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Response slwpe o(plan / genero am! s!'(!cies along gradien/s in NW Amazonia 

7.1 INTRODUCTION 

A commonly accepted idea in plant ecology is that species responses to 
environmental gradients have a Gaussian shape with the optimum located at a 
particular point along an environmental gradient (Gauch and Withaker 1972). A 
symmetrical unimodal response shape has been the only ecological model for which 
parameters can be well estimated (ter Braak and Looman 1986). A basic assumption 
in Niche theory is that both fundamental and reali zed niches have symmetrical 
Gaussian curves (Austin 1999). However, the use of such a symmetrical response 
model as a paradigm in ecological modelling has been strongly criticized (Austin 
and Meyers 1996, Austin 2002). The continuum concept, which maintains that 
species response curves have different shape, amplitudes, widths and optima along 
environmental gradients (Austin 1985), has gained support in recent years. 
Biological interactions and factors such as dispersal , competition, succession, 
disturbance and pest pressure could modify the species response into non-Gaussian 
shapes along these gradients (A ustin el a/. 1990, Guisan and Zimmermann 2000). 
Indeed, biotic processes are rarely considered in statistical models of species 
distributions and need further attention (Condit 1996, Austin 2002). 

Although several ways of testing skewedness and analyzing the response shapes of 
species along gradients have been employed, few methods provide sufticiently 
accurate results (Oksanen and Minchin 2002). Sorne of the most common problems 
(Oksanen and Minchin 2002) are unrealistic shapes of polynomial functions (Austin 
el al. 1990), bias and subjective judgment in methods that are based on visual 
analysis (Okland 1986) and in smooth generalized additive models (GAM , Hastie 
and Tibshirani 1990), as well as confusion in thelocation of the maximum in beta 
functions (Austin el al. 1994, Oksanen 1997). However, a set of tive hierarchical 
models, which range from flat to skewed and inc1ude symmetrical responses as 
proposed by Huisman el a/. (1993), appear to give more success in solving 
parametric questions of response shapes (Oksanen and Minchin 2002). Ihis set of 
equations could be applied to different environmental gradients as long as the 
models are only used for descriptive purposes (Huisman el al. 1993). 

Species are the most common hierarchical taxonomic unit employed to analyze 
response shapes (Minchin 1989, Austin and Meyers J996, Lawesson and Oksanen 
2002). Individual species analyses might help to understand plant community 
structure, and so, how to tind mechanistic explanations for existing patterns 
(Minchin 1989). In NW Amazonia still only a few studies have focused on the 
behaviour of individual species along environmental gradients (i.e. Duivenvoorden 
and Lips 1995, Svenning and Balslev 1997, Svenning 1999, Tuomisto el al. 1998, 
Phillips el al. 2003). In ecological inventories, a high proportion of species occurs 
with very few individuals (Pitman et al 1999), which appears as a constraint to get 
data sets of sufticient size to analyze species response curves. Therefore, a higher 
taxa as genus provides a good alternative to overcome the sample error in tropical 
inventories. Genera-based analyses , might help to understand better the role of 
environment-vegetation interactions at wider temporal and spatial scales, such as 
those included in paleoecological studies (Hooghiemstra and van der Hammen 2000, 
Colinvaux 1987). 
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The goal of this study is to analyze the distribution and response curves of selected 
genera and species along abstract complex ecological gradients in NW Amazonia 
forests. The following hypotheses are considered: (1) Genera and species respond to 
complex environmental gradients, such as those derived from ordination analysis, 
with a symmetrical Gaussian function; (2) The response shape of individual species 
and genera along a soil gradient is similar to that found along a complex gradient 
that is constructed by ordination of complete inventory data of species or genera. If 
the tirst hypothesis is accepted, niche-preemptioning prevails and may be accepted 
as the dominant model for woody species in NW Amazonia; if not, continuum 
model is accepted as the most suitable one. Tfthe second hypothesis is accepted, soil 
fertility should be employed to predict species distribution along more complex 
environmental gradients in NW Amazonia; if not , that would indicate the 
importance of other factors like biotic ones. 

7.2 METHOOS 

SIl/dv sile and sample design 
The study was carried out in three different areas in north-western Amazonia: (1) the 
Metá area, which forms part of the middle Caquetá basin in Colombian Amazonia; 
(2) the Yasuní area in Amazonian Ecuador; and (3) the Ampiyacu area pertaining to 
the Maynas Province in Peruvian Amazonia (Figure 6.1). AII areas are in the Humid 
Tropica l Forest life zo ne (bh-T) according to I-Ioldridge el al. (1971). The average 
temperature is near 25°C , and allnual precipitation oscillates around 3000 mm. AII 
months show an average prec ipitation aboye 100 mm. In Metá and Yasuní the 
lowest rainfall is in January and February, whereas in Ampiyacu this occurs in 
August and September (Lips and Duivenvoorden 200 1). 

A total of 80 O.I-ha plots were established; 30 in Metá and 25 in both Yasuní and 
Ampiyacu. Plots were located and distributed across the main landscape units as 
follows: 31 in Tierra Firme or well drained upland areas (15 in Metá , 10 in Yasuní, 
and 6 in Ampiyacu); 22 in well drained floodplain s (5 in Metá, 8 in Yasuní, and 9 in 
Ampiyacu) ; 22 in swamps (5 in Metá , 7 in Yasuní, and 10 in Ampiyacu) and 5 in 
white sands (only sampled in Metá). A detailed description of each of these 
landscape units can be found in Lips and Duivenvoorden (2001). In order to 
establish the plots, starling locations and the direction of the tracks by vvhich the 
forests were entered were determined on lhe basis of lhe interpretation of aerial 
photographs (Duivenvoorden 200 1) and satellite images of Landsat TM (Tuomisto 
and Ruokolainen 200 1) . During the walk through the forests, soils and lerrain units 
were rapidly assessed, and forests were visually examined. In this way, sites with 
homogeneous soils and physiognomically uniform forest stands were identitied. In 
these sites, rectangular plots (mostly 20 x 50 m) were delimited by compass, tape 
and stakes, working from a random starting point, with the restriction that the long 
side ofthe plot was parallel to the contour line. Plots were located without bias with 
respect to floristi c composition or forest structure (including aspects of tree density, 
thickness and height, and presence of lianas) . They were made in forest that lacked 
signs ol' human intervention. The only exceptions to thi s were some of the swamp 
plots in the floodplain of the Ampiyacu River in Peru, where palms had recently 
been cut to harvest fruits from Mauritia flexuo sa. Plots were established at a 
minimum between-plot distance of 500 m and were mapped with GPS. Plots were 
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subdivided into sllbplots of IOx 10m, in which all vascular plant individuals with 
DBH~2.5 cm were nllmbered and measured with tape. Fieldwork took place in 1997 
and 1998. 

Botanical coJlections were made of al! species (DBH~2.5 cm) found in each plot. 
Identificatíon took place at the herbaria COAH, QCA, QCNE, AMAZ, USM , MO, 
NY and AAU (Holmgren et al. 1990). The nomenclature of families and genera 
followed Mabberley (1989). Within fam ilies, or grOllps of closely allied families, 
specimens that could not be identif¡ed as a species beca use of a lack of sufficient 
diagnostic characteristics were clustered into morpho-species on the basis of 
simultaneous morphological comparisons with all other specimens. Hereafter the 
term 'species' refers to both morpho-species and botanical species. 

In the central part of each plot, a soil augering was carried out to 120 cm depth in 
order to describe the mineral soil hori zons (in terms of colour. mottling, hori zon 
boundaries, presence of concretions, and textllre) and to define soll drainage (in 
classes ofFAO 1977). At each augering a soil sample was taken at a depth of65-75 
cm. For analyses, soil samples were dried at temperatures below 40°C, crumbled 
and passed throllgh a 2-mm sieve. The total content of Ca, Mg. K, Na, and P was 
determined by means of atomic emission spectrometry of a subsample of 100-200 
mg from the sieved fraction, that had been diges ted 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 I 106 elemental analyser. Soil analyses 
were done at the so il laboratory of 1nstitute fo r Biodiversity and Ecosystem 
Dynamics ofthe Universiteit van Amsterdam. 

Data ana/ysis 
Three standardized gradients or coenoclines (Lawesson and Oksanen 2002) were 
employed in analysis of the response shapes of genera and species. (1) The first axis 
from a detrended correspondence analysis (DCA) based on presence-absence of all 
species (2157). (2) The first axis from a detrended correspondence anaJysis (DCA) 
based on presence-absence of all genera (527). Both these gradients represent a 
complex environmental and spatial gradient determining the distriblltion of either 
genera or species. (3) The first axis from a principal component analysis (PCA) of 
soil elemental concentrations (Table 7. 1). DCA was performed with CANOCO 4.0 
(ter Braak and Smilauer 1998) using default options (Lawesson and Oksanen 2002). 
PCA was carried out by means of JMP 3.0, based on the correlation matrix of 
logarithmically transformed variables. Al! analyses were done on the basis of the 
data from 80 plots made in all landscapes and 31 pJots made in Tierra Firme forests. 

Response modefs 
Following the criteria of minimum frequency proposed by Oksanen and Minchin 
(2002), in all landscape units, 89 genera and 24 species that were present in 25 or 
more plots were selected for the analyses. In onJy Tierra Finne, 41 genera and 8 
species that were present in 20 or more plots. were employed in the analyses. For 
description of genera and species response shapes the hierarchic models proposed by 
Huisman el al. (1993) were employed by using the HOF program which maximizes 
a log-likelihood function instead of minimizing the squared resi dllals , and by 
considering presence-absence data or binomial with denominator m = I (Oksanen 
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and Minchin 2002). This set of hierarchic models is composed of five models that 
vary in parameter numbers and complexity (Huisman el a/. 1993). These are: type 1 
(Flat), which shows no significant trend (i. e null model) ; type 11 (Monotone), which 
shows an increasing or decreasing trend where the maximum is equal to the upper 
bound M; type 111 (Plateau), which shows an increasing or decreasing trend reaching 
an asymptotic value; type [V (symmetrical) , which shows a Gaussian response 
curve; and type V (skewed), which represents an asymmetrical unimodal response 
curve. The last model is most complex and can be written as: 

u = M x x (Oksanen and Minchin 2002)
1+ exp(a + bx) 1+ exp(c - dx) 

Where u is the expected response variable, x is the known explanatory variable, Mis 
the maximum possible value (1 for the binomial case) , and a, b, e and d the 
parameters of the function. The other four models can be obtained by fixing sorne 
parameters as constanl values (Huisman el al. 1993, Oksanen and Minchin 2002). 
The final model is selected by mean s of backward elimination using a probability 
level of 0.05, which starts with the most complex model (Oksanen and Minchin 
2002). 

Table 7.1. 	 Total soil elemental concentrations found in 80 plOls located on floodplains , 
swamps, Tierra Firme and white sands in three differenl regions in NW 
Amazonia. SD: standard deviation . Rank represents the extreme values. Loadings 
of rhe first principal component are those obtained from a peA analysis on soil 
elemental co ncentralions in al! E,I Ols. 

ea Mg K Na P e N 
(mmol/kg) (mm ol/kg) (mmol/kg) (Illmol/kg) (mmol/kg) (%) (%) 

Mean±SD 31.8±50.8 1621 ± 1203 208 9 ± 151 .5 87. 8± 114.2 12.5 ± 9. 02 3.4 ± 7.4 0.2 1 ±0.39 

Rank 0.58 -237.7 0.6-423.5 0.3 - 57 5.5 0-478 .5 0.3 - 36.5 0.1 - 35 0 .02  1.8 

Fírst peA axis 0.3 7224 0.44325 0.4294 7 0.41421 0.4387 0.18332 0.28791 
load íns,s 

7.3 RESULTS 

Gradienl analyses 
When all landscapes were considered, the species-based ordination diagram showed 
high eigenvalues and well distributed plots along the axes. Similar results were 
found with the genera-based and soil-based ordination analyses (Table 7.2, Figure 
7.1). The first axis in the three ordination analyses represented a fertility gradient 
ranging from poorest soils, sueh as those in white sands, to richer soils, such as those 
in floodplains (Figure 7.1). In Tierra Firme alone, a similar fertility gradient ranging 
from poorer soils in Metá to richer soils in Ampiyacu and Yasuní (see also Lips and 
Duivenvoorden 2001) emerged in each of the ordination diagrams (Figure 7.1). 
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Response shapes 

A/I landscapes 
Of the 24 species analyzed along the DCA species gradient, 21 % were skewed , 21 % 
symmetrical, 29% plateau, 4% monotone, and 25% flat. Along the PCA soil gradient 
most ofthe species response models were symmetrical (42%) (Table 7.3). In total , 9 
species (38%) had a similar non-fiat model along the species gradient and the 
edaphic gradient (i.e. Unonopsis slipilala and Virola e/onga/a) (Table 7.4 , Figure 
7.2). 

The analysis of HOF models of 89 genera along the DCA genera gradient showed 
that 13% of the curve shapes were skewed , 19% symmetrical, 19% were plateau, 
20% monotone, and 29% without a trend. Along the PCA soil gradient the 
percentage of symmetrical curves increased and the number of flat models decreased 
(Table 7.3). In total, 21 genera (24%) had the same response curve along the DCA 
genera gradient and the PCA soil gradient, but 8 of them had flat distribution. Thus, 
just 13 genera (15% [i. e. Unonopsis and Brosimum]) showed an edaphic-controlled 
distribution (Table 7.5, Figure 7.3). 

Only Tierra Firme 
Along the species gradient, 4 out of 8 species analyzed in Tierra Firme showed flat 
response curves. There were no skewed response curves for species in Tierra Firme 
(Table 7.3) . Two species of Virola that displayed non-flat models along the PCA 
soil gradient showed fl at responses along the species gradient. The 4 species with a 
non-fiat response shape along the species gradient in Tierra Firme had flat responses 
along the PCA soil gradient (Table 7.4). 

Among the 41 genera analyzed in Tierra Finne, 56% showed flat responses (no 
trend), 32% monotone, and 12% symmetrical (Table 7.3) . There were 12 genera 
(29%) with a non-flat response model, which showed a similar response shape along 
the edaphic and genera gradients (i. e. Matisisa and Guarea [Table 7.5]). 

7,4 DlSCUSSION 

This study does not support unimodal symmetrical Gaussian models (Gauch and 
Withaker 1972, ter Braak and Looman 1986) as the universal response shape for 
genera or species in tropical rain forests. Therefore, the first hypothesis was rejected 
since only a small percentage of the models showed symmetrical response shapes 
along the species and genera gradients, both in all landscapes and Tierra Firme 
forests . These results were similar to those found in Tasmania along an altitudinal 
gradient (Minchin 1989, Oksanen and Minchin 2002), where a higher proportion of 
non-symmetrical models prevailed. However, the results differed from those 
reported in Denmark, where symmetrical curves were the most common models 
(Lawesson and Oksanen 2002). The multiple ways by which species and genera 
responded to the complex gradients supports the continuum concept as the more 
appropriate model of vegetation organization in Amazonian rain forests 
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Table 7,2 , Summary infolmal ion 01' ordinalion ana lyses in al! landscapes (80 O, I-ha pIOIS) and 
Tierra Firme alone (3 1 O. I-ha plots), DCA were based on presence-absence dala of 
genera and spec ies CO lllpositioll , and PCA based on logari thm ic lransfonnati ons 01' 
so il elemental concenlralions 

Ax is 1 Ax is 2 Axis 3 Axis 4 Tola l inerti a 

AII landscapes 
Species 
Eigenva lu es 0,ó32 0.49 1 0.333 0.257 16.854 
Lenglh of gradienr (s d unils) 6,070 3,745 4,373 3. 970 
Genera 
Eige nvalues 0,28 1 0,195 0,138 0.097 5.245 
Lengt h 01' gradi enl (sd uni ls) 2,957 2.2119 2,695 2. 107 
Soi ls 
Eigenvalues 4,36 1, 75 0.52 0 14 
Perc enl 62,3 1 25 ,1 2 7,3 6 2,05 

Tierra Firme 
Species 
Ei genval ues 0,670 0.335 0,2119 0.259 8.456 
Lenglh 01' grad ienl (sd un its) 4.337 3, 184 3. 11 4 2,3 14 
Genera 
Eigenva lues 0,327 0, 153 0,112 0,093 3,097 
Lenglh 01' grad ienl (sd unit s) 2,340 \.733 1,53 9 \.3 81 
So ils 
Eigenval ues 4,26 0.97 0,60 0.45 
Percent 60.1\5 1383 8,68 6.45 
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Figure 7. I_ DCA based on genera and species and PCA based on so il elemental 
concentrati ons, in al l landscapes (A II) , and Tierra Firme (TF) alone. Squares = 

Oood plains, rhombus = swamps, tri angles = Tierra Firme, and crosses = whi le 
sa nds. In Tierra Firme forests alone, black triangles represent Metá area, darker 
gray Yasuní , and li ghter gray (w ith a darker line in the border) Ampiyacu. 
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A circular reasoning is claimed when we use an analysis based on a Gaussian 
distribution assumption (Minchin 1989), as DCA does for extracting lhe coenocline. 
There was a hi gh variety of response curves, of which the non-symmetrica l curves 
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were the most frequently occurring. Owing to the high number of species and genera 
considered in the ordination analysis, DCA sample scores still are a good niche 
measure of ecological gradients for individual species distribution (Lawesson and 
Oksanen 2002). However, the accuracy of melhods based on an explicit model of 
vegetation response in tropical rain forests will remain controversial in the absence 
of a method which emphasizes different models (Austin 1985). 

Table 7.3. Number 01' model types accordíng with the response shape of genera and species 
along different gradients. DCA 1 = first DCA ax is based on the whole ge nera or 
speci es composition in bOlh all landscapes (AII) and Tierra Fimle alone (TF ). 
PCA 1 soils = first axis from a PCA analysis based on loga rithmic transformations 
01' total so il elemental concentrations. 

Genera Speci es 

Model DCA 1 genera PCA 1 so ils DC Al species PCA 1 soil s 

AII TF AII TF AII TF AII TF 

V Skewed 11 O 18 O 5 O 6 O 

IV Symetric 17 5 26 7 5 2 10 O 

111 Plaleau 17 O 16 O 7 O 4 

II Monotone 18 13 15 8 2 I 

Flat 26 23 14 26 6 4 3 6 ? 

Monotone and plateau responses might be caused by a species range extending 
beyond the límits ofthe gradient sampled (Auslin 2002) , or by incomplete sampling 
of the gradient. Therefore, i f the sample size is enlarged, more bell-shaped response 
curves might ari se (0kland 1986). However, incomplete environmental grad ient is 
not likely to occur in the present sludy as the sa mpled gradient included a wide 
edaphic gradient both across land scapes and within Tierra Firme alone (Lips and 
Duivenvoorden 2001). Also, the sampling frequency was at a similar level of that 
applied in other studies (Oksanen and Minchin 2002). 

In Tierra Firme forests alone, compared to all landsca pes, there is a stronger 
tendency for flat and monotonous response shapes for both genera and species along 
complex and soil gradients (Table 7.3). Thi s result corresponds with the idea that in 
Tierra Firme forests the compositional turnover (beta divers ity) ofwoody speci es is 
rather low (Duívenvoorden 1995, Pitman e l al. 200 1, Condit el al. 2002). 
Conversely, considering all landsca pes, the number of taxa that show a preference 
for a part of th e gradients as well as the number of symmelrical curves sllbstantially 
increase, which supports a higher compositional tllrnover (Knut e l al. 2003) in 
presence of pronounced environmenlal gradients 
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Table 7.4. M odellype of spec ies response shapes along differenl gradienls in NW Am azonia. 
DCA 1 = IIrsl DCA ax is based 011 lhe whole spec ies composilion. pe A 1 soi ls = 
IIrsl ax is from a peA based on 10garithl11i c lransform alions of lotal so il elemental 
concentrali ons. Values berween brac kels are (he 1110del types found in Tierra 
Firme alone. 

Species DCAI pe A 1 so il s 

Chei/nclinilll11 cognallll11 (Miers) A. C. SI1l. IV 111 

Comhrewm /oxum Jacq. 111 111 

CO/'dia nndosa Lam. 111 111 

Dialium g llianense (Aubl. ) Sandwi th 111 11I 

E.\chwei/ero coriocea (De) S. A . M or i 111 ( 1) IV (1) 

ElIgeniajlorida DC . V IV 

Eulerpe preealnria M arI. 111 11 

Careinia l11acrophy /la Man. 

Cuarea macrophy/la Jlah/ 11 V 

Iriarlea de/lnidea Rui z and Pa vo 1I1 IV 

Irvonlhel'Cljll/'ll ensis Warb. 

L/cania helerOl11orpha Benlh. IV IV 

Minquarl ia guianensis A ubl. I I V 

Oeolea aciphylla (Nees) M ez V (11 ) V (1) 

Pouleria lorla (M arr.) Rad lk. 1 IV 

Pseudo/media /aevigola Trécul IV (IV) V (1) 

Socralea exorrhiw (Man.) H . Wendl. V V 

Snrocea hirlella M ildbr. V (IV) IV (1) 

Tapiriro gllianensi.\ Aub l. IV IV 

Theohmma subineollum M art ius in Buchner 1I1 ( l) IV (1) 

Unnnopsis slipila la Die ls IV (11 ) IV (1) 

Viro /a ea/ophy llu (Spruce) Warb. 1 V 

Viro/a e/ongala (Benlh .) Warb. V (1) V ( fI ) 

Viro/a pal'Onis (A. De) A.e SI11 . 1 (1) 1(111 ) 

The way Ihat genera and speeies respond lO an abslraet eomplex gradicnt as rhe first 
DCA axis and to a soil ferlility gradienl was differenl ror most taxa. Only few 
speeies in al! landseapes (30%) and TielTa Firme alone (0%) showed a similar 
response model along the speeies gradienl and soi l gradient (Table 7.4). This 
tendeney was also found for genera : onl y 15% (a ll landseapes) and 29% (Tierra 
Firme) of the genera shared a similar type of response models along the genera 
gradi ent and the so il gradienl. Therefore, rhe second hypol hesis was also rejected. 
This suggests thal soil fe rtility (as quantified by the first PCA ax is) is nol the 
overridingly dominant faelor affecting speeies di stributions, as has been suggested 
by Gentry ( 1988). Other fac lors (e.g. pesrs influence, phylogenetieal structure, 
resource co mpetilion, or di spersaL Condit 1996, Webb 2000, Enquist el a /. 2002) , 
are likely to ha ve a stronge r intluence upon the di stribulion ofspecies and genera. 
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P/an/ diversi/y sca/ed by grow/h forms a/ong spa/ia/ and environmen/a/ gradients 

Table 7 .5. Model type of genera response shapes along different gradients in NW Amazonia. 

DCA J = first DCA axis based on the whole genera composition. PCA J soils = 

first axis from a PCA based on logarithmic transformations of total soil elemental 

concentrations. Values between brackets are the model types found in Tierra 

Firme alone. 

Genus DCAI PCAIsoils Genus DCAI PCAIsoils 

Abu/a I (1) V (1) Mabea I (1) IV (1) 

Aniba 1 1 Machaerium 111 (1) 111 (1) 

Annona IV 111 Macr%bium 1 1 

Aspidosperma 1 Ma/isia 11 (11) IV (11) 

As/rocOlyum 111 111 Mauri/ia I 11 

Bac/ris 111 11 Memora 11 IV 

Bauhinia 11 IV Miconia 111 (1) 111 (1) 

Brosimum lV (11) IV (1) Micropholis I (1) 11(1) 

Buchenavia IV I Minquar/ia I IV 

Ca/yp/ran/hes IV 11 Mouriri IV (11) V (11) 

Casearia 111 11 Myrcia 111 111 

Chei/oclinium IV 111 Naucleopsis 11 (1) V (1) 

Chlysophyllum I (1) 11 (1) Neea 1 (1) 1 (1) 

C/usia V II Oco/ea I (11) 11 (1) 

Cocc%ba 11 V Oenocarpus 111 I 

Combre/w/1 11 111 OphiocOlyon V (1) IV (1) 

Cordia 111 (1) V (1) Oxandra I I 

Couepia V (11) V (11) Paullinia 11 IV 

Coussarea IV 11 Perebea 11 (1) IV (1) 

Daclyodes V (11) IV (1) Pourouma III (1) 1lI (1) 

Dia/ium V 11 Pou/eria I (IV) V (IV) 

Dicranosty/es V IV Pro/ium I (IV) V (IV) 

Diospyros IV 111 Pseudo/media IV (IV) V (IV) 

Doliocarpus V IV Pseudoxandra IV 111 

Duguetia I (1) IV (1) Psycho/ria I 

Endlicheria IV (1) 1Il (IV) Rinorea 111 IV 

Eschwei/era 111 (1) V (IV) S%~~cia 11 111 

Eugenia 11 (1) IV (1) Siparuna I (IV) IV (IV) 

Eu/erpe I 11 S/oanea I (11) I (1) 

Faramea V V Socra/ea 111 V 

Ficlls 11 V So rocea I (1) IV (1) 

Garcinia IV 1 S/erculia 11 IV 

Guarea 11 (11) IV (11) SIIyc /1110S IV 111 

Gualleria 11 (11) 11 (11) Swar/zia IV (1) I (1) 

Gus/avia 111 IV Tachiga/i IV I 

Heis/eria 111 Ta/isia 111 (1) IV (1) 

Hevea 11 1 Tapirira I IV 

Hir/el/a IV V Tapura 111 111 

fnga I (1) 11 (1) Theobroma 11 l (11) IV (11) 

friar/ea 11 IV Trichilia 111 (1) V (1) 

lryan/hera I (IV) I (IV) Unonopsis V (11) V (1) 

Lacis/ema IV V Viro/a 11 (11) 11 (1) 

Leonia II (1) 111 (1) Xy/opia V IV 

Licania I (11) IV (11) Zygia I (1) 11 (1) 

Licaria V V 



Response shape 01 planl genera and species along gradienls in NW Amazonia 

Gentry (1988) also suggested high predictability of families (and perhaps genera) 
according to the different substrates in NW Amazonia forests . Nevertheless, families 
and genera are artifacts of our propensíty to c1assify nature (Brooks and McLennan 
2002) and involve many different evolutionary and ecological traits that hamper the 
interpretation of response shapes along gradients. For example, in all landscapes the 
Virola genus showed a monotic response model along the genera-based gradient. 
However, the species Virola calophylla, V elongala and V pavonis, displayed flat 
and skewed response mode\s (Tables 3 and 4). Speciose c1ades might produce 
species that are ecologically and phylogeneticaly similar, which might compete with 
each other restricting their distribution range more than unrelated species (Webb 
2000). In the case of less speciose genera, the interpretation of the response along 
gradients is more straightforward, although caution remains needed. For example, 
Mauritia has been commonly associated with swamps (Urrego 1994, Duque el al. 
2001, Romero el al. 2001, Grández el al. 2001). However, there is a c1ear 
separation between Mauritia carana and M flexuosa, which occupy white sands and 
swamps respectively (Duivenvoorden and Lips 1995). Despite all this, genera-based 
analyses of response shapes could be an use fu I tool to infer about compositionaJ 
turnover as shown aboye, as well as long-term processes such as speciation and 
extinction in larger geographical scales, which could help to understand 
macroecological patterns of species distribution (Enquist el al. 2002). 
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