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ABSTRACT

The phenology of flowering, fruiting and vegetative states
of trees were surveyed through 36 consecutive monthly
observations of 1508 trees of 137 species of 15 families
from the Jari river basin, lower Amazon, Brazil. The
communities studied comprised eight distinct forest sites
that included seven upland and one seasonally flooded
forest site, located within one degree of latitude and
longitude. In order to investigate the effect of soil on
tree phenology a survey was carried out on the soils
occurring under the eight forest sites studied.
Phenological results obtained were analysed at individual,
population and community levels. Results are firstly
presented at species (populétion) level arranged by plant
family. Then community phenology is considered by summing
the phenological events of all individuals in each
particular forest. The forests of Jari showed very clear
seasonal patterns of leaf shedding as well as of flowering
and fruiting. No significant distinction was found between
flowering and fruiting phenologies between the eight
forests studied within a particular time. The influence of
the environmental factors upon phenology is evaluated by
comparing the median fruiting phenologies of different
populatioﬁs of the same species which differ (if at all)
only in 1location parameter. Environmental variables tested
in Chapter 6 did notAaffect tree phenology on a community
basis. However, tree phenoiogy of the Jari micro—region was

strongly correlated with rainfall. To 1investigate the



influence of the genetic (internal) factors to phenology
the synchrony in flowering and fruiting time was calculated
for 10 species of very restricted distribution. No perfect
synchrony was found, neither between an individual and its
conspecifics nor between all individuals of a population.
Only some 20 per cent of the Jari trees flowered even at
the peak of flowering activity. Six general models are
proposed to describe the most common patterns of flowering
and fruiting phenology encountered, subdivided into cyclic
{or seasonal) and acyclic (or aseasonal). The fruiting
phenology of congeners is also analysed at both sympatric
and allopatric levels. Although some species had
significantly diffarent.fruiting dates from their congeners
most species tended to have overlapping fruiting

irrespective of being either sympatric or allopatric.
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CHAPTER 1. INTRODUCTION

1.1 WHAT IS PHENOLOGY?

Phenology is the study of seasonal timing of 1life cycle
events (Rathcke & Lacey 1985). A more elaborate definition
is *the study of the timing of recurring biological events,
the causes of their timing with regard to biotic and
abiotic forces, and the 1interrelation among phases of the

same or different species’ (Lieth 1974).

Observational studies developed in the last two decades
have shown that patterns in flowering and fruiting times do
occur in all ecosystems to a greater or lesser extent. Even
tropical rain forests which do not experience major
climatic changes throughout the year have a season when the
rainfall is 1less pronounced. This, together with minor
changes in photoperiod, are enough to cause variations in
the reproductive and vegetative phases of trees. It has
been hypothesized that the seasonal climatic variations of
both tropical and temperate regions influence fluctuations
in pollinators, frugivore -dispersers, predators and

competitors (Lieberman 1982).

The present work is based on the following assumptions: (i)
that flowering and fruiting phenology of tree species were
shaped by natural selection; (ii1) that pollinator and
disperser availability are resources to which the trees

either compete for or develop adaptations to avoid such
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competition. The hypothesis to test this assumption
considers the character displacement of the phenological
behaviour. The full methodology utilized in the present

investigation is provided in Chapter 3.

1.2. IDENTIFICATION OF THE PROBLEM

The importance to biology of the study of the development
of flowers and fruits 1is due to the fact that these
structures are related to the biotic and abiotic
environment. The flowering patterns 1in plants are linked
not only to the timing, duration and frequency of flowering
but also to the form of reproduction of each species. It
has been demonstrated that most tropical trees are not
only outcrossers but also animal pollinated (Kalin-Arroyo
1979, Bawa 1974, 1983, Sobrevila & Kalin-Arroyo 1982) and
that the tropical forest 1is characterized by having a low
proportion of wind pollinated plants (Janzen 1975). As
outcrossers the tropical trees nsed pollinator vectors to
reproduce. For this reason interspecific competition for
pollinators, pollinator availability and nature of flower
rewards have been considered as the most critical factors

controlling flowering (Bawa 1983).

Despite the increasing interest 1in tropical ecology, we
still know very little about the phenology of tropical and
subtropical tree species (Stern & Roche 1974, Frankie 1975,

Augspurger 1983).
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A critical review of the phenological 1literature appears
later in Chapter 4. This shows the various advances
accomplished in tropical tree phenology in both the 0ld and
the New World. Many of the areas previously investigated
are dealt with in this thesis 1n more detail. New topics

are investigated and novel approaches suggested.

One aspect of tropical phenology much neglected concerns
the detection of patterns 1in particular taxonomic groups.
For example, in the neo-tropics only two phenological
studies were carried out at family 1level, one by Gentry
(1974) and the other by Mori & Prance (1987a). However,
only Mori & Prance’s study concerns a family of tropical
trees. Later in Chapter 5 the phenology of 15 plant
families will be investigated with observations of 137

tree species.

A second area concerns the comparative study of different
communities within a single microregion. This thesis
includes data on 1508 trees found in eight distinct forest
sites. These forests aré separated by less than one degree
of latitude and longitude. The physical aspects of the
study area are presented Chapter 2. In Chapter 6
phenological results are presented both at the community
level and for the entire region of Jari, while Chapter 7
investigates the influence of the environment and that of

genetics upon tropical tree phenology.
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It is the object of modern biological science not only to
study the past but also to make predictions about the
future. For each of 36 months, data on the flowering and
fruiting of 137 tree species allows one to visualize the
patterns that these phenomena exhibit. In Chapter 8 these

patterns are discussed by means of graphical models .

Many of the common families of tree species found in the
Amazon have gene?a with a large number of species that are
very similar to one another. Some still have very small and
inconspicuous flowers which are likely to attract the same
pollinators. Knowing that the majority of the tropical rain
forest trees are outcrossers and animal pollinated, it
follows that pollinators are resources that the similar
tree species would compete for if they become limited. In
relation to fruiting, there 1is evidence that the embryos
and seedlings of trees have a greater chance to survive and
establish when they are carried away from the parent tree
by frugivore- dispersers than if left underneath the parent
tree. As. a result, dispersers are another resource that
tropical trees would compete for. If Gause’s exclusion
principle (Gause 1934) were true then the similar species
occurring in the same area (sympatric congeners) would do
so0 by avoiding competition for pollinators and dispersers.
Evidence for this hypothesis would exist if the difference
in the phenological pattern 1is indeed higher between
competing species occurring in the same area than between

noncompeting species occurring in different areas.
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The results of the soil study carried out 1in the eight
forest sites studied is given 1in Chapter 10. An
appreciation of the effect of soil 1in tree phenology is

also provided there.

1.3. OBJECTIVE AND METHODS OF THE STUDY

The objective of this investigation is to describe the
phenological responses of a selected number of Amazon tree
species in relation to internal and environmental forces.
This will be accomplished by two apﬁroaches. The first is
the observational-comparative method, which concerns the
analysis of the data at individual, population, species and
community levels. These results will be presented 1in
Chapters 5 through 8. The second approach concerns the use
of the hypothetico-deductive method by which the
phenological data are used to test Gause’s principle of
competitive exclusion by way of a hypothesis that the
phenological character displacement among similar species
is larger when such species are sympatric than when they
are allopatric. The alternative hypothesis 1is that
correlations between potential selective pressures and the
process of evolution are unpredictable by phenology alone.
This result will form the core of the material presented in

Chapter 9.
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1.4. RELEVANCE OF THE STUDY

The study of the development of flowers and fruits
including their phenology is a major part of systematics
and evolutionary biology. These structures are not only
used for identification and classification but are also
primary means of adaptation which provide clues about the
earlier groups of plants that existed on the planet (Ashton
1988). Since most trees of the tropical forests are
outcrossers (Bawa 1974, 1983, Kalin-Arroyo 1979, Sobrevilla
& Kalin-Arroyo 1982), the significance of flowering and
fruiting phenology 1is due to the interactions of flowers
and fruits with pollinators and dispersers. However, few
phenoclogical studies have been carried out in tropical
forests, particularly 1in the Amazon, compared with other
areas of the world. Although there has been an increase in
the number of publications dealing with the subject of
tropical phenology only a few have presented empirical
results and fewer even have analysed such results in the

light of scientific evidence.

In general terms a worldwide view of seasonal patterns in
forest phenology is needed for a complete understanding of
forest genetic systems and ecosystems. The importance of
such phenological patterns for ecosystems is due to the
effect of the quality and abundance of food for forest
animals. The study of various primary forest communities
within one microgeographic region may permit the evaluation

of the extent of microgeographic variation in abundance of
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flower and fruit. In specific terms phenology can be useful
in the study of animal-plant interactions related to
pollination, dispersal and seed predation (Frankie et al.

1974a,b).

Since 1960, the world’s rain forests have been subject to
continuous threats not iny of the accelerated demands for
hardwoods but also by the encroachment of new settlements,
agriculture and industry. Ecosystem research is needed to
answer pertinent questions related to the management of
natural resources. However the lack of experimentally
derived information and systematic observations on Amazon
ecology limits the precise assessment of the likely impact

of development projects.

Tropical phenological studies are also important for
genetic resources conservation since the vital statistics
of trees are necessary for the management of tropical
forest reserves, especially those aimed at ‘in situ’
conservation of genetic resources. Also, the detected
variability in flowering and fruiting time and its
duration can be very useful for tree breeding research and
silviculture since it is an indication of the genetical

discontinuities among individuals and populations.
1.5. PROBLEMS OF TROPICAL FOREST TREE PHENOLOGY

Although tropical tree phenology is considered essential to

the development of tropical ecology and conservation (Croat
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1969, Kemp et al. 1976) this type of study can be difficult
and lengthy. It has been pointed out that a phenological
study demands long term observations of many individuals of
each species (Ducke & Black 1954, Stern & Roche 1974, Croat
1969). Secondly it has been pointed out that the
phenological studies must be carried out on intact
ecosystems, rather than on disturbed ones (Frankie et al.
1974b, Howe 1984). Thirdly it has been pointed out that
proper phenology should include different habitats
(Salisbury 1921, Ducke & Black 1954, Howe 1984). The
biggest problem 1s finding enough individuals of the less
common species since the Amazon forest has typically a
large number of tree species represented by widely
dispersed individuals. Another problem 1is access to
various types of undisturbed forest habitats, since most
forests which have road access also have human disturbance.
For the reasons above there are few ecological studies
carried out on primary ‘terra firme’ forests and those few
that have been carried out focused on a small number of the

commonest tree species.

The lack of appropriate quantitative techniques 1is a
further major problem in the study of phenology (Gleeson
1981). It follows from the preceding paragraph that many
tropical ecology experiments have small sample sizes (this
one 1included), requiring careful statistical analysis
principally by non-parametric methods. Many phenological
studies in the tropics have been limited to the description

of phases through time, and the results interpreted loosely
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in the 1light of descriptive environmental features, both
abiotic and biotic. Attempts to interpret tropical data in
the light of temperate derived ecological theory have
failed 1in many cases. One of the best examples, dealt with
in Chapter 9, is the use of speciation theory to explain
the habitat sharing of the closely related species in the

tropical rain forest.

Ribeiro and Castro (1986) have proposed a quantitative
method to evaluate phenological characteristics of trees.
Their method involved the angular transformations of the
frequencies obtained by classifying the percentages in
fixed intervals. This method, which may be very adequate
for forest plantations, has some limitations to be used in
tropical rain forest phenology. Firstly the transformed
data could 1loose its ecological significance. Secondly,
original percentages obtained from a small sample size may
lead to uncharacteristic results. Finally it is only
adequate for trees that are not too tall and with well

studied biology.
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CHAPTER 2. THE STUDY AREA

2.1. LOCATION OF THE AREA

The field work was carried out in the area between the
rivers Paru and Jari, in the lower Amazon. These rivers are
the two major easternmost tributaries on the northern bank
of the Amazon river before it reaches the Atlantic ocean
(Fig. 2.1). The area studied includes the town of Monte
Dourado (County of Almeirim, Pard) and a large area of the
County of Mazagdo (Amapa). These two county names are
important to mention for the botanical history of the area,
as both are mentioned 1in Spix and Martius’ diary of their
travels to the Amazon and Rio Negro from 1819-20 (Spix &
Martius 1938). Geographically the studied sites are close
to the Equator, ranging from 0Q27° to 196’ Latitude South

and 520517 to 52025’ Longitude West.

The economic importance of the area is based on the
forestry activities of the Jari Company, former ‘Jari
Project’. The forestry and 1industrial operations are
carried out by its subsidiary, Companhia Florestal Monte
Dourado. This 1last has 1large forestry plantations, and a
pulp mill producing 250 tons of cellulose per month.,lbe

forest crops are of three species: Gmelinag arborea Roxb, ,

Pinus caribaea Morelet var. hondurensis Barr. & Golf. and

Eucalyptus spp. In addition to these three, several other
tree species have been introduced experimentally. Other

economic activities of the Jari Company include
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exploitation of kaolin and bauxite by parallel companies or
subsidiaries. The company was founded in 1967 by the North-
American entrepeneur Daniel Keith Ludwig, who later sold it
at a great loss to the Brazilian consortium, in 1982

(Coutinho in prep.).

2.2. LOCATION OF THE SITES.

The phenological study was carried out in eight sites of
primary forest within reserves (Fig. 2.1). All but one site
belong to the Jari Company . However, they are all part of
a complex of genetic reserves (The Jari Genetic Reserve),
aimed to promote ‘in situ’ conservation of forest genetic
resources, which the Company implemented through a
cooperative agreement with CENARGEN (The Brazilian National
Genetic Resources Centre) from 1985 to 1987. The eighth
site belongs to the Federal Government, and is part of the

Jari Ecological Station, administered by IBAMA (Brazilian

Environmental Institute).

Table 2.1 shows the 1locations of each forest studied as
well as a summary of other relevant information. Details
about environmental factors of the area will be given

separately.

29



Table 2.1. Geographical gradient of the forest sites
studied at Jari, Brazil.
Site Name Coordinates Altitude Size Forest
(m) (ha) Type
Angelim 01906°S 52025°W 77 400 Savanna
Quaruba 01002°’S 52020’ W 141 987 Savanna
Mt.Dourado 01001°’S 52033°W 76 150 Semi-open
Mt. Felipe 009052°’S 52023°W 150 306 Semi-open
S. Militao 00Q046°’S 52040°W 113 1,973 Semi-open
Pacanari 00039°S 52035’ W 107 750 Semi-open
Itapeuara 00035°’S 52039°W 37 300 ‘Varzea’
IBAMA 00027’S 52051°'W 449 500 Dense
5" 57°30°
!tbama
-0°30° h
tapeuara -
Sao Militao ‘
Pacanarl \\
) A
;\,
\
Monte Dourado ) Felipe
Quaruba
- l' - -
k,_
Brgelin PARA \River Jari
‘\'—"‘\
Y\
\D)
Rivor Pu \ ‘
) \\\ s “‘ \\
1:1,000.000 N &~ \\\).\\“
-1°30° VN\
m..“\\\\\\\\\\\\\\‘\\\\\\\\\ \:.,.:‘\ N
< <S5 River Ajhazomna {. g
o R
1 A \

Figure 2.1.
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Map of the Jari-Parl basin showing
of the eight forests studied.
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