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LIFE FORMS 
 
 

Life forms, growth forms, architectural models 
and biomass allocation patterns are different 
names given to the study of the diversity of plant 
growth. Although life form analysis is a promising 
approach since it encompass ecological and 
evolutionary basis for the study of plant 
morphology, it has developed very little since the 
Raunkier’s life form system. Since morphology is 
closely related to function, the life form approach 
is essentially dynamic and based on a morpho-
functional view of plant diversity. Raunkier’s 
system has this morpho-functional view since the 
position of buds relates to survival mechanisms, 
architectural designs and the dynamics of seasonal 
regrowth. However, it was designed for temperate 
communities and is of very limited use in tropical 
terrestrial ecosystems. There is a need to develop 
ecologically sound systems for the analysis of life 
form diversity in tropical vegetation. 

Beyond the description of growth forms of 
savanna plants, little have been done to develop 
comparative systems to allow the study of life 
form diversity and the factors influencing it. 
Several difficulties have to be overcome in order 
to develop such a system. Several species are not 
easy to classify because their growth habit is a 
partial response to seasonal drought and fire. 
Many of both herbaceous and woody species rely 
on seasonal regrowth from underground 
meristems, but there is little detailed knowledge 
about underground plant architecture. 

Furthermore, functional properties of savanna 
plants are still largely unknown. 

The functional significance of life forms is 
relevant for the sustainability of the savanna 
ecosystem and for the study of the evolution of the 
savanna plant biota. Functional aspects include 
phenological, demographic and physiological 
properties of plant species that are pertinent in 
terms of individual survival and reproduction. 
However, each of these aspects is rich in many 
functional details and we risk to be carried away 
with the impressive array of variations and 
combinations that may entangle the comparative 
approach. 

Sarmiento & Monasterio (1983), based on a 
phenological approach, classified savanna plants 
in three large groups: a) annuals, b) with seasonal 
above ground parts and c) with perennial above 
ground parts. The first group is small and variable 
according to the habitat. In the other two groups 
there is a wide variety of morpho-functional types, 
which are described by these authors. Group (b) 
contains two subgroups: plants with woody 
underground organs and with herbaceous 
underground rhizomes. The approach taken by 
Sarmiento and Monasterio combines two very 
important qualities: it is simple and it is 
meaningful. A system based on three main groups 
with few subgroups encompass most of the 
morpho-functional diversity of tropical savannas. 
It also allows to consider effects of environmental 
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factors in the short-term (ecological) scale and the 
long-term (evolutionary) scale. However, two 
aspects of this system deserve further discussion: 
a) subgroups are still to be defined; and b) their 
functional differences need to be clarified. 

The principle of parsimony should be kept in 
mind to develop the Sarmiento-Monasterio system 
keeping intact its powerful simplicity. To 
elaborate in this direction, a preliminary 
classification is intended in the diagram showed in 
Figure 1. We made some additions to the four 
original terminal groups by differentiating 
between deciduous and evergreen in the group 
with perennial above-ground biomass. We also 
separated the group with fleshy underground 
perennating structures into graminoids and broad-
leaved plants. Observe that in this classification 
the first two hierarchy levels are functional: level I 
based on demographic properties and level II 
based on phenological properties. 

Concerning functional roles, it seems now 
clear that evergreen neotropical savanna trees are 
functionally different from and complementary 
with the concurrent graminoid species (Goldstein 
& Sarmiento, 1987; Solbrig eta!., l995b). This is 
concerned with water, carbon and nutrient cycles 
and the plant responses to the seasonality of 
energy, water and fire regimes. Functional 
differences between those two life forms and the 
half-woody forms are still unclear. Differences 
concerning nutrient supply (Medina & Huber, 
1992) seem to be important between grasses (more 
dependent on nitrogen supplj) and legumes (more 
limited by phosphorus supply), and these may be 
related to the distinction between graminoids, 

broad-leaved herbs and subshrubs. Functional 
differences between evergreen and deciduous 
savanna trees are still unclear, although 
differences in carbon balance have been related to 
their contrasting biomass allocation patterns 
(Azócar et a!., 1996). 

 
 

 

 

FIRE AS AN ECOLOGICAL DETERMINANT 
 

The two most important environmental factors 
determining the diversity of savanna ecosystems 
in the neotropics are water and fire as already 
stated by Warming (1892). According to soil 
texture and depth, availability of moisture for 
plant growth is well stratified in the soil profile, 
and it follows an annual rhythm according with 
the seasonality of rainfall (Medina & Silva, 1990). 
It is also affected by annual fluctuations in total 
amount of rainfall, resulting in sequences of drier 
or wetter years, although this has not been well 
documented. On the other hand, fire is an episodic 

event whose frequency has increased with human 
settlements. The effects of savanna burning 
depend largely on the frequency and intensity of 
fire, and these depend on the annual production of 
the grass layer which in turn is a function of 
annual rainfall. Fire and water are therefore 
interacting determinants (Silva, 1995). 

 
Fire, usually taking place at the end of the ‘dry 

season, causes different and sometimes opposing 
effects. It kills, not only woody plants but also 
dominant graminoids (Silva et a!.. 1990,1991). It 

FIG. 1- The Sarmiento-Monasterio system of
savanna life forms showing four hierarchy
levels with seven terminal life forms.
Categories at level IV are tentatively suggested
in this paper. Further divisions of evergreen
and deciduous perennials as well as of annual
plants and graminoids could be included.
(Diagram based on Sarmiento & Monasterio,
1983). 
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suddenly changes the amount of radiation. and 
hence the temperature, at the soil surface and 
releases mineral nutrients trapped in the standing 
biomass. Fire stimulates the germination of some 
species, the regrowth of the aerial biomass and the 
flowering of herbaceous species (Frost & 

Robertson, 1987). The synchrony of burning with 
the onset of rains reinforces the seasonal rhythm 
of savannas, producing a burst of energy, water 
and nutrients at the soil surface where the buds of 
most savanna species are then in a dormant 
condition (Solbrig et al., l995a). 

 
 

FIRE AS A SELECTIVE FORCE 
 

Savanna fire regime is influencing plant and 
population growth in the short ecological term and 
it seems to be an evolutionary force shaping plant 
form and function in tropical savannas. In their 
remarkable 1983’s paper, Sarmiento & Monasterio 
analyzed many examples of the plastic responses 
of different woody life forms to fire regime and 
forwarded several interesting hypotheses on the 
evolution of adaptive responses to fire in several 
groups of woody species. Savanna woody species 
show an extraordinary plastic versatility, partially 
due to their special meristematic arrangement. 
This increases survival to burning and is 
considered an important factor for savanna 
stability (Archer et a!., 1995). 

Fire regime may also be acting as a selective 
force shaping savanna grasses. Some grass species 
have to rely on underground reserves in order to 
rapidly regrowth their foliage and bloom after 
savanna burning. In contrast to other grasses, they 
show high rates of below/above-ground biomass 

allocation patterns (Silva, 1987). These 
architectural and phenological patterns are 
concurrent with other life history traits, suggesting 
adaptive arrays (Sarmiento, 1992). Furthermore, 
annual and perennial grasses differ in their 
ability for population survival under different fire 
regimes (Canales et al., 1994; Silva, 1995; Silva et 
a!., 1990, 1991). Some species may have evolved 
from tolerance to dependence on high fire 
frequency because of human induced burning of 
savanna vegetation (Silva et al., 1991). 

Several traits (such as underground reserves of 
water, energy and meristems) which increase 
survival during dry spells also decrease mortality 
from fire. During dry years fire is less likely to 
occur, but during wet years, the probability of fire 
occurrence and fire intensity increase. This is the 
reason fire and water availability seem to be acting 
in complementary or interacting ways to shape the 
diversity of life forms in savanna communities.

 
 

FIRE AND THE DIVERSITY OF LIFE FORMS 
 

How can we compare savanna communities on 
the basis of their life form diversity? First of all, 
we need a classificatory system of life forms more 
adequate than the Raunkier’s system. It seems 
apparent that general systems for the world’s 
vegetation are unlikely to be successful. 
Classificatory systems for specific types of 
communities, such as the one suggested by 
Sarmiento & Monasterio (1983) for neotropical 
savannas, may overcome the shortcomings of 
wider approaches. Furthermore, we need suitable 
indexes to measure life form diversity. Commonly 
used indexes to measure the diversity of species in 

a community are perfectly adequate for this 
purpose. In this way, we take into account the 
number of life forms present in the community 
(richness) and how these life forms are 
represented in the community (relative number of 
species in each life form). 

Sarmiento (1983) analyzed species and 
phenological diversity of the grass component 
along moisture gradients in Venezuelan savannas 
with the same index. A more recent attempt to 
measure species and functional diversity to com-
pare different savanna communities in western 
Venezuela showed a strikingly similar pattern of 



 

variation of both diversities (Castillo, 1995). In 
this study, ten different functional groups were 
used. Unfortunately, none of these two studies 
have to do with the influence of fire regime. 

We expect the relationship between diversity 
of life forms and fire frequency in savannas to be 
bell-shaped (Fig. 2). This type of response to 
frequency of disturbance has been found in 
different communities, although not for the same 
causes (Fuentes, 1988). Some life forms, such as 
deciduous trees, are more susceptible to mortality 
by fire than others. As the frequency of fire 
increases, density of deciduous trees decreases 
because the likelihood of individuals being killed 
becomes higher, even within the small forest 
islands. Evergreen trees have higher probabilities 
of survival to fire than deciduous trees, and that is 
the reason they grow isolated in the grassland of 
frequently burnt savannas. However, even they 
can be importantly reduced as fire frequency 
increases, as suggests the increase in their density 
after several years of fire exclusion (San José & 
Fariflas, 1991). Similar consequences are expected 

for the broad-leaved herbaceous species. In 
summary, after a certain threshold of increased 
fire frequency, the savanna would be reduced to 
an almost pure grassland. On the other hand, it has 
been shown that some savanna grass species are 
unable to persist below certain rather high fire 
frequencies (Canales eta!., 1994, Silva eta!., 1991). 
This is due to the reduced light incidence at the 
ground level, not because of the competitive 
effects of tree cover but rather because of the 
increased accumulation of standing nechromass 
after several years without burning. This may 
affect other life forms depending on regrowth 
from underneath the soil, such as the hemixyles. 
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