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Summary

The reproduction of tropical plants relies largely on their interaction with animal
pollinators and fruit and seed dispersers. Morphological and physiological features of
the species involved in the interactions must be adapted in order to permit the
fructification and to fit animal interests. The investigation into these interactions is of
fundamental importance to the understanding of the spatial distribution of plants in
different ecosystems. The agents that perform pollination and dispersal may vary
according to the plant species and the environment where it occurs. Even within the
same horizontal and vertical stratification of a forest, it is possible to find variation in
the plant population and the animals associated with it, both also influenced by
seasonality. The identification of the interactions between biological factors, such as
animal and plant species, and non-biological factors, like rain and wind, helps us to
elaborate management and conservation plans for the ecosystems of the planet, which
have become more and more necessary along the last decades.
1. Introduction
1.1 Distribution of Biomes in the Tropics
Weather-related factors are one of the main forces acting upon the distribution of
vegetation in our planet, particularly humidity, temperature and light, all essential
ingredients to the accomplishment of vital functions in plants and other life forms. In
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regions where rains are more abundant, temperature is high and there is great incidence
of light, a wider diversity of life is found, in contrast to the polar areas.

U
SA N
M ES
PL C
E O–
C E
H O
AP L
TE SS
R
S

In the tropics resides the larger diversity of vegetal formations in the planet (Figure 1).
In this area, there are forests of many types (rainforests, monsoon forests, mountainside
forests, mixed tropical forests and mixed subtropical forests), southern-hemisphere
groves, meadows, deserts, savannas and alpine tundra (Figures 2A-D).

Figure 1 – Distribution map for the biomes on Earth.

©Encyclopedia of Life Support Systems (EOLSS)

U
SA N
M ES
PL C
E O–
C E
H O
AP L
TE SS
R
S

TROPICAL BIOLOGY AND CONSERVATION MANAGEMENT - Vol. X - Reproductive Biology Of Tropical Plants - Cláudia
Inês da Silva and Helena Maura Torezan Silingardi

Figure 2 - Types of vegetation found in tropical regions. A: Tropical forest, B: Brazilian
Savanna, C: Prairie, D: Deserts.
The forests in the tropics grew in a warm and moist weather, with more than 1,500mm
of annual rain and average temperatures ranging from 24° to 30°C. The constant climate
favored the development of luxuriant vegetation, presenting leaves and flowers all year
long. The forest vegetation appears in different levels, with very tall, isolated trees
(Figure 3), whose canopy may reach 60 meters high, with a very dense coverage of
leaves. The interior of these forests is always moist, with accumulation of bryophytes on
the ground or a covering layer composed of fallen leaves and branches in state of
decomposition, associated with fungi and arthropods.
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Figure 3 – Image of the interior of a pluvial forest.
The countries with the larger areas of tropical forests are: Brazil, Democratic Republic
of Congo, Peru, Indonesia, Colombia, Papua New Guinea, Venezuela, Bolivia, Mexico
and Suriname. Among all these countries which bear tropical vegetation, Brazil
possesses one of the richest and more varied vegetal formations in the planet, including
the Amazon Forest (Figure 4). These vegetation types are associated to the diversity of
weather, terrain and soil existent in the country. Brazilian vegetation, according to its
characteristics, can be divided into ten major groups: Amazon forest, Atlantic forest,
“Caatinga”, the “Pantanal” in Mato Grosso, the “Cerrado” (a type of savanna),
meadows, araucaria woods, “mata de cocais”, mangrove and the salt marsh. Even within
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one single biome, like the Brazilian “Cerrado”, there are diverse phytophysionomies,
ranging from woods with very tall trees to shallow meadows.

Figure 4 – Distribution map of the Amazon Forest in South America.

The diversity of plants in the tropics is proportional to the different forms of
reproduction, which include mechanisms that are highly adapted to pollination and to
the dispersal of fruits and seeds. These mechanisms are indispensable to the structuring
and the dynamics of vegetal and animal communities and, consequently, responsible for
the maintenance of several ecosystems found in tropical regions.
2. Reproductive Biology of Tropical Plants
2.1 Sexual System

The reproduction in angiosperms is performed by the flower. The flower is formed by a
set of highly modified leaves, some fertile, some sterile. The sterile leaves are usually
formed by two whorls: the outer one is called the calyx and is composed of sepals and
the inner one is known as the corolla and is made up of petals. When each element of
the calyx and the corolla are so similar amongst each other in a way that they can not be
distinguished, as in lilies, they are called tepals and constitute the flower’s perianth
(Figure 5). The sterile flower whorls serve to protect the fertile leaves that form the
male and female reproductive organs, designated as androecium and gynoecium,
respectively. Besides the protection, the sterile parts of the flower also serve to signalize
and attract flower visitors through visual and scent-related cues. Some plant species do
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not have one, or even both, sterile whorls.

Figure 5 – The six tepals present on lilies flower have great similarity, but are clearly
separated into two whorls. (Picture by Helena Maura Torezan Silingardi).
Plants may present arrangements with the two sexual organs, the androecium and the
gynoecium, in a single flower or in different flowers, in the same individual or in
different individuals.
Flower types

Single-gendered flowers are said imperfect and can be male or female, depending on its
reproductive function. When the flower presents both genders, it is designated as
bisexual or hermaphrodite and is considered perfect.
There are morphologically hermaphrodite flowers which are functionally singlegendered, that is, despite having both types of reproductive organs, only one of them
fully develop, becoming apt to execute its function.
The male or staminated flower presents only the androecium, which is formed by a
group of stamens. Each stamen is formed by the filament and its anther, in which the
pollen grains are produced (Figure 6A).
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Figure 6 – Basic flower types found in nature. A: Male flower, B: Female flower, C:
Hermaphrodite flower.
The female or pistillated flower presents only the gynoecium, constituted by the
stigma, style and ovary. Inside the ovary, the ovules are formed and they can later
originate the seeds (Figure 6B).
The hermaphrodite flower presents the androecium and the gynoecium in the same
flower and both are functional (Figure 6C).
Distribution of flower types among species









Monoecious species present male and female flowers distributed in the same
plant or individual (Figure 7A).
Dioecious species have male and female flowers disposed in separated plants or
individuals (Figure 7B).
Hermaphrodite species possess hermaphrodite or bisexual flowers.
Gynomonoecious species bear female and bisexual flowers in the same
individual.
Gynodioecious species present female and bisexual flowers in separated
individuals.
Andromonoecious species have male as well as bisexual flowers distributed
along the same plant or individual.
Androdioecious species possess male and bisexual flowers, but in different
individuals.
Polygamous species bear male, female and bisexual flowers in the same
individual (Figure 7C).

Throughout the vegetal world, around 80% of the species bear hermaphrodite flowers
and approximately 10% present individuals with separated genders. The remainder
shows a lot of variation and some species have non-functional organs.
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Figure 7 – Basic types of plants found in nature according to the sexual expression of
the flowers. A: Monoecious plant, B: Dioecious plant, C: Polygamous plant
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As to the expression of gender in plants based on the environment, in wide-leafed
tropical forests, for instance, hermaphrodite plants are predominant, while dioecious and
monoecious are unusual. Opposedly, in temperate regions, there is a predominance of
monoecious species, followed by a small percentage of hermaphrodite and dioecious
plants.
Some studies show a comparison between tropical and temperate plants regarding
gender expression, as shown on Table 1
Sexual Expression

Hermaphrodite
Dioecious
Monoecious
Source: Bawa (1974).

Frequency of Species
Tropical forest Temperate forest
68%
7%
10%
74%
22%
19%

Table 1- Sexual expression in species of tropical and temperate forests.

Although many plants present both reproductive organs in the same flower, most of
them have systems to prevent self-pollination and need external agents to conduct crosspollination.
2.2 Reproductive system

In a general way, plants present asexual, as well as sexual, reproductive systems.




In the asexual or agamic reproduction, plants can be reproduced by
vegetative propagation, through any part of the plant, as, for example,
cuttings, spores, tubers, bulbs, runners, sprouts and roots. In the vegetative
propagation, there is not the formation of seeds. Instead of it, a clone
genetically identical to the original individual springs up.
The agamospermy or apomixis is the production of seeds without the
fertilization of the ovule, therefore, asexually. It may occur in flowers of
species that also form seeds after normal pollination and fecundation, as in
Citrus, or in species in which sexual reproduction is rare. Apomixis takes
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place in almost 15% of the Angiosperm families. There are two major types
of apomixis in Angiosperms: the gametophytic and the sporophytic kind. It is
a vegetative propagation with the formation of seeds and the individual
formed is a clone, genetically identical to the mother-plant.
In the sexual or gamic reproduction, the union of two single-celled
reproductive units happens, namely the male and female gametes
(syngamy).
In autogamy, the ovule is fertilized by pollen grains produced in the same
flower.
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If the pollen is originated from other flowers of the same plant, it is called
geitonogamy.
A classical case of autogamy is the cleistogamy, in which the deposition of pollen
grains on the stigma takes place inside the flower bud still closed. In this case the petals
will not open and no extra pollen will be involved.
Both in autogamy, geitonogamy and cleistogamy, the process of seed formation is
considered to be self-fecundation, since all the flowers of a single plant have a gene
pool originated from the same seed.


In alogamy, the fecundation is originated from cross-pollination between
flowers of different individuals, but within the same species. It is also called
xenogamy.

In chasmogamy, the pollen grains reach the stigma after the opening of the petals and
can be originated from self- or cross-pollination. It is the opposite of cleistogamy.
Besides the reproductive systems of plants cited above, there is also the mixed system,
much more common, in which part of the seeds of a population is originated from selffecundation and the other part, from cross-fertilization.
-

-

TO ACCESS ALL THE 27 PAGES OF THIS CHAPTER,
Visit: http://www.eolss.net/Eolss-sampleAllChapter.aspx

Bibliography
ALVES-DOS-SANTOS, I. 2002. A vida de uma abelha solitária. Ciência Hoje 179: 60-62. [It details with
pictures the offspring cells of solitary bees of South America]
ARMESTO, J. J. & ROZZI, R. 1989. Seed Dispersal Syndromes in the Rain Forest of Chiloe: Evidence
for the Importance of Biotic Dispersal in a Temperate Rain Forest. Journal of Biogeography, vol. 16, n. 3,
pp. 219-226. [Study that reveals the importance of biotic factors in the dispersal of seeds]

©Encyclopedia of Life Support Systems (EOLSS)

TROPICAL BIOLOGY AND CONSERVATION MANAGEMENT - Vol. X - Reproductive Biology Of Tropical Plants - Cláudia
Inês da Silva and Helena Maura Torezan Silingardi

BATALHA, M. A. & MANTOVANI, W. 2000. Reprodutive phenological patterns of cerrado plant
species at the Pé-de-Gigante Reserve (Santa Rita do Passa Quatro, SP, Brasil): a comparison between the
herbaceous and woody floras. Rev. Brasil Biol. São Paulo, v. 60, n. 1, p. 129-145. [Study on the
distribution standards of food resources]
BAWA, K. S. 1974. Breeding systems of tree species of a lowland tropical community. Evolution 28: 9592. [Study on the reproductive systems of tree species]
BUZATO, S.; SAZIMA, M. & SAZIMA, I. 2000. Hummingbird-pollinated floras at three Atlantic forest
sites. Biotropica 32: 824-841.[An example of tropical pollination concerning about the interactions of a
guild of hummingbirds and their plants.]
FAEGRI, K. & PIJL, V. D. 1979. The principles of pollination ecology. 3rd. edition. New York:
Pergamon Press. [Definition and examples of pollination syndromes]

U
SA N
M ES
PL C
E O–
C E
H O
AP L
TE SS
R
S

FLACH, A.; MARSAIOLI, A. J.; SINGER, R. B.; AMARAL, M. C. E.; MENEZES, C.; Kerr, W. E.;
BATISTA-PEREIRA, L. G. & CORRÊA, A. G. 2006. Pollination by sexual mimicry in Mormolyca
ringens: a floral chemistry that remarkably matches the pheromones of virgin queens of Scaptotrigona sp.
Journal of Chemical Ecology 32 (1): 59-70. [It presents a case of pollination in orchids by sexual
deception in Brazil]
JANZEN, D. H. 1970. Herbivores and the number of the tree species in tropical forest. Am. Nat, v. 104,
p. 501-528. [Study on the importance of herbivores in plant reproduction]
GARBER, P. A. 1988. Foraging decisions during nectar feeding by Tamarin monkeys (Saguinus mystax
and Saguinus fuscicollis, Callitrichidae, Primates) in Amazonian Peru. Biotropica 20 (2): 100-106. [An
example of pollination performed by monkeys while they feed on nectar]
GOTTSBERGER, G. & SILBERBAUER-GOTTSBERGER, I. 2006. Life in cerrado: a South American
tropical seasonal vegetation. Ulm: Reta Verlag. 2: 393p. [Work that presents relevant information about
the plant reproductive systems of the “Cerrado” biome in Brazil]
OLIVEIRA, P. E. & GIBBS, P. E. 2000. Reproductive biology of woody plants in a cerrado community
Central Brazil. Flora 95:311-329. [Contribution on the reproductive biology of tree species in cerrado]
OLIVEIRA, P. E. & GIBBS, P.E. 2002. Pollination and reproductive biology in cerrado plant
communities. In: Oliveira P.E. & Marquis R.J. (eds), The cerrados of Brazil: ecology and natural history
of a Neotropical savanna. Columbia University, New York, pp. 329-347. [Contribution on the pollination
of plants from cerrado]
PESSON, P. & J. LOUVEAUX 1984. Pollinisation et productions végétales. INRA-Paris. 663p. [Study
on plant reproduction]
RAVEN, P. H.; EVERT, R. F. & EICHHORN, S. E. Biologia Vegetal. 2007. Guanabara Koogan, Rio de
Janeiro, 830p. [Information about taxonomy, distribution, evolution and reproductive systems in plants]
RICHARDS, A. J. 1986. Plant Breeding Systems. Unwin & Allem, London. 529p. [Contribution to the
studies on plant reproductive systems]
RICKLEFS, R. E. 2001. The Economy of Nature (fifth edition). W. H. Freeman, New York, NY, 550 pp.
SAZIMA, M.; BUZATO, S. & SAZIMA, I. 1999. Bat-pollinated flower assemblages and bat visitors at
two Atlantic forest sites in Brazil. Annals of Botany 83: 705-712. [An study on tropical bat pollination
and their plants.]
SAZIMA, M.; BUZATO, S. & SAZIMA, I. 2003. Dyssochroma viridiflorum (Solanaceae): a
reproductively bat-dependent epiphyte from the Atlantic rainforest in Brazil. Annals of Botany 92: 1-6.
[This is a case study on a peculiar pollination by bats.]
SAZIMA, I.; SAZIMA, C. & SAZIMA, M. 2005. Little dragons prefer flowers to maidens: a lizard that
laps nectar and pollinates trees. Biota Neotropica 5 (1). http://www.biotaneotropica.org.br. [An example
of pollination by lizards in the archipelago of Fernando de Noronha, Brazil.]
SILVA, C. I & MILANEZE-GUTIERRE, M. A. 2005. Aspectos da polinização das orquídeas e o
exemplo de Cattleya walqueriana Gardner, nativa dos cerrados brasileiros. Arquivos da Apadec. 9 (1):
16-21. [Study regarding the pollination and reproductive system in orchids] PDF in preparation

©Encyclopedia of Life Support Systems (EOLSS)

TROPICAL BIOLOGY AND CONSERVATION MANAGEMENT - Vol. X - Reproductive Biology Of Tropical Plants - Cláudia
Inês da Silva and Helena Maura Torezan Silingardi

SILVA, C. I.; AUGUSTO S. C.; SOFIA S. H. & MOSCHETA I. S. 2007. Diversidade de Abelhas em
Tecoma stans (L.) Kunth (Bignoniaceae): Importância na Polinização e Produção de Frutos. Neotrop.
Entomol. 36: 331-340. [Contribution to the understanding of the factors that interfere in reproductive
systems of tropical plants]
SIMPSON, B. B. & NEFF, J. L. 1981. Floral rewards: alternatives to pollen and nectar. Annals of the
Missouri Botanical Garden 68 (2): 301-322. [It is a review on the subject, with several examples of floral
resources besides pollen and nectar, offered to diverse pollinators]
SOUZA, L. A. de. Morfologia e anatomia vegetal. Célula, tecidos, órgãos e plântula. Ponta Grossa:
Universidade Estadual de Ponta Grossa. 2004. 258p. [Contribution to the studies on the morphology of
flowers and fruits]

U
SA N
M ES
PL C
E O–
C E
H O
AP L
TE SS
R
S

TOREZAN-SILINGARDI, H. M. & DEL-CLARO, K. 1998. Behavior of visitors and reproductive
biology of Campomanesia pubescens (Myrtaceae) in cerrado vegetation. Ciência e Cultura 50: 281-284.
[It is an example of interaction between different species of bees that use the same flower resource, one
capable of pollinating and the a pollen thieve] PDF in preparation
TOREZAN-SILINGARDI, H. M. & OLIVEIRA, P. E. A. M. 2004. Phenology and reproductive ecology
of Myrcia rostrata and M. tomentosa (Myrtaceae) in central Brazil. Phyton 44: 23-43. [It is a study on the
influence of phenology and flower visitors over common species of the Brazilian “cerrado”]
VOGEL, S. 1990. History of the Malpighiaceae in the light of pollination ecology. Memoirs of the New
York Botanical Garden 55:130-142. [It presents a review about pollination in the most important
Neotropical family of plants with oil flowers]
WILSON, E. O. 1999.The diversity of life. W. W. Norton & Company; 2nd edition. 424 pp.
[Contribution to the understanding of the patterns of geographical and biodiversity distribution]
Biographical Sketches

Cláudia Inês da Silva is a Brazilian biologist, graduated in........ Nowadays she is finishing her doctorate
in Ecology and Conservation of Natural Resources by the Federal University of Uberlândia, Minas
Gerais. Her major interest in biology is the pollen aspects and its importance to pollinators and pollinating
process. Her studies are focused on pollination at Cerrado vegetation and Tropical Atlântic Forest
vegetation.
Helena Maura Torezan Silingardi is a Brazilian biologist, graduated in Ecology and Conservation of
Natural Resources by the Federal University of Uberlândia, Minas Gerais, with doctorate in Entomology
by the State University of São Paulo (USP - FFCLRP), Brazil. Her major interest in ecology is the study
of plant-animal interactions, specially pollinators and floral herbivores. Nowadays, she is a pos-doctoral
member of the staff of the Plant Reproduction Laboratory at Federal University of Uberlândia, developing
a study on Cerrado areas about the impact of pollinators and floral herbivores on plant fitness.

©Encyclopedia of Life Support Systems (EOLSS)

