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Abstract 

The impact of soil cover organization on the forest community has been studied in a 19-ha tract at Piste de St Elie 
station in French Guiana. 195 species each represented by at least 10 individuals were chosen from records of the 
position, diameter at breast height (dbh) and precise identification by botanical sampling of 12 104 ligneous plants 
(dbh 2 10cm). 

Spatial variations in the soil were mapped using the method proposed by Boulet et al. (1982). The soil mapping 
units correspond to the successive stages of evolution of a currently unbalanced ferralitic cover. These stages 
describe firstly the thinning by erosion of the microaggregated upper horizon and secondly the mineralogical 
changes under more or less extended hydromorphic conditions. The degree of evolution of ferralitic cover is also 
related to the‘ hydrodynamic functioning and chemical properties of the soil. Geological substrate, topography and 
slope have also been taken into account. 

Analysis of the influence of environmental variables on plant cover has been performed using the Ecological 
Profiles method and Correspondence Analysis (CA) of the table of ecological profiles. 

The forest community seems to be dependent on the soil and the topographical features that govern it. There are 
significant, exclusive soil-species links for each soil functioning mapping unit. However, the highest proportion 
of significant positive links is connected with a thick microaggregated horizon (25%). Several species are of real 
value as indicators and more particularly enable differentiation between the forest stands of typical ferralitic soil 
and the ones of thinned out, transformed and hydromorphic soils. The CA of the species by environmental variables 
matrices reveals two significant factorial axes. The first can be associated with the drainage mainly related to the 
thinning of the soil and the second with the hydromorphic conditions related to the topography. The vegetation 
ordination of the stands ( S 0.25 ha) delimited in the various soil domains clearly shows that changes in ferralitic 
cover and in particular the transition from soil with deep vertical drainage to soil with superficial lateral drainage 
is accompanied by substantial changes in the forest community. 

Introduction 

The spatial organization of woody tropical forest plant 
populãtions can be perceived today ias the result of 

spatial and temporal interactions between three com- 

ponents, initially described separately in the literature: 
- the impact of the physical and chemical features 

of the environment. especially soil factors (Richards 
- 2  

I 1952; Lemée 1960); 
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I - the dynamics of each species, related to biotic 

I I factors (Janzen 1970; Conne11 1971; Harper 1977) and 
j environmental changes in time (Gleason 1926; Leigh 

1983); 
! - the canopy gap processes (Aubréville 1938; 

Whitmore 1978) 
Subsequent works confirmed and attempted to 

appraise the relative influences of these components, 
integrating them in more general concepts and models 
generally used to explain the closely related species 
richness and diversity in tropical forests (see Huston 
1994, for a synthetic review). 

In soil factors, there is a clear relationship between 
the major types of forest vegetation in terms of stature, 
architecture and species composition, and the main 
soil classes (see, for example, Davis & Richards 1934, 
for Guyana; Brunig 1983, for Sarawak; Prance 1987, 
for Amazonia). Some authors attempted to measure, 
at a local scale, the impact of topography and certain 
soil variables such as chemical fertility or drainage on 
the structure and composition of dense tropical forests 
(Austin et al. 1972; Newbery & Proctor 1984; Les-  
cure & Boulet 1985; Newbery et al. 1986; Gartlan 
et al. 1986; Barthès 1991; Basnet 1992; Johnston 
1992; Steege et al 1993; Korninget al. 1994). Newbery 
(1991) stressed the difficulties, due to the unsuitabil- 
ity of forest inventories which are too small or due to 
regional and local gradients being mixed in the same 
set of forest plots encountered in such an operation 
in 'kerangas forest'. To these are added inadequate 
knowledge of taxonomy and the difficulties of spatial 
analysis of soil features, .The existence of correlations 
between catenas or nutrient gradients and forest com- 
position is now well known but as stated by Steege 
et al. (1993), the relation between soil factors and 
forest types remains far from clear for many tropic- 
al countries. In addition, to the fact that soil factors, 
and especially nutrient availability as stated by Tilman 
(1982), can play an  important role on species compet- 
ition in a narrow range of variation close to limiting 
thresholds zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(a situation probably dominant in humid 
tropics) is still a theoretical concept in tropical forest 
communities. 

The first study of the impact of soil on the organ- 
ization of the tree community in French Guiana was 
carried out within the framework of the ECEREX pro- 
gram (Ecology, ERosion, Expérimentation) at Piste 
de St Elie Station (Lescure & Boulet 1985) using an 
original method of study and mapping of the soil cover 
(Boulet et al. 1982). Unfortunately, only 32 taxa iden- 
tified using the vemacular name method were studied. 

! 

The same approach was used by Barthès (1991) for the 
study of the spatial distribution of two species of the 
genus zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAEperua (Caesalpiniaceae). Following these ini- 
t i al  operations, ORSTOM (Institut français de recher- 
che scientifique pour le développement en coopération) 
did support a study programme on orgaization factors 
in the tropical forest community in French Guiana, con- 
sisting,of sufficiently broad and taxonomically reliable 
botanical inventories zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand incorporating recent know- 
ledge of the organization and hydrodynamic function- 
ing of the soil cover, in order to find answers to the 
questions that led to the first results and in particular: 

- to what extent can soil variabks account for 

the heterogeneity of spatial distribution of trees in this 
tropical forest? 

- what is the scale of soil-generated heterogeneity? 
- are there any species that operate as indicators of 

the main soil conditions? 
- has species richness been broadly affected by 

the evolution of the pedological cover and its spatial 
organization? 

- is it possible to use field measurements of soil 
variables to verify the theory of fine adjustment of 
ecological niches in tropical forest plants? 

Material and methods 

Study area 

Piste de St Elie Station is located at the northern edge 
of the Guiana-Amazon forest (5O18' N, 53'3' W) on 
the coast of French Guiana. The climate is the humid 
tropical type with annual precipitation ranging from 
2.5 to 4 m. 

The geological substrate belongs to the Palaeo- 
proterozoic 'Armina formation' volcano-sedimentary 
series (Milési et al. 1995). Very fine micaschist rich in 
muscovite and quartz is dominant at the station (Grim- 
aldi et al. 1994). It contains veins of pegmatite of very 
variable size (0.1 to 100 m) made up of phenocrys- 
tals of quartz, feldspar, muscovite and tourmaline. The 
boundary between schist and pegmatite is always very 
sharp and although the weathered layer of the rock 
(saprolite) is 20 to 30 m thick, its heterogeneity still 
shows clearly in the soil in the quartz particle size: fine 
sand on schist, coarse sand and gravel on pegmatite. 

The studied tract comprises 19 one-hectare plots 
(Figure 3); 17 of them, lying in a 1000 x 1000 m 
area gridded at 100 m intervals, have been identified 
according to their Cartesian coordinates (number of the 
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STAGE I 

DVD Alt SLD zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASH 

1 4\' 
I _ _  I -  STAGE II 

I STAGE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIII I 

I STAGE IV 

Horizons 
1 reddish zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAbrown clayey zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmicro- horizon 
2 transition horizon 
3 red clayey alloterite 
4 dark red clayey-silty isalt.de 
5 set ofyellowish brown sandy-clajey zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAto clayey-sandy 

7 
8 

6 
horizons 
palepeaishyellow horizon, sandy-clayey at the top, 
and bright yellow clayey-sandy at the base 
pale red saprolite with yellow and white mottles 
pale yellow saprolite with white and red moffles 

9 pale yellow and Ulm white saprolite with subvertical 
red lithorelic alignments 

10 pale zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAgey sandy horizon 

Symbols 

water flow a 
upper limit of t he 
dry character (DC) 

Scales 

Functional mapping unlts 

DVD deep vertical drainage 
Al t :  red dotente at a depth ofless t han 1.2 m 
SLD: superficial lateral drainage 
UhS: uphill system 
UhS -t DC: uphilI system + zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAdry character 
DhS: downhill system 
DhS + DC downhill sytem + dry character 

Figure 1. Stages of evolution of t he soil cover at Piste de St. Elie station (adapted from Boulet et al. 1993). 

N-S line - letter of the E-W line), the two remaining 

plots (P and R) are located to the east and are at or near 
the watershed B of the ECEREXprogramme. Only plot 
R is shared with the Lescure & Boulet's 1985 study. 

Further details of the site and its forest population can 
be found in Sabatier (1985) and Lescure et al. (1990). 
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State zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof knowledge of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAorganization nrid.frinctioning of 
the soil cover 

The spatial variations of the soil on schist and peg- 
matite are substantial but ordered on the scale of the 
landscape unit. Detailed studies of elementary catch- 
ments (Boulet 1983; Fritsch et al. 1986) have enabled 
the identification of several stages of evolution (Boulet 
et al. 1993; Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1) in a currently unbalanced ferral- 
itic cover. The cover is no longer in phase with present 
tectonic or climatic constraints which control factors of 
weathering and pedogenesis (Nahon 1991; Fritsch zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA& 
Fitzpatrick 1994). The result is an extension of hydro- 
morphic soils from ferralitic ones. The imbalance has 
probably been induced by a slight uplift of the Guiana 
bedrock in reaction to the subsidence of the Amazon 
and Berbice basins, nevertheless climatic changes can- 
not be excluded (Boulet et al. 1979). 

Stage I consists of the initial ferralitic cover which 
successive horizons maintain a constant thickness on 
the whole of the slope. A reddish brown clayey hori- 
zon, 1 to 2 m thick (Figure 1, horizon 1) with a micro- 
aggregated structure underlies a thin humic horizon. 
The microaggregated structure is progressively less 
developed at depth (horizon 2). The clay content then 
decreases in favour of fine silt of partially kaolinized 
muscovites (Tandy et al. 1990) in a red clayey weather- 
ing horizon, the ‘al4oterite’ according to Nahon (1 99 l), 
with a weakly developed medium angular blocky struc- 
ture (horizon 3), and finally in a dark red clayey silty 
saprolite, the ‘isalterite’ (Nahon 199 l), rich in mus- 
covite with a massive structure (horizon 4). 

In stage II, a set of yellowish brown horizons (3, 
sandy-clayey with a polyhedral structure at the top and 
clayey-sandy to clayey with a compact appearance at 
the base, appears downslope and develops from all 
horizons (1 to 4) of the initial ferralitic cover. From 
downslope to upslope, microaggregated horizons 1 
and 2 thin out and then disappear. They only remain 
upslope. Weathering horizons (3 and 4) are then at a 
depth of less than one metre and become ‘dry to the 
touch’ in all seasons. 

In stage III, horizons 1 and 2 disappear throughout 
the slope. 

The main horizons of these three stages of evol- 
ution of the soil cover differ markedly in pore space 
(Grimaldi & Boulet 1990). The porosity of the micro- 
aggregated horizon (1) is equally distributed between 
two categories of pores with very distinct sizes (Fig- 
ure 2): micropores of uniform size (modal size: I O  to 
20 nm) resulting from the association of clay particles 

horizon 1 
horizon 3 
horizon zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 

. . . . . . . 

0.01 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.1 1 10 100 

req (Pm) 

Figure 2. Distribution of pore volume (vp, cm3/g-’) according tr 
pore size (rrq) in horizons 1,3 and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5.  

in the microaggregates, and a macropore category with 
a broad spread of sizes, grouping intermicroaggregate 
pores, and channels and vughs of biological origin. 
The pore size distribution of the red clayey ‘alloterite’ 
(3 )  is practically unimodal (Figure 2), with a singlr 
class of fairly varied pores (10 nm to 1 pm) result- 
ing from the association of heterogeneous elementar) 
particles. The sandy-clayey horizon with a polyhedra; 
structure (5) has a bimodal pore size distribution in 

which macropores are dominant (Figure 2). 
The organization of the soil cover along the slope 

was used to establish its functioning, taking mineralo- 
gical composition and pore space characteristics into 
account. The volume and continuity of macropores 
provide the microaggregated horizon with a wate1 
absorption capacity according to its thickness. Filtra- 
tion of water is slowed in the horizon with unimodal 
pore size distribution. When this horizon approaches 
the surface, a perched water table is formed above 
it during heavy rains. The result is lateral saturated 
throughflow (Chorley 1978) in the macroporous sandy- 
clayey horizon (5). Drainage is superficial and later- 
al (SLD: Superficial Lateral Drainage) whereas it is 
deep and vertical (DVD: Deep Vertical Drainage) when 
the microaggregated horizon is thick (Humbel 1978: 
Guehl 1984). Transformation of the ferralitic cover is 
caused by chemical erosion, i.e. dissolution of minerals 
in the perched water table with lateral flow (Grimaldi 
1988), whereas conditions are favourable to the con- 
tinuation of weathering by neoformation of kaolinite 
when vertical drainage slows (Grimaldi et al. 1992). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

In stage IV (Figure I), transformation continues 
under more or less extended hydromorphic condi- 



. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI-_ .. _... zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

85 

tions causing a redistribution or export of iron. Fritsch zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
(1 984) makes a distinction between two hydromorphic 
systems, the uphill system and the downhill system. In 
the uphill system (UhS), soil saturation between pre- 
cipitations lasts longer when the slope is more gentle 
on flat-topped hills. This saturation affects the top of 
the dark red saprolite (4), which becomes pale red (7) 
and pale yellow with white and red mottles (8). The soil 
is a bright yellow and sandy clay above this heterogen- 
eous saprolite and then becomes a pale greenish yellow 
and clayey sand near the surface (6). The uphill system 
is associated with closed depressions from one to sev- 
eral metres in diameter and as much as 0.70 m deep; 
these finally interconnect to form channels. Stagnant 
water in the depressions of the uphill system during the 
rainy season indicates a confined environment. In the 
downhill system (DhS), lateral saturated throughflow 
in horizon 5 feeds the groundwater that flows slowly 
along the main drainage axes several days after rain 
fall. The possibility of discharge of groundwater during 
the rainy season charaterizes a more open environment 
than the uphill system. This groundwater transforms 
the dark red ‘isalterite’ (4) from downslope into het- 
erogeneous saprolite that is yellow and then white with 
red mottles (9); the ‘dry to the touch’ character disap- 
pears. In lowland, the superficial grey horizon (1 O) has 
low iron and clay contents. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Soil mapping 

Knowledge of the successive stages of evolution of 
the ferralitic cover is used to retain features of pedo- 
genetic significance and those related to the dynamics 
of water in the soil for soil mapping. The soil map- 
ping method used had been proposed by Boulet et al. 
(1982). This method does not refer to a pre-established 
soil classification and aim to provide ecologists with a 
representation of the organization and functioning of 
the soil cover (Lescure & Boulet 1985). The results 
of auger borings along several transects were used to 
delimit the following soil morphological characters or 
sets of characters (Guillaume 1992): 

- Boundary I: appearance of the red alloterite 

(3) characterized by abundant muscovite particles at a 
depth of less than 1.2 m (Alt). This is the first sign of the 
thinning out of the initial ferralitic cover. Boundary zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 
delimits the ‘Alt’ mapping unit from ferralitic soil with 
Deep Vertical Drainage (DVD). 

- Boundary 2: appearance of the ‘dry to the touch’ 
character (DC) at a depth of less than 1.2 m. This cri- 
terion was very clear as mapping had been performed 

during the rainy season. The ‘dry’ character appears 
after more marked thinning out of the initial ferralit- 
ic cover. Boundary 2 delimits the Superficial Lateral 
Drainage mapping unit (SLD). 

- Boundary 3: appearance of pale red saprolite zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(7). 
the first sign of the uphill system (UhS) at a depth of 
less than 1.2 m. When associated with the ‘dry to the 
touch’ character, it delimits the UhS + DC mapping 
unit. 

- Boundary zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4: appearance of yellow, red mottled 
saprolite (9), the first sign of the downhill system (DhS) 
at a depth of less than 1.2 m. When associated with the 
‘dry to the touch’ character, it delimits the DhS + DC 
mapping unit. 

- Boundary zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5: surface hydromorphy (SH) with 

more than 10% grey and rusty mottles in the humic 
horizon. This character is associated with thalwegs in 
a manner that is relatively independent of the stage of 
evolution of the ferralitic cover. 

. 

’9 

Physical measurements and chemical analyses 

We have aimed to specify the relations between soil 
mapping units and the water regime and chemical prop- 
erties of soil in terms of soil constraints for plants. In 
order to show excess or shortage of water, the variations 
in the soil water potential according to rainfall were 
monitored at five tensiometer stations representative of 
the main mapping units described above: DVD, SLD, 
UhS, DhS and SH. Five to ten tensiometers, depending 
on the station, were installed at depths of 0.1 to 2 m. 

Classical chemical analyses of soil samples were 
performed on the fraction < 2 mm at four depths (0-10. 
10-20,20-30,30-40 cm) in DVD and SLD mapping 
units. Ten boreholes were drilled at these two pedolo- 
gical domains to take into account the spatial variab- 
ility of the soil. The total carbon content was determ- 
ined by the Walkley & Black method (Dabin, 1965), 
the total nitrogen and phosphorus contents respectively 
by the Kjeldhal and Duval methods (in Dabin, 1967). 
Soil pH was measured in a 1:2.5 soi1:water suspen- 
sion. Exchangeable cations (Ca++, Mg++, K+, Na’) 
were extracted with IM ammonium acetate solution 
and Cation exchangeable capacity (CEC) was determ- 
ined at pH 7 (Pelloux et al. 1971). Exchangeable alu- 
minium was extracted with 1M KCI solution. 

%. 

* - ?  

Botanical observations 

The botanical data cover all ligneous plants with a dbh 
of 10 cm or more in the 19 one-hectare plots. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA total 
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of 11 905 trees, 184 lianas and 15 hemiepiphytes were 
recorded and measured (dbh) and their positions noted 
to within one metre. Identification was performed by 
the collection of a botanical sample when a plant was 
not identified zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAin situ with certainty by one of the team's 
botanists. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA total of 550 species were identified, with 
195 species represented by 10 or more individuals and 
112 species represented by 20 or more individuals. 
These subsets were subsequently used for statistical 
analysis zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof  the behaviour of species. Nomenclature fol- 
lows the Checklist of  the Plants of the Guianas (Boggan 
et al. 1992). Variations in stem density, dbh and basal 
area distributions and the specific richness of the main 
pedological mapping units have been examined. 

Statistical analysis 

Environmental descriptors 

The forest community was plotted using a grid of 
5 x 5 m quadrats to relate environmental and botanic- 
al data. Several environmental descriptors were alloc- 
ated to each quadrat (Table 1). Geomorphology was 
described by two descriptors: the topographic situ- 
ation and slope class. The two geological substrate 
classes, schist or pegmatite, were identified by the size 
of the quartz and muscovite particles. Soil descriptor 
classes are the mapping units, except for the SLD 
unit which was divided in two classes according to 
the appearance depth of the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA'dry to the touch' char- 
acter. Since it may occur in all stages of evolution, 
SH (presence or absence) is potentially a second soil 
descriptor. However, in our study, SH conditions have 
been found almost exclusively related to stage IV (Fig- 
ure 3b) except for two very small pockets in 10-B 
and 6-F with 48 and 30 trees respectively. SH was 
thus handled as a soil descriptor class. For quadrats 
including several mapping units, the broadest gives the 
descriptor class. 

Quadrats were not useful in the study of the loca- 
tions, since 5 x 5 m grid units contained only l to 3 
trees, and the largest quadrats frequently include two 
or more environmental classes. The various pedolo- 
gical domains were therefore divided into 0.2 to 0.3 
ha stands (i.e., 120-200 trees) that were as square as 
possible according to the size and shape of the mapped 
area. The smallest entities were not considered in fur- 
ther analysis, except for UhS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+ DC in 4-B (91 trees), 
SLD2 in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6- 5 (87 trees) and SH in 6-B (90 trees) and 9-  
B (77 trees). This provided the following set of stands zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

i zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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Figure 3. Topography of the areas studied (a) and Soil mapping used 
in analysis of soil-population relations (b). The 1 ha plots (squares) 
are numbered according to the Cartesian coordinates of their bottom 
left-hand comer, except for P and R plots that are apart from the 
main area. 

for analysis: DVD: 34; Alt: 7; SLD: 9; UhS: 7; DhS: 

8; SH: 4. 

Study zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof ecological projîles 

According to the null hypothesis (Ho) of random dis- 
tribution of a species among the classes of a descriptor, 
there is equality of the relative frequencies observed for 
a class of this descriptor zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(d and for all the records zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(RJ); 



Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAEnvironmental descriptors. 

Topography Soil descriptor zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
~ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 - lowland 

2 - foot-slope 

3 - middle-slope zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 - upper-slope 

5 - flat hilltop 

6 - ridge 

Slope: 

1 -level land (O-5%) 

2 - gentle slope (5-15%) 

3 - steep slope (15-30%) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 -very steep slope zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( >30%)  

Substrate: 

1 - schist 

2 - pegmatie 

1 - deep vertical drainage (DVD) 

2 - weathered material at less than 1.2 m (Alt) 

3 -dry character between 1 and 1.2 m (SLD1) 

4 -dry character at less than 1 m (SLD2) 

5 - uphill system (UhS) 
6 - uphill system and dry character at less than 1.2 m (UhS+DC) 

7 -downhill system (DhS) 

8 -downhill system and dry character at less than 1.2 m (DhS+DC) 

9 - surface hydromorphy (SH) 

the absolute frequency of the species is then its expec- 
ted frequency zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(E. (Appendix 1). The corrected fre- 
.quency ( C.  is the ratio of the observed rfand zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBARf; thus, 
it is also the ratio of observed frequency and expected 
frequency (Appendix 1). It can be understood as the 
number of times that a species is represented in rela- 
tion to its expected frequency according to its random 
distribution (e.g., 0.5: half; 2.0: twice). The profiles of 
corrected frequencies (Godron 1966) were calculated 
in order to analyse the distribution of the occurrences 
of each taxon in the descriptor classes. 

When observed frequency is higher than expec- 
ted frequency, it is interesting to test the hypothesis 
of ‘attraction’ of the species by environmental char- 
acteristics and, conversely, if the observed frequency 
is lower, it is interesting to test the hypothesis of 
‘repulsion’. In both cases the test is Fisher’s exact test 
of proportions (Siegel 1956; Sokal & Rohlf 1969), 
referring to one tail of the hypergeometric distribution 
(Appendix 1). This test works with the 2 x 2 contin- 
gency tables associated with the frequencies observed 
in each descriptor class. It is well suited to finite pop- 
ulations and exclusive pairs of characters (Dagnelie, 
1970) and leads to the indexed profile (Gauthier et al. 
1977) when systematically applied. 

The mutual information (MI> between descriptor 
and taxon (Godron, 1968) has been calculated. The 
strength of the connection between descriptor and fre- 
quency of a taxon can be assessed. The degree zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof signi- 
ficance and the corrected frequency give this informa- - -  

tion for each descriptor class while mutual informatior 
between the descriptor and the taxon show the wholc 
profile. The ratio Q(L) of measured entropy (functior 
of the actual distribution of samples in the descriptor 
classes) and maximum entropy (equal distribution o; 
samples in the descriptor classes) of adescriptor (Dage 
& Godron, 1982) shows the quality of sampling; thc 
latter is better when the value approaches 1. 

.:-* 

:>‘ 

Correspondence analysis of the ecological profile 

table 

Analysis of species-environment relationships can be 
performed by correspondence analysis of the table of 
profiles of absolute frequencies. This procedure pro- 
posed by Romane (1972) was used and completed by 
Bonin & Roux (1978). Montaña& Greig-Smith (1990; 
and Mercier et al. (1 992) showed that the procedure is a 
convenient alternative to the canonical dorrespondence 
analysis of Bra& (1986). They showed the fundament- 
al properties and extended application to quantitative 
data, which is more convenient in cases of very low 
beta diversity with relevés differing mostly in spe- 
cies abundances. The method enables the simultan- 
eous ordination of species, environmental classes and 
stands. The scores of the sites are computed as addi- 
tional columns after correspondence analysis of the 
ecological profile table with species as rows and envir- 
onmental classes as columns (Bonin & Roux 1978). 
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As indicated by the authors and mentioned by Mer- 
cier et al. (1  992), ‘the scores of species are computed 
according to their relationships with the environmental 
classes and the scores of the sites are computed sub- 
sequently as a function of the species which occur in 
each stand’. The property of ‘Cquivalence distribution- 
nelle’ (Bonin zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA& Roux 1978) enabled use of stands of 
unequal size. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Results zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Pedology 

The experimental layout crosses several hills with very 
different topographic and soil characteristics (Figures 
3a and 3b). Thus, the hill with a broad flat area at the 
top (coordinates 4-B to 5-C, Figure 3b) displays uphill 
and downhill transformation systems whereas the large 
elongated hill (coordinates 6-F to zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6- J)  is almost entirely 
covered by DVD soils. The various stages of transform- 
ation of the ferralitic cover have been observed on both 
types of bedrock. However, when pegmatite and schist 
are found on the same slope, the transformation is one 
stage ahead on pegmatite, whose weathered material 
has a lower iron content than the one of schist (Fritsch 
1984). 

Tensiometer measurements show the substantial 
differences between the hydrodynamic functioning of 
the five soil mapping units considered. The results 
presented to illustrate the water status of the soil dur- 
ing the rainy season (Figure 4a) are for the day after 
rainfall (25 mm) after a fairly wet period during the 
rainy season (330 mm during the 10 days preceding 
the measurements). The water status of the soil in the 
dry season is illustrated by two successive records (Fig- 
ures 4b and 4c) after 25 and 47 days respectively with 
practically no rainfall (43 and 57 mm respectively of 
cumulated precipitation). 

The day after rainfall (Figure 4a), the positive val- 
ues of the matric potential of the water show prolonged 
saturation (> 24 h) of the soil cover, with the exception 
of the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsoil with deep vertical drainage (DVD) in which 
saturation is always short-lived (a few hours after the 
heaviest rainfall). The records at the tensiometer sta- 
tion for the downhill system (DhS) also differ from 
those of the other stations, with water matric poten- 
tials that were close to O, as much as 0.8 m and then 
negative. This can be explained by the strong slope 
near the station, which facilitates the lateral flow of 
water accumulated above the weathered material. At 

soil water matric potential (hPa) 
-50 o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA50 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAWet season 

--t deep vertical drainage zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-e- superficial lateral drainage - uphillsystem 
-+- downhill system 
...,.. surface hydromorphy 

Dry season 

soil water matric potential (hPa) 
-600 4 0 0  -200 o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-600 -400 -200 o 

Co zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Figure 4.  Seasonal variations of the matric water potential profiles at 
five stations representative of the main soil mapping units: one day 
after a25 mm rainfall (a); after a25-day dry period (b); after a 47-day 
dry period (c). Values above zero indicate soil water saturation. 

the other stations, saturation starts at a depth of 0.2 
or 0.3 m. The shallowest soil layer with very strong 
root density (Humbel 1978) was thus not subjected to 
this excess water phenomenon. Saturation reached a 
maximum depth according to the soil type. It attained 
2 m or more in the uphill system (UhS) and thalweg 
soil with a surface hydromorphy (SH), about 1 m in 
the soil with superficial lateral drainage (SLD), that is 
to say the depth at which the ‘dry to the touch’ (DC) 
phenomenon appears. 

The five pedological situations also differ in the 
rate of drying of the soil (Figures 4b and 4c). The soil 
with deep vertical drainage (DVD) dries the fastest, 
at least in the layer between the surface and a depth 
of 0.6 m. The store of water that can be used by the 
plants is therefore rapidly exhausted at the top of the 
microaggregated horizon. In contrast, after 25 days 
with practically no precipitation (Figure 4b), the ten- 
siometer stations showed that there was still substantial 
moisture in the thalweg soil with surface hydromorphy 
(SH) and in the uphill system (UhS). The surface later- 
al drainage soil (SLD) and the downhill system (DhS) 
behaved in an intermediate manner. After a 47-day dry 
period (Figure 4c), behaviour of the uphill system soil 
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O zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 6 8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.0 0.2 0.4 0.6 0.8 O 1 2 3 4 5 6 

0.1 DVD zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Figure 5. Comparison of soils with deep vertical drainage (DVD) 
and superficial lateral drainage (SLD) for three chemical elements 
that are important for soil fertility (carbon and P:05) or toxicity 
(AP+). 

(UhS) was similar to the one of the superficial lateral 
drainage soil (SLD). 

These differences in hydrodynamic behaviour are 
accompanied by differences in chemical properties, as 
verified for two soil units (DVD and SLD) (Figure 5 
and Table 2). The soil with deep vertical drainage 
(DVD) displayed significantly higher carbon, nitro- 
gen, total phosphorus and exchangeable aluminium 
contents than SLD soil; the cation exchange capacity 
was also higher (Mann-Whitney U test, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAF = 0.002). 
The difference was only substantial for depths of 25 
and 35 cm for all zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAt he exchangeable bases ( P  = 0.02, 
Mann-Whitney). The pH values only diverged signi- 
ficantly at depths of 15 and 25 cm (P  = 0.05 and 
P = 0.02 respectively, Mann-Whitney). 

Impact of the environniental variableS.on the 
occurrence of taxa 

Analysis of the ecological profiles (see Appendix 2 for 
species represented by 20 individuals or more) shows 
that a substantial proportion of the species display a 
significant reaction to the environmental descriptors. 

The soil descriptor was satisfactorily sampled: 
Q(L)  = 0.85. A large proportion of profiles with a sig- 

nificant response (positive or negative) was obtained in 
at least one of the descriptor classes for species with 
a minimum of 10 individuals (i.e. 68% - P < 0.05; 

this proportion increased distinctly when there were 
at least 20 individuals (i.e.. 78% - P < 0.05; 57% 
- P < 0.01; 39% - P < 0.001; N = 111). Cor- 
rected frequencies and MI values showed that many 
species had weakly contrasted profiles (i.e., tending 

- 

* 44% - P < 0.01; 28% - P < 0.001; N = 195); 

+ + + - + + +  

+ EschWeileru parviflora 
+ + + + + + +  
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Figure 6. Spatial distribution of two species well correlated to the 
type of soil drainage. EschWeileru parv@oru (a) is found almost only 
on DVD and Alt soils whereas Eperuafalcara (b) is found almost 
only on thinned soils. The distribution patterns of the two species 
are thus complementary. 

to be present everywhere). This was the case, for 
example, of Eperua grandiyora, whose presence was 
significantly higher in UhS+DC soils but which was 
also observed in all the other types of soil. However, 
some were observed very locally, such as Abarema 
mataybifblia on DVD soils and Euterpe oleracea on 
SH soils. A small number of species displayed partic- 
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Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2. Chemical characteristics of DVD and SLD soils. 

DVD (N zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA10) SLD (N = 10) 

Depth 5 cm 15 cm 25cm 35cm 5 cm 15 cm 25cm 35cm 

Exch. bases 0.91 0.56 0.38 0.30 0.71 0.54 0.22 0.17 

(meq/100 g) 0.15-2.56 0.36-1.09 0. 204. 61 0.16-0.52 0.21-1.13 0.31-1.73 0.13-0.86 0.13-0.22 

CEC 10.46 7.00 , 5.77 4.40 6.03 4.58 2.25 1.42 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
(medl00 g) 8.0-16.25 5.25-9.00 3.75-8.00 3.25-5.75 5.00-7.75 3.25-6.75 1.50-3.25 0.75-2.25 

Tot. carbon 5.59 4.25 3.16 2.42 3.61 2.99 1.93 1.17 

("rol 4.46-7.45 3.18-5.09 2.04-4.01 1.67-3.63 2.94-7.72 2.18-4.09 1.28-2.98 0.72-1.60 

Tot. nitrogen 3.12 2.33 1.83 1.43 2.24 1.93 1.27 0.89 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
(%O) 2.52-4.55 1.79-2.73 1.23-2.09 1.06-2.11 1.84-2.65 1.30-2.64 1.03-1.91 0.52-1.90 

Exch. AL3+ 3.77 2.85 2.15 1.81 2.36 1.93 1.33 0.87 

(meq/100 g) 2.60-5.24 1.86-3.81 1.77-3.14 1.30-2.67 1.86-2.79 1.67-2.33 1.02-1.67 0.56-1.13 

Tot. phosphorus 0.46 0.40 0.50 0.55 0.23 0.22 0.23 0.30 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6 0 )  0.31-0.71 0.29-0.50 0.33-0.67 0.33-0.79 0.16-0.33 0.15-0.31 0.16-0.31 0.19-0.45 

Water pH 4.23 4.39 4.57 4.74 4.28 4.57 4.77 4.87 

3.9fj4.52 4.184.89 4.404.69 4.594.90 4.06-4.50 4.34-4.96 4.45497 4.66-5.15 

Upper value: mean; lower zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAleft: min.; lower right: max. 

ularly high mutual information in comparison with the 
others; the species concerned have the most significant 
profiles overall: Eperua falcata, Eschweilera parvi- 
JIora, Lecythis idatimon, Euterpe oleracea, Licania 
alba, etc. They are of greater value as indicators. It is 
also possible to appraise the coherence of the results by 
examining the homogeneity of the positive or negative 
results for related soil descriptor classes. Eschweilera 
sagotiana is thus significantly related to the two classes 
associated with the DhS. 

A large number of species (48%) reacts signific- 
antly to DVD. Many are positively related to this soil 
descriptor class alone (25% - P < 0.05; 16.5% - 
P ¿ 0.01; 12% - P < 0.001; N = 1951, such as 
Ecclinusa guianensis and Geissospemzum laeve. Only 
Bocoa prouacensis extends this positive link to the 
DhS + DC, the second well drained soil. No other 
soil descriptor category appears to be positively linked 
in an exclusive way to such a large number of spe- 
cies. However, each class has this type of signific- 
ant link, which may be exclusive or only shared with 
related classes, e.g.: Licania canescens - Alt; Cru- 
dia bracteata, Hebepetalum humiriifolium, Morono- 
bea coccinea - SLDl or SLD2; Sagotia racemosa, 
Symphonia sp.1 - SLD2 and DhS + DC; Duguetia 
calycina - UhS and UhS + DC; Eschweilera sago- 
tiana, Pachira dolichocalyx- DhS and DhS + DC. 

Significant negative links display the same pattern. 
In a few cases, the positive or negative relations cov- 
er a large number of classes, accompanied by high 
mutual information. For example, there is a signific- 
ant negative link zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(Cf = 0.31; P < 0.001) between 
Epenca falcata and DVD soils and a positive link with 
almost all the other soil classes. Symmetrical beha- 
viour is observed in Eschweilera parv$ora, which is 
limited to DVD soils (Cf = 1.52; P < 0.001) and 
significantly absent from 6 of the 9 other classes. The 
spatial distributions of the two species 'are perfectly 
complementary (Figures 6a and 6b). They are the most 
abundant species and the taxa whose behaviour has 
been described best by the sampling used in this work. 
Lecythis persistens and Licania alba display a substan- 
tial behavioural link with Eperua falcata. 

The geological substrate (schist or pegmatite) was 
the least well-sampled descriptor, Q(L)  = 0.65 (i.e., 
83% of the specimens studied were on schist). In addi- 
tion, as mentioned above, pedogenesis is always more 
advanced on pegmatite than on schist. As a result, there 
are very few cases of DVD on pegmatite (21 individu- 
als). Much caution is therefore required concerning 
the significance of the relations observed (many spe- 
cies positively related to schist also seem to be posit- 
ively related to DVD soils). Nevertheless, reaction to 
the substrate can be assessed in situations independent 
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from evolution or at more advanced pedological stages. 
For example, among the species related to SH soils zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Curaipu racernosu, Parumachaerium ormosioides and 
Tubebuiu insignis - seem to be significantly related to 
schist, whereas Sclerolobiunz melinonii would be better 
represented on pegmatite; other species such as Curupu 
proceru, Eschweilera coriaceß, Iryanthera hostmunii 
and Jessenia batuuu are not significantly influenced by 
the substrate. 

The topographic and the slope descriptors were 
well sampled (0.89 and 0.90 respectively for Q(L))).  
The rates of significant responses (positive or negative) 
were distinctly lower than for the soil descriptor with 
52% for topography and 40% for the slope (P  < 0.05, 
N = 195). The species already mentioned for their 
links with SH soils were found to be positively related 
to lowland and gentle slopes. Eperuu falcata and Esch- 
weileru pawiJora were also found to be complement- 
ary on gentle slopes, lowlands, footslopes and flat areas 
on hilltops in the first case and on steep slopes, upper 
slopes and ridges in the second. The strong similar- 
ity of the behaviour of Lecythis persistem and Eperuu 
fulcatu has been confirmed. 

Correspondence analysis of the ecological profiles 
table 

Analysis of correspondence in the table of ecologic- 
al profiles was performed on 98 species for which 20 
individuals or more had been counted and that had at 
least one significant link (positive or negative) with 
one of the classes of one of the four descriptors (CAI). 
Only axes 1 and 2 were significant, accounting for 47% 
and 20% of the total inertia respectively; this range fell 
to 8% for the third axis. The vegetation ordination of 
the stands (Figure 7) revealed three different groups: 
DVD, thinned-transformed and SH soils, but displayed 
a horseshoe effect. As mentioned by Montaña & Greig- 
Smith (1990), problems may arise in correspondence 
analysis of species by environmental variable matrices 
if certain variable states are linked to only few species. 
Thus, a single species (Euterpe oleraceu) accounted 
for 30% of axis I and 25% of axis 2 inertia. Moreover, 
CA1 showed three groups of variables, one of them 
including seven of the nine soil states in a very crowded 
clump (not represented). In  order to improve the res- 
olution of the CA, the surface hydromorphy soils in 
lowland - the outermost position linked with the very 
marked behaviour of a few species - were excluded 
from the pool of data for a second correspondence 
analysis (CA2). Analysis was then applied to 95 spe- 

cies; SH stands were drastically reduced in number and 
size (85 and 75 trees in 2-C and 3-B, respectively). 

In CA2 only axes 1 and 2 were significant with 47% 
and 12% of the total inertia respectively, this range fell 
to 7% for the third axis (eigenvalues 0.07,0.02,0.01). 
Processing the variables and species readily showed the 
relations between environmental variables, the species 
associated with them and the variability of the species 
composition at the locations (Figsures 8, 9 and lo). 
Vegetation ordination of stands shows a clear segrega- 
tion of DVD (Figure 9); the latter is related to a large 
number of species (Figure 10) and to upper slopes and 
ridges (Figure 8). Likewise, the segregation of the SH 
soils is verified; they are related to a small number 
of species and, as expected, to foot-slope. Between 
the extremities of the scatter of points, thinned and 
transformed soils form a fairly distinct group. Trans- 
formation systems (UhS and DhS) seem very close 
to superficial laterally drained (SLD) soil. However, 
vegetation ordination of stands (Figure 9) indicates that 
species mixture on stands on UhS is different to that on 
DhS; the latter is closely related to SH in a catena-like 
pattern. The two very small pockets of SH soils out of 
stage IV (in 10-B and 6-F) were displayed tentatively. 
Their positioning seems to be related to their respect- 
ive evolution stage. The stands on soil with 'alloterite' 
(Alt) at a depth of less than 1.2 m are very dispersed; 
they do not form a definite group of stands and do not 
appear to be linked to any other. 

In axis 1 (Figure l l ) ,  there is opposition between 
the DVD, upper slopes and ridges group of environ- 
mental classes on the positive side (28, 6 and 14% of 
the axis inertia respectively) and all the other environ- 
mental classes, particularly the SLD2, DhS, SH soils 
and foot-slope, level land and pegmatite on the negative 
(5, 10,4 and 10, 7, 6% of the inertia). In axis 2 (Fig- 
ure 11). there is opposition between UhS, UhS+DC 
associated with flat hilltop and level land in the posit- 
ive side (13,7 and 16,4% of the inertia) and Alt, DhS, 
SH associated with ridges, gentle slope, steep slope and 
pegmatite in the negative zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(4,  10, 4 and 11, 4, 7, 10% 
of the inertia). The strongest contributions to axis 1 
are the DVD soil and ridge states. They are opposed to 
all other features that limit to varying degrees internal 
or external drainage. Axis 2 combines on the negative 
side apparently contradictory features like gentle slope 
and steep slope, DhS and ridge; they characterize an 
open environment and are opposed to UhS, flat hilltop 
and level land on the positive side that characterize a 
con fined environment. 

' 
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Figure 10 shows the position of species along axes 
1 and 2. Nineteen species are necessary to explain 
75% of the axis 1 inertia and twenty three do the Same 
for axis 2. However, only two species zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(Eperuu zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfulc- 
uta and Eschweilera purvij2oru) account for 28% of 
axis 1 inertia. Both were found to be good indicators 
of soil thinning by the profile analysis. Two families 

display several taxonomically related species in a com- 
plementary pattern of soil affinities: the Lecythidaceae 
with five species of the genus Eschweileru and the 
Sapotaceae with five species of the genus Pouteriu. 
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Structural parameters of the cornmuniry according to 
the soil classes 

The densities and basal areas (Figure 12 (a) and 12b) 
are not significantly different from one pedological 

stage to the next, except for the SH stands where the 
values are significantly smaller (Mann-Whitney U test, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
P < 0.05). Considerable dispersion of values has been 
observed in all cases; densities ranged from 470 to 840 
trees per hectare and basal area ranged from 19 to 52 
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m2 per hectare. This is caused partially by the small 
area of the stands but also by the sylvigenesis. 

The distribution of diameters according to soils can 
be tested by Fisher’s exact test of proportions (Table 3). 
Individuals were separated into three diameter categor- 
ies (10-15 cm; > 15 - -35 cm; > 35 cm). Although 
the corrected frequencies indicate deficits or excesses 
in one or other of the size categories of certain classes 
of the soil variable, these differences between the 
observed and the expected number of individuals are 
never significant except for SH soils where small dia- 
meters are significantly more abundant than expected 
(P  < 0.05). It will nevertheless be noted that other 

well marked differences are the result of  a shortage of 
large trees on SLD2 and SH soils. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Species richness and evenness of the community 
according to the soil classes 

The species richness of the forest community accord- 
ing to the nature of the soil has been examined by 
grouping the neighbouring sectors in the same pedolo- 
gical domain in plots of increasing size and calculating 
the number of species for each. Species recruitment 
curves (Figure 13) were plotted using average values. 
Comparison of these curves suggests that the thinning 
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of the soil profile (Alt and SLD) might enhance a 
species-rich mixture. In contrast, hydromorphy in any 
form and to any extent seems to limit the number of 
species making up the community. The differences to 
the DVD values for samples of 150 individuals are not 
significant for Alt and SLD values (Mann-Whitney U 
test, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAP zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA>> 0.05, NDVD = 38, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAN A I ~  = 8, N ~ L D  = lo), 
but are significant for UhS, DhS and SH (P  < 0.05, 
NDVD = 38, NUhs = 7, NDhs = 12, NSH = 2, 
Mann-Whitney); for 300 individuals, only the differ- 
ence between DVD and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAUhS is significant (P = 0.05, 

NDVD = 19, Nubs = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3, Mann-Whitney). With more 
than 300 individuals, no significant differences have 
been found between the distributions of the values of 
species richness. 

Evenness based upon the Shannon index (HI  H,,, 
according to Pielou, 1966) has been calculated for 
each of the stands. No significant differences appear 
between DVD and Alt or SLD values (mean evenness: 
0.775, 0.777 and 0.778 respectively; Mann-Whitney 
U test, P >> 0.05). However differences are always 
significant when DVD values are compared to zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAUhS, 
DhS or SH ones (mean evenness: 0.747, 0.743 and 
0.723 respectively; Mann-Whitney U test, P < 0.05). 

Discussion 

The data presented here, based upon detailed botanic- 
al survey and soil mapping, clearly show that the soil 
is an important factor in the composition of the forest 
community at Piste de St Elie station. They are consist- 
ent with Lescure & Boulet’s results (1983, and extend 
them considerably. It can be seen clearly that species 
mixture and richness are related to the edaphic charac- 
teristics of the site. Soil-population relationships have 
been analysed by drawing up ecological profiles of 
species on the one hand and the study of small homo- 
geneous stands zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( E 0.25 ha), delimited a posteriori, on 
the other. As is mentioned by Newbery (1 99 l), the use 
of such small sampling units is not entirely satisfact- 
ory for analysis of tropical forest communities, mainly 
because small areas promote within group variation, 
since the species-area curve stabilizes at over several 
hectares even when rare species are excluded (New- 
bery et al. 1992). In spite of this, one of the most 
conclusive results of this study is the demonstration 
of a species composition with characteristic frequen- 
cies enabling clear differentiation between the group 
of quarter-hectare areas on ferralitic soil and those in 
which the soil has been modified by erosion or by 

erosion and hydromorphy. This is all the more sig- 
nificant as the comparison is not between soils that 
are remote from each other, as would be the case for 
example of a ferralitic soil and a podzol. 

The change in drainage from deep vertical to super- 
ficial lateral and the soil transformation processes that . 
accompany or follow these induce different floristic 
composition, species frequency and species richness of 
the forest community: the frequencies of Eperua falc- 
ata, Lecythis idatimon, Licania alba and many other 
species associated with thinned out soils increase con- 
siderably while Eschweilera parvij-7ora and the numer- 
ous species associated with deep drainage become 
more scarce or disappear. The structure is of little con- 
cern. Only SH conditions, as mentioned by Lescure 
& Boulet (1985), showed significant differences (i.e., 
shortage of density and basal area, more small trees and 
fewer large trees). Structure on SLD soils seems to be 
affected, with fewer large trees, but not significantIy. 
The time scale of the soil thinning is still unknown, 
but forest renewal, which takes place on the scale of 
several centuries, is probably considerably faster. 

The vegetation ordination of stands, separates them 
according to the type of transformation system; hydro- 
morphy in the confined uphill environment does not 
result in the same species mixture as hydromorphy in 
the open environment of the downhill system. Stands 
on thinned soil (SLD) broadly cover the latter two cat- 
egories; this leads on the one hand to the expectaion 
that there is a tendency for this soil to become oriented 
towards one or other of the transformation systems and 
on the other hand that very fine differences in popu- 
lation would not appear in such a limited number of 
small areas of forest. Stands on Alt display consider- 
able dispersion according to vegetation. This may be 
a true characteristic of stands on this soil type, with 
an enhanced versatility of the species mixture, mainly 
influenced by the neighbourhood and related to low 
levels of edaphic constraints, or it may reveal a failure 
in the detection of horizon 3. Further investigation is 
needed. 

The differences in chemical properties and hydro- 
dynamic behaviour revealed are related to the success- 
ive evolution stages of the soil cover. It is delicate in this 
context to isolate the determinant factorh for vegeta- 
tion. The phosphorus content has been mentioned by 
several authors as being a key factor. It appears here, 
like many other potentially determinant chemical vari- 
ables (carbon, nitrogen or other nutrients, exchange- 
able aluminium, pH, etc.), to be related to the pedocli- 
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Figure 13. Comparison of the cumulative number of species for 
increasing number of individuals according to the main soil mapping 
units. 

mate, that is to say the availability of water and air for 
plants. 

Interpretation of factorial axes, according to the 
absolute contribution of each state of the variables (Fig- 
ure 1 I), suggests that drainage is of great importance 
for axis 1 (the strongest gradient) which contains con- 
trasted groups of states with enhanced or poor internal 
and external drainage for the soil. Thus axis 1 reflects 
mostly the first process of soil evolution, i.e., the thin- 
ning of the microaggregated horizon. Interpretation of 
axis 2 is more difficult; it might be dominated by pedo- 
climate, with UhS soil and flat hill top at the positive 
side with the most confined environment (limited water 
flow during periods of excess water); in contrast, the 
DhS and SH soils in foot-slopes or the ridges and steep 
slopes would be on the negative side of the axis with 
the most open environment (considerable water flow 
during the rainy season). The soil variable is clearly 

linked to the topography, but analysis of the pedolo 
gical processes shows that the link is complex and tha 
the main gradient is not a simple catena. 

The differences in rooting depths measured b) 

Humbel (1978) in DVD and SLD soils (5% of root: 
in the O to 2 m layer observed at deeper than 1 m ir 
DVD soil in comparison with 0.5% in SLD), suggesi 
that plants growing in DVD soil are deeper rooted thar 
in SLD soil to compensate for the serious shortage 01 
water occurring in the surface layer of the thick micro. 
aggregated horizon (Figure 4c). The critical momeni 
for the plants would be the establishment phase wher 
plantlets with small root systems must survive period: 
with little rainfall. Moreover, periods of excess wate1 
and related bad aeration occurring in the thinned OUI 

soils (Figure 4a) may limit the depth of soil accessible 
to the roots (80 to 90% of roots in the O to 2 m laye] 
observed at a depth of less than 20 cm in SLD soil in 
comparison with 40 to 70% in DVD). 

In a different context, in Guyana, where there is a 
main soil and vegetation gradient between brown sands 
and white sands, Steege et al. (1993) reported also that 
'most dominant and sub-dominant tree species have a 
clear association with a distinct soil type or hydrology 
class'. Some species of our study are well represented 
in this area and show similar behaviour, such as the 
greater tendency of Eperua grandijlora to be present 
in 'excessively drained' soils than Eperua falcata or 
the optimum of Eschweilera sagotiana in well drained 
conditions (in our study, this species is related to DhS 
soils, which are the second best drained soils). At one 
extremity of the gradients, several dominant species 
are shared by our lowland hydromorphic stands and 
their palm-swamp forest (Euterpe oleracea, Jessenia 
bataua, Tabebuia insignis). However, our drainage 



gradient is longer and the secondary gradients are very 
different. 

The larger number of species observed in DVD 
soils than in more or less hydromorphic ones (see 
Appendix 2 and Figure 13) suggests that the water 
shortage plays a smaller negative role in the success 
of species than an unfavourable air zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI water ratio and 
related chemical properties. Nevertheless, the history 
of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAt he local flora might be of major importance in the 
absolute richness of the guilds. On the other hand, the 
richness of the species mixture seems to be enhanced 
by thinning of the microaggregated superficial hori- 
zon (Figure 13). This would be related to a lower risk 
of water shortage during the dry season (Figure 4c). 
However, the spatial distribution of soil categories in 
the form of a mosaic might be an important factor in 
local plant combinations and species richness. Indeed, 
the juxtaposition of soils favourable for a species and 
soils that are less so may enable its simultaneous pres- 
ence in both types of environment by maintaining 
a high level of seminal potential through the speci- 
mens growing in the most favourable soils. Such an 
expectation refers to the great importance of chance 
in encountering a suitable regeneration site. This pro- 
cess zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAis related to certain aspects of the ‘neighbourhood 
effects’ described by Dunning et al. (1992). It might 
account for the increase in species richness observed 
in the broken up areas of thinned out soils. 

Finally, the assumption that ‘soil heterogeneity zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA... 
shows little relation to tree distribution in tropical 
forests’ (Huston 1994, p. SS), apparently supported 
by many field studies, is not true. In our study (see also 
Steege et al. 1993), most species have a clear optimum 
of soil characteristics, few of them are dominant in the 
area of this optimum and all the others are scattered 
or very localized in it. We may therefore expect that 
some soil features form the bounds of the qualitative 
and quantitative variability of the species mixture of 
tropical forest stands. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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Appendix 1 

Statistical analysis of the ecological profiles: the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx 2 
contingency table associated with the absolute fre- 
quency (a) of a focal species in class k of an nk 
class descriptor and calculation of (1) the expected fre- 
quency zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(E  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAf) under the null hypothesis HO of random 
distribution, (2 )  the corrected frequency (C f), (3) the 
probability of the actual value of a (Po(a)), (4) and 
(5) the probability (P)  of either attraction or repulsion 
and (6) the mutual information ( M I )  between species 
and descriptor. 

Classes: k Others Total 

Focalspecies a b m 

Others c d  n 
Total r s  N 

~~ 

Under HO 

then, for observed values: 

a - alr - a 
Cf=---- 

Po(a) = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 - 

mlN r . m / N -  Ef 

(:) . ( f )  - m!n!r!s! 
(,) N!a!b!c!d!. 

To test 'attraction' or 'repulsion': 
if a > E f  then 

P = PO(? a)  = Po(a,a + 1,. . .Min(m,r)), (4) 

if a < Ef then 

%; ~ 

P = PO(< a )  = Po(Max(m - s,O), . . . ,a  - 1, a), I  

L- 

(5) 

(4) and (5) are computed according to (3). 

the descriptor (according to Godron, 1968): 
Mutual information between the focal species and 



Appendix zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2. Table of ecological profiles of the most abundant species zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(f zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 20) for the four environmental variables. Line I ,  absolute frequencies; line 2, corrected frequencies; line 3, sign and 
significance of the link zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+ + +, - - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-P < 0.001; ++, - - P < 0.01; +, -P < 0.05; not significant; M I :  mutual information ( I O- 2) .  

Substrate zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBADescriptor: Soil Topography Slope zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Classes: 1 2  3 4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 6 1 8  . g M I  1 2  3 4 5 6 ,  1 2  3 4 ,  1 2 ,  

Abaremamalaybijlia(Smdw.) 20 1 O zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAO o O O O o o 1 4  II 1 4  O 6 1 0 5  . 21 o 
0.00 0.27 0.61 1.83 0.49 2.38 0.00 0.93 1.13 1.36 1.20 0.00 Bameby&Grima MIMOS. 2.00 0.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Aspidasperma sp.1 
APOCYN. 

Asrracaryrcm sciophilum (Miq.) 
Pulle AREC. 

Bocaa prauacenris Aubl. 
CAESAL. 

Carapaprocera A DC. 
MELlA 

Cayocarglabrum (Aubl.) Pen. 
CARYOC. 

Coxearia pvi~enrir Kunlh 
FLAC. 

Caisipaurea grrianensir Aubl. 
RHIZO. 

Calasremma frogranr &nth 
BOMBAC. 

Chaefocarpur schamburgkianus 
(Kunue) HoKm EUPH. 

Chrysaphyllum orgenreum Jacq. 
subsp. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAnitrduni SAPOT. 
(Mcycr) PcMinglon 
Chrysaphyllum sangulnolenrum 
(Pime) Baehni SAPOT. 

Cauepia caryaphyllaides 
R Benoisi CHRYSO. 

Cauepia guianensis Aubl. 

CHRYSO. 

, Caurarari oblangfalia Ducke & 
h U l h  LECYTH. 

+++ * * * * * 0.16 * * + * - 0.07 
20 o o 1 o o 1 1  o o o 9 10 2 2 

1.83 0.00 0.00 0.44 0.00 0.00 0.43 0.99 0.00 0.00 0.00 1.25 1.52 0.90 1.09 - - 0.07 +++ . . . . . . . ' . 0.12 . - . . 
117 25 5 29 4 10 9 13 3 3 33 91 57 12 19 
1.14 1.13 0.61 1.35 0.50 0.89 0.41 1.38 0.28 0.29 0.87 1.35 0.93 0.58 1.10 + . . . . . -- . -- 
102 I S 4 18 5 9 4 17 1 3 23 60 50 19 20 
1.23 0.83 0.60 1.03 0.77 0.98 0.23 2.21 0.12 0.36 0.74 1.09 1.00 1.12 1.43 

0.16 -- - +++ * - 0.12 

++ * * * --- ++ _- 0.25 - * . 0.06 

4 6 3  I 8  3 4 11 2 12 11 17 26 16 9 11 
1.07 0.32 0.29 0.89 0.90 0.85 1.21 0.51 2.72 2.58 1.07 0.92 0.62 1.03 1.53 

18 5 2 3 1 2  O O O 1 3  7 16 2 4 
1.15 1.47 1.59 0.91 0.82 1.16 0.00 0.00 1.24 0.64 0.51 0.68 1.70 0.62 1.51 

* - - * - . - * - 0 . 0 7  * * + * * O . O s  
11 o o 3 3 1 1  1 o 0 3 6 6 4 1  

1.16 0.00 0.00 1.51 4.03 0.95 0.49 1.14 0.00 0.00 0.85 0.96 1.05 2.06 0.62 

I20 3 2 12 4 8 19 6 6 7 27 51 56 17 22 
1.40 0.16 0.29 0.67 0.60 0.85 1.04 0.76 0.68 0.82 0.85 0.90 1.09 0.97 1.53 

20 5 1 3  o 3 o o I 1 O 1 0 1 3  5 4 
1.27 1.47 0.80 0.91 0.00 1.73 0.00 0.00 0.62 0.64 0.00 0.97 1.38 1.56 1.51 

- * * - a ++ 0.11 ++ - * 0.08 

. . . . + . . . . 0.08 . . . . . . 0.02 

+++ _ - _ -  . . . . - 0 . 2 6  . . .. + 0 . 0 3  

. . . . . . - . . 0.09 . -- . . . . 0.09 

16 8 5 5 7 4 6 1 O O 7 17 I S 11 2 
0.65 1.49 2.53 0.91 3.62 1.47 1.14 0.44 0.00 0.00 0.76 1.04 1.01 2.18 0.48 - * + * ++ I  - * * 0.13 * 4-4- 0.07 

16 3 O 1 1  3 5 O 3 2 8 8 9 3 2  
1.05 0.91 0.00 0.31 0.84 1.79 1.55 0.00 1.91 1.32 1.41 0.80 0.98 0.97 0.78 

* - . ~ 0 . 0 6  . . . . a o . 0 1  

4 7 2 6 0 4 3 1 0  1 7 1 0 5 2 2  
0.31 2.52 1.95 2.23 0.00 2.82 1.10 0.84 0.00 0.78 1.47 1.18 0.65 0.76 0.92 

I 5  4 1 4  2 2 4 2 o O 3 I 5 1 1  4 1 
0.93 1.14 0.77 1.18 1.58 1.12 1.16 1.34 0.00 0.00 0.50 1.41 1.13 1.21 0.37 - . . . . - . - 0 . 0 3  . . . . . 0 . 0 7  

19 3 o 1 o 2 1 o 1 o 5 4 9 2 7  
1.48 1.08 0.00 0.37 0.00 1.41 0.37 0.00 0.76 0.00 1.05 0.47 1.17 0.76 3.24 + . . . . - 0 . 0 7  . - . . + + o . o s  
14 O O 3 2 1 O 2 O O 2 8 4 2 6  

1.34 0.00 0.00 1.37 2.45 0.87 0.00 2.07 0.00 0.00 0.51 1.16 0.64 0.94 3.40 

--- + . + . . . * . 0.15 . . . . . . 0.01 

. - * 0.03 +++ - 0.05 
O 5 1 2 6  22 1 

* * * 0.04 - 0.02 
13 71 84 47 177 38 

0.62 1.08 0.93 1.25 0.99 1.04 

1.15 0.26 0.00 0.71 1.24 1.49 

- * 0.04 
0.88 15 1.06 57 0.98 72 1.01 31 

. * . . 0.00 
11 30 34 I S 

1.25 1.09 0.90 0.95 

2 16 10 5 
0.62 1.59 0.72 0.87 - + 0.03 

5 4 7 4  
2.56 0.65 0.83 1.14 + * * * 0.03 
11 56 99 14 

0.63 1.02 1.30 0.44 

* 0.01 

* * +++ --- 0.13 
3 13 12 5 

0.93 1.29 0.86 0.87 

* . 0.00 
150 25 
1.03 0.84 

* . 0.01 
80 10 

1.07 0.65 

28 5 
0.01 

1.02 0.89 
* . 0.00 
18 2 

1.08 0.59 
* * 0.00 

170 10 
1.14 0.33 

31 2 
1.13 0.36 

+++ --- 0.13 

' * * . 0.01 * - 0.02 
11 17 19 5 43 9 

2.17 1.07 0.87 0.55 1.00 1.02 + * * . 0.05 . . 0.00 
4 8 1 6 4  30 2 

1.28 0.82 1.19 0.71 
* - - 0.01 
2 7 1 1 7  

0.76 0.85 0.97 1.48 
* * * * 0.01 
3 10 13 8 

0.90 0.96 0.91 1.35 
* - . 0.00 

2 8 1 0 7  
0.76 0.97 0.88 1.48 

* * * * 0.01 
2 1 0 3 7  

0.93 1.49 0.32 1.82 

1.13 0.37 - - 0.02 
20 7 

0.89 1.52 

27 7 
0.96 1.21 

0.01 

. 0.00 
22 3 
1.06 0.71 

21 1 
0.00 

1.15 0.27 



CAESAL. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Cupania scrobiculara 
LC. Richard SAPIND. 

Docryodes nifens Cuatr. 
BURS. 

Dendrobangia boliviana 
Rusby ICAC. 

Dicarynia guianenris Amshoff 
CAESAL. 

Drypetes variabilis Uittien 
ELPHOR 

Dugiietia calycina R Benoisl 
Ah%’ON. 

Duguefia surinamensis RE. Fries 
ANNON 

Ecclinusa guianensis zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAEyma 
SAPOT. 

Eperuafalcafa Aublet zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
CAESAL.. 

Eperua grandiflora 
(Aublet) Bentham CAESAL. 

Esch weilera opicuhfa 
(Miers) AC. Smith LECYTH 

Eschweilera cfcharfacei/ olia zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Mori LECYTH. 

Eschweilera coriocea (A DC) 
M a n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAex O.C. Berg LECYTH 

Esch weilera decolorans 
Sandwith zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBALECYTH 

Eschweilera micronfha 
(O.C. Berg) Mim LECYTH. 

Eschweileraparvflara 
(Aublet) Mim LECYTH 

Appendix 2.  Continued 

Crudia bracfeafa Ben& 148 39 25 24 11 17 37 8 5 4 34 118 91 36 3 1  26 110 97 81 252 62 
0.97 1.16 0.99 1.21 2.09 0.77 0.94 1.03 1.17 0.58 0.33 0.27 0.61 1.20 1.01 1.18 1.23 0.85 1.15 0.73 1.47 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. . +++ . . . . . -- 0.17 --- --- ++ - * - 0.16 * + --- +++ 0.15 * * 0.01 

17 2 1 2  1 1  4 2 O 1 4  16 5 2 2 2 1 2 7 9  25 5 
1.19 0.65 0.88 0.67 0.90 0.64 1.32 1.52 0.00 0.70 0.75 1.70 0.58 0.69 0.83 0.68 1.31 0.55 1.72 1.00 0.98 . . a . 0.03 m ++ . 0.04 - - * 0.04 * 0.00 

3 1  O 2 5 2 4 3 5 O o 11 12 22 7 o 5 9 2 6 1 2  , 4 4 8  
1.25 0.00 LOI 0.97 1.03 1.47 0.57 2.19 0. 00 0.00 1.20 0.74 1.48 1.39 0.00 0.98 0.57 1.19 1.32 1.02 0.90 

-- . . . . . . 0.13 . . . + . - 0.11 . - . . 0.03 . 0.00 
2 6 1 0 4  5 4 2 11 1 6  6 14 16 19 5 9 7 19 29 14 57 12 

0.79 1.41 1.53 0.73 1.56 0.55 1.58 0.33 1.77 1.83 1.15 0.74 0.96 0.75 1.63 1.04 0.90 1.00 1.16 1.00 1.02 . . . . . . . . . 0. 06 . . . . . . 0.04 . . . 0.00 - 0.00 
49 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi8 11 I S 7 13 19 1 6 5 26 40 47 16 5 15 39 68 17 116 23 

0.74 1.26 2.08 1.08 1.35 1.78 1.35 0.16 0.88 0.76 1.06 0.92 1.18 1.19 0.45 
-- + * + . - 0.14 . t - 0.04 * * v 0.03 0.00 

1.11 0.92 1.16 0.70 1.01 0.97 

21 7 1 1 1  o 3 4 1 3  o 9 2 0 1 2 5  5 4 14 25 8 44 7 
037 1.33 0.52 2.16 0.00 1.12 0.78 0.45 1.20 . . . + . . . . . 0 . 0 7  
29 5 1 5  11 9 2 1 o 

0.97 0.77 0.42 0.80 4.70 2.72 0.31 0.36 0.00 

33 6 2 2 4 2 2 7 O 
1.20 1.00 0.91 0.35 1.86 0.66 0.34 2.75 0.00 . . . . . . . + . 0 . 1 2  
47 5 o 8 3 1 o 2 o 
1.50 0.74 0.00 1.22 1.22 0.29 0.00 0.69 0.00 

. . . . +++ ++ - - 0.22 

+++ . . . . . --- . - 0.21 
100 81 37 80 35 5 1  104 36 56 
0.36 1.36 1.68 1.38 1.62 1.68 1.77’ 1.41 1.97 --- ++ ++ ++. ++ +++ +++ + +++ 1.52 
83 18 6 27 4 20 19 13 7 

0.89 0.89 0.80 1.38 0.55 1.94 0.95 1.50 0.73 . . . . . ++ . . . 0.10 

17 6 2 1 O 3 3 2 O 
1.05 1.71 1.55 0.30 0.00 1.68 0.87 1.34 0.00 

0.00 1.00 1.25 0.82 1.01 1.22 . . . . . . 0.04 

O 9 23 10 20 1 
0.00 0.81 1.17 0.56 3.27 0.20 - . . - +++ - 0.21 

O 5 2 1 2 6  5 I 
0.00 0.49 1.16 1.57 0.89 0.22 . - * ++ * - 0.11 

O 10 16 25 6 9 
0.00 0.86 0.77 1.33 0.94 1.70 - . - * 0.07 
65 171 170 97 75 2 

2.36 1.67 0.94 0.59 1.33 0.04 
+++ +++ . --- ++ --- 1.19 

9 52 7 1  44 14 7 
0.96 1.49 1.15 0.78 0.73 0.44 

* ++ . - . -- 0.12 
O 2 2 1 9 1 1  

0.00 0.33 1.97 0.93 0.30 0.37 

0.80 0.90 1.16 0.90 1.04 0.81 . . . . 0.01 - 0.00 
14 16 25 8 54 9 

1.03 0.84 2.28 0.83 0.94 0.73 
++ . . . 0.05 - 0.00 
3 19 25 11 43 . IS 

0.53 1.07 1.02 1.08 0.89 1.52 . . . . 0.01 * - 0.02 
3 17 30 16 59 7 

0.47 0.84 1.08 1.39 1.08 0.62 
* - * * 0.03 * * 0.01 

429 151 95 162 227 96 
1.68 0.91 0.93 0.95 0.89 1.53 
+++ f  * 0.15 --- +++ 0.19 

25 58 84 30 168 29 
1.30 0.96 1.01 0.87 1.03 0.87 . - . 0.01 * - 0.00 

2 9 10 13 
0.60 0.87 0.70 2.19 

28 6 
. 0.99 1.04 . . . * s * 0.07 * -. +++ * 0.11 ++ 0.05 * 0.00 

5 3 1 9  o 4 11 2 5 6 8 18 6 1 I 3 16 12 9 27 13 
0.26 0.73 0.66 2.26 0.00 1.91 2.72 1.14 2.55 3.16 1.13 1.44 0.53 0.26 0.31 0.77 1.31 0.71 1.29 0.81 1.91 - - - .  . + * * ++ * + 0 . 2 1  + * + - - 0 . 1 0  * * * . O . O Z  - f 0 . 0 3  
13 12 2 4 O O 15 2 22 20 24 20 4 O 2 13 16 19 22 53 17 

0.;9 1.66 0.75 0.57 0.00 O.Ö0 2.12 0.65 6.42 6.02 1.94 0.91 0.20 0.00 0.36 1.90 0.75 0.64 1.80 0.91 1.43 

--- . . . . - ++ . +++ 0.51 +++ +++ . --- --- * 0.50 + * -- ++ 0.10 * 0.01 

0.72 0.88 1.50 1.37 2.14 1.52 1.35 1.30 0.46 0.72 1.41 1.05 0.68 1.52 0.57 1.63 0.97 0.97 0.78 0.92 1.40 
3 0 8  5 1 2 7  7 1 2 5  2 3 22 29 17 13 4 14 26 36 12 67 21 

- - e  . + . . . 0 . 0 8  - . - 0 . 0 6  + - - 0 . 0 2  - * O . O Z  
270 37 10 43 22 26 27 21 1 1 69 144 173 45 25 37 127 253 40 1.01 383 0.95 74 

1.24 0.79 0.58 0.94 1.29 1.08 0.58 1.05 0.04 0.05 0.85 1.01 1.33 1.02 0.68 0.83 0.91 1.31 0.50 
+++ - . . . _ _ _  . ___  0.40 _ _ _  +++ . - 0.33 +++ --- 027 * * 0.00 

371 61 20 20 4 2 20 12 1 1 44 146 197 34 89 16 174 209 112 
1.05 446 0.75 65 

+++ . . --- --_ --- --- -- --- 1.31 --- --- * +++ -- +++ 0.83 --- + * ++ 0.24 ++ -- 0.04 
0.04 0.49 0.91 1.35 0.69 2.17 0.32 1.11 0.97 1.25 . 1.53 ì.16 1.03 0.39 0.21 0.07 0.39 0.54 0.04 

i- ..I ” 
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Crudia bracteaca zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBABenth. 
CAESAL 

Cupannia scrobicuhta 
LC. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBARichard SAPIND. 

Docryodes zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAniiens Cuatr. 
BURS. 

Dendrobangia boliviana 
Rusby ICAC. 

Dicorynia guianensis zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-off 
CAESAL 

Drypetes variabilis Uiaien 
EUPHOR 

Dugiietia calyeino R Bcnoin 
ANNON. 

Dugurfia surinamensis RE, Friw 
ANNON 

Ecclinusa guianensis E m  
SAPOT. 

Eperua falcafa Aublet 
CAESAL 

Epenra grandflora 
(Aublet) B m h n  CAESAL 

Esch weilera apicuhta 
(Mim) A C .  Smith LECY" 

Eschwei!era zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAcf chartacei/olia 
Mori Em.  

Eschweilera coriocea (A E€.) 
M1R ex O.C. Berg LECYTH 

Eschweilera decolarans 
Sandwith Em. 
Eschweilera micrantha 
(0.C. Bag) Mim L E c m .  

Eschweilera parvflora 
(Aub1et)Mim LECY". zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-~ " -  
0.99 1.21 2.09 0.77 0.94 1.03 1.17 0.58 0.33 .. . . - +++ * * * - -- 0.17 

17 2 1 2  1 1  4 2 O 
1.19 0.65 0.88 0.67 0.90 0.64 1.32 1.52 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.00 . . . . - 0 . 0 3  
31 O 2 5 2 4 3 5 O 
1.25 0.00 1.01 0.97 1.03 1.47 0.57 2.19 0.00 . __ - . - . . . 0.13 

2 6 1 0 4  5 4 2 11 1 6  
b.79 1.41 1.53 0.73 156 0.55 1.58 0.33 1.77 . . - . - 0 . 0 6  
49 18 11 15 7 13 19 1 6 .  

0.74 1.26 2.08 1.08 1.35 1.78 1.35 0.16 0.88 
-- . + * - + - * 0 . 1 4  
21 7 1 1 1  o 3 4 1 3  

0.87 1.33 0.52 2.16 0.00 1.12 0.78 0.45 1.20 

29 5 1 5  11 9 2 1 o 
* + * . - 0 . 0 7  

0.97 0.77 0.42 0.80 4.70 2.72 0.31 0.36 0.00 . . +++ ++ - . - 0.22 
3 3 6 2 2 4 2 2 7 0  
1.20 1.00 0.91 0.35 1.86 0.66 0.34 2.75 0.00 . . . . . . . + . 0 . ] 2  

47 5 o 8 3 1 o 2 o 
1.50 0.74 0.00 1.22 1.22 0.29 0.00 0.69 0.00 

+++ . . . . . --- . - 0.21 

100 81 37 80 35 51 104 36 56 
0.36 1.36 1.68 138 1.62 1.68 1.77' 1.41 1.97 --- ++ ++ ++. +i  +++ +++ + +++ 1.52 
83 18 6 27 4 20 19 13 7 

0.89 0.89 0.80 138 0.55 1.94 0.95 1.50 0.73 . . . . . ++ . . . 0.10 

17 6 2 1 O 3 3 2 O 
1.05 1.71 1.55 0.30 0.00 1.68 0.87 1.34 0.00 . . s . . - 0 . 0 7  

5 3 1 9  o 4 11 2 5 
0.26 0.73 0.66 2.26 0.00 1.91 2.72 1.14 2.55 
--- . + * ++ - + 0.21 

13 12 2 4 O O 1s 2 22 
0.39 1.66 0.75 0.57 0.00 0.00 2.12 0.65 6.42 --- . . . . - ++ . +++ 0.51 
3 0 8  5 1 2 7  7 1 2 5  2 

0.72 0.88 1.50 1.37 2.14 1.52 1.35 1.30 0.46 -- . . . + . . . 0.08 
270 37 10 43 22 26 27 21 1 
1.24 0.79 0.58 0.94 1.29 1.08 0.58 1.05 0.04 

+++ - * * --- --- 0.40 

371 61 20 20 4 2 20 12 i 
1.53 1.16 1.03 O39 0.21 0.07 0.39 0.54 0.04 

4 34 118 91 36 31 
0.27 0.61 1.20 1.01 1.18 1.23 --- --- ++ 

1 4  16 5 2 2 
0.70 0.75 1.70 0.58 0.69 0.83 

++ - . . 0.04 
o 11 12 22 7 o 

0.00 1.20 0.74 1.48 1.39 0.00 
* * . + . - 0.11 

6 14 16 19 5 9 
1.83 1.15 0.74 0.96 0.75 1.63 

5 26 40 47 16 5 
0.76 1.06 0.92 1.18 1.19 0.45 . . . - 0.04 

o 9 2 0 1 2  5 5 

. . . . 0.04 

O 9 23 10 20 1 
0.00 0.81 1.17 0.56 3.27 0.20 - ' * - +++ - 0.21 

O 5 2 1 2 6  5 1 
0.00 0.49 1.16 1.57 0.89 0.22 

* - . ++ . - 0.11 
O 10 16 25 6 9 

0.00 0.86 0.77 1.33 0.94 1.70 - . . . . 0.07 

65 171 170 97 75 2 
2.36 1.67 0.94 0.59 1.33 0.04 
+++ +++ . --- ++ --- 1.19 

9 52 71 44 14 7 
0.96 1.49 1.15 0.78 0.73 0.44 

* ++ . - . -- 0.12 

O 2 2 1 9 1 1  
0.00 0.33 1.97 0.93 0.30 0.37 - +++ - . . 0.11 

6 8 18 6 1 1  
3.16 1.13 1.44 0.53 0.26 0.31 
+ * + - - - 0.10 

20 24 20 4 O 2 

0.16 

a . . . 0.04 

0.00 1.00 1.25 0.82 1.01 1.22 

6.02 1.94 0.91 0.20 0.00 0.36 
+++ +++ . --- --- 0.50 

3 22 29 17 13 4 
0.72 1.41 1.05 0.68 1.52 0.57 . . . - . . o . a  

1 69 144 173 45 25 
0.05 0.85 1.01 1.33 1.02 0.68 __- . * +++ - 0.33 

1 44 146 197 34 89 
0.04 0.49 0.91 1.35 0.69 2.17 

26 110 97 81 252 62 

. + --- +++ 0.1s * 0.01 

2 1 2 7 9  25 5 
0.68 1.31 0.55 1.72 1.00 0.98 

* - - 0.04 * * 0.00 
5 9 26 12 4 4 8  

0.97 1.16 0.85 1.15 0.73 1.47 

0.98 0.57 1.19 1.32 ' 1.02 0.90 - - * 0.03 57 12 - 0.00 

7 19 29 14 
1.04 0.90 1.00 1.16 1.00 1.02 

* * 0.00 0.00 

15 39 68 17 116 23 
1.11 0.92 1.16 0.70 1.01 0.97 

4 14 25 8 4 4 7  
0.80 0.90 1.16 0.90 1.04 0.81 

14 16 25 8 54 9 
2.28 0.83 0.94 0.73 1.03 0.84 

- . 0.03 - - 0.00 

. * . 0.01 - * 0.00 

++ * 0.05 
3 19 25 11 

0.53 1.07 1.02 1.08 

43 * 15 * 0.00 

0.89 1.52 
* - ' 0.01 * - 0.02 
3 17 30 16 59 7 

0.47 0.84 1.08 1.39 1.08 0.62 - - - * 0.03 - * 0.01 
95 162 227 96 429 151 

1.68 0.91 0.93 0.95 0.89 1.53 
+++ 0.1s --- +++ 0.19 

25 58 84 30 168 29 
1.30 O.% 1.01 0.87 1.03 0.87 

* * * * 0.01 * * 0.00 

2 9 10 13 28 6 
0.60 0.87 0.70 2.19 0.99 1.04 

' ++ 0.05 * - 0.00 

3 16 12 9 27 13 
0.77 1.31 0.71 1.29' 0.81 1.91 

* * 0.02 - + 0.03 

13 16 19 22 53 17 
1.90 0.75 0.64 1.80 0.91 1.43 
+ * -- ++ 0.10 * * 0.01 

14 26 36 12 67 21 
1.63 0.97 0.97 0.78 0.92 1.40 
+ ' 0.02 * 0.02 
37 127 253 40 383 74 

0.83 0.91 1.31 0.50 1.01 0.95 

16 174 209 112 446 65 
0.32 1.11 0.97 1.25 1.05 0.75 

+++ --- 027 0.00 

-- --- 1.31 --- --- +++ -- +++ 0.83 --- + * ++ 0.24 ++ -- 0.04 +++ . . --- --- --- --- 
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Eschwellera sagariana Mim 74 30 10 31 15 13 54 19 11 11 71 93 45 ZS 12 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
LE427X" 0.61 1.13 1.02 1.21 1.57 0.96 2.08 1.69 0.87 0.90 1.56 1.16 0.61 1.00 0.58 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. . . . . .  * +++ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAt 0.33 * +t+ * --- * - 0.19 

Euterpe aleracea Martius 0 0 0 0 0 0 0 0 3 3  33 o o o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo o 
AREC. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 20.41 21.09 o.on 0.00 0.00 0.00 0.00 --- - . - . . - . ++t 1.20 +++ -- --- --- - . 1.21 

Gustavia hexapetah 18 2 o 5 1 2  7 3 5 2 1 2 1 8  7 3 1 
(hblct)J.E.Sm'th LECYTH 0.88 0.45 0.00 1.17 0.63 0.89 1.61 1.59 2.37 0.98 1.58 1.34 0.57 0.72 0.29 . . . . . . . .  a 0 . 0 6  . . .  - . - 0 . 0 5  

Hebeperalum huminifilium 18 o 4 4 o 3 4 1 o O 5 1 2 1 3  O 4 
(P1an;hon)Be;ltham- HUGON 1.11 0.00 3.10 1.18 0.00 1.68 1.16 0.67 0.00 0.00 0.83 1.13 1.34 0.00 1.47 

Hevea guianensis Aublet 5 4 1 4 1 1 3 2 1  2 6 1 1 1 2 0  

. - + . . . . .  - 0 . 1 1  . . . .  - - 0 . 0 7  

EUPHOR 0.48 1.76 1.20 1.82 1.22 0.87 1.35 2.07 0.93 . 1.92 1.54 1.60 0.16 0.94 0.00 - . . . . . . .  - 0 . 0 4  . . .  - 0 . 0 8  

Hirrella bicomis 12 2 2 3 o o o 1 o o 3 4 7 2 4  
Mdus&Zuccarini CHRYSO. 1.26 0.97 2.63 1.51 0.00 0.00 0.00 1.14 0.00 0.00 0.85 0.64 1.23 1.03 2.50 . . . . . . . .  . 0 . 0 7  . . . . .  . 0 . 0 3  

lnna zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsp. 4 20 6 2 3 1 1  2 2 O 2 6 1 0 1 4 3  2 - .  
MIMOS. 1.14 1.57 1.42 0.81 0.73 0.52 0.53 1.23 0.00 1.14 0.92 0.86 1.32 0.84 0.67 

Iryanthera hasrmannii 
(Bath.) Warburg MYRIST 

Ifymthera sagoriana 
(Bath.) Warburg MYRIST 

Jacaranda copah 
(Aublet) D. Don BlGNO. 

Jessenia bataua 
(Martius) Burret AREC. 

hcmel lea floribunda (Pocppig) 
&nh & Hooker f. AWCYN.  

het i a procem (Poeppig) Eichler 
FLAC. 

- a .  - * - 0 . 0 4  

2 5 3 6 O 3 9 4 13 
0.09 1.08 1.75 1.34 0.00 1.27 1.98 2.03 5.90 
--- * * * * + +++ 0.38 

71 29 8 13 6 7 18 9 O 
0.93 L75 1.31 0.81 1.00 0.83 1.11 1.27 0.00 

++ . . __- 0.16 

4 5 1 3 1 0 6 0 3  
0.37 2.11 1.14 1.31 1.17 0.00 2.58 0.00 2.66 -- . . , . + . . 0.11 

24 10 2 10 O 1 9 1 23 
0.63 1.21 0.66 1.25 0.00 0.24 1.11 0.28 5.87 
--- . - - - * +tt 0.38 

11 5 4 12 o 3 9 3 o 
0.49 1.03 2.24 2.56 0.00 1.22 1.90 1.45 0.00 _ _ _  . . ++ . . + . . 0.17 

6 2 . 0  4 O O 3 3 3 
0.60 0.92 0.00 1.91 0.00 0.00 1.41 3.26 2.92 

. . . . . .  0.01 

10 13 16 2 4 O 
4.69 1.63 1.14 0.16 0.92 0.00 
++t + --- * - 0.24 

2 18 46 55 17 23 
0.26 0.63 0.91 1.20 1.09 1.78 
- - . - * ++ 0.11 

3 5 9 5 1 0  
2.75 1.23 1.25 0.76 0.45 0.00 . . . . . .  0.05 

25 9 28 13 1 4 
6.59 0.64 1.12 0.57 0.13 0.62 
+++ * * -- -- * 0.42 

3 13 16 14 1 O 
1.35 1.57 1.09 1.04 0.22 0.00 . . . .  - - 0.09 

3 8 7 3 0 0  
3.01 2.16 1.06 0.50 0.00 0.00 . . . . . . . . .  0.09 . + . . . .  0.09 

Lccyrhis halcogyne 32 5 3 3 2 2 2 2 O O 8 1 6 1 5 6  6 
(Sandwith)Mori LECYTH. 1.32 0.95 1.55 0.59 1.05 0.75 0.39 0.89 0.00 0.00 0.89 1.00 1.03 1.21 1.47 

Lecythis idatimon Aublet 249 $5 46 81 58 56 99 35 22 25 145 227 189 104 11 

+ . . . . . . .  . & o 7  . . . . .  - 0 . 0 4  

LECYTH. 0.75 0.76 1.73 1.16 2.23 1.52 1.40 1.14 0.64 0.75 1.17 1.03 0.94 1.53 0.20 --- - +++ +++ ++ +++ - 0.60 - + +++ --- 0.48 

Lecyfhispersistens Sig& 164 61 27 62 27 36 73 12 39 44 109 151 107 71 19 
NbsD.Derrislens LECYTH. 0.69 1.18 1.42 1.24 1.45 1.37 1.44 0.55 1.59 1.85 1.23 0.96 0.75 1.46 0.47 . .  --- * + + + + +++ - ++ 0.38 +++ t+ --- +++ --- 0.32 

2 8 1 6 2 3  9 4 Lecythi tp i feaui O.C. Berg 41 8 O 4 3 2 3 1 O 
LECYTH. 1.39 1.25 0.00 0.65 1.30 0.61 0.48 0.37 0.00 0.68 0.73 0.82 1.30 1.50 0.81 

+ + .  . . . . . .  - 0 . 1 2  . . . . .  - 0 . 0 3  

27 81 106 43 
1.08 1.03 0.98 0.96 

* * 0.00 
3 3 0 0 0  

10.24 0.00 0.00 0.00 
+++ --- --- -- 0.92 

4 11 17 11 
0.95 0.84 0.94 1.46 

2 12 14 6 
0.60 1.15 0.98 1.01 

* * * 0.01 
3 6 1 1 2  

1.40 0.89 1.19 0.52 
* * 0.01 

1 7 1 0 2  
0.51 1.14 1.19 0.57 

2 15 15 5 
0.55 1.33 0.96 0.77 

* * - * 0.01 
10 12 15 8 

2.28 0.87 0.79 1.02 
+ - * 0.04 
11 61 54 3.9 

0.70 1.24 0.80 1.24 
* + - * 0.05 
2 1 0 8 3  

0.89 1.42 0.83 0.75 
* * * 0.01 
17 19 .26 18 

2.18 0.78 0.77 1.29 
++ * - 0.07 
3 14 23 7 

0.65 0.97 1.16 0.85 
* * * 0.01 

3 3 1 1 4  
1.46 0.47 1.24 1.09 

* * * * 0.02 
4 20 19 8 

0.80 1.28 0.88 0.90 
* * * 0.01 
94 226 298 83 

1.37 1.05 1.01 0.68 
+++ 0 --- 0.15 

71 152 198 80 
1.45 0.99 0.94 0.91 

+++ * * 0.06 

2 20 33 7 
0.33 1.05 1.26 0.65 

* * - 0.04 

* * 0.01 

* 0.01 

195 62 
0.91 1.42 
-- ++ 0.05 
31 2 

1.13 0.36 
* . 0.02 
33 10 

0.92 ' 1.37 . . 0.01 
30 4 

1.06 0.69 
* * 0.00 

20 2 
1.10 0.53 

18 2 
1.08 0.59 . . 0.00 

26 11 
0.85 1.75 

0.01 

- + 0.02 

33 12 
0.88 1.57 - 0.02 

128 33 
0.96 1.20 

* - 0.01 
16 7 

0.84 1.79 
* * 0.01 

65 15 
0.98 1.10 

* * 0.00 
42 5 

'1.08 0.63 

16 5 
0.92 1.40 

* . 0.00 
44 7 
1.04 0.81 

0.01 

* . 0.00 
545 156 
0.94 1.31 --- +++ 0.08 

419 82 
1.01 0.96 

51 11 
0.99 1.04 

* 0.00 

0.00 
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Licania albn zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(Brmoulli) Cuatr. 
CHRYSO. 

Licania canescens R &noist 
CHRYSO. 

Licanio densflora Kleinhoonte 

CHRYSO 

Licania granvillei G.T. Rance 
CHRYSO. 

Licania heteromorph. h t h .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
var. heferomorpha CHRYSO 

Licania laxflora Fribch 
CHRYSO 

Licanio membranacea zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Sagot ex zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBALana~an CHRYSO. 

Licania spmcei 
(Hookerf.) Frilach CHRYSO 

Licaria chryraphylh (McHn) 
Koste- LAUR. 

Micropholis guynnenris (A DC.) 
P. srbsp. duckurna SAPOT. 
(Bachi) Pmninglon 
Micropholis guynensis (A DC.) 
Pierre SAPOT. 
subrp. gynnensis 
Microphalis obscura Pcnnington 

SAPOT. 

Minquarfia guianenris Aublet 
OLACA 

Moronobea coccinea Aublet 
CWSIA 

Mouriri crarsi/oliu Sagot 
MELAST. 

Mycia decorticans De Clndolle 
MELAST. 

Neeafloribundn 
Poeppig zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA& Endlicher W.CTA 

-- 
34 22 15 34 12 23 37 3 17 

0.36 1.08 2.00 1.73 1.64 2.23 1.86 0.35 1.76. 
--- . ++ ++ +++ +++ - + 0.61 

4 3 1 9 4  4 2 2 7 3 O 
1.08 2.20 1.25 0.48 0.64 0.45 0.82 0.81 0.00 

+++ * * * - 0.14 
19 4 2 1 O 3 9 O 1 

1.02 1.00 1.35 0.26 0.00 1.47 2.28 0.00 0.52 . . . . . .  + . . 0 . 0 9  

33 6 2 6 5 3 4 7 1 
1.04 0.87 0.79 0.90 2.01 0.85 0.59 2.38 0.30 . . . . . . .  + e 0 . 0 6  

27 7 1 7  5 3 2 6 1 
0.96 1.15 0.45 1.19 2.28 0.97 034 2.32 0.35 . . . . . . .  + ~ 0 . 0 7  

14 3 5 2 1 4  7 O O 
0.82 0.81 3.65 0.56 0.75 2.12 1.92 0.00 0.00 . .  + . . . . .  . O . I l  

34 7 4 5 2 o 8 5 J 
1.02 0.97 1.50 0.72 0.77 0.00 1.13 1.63 1.46 

8 0 0 4 0 1 5 2 1  
0.80 0.00 0.00 1.91 0.00 0.91 2.36 2.17 0.97 . . . . . . . .  . 0 . 0 8  
21 1 o o 0 o 1 o 0 
1.92 0.42 0.00 0.00 0.00 0.00 0.43 0.00 0.00 

U 3 2 2 2 2 6 1 3  
1.10 0.66 1.20 0.46 1.22 0.87 1.35 0.52 1.39 . . . . . . . .  . & O 2  
1 0 1 0 5 0 0 5 0 2  

0.91 0.42 0.00 2.18 0.00 0.00 2.15 0.00 1.77 . . . . . . . .  . 0 . 0 8  
26 4 2 O O 1 O O O 
1.66 1.18 1.59 0.00 0.00 0.58 0.00 0.00 0.00 

+++ * - * - 0.17 
6 5 0 3 0 0 5 0 2  

0.60 2.31 0.00 1.43 0.00 0.00 2.36 0.00 1.94 . . . . . . . .  . 0 . 0 9  

11 3 5 2 o 2 5 o o 
0.83 1.04 4.70 0.72 0.00 1.36 1.77 0.00 0.00 . .  ++ . . . . . .  0.10 

16 2 1 5  3 2 3 2 1 
0.96 0.55 0.75 1.43 2.31 1.09 0.85 1.30 0.58 . . . . . . . .  . o . o z  
3 4 0 5 1 2 4 4 6  

0.22 1.34 0.00 1.73 0.93 1.31 1.37 3.14 4.22 

24 o 2 1 o o 1 o o 
1.80 0.00. 1.88 0.36 0.00 0.0Q 0.35 0.00 0.00 

* . * * * * - 0 . 0 6  

+++ * * * 0.14 

___  . . . . . .  + ++ 0.17 

13 54 60 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA46 21 3 30 59 82 26 1 5 9  38-- 

0.17 ++ 0.05 0.00 
1.39 1.55 0.97 0.82 1.10 0.19 1.56 0.98 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.99 0.75 0.97 1.13 

o 10 20 37 7 10 8 28 39 9 62 22 
0.00 0.67 0.76 1.54 0.86 1.49 0.98 1.09 1.10 0.61 0.89 1.54 - * + ++ * * 0.11 * * * 0.02 - + 0.03 

. . . . . . .  +++ 

1 8  1 1 1 3 4  2 3 13 18 5 28 I l  
0.54 1.16 0.90 1.17 1.06 0.64 0.79 1.09 1.09 0.73 . 0.87 1.66 

* * * * - 0.01 . - * 0.01 . . 0.02 
1 13 23 17 7 6 7 24 30 6 57 10 

0.31 1.10 1.10 0.89 1.08 1.12 1.07 1.17 1.06 0.51 1.03 0.88 
* * * ' 0.02 * * - 0.02 * * 0.00 

47 12 O 8 1 8 2 1  8 4 6 26 23 4 
0.00 0.77 0.97 1.25 1.40 0.85 1.04 1.44 0.92 0.39 0.96 1.20 
' ' ' 4 0.05 + * - 0.05 * * 0.00 

1 6 1 4 1 3 1  1 3 11 18 4 28 8 
0.94 1.31 

* . * * - * 0.03 * * 0.01 * * 0.00 
5 10 20 23 4 8 6 21 36 7 54 16 

0.59 0.94 1.24 1.26 0.29 0.35 0.85 1.00 1.19 0.64 

1.51 0.81 0.91 1.15 0.59 1.43 0.88 0.98 1.22 0.57 0.93 1.34 
* * * * 0.02 * * . * 0.02 * 0.01 

1 8 4 3 2 3  1 9 9 2  20 1 
1.00 2.16 0.61 0.50 0.98 1.78 0.49 1.40 1.02 0.54 1.15 0.28 

o 3 5 11 1 3  O 6 9 8  21 2 
0.00 0.74 0.69 1.67 0.45 1.63 0.00 0.85 0.93 1.99 1.10 0.51 

+ ' * * 0.05 * * 0.01 * 0.02 

* * + 0.04 + 0.05 * * 0.01 

2 9 1 4 9 6 4  5 16 15 8 34 10 
0.96 1.16 1.02 0.72 1.41 1.13 1.16 1.19 0.81 1.04 0.93 1.34 

* - * - * 0.01 * 6 - 0.01 * 0.01 
4 6 7 2 2 2  1 9 7 6  20 3 

3.67 1.48 0.97 0.30 0.90 1.09 0.45 1.28 0.72 1.49 1.05 0.77 
+ ' ' - . * 0.06 * * * 0.02 * * 0.00 
O 2 1 1 1 4 5  1 2 9 1 3 9  30 3 

0.00 0.34 1.06 1.49 1.56 0.38 0.62 0.89 0.93 1.56 1.10 0.53 
' * ' 0.06 * 0.01 . 0.03 
2 5 7 4 0 3  2 1 2 4 3  13 8 

2.01 1.35 1.06 0.61 0.00 1.78 0.98 1.87 0.45 0.82 0.75 2.24 - * * * * - 0.04 - + - * 0.04 - + 0.03 

O 6 7 10 5 O 4 8 1 5 1  23 5 
0.00 1.21 0.80 1.2s 1.84 0.00 1.46 0.93 1.27 0.20 0.99 1.05 

* . a * * 0.06 - * - 0.04 * 0.00 
o 7 1 0 1 2 5  1 3 10 18 4 31 4 

0.00 1.13 0.91 1.20 1.47 0.36 0.88 0.93 1.22 0.65 1.07 0.67 
* * ' * 0.04 * * * * 0.01 * 0.01 

4 1 1 7 3 3 1  4 11 11 3 21 8 

+ ++ - * * 0.09 * * 0.01 * 0.01 

o 2 7 5 7 7  1 1 4 9 4  27 1 
0.00 0.40 0.80 0.63 2.58 3.12 0.37 1.63 0.76 0.82 1.16 0.21 

0.87 1.62 2.91 2.15 0.77 0.36 1.07 0.43 1.41 1.24 0.90 0.59 

+++ - - * * * * 0.16 * - + ++ 0.11 + . 0.03 + - 0.03 

. 



ipperidis zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAContinued zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Licania alba (hou l l i )  Cum. 

CHRYSO. 

Liconia canercens zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAR h o i s t  
CHRYSO. 

Liconia densiflora zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAKleinhwnte 
CHRYSO 

Liconia granvillei G.T. Rancc 
CHRYSO. 

Liconia heleromorpha Bach 
var. heteromorpha CHRYSO 

Liconia Iarifloro Fritsch 
CHRYSO 

Licania menibranaceo 
Sago1 ex Lancsran CHRYSO. 

Liconia spmcei 
(Hookert) Fritsch CHRYSO 

Licaria chrysophylb (Mcissn) 
K o n zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAt e rm a ns LAm 

Micropholisguyanensis (A DC.) 
P. subsp. ducke" SAWT. 
(Bsehni) Pmninglon 
Micropholis guyanensis (A DC.) 
Pime SAPOT. 
subsp. gyanensis 
Micropholis obscura Pennington 

SAPOT. 

Minquarfia guianensis Aublet 
OLACA 

Moronobeo coccineo Aublet 
CLUSIA 

Mouriri crassfolia Sagof 
MELAST. 

Myrcio decorticons De Candolle 
MELAST. 

Neea floribunda 
Poeppig zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA& Endlicher NYCTA 

~~ ~~ 

34 22 15 34 12 23 37 3 17 13 54 60 46 21 3 
0.36 1.08 2.00 1.73 1.64 2.23 1.86 0.35 1.76 1.39 1.55 0.97 0.82 1.10 0.19 --- ++ ++ * +++ +++ - + 0.61 
4 3 1 9 4  4 2 2 7 3 o 
1.08 2.20 1.25 0.48 0.64 0.45 0.82 0.81 0.00 

+++ 8 * * - 0.14 

19 4 2 1 o 3 9 o 1 
1.02 1.00 1.35 0.26 0.00 1.47 2.28 0.00 0.52 . . . . . . + . . o . o p  

33 6 2 6 5 3 4 7 1 
1.04 0.87 0.79 0.90 2.01 0.85 0.59 2.38 0.30 

27 7 1 7  5 3 2 6 1 
0.96 1.15 0.45 1.19 2.28 0.97 0.34 2.32 0.35 

* * . * + - 0 . 0 7  

14 3 5 2 1 4  7 O O 
0.82 0.81 3.65 0.56 0.75 2.12 1.92 0.00 0.00 . . + . . . . . . 0 . 1 1  

34 7 4 s 2 o 8 5 s 
1.02 0.97 1.50 0.72 0.77 0.00 1.13 1.63 1.46 

8 0 0 4 0 1 5 2 1  
0.80 0.00 0.00 1.91 0.00 0.91 2.36 2.17 0.97 . . . . . . . . . & O 8  

21 1 o o o o 1 o o 
1.92 0.42 0.00 0.00 0.00 0.00 0.43 0.00 0.00 

23 3 2 2 2 2 6 1 3  
1.10 0.66 1.20 0.46 1.22 0.87 1.35 0.52 1.39 . . . . . . . . . o . o z  
10 1 o 5 o o 5 o 2 

0.91 0.42 0.00 2.18 0.00 0.00 2.15 0.00 1.77 . . . . . . . . . o . ( @  
26 4 2 O O 1 0 O O 
1.66 1.18 1.59 0.00 0.00 0.58 0.00 0.00 0.00 
+++ * - * * - * 0.17 

6 5 0 3 0 0 5 0 2  
0.60 2.31 0.00 1.43 0.00 0.00 2.36 0.00 1.94 

e . . . . . . . . o . o p  

11 3 5 2 o 2 5 o o 
0.83 1.04 4.70 0.72 0.00 1.36 1.77 0.00 0.00 . . ++ . . . . . . 0.10 

16 2 1 5  3 2 3 2 1 
0.96 0.55 0.75 1.43 2.31 1.09 0.85 1.30 0.58 . . * . . . . . . 0 . 0 2  

3 4 0 5 1 2 4 4 6  
0.22 1.34 0.00 1.73 0.93 1.31 1.37 3.14 4.22 --- * + ++ 0.17 

24 O 2 1 O O 1 O O 

1.80 0.00 1.88 0.36 0.00 0.00 0.35 0.00 0.00 

- . . . . + a0 .06  

. . . - .  . - 0 . 0 6  

+++ * * * * 0.14 

* +++ . . . --- 0.17 
o l o  20 37 7 lo 

0.00 0.67 0.76 1.54 0.86 1.49 - * * ++ * * 0.11 

1 8  1 1 1 3 4  2 
0.54 1.16 0.90 1.17 1.06 0.64 

30 59 82 26 
1.56 0.98 0.99 0.75 
++ * * 0.05 
8 28 39 9 

0.98 1.09 1.10 0.61 . . - 0.02 
3 13 18 5 

0.79 1.09 1.09 0.73 . . . . . . 0.01 . . . . 0.01 

1 13 23 17 7 6 7 24 30 6 
0.31 1.10 1.10 0.89 1.08 1.12 1.07 1.17 1.06 0.51 . . . . . . 0.02 

O 8 1 8 2 1  8 4 
0.00 0.77 0.97 1.25 1.40 0.85 . . . . . . 0.05 

1 6 1 4 1 3 1  1 
0.59 0.94 1.24 1,26 0.29 0.35 . . . . . . 0.03 

5 IO 20 23 4 8 
1.51 0.81 0.91 1.15 0.59 1.43 . . . . . . 0.02 

1 8 4 3 2 3  
1.00 2.16 0.61 0.50 0.98 1.78 

* + . . . 0.05 
o 3 5 11 1 3  

0.00 0.74 0.69 1.67 0.45 1.63 

2 9 14 9 6 4 
0.96 1.16 1.02 0.72 1.41 1.13 . . . . . . 0.01 

4 6 7 2 2 2  
3.67 1.48 0.97 0.30 0.90 1.09 
+ * * - * 0.06 

O 2 1 1 1 4 5  1 
0.00 0.34 1.06 1.49 1.56 0.38 

2 5 7 4 0 3  
2.01 1.35 1.06 0.67 0.00 1.78 . . . . . 0.04 

O 6 7 10 5 O 

0.00 1.21 0.80 1.25 1.84 0.00 

o 7 1 0 1 2  5 1 
0.00 1.13 0.91 1.20 1.47 0.36 . . . . . . 0.04 

4 1 1 7 3 3 1  
2.91 2.15 0.77 0.36 1.07 0.43 
+ ++ . - * . 0.09 
o 2 7 5 7 7  

0.00 0.40 0.80 0.63 2.38 3.12 

* + * * 0.04 

a - m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 0.06 

. 8 m 0.06 

* ' * - 0.02 

6 26 23 4 
1.04 1.44 0.92 0.39 

3 11 18 4 
0.85 1.00 1.19 0.64 - * . * 0.01 

6 21 36 7 
0.88 0.98 1.22 0.57 

1 9 9 2  
0.49 1.40 1.02 0.54 . . 0.01 

O 6 9 8  
0.00 0.85 0.93 1.99 . - . . + 0.05 

5 16 15 8 
1.16 1.19 0.81 1.04 . * . * 0.01 

1 9 7 6  
0.45 1.28 0.72 1.49 . * ' * 0.02 

2 9 1 3 9  
0.62 0.89 0.93 1.56 . . . . 0.01 

2 1 2 4 3  
0.98 1.87 0.45 0.82 

+ * - 0.05 

- . * 0.02 

* + - 0.04 

4 8 1 5 1  
1.46 0.93 1.27 0.20 - * - 0.04 

3 10 18 4 
0.88 0.93 1.22 0.65 . . . 0.01 

4 11 11 3 
1.41 1.24 0.90 0.59 . . . 0.01 

1 1 4 9 4  
0.37 1.63 0.76 0.82 

159 38 
0.97 1.13 

62 22 
0.89 1.54 - + 0.03 
28 11 

0.87 1.66 
* 0.02 

57 10 
1.03 0.88 

47 12 
0.96 1.20 

28 8 
0.94 1.31 

* - 0.00 

54 16 
0.93 1.34 

* 0.00 

0.00 

* 0.00 

* 0.01 
2 0  1 
1.15 0.28 

* * 0.02 

21 2 
1.10 0.51 - * 0.01 
34 10 

0.93 1.34 
* 0.01 

' 20 3 
1.05 0.77 

* 0.00 
30 3 

J.10 0.53 

13 8 
0.75 2.24 
- + 0.03 

23 5 
0.99 1.05 

* * 0.M) 
31 4 

1.07 0.67 
* 0.01 

21 8 
0.87 1.62 

* * 0.01 
27 1 
1.16 0.21 

* 0.03 

! 

+++ - - - * * 0.16 * * * * '+ ++ 0.11 + * * 0.03 + - 0.03 



Appendix 2. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAContinued zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Ocorea ceanorhiiõlia zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

~I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
W=) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAM u  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBALAUR 

Ocotea rubra Mez 
LAUR 

Ocorea schomburgkiana zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(?.lees) 
Benth. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAk Hooka f. LAUR 

Oenocarpus bamba Madur 
AREC. 

Ourarea melinonii (VM Ticghm) 
Lcmtc OCHNk 

Oxandra asbeckii (Pullc) 
RE. Fries ANNON. 

Pachira dolichocalfl Robyx 
BOMBAC. 

Pelragyne venosa 
(Vahl) Bmlhun zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. CAFSAL 

Poraqueiba guianensis Aubld 
ICACIN. 

Posoqueria latfolio (Rudgc) 
Roemer k Schultes RUBIA 

Pourouma villosa Tricul 
CECROP. 

Pouteria bilmlaris 
Winckler) Baehni SAPOT. 

Pourerïa egregia Sandwith 
SAPOT. 

Poureria eugenïrfoliu 
(piare) hdmi  SAPOT. 

Poureria gongrijpii E p  
SAPOT. 

Poureria grandis Eyma 
SAPOT. 

Poureria guianensis Aublcc 
SAPOT. 

~~ 

35 4 2 3 1 o 2 o 1 
1.53 0.81 1.10 0.63 0.56 0.00 0.41 0.00 0.43 
+++ * * * * - * * . 0.12 

16 2 O 4 O O 2 1 O 
1.35 0.78 0.00 1.61 0.00 0.00 0.79 0.91 0.00 

13 3 O 2 O 1 1  1 1  
1.24 1.32 0.00 0.91 0.00 0.87 0.45 1.04 0.93 . . . . . . . - 0 . 0 3  
25 4 I I o o n o n 

. . . . . . - 0 . 0 7  

1.69 1.25 0.85 0.32 O00 O.Ö0 O.Ö0 O.Ö0 O.Õ0 .... 
+++ * * - . 0.15 

6 6 0 6 1 3 8 2 0  
0.39 1.82 0.00 1.88 0.84 1.79 2.47 1.42 0.00 --- . . . . . + . . 0.14 

108 20 5 35 5 26 15 32 1 
0.92 0.79 0.53 1.42 0.54 2.01 0.60 2.95 0.08 - - * + +++ - +++ --- 0.42 
7 1 2 0 0 0 9 6 0  

0.59 0.39 2.11 0.00 0.00 0.00 3.56 5.47 0.00 
- - ' - * * +++ +++ . 0.22 
52 I O 3 4 6 1 2  O 

1.58 0.14 0.00 0.44 1.56 1.66 0.14 0.66 0.00 

2 0 1 0  4 10 1 O 7 6 4 
0.68 1.57 1.70 1.62 0.43 0.00 1.12 2.21 1.32 - . . . . - . . . 0 , 1 1  

97 5 4 3 4 1 3  4 2 
1.66 0.39 0.86 0.24 0.87 0.15 0.24 0.74 0.33 

16 3 o I 1 o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi  n n 

+++ -- * - - -- * - 0.26 

+++ -- * -- * - _- * 0.35 

1.53 1.32 0.00 0.46 1.52 O.Ö0 0.b5 O.Ö0 O.& 
+ . . . . . 0 . 0 7  

13 2 2 O 2 O O I O 
1.37 0.97 2.63 0.00 2.69 0.00 0.00 1.14 0.00 . . . . . . . . . 0.10 
16 4 I 2  O O 8 1 O 

1.05 1.21 0.82 0.63 0.00 0.00 2.47 0.71 0.00 . . . . . . + . . o . o g  
7 2 1 4 3 3 0 0 0  

0.74 0.97 1.32 2.01 4.03 2.86 0.00 0.00 0.00 . . . . + . . . . o . J O  
9 6 3 6 1 3 9 5 2  

0.43 1.32 1.79 1.37 0.61 1.30 2.02 2.59 0.93 

6 7 1 9 5 7 4 0 0  
0.32 1.74 0.67 2.32 3.45 3.42 1.02 0.00 0.00 --- . + + ++ 0 0.23 

- * + + 0.11 --- . . . 

22 4 o 2 o 1 7  3 1 
1.16 0.97 ~ 0.00 0.50 0.00 0.48 1.73 1.71 0.51 

O 9 2 1 1 4 1  3 1 6 25 16 4 6 2  

* * + - 0.07 - -- * ++ 0.10 ++ -- 0.05 
o 2 9 9 2 3  O 8 1 3 4  24 1 

' * * * * 0.03 - - * - 0.03 * * 0.02 

1.15 0.24 0.00 1.06 1.40 1.02 0.21 0.78 0.21 0.41 1.24 1.91 

1.16 0.24 0.00 0.45 1.15; 1.26 0.82 1.50 0.00 1.05 1.23 0.91 

1 2 9 7 0 3  0 7 Q 7  ' 4  3 - . - .  . -. 
1.04 0.80 0.96 0.51 1.31 1.11 0.00 1.70 0.00 1.04 0.86 1.82 

' a 0.04 9 0.04 . . 0.00 

O 3 14 7 2 5 O 8 1 4 9  29 2 
0.00 0.55 1.44 6.79 0.67 2.01 0.00 0.84 1.07 1.66 1.13 0.38 
' * * 0.05 - * 0.05 * * 0.02 

1 7  14 7 2 1 2 11 15 4 20 12 

* * ' ' * 0.02 * 0.01 -- ++ 0.05 

1 44 93 53 36 20 24 101 102 20 210 37 
0.09 1.01 1.20 0.75 1.50 1.01 
--- * + -- ++ 0.18 * +++ a ___ 0.14 * * 0.00 

o 11 9 3 o 2 
0.00 2.49 1.1s 0.42 0.00 1.00 

+++ 0.16 * ++ * - 6 0.10 ++ - 0.07 --- 
o 4 19 34 10 2 9 10 39 11 66 3 

- -- * +++ - 0.16 * -- + * 0.07 ++ -- 0.08 

0.75 2.20 0.64 1.12 1.11 0.71 0.66 1.24 1.40 0.77 0.64 0.39 

1.02 0.88 

9 16 
0.43 3.76 

1.00 1.34 0.98 0.46 

O 1 4 9 2  
0.00 1.83 0.85 0.46 

1.34 0.47 1.34 091 1.15 0.26 0.00 0.33 0.88 1.73 1.49 0.36 

2 21 14 18 2 5 4 14 31 13 44 18 
0.86 1.71 0.66 0.74 1.19 1.20 0.68 1.92 0.72 1.02 0.33 1.01 

++ . . + 0.08 * * 0.02 - + 0.03 

2 10 28 45 20 18 7 47 52 17 114 9 
1.12 0.43 

* -- - + + ++ 0.16 - + * 0.03 ++ -- 
O 3 6 7 2 4  O 6 5 1 1  18 2 

0.99 0.53 
* * * * 0.03 - - +t+ 0.09 0.01 

O 4 5 8 2 1  2 5 6 7  16 4 
0.96 1.18 0.00 1.13 0.80 1.40 1.03 0.62 

* * * * ' 0.02 ' * + 0.02 * 0.00 

22 10 1 6  9 I l  1 4  
0.66 1.06 0.90 1.20 0.32 1.56 0.00 0.92 1.11 1.43 0.83 1.84 . . . . . . o . o z  - . . 0.04 - + 0.02 

1 2 4 5 7 1  4 6 7 3  17 3 

- * * * ++ - 0.06 * - 0.01 - * 0.00 

4 8 16 9 3 4 1 19 18 6 30 14 
1.92 1.03 1.16 0.72 0.70 1.13 0.23 1.41 0.97 0.78 0.82 1.87 

* * * * * 0.02 - 0.04 - + 0.03 

0.58 1.25 1.00 0.79 0.34 0.46 0.73 1.28 1.68 1.83 
0.08 

0.00 0.89 0.54 2.86 0.00 0.26 0.87 1.10 0.94 2.27 

1.02 0.82 0.71 2.00 

O 9 1 5 8  

2.05 0.98 0.83 0.86 1.02 0.88 1.05 0.57 0.64 0.88 3.61 0.62 

0 1 0 9  7 1 1 2  9 10 10 10 34 5 
0.00 1.45 0.74 6.63 2.91 0.64 2.36 0.84 0.61 1.47 1.05 0.75 

* * +++ . 0.10 f * - 0.06 . 0.00 
O 8 16 6 4 6 1 I5 14 10 33 7 

0.00 1.13 1.28 0.53 1.03 1.87 0.26 1.23 0.83 1.43 0.99 1.03 - - 0 . 0 7  . 0 . - . * 0.06 * * 0.03 m * 0.00 . . . . . .  



1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAY zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Appendix 2. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAContinued 

Pouleriasp.21 aflbrachyandra 76 5 O O O O 4 O O O 1 13 26 1 44 o 45 35 5 76 9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
SAPOT. 1.88 0.57 0.00 0.00 0.00 0.00 0.47 0.00 0.00 0.00 0.07 0.49 1.07 0.12 6.46 0.00 1.73 0.98 0.34 1.08 0.62 

Pouferia forfa (Mart.) R a d k  
subsp. tuberalara SAPOT. 
(Sleumer) Pennington 
Pmdosla cochlearia (Leromte) 
Penn in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAgt o n 

Pradosia prychandro (Eyma) 
Prnninglon SAPOT. 

Protium opacum Swart 
subsp. rabelianum BURS. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Daly 
Protium sagolianunt En& 

SAPOT. 

BURS. 

Protium sp. I 
BURS. 

Proliuni subserraruni (Engler) 
Engler BURS. 

Rinorea peciino-squamata 
Hekking VIOLA. 

Sagolia rocemosa Baillon 
E W H O R  

bndwirhia guianenris h j o u w  
EUPHOR 

Sclerolobium melinonli Harms 
CAESAL 

Siparuna decipiens (Tulasne) 
ADC. MONIM. 

SwarQia guianensis (Aubln) 
UIbM CAESAL 

swarQiapolyphy&7 ADC. 
CAESAL 

Symphonia sp.1 
CLUSIA 

Talisia hexaphylla Vahl 
SAPIND. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

+++ . - --- - - . - - 0.50 
15 3 o 1 1  o o 1 o 

1.50 1.39 0.00 0.48 1.28 0.00 0.00 1.09 0.00 
+ . . . . . . . . o . o s  
14 2 2 3 1 1  2 1 1  

1.09 0.72 1.95 1.12 1.00 0.71 0.73 0.84 0.76 . . . . . . . f O . 0 1  

17 6 4 4 2 2 7 O O 
0.85 1.39 2.51 0.96 1.28 0.91 1.65 0.00 0.00 

9 4 0 2 1 1 5 1 3  
0.73 1.49 0.00 0.77 1.03 0.73 1.90 0.88 2.36 . . . . . . . . . 0.04 

19 1 I l  o o o o o 
1.82 0.44 1.20 0.46 0.00 0.00 0.00 0.00 0.00 

88 8 2 14 2 7 7 2 1 
1.41 0.59 0.40 1.07 0.41 1.02 0.53 0.35 0.16 

29 2 o o o 1 2  2 o 
1.69 0.54 0.00 0.00 0.00 0.53 0.55 1.27 0.00 
+++ . . - . . . . . 0.15 

35 14 1 9  9 8 4 3 1 
0.88 1.62 0.31 1.08 2.88 1.82 0.47 0.81 0.24 

* + * * ++ * * * - 0 . 1 3  
10 2 O 14 3 3 O 5 O 

0.57 0.52 0.00 3.80 2.18 1.55 0.00 3.08 0.00 -- * - +++ - - + * 0.25 
239 23 7 29 8 19 25 8 6 
1.38 0.61 0.51 0.80 0.59 0.99 0.68 0.50 0.34 

+++ -- - . . . - - --- 0.35 
2 3 0 5 1 1 3 0 8  

0.18 1.27 0.00 2.18 1.17 0.83 1.29 0.00 7.10 

. . . e . . . e 0 . 0 8  

+++ . . . . . . . . 0.12 

+++ * * * * * - * - 0.18 

- --- --- - -- +++ 0.84 
O 2 12 6 1 O 

0.00 0.54 1.82 1.00 0.49 0.00 
* * + * * * 0.06 
2 2 8 8 2 5  

1.56 0.42 0.95 1.04 0.76 2.31 . . . . 0.03 

1 3  1 2 1 8 4  4 
0.50 0.40 0.91 1.50 0.98 1.19 - - + 0.04 

6 5 7 5 . 2  1 
4.87 1.09 0.86 0.67 0.79 0.48 
++ * * * * 0.07 
O 1 9 9 3 0  

0.00 0.26 1.31 1.43 -1.41 0.00 

1 13 29 56 9 23 
0.16 0.56 0.71 1.50 0.71 2.19 
- -- - +++ . +++ 0.22 
O 4 9 1 7 1 5  

0.00 0.63 0.80 1.65 0.29 1.73 . * + . * 0.15 
1 17 30 16 14 6 

0.25 1.15 1.14 0.67 1.72 0.89 

O 1 1 9 1 1 6  O 
0.00 1.68 0.78 1.04 1.67 0.00 

6 49 122 115 33 39 
0.35 0.76 1.07 1.11 0.93 1.34 
-- - * - * + 0.11 
3 9 4 5 2 0  

2.75 2.21 0.56 0.76 0.90 0.00 

. . . . . . 0.06 

* * - + * 0.06 

. . . . - 0.08 

--- +++ . -- 0.22 
o-  5 12 4 

0.00 0.78 1.36 1.09 
* * * 0.03 
4 8 8 7  

1.52 0.97 0.70 1.48 

4 15 17 6 
0.98 1.17 0.96 0.82 

* * 0.02 

* . * * 0.00 
5 3 1 0 8  

1.97 0.38 0.91 1.76 

1 6 1 0 5  
- * 0.05 

0.47 0.89 1.08 1.30 . . 0.01 
6 40 60 25 

0.47 , 1.00 1.09 1.09 
- * * 0.03 
1 11 17 7 

' 0.28 1.00 1.12 1.11 . . - 0.02 
13 12 34 25 

1.58 0.47 0.96 1.70 . --- * ++ 0.11 
7 3 2 6 1  

1.94 0.27 1.67 0.15 . -- +++ -- 0.14 
19 100 181 64 

0.53 0.90 1.18 1.01 -- . ++ . 0.09 
6 9 7 1  

2.67 1.28 0.72 0.25 

* * 0.02 
18 3 

1.03 0.84 
* 0.00 

23 4 
1.03 0.87 

* 0.00 
34 8 

0.98 1.12 

23 3 
1.07 0.68 

* 0.00 
21 1 

* 0.00 

1.15 0.27 

118 13 
- 0.02 

1.09 0.58 
+ - 0.03 
32 4 
1.07 0.65 
74 - 10 - 0.01 

1.06 0.70 
* * 0.01 

36 1 
1.17 0.16 
++ -- 0.05 
337 27 
1.12 0.44 

+++ --- 0.18 

0.79 2.04 
. 15 8 

--- * * * + + + 0 .2 1  + * * 0.07 + 0.05 - + 0.03 
25 O 1 O O 1 5  1 3  1 6  1 2 1 1 2  4 1 10 16 9 29 7 
1.46 0.00 0.73 0.00 0.00 0.53 1.37 0.63 1.70 0.59 0.94 1.06 1.07 0.57 1.39 0.28 0.91 1.05 1.43 0.97 1.14 
+ + -  . - . . . - 0 . 1 3  . . 6 . - 0 . 0 1  . . . o . o z  a 0 . 0 0  

12 1 I 2  3 o 3 1 o O 5 7 7 3 1  2 7 1 0 4  19 4 
1.10 0.42 1.14 0.87 3.51 0.00 1.29 0.99 0.00 0.00 1.23 0.97 1.07 1.34 0.54 0.89 1.00 1.03 0.99 10. 1.02 . . . . 0.06 s + . - 0.02 . 0.00 * * 0.00 
16 6 3 3 O 2 6 1 2  3 5 8 18 1 4  4 16 I S 4 28 11 

0.86 1.49 2.02 0.77 0.00 0.98 1.52 0.58 1.05 1.62 0.73 0.66 1.62 0.26 1.28 1.05 134 0.91 0.59 o m  1.66 . . . . . . . - 0 . 0 4  . . . + ~ 0 . 0 6  q 0 . 0 2  - 0 . 0 2  
28 8 1 14 I 7 11 11 O O 18 . 36 19 6 2 7 3 1  36 7 67 14 

- - * + - +++ - 0.18 - * ++ - * - 0.11 * * - 0.04 * - 0.00 
0.73 0.96 0.32 1.73 0.33 1.65 1.34 3.10 0.00 0.00 1.26 1.42 0.82 0.76 0.31 0.88 1.25 1.05 0.49 10. 1.02 

14 1 O 1 1  2 1 O 1 O 1 6 8 2 4  3 8 5 5  20 1 
1.40 046 0.00 0.48 1.28 1.82 0.47 0.00 0.97 0.00 0.27 0.91 1.33 0.98 2.38 1.46 1.25 0.56 1.36 1.15 0.28 

'I 



Appendix zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAContinued 

Tallsia microßhvlla zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU h  12 2 2 1 3  2 2 o o 
1.05 0.81 2.19 0.42 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3.36 1.59 0.82 0.00 0.00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA_ _  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

SAPIND. 

Topura copiulijera Baillm 
DICHAP. 

Tetragastris ponamensis (Engler) 
O. Kuntzc BURS. 

Theobroma subincanum M d u i  
STERCU. 

Thyrsadium guianonse zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASagat ex 
Marchand ANACAR. 

Towmito sp. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 
CLUSIA. 

T r y m a r m m s  oligondrvs 
(R Bnr)Lanjouw MORA 

Unonopsis mfiscens (Baillon) 
RE. Fries zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAANNON. 

Erola michelii Heckel 
MYRIST. 

Vouocopoua americona Aublet 
CAESAL 

Xylopia nirida Duna1 
ANNON. 

Zygia racemosa (Ducke) 
Bameby&Grimes CAESAL 

m . - 0 . 0 6  
19 2 1 1  1 3  2 1 o 

1.33 0.65 0.88 0.33 0.90 1.91 -0.66 0.76 0.00 

22 1 1 2 2 o o 1 ' 0  
1.59 0.33 0.91 0.69 1.86 0.00 0.00 0.79 0.00 
++ . . . . . - . . 0.11 

20 o o 2 3 3 2 1 1  
1.31 0.00 0.00 0.63 2.52 1.79 0.62 0.71 0.64 

4 4 2 1 0 1 1 0 0 0  

. . . . . . . . . o . o s  

. - . . . . . . . o . o g  

1.89 0.40 0.54 0.00 0.55 039 0.00 0.00 0.00 
+++ . -- . . -- . 

7 7 0 0 1 1 6 0 0  
0.67 3.09 0.00 0.00 1.22 0.87 2.70 0.00 0.00 

* + + *  * + * q O . 1 3  
17 1 1  1 O 4 1 2  O 

132 0.36 0.97 0.37 0.00 2.82 0.37 1.69 0.00 

77 3 2 6 1 4  4 2 O 
1.63 0.29 0.53 0.61 0.27 0.77 0.40 0.46 0.00 

+++ -- . . . . - . -- 
5 2 1 7 2 6 4 5 5 2 1  
1.16 1.76 0.56 0.64 1.14 1.01 0.53 0.48 0.22 . + . . . . . . . o . J O  

7 5 1 5 6 9 5 6 8 8 7  
1.13 1.05 1.14 0.65 0.97 0.82 0.57 1.31 1.03 

0.29 

. . . . . - 0 . 0 8  

0.27 

. . . . . . . 0 . 0 4  

2 3 4 1 3 0 0 5 3 1  
1.21 0.97 0.66 0.75 0.00 0.00 1.24 1.71 0.51 

24 3 O 4 2 O 1 O O 
1.48 0.86 0.00 1.18 1.58 0.00 0.29 0.00 0.00 

I . . . . a 0 . 0 6  

~ _ _ _ _  
21 3 2 6 1 0 6  o 2 10 9 3 o 

* * 0.05 . . . . 0.01 . . 0.00 

0 6 7 9 3 5  A 9 1 3 4  27 3 

0.00 0.47 1.33 1.31 1.29 0.00 0.85 0.82 0.99 1.43 ' 1.05 0.73 

. -  - -  
0.00 1.13 0.75 1.05 1.03 2.08 1.37 0.98 1.03 0.76 1.08 0.59 

* * * * 0.03 * * 0.00 * 0.01 

o 1 1 2 1 1 3  2 2 4 1 6 7  29 O 
0.00 0.20 132 1.33 1.07 0.86 0.71 0.45 1.31 1.38 1.20 0.00 

* - * * 0.06 * - 0.03 ++ -- 0.06 

2 2 5 10 6 7 4 12 13 3 30 2 ._ 

1.28 1.23 0.96 0.54 1.13 0.37 1.32 0.35 0.50 1.09 1.93 2.73 - - + 0.08 - * * 0.01 . 0.02 

O 2 9 26 A II 48 1 1 12 29 6 - .< . - _. . - 
0.21 0.87 1.40 0.70 1.18 0.12 0.00 0.23 0.59 1.86 0.84 2.04 

-- - +++ + 0.16 - * + * 0.05 ++ -- 0.07 
1 5 6 8 1 1  2 4 6 1 0  13 9 

* * * - * - 0.01 * * - ++ 0.06 -- ++ 0.04 

o 3 7 9 4 4  1 8 1 3 5  26 1 

0.93 0.59 0.65 2.60 0.71 2.40 0.96 1.29 0.87 1.27 0.47 0.57 

0.00 0.63 0.83 1.17 1.53 1.85 0.38 0.97 1.14 1.06 1.16 0.22 - * - * * * 0.03 * 0.01 + - 0.03 

o 8 3 4 3 9  9 9 3 27 43 26 90 9 
1-10 0.53 

76 18 
0.97 1.13 

112 27 
0.97 1.14 

* * * * 0.05 * * - . 0.00 . . 0.00 

2 6 1 4 1 6 0  2 1 11 15 13 28 12 
1.05 0.85 1.12 1.40 0.00 0.62 0.26 0.90 0.89 1.86 0.84 1.76 

* . * - * 0.06 * * + 0.05 - + 0.02 

Il 4 15 6 9 L 7 11 9 12 30 4 

0.00 0.46 1.10 1.38 0.94 1.13 0.31 0.89 1.03 1.50 -- -- . + . . 0.12 - . + 0.06 + - 0.03 
8 29 43 14 

0.87 1.01 1.09 0.85 

14 46 55 24 
1.03 1.08 0.94 0.99 

1 5 28 40 10 10 

* --- * ++ * 0.13 - * e 0.00 - * 0.00 
3 22 35 48 14 17 

0.46 0.90 0.80 1.21 1.04 1.53 

0.22 0.30 0.95 1.49 1.10 1.33 

- .. 
1.06 0.69 0.60 1.06 0.63 2.02 0.00 0.67 1.41 0.62 0.91 2.20 

* 0.11 * * * * * 0.06 * * - ++ 0.05 - 0.00 + + .  . . . * .  

Total number 

in the classes 
10045 2059 574 2139 3790 3457 1174 970 1182 3702 5103 2117 of individuals 5759 1247 460 1206 450 635 1223 531 593 

V 


