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Abstract

Eriocnema fulva Naudin is an endangered perennial herbaceous plant, endemic to Minas Gerais state, Brazil. This
study was conducted in the Jambreiro Forest (19° 58’ —59°S and 43° 52’ -55° W, 800-1100 m altitude). In an attempt to
describe the population size structure and its association with individual fertility, fifteen 1 X 1 m contiguous plots were
set. We tagged, counted, and measured a total of 260 individuals in 1997, 1998 and 1999. Young individuals with leaf
lamina lengths < 3.4 cm comprised 33% of the total sampled, indicating that the population was reproducing locally.
The number of leaves varied significantly, growth differences being detected only after two years of measurements.
Stem length was the variable that best showed population size variation. The length of the largest leaf lamina was the
best indication of its development phase. Assessing the number of leaves helped to evaluate the alteration in plant size
during the study. The probability that individuals with laminas = 10 cm in length did not reproduce was 2.69%. The
highest survival probability of the large-sized individuals confirmed the strong correlation between size and survival.
The data indicated that size is important for the fertility of E. fulva, and it may be one of the relevant aspects to be con-
sidered for analyses of survival probability. The intraspecific competition, which was indicated by negative correlation
between fruit production per size unit and density, can affect fertility, as larger plants had higher fruit production.

Keywords: size, fertility, plant population, intraspecific competition.

Estrutura de tamanho e fertilidade em uma populacao de
Eriocnema fulva Naudin (Melastomataceae) no sudeste do Brasil

Resumo

Eriocnema fulva é endémica no estado de Minas Gerais e € ameagada de extin¢ao. Este estudo foi realizado na Mata
do Jambreiro (19° 58° =59 S e 43° 52’55’ W, 800-1100 m de altitude) Com o objetivo de descrever a estrutura de
tamanho da populacio e suas relacdes com a fertilidade dos individuos, foram instaladas 15 parcelas contiguas de
1 X 1m. Marcamos, contamos ¢ medimos um total de 260 individuos em 1997, 1998 e 1999. Os individuos jovens com
o comprimento do limbo < 3,4 cm somaram 33% do total amostrado, mostrando que a populacd@o estava reproduzindo-
se no local. O nimero de folhas variou significativamente entre os anos, com diferencas de crescimento s6 detectadas
ap6s dois anos de medi¢des. O comprimento do caule foi a varidvel que melhor mostrou a variacdo de tamanho na
populag@o. O comprimento da ldmina da maior folha foi a melhor expressdo da fase de desenvolvimento da planta, e
o numero de folhas auxiliou na avaliacio da alteragdo do tamanho ao longo do tempo. A probabilidade de individuos
com limbos foliares = 10 cm ndo se reproduzirem foi de 2,69%. A maior probabilidade de sobrevivéncia dos individuos
de maior tamanho confirmou a forte correlaciio entre tamanho e sobrevivéncia. Os dados mostraram que o tamanho €
importante para a fertilidade de Eriocnema fulva e pode ser relevante para andlises de probabilidade de sobrevivéncia
da espécie. A competicio intra-especifica, indicada pela correlacdo negativa entre a produgio de frutos por unidade de
tamanho e a densidade, pode influir na fertilidade, pois plantas maiores apresentaram maior producio de frutos.

Palavras-chave: tamanho, fertilidade, popula¢@o de plantas, competi¢ao intra-especifica.
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1. Introduction

Plant populations are generally not alike; they have
different genetic, spatial, age, and size structures. All of
these structures are interrelated, and a change in one of
them results in modifications to all others (Silvertown
and Lovett-Doust, 1993). Size may be the main factor
in the fate or fecundity of a plant (Sarukhén et al. 1984,
Fowler, 1986; Begon et al., 1996).

In most plant populations, individual size varies tre-
mendously, generally due to the overlapping of genera-
tions, as well as other factors. Hence, a size hierarchy —
asymmetrical size distribution — tends to occur, in which
arelatively small number of large individuals contributes
to the largest part of the population biomass (Weiner and
Solbrig, 1984). Various authors have considered size as
the best indicator of plant fitness and the level of popula-
tion development (Harper and White, 1974; Gatsuk et al.,
1980; Silvertown and Lovett-Doust, 1993). Size may be
defined as any variable that represents plant mass, such
as the volume, height, dry weight, diameter, or any other
measurement having an association with the perform-
ance of an individual (Solbrig and Solbrig, 1984).

Asymmetric size distributions have important ge-
netic and evolutionary implications (Solbrig and Solbrig,
1984). Fecundity is related to size because plants flower
and bear fruit only after reaching a certain size (Harper
and White, 1974). In general, plants with a short period
of time until their first reproduction are short-lived, while
those with along period are long-lived (Harper and White,
1974). This indicates a relationship of compromise, a
trade-off, in the allocation of resources between vegeta-
tive growth and reproduction (Solbrig, 1981). Although
some exceptions do exist (Hay and Barreto, 1988) and
changes in the proportion of biomass allocated to repro-
duction may occur (Solbrig and Simpson, 1974), larger
plants generally have larger fecundity and a greater prob-
ability of survival (Solbrig, 1981; Fowler, 1986; Herrera,
1991; Hanzawa and Kaliz, 1993; Silvertown and Lovett
Doust, 1993; Begon et al., 1996).

Throughout the 1980’s the terms fecundity, fertility,
seed production and fruit production were used in an in-
distinct manner. Herrera (1991) claimed the need to in-
clude demographic aspects in population studies in order
to evaluate total reproductive success. Caswell (1989)
distinguished between the terms fecundity and fertility,
using the former as a representation of the maximum re-
productive potential and the latter as the actual reproduc-
tive performance. In this study, from now on, we will
use Caswell’s (1989) definition and evaluate the fertility
as the actual reproductive performance expressed as the
number of fruits per individual. Weiner (1988) showed
that the total mass of seeds produced by herbaceous
annual plants is directly proportional to the plant size.
Several other authors have also shown that seed produc-
tion is positively correlated with plant biomass (McGraw
and Wulff, 1983; Lechowicz and Blais, 1988; Waller,
1988; Geber, 1990; Aarssen and Clauss, 1992; Aarssen

and Taylor, 1992; Weiner, 1995). Consequently, larger
plants tend to leave more descendants.

Due to the current fragmentation of natural habitats,
knowing the size distribution within populations may
help to understand species responses to changes caused
by fragmentation (Saunders et al., 1991; Bruna and
Kress, 2002). Long-term studies dealing with population
dynamics are ideal to understand and explain observed
patterns. Nevertheless, studies regarding the instantane-
ous size structure in a population can be done in a short-
er period of time and can also provide data capable of
identifying general population patterns (Henriques and
Souza, 1989).

Eriocnema fulva is listed as an endangered species in
the State of Minas Gerais (Conselho Estadual de Politica
Ambiental, 1997). Currently, the demands relative to the
conservation of endangered plant species are many, and
studies concerning stage or size structure in populations
may serve as a ground for immediate decisions regard-
ing the management of species, mainly when long-term
demographic studies are not feasible or not available
(Bruna and Kress, 2002). Considering the importance of
the relationships between size, fertility, and survival, our
objective was to describe the size structure of an E. fulva
population and highlight the characteristics of fertility
related to the variation in the size of individuals, answer-
ing the following questions: 1) What are the size vari-
ables that best describe plant development? 2) How is
the structure of the sizes within the population arranged?
3) Are fertility and size related? 4) If so, does the re-
lation between fertility and size vary in the population
with time? 5) Does fertility in the population vary among
years? and 6) Is fertility influenced by plant density?

2. Material and Methods

2.1. Study species

Eriocnema fulva is a herbaceous species with a pros-
trate stem. Its geographic distribution is restricted to the
State of Minas Gerais, southeastern Brazil. Up to the
present, there are records of this species only in the mu-
nicipalities of Ouro Preto and Sabard (Cogniaux, 1883;
Badini, 1940) and Nova Lima (Andrade, 1993). It occurs
in groups of individual plants on rock walls along river-
banks shaded by the seasonal semi-deciduous Atlantic
Forest. E. fulva does not occur in association with other
species of angiosperms, only with few bryophyta and
pteridophyta (personal observation). Recent studies
show that the reproductive system of this species is self-
compatible; it produces fruit via neither autogamy nor
agamospermy, but requires, obligatorily, pollen vectors
due to the buzz pollination syndrome (Andrade, 2004).
The root system is individualized and vegetative repro-
duction was not observed.

2.2. Study area

This study took place in the Jambreiro Forest (912 hec-
tares), located in the central-southeastern region of Minas
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Gerais State, between 19° 58’59’ S and 43° 52° -55’ W
in the municipality of Nova Lima, in the metropolitan
region of Belo Horizonte. The region of Nova Lima is
located in the Quadrildtero Ferrifero, a region with iron
ore sites (Alves, 1988). The climate is Koeppen’s Cwa,
macrothermic temperate with mild summers and dry win-
ters. Rains (1400-1600 mm/year) predominate during the
hottest period (October to March), the mean annual tem-
perature is 18 °C, mean maximum temperature is 21 °C,
and the mean minimum temperature is 14 °C (Alves,
1988). The soil is dystrophic Cambisol (Cetec, 1983), the
altitudes vary between 800 and 1100 m, and the relief has
an undulating topography. This study was conducted in
an area adjacent to the water stream Ribeirdo do Cardoso,
at altitudes around 850 m (Plambel, 1977). The terrain on
which the Jambreiro Forest occurs belongs to the com-
pany Mineracdes Brasileiras Reunidas (MBR) and in
August 1998 it was protected as a Reserva Particular do
Patrimonio Natural (RPPN), a form of land conservation
in Brazil, which started by a legal instrument (Portaria
number 070 on September 11, 1998) from the Instituto
Estadual de Florestas (IEF), a State environment protec-
tion agency in Minas Gerais.

2.3. Data collection

Fifteen contiguous 1 X 1-m plots were set on the
rock wall of a riverbank containing a group of E. fulva
plants. The plots were delimited by cotton twine tied to
small nails fixed into the wall. All plants with the largest
leaf lamina length greater than or equal to 1 cm were
tagged by a numbered aluminum tag. For each individual
the number of leaves was counted, and measures of the
petiole length and the width and length of the largest leaf
lamina were taken. Stem length was measured for most
of the plants, with the exception of small plants, which
had stems so reduced that it was not possible to measure
them. When this occurred, we stated that the plant was
not measurable and represented the stem length as cat-
egory “0”. We also counted the number of fruit present
on each plant. The number of seeds present in six cap-
sules of six individuals was counted to estimate the mean
number of seeds per fruit per plant. All tagged individu-
als in the plots were counted and measured in 1997, 1998
and 1999 with intervals of 414 and 363 days, respective-
ly. Measurements taken in 1997 were used to classify
individual plants into size classes and to investigate the
relationship between fertility and size. In order to verify
temporal variation of the number of individuals and the
relations between fertility and size, we used the meas-
urements taken in 1997, 1998, and 1999. Measurements
were done using a ruler and metric tape.

2.4. Data analysis

Analysis of size distribution in the population was
based on data collected in 1997. Intervals for the size class-
es were established based on scatter diagrams. In order to
demonstrate the connection between fertility and size we
grouped plants measured in 1997 into two categories: veg-
etative and reproductive. Reproductive plants displayed re-
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productive structures, such as flowers and fruits. Plants that
did not display these structures were considered vegetative.
To test whether the size distribution differed between re-
productive and vegetative plants, the Mann-Whitney U test
was used, including Z (value of the deviation from the nor-
mal distribution) because the sample size was larger than
20 individuals (Zar, 1984). To evaluate fertility, the mean
number of seeds per capsule (130.84 * 66.82) was used.
Assuming that this average was representative of the entire
population, fertility was estimated for different classes of
leaf and stem length considering the number of fruit per
plant counted in 1997. For some of the largest leaf size
classes, the reproduction probability was calculated with
the data obtained in 1997, using the number of individuals
that produced fruits. The relationship between survival and
size in the vegetative plants was analyzed by considering
the proportions of plants that survived between the initial
(1997) and final (1999) observations. Size classes were
defined based on the distributions of stem length, largest
leaf lamina length, and number of leaves. The difference
in fruit production between the three years of observa-
tions was checked by using the Kruskal-Wallis test on the
number of fruit per individual (Zar, 1984). Considering the
data collected in 1997, reproductive individuals were di-
vided into two classes based on the number of leaves, larg-
est leaf lamina length and stem lengths. A variance analy-
sis was used to test for differences between the number of
fruit produced and the different size classes (Zar, 1984).
Associations between measurements of fertility and size
were analyzed using linear regression. Regressions were
used to test for variation of fertility and size over the three
years of the study (1997, 1998, and 1999). The differences
between angular coefficients (b) and intercepts were test-
ed with covariance analyses (ANCOVA) and a posteriori
Scheffé test (Sokal and Rohlf, 1969). ANCOVA and Sheffé
tests were used only on significant regressions. Covariance
analyses were carried out using the ANCOVA program
created by E. A. M. Santos. Data from 1997 were also used
to test for associations between fertility, size and density.
Initially, for each plot, we established the relationship be-
tween the largest blade length and the number of fruit by
using linear regression (Zar, 1984). The linear regression
(y = a + bx) generated an angular coefficient (b) that rep-
resented a relationship between the number of fruit and the
largest blade length in each plot. After obtaining the angu-
lar coefficient (b) for each plot, the Pearson simple correla-
tion was calculated between the angular coefficient (b) and
the number of plants per plot (density per plot). The same
calculations were made to test for the association between
the angular coefficient (b) of the number of fruits vs. the
stem length and the density per plot.

3. Results

3.1. Population structure

Two hundred and sixty individuals were sampled
in 15 m? (17.3 £ 12.2 individuals m?, mean £ stand-
ard deviation), of which 57% were in the vegetative
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state. Plants in the smallest leaf blade length class
(1 cm <L £3.4 cm) predominated and accounted for 33%
of the total number of individuals sampled (Figures 1 and
2a). A predominance of the smallest stem size class also
occurred (Figure 2b). The largest number of plants was
recorded in the 6-10 cm leaf number class (Figure 2c).
The blade length best described the size of the individual
in comparison to the number of leaves, because a small
plant could have many small leaves. The length and
width of the largest leaf blade, the length of the petiole,
the number of leaves, and the length of the stem were the
best indicators of morphometrics and plant growth pat-
tern. The parameters of linear regressions between meas-
urements of size were the following: leaf blade length
vs. leaf blade width (n =260; a=-0.0065; b= 0,65;
’=0.95; p < 0.001), leaf blade length vs. petiole length
(n=260; a=-1.53; b =1.28; r> = 0.84; p < 0.001), leaf
blade length vs. number of leaves (n =260; a = 3.95;
b=0.93;1>=0.29; p < 0.001), leaf blade length vs. stem
length (n =260; a =5.66; b =0.83; r>=0.35; p < 0.001),
number of leaves vs stem length (n = 260; a = 6.80;

Figure 1. Class sizes for Eriocnema fulva, based on the
largest leaf blade length found on plants. a, b) Individuals
with blades smaller than 1cm. ¢) Individual in the small-
est blade length class (1.5 cm). d) Individual, without stem,
with the largest blade length of 4 cm. e) Reproductive in-
dividual with reduced stem, the largest leaf blade length is
7 cm. f) Reproductive individual with developed stem, the
largest leaf blade is 13 cm in length.

b =1.80; 1= 0.55; p < 0.001). The significant relation
among these variables indicated that they could be used
to analyze both the size and growth of each plant and also
the population as a whole. These variables were also the
best indicators of size classes and population structure.
Leaf blade length and stem length were particularly im-
portant: they exerted also the highest influence on fertil-
ity (Figures 2a and 2b). The distributions of stem length,
largest leaf length, petiole length of the largest leaf, and
the number of leaves differed between the vegetative and
reproductive categories (Figures 2a, 2b, 2c).

Vegetative plants differed fromreproductive plants not
only by lacking reproductive structures but also by having
smaller sizes. The number of vegetative individuals was
149 and the number of reproductive individuals was 111.
Difterences were observed by the Mann-Whitney U test,
and were significant for: the stem length of vegetative
individuals vs. stem length of reproductive individuals
(U =398.50; Z = 13.12; p< 0.001), the leaf length of
vegetative individuals vs. leaf length of reproductive in-
dividuals (U =598.50; Z = -12.78; p < 0.001), leaf width
of vegetative individuals vs. leaf width of reproductive
individuals (U = 562.20; Z = —12.84; p < 0.001), number
of leaves of vegetative individuals vs. number of leaves
of reproductive individuals (U = 3377.00; Z = -8.15;
p < 0.001), petiole length of vegetative individuals vs.
petiole length of reproductive individuals (U = 803.00;
Z =-12.44; p < 0.001). However, in spite of this differ-
ence, the values overlapped (Figures 2a, 2b, 2¢), indicat-
ing that in order to separate these two groups, it is neces-
sary to consider also reproductive characters besides size.
The vegetative and reproductive categories overlapped in
the intermediate-sized plants, and as the individual size
increased so did the number of reproductive individuals
(Figures 2a, 2b, 2¢)

The correlation coefficient (Pearson) for fertility vs.
stem length with the density per plot was negative and
significant (r = =0.67; p < 0.05; N = 14). The Pearson
coefficient was also negative and significant in the cor-
relation between fertility vs. largest leaf length with the
density per plot (Figure 3, r = -0.55; p < 0.05; N = 15).
This negative correlation indicates that an increase
in size and fertility was correlated with a reduction in
density; i.e., plants of the same size produced less fruits
in denser sites. These results indicate that intraspecific
competition can influence fertility because larger plants
have higher fertility in less dense sites.

3.2. Vegetative individuals

Half of the vegetative plants had between 5 and
10 leaves with a maximum of 15 leaves; values above
15 leaves represented extreme values in the overall dis-
tribution. Nearly 50% of the vegetative individuals did
not have stems or the stem was at most 1 cm long, and
values of the stem length greater than 1 cm represented
extreme or very extreme values in the overall distribu-
tion. The length of the largest leaf varied between 1 and
5 cm, although five individuals had leaf blade lengths
greater than 10 cm, which were extreme values in the
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Figure 2. a) Distribution of the largest leaf blade length. b) Distribution of the stem length. ¢) Distribution of the number of
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fulva (260 individuals/15 m?). d) Distribution of the number of fruit from reproductive individuals (111 individuals/15 m?).
Dark gray bars represent vegetative individuals, light gray bars represent reproductive individuals. All data were collected in

the same population in October, 1997.

overall distribution. Nearly 30% of the vegetative indi-
viduals were in the first leaf length class and an ever-
decreasing number occurred in the remaining classes
(Figure 2a).

Vegetative plants could be characterized as pos-
sessing a very short, non-measurable stem, the largest
blade length smaller than 10 cm, and less than 15 leaves
per plant. At a 10 cm length for the largest leaf, plants
were already in the reproductive phase (Figure 2a). As
some of the vegetative plants with blade length greater
than 10 cm did not appear healthy, these extreme values
could indicate the start of senescence with its resulting
loss of vitality in this group. In the vegetative period, the
greater the number of leaves, length of the largest leaf
and stem length, the greater the proportion of surviving
plants between the beginning (1997) and the end of the
study (1999). The proportion of surviving plants were
the following: leaf length < 3.4 cm (80%), leaf length
> 3.4 cm (88%), stem absent (80%), stem length <5 cm
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(94%), number of leaves <5 (65%), number of leaves > 5
and £ 10 (91%), number of leaves > 10 (85%).

3.3. Reproductive individuals and fruit production

Approximately 50% of the reproductive individu-
als had the largest blade length between 11 and 15 cm.
The smallest length for the largest blade was 4 cm
(Figure 2a). At a length of 10 cm for the largest leaf
blade, the number of reproductive individuals increased
and the vegetative individuals decreased considerably
(Figure 2a). The probability of individuals with a leaf
blade length L < 10 cm to reproduce was only 8.07%
and the probability of individuals with L > 10 cm not to
reproduce was only 2.69% for the 260 plants sampled.
Most of the reproductive plants had measurable, although
small (approximately 2.0 cm), stems. The proportion of
reproductive individuals with a non-measurable or much
reduced stem was small (11%), and 50% had a stem
length between 3 and 6 cm (Figure 2b). The presence of
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a visible stem was a good indicator to identify reproduc-
tive individuals, that is, adults. Stem lengths greater than
10 cm were extreme or very extreme values in the over-
all distribution. All the plants with more than 21 leaves
were reproductive individuals (Figure 2c). Half of the
reproductive plants possessed between 10 and 20 leaves
and individuals with more than 37 leaves represented ex-
treme values in the overall distribution (Figure 2c). Most
individuals, reproductive as well as vegetative, from the
entire sampled population had between 5 and 15 leaves.
Reproductive plants were characterized as possessing
a visible stem, a largest leaf blade length greater than
6 cm, and more than 5 leaves.

The 111 reproductive individuals produced
2,086 pieces of fruit in 15 m? in 1997 with an average
of 40.1 pieces of fruit per plant and a standard devia-
tion of 17.0, but most plants (69%) produced, on aver-
age, 9.4 £ 5.5 pieces of fruit per individual. Considering
only fertile individuals, the distribution of fruit produc-
tion followed an accentuated hierarchy, with 30% of the
individuals producing 65% of the fruit total. The pro-
duction of fruit did not differ between the studied years
(Hy y_300= 0.215 p = 0.89). The stem length, largest
blade length, and number of leaves were significantly
related to fruit production, although the determination
coefficients showed these relationships to be weak, and
were partially explained by regression. The parameters
of linear regressions were: N = number of individuals in
15 m?; a = linear coefficient; b = angular coefficient; r* =
coefficient of determination, b common = adjusted incli-
nation - used to test differences between the linear coef-
ficients throughout the three years. The regressions for
all the years were significant (p < 0.001). The regression
results for the number of leaves vs. number of fruit were
the following: for 1997 (N = 260; a = -2.03; b =0.90;

r’=0.32), for 1998 (N = 263; a = -2.53; b=0.72;
r?=0.34) and for 1999 (N = 281; a =—4.16; b = 0.85;
r’= 0.45). The common angular coefficient (b) was 0.82
and the common linear coefficient (a) was —2.94. The re-
gression results for blade length vs. number of fruit were
the following: for 1997 (N = 260; a = -5.44; b = 1.75;
r’=0.41), for 1998 (N = 263; a = —4.78; b=1.47,
r?=0.40) and for 1999 (N = 281; a = —4.69; b = 1.55;
= 0.36). The common angular coefficient (b) was 1.59
and the common linear coefficient (a) was —4.94. The
low values of 12 show that the fruit production could also
be related to other variables besides those considered in
this study.

The covariance analyses throughout all the years of
the study (F ., ;o = 1.819; p = 0.160) indicated no
significant difference in the relationship between fruit
production and the number of leaves. Moreover, the re-
lationship between the number of fruit and the length of
the largest leaf blade was not significant among the stud-
ied years (F ., ;4 =1.361; p=0.255), indicating that
the associations between fertility and leaves remained
the same during the study period.

4. Discussion

4.1. Structure of the population

Populations of E. fulva occurred discontinuously in
space, on rock walls along the banks of streams, where
the environment was shady and humid and temperatures
were mild (personal observation). This same discontinu-
ous pattern appears to occur, on a smaller scale, within
the sampled area, which had large density variations. The
differences in density could be related to the environmen-
tal heterogeneity of the understory, according to studies
conducted on palm trees in tropical habitats (Chazdon,
1986; Chazdon and Pearcy, 1991). E. fulva is an herba-
ceous species that is a rosette in its young phase (rosette
hemicryptophyte) and becomes, with the growth of the
stem, prostrate (chamaephyte) in its adult phase. The av-
erage area occupied by a plant on a rock wall is small.
Possibly, the intensity of light is a fundamental factor to
explain the spatial distribution of the population, and its
role in the survival of individuals needs closer scrutiny.
We observed that an opening in the canopy near a group
of individuals 500 m far from the study site increased the
luminosity and resulted in the death of many individuals
after three months (personal observation).

The vegetative plants with the smallest length of the
largest leaf blade made up 33% of the individuals in the
population studied. The occurrence of a large proportion
of young individuals suggested that the population was
actively reproducing on site. However, we are not able
to say whether the population was growing or stable,
because an analysis based on solely the size of individ-
uals, as we did in this study, provides only a momen-
tary and partial view of the overall population patterns
(Watkinson, 1986). The structure of size should only be
used in order to describe the general patterns of the pop-
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ulation and is not appropriate to make predictions about
the past or the future of the population (Whitmore, 1975).
Long-term studies analyzing the mortality and growth of
young and adult individuals are fundamental in order to
make any inference regarding population cycles or the
maintenance of stability in tropical species.

Stem length was the variable with the greatest vari-
ation in the whole population. The length of the largest
leaf blade was the best indicator of size during the devel-
opment phase of the plant, and the number of leaves was
a subsidiary variable, which was important to describe
size alteration over time. The number of leaves varied
significantly between years, increasing slowly, with
differences in growth only detected after two years of
measurements, indicating a variation in the population
structure over time.

4.2. Vegetative individuals

Vegetative individuals had a wide variation of size,
ranging from very small to large plants, with a largest
leaf blade length varying from 1 to 10 cm. As the growth
of the plant is slow, these differences indicate the long
period that an individual might take to be able to store
enough energy to reproduce. It is well known that plants
only flower and produce fruit after reaching a certain
size, and that all species go through a period after ger-
mination during which they are unable to flower (Harper
and White, 1974). The size difference between vegeta-
tive and reproductive individuals would indicate that ac-
cumulating energy is necessary before reproducing, and
that such an accumulation could only be achieved by
an increase in size. A great survival probability of the
largest individuals was expected, as a strong correlation
between survival and size was found in other studies
regarding arboreal (Hutchings, 1997) and herbaceous
plants (Solbrig, 1981).

4.3. Reproductive individuals and fruit production

After attaining a size in which the stem is apparent,
has more than five leaves, and the largest leaf length
blade is 4 cm or larger, the E. fulva plant may start its
reproductive period. An individual with the largest leaf
blade length equal to 1 cm at the first observation in 1997
reproduced for the first time after two and a half years.
We could not record the time necessary for this plant to
achieve a length of the largest leaf blade of 1 cm. Close
to this individual, there were many other plants with 1 cm
for the length of the largest blade, but they did not grow
during the study. This indicates that an E. fulva plant can
remain a long time without growing, stagnated at a cer-
tain size, until it has conditions to grow and reproduce.
Results from seed germination in the greenhouse showed
that, after 20 months, the seedling leaf blade was smaller
than 1 cm in length (personal observation). Although it
was not possible to estimate the minimum time required
for the first reproduction of E. fulva, we believe this is
longer than four years. We noticed that very particular
environmental conditions are necessary for the survival
of this species and its growth is slow, and concluded that
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the first reproduction might occur in plants with different
chronological ages. In general, plants with precocious
reproduction have short lives, while plants with delayed
reproduction are long-lived (Harper and White, 1974).
This could occur due to an alternating strategy of ener-
getic investment towards vegetative growth or reproduc-
tion. As E. fulva is an iteroparous species and its first
reproduction is delayed, it is probably long-lived.

The probability of individuals with a leaf blade
length = 10 cm not to reproduce was 2.69%, and size
differences between vegetative and reproductive plants
were significant. However, it was not possible to distin-
guish ontogenetic stages during the vegetative period by
external characters. Moreover, the transition to the re-
productive stage was not rigorously characterized, and
variations in leaf length and number of leaves occurred
continuously from vegetative to reproductive plants. In
some species, it is difficult or even impossible to identify
the differences between stages and phases in the pre-re-
productive period, because leaf structure, branches, and
root systems hardly change during this period (Gatsuk
et al., 1980). Thus, attaining a minimum size is impor-
tant for E. fulva to reproduce, but the transition to the re-
productive stage could possibly occur as a consequence
of favorable environmental conditions. The regularity
of fruit production over the years could have, as partial
causes, the lack of large environmental variations in the
study site and the plant’s slow growth, thus indicating the
necessity for observations of the population for a longer
period of time than used in this study.

Plant size is an important component of plant fitness,
with consequences for survival and fecundity (Harper and
Bell, 1979; Weiner and Thomas, 1986). However, we ob-
served reproductive individuals with large stems produc-
ing a number of fruit similar to individuals with smaller
stems. Alternating energetic investments (trade-offs) be-
tween growth and reproduction are well known in plant
biology (Harper and White, 1974; Solbrig, 1981) and in-
dividuals often need to allocate resources among compet-
ing demands. The balance between reproduction and other
activities manifests as the costs of reproduction, and there
is no one single solution to maximize fitness (Silvertown
and Lovett Doust, 1993). On one hand, it is likely that for
E. fulva the energetic costs of increasing fruit production
after a certain age or size are high and not compensated;
but on the other hand, the probability of individual surviv-
al could be greater if energy were instead directed towards
growth (Silvertown and Lovett Doust, 1993). That is, as
the plant size increases, the survival chances also increase,
although fertility does not increase after a certain size has
been reached. Therefore, the high fertility and higher sur-
vival probability of larger plants represent an advantage
for the E. fulva population.

Intraspecific competition could influence fertility, as
indicated by the negative correlation of the number of
fruit per size unit with density. The high density of the
population in some plots could also reinforce intraspe-
cific competition, and in some sites E. fulva could even
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show the pattern of competition for light seen in mono-
cultures at high densities (Weiner and Thomas, 1986).
A demographic study of Heliconia acuminata, an her-
baceous species from the Amazon, demonstrated that a
reduction in plant size caused by fragmentation resulted
in reduced fruit production (Bruna and Kress, 2002).
Allometric studies of Rumex obtusifolia L. concerning
the relationship between vegetative and reproductive bio-
mass indicated that the increase in reproductive biomass
was slower than the increase in vegetative biomass and
that, consequently, the reproductive effort decreased with
the increase in plant size (Pino et al., 2002). Although
controversies do exist, the authors discussed the patterns
observed using the associations between reproductive
cost, reproductive effort and size. The associations be-
tween these variables could be the explanation for the
patterns we observed for E. fulva, but a discussion on the
costs of reproduction is beyond the scope of this present
study. Even without a continuous increase in fruit pro-
duction in the larger class sizes, our data showed that
size is important for the fertility of E. fulva. Furthermore,
our data indicated that density is a factor correlated to
size that also affects fruit production. Thus, plant size
is one of the relevant variables to be considered in the
analysis of survival probabilities for the species, because
a population with large individuals would produce more
fruit, increasing recruitment chances.

We described general patterns of only one popula-
tion of E. fulva studied at the RPPN Mata do Jambreiro,
based on data relative to individual size structure over
time. Our results constitute the first information regard-
ing the structure of a population for this threatened spe-
cies, but it is necessary to conduct long-term studies and
studies of other populations to complement our results
in order to better understand variations caused by both
spatial and temporal differences. Only after such stud-
ies it will be possible to understand the general aspects
described in this study. Profoundly studying this species
will allow for it to be better situated within the various
biology and plant population approaches.
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