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Abstract

Eriocnema fulva Naudin is an endangered herbaceous, perennial, iteroparous, evergreen species geographically
restricted to southeastern-center Minas Gerais State, SE Brazil. The individuals occur as patches on rocky riverbanks
shaded by seasonal semideciduous Atlantic forest; they are fixed by roots and have a pending stem. Aiming to inves-
tigate leaf development and its importance for individual survival, fifteen contiguous plots (1 X 1 m) were set down in
Jambreiro Forest (19° 58’-59° S and 43° 52°-55" W, 800-1100 m altitude), in the municipality of Nova Lima. A total
of 260 individuals with the largest leaf blade length = 1 cm was tagged and measured in 1997, 1998, and 1999. Leaf
expansion was recorded each month during 26 months until April 2000. Plant size was measured through leaf blade
length, petiole length, stem length, and number of leaves. Significant changes were detected only after two years, thus
indicating that plant growth is slow. The proportion of surviving leaves after two years was 60%. Total blade expan-
sion took over 14 months, a slow growth rate when compared to leaves of other tropical forest canopy and understory
species. Long leaf lifespans are to be found in plants exhibiting slow growth, and we observed that some leaves lived
longer than three years. Petiole growth can help to better position the leaf in the search for light, thus contributing to
the growth and survival of the plant. The relationships among size measures were significant, reinforcing the great
contribution of leaf size for plant size. The age of the largest individual was estimated as 36 years based on the median
annual leaf production rate.
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Crescimento foliar de Eriocnema fulva Naudin (Melastomataceae)
em um fragmento florestal no Brasil sudeste

Resumo

Eriocnema fulva é uma espécie herbdcea, perene, iteropdrica, com distribui¢do geografica restrita ao centro-sudeste do
Estado de Minas Gerais, Brasil, e ameacada de exting¢@o. Os individuos ocorrem agrupados em pareddes rochosos, na
beira de riachos sombreados pela Mata Atlantica estacional semidecidua e tém caule que pendem do barranco. Com o
objetivo de investigar o desenvolvimento da folha e sua importancia para a sobrevivéncia dos individuos, foram insta-
ladas 15 parcelas contiguas de 1 X 1 m na Mata do Jambreiro (19° 58’-59’S, 43° 52°-55* W, 800-1100 m de altitude),
municipio de Nova Lima. Todos os individuos cuja maior folha tivesse comprimento do limbo maior ou igual a 1 cm
foram marcados, sendo medidos em 1997, 1998 e 1999. O tempo de expansdo da folha foi registrado mensalmente
durante 26 meses até abril de 2000. Na drea amostrada foram marcados 260 individuos cujo limbo foliar tinha compri-
mento > lcm. O tamanho das plantas, medido através do comprimento do limbo e do peciolo e do nimero de folhas,
apresentou mudangas significativas somente apds dois anos, indicando que o crescimento € lento. A proporcao das
folhas sobreviventes apds dois anos foi de 60%. O tempo necessario para a expansdo da folha foi superior a 14 meses
e ¢ lento quando comparado com o de outras espécies do dossel ou do sub-bosque da floresta tropical. Maior longe-
vidade foliar tende a ser encontrada em plantas de crescimento lento. Observamos que algumas folhas tiveram maior
longevidade que 3 anos. O crescimento do peciolo pode ajudar no melhor posicionamento da folha na busca de luz no
sub-bosque, contribuindo para o crescimento e sobrevivéncia da planta. As relacdes entre a folha e demais medidas de
tamanho foram significativas, indicando sua grande importancia para o tamanho de cada planta. A idade do individuo
de maior tamanho foi estimada em 36 anos através da taxa mediana de producdo anual de folhas.

Palavras-chave: crescimento foliar, longevidade foliar, planta herbacea, tamanho, idade.
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1. Introduction

Plant growth is in part determined by leaf dynam-
ics and longevity (Givnish, 1984), because leaves are
related to the plant carbon gain (Chabot and Hicks,
1982). The dynamics of leaves and their arrangement
in space make plant architecture an important element
in the plant strategy to sequester carbono. The relation-
ships between longevity, size, and emergence pattern of
leaves, in conjunction with plant architecture, affect pri-
mary productivity (Kikuzawa, 1995) and, consequently,
plant survival. Leaf longevity varies from a few weeks in
ephemeral plants to more than 10 years in some peren-
nial species (Chabot and Hicks, 1982; Reich et al. 1992).
Plant growth rates decline with increase in leaf lifespan,
and the longer the leaf lives the slower the plant grows
(Mulkey et al., 1991; Reich et al., 1992; Crawley, 1997).
Leaf development is generally interpreted as part of the
plant program of resource allocation and physiologi-
cal aging, and leaf lifespan is part of a general adaptive
strategy (Thomas and Stoddart, 1980; apud Chabot and
Hicks, 1982).

Leaves are important for plants of all sizes, be they
trees, shrubs, or herbs. There are many studies involv-
ing the ecology of leaves, some focusing on leaf longev-
ity and carbon gain (Bentley, 1979; Chabot and Hicks,
1982; Harper, 1989; Mulkey et al., 1991; Reich et al.,
1992; Coley et al., 1993; Mulkey et al., 1993; Walker
and Aplet, 1994; Kikuzawa, 1995; Kitajima et al., 1997;
Freiberg and Freiberg, 1999; Kursar and Coley, 1999),
others dealing with leaf dynamics (Jurik and Chabot,
1986; Escudero and Del Arco, 1987; Costa and Seeliger,
1988a,b; Hegarty, 1990; Costa et al., 1991; Cavelier
et al., 1992; Clark et al., 1992; Lowman, 1992; Aide,
1993; Telenius, 1993; Diemer, 1998; Carvalho et al.,
1999; Santos, 2000; Williams-Linera, 2000), and still
others accessing questions related to allometry and leaf
size (Parkhurst and Louks, 1972; Richards, 1976; Dolph
and Dilcher, 1980; Kohyama, 1987; Kohyama and Hotta,
1990; Sterk and Bonges, 1998; Becker et al., 1999;
Valladares et al., 2002). Yet, in tropical forests, studies
of leaf dynamics of herbaceous plants are few (Mulkey
et al., 1991; Sharpe, 1993; Horvitz and Schemske, 1995;
Bruna and Kress, 2002). Leaves are believed to be partic-
ularly important for the survival of an herbaceous plant
when they are large in comparison to the plant total size.
In such cases, in addition to shoots and stem, the leaves
and the petioles contribute directly to the architecture of
the plant. In tropical environments, leaves of understory
plants tend to possess longer longevity and greater size
than leaves in the canopy (Parkhurst and Loucks, 1972;
Reich et al., 1991; 1992).

Eriocnema fulva is a perennial, iteroparous, herba-
ceous species with a prostrate stem, endemic to central-
southeastern Minas Gerais state, SE Brazil. Up to the
present, this species has been recorded only in the mu-
nicipalities of Ouro Preto and Sabard (Cogniaux, 1883;
Badini, 1940) and Nova Lima (Andrade, 1993). It occurs
as groups of individuals on rocky riverbanks shaded by

seasonal semideciduous Atlantic forest. E. fulva does not
associate with other species of angiosperms, but only
with mosses and ferns (personal observation). Recent
studies showed that the reproductive system of this spe-
cies is self-compatible; it does not produce fruits via
either autogamy or agamospermy, but requires, obliga-
torily, pollen vectors due to buzz pollination syndrome
(Andrade, 2004). The root system is individualized and
vegetative reproduction was not observed. Although it is
in the endangered species list (COPAM, 1997), there is
little information regarding its biology, occurrence sites,
abundance, or population structure (Andrade, 2004).
This information is essential in order to develop conser-
vation and management strategies.

Considering the small total size of Eriocnema fulva,
we expect that leaf development characteristics are im-
portant for this species, which dwells in the inferior
stratum of a tropical forest. We also expect that aspects
related to leaf development and lifespan are relevant to
individual survival. The objectives of this study are: 1) to
describe aspects of leaf development of an herbaceous
perennial species from the inferior stratum of a tropical
semideciduous forest; and 2) to investigate the impor-
tance of the leaf and its alterations during ontogeny for
the species survival. In order to reach these objectives we
formulate the following questions as guidelines: 1) How
does a leaf and its petiole grow? 2) Does the number of
leaves increase during plant ontogenesis? 3) How long
does a leaf last? 4) Does leaf size have any relation to
leaf longevity? 5) Is leaf growth related to the structure
of the plant and population? and 6) Is it possible to esti-
mate individual age based on leaf characteristics?

2. Material and Methods

2.1. Study area

This study took place in the Jambreiro Forest (912 hec-
tares), located in the central-southeastern region of Minas
Gerais State, between 19° 58°-59° S and 43° 52°-55" W,
in the municipality of Nova Lima, 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, macro-
thermic temperate with mild summers and dry winters.
Rains (1400-1600 mm/year) predominate during the hot-
test 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 re-
lief has an undulating topography. This study was done
in an area adjacent to the stream Ribeirdo do Cardoso,
at an altitude of 850 m (PLAMBEL, 1977). The ter-
rain on which the Jambreiro Forest occurs belongs to
the company Mineragdes Brasileiras Reunidas (MBR).
In August 1998 it was protected as a private reserve
(Reserva Particular do Patrim6nio Natural — RPPN), a
form of land conservation in Brazil, which began with
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a legal instrument (Portaria number 070, September 11,
1998) from the Instituto Estadual de Florestas (IEF), a
state environmental agency in Minas Gerais.

2.2. Data collection

In the RPPN Jambreiro Forest, Eriocnema fulva oc-
curs in patches on rocky, shaded riverbanks. In one of
these patches 15 contiguous plots (1 X 1 m) were estab-
lished. These plots were delimited by cotton string tied
to small nails attached to the rocky walls. All individu-
als with the largest leaf length greater than or equal to
1 cm were tagged by a numbered aluminum identify-
ing tag. For each tagged individual the total number
of leaves was recorded, and the petiole length and the
length and width of the blade of the largest leaf were
measured. Stem length was measured, except in small
plants, in which the stem was so short that no measure-
ment was possible. In these cases, we stated that the
plant had a non-measurable stem, and we represented
the non-measured stem length as a “0” category in our
graphs. Tagged individuals were counted and measured
for the first time in 1997 and again in 1998 and 1999, at
intervals of 414 and 363 days, respectively. The subset
of data collected in 1997 was used to classify individuals
into size classes. We did not include plants with leaves
smaller than 1 cm because their frailty and reduced size
made impossible to perform the measurements. In order
to search for temporal variations of the number of indi-
viduals, number of leaves, and size differences we used
the measurements taken in 1997, 1998, and 1999. To in-
vestigate leaf expansion, we measured petiole and blade
length of 35 leaves in 28 reproductive individuals, which
were selected among the largest individuals in the popu-
lation, in intervals of 27 to 35 days, during 26 monthly
observations. We labeled leaves with lightweight num-
bered tags, and tied them to the plants with cotton string
in order to not harm leaf development. We identified
leaves in the initial process of expansion by their position
on the tip of the stem, their reduced size and light-green
coloration. Tracking and measuring leaves were done
during the 26 monthly observations, even if no growth
was measured. Measurements were performed by means
of a graduated ruler and measuring tape.

2.3. Data analysis

We delimited size class intervals by means of dis-
persion diagrams combining leaf length, stem length,
number of leaves, and number of fruits. Reproductive
plants were recognized by the presence of reproduc-
tive structures, such as flowers and fruits; plants without
these structures were considered vegetative. We divided
plants into two categories: vegetative and reproductive.
During measurements, a great difference was observed
between small and large leaves, and we classified leaves
into two classes of blade length: small (up to 7 cm) and
large (greater than 7 cm).

We investigated the relationships among the leaf size
measures in the population as a whole by means of linear
regressions and also by using the model y = ax®, where a
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and b are constants, and the data were transformed into
natural logarithm. (Zar, 1984). In order to test for size
variation between the initial (1997) and the final (1999)
observation, we performed regressions and performed
tests for the differences between angular coefficients (b)
and intercepts (a) with covariance analyses and a pos-
teriori Scheffé test (Sokal and Rolf, 1969). ANCOVA
and Sheffé tests were applied only on significant regres-
sions by using the program ANCOVA developed by
F. A. M. Santos. We analyzed the variation in the number
of leaves between the initial (1997) and the final (1999)
observations using the Kruskal-Wallis test (Zar, 1984).
We estimated the median number of leaves produced per
year based on the number of leaves of all individuals in
the initial (1997) and the final (1999) observation, ex-
cluding the dead plants. The confidence interval for the
median was calculated following Zar (1984).

For the analysis of monthly growth of leaf and peti-
ole, we considered all data up to stationary growth, that
is, until the measure had the same value in three consecu-
tive months. As the measurements were done in intervals
varying from 27 to 35 days, the final monthly growth rate
of leaf and petiole was expressed on a 30-day base. The
difference of growth rate between small and large leaves
was tested by Mann-Whitney U test including Z (value of
the deviation from normal distribution) because the sam-
ple contained more than 20 individuals (Zar, 1984). The
Mann-Whitney test was also used to test for differences
in petiole growth rate. In order to estimate plant age based
on the increase of the number of leaves a correlation us-
ing Pearson coefficient was done considering the number
of leaves in the population between 1997 and 1999 (Zar,
1984). By applying the equation NL, = a + b.NL,,, where
NL = number of leaves, a and b = constants, t = time
in years, constants were generated. Based on these con-
stants we made a projection of the increase in the number
of leaves over time, which generated a non-linear model.
This projection was done only until the number of leaves
in the projection was similar to that of the largest plant
found in the population.

3. Results

3.1. Leaf growth and survival

Leaf display on individuals changed with plant size.
Large individuals, be they reproductive or not, bare the
smallest leaves close to the stem, due to their short peti-
oles, on the upward part of the plant; while the largest
leaves, with longer petioles, are situated on the part of
the plant facing downward (Figure 1). Leaf display in
small individuals (“0” stem length) formed a rosette, be-
cause the stem is very short. When starting expansion,
the leaf was more flexible and had light-green color; ma-
ture leaves had a firmer and more resistant consistency
and dark-green color, although they could continue to
grow for long time. The flux of leaves was continuous,
one leaf emerging at a time. That is, there were not sev-
eral new leaves present at the same time, but since we
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Figure 1. Class sizes for Eriocnema fulva, based on the largest leaf length found on plant. a) and b) Individuals with leaves
smaller than 1 cm; c) Individual in the smallest leaf length class (1.5 cm); d) Stemless individual with length of the largest leaf
blade of 4 cm; e) Reproductive individual with reduced stem. The leaf blade length of the largest leaf is 7 cm and f) Reproduc-
tive individual with developed stem, the leaf blade of the largest leaf is 13 cm in length.

did not make a study of leaf dynamics, we do not know
whether the appearing of a new leaf occurs only after the
full expansion of the preceding leaf. The speed of expan-
sion of large leaves (largest leaf blade length greater than
7 cm) diminished rapidly as it approached its maximum
size (Figure 2). Small leaves (largest leaf blade length
up to 7 cm) achieved maximum development in half the
time large leaves did. The median monthly growth rate
was significantly smaller for small leaves than for large
leaves (Table 1 and Figure 2). The largest leaves took
the longest to attain the maximum size and had a greater
growth rate than smaller leaves (Table 1). Large leaves
took on average 13.5 months to fully expand (Table 1).
Petiole growth showed the same pattern as the leaf
(Table 1), the size of both was significantly correlated
(Table 2).

The proportion of leaves surviving after two years was
60%. Large leaves survived in greater proportion (85%)

than small leaves (42%). The average size for leaves that
died was 2.0 cm (-95% confidence interval = 1.2 cm and
+95% confidence interval = 3.0 cm). We did not inves-
tigate the causes of leaf death during expansion, but we
observed frequent fungus attacks, while predation by in-
sects was observed in only one isolated case. The surviv-
ing leaves had longevity greater than 24 months, and 28%
of them continued to grow after this period.

3.2. Leaf growth and its relationship with plant structure

In 1997 we tagged 260 plants with the largest leaf
length greater than 1 cm, of which 149 were vegetative
and 111 reproductive. In 1998 we recorded 263 indi-
viduals, 165 were vegetative and 98 reproductive; and in
1999 we sampled 281 individuals, 181 were vegetative
and 100 reproductive.

The median number of leaves per plant for the whole
population, including vegetative and reproductive plants,
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Table 1. Monthly leaf blade and petiole growth for 35 leaves that attained a limbo length <7 cm or > 7 cm in reproduc-
tive plants of Eriocnema fulva. Difterences verified with the Mann-Whitney U test, Z (deviation from normal distribution),
n = Number of measurements. N = number of accompanied leaves and petiole, p = probabilty of association being random
(<0.05), LG = Monthly leaf blade growth, PG = Monthly petiole growth, LET = Leaf blade expansion time, PET = Petiole
expansion time.

LG LG PG PG LET LET PET PET P
<7cm > 7cm <7cm >7cm <7cm > 7cem <7cm > 7cm
(cm) (cm) (cm) (cm) months months months months
N 12 14 17 8 12 14 17 8
n 81 211 132 118 - - - -
Median 0.35 0.51 0.19 0.55 6.50 13.50 7.00 14.00
Confidence 0.17 0.50 0.50 0.50 3 12 3 13
interval —-95%
Confidence 0.45 0.67 0.93 0.77 12 19 12 16
interval +95%
U 5013.00 4595.50 - - <0.001
Z 5.46 -5.74 - - <0.001

Table 2. Parameters of linear regressions among leaf size measures. N = number of individuals in 15 m? a = linear coef-
ficient; b = angular coefficient; r*= coefficient of determination, p = probability of the relationship obtained being due to ran-
domness, a common= adjusted linear coefficient for the three study years, b common = adjusted inclination — used to test dif-
ferences between the linear coefficients between the three years. LL = Leaf blade length, PL = Petiole length, NL = Number
of leaves, LW = Leaf width, TS = a posteriori Scheff¢ test for common b (p = 0,05). ns = Non significant. The covariance

analyses and a posteriori Scheffé test only for the significant regressions LL versus LW (F, ., = 6.32; p < 0.001) and LL

versus PL (F(z' 7o) = 6.81; p <0.001).
- 1997 1998 1999 - TS
N 260 263 281 - -
LL a -0.0065 0.0349 0.0395 - -
versus b 0.65 0.63 0.61 - -
LW r’ 0.95 0.94 0.95 - -
p <0.001 <0.001 <0.001 - -
b common - - - 0.63 -
a common - - - 0.0294 -
1997 x 1998 - - - - ns
1998 x 1999 - - - - ns
1997 x 1999 - - - - <0.05
N 260 263 281 - -
LL a -1.53 -1.51 -1.24 - -
versus b 1.28 1.21 1.12 - -
PL r’ 0.84 0.84 0.82 - -
P <0.001 <0.001 <0.001 - -
b common - - - 1.20 -
a common - - - -1.40 -
1997 x 1998 - - - - ns
1998 x 1999 - - - - ns
1997 x 1999 - - - - <0.05
LL a 3.95 4.81 5.58 - -
versus b 0.93 0.99 0.99 - -
NL r 0.29 0.28 0.24 - -
P <0.001 <0.001 <0.001 - -
b common - - - 0.97 -
a common - - - 4.79 -
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Figure 2. Growth of two groups of leaves from reproductive
Eriocnema fulva plants during 26 months. Leaves with max-
imum length > 7 cm are represented on the left side of the
graph and leaves with maximum length <7 cm on the right
side. In each observation, the rectangle includes 50% of the
individuals; the small square on the interior of the rectangle
indicates the median; the horizontal lines indicate the ampli-
tude of distribution, except for extreme values (represented
by circles) and very extreme (represented by asterisks).

increased from 8.0 in 1997 and 1998 t0 9.0 leaves in 1999
(Kruskal-Wallis test: H (2, N = 804) = 8.97 and p < 0.05).
Therefore, the number of leaves increased in the popula-
tion as a whole, but this increase was significant only
after two years. In 1997 we tagged 260 plants, of which
229 remained until 1999. The median annual increase of
leaves for each individual was 0.50 with confidence in-
terval —-95% = 0.50 and confidence interval +95% = 0.50
(the minimum increase of leaves for individual was zero
and the maximum was fifteen leaves).

The relationship between length and width of the larg-
est leaf blade was significant, showing a linear increase
of length as the width increased (Table 2). Application
of Scheffé test indicated that the angular coefficient (b)
of this relationship was significant and differed between
1997 and 1999, thus showing a change in leaf form,
which became longer in relation to its width (Table 2).
The relationship between blade length and petiole length
was also significant, and the angular coefficient (b) dif-
fered between 1997 and 1999, showing that the peti-
ole tended to grow longer in relation to the leaf length
(Table 2). Leaf length distribution showed that half of the
individuals had small leaves, mainly vegetative plants
(Figure 3a). Most individuals had a small number of
leaves, especially vegetative plants (Figure 3b).

Although little variation was explained by the co-
efficient of determination (r?), the relationship between
blade length and leaf number was significant (Table 2),
indicating that increase in blade length and number of
leaves occurred simultaneously, that is the leaves last-
ed long and continued to grow over time, while new
leaves were added. Covariance analysis of the slopes of
the regression lines of blade length versus leaf number
between the two years (Table 2) was not significant

(F ;505 = 0.12; p = 0.88), indicating that the increase in
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Figure 3. a) Distribution of the leaf lamina length and
b) number of leaves of 260 individuals of Eriocnema fulva
recorded in October/1997. White bars = vegetative individu-
als. Gray bars = reproductive individuals.

blade length and leaf number occurred at the same rate
in the years sampled.

The relationships between the size variables were
significant, with high values of the coefficient of de-
termination (r?) for most regressions (Table 2). In con-
junction, the regression parameters and their alteration
among years, as well as the diagrams (Figure 3), show
how plant size increased as the plant developed towards
the reproductive phase. Both length and width of the
blade increased during ontogeny, but length tended to
increase faster (Table 2). As the blade length increased,
so did the petiole length, placing the leaf lamina farther
away from the stem. The relationship between lamina
length and petiole length was better fitted in a non-linear
model (N = 260, year 1997, PL = 0.467 LL'* 2= 0.90;
p < 0.001), in which the petiole length continued to in-
crease while blade length tended to stabilize or grow
at a smaller rate. The number of leaves (Figure 3b)
and the blade length (Figure 3a) increased as the stem
length increased, and the larger the number of leaves on
the plant the larger the length of the blade and petiole.
The relationship between blade length and stem length
proved to be very important, because the number of re-
productive individuals was much greater in the presence
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of stem associated to blade length greater than 10 cm.
The relation between number of leaves and stem length
was significant (linear regression, N = 260, year 1997,
r’=0.55; a = 6.80; b = 1.80; p < 0.001). A non-linear
model adjusted better to the relationship between stem
length and leaf length (N = 260, year 1997, LL = 6.449
SL*¥7 12=0.66; p < 0.001), indicating that the stem con-
tinued to grow while blade length stabilized or grew at a
smaller rate after reaching a certain size.

The correlation between the number of leaves in
1997 and in 1999 was positive (Pearson coefficient
r=0.88; p<0.05; N = 226). It meant that the individuals
with larger number of leaves had greater increase in the
number of leaves when compared to plants with smaller
number of leaves. By using a non-linear model with data
from a two-year period (1997-98) we projected the in-
crease of leaf number in an average plant as 81 leaves
in 2033. The projection began with two leaves in 1997
because this was the smallest number of leaves found
in a plant with the largest blade length > 1 cm, and was
interrupted at 81 leaves in 2033 because the largest plant
found in the population had 83 leaves (Figure 3b).

4. Discussion

4.1. Leaf growth and survival

Success in protecting plant species threatened with
extinction depends on, among other variables, knowl-
edge regarding the species life history and the dynamics
of its population (Schemske et al., 1994). For Eriocnema
fulva the leaf is a fundamental component to understand
the population life history. A few hypotheses attempt to
explain the adaptive significance of leaf lifespan. These
hypotheses were developed in specific environmental
contexts in order to explain the existence of deciduous
and evergreen plants (Chabot and Hicks, 1982). The pat-
terns of leaf production in evergreen species vary from
an almost continuous flux in pioneer species to a dis-
continuous flux in many non-pioneer species of tropi-
cal forests (Coley, 1983). Leaf flux in the reproductive
individuals of E. fulva was continuous in the sense that
they emerged one at a time, although this pattern would
have to be confirmed by long-term monitoring. Our re-
sults on leaf expansion of E. fulva showed that, such as
in other understory species, development is slow when
compared to leaves of canopy tree species of tropical
forests (Williams-Linera, 2000). In general, species
from tropical forest understory tend to have longer leaf
lifespan than those of the canopy (Parkhust and Loucks,
1972; Reich et al., 1992). The average time interval nec-
essary for the full leaf expansion of E. fulva was greater
than 13 months. Considering that the duration of leaf
expansion is positively correlated with leaf lifespan
(Diemer, 1998), the leaf of E. fulva would live longer
than two years, in order to compensate construction costs
(Kikuzawa, 1995). Leaves of tree and shrub species of
tropical forest understory have a lifespan of 1 to 5 years
(Bentley, 1979; Mulkey et al., 1991; Coley et al., 1993;
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Freiberg and Freiberg, 1999; Kursar and Coley, 1999).
The leaf expansion period of E. fulva was relatively long,
and considering that after 26 months 28% of the surviv-
ing leaves were still growing, we estimate a leaf lifespan
longer than 3 years. Significant alterations in leaf size
were detected only after two years, although it was not
possible to detect any changes in stem length during this
period. These results agree with the hypothesis that long-
er leaf lifespans are to be found in slow growing plants
(Crawley, 1997; Reich et al., 1992). Small leaves (blade
length up to 7 cm) died in a greater proportion than large
leaves, and this fact poses a few questions: Is size as im-
portant for leaf survival as it is for individual survival?
Or would larger leaves live longer just to compensate for
their construction costs? It would be interesting to inves-
tigate whether in the same individual leaves of different
size would have distinct lifespans: would small leaves
have shorter lifespans?

The size of E. fulva leaves is large in relation to
the stem size, and as the number of leaves increases so
does the length of all leaves and the plant as a whole.
Thus, E. fulva leaves contribute to the increase of the
overall plant size, and probably influence plant survival
(Andrade, 2004), but growth is slow, two years being nec-
essary to observe significant alterations in the shape and
size of the plants in the population studied. Eriocnema
fulva has a positive relationship between fertility and size
(Andrade, 2004). We suspect that the increase in leaf size
and number is also related to the plant fitness, since larger
plants generally have greater fecundity (Solbrig, 1981;
Silvertown and Lovett Doust, 1993; Begon et al., 1996).

Thomas and Stoddart (apud Chabot and Hicks,
1982) argued that physiological ageing and leaf lifespan
seem to be part of a general adaptive strategy of plants.
Eriocnema fulva is an understory species, and light
is a limiting factor for understory species in general
(Pearcy, 1983; Chazdon and Fetcher, 1984). Therefore,
large-sized and longer lasting leaves are adaptations that
contribute to individual survival. Or better, leaf size and
longevity compensate for the greater construction costs
in light-limited environment, according to the hypoth-
esis that natural selection favors leaves with the longest
lifespan in limiting habitats (Chabot and Hicks, 1982;
Reich et al., 1992; Kikuzawa, 1995).

4.2. Leaf growth and its relationship to plant structure

Plants of tropical forests have morphological vari-
ation in leaf and crown architecture (Tuner et al. 2000,
Valladares, et al., 2002). For example, in species of
Arecaceae the stem represents the largest part of the plant.
Dicotyledons of forest canopy also have the largest ver-
tical size proportion represented by their trunk, and the
leaves are small when compared to the size of the indi-
vidual as a whole. In tropical understory species, mor-
phological variation related to the efficient absorption of
light is great, encompassing species with different patterns
of phyllotaxy, leaf sizes, types of crown, and plant archi-
tecture (Valladares, et al. 2002). In E. fulva, the largest
stem length was 36 cm and the largest leaf blade length
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was 17 cm in a total of 83 leaves. Comparatively, if this
plant were a tree with a trunk 30 m in height, it would still
have 83 leaves, but the largest leaf would measure 14 m
in length, assuming that both stem and leaf length would
increase linearly at the same rate. The leaf and it charac-
teristics, such as lifespan, size and resistance, contribute
directly to the survival of E. fulva individuals (Andrade,
2004). The stem seems to be important as well, although
it grows slowly and most individuals in the population did
not have a measurable stem. The statistical significance of
all the relations among size measures in E. fulva indicates
that the leaf is a component of great importance for the
overall size of the plant, especially when we consider it to-
gether with the length of the stem and petiole, which seem
to be the major determinants of plant architecture.

Therefore, if size and number of leaves are directly
related to the size of an E. fulva individual, they can be
used to indicate the plant age. Hanzawa and Kalisz (1993)
observed that the total leaf area, rhizome volume and plant
age were positively correlated in Trillium grandiflorum
(Michx.) Salisb (Liliaceae). In E. fulva the flux of new
leaves is continuous and large leaves (largest leaf blade
length greater than 7 cm) took an average of 6.5 months
to fully expand. Therefore, we may speculate that an adult
with 30 leaves would be at least 195 months or 16.25 years
old. Considering the projection for leaf number increase,
we could calculate the number of years necessary for an
average plant to get 81 leaves as 36 years. However, the
model we used to carry out such an estimate considers
the number of leaves found in the previous observation
period and does not take into account the death rate of
leaves. Hence, the plant may be much older than our
estimate. In order to devise the best method to estimate
plant age, it is necessary to monitor leaf dynamics in dif-
ferent size classes. The leaf lifespan we estimated is in
the range of estimated lifespans for perennial herbaceous
plants, which average 28.3 years for 40 species based on
studies on demographic structure (Ehrlén and Lehtila
2002). Our estimate is preliminary, and further studies on
leaf and population dynamics of E. fulva are necessary.
The median annual increase of 0.5 leaf per individual is
smaller than the average of 3.17 leaves per individual in
other tropical understory species (Bentley 1979), and pos-
sibly E. fulva develops slowly when compared to other
understory species in tropical forests. The few studies
on tropical understory herbaceous plants (Mulkey et al.,
1991; Sharpe, 1993; Horvitz and Schemske, 1995; Bruna
and Kress, 2002) do not emphasize the development and
lifespan of leaves.

Generally, leaves in the forest canopy are vertically
oriented and those found in the understory are horizontal-
ly oriented, thereby maximizing the interception of light
under the limitation imposed by their location (Crawley,
1997). Eriocnema fulva occurs in a special habitat in the
understory, growing on rocky walls along the edge of
streams. Its leaves optimize the exploration of space by
having different sizes and by differential lengthening of
the petiole. The changes of petiole growth in the popula-

tion as a whole, detected after two years, indicated slow
alterations in the architecture of the plant in search for
light, as described for species of Arecaceae (Kahn, 1986;
Carvalho et al., 1999). In these monocotyledons, after
blade full expansion the energetic investment is directed
towards the positioning of the leaf by the petiole, thus
optimizing light interception for photosynthesis (Kahn,
1986; Carvalho et al., 1999). In E. fulva petiole growth
is possibly the best way to explore a heterogeneously il-
luminated understory environment, and leaf positioning
could be critical to plant growth and survival.
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