways 
(Rabinowitz 1981), and to be locally rare does no! necessarily mean to be extinction
prone, now that locally rare species can also be wide spread in large geographical 
areas (Pitman el al. 1999). Therefore, there is sti 11 a need to improve the taxonomic 
knowledge on many groups and to know more precisely the geographic ranges for 
neotropical plant species, to be able to define better the terms endemic and rare in 
NW Amazonia (but see Pitman e l al. 2002). 

The results of this study suggest that at a regional scale, such as the area of NW 
Amazonian forests , where soil and c limatic conditions hardly differed between the 
three studied areas, biological and historLcal processes have resulted into a clear 
floristic differentiation. The difficulty to integrate reserves in a continuous area of 
forest becallse of political boundaries among countries, creates the need to structure 
regional networks of reserves. Gap analysis, which identifies gaps in an existing 
reserve network (Prendergast el al. 1999), could be an interesting approach to 
combine factors that shollld enable to find where to site new reserves in the area. 
Within areas, a method based on geomorphologica l variation and landscape 
representativeness and connectivity, should fit the main goal of protecting and 
preserving the main species richness and species assemblage patterns currently 
existing there. A clear definition of 'forest type' depending on the contrasting 
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'niche-assembly' and ' dispefSal-assembly ' models is crucial to define afeas for 
conservation. 

The geopolitical fact of indigenous protected areas has shown to be a powerful 
mechanism for securing forest cover (van der Hammen 2003). The actual reserves in 
Amazonian rain forests can retain a substantial part of the whoJe biola, and serve as 
buffer zones for adjacent protected areas (Peres and Zimmerman 200 1). However, 
the ongoing expansion of the agricultural fronlier, oil exploitation, or illegal crops, 
which also causes severe social problems, constitute major threats for the (on paper) 
protected areas. The Jack of experience of tribal communities in large scale 
agriculture and cattJe production is likeJy to lead to a faster destruction of the 
foresled areas inhabited since ancient times by indigenous people with a holistic 
environmental vis ion (van der Hammen 2003). 

In Amazonian rain foresls , exploitation of non-timber products might offer a way to 
preserve this ecosystem (Duivenvoorden el al. 200 1, van Andel el al. 2003). The 
scarcity of big trees with Jarge stem diameter along with the high variety in species 
composilion, hamper the extraction of selected particular species, making seJective 
and sustainable logging in Amazonian rain foresl a difficult task (see also Bawa and 
Seidler 1998). A better understanding of the intrinsic value of biodiversity as well as 
the actual and potential preservalion of the services provided for it, is still a 
challenge for local , national and international organizations (Thiollay 2002). For 
example, there is an ongoing debate on the capability of the tropical rain forests 
either to store or release carbon to the atmosphere (Phillips 1998, Clark el al. 2003). 
However, the additional services provided by the high diversity of natural 
Amazonian forest, such as scenic beauty and hi gh cultural diversity of human elhnic 
groups , give these forests an extra vaJue when compared to monoculture tree 
pJantations, even if they are functionally similar in terms of carbon slorage and 
eva potranspiration (Peres and Zimmerman 200 1). 

Finally, there is a need to strengthen the links between stake holders and land 
managers with those engaged in conservation research lO improve the 
communication flow in both directions. Decision makers need to be more aware of 
how science can contribute to practical conservalion, and vice versa (Prendergasl el 
al. 1999). Basic ecological research presented here is the basis for addressing the 
conservation and restoration of natural ecosystems. Nevertheless , much information 
on popuJation ecology, life hislory ofspecies, species range distribution , laxonomy, 
and paleo-environmental history is still lacking. Furthermore, more detailed studies 
on both temporal and spatial components in tropical rain forests are urgent. I hope 
that this attempt to improve our understanding of Amazonian rain forest structure, 
based on ecological plant inventories and land unit surveys, will encourage new 
research and will serve as a new input for more useful discussions aiming at a 
science-based forest conservation. 




