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1 General information on the partial project ''Vegetation"

1.1 Participating and cooperating institutions and persons

Germany

Universitdt Hamburg, Institut fiir Angewandte Botanik

Prof. Dr. Reinhard Lieberei Project leader

Dr. Helmut Preisinger Subproject leader (Scientific Consultant,
for Universitdt Hamburg)

Dipl.-Biol. Martina Skatulla PhD student (Thesis on "Regeneration in
secondary forests")

Mrs. Katja Richter Student (Examination work on "Aut-

ecology of Bellucia spp.")
in cooperation with:

d Universitdt Ulm, Abt. Spezielle Botanik
Prof. Dr. Gerhard Gottsberger (flowering biology)
Dr. Albert-Dieter Stevens (flowering biology)

Bundesanstalt fiir Forst- und Holzwirtschaft Hamburg
Dr. Oliver Diinisch (ecophysiology of trees)

Brazil

EMBRAPA Amazonia Ocidental, Manaus-AM
Dr. Luadir Gasparotto Project leader
MSc Madalena Otaviano Aguiar Grantee of CNPq (Plant anatomy)
MSc Ronaldo Ribeiro de Morais Grantee of CNPq (Plant anatomy, in
cooperation)

INPA - Instituto Nacional de Pesquisas da Amazonia, Manaus-AM
Herbério
Sr. Luiz F. Coélho Technician (identification of plant
species)



1.2 Timetable for the fields of activities carried out from September 1996 to August 2000

Years
Fields of activities
926 97 98 99 00
Studies on morpho-physiological traits e e ® o o
Comparative autecological Studies on the dynamics of leaf development e | (0O
studies of a selection of
frequently occurring plant Studies on anatomical traits of leaves P ° Py
species in the experimental sites (grantee of CNPq, M. O. Aguiar)
Analyses of vegetation in Distribution of nutritional elements in plant organs o o ®
fallow and agricultural
sites Synecological studies in Analyses of flora o
different stages of secondary
vegetation (includes the Structural analyses of vegetation [ ] ® ® o ®
spontaneous vegetation of the
SHIFT field trial Studies on sucession of secondary vegetation o ® ® o o
Studies on the regeneration of secondary vegetation P PY PY PY PY
(Dissertation of M. Skatulla which incorporates elements of syn- and autecological studies)
Comparative analysis of agricultural sites in the Central and Eastern Amazon L4
Multivariate analyses of the SHIFT field trial, focussed on the spontaneous vegetation and the indication of site ° PY PY PY PY
conditions
Species list with autecological traits ® ® o




2 Objectives, assumptions and concepts

The comparative vegetation-science approach to the project "Recultivation ..." (ENV 23/2) is a
continuation and amplification of the studies carried out from 1992 to 1996 for the predecessor
ENYV 23/1 project. These first studies on the spontaneous vegetation at the EMBRAPA/SHIFT
experimental site near Manaus-AM had shown that the species combination and structural traits
(e.g. cover, stratification and composition of growth forms) of vegetation stands are closely
linked to the pre-use and present management of the sites (see Preisinger et al. 1994), which
suggests that disturbance is one of the key factors in the variation of vegetation. The term is
used here in the sense of Grime (1979) and it is being defined as "mechanisms which limit the
plant biomass by causing its partial or total destruction".

Disturbance is an environmental factor in vegetation which can neither be measured nor
substituted by a factor closely related to disturbance and which would permit a measurement. It
was therefore decided to focus the follow-up studies on the indicator value of common species
and of vegetation types, mainly with regard to disturbance (i.e. slashing and burning, cutting,
trampling, hoeing).

I Central Europe, indicator value systems had been developed from the middle of the last
century (Ellenberg 1974, 1979; Landolt 1977; Ellenberg et al. 1991)in part based on laboratory
experiments (see Ellenberg 1953). Ellenbergs "indicator values" have been applied with success
in agriculture, landscape planning and nature conservancy, in particular for the indication of site
factors of the soil (e.g. water and nutritional state). Independently from this approach, in the
anglo-saxon countries concepts for the comprised description of the autecological behaviour of
frequently occurring flowering plant species had been developed ("life history theories", see
Grime 1979; Tilman 1982, 1988, 1990a, b). CSR theory (Grime 1979) assumes for higher plants
the existence of three main selection processes (= strategies: stress - disturbance - competition),
which lead to specific plant types with regard to physiological and morphological traits and to
specific life and growth-form types. The CSR system (Grime, Hodgson & Hunt 1988) is a life
history concept which includes the disturbance factor, and which has already proven its practical
validity for anthropogenic vegetation of temperate regions (see e.g. Preisinger 1991).

In the approach presented here it is assumed that the behaviour of vascular plants in the humid
tropics can also be explained in part with the help of CSR theory. However, the applicability of
the theory in practice depends largely on the information available on flora and vegetation. The
approach presented below had therefore to take into account that the information available on
flora and vegetation in the Amazon is very poor compared to Europe.

The starting point for the autecological studies is the classification of species in a growth form
system (see Preisinger et al. 1998, 1999 and Appendix, chapter 9.1) and morphological traits that
are thought likely to be closely linked to important ecological factors, such as types of pre-use or
of management (= extent and frequency of disturbance events), which are key factors in the
suitability of sites for agriculture. The conclusions are to be incorporated in an indicator value
system of practical applicability. Such a system would be useful for assessing the potential of
fallow land for agricultural recultivation. In this context, the vegetation subproject can be divided
into four partial objectives, each of which must first be accomplished in order to proceed to the
next stage:
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- Recording of important autecological traits of frequently occurring secondary forest
species and comparison with corresponding traits of useful plants which were planted in
the experimental site.

- Attempts to devise a functional description of successional stages of vegetation, growing
in the agricultural experimental plantation and in surrounding secondary and primary
forests.

- Development of an indicator value system of practical applicability, especially to indicate
types of pre-use, i.e. suitability for agricultural use.

- Analysis of the field experiment using multivariate analysis techniques and the indicator
system.

The approach required three main branches of activity: floristic, autecological and synecological
(see Table 2.1).

Recording of the flora is the basic precondition for the other approaches. Because very little is
known of the ecological behaviour of the vast majority of the approximately 1.200 species of
vascular plants occurring in the experimental site, it is necessary to accumulate a basic
knowledge of the autecology of selected secondary forest "sample species”. The species to be
studied in detail were selected by personal judgement, taking into account both the (assumed)
importance of the species in the successional sequence and the species”frequency and biomass
production. In a synecological approach, a sequence of vegetation types, ranging from
extensively used primary forest sites to agricultural land, is compared with regard to floristic
composition and structural traits (composition of growth-form types, propagation and
regeneration types, inter alia.

The approach for the analysis of regenerative mechanisms carried out in a sequence from
primary forest to fallow sites had been developed as a separate work (doctoral thesis),
incorporating a combination of all the three approaches mentioned above.



Table 2.1:
Overview of the main data sets built up in the vegetation subproject

1. Floristic data

Recording of all vascular plants in the habitats mentioned below, preferably on the species level
(approx. 1.200 species);

Classification of the most frequently occurring species with regard to growth form types and
regenerative behaviour (approx. 1.000 species classified).

2. Synecologlcal data

Habitats recorded: extensively used primary forest plots of 100 m? each (2.200 m? total), secondary
forest plots of 100 m? each of 8 years of age and more (10.000 m? total) and plots of 1.600 m? used for the
agricultural systems to be tested in the EMBRAPA/SHIFT experimental site (140.000 m? total); plots of
100 m? on farm land and fallow areas of smallholders near Manaus (total area of approx. 3.000 m?);
Structural traits recorded: stratification, distribution and dynamics of diameters of tree individuals (> 1
cm), total vegetation cover and cover of single growth form types [%)] in the plots of the experimental site;
biomass of all tree individuals (> 1 cm of diameter) in a 100 m? secondary forest plot;

Temporal sequences recorded: 1. in all plots of the experimental sites: vegetation cover before planting
of the useful plants in 1993, and after two, five and seven years (1995, 1998, 2000); 2. in the secondary
forest: all plots in 1994, 10 plots in 1996 and 1998; P

Seed rain and dynamics of seedling populations in primary forest, secondary forest and Capoeira plots.

3 Autecological data

Morphological and anatomical traits of individuals of 13 frequently occurring secondary forest plant
species of different plant families (sample species), as well as biomass and content of mineral nutrients of
the overground parts of plants;

Life history of leaf development of individuals of most of the sample species;

Phenology of frequently occurring species of flowering plants; characteristics of fruits and seeds.




3 Floristic and synecological studies
3.1 Overview

The vegetation types which were studied in the EMBRAPA/SHIFT experimental site represent
a combination of a spatial and a temporal sequence (cf. Table 2.1), and are the result of different
types of pre-use (= different intensities and frequencies of disturbance). The wegetation was
recorded in a quantitative form and its floristic and structural traits analysed Table 3.1
summarizes the floristic, taxonomic and structural traits of the vegetation types under study.

The number of species found in the 1.600 m? plots decreases drastically with the mtensity and
frequency of disturbance, from approximately 500 in the primary forest to 30 in the agricultural
plots. The different vegetation types are characterized by a specific range of plant families,
indicating that different taxonomic groups show a specific range of ecological behaviour. Hence,
some of the plant families present in a vegetation can be used as "key families” for the different
types of habitat. The structural and functional traits presented in Table 3.1 are restricted to
stratification, growth form types and types of reproduction and/or regeneration. In Table 3.1, the
different layers are named after the growth form type of which they are mainly composed. and
numbered from top to bottom.

The physiognomy of the Terra Firme primary forest studied is characterized by a canopy of tall
trees up to 40 m of height and an understorey layer of palm trees (Astrocaryum spp.,
Oenocarpus spp., inter alia, see chapter 9.3, Photo 1). Applying the Beard (1955) classification
system, the forest has to be classified as "tropical rain forest", but showing a tendency towards
an "evergreen seasonal forest". It is not possible to decide whether the forest type is similar to
the "open forest with palms" of Pires & Prance (1985), because of the concise description given
there. Klinge (1973) and Prance, Rodriguez & da Silva (1976) do not propose any classification.
In our first vegetation survey, carried out in 1994, the secondary forest had reached a height of
10 m (see chapter 9.3, Photo 2). It was dominated by low trees, e.g. Vismia guianensis, and
treelets, whereas Miconia (Melastomataceae) represented the largest number of species. These
characteristics are special to the site studied and cannot be generalized for other secondary
forests of the same age in the Central Amazon, because the course of succession greatly depends
on the initial site conditions soon after the disturbance event, which might be different elsewhere.
The spontaneous vegetation (see chapter 9.3, Photo 9) of the agricultural plots show a decline
in the proportion of tree species, compared to primary and secondary forest, but the proportion
of liana species remained +constant. There are also differences in the number of species and
structural traits between the different mixed cropping systems (not considered in Table 3.1).

The reproduction of woody plant species by seeds plays an important role in the primary and
secondary forest. In the primary forest, seed production is comparably low, the majority of the
seeds are large and the dispersors are mainly larger animals. Seed production in the secondary
forest is higher and the seeds are smaller than in the primary forest. In both the primary and the
secondary forest, the site conditions are favourable to seed germination, but poor light conditions
on the ground normally prevent the immediate growing of the seedlings. Seed production in the
Capoeira and in the secondary forest is similar, but the majority of the seedlings in the Capoeira
does not survive for more than one year. In the agricultural plots, the woody plants regenerate
vegetatively by roots and shoots, but do not reach the reproduction phase.



Table 3.1:
Charcteristics of a sequence of Terra Firme sites with different use histories in the Central Amazon (EMBRAPA/SHIFT experimental site near Manaus-AM); n = number of
species of vascular plants found in an area of 1.600 m?; see text for more details.

Vegetation type History of sites Floristic and taxonomic traits Some structural and functional characteristics of vegetation
Y g
n Key families' Stratification and growth form types of | Characteristics of
Dominant species spontaneous vegetation reproduction and regeneration
)] extensively used for timber 500 Sapotaceae, Chrysobalanaceae, | 1. Epiphytes Preferably reproduction by low
Primary forest extraction (mainly Minquartia Burseraceae, Lecithidaceae 2. Tall Trees quantities of large seeds; autochory,
Ty guianensis Aubl. = Acuaricuara) Astrogaryum spp. 3. Medium and Low Trees; Lianas and Spread- anemochory (large, winged seeds);
climbers | zoochory (bats, large specialized
4. Rosette Trees (palms) frugivorous birds, large mammals)
5. Regenerating Trees
6. Herbs
) Primary forest slashed and burned, 200 Melastomataceae, Moraceae, (Epiphytes) Preferably reproduction by higher
rubber trees planted and abandoned Rubiaceae, Bignoniaceae 1. Medium and Low Trees; Lianas quantities of small seeds; autochory,
8 year old :

2 years after Vismia guianensis agg. 2. Treelets anemochory, zoochory (unspecialised,
secondary forest Miconia spp. 3. Regenerating Trees frugivorous birds, bats, large mammals)
(in 1994) Bellucia spp. 4. Stolon Grasses and Herbs

as in (2), but sites left 30-60 Bignoniaceae, Rubiaceae 1. Low (Medium and Tall) Trees Regeneration and subsequent spreading
(€))

5 vear old slashed and unattended Vismia spp. 2. "Shrubs" and Lianas of woody plants by shoots and roots;
M N burned for a 3. Stolon Grasses reproduction by small seeds;
Capoeira second time anemochory, zoochory (unspecialised
) timber trees planted [ 30-60 SRR T Ee
Forestry system L rows
3 plantation 20-50 Poaceae, Bignoniaceae, 1. Stolon and Tussock Grasses, Regeneration of woody plants and

&) ¢ : g :
Mixed croopin: systems Rubiaceae herbaceous and woody Lianas, grasses by stolons, rhizomes, roots and

PpINg Pueraria phaseoloides, Herbs, regenerating Trees, by tillering; reproduction of herbs and
system Homolepis aturensis; locally "Shrubs" grasses by small seeds; anemochory,

; 2 dominace is reached by other zoochory (unspecialised frugivorous

(6) :ygi:ﬁg""“ 30-60 | species, e.. Clidemia hirta birds and bats)
Monoculture
system

Families which respresent the largest number of species in the vegetation types

"Real shrubs", marked by a basipetalic growth (see Raunkiaer 1934), obviously do not exist in the humid tropics. The growth form type "shrub" in the Table is characterized by a mesopetalic growth and a

low maximum height;
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The ability to regenerate vegetatively after slashing and/or burning is one of the most important
attributes governing the survival of the majority of woody plant species in a frequently disturbed
environment. Lianas, grasses and herbs, but only few tree species can invade such open sites,
spreading by stolons and rhizomes and reproducing by small seeds. In the experimental site, the
habitats "primary forest", "secondary forest" and "Capoeira" are situated in close proximity to
one another. Nevertheless, plant species do not often spread from one habitat to another and a
spreading of primary forest species into the Capoeira was seldom observed, propably because the
dispersors (e.g. large mammals and birds) avoid the open landscape (Howe 1990).

3.2 Experimental areas, sites and plots

The experimental sites for the vegetation project are part of the SHIFT experimental site,
situated in the experimental area of EMBRAPA, 28 km north of Manaus, Amazonas. Moreover,
additional sites for comparision were established on farmland of smallholders near Presidente
Figueiredo, situated 100 km north of Manaus (along the road AM-240), and near Rio Preto da
Eva, situated 130 km north-east of Manaus (road AM-10, km 130).

The sites mentioned were studied with regard to flora, vegetation”and site factors. The
EMBRAPA experimental area shows + uniform natural site conditions. The soil type througout
the area is "Yellow Latosol" or "Xanthic Ferralsol" within the FAO classification system. The
main differentiating "environmental complex'" between the sites selected for the vegetation
studies are different histories of use.

The studies on flora and vegetation are based on experimental plots which permit analyses of
flora and vegetation in a comparative approach. The size of the smallest plot in the primary and
secondary forest is 10 x 10 m?. This size had been choosen for practical requirements and not
because 100 m? is believed to be an adequate plot size for tropical forest vegetation: It is much
too small to represent either the primary or the secondary forest, in terms of floristic and
structural characteristics, but the size is still small enough to survey the area while carrying out
the field work. The size of the plots in the SHIFT field experiment is 48 x 32 m? = 1.536 m?,
which is the size of the agricultural plots. The overall study area in the primary forest is 1.600
m?, and 10.000 m? in the secondary forest. The study of larger forest areas would have been
desirable, but was not practicable because of the limitations of the project with regard to
personell and money. Note that within the CTFS Research Programs of the Smithonian
Institution, 50-ha-plots have been installed in various parts of he world for comparative studies
of tropical forests (cf. Hubbell et al. 1999, Condit et al 2000). However, in the present project,
the forest plots serve as references for the spontaneous vegetation in the agricultural plots of the
SHIFT field experiment. For that reason, the small plot size might be acceptable, even if the total
primary forest area of 1.600 m? analysed is equal to one of the 90 agricultural plots. In detail, the
following types of sites in the experimental area of EMBRAPA were surveyed (in brackets:
abbreviations for total numbers of plots and area sizes; see also Fig. 3.1):

Site 1: Primary forest (16 plots of 100 m? each = 1.600 m?)
The primary forest is being used by occasional cuttings of trees, in particular of

see Billings (1952) and Preisinger (1991)
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Acuaricuara (Minquartia guianensis). As a side effect, changes in the structure of litter
and the upper soil layer are taking place, especially by trampling along the paths.

Site 2: Secondary forest (100 plots of 100 m? each = 10.000 m?)

The primary forest was cut and burnt in 1982, and a rubber tree experimental plantation
had been installed (experiment: "Competicdo de clones ...I" of EMBRAPA), which was
abandoned soon after (approx. after 1'% years), because the fungus Microcyclus ulei had
damaged the plantation in a way that a continuation of the field trial was not possible.
Approximately 8 years after abandonment, our vegetation studies began (in 1994).

Site 3: Fallow (90 plots of 1.536 m? each = 138.240 m?)

The fallow area has the same site history than the scondary forest (site 2), but the 8 year
old secondary forest was cut and burnt again in autumn 1992. The first vegetation survey
was carried out 5 months after slashing and burning, in march 1993, just before the
installation of of the experimental polyculture plantation (site 4). Site 3 represents as well
the regeneration of the secondary vegetation as the invasion of short-lived, mainly
herbaceous plant species.

Site 4: Agricultural area of poly- and monoculture systems (80 plots of 1.536 m? each =
122.880 m?) “

The former fallow areas, converted into three different polyculture and four monoculture
plantation systems.

Site 5: Plots of the forestry system (5 plots of 1.536 m? each = 7.680 m?)

The forestry plots consist of several forestry tree species planted in rows. The rows were
kept free of secondary vegetation, but between the rows the vegetation could develop
without any disturbance.

Site 6: Remaining fallow plots (5 plots of 1.536 m? each = 7.680 m?)
Plots which were left unattended and where the wild vegetation could develop without
any disturbance.

The spontaneous vegetation growing in the plots of sites 4, 5 and 6 was surveyed after 2, 5 and
7 years of plantation management. Consequently, the six ecotopes represent a combination of
"real" and "false" temporal sequences.

The studies on secondary forest regeneration were also based on the plot sizes mentioned and
were carried out in the same experimental site, but with some modifications and supplementary
plots in the primary forest (methodology see chapter 5).
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total: 189.997 m?
of all plots: 138.240 m? [o14]
of a single plantation plot: 32 x 48 m?
of a single forest plot: 10 x 10 m?

Fig. 3.1:

Experimental plots of the vegetation project within the SHIFT experimental site at EMBRAPA Amazonia Ocidental, Manaus.
Site 1 = primary forest plots;
Site 2 = secondary forest plots; Site 2 biomass = additional secondary forest plot (plant biomass and structure of dominance),
Sites 3-6 = plots of the agricultural field experiment.

See text for further explanations.
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3.3 Floristic analyses of forest and agricultural sites
3.3.1 Methods

The analysis of flora, being the basis for the other synecological studies, was carried out in all the
experimental plots. The forest plots were analysed once in 1994, whereas the floristic surveys in
the plots of the field experiment were carried out three times (in 1993, 1995 and 1998). The
surveys resulted in presence-absence tables for the flora in the plots of the primary forest, the
secondary forest and the field experiment. Every species of vascular plants occurring in the plots
was identified (flowering plants, gnetophytes, ferns and fern allies), at which the herbarium of
INPA served as a collection of reference. The majority of the plant species (approx. 95 %) was
found only in a vegetative state (= without flowers and fruits) and had therefore be identified
mainly from the characteristics of the leaves, the position of leaves, type of bark etc. For that
reason, an identification on the species level was not possible for all the individuals found. As far
as the species were present in the "Checklist of the vascular plants of the Guayanas" (Bogan et
al. 1992), the nomenclature refers to that work. For species showing a distribution restricted to
the Central Amazon or being endemic, the nomenclature used in the herbarium of INPA was
adapted.

3.3.2 Plant collection and list of species

For every species collected and identified, one or more samples were kept in a "collection for
reference" in the EMBRAPA. This collection, which consists of more than 1.000 species found
in the ecotopes mentioned above, and preferably of unfertile material, is determined for the
comparison and identification of plant material which will be collected in future mainly in
secondary forests, fallow areas and agricultural land. The collected material is unique in the
Amazon (Coélho, pers. comm.) because it comprises vegetative, newly regenerated parts of
woody plant species after disturbance events like slashing and burning, and which are identified
as accurate as possible. It is as difficult as time consuming to identify such material, because its
characteristics are often quite different from those of the adult plant. The plant collection is the
first one which had been installed in EMBRAPA Amazonia Ocidental. It might be of use for the
agronomist who wants to compare and identify plants from fallow and agricultural areas.

For documentation and as a work of reference, at least one sample of every species was
photographed on negative films (see examples in the appendix, chapter 9.3).

The species list (see appendix, chapter 9.2) contains all the species found in the different
experimental sites near Manaus and, additionally, some species from Capoeiras of the Eastern
Amazon which were needed for comparisons (see Preisinger, Baar & Denich 1998).

3.3.3 Floristic comparisons between the habitats

The search for sustainable agricultural land use forms in the humid tropics includes the problem
of the regeneration of the natural forest vegetation after the abandonment of a site. For
prognoses on a future development of vegetation it is therefore interesting to compare the
floristic composition of the natural vegetation cover, i.e. the primary forest (= climax
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vegetation), with successional stages of vegetation which were caused by present or past
agricultural uses. This would require the observation of temporal vegetation changes in a certain
area, or "real" time sequences, caused by agricultural activities. Such data sets are very rare. The
present data permit a combined analysis of "real" and "false" temporal sequences (see above).
Another problem for an ecologically meaningfull floristic comparision of forest vegetation with
vegetation in agricultural land are the different spatial patterns formed by these vegetation types
(the "scale problem": see e.g. Palmer 1988, Wiegleb 1989, Condit 2000).

Species-area curves can be a help for the estimation of the number of species to be expected in
an area being homogenous with regard to all site factors (cf. Palmgren 1922). They can also be
used to compare several areas in one graph. The species-area curces and the jackknife estimators
for the areas analysed in the primary forest (site 1), the secondary forest (site 2) and the
spontaneous vegetation in the field experiment (sites 3-5) were calculated using the program PC-
Ord (McCune & Mefford 1997). The jackknife estimators (Burnham & Overton 1979, Heltshe
& Forrester 1983, Palmer 1990, 1991) permit the extrapolation of the number of species found
in an area by subsampling with smaller sample units. The number of observed species in a
subsample will typically be smaller than the true number of species.

As expected, the species richness decreases from primary via secondary forest to the agricultural
area (Fig. 3.2). For the smallest sample size which can be compared directly ("level of
comparison”" = 1.600 m?), the observed numbers of species are 490, 193, 34, 22 and 21 in the
ecotopes mentioned, while the number of species observed in the largest areas surveyed are 490,
409, 300, 251 and 209. Moreover, the graph shows that slashing and burning of the secondary
forest in 1993 lead to a drastic loss of species and that after two years of plantation management
(from 1993 to 1995) another loss of species had took place. However, in 1998 the number of
species increased again. Subsequent structural analyses of vegetation will show that this indicates
a shift in species composition from forest species, which are mainly woody, to disturbance-
tolerant, mostly herbaceous plants.

The jackknife estimator reveals approx. 800 species for the primary forest, which might be
roughly underestimated, because the area surrveyed is much too small for a reliable calculation.
From our own practical experience it might be estimated that 1.200 species for a large,
homogeneous area are more realistic. This would be in accordance with data from Klinge (1973),
who recorded a similar number of species in adjacent areas. The relatively high estimates of
number of species in the secondary forest indicate that the secondary forest, which regenerated
after the first slashing, burning and planting of rubber trees, has still the potentiallity for a
successive development back to a mature rain forest.

The ecological implications which can be drawn from the comparison of number of species in
different habitats is limited, if only little is known on the taxonomic and ecological characteristics
of the species present in a site. There is very few knowledge available on ecological
characteristics of most of the Amazonian species. One of the aim of the vegetation project was
to improve this knowledge, focussed on the plant species of the secondary forest (see below,
chapter 4). Much of the efforts in plant science carried out in the humid tropics concentrated -
and still concentrates - on plant taxonomy. Taxonomic characters may be inadequate for the

The concept of species-area curves was discussed critically in the past. It is not possible to review the
fundamental difficulties here.
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description of ecological variation, as well on the species as on other levels of the taxonomic
hierarchy, because "the criteria used by the taxonomist for the delineation of taxa are chosen
deliberately from the conservative and stable features of morphology that are not subject to
genetic variation, polymorphism or phenotyc change" (Harper 1982). However, in practice plant
species remain the only readily recognizable entity in the field (Grime 1985), and even plant
families, being taxonomically +well defined groups of species, contain also ecological
information. The problem with all taxonomic categories is that the range of ecological behaviour
(= ecological amplitudes) is subject to a large variation within different groups on the same
taxonomic level. On the family level, two examples might illustrate the different possibilities of
behaviour: Chenopodiaceae comprises mainly short-lived herbs (R-strategists in accordance with
Grime 1979), whereas Euphorbiaceae comprises the whole range of life- and growth-forms, or
strategy types respectively, ranging from short-lived herbs to large trees.

From the preceding it can be stated that spectra of plant families might be useful for the
characterization of certain vegetation types, but an ecological interpretation is only possible in a
very general form. Each of the three habitats under study (primary forest, secondary forest and
experimental plantation) show a specific spectrum of families (Table 3.2). There are families
characteristic for either the primary forest, the secondary forest or the plantation, and others
which do not show a preference for one of the habitats (see families set off in Table 3.2).
Melastomataceae occurs with many species in the secondary forest plot, preferably with shrubs,
treelets, small and medium-sized trees (cf. growth-form system, chapter 9.1). However, this is
not a general feature of Central Amazonian secondary forests, but a characteristic of that specific
plot. The reasons must be sought in its use history and the surrounding sites, but nothing can be
said about the mechanisms responsible for this striking trait. Bignoniaceae occurs in all of the
three habitats mainly with woody lianas, Moraceae with treelets and a large diversity of trees,
and Rubiaceae with herbs, herbaceous lianas, shrubs and trees.
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Table 3.2:

Spectra of the plant families with the most species occurring in the sample areas of the primary
forest, the secondary forest and the experimental plantation in 1995. Set off: families within the
displayed selection which occur in all of the three habitats.

Primary forest Secondary forest lantation
total no. of species 490 409 182
total no. of families 72 72 44
area surveyed [m?] 1.600 7.700 140.000
1 Sapotaceae (30) 1 Melastomataceae (33) 1 Poaceae (7)
2 Chrysobalanaceae (28) 2 Moraceae (26) 2 Bignoniaceae (7)
3 Burseraceae (26) 3 Rubiaceae (24) 3 Rubiaceae (6)
Order of the 12 . 4 Annonaceae (21) 4 Bignoniaceae (23) 4 Melastomataceae (5)
plant families with |l 5 Rybiaceae (20) 5 Fabaceae (17) 5 Fabaceae (5)
the most species 6 Caesalpiniaceae (20) 6 Sapindaceae (15) 6 Mimosaceae (5)
(in brackets: 7 Mimosaceae (19) 7 Burseraceae (12) 7 Malpighiaceae (4)
. 8 Moraceae (19) 8 Annonaceae (12) 8 Moraceae (4)
nomber of specles) 9 Lauraceae (16) 9 Arecaceae (12) 9 Asteraceae (4)
10 Araceae (16) 10 Flacourtiaceae (11) 10 Euphorbiaceae (4)
11 Bignoniaceae (14) 11 Menispermaceae (9) 11 Verbenaceae (3)
12 Meliaceae (12) 12 Euphorbiaceae (8) 12 Solanaceae (3)
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3.4 Structural analysis of vegetation
3.4.1 Definitions

"Structure" in vegetation science can be defined as the organisation of the plant individuals in
space which compose a site’. This general definition is close to the one given by Dansereau
(1957)*. The term "vegetation structure" can be seen as complementary to "floristic composition"
and comprises the arangement of morphological elements of plant individuals in a stand®. This
includes growth-form, stratification and vegetation cover and also "functional groups" or
"strategy types" in accordance with Grime 1979 (cf. Preisinger 1991). Within the present
comparative vegetation studies, structural analyses are part of the search for morpho-
physiological traits and functional groups in the different successional stages of the Central
Amazonian vegetation. "Morpho-physiological traits" are morphological characteristics of plants
and groups of plants which play a key role for their ecological behaviour in different
environments (see also chapter 4).

3.4.2 Methods

The 10 x 10 m forest plots were surveyed once in 1994. All the tree*individuals with stem
diameters > 1 cm had been listed, the diameters measured (in 30 cm in height above ground),
sampled and identified. The plant individuals with diameters < 1 cm were sampled, identified and
the species listed as presence-absence data per plot.

The vegetation in the 90 plots of the experiment had been surveyed three times (6 months after
slashing and burning in 1993, 1995 and 1998, wth an additional survey of growth-form
composition in 2000). We found it necessary to analyse the whole range of vegetation occurring
in all the plots of the experimental area of 14 ha. It was therefore necessary to develop a
methodology which permitted to carry out the vegetation survey in this large area with an
acceptable effort in labor and time on the one hand and to accumulate ecologically meaningful,
quantitative data on the other. The solution was to work out and combine two different data
sets, the first being presence-absence data of flora for all the plots and the second quantitative
data of cover of the growth-form types. For the survey of the cover of growth-form types in the
agricultural plots, a simplified version of the growth-form system (chapter 9.1) was used,
consisting of 7 types: T = trees and treelets, SH = shrubs, WT/WH = woody and herbaceous
lianas, GR/GT = rhizomatous and tussock grasses, GS = stolon grasses, UT = herbs and forbs.

The term "site" is understood here in the (abstract) meaning of the German word "Standort", which is
defined as "the totality of all site factors which effect the plant cover in a certain locality" (Riibel

1930), cf. also Billings (1952), Miiller-Dombois & Ellenberg(1967) and Wiegleb (1986).

"Structure is the organization in space of the individuals composing a vegetation type or association"
(Dansereau 1957).

"stand" is a real locality in the landscape where an assemblage of plant individuals is growing.



19

3.4.3 Comparative analysis of the growth-form composition in three different habitats

The analysis of growth-form composition and strata in the primary forest plot, the secondary
forest plot and the experimental plantation is based on the same data sets than the floristic
analysis (chapter 3.3). In this approach, the number of species belonging to the 16 growth-form
types had been calculated for the three habitats, separately for three strata (epiphyte layer, tree
layer and shrub/herb layer). The shrub/herb layer covers the woody plant individuals with stem
diameter < 1 cm and herbaceous species, whereas the tree layer covers the plants with stem
diameters > 1 cm. The growth-form spectra in the three strata of the three habitats, which
represent a sequence with an increasing effect of past disturbance events, are presented as
grouped bar charts (Fig. 3.3).

The sequence reveals in which way the different growth-form types respond to an increasing
intensity and frequency of disturbance. The number of tree species (TT, MT, LT) declines
drastically even after the first slashing and burning, but the relatively high numbers of tree species
still found as saplings and young plants in that stage of the secondary forest,i.e. in the shrub/herb
layer, indicates that a succession towards the mature forest would be possible at long date,
provided that there will be an undisturbed development in future. Though the treelets (ST) do
not play an outstanding role in non of the habitats in terms of absolute number of species, it is
obvious that the number of species for that growth-form type redches its maximum in the
secondary forest. However, in terms of biomass and number of individuals, treelets are often
dominant in secondary forests (see following chapter). It is not surprising that the dicotyledonous
herbs (UH), the grasses (GS, GT) and the shrubs (SH) gain more importance in the plantation
than in the other habitats, because the majority of the species belonging to this group are mostly
invasive plants of cultivated areas, often with a wide, pantropic or even cosmopolitan distribution
(e.g. Pteridium aquilinum?®).

The most interesting group within the compared habitats are the woody lianas (WT), because
their number of species does not change much in the sequence of habitats in comparison to the
other groups. They obviously show a very flexible response even to severe and frequently
occurring disturbances. Nevertheless, the group of "woody lianas" comprises species of a wide
range of ecological behaviour and it might therefore be argued that the species composition
within the group is different in the three habitats. This is partially true, but the floristic analysis
also reveals that there are many species belonging to the woody lianas which occur as well in the
disturbed primary forest as in the secondary forest and in the plantation (examples: Machaerium
hoehnearum - Fabaceae; Memora adenophora, M. flaviflora, M. moringifolia - Bignoniaceae).

For the complete plant names with authors see species list (chapter 9.2).
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3.4.4 The secondary forest plot of reference

Methods

The secondary forest plot of reference is an 8 year old secondary forest plot of 1 ha (cf. chapter
3.2). Gradients in the floristic composition of the site were analysed, applying (centred) Principal
Component Analysis (PCA), on a presence-absence data set (= floristic composition in the tree
and herb layer separately for each of the plots). The program used was CANOCO 4.0 win (ter
Braak & Smilauer 1998). In an additional plot of 10x10 m, lying apart from the others, the plant
biomass was measured, separate for all the individuals with stem diameters > 1cm.

Spatial patterns and gradients

The vegetation survey carried out in 1994 revealed a total number of 409 species in the study
area. The tree layer was dominated by Vismia guianensis, and this species was also the most
frequently occurring tree species in the experimental site. The most frequently occurring species
in the tree and the shrub/herb layer of the plots reveal that the floristic composition in the strata
are quite different (Table 3.3). The growth-form spectra of the herb and the tree layer are similar
(Fig. 3.3). Only the growth-form types with herbaceous species ("WH" to "UH" in the graph) are
absent in the tree layer or represented by only few species. The one sp€cies of “Tussock Grasses"
(GT) occurring in the tree layer is a giant sedge (Diplasium karataefolium, Cyperaceae) of 2,50
m in height.

The fact that the most frequently occurring species in the two layers are quite different, whereas
their growth-form compositions show similarities, requires a closer look at the floristic
similarities of the 10 x 10 m plots, divided into "tree" and "herb layer". Fig. 3.4 shows an
ordination model (PCA) of the presence-absence data set of the experimental site. The data set
consists of 74 plots and 409 species, and each plot is divided into "shrub/herb" and "tree layer",
resulting in a matrix of 148 x 409 fields. The site scores of the ordination model show two main
abstract gradients:

- Two distinct groups of samples in the model, displayed along the first ordination axis,
one of the herb and one of the tree layer. This confirms that the floristic composition of
the two layers differ significantly from each other.

- A gradient along the second ordination axis, showing a floristic continuum, observed
both in the herb and the tree layer.

The species mainly responsible for the variation in the data set are shown in the plot of the
species scores. There are tree species which occur only as saplings and young plants in the herb
layer (e.g. GUA GUI = Guatteria guianensis), species which dominate the tree layer of nearly all
plots (e.g. VIS GUI = Vismia guianensis), species which occur in the "upper" extreme of the
gradient in the tree layer (e.g. AMP SUR = Amphirrhox surinamensis) and species which occur
mainly in the "lower" extreme of the gradient (e.g. VOC VIS = Vochysia vismaefolia). The
abstract floristic gradient along the second ordination axis has its causes in the spatial patterns of
the 409 species in the plots of the study area. Examples for such patterns can be seen in the
contour diagrams (Fig. 3.5 and 3.6):

1. The number of species in the tree layer of the plots varies between 14 and 35 (Fig. 3.5,
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above). The spatial patterns of "number of species" and "Bellucia dichotoma" are linked
so that were B. dichotoma (Fig. 3.5, below) is present with large trees, the number of
species is low. This can be explained by the large, dark leaves which shade the
understorey and the litter which prevents other species from coming up (Richter 1999;
see also chapter 9.3, Photo 6).

2. Two of the most frequently occurring species in the experimental site, Miconia
tomentosa and Goupia glabra, show independent patterns that cannot be explained from
the data sets available.

There are obviously no environmental gradients or bounderies in the experimental site, e.g. of
soil qualitities. The floristic gradients and spatial patterns must therefore be interpreted as the
result of the history of the sites (= use history, mainly former disturbance events), plant
distributions by chance and the result of interactions and interspecific competition of the species.
The analysed data set represents a moment in the progressive secondary succession of the
tropical secondary forest. Comparative studies of different sites combined with long-term studies
would be the only reliable way to accumulate knowledge on the paths of succession, the
coordinated variance of the species and the autecological behaviour of single species in the
successional sequence. Nevertheless, the analysis of the strata for all plots of the sites permits
views into the past and the near future of the vegetation under study. Examples: In the tree layer,
Miconia tomentosa spreads by seeds which were mainly imported by birds, whereas Goupia
glabra is a remain of the primary forest which survived the slashing and burning as roots and
stumps and regenerated vegetatively afterwards. In the herb layer, the gras Homolepis aturensis
invaded the site after slashing and burning, whereas the tree species Guatteria guianensis and the
palm tree Oenocarpus bacaba are part of future stages of succession. The distinct species
composition in the two strata leads to the conclusion that succession might not necessarily
proceed step by step and continuously, but discontinuously, i.e. with periods of stagnation and
rapid progression.

Structure of dominance

The "structure of dominance" is an important ecological parameter in animal and plant
communities (cf. Renkonen 1938, Haeupler 1982, Preisinger 1991). It comprises the number of
the participating entities (e.g. morphological elements, species) and their quantities (e.g. number
of individuals, cover, biomass), which can be represented as bar charts with descending
quantities. For vegetation analyses, the most reliable parameter for the quantities of the
individuals and species growing in a stand is the plant biomass. However, biomass can only be
analysed in small areas because of the heavy investment of time, labour and cost.

The plant biomass was measured in a plot of 10 x 10 m, separate for all the individuals with stem
diameters > 1 cm. The plot can serve here as an example for the structure of dominance in the
predominating stage of succession in the experimental site. However, it cannot be representative
for the whole secondary forest, which forms irregular patterns (cf. Figs. 3.5 and 3.6). The
analysed plot is dominated by Bellucia grossularioides, in terms of biomass and number of
individuals (Fig. 3.7), and the medium sized trees are therefore the dominating growth-form type
in the plot. Low trees are represented by few species (Vismia cayennensis, V. guianensis,
Amphirrox surinamensis), but with a high biomass.The treelets (Cecropia concolor, Miconia
gratissima) are underrepresented compared to the majority of the other plots. Lianas and shrubs
represent the majority of the species, but play a minor role in terms of biomass.
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Table 3.3:
Most frequently occurring plant species in the shrub/herb layer (above) and the tree layer (below)
of the secondary forest plot of reference.

freq. = frequency

Species Family Growth- | freq.
(shrub/herb layer) form type | [%]
Homolepis aturensis (Kunth) Chase Poaceae GS 84,4
Oenocarpus bacaba Mart. Arecaceae RT 76,6
Irlbachia alata (Aubl.) Maas Gentianaceae UH 54,5
Clidemia hirta (L.) D. Don Melastomataceae SH 48,1
Guatteria guianensis (Aubl.) R.E. Fries Annonaceae MT 48,1
Psychotria adderleyi Steyerm. Rubiaceae SH 48,1
Passiflora auriculata Kunth Passifloraceae WT 45,5
Miconia tomentosa (Rich.) D. Don ex DC. Melastomataceae ST 40,3
Heliconia acuminata L.C. Rich. Heliconiaceae BF 36,4
Pleurostachys pauciflora Steud. Cyperaceae GT 36,4
Amphirrhox surinamensis Eichl. Violaceae LT 32,5
Miconia alata (Aubl.) DC. Melastomataceae ST 32,5
Miconia pyrifolia Naud. Melastomataceae LT 299
Bellucia grossularioides (L.) Triana Melastomataceae LT 273
Leandra micropetala (Naud.) Cogn. Melastomataceae SH 26,0
Mendoncia sprucei Lindau Mendonciaceae WT 24,7
Piper spp. Piperaceae SH 234
Vochysia vismaefolia Spruce ex Warm. Vochysiaceae MT 23,4
Virola theiodora (Benth.) Warb. Mpyristicaceae TT 22.1
Bocageopsis multiflora (Mart.) R E. Fries Annonaceae MT 20,8
Miconia astrophocama Donn. Smith Melastomataceae ST 20,8
Psychotria iodotricha Muell. Arg Rubiaceae SH 20,8
Andropogon leucostachyus Kunth Poaceae GT 18,2
Clidemia novemnervia (DC.) Triana Melastomataceae SH 18,2
Species Family Growth- | Freq.
(tree layer) form type | [%)]
Vismia guianensis (Aubl.) Choisy Clusiaceae LT 98,7
Miconia pyrifolia Naud. Melastomataceae LT 93.5
Bellucia grossularioides (L.) Triana Melastomataceae T 92,2
Hevea brasiliensis (Adr.Juss.) Muell. Arg. Euphorbiaceae TT 844
Miconia tomentosa (Rich.) D. Don ex DC. Melastomataceae ST 74,0
Doliocarpus dentatus (Aubl.) Standl. Dilleniaceae WT 54,5
Passiflora auriculata Kunth Passifloraceae WT 54,5
Bocageopsis multiflora (Mart.) R.E. Fries Annonaceae MT 53,2
Memora adenophora Sandw. Bignoniaceae WT 53,2
Amphirrhox surinamensis Eichl. Violaceae LT 49.4
Goupia glabra Aubl. Celastraceae TT 49.4
Clidemia hirta (L.) D. Don Melastomataceae SH 442
Miconia alata (Aubl.) DC. Melastomataceae ST 442
Adenocalymna subincanum Huber Bignoniaceae WT 40,3
Palicourea grandifolia (Willd. ex R.&S.) Standl Rubiaceae MT 40,3
Miconia dispar Benth. Melastomataceae ST 39,0
Memora longilinea A. Samp Bignoniaceae wT 37.7
Miconia phanerostila Pilger Melastomataceae ST 37,1
Pogonophora schomburgkiana Miers. ex Benth. Euphorbiaceae TT 37,7
Bellucia dichotoma Cogn. Melastomataceae LT 36.4
Machaerium madeirense Pittier Fabaceae WT 36,4
Vismia cayennensis (Jacq.) Pers. Clusiaceae LT 36,4
Humirianthera rupestris Ducke Icacinaceae WT 33,8
Ryania speciosa Vahl Flacourtiaceae LT 33,8
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Fig. 3.5:

Spatial patterns in the secondary forest plot of reference, displayed as contour diagrams.
Above: pattern of species richness (contours: number of species);
Below: occurrance of Bellucia dichotoma (contours: sums of trunk diameters [cm]).
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Fig. 3.6:

Spatial patterns in the secondary forest plot of reference, displayed as contour diagrams.
Above: occurrance of Miconia tomentosa (contours: sums of trunk diameters [cm]);
Below: occurrance of Goupia glabra (contours: sums of trunk diameters [cm]).
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Fig. 3.7:

Structure of dominance in a 10x10 m plot of an eight year old secondary forest in the
experimental site (cf. Fig. 3.1): Plant biomass (fresh weight) of the individuals of the 20 most
dominant species, classified with regard to their growth-form types, and arranged with
decreasing biomass of the individuals and decreasing number of individuals.

Abbreviations for species:

Bell gross = Bellucia grossularioides, Pipe spp. = Piper spp., Cecr conc = Cecropia concolor, Lant cama = Lantana
camara, Vism guia = Vismia guianensis, Memo aden = Memora adenophora, Amph suri = Amphirrhox surinamensis,
Laet proc = Laetia procera, Davi kunt = Davilla kunthii, Clid hirt = Clidemia hirta, Mico grat = Miconia gratissima

Mach hoeh = Machaerium hoehnearum, Pipe adun = Piper aduncum, Vism caye = Vismia cayennensis, Davi spp. =

Davilla spp., Memo fl'flo = Memora flaviflora, Doli dent = Doliocarpus dentatus, Pass cocc = Passiflora coccinea, Smil
pseu = Smilax pseudosyphilitica, Astr acau = Astrocaryum acaule.
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3.4.5 Spatial and temporal change of vegetation in the SHIFT experiment

Introduction

The role of the spontaneous vegetation in a plantation of perennial useful plants in the humid
tropics is as well discussed controversely among scientists, as there is also no common practise
among farmers how to manage the spontaneous vegetation. Many smallholders in the Central
Amazon control the wild vegetation rigidly, especially in the vicinity of their houses. This
practice leads to bare soil between the useful plants and often, as a consequence, to soil erosion.
Others leave a dense vegetation cover standing between the crops. This is not necessarily a
question of different philosophies, but primarily of available manpower and of the plantation size.
However, two contradictory views on the role of the spontaneous vegetation in a plantation of
perennial useful plants in the humid tropics can be formulated:

1. The spontaneous vegetation means primarily competition to the useful plants. It is
therefore necessary to control the wild plants and/or introduce a herbaceous cover crop,
preferably a legume.

2. The spontaneous vegetation is an integral part of the agro-ecosystem and serves

* primarily to ensure a sustainable use of agricultural sites. A plantation management has
to be carried out which permits a spontaneous vegetation as divérse as possible in the
agro-ecosystem.

The first is often an agronomist's, the second a biologist's view. In practice, it has to be
compromised between the two contradictory views.

The type of management carried out in the experimental plantation was directed to protect the
useful plants from the competition of the spontaneous vegetation, and a cover crop (Pueraria
phaseoloides) had been established, i.e. the plantation management followed "view 1". However,
the spontaneous vegetation in the plots of the experiment developped differently, with regard to
floristic and structural characteristics (like cover and growth-form composition). This is because
of different ecological conditions in the 90 plots, caused by the experimental varients (5 blocks,
5 plantation systems and the 2 fertilization levels) and by other site factors (e.g. site history,
differences in chemical soil qualities, inclination of the plots).

The vegetation data collected enables us to analyse the spatial and temporal change of the
vegetation, together with biometric and harvest data of the useful plants. This permits the
development of hypotheses on the factors controlling the spontaneous vegetation and on the role
of the different types of spontaneous vegetation on the development of the useful plants.

In the following text, the term "vegetation" means the spontaneous vegetation of wild plant
species growing between and under the useful plants, the latter being trees only. "Vegetation"
includes the cover crop Kudzu (Pueraria phaseoloides), which was formerly introduced, but
then grew spontaneously together with the other wild plant species.

Fourteen species of mainly perennial useful plants were planted in the experimental field. Four
different mixed cultivation systems (systems 1-4, see Table 2) and four conventional
monocultures (systems 6-9) were to be compared in the field trial. System 5 is land which was
prepared in the same way as the other systems and then left to follow its own course. Perennials,
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short-term crops for planting between the rows and cover plants are being used in the systems.
The choice of crops was based largely on current marketing prospects.

System 1 is a comparatively intensive cultivation system with little space left between the rows.
More space was left between rows in systems 2 and 3, which can be used for growing short-term
crops in the first year. In practice, this would help farmers survive the first years after
establishment of the plantation, during which the longer-lived species are not generating any
income. System 4 is the most "extensive" of the test systems. The species planted produce
timber. Secondary vegetation is tolerated between the trees. In systems 1-3 and in monocultures
6-8, on the other hand, a cover plant (Pueraria phaseoloides) was sown. The nine plantation
systems described were established in different fertilization variants which include zero fertilizer,
30 % and 100 % of the recommended dose for the respective species. The plantation
management followed mainly conventional practices of EMBRAPA. The vegetation around the
trunks and the tendrils of Pueraria climbing on the trees were regularily removed, and from time
to time the whole vegetation cover in the plots was cut using a machete. The intervals between
the measures largely depend on the season (approx. every 2 to 3 months).

In this chapter, the following parameters of vegetation and useful plants will be analysed:

Flora -

- Recording of all the vascular plants in the 90 plot of the experiment (presence-absence
data set);

- Number of species in the plots (species diversity);

Structural traits of vegetation
- Cover of the 7 growth-form types in the 90 plots (quantitative data set).
- Total cover of the vegetation in the plots [%];

Substitutes for environmental variables

- Plantation systems (systems no. 1-9), which are the summarized effects of the planted
trees to the vegetation;

- Position of the plots in one of the 5 experimental blocks;

- Nearest distance of the plots to the forest margin;

- Maximum inclination of the plots.

Biometric and harvest data of the useful plants
- Tree heights, trunk diameters and weight of fruits of Theobroma grandiflorum
(Cupuagu).

The parameters presented above permit a large number of analyses and comparisions. In this
report, we present

- a comparision between the number of species per plot in the 5 blocks and the 9 plantation
systems in 1998,

- the temporal change of the overall growth-form composition in the plantation from 1993
to 2000,

- the spatial and temporal change of flora and growth-form types in the plots of the
polyculture systems, and
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- an analysis of the complex interactions between one of the useful plants (Cupuagu
(Theobroma grandiflorum, Sterculiaceae), the vegetation and key environmental factors
in the polyculture plantation systems 1, 2, 3 and the monoculture system 7 with the help
of a multivarite analysis.

Variation of species richness

The number of species in the experimental plots varies roughly between 10 and 50 (survey in
1998). Quantitative data on the structure of dominance in the experimental plots (e.g. expressed
as Evenness [%], see Haeupler 1980, 1982) are not available because it was not possible to
estimate the cover of the single plant species in the plots (see methodology). We found only few
among the 196 species in the experimental plots capable to form single-species stands or to reach
dominance under the site conditions of frequently occurring disturbances. Examples:

Pueraria phaseoloides, Fabaceae (sown out as a cover crop)
Clidemia hirta, C. rubra, Melastomataceae

Rolandra fruticosa, Rubiaceae

Borreria verticillata, Rubiaceae

Homolepis aturensis, Poaceae (and some other grasses)

The spatial variation of the number of species in the plots shows differences with regard to the
mean values in the blocks, indicating differences in the site conditions along the elongated shape
of the experimental site (Fig. 3.8, above). The causes have to be sought in differences in the pre-
use of the sites. The differences in the number of species with regard to the plantation systems is
more obvious, because the different combinations of useful plant species in the plots are strongly
responsible for the site conditions of the vegetation (Fig. 3.8, below). The forestry system (S4),
being the most extensive of the plantation systems, is the one with the highest species diversity
(median value) in the experiment. It is the only system where a low frequency of disturbance
permits many secondary forest and some primary forest species to regenerate. The plantation
system with the lowest number of species is the peach palm system (S8). There is little space left
between the useful plants and the ground is shaded, which leads to a sparse cover of vegetation
of mainly herbaceous plants. The number of species in the polyculture systems S1, S2 and S3 is
higher than in the peach palm system, and there are no significant differences between them.
Rubber tree, Cupuagu and orange tree monoculture systems permit considerably more wild plant
species to grow because more space was left between the trees than in the polyculture systems
and the management intensity - or the intensity of disturbance for the wild plants, respectively -
is lower than in the polyculture systems.

The fallow plots (S5) were slashed and burned in the same way than all the other plots, but then
left unattended. The vegetation could therefore follow its own course without any intermediate
disturbance. The results show that the number of species in the fallow plots is lower than in the
(extensive) forestry system S4.
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Fig. 3.8:
Variation of species richness in the experimental plantation (1998).

Above: Spatial variation with regard to experimental blocks (cf. Fig. 3.1);
Below: Variation with regard to the different plantation systems.
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Temporal change of growth-form composition

The survey of the growth-form composition in the plantation had been carried out four times
within 7 years, that is from 1993, the moment of installation (= 6 months after slashing and
burning), to 2000. The results show significant temporal changes which can be interpreted as
follows (Fig. 3.9):

In the moment of planting of the useful plants in 1993, the 7 growth-form types were + evenly
distributed with regard to their cover values. It is important to note that the recovery of the tree
layer went on rapidly, rea