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Abstract

This study examines aspects of the stem density and growth of two large arborescent palms Attalea maripa and
Astrocaryum aculeatum and discusses their implication for the palm trees distribution in Amazonia. Stem density and
growth were investigated through both laboratory measurements and field estimates of growth rates. The densities of stem
samples collected within one individual of each studied species were very distinct. The samples of A. maripa stem were
more homogeneous in density than those of A. aculeatum, both from the internal to the external, and from the lower to the
upper parts of the stem. Field estimates of stem growth rates revealed that A. maripa growth is also more constant through
development in height. Short A. aculeatum palms had faster growth rates than A. maripa, as they get taller, stem growth
rates are reduced and approach A. maripa rates. The implications for arborescent palms distribution across Amazonian
forests are discussed.
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Resumo

Este estudo examina aspectos da densidade do caule e crescimento de duas palmeiras arborescentes de grande porte
Attalea maripa e Astrocaryum aculeatum e discute suas implicações para a distribuição de palmeiras arborescentes na
Amazônia. Densidade dos caules e crescimento foram investigados através de uma combinação de medidas de laboratório
e estimativas de campo de taxas de crescimento. As densidades de amostras do caule coletadas de um indivíduo de cada
espécie foram muito distintas. As amostras do caulde de A. maripa foram mais homogêneas em densidade que aquelas de
A. aculeatum, tanto das partes internas para externas, como inferiores para superiores dos caules. Estimativas de campo de
crescimento do caule revelaram que o crescimento de A. maripa também é mais constante ao longo do desenvolvimento.
Palmeiras A. aculeatum baixas tiveram crescimento mais rápido que A. maripa, palmeiras mais altas têm seu crescimento
reduzido a níveis semelhantes ao de A. maripa. São discutidas as implicações para a distribuição de palmeiras na Amazônia.
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1. Introduction
The occurrence of disturbance seems to be a limiting

factor for the distribution of different life-forms of palms in
tropical forests. Early naturalists noticed the general rarity
of palm trees in dense, well-drained forest areas (Spruce
1871). In the Amazonian terra firme forests, the distribution
of the arborescent palms is partly determined by heteroge-
neity in topography (Kahn & Granville 1992, Svenning 1999)
and canopy cover (Richards & Williamson 1975, Svenning
1999, 2000). Palm trees are abundant in open forests, which
tends to be less developed architecturally, with large and
complex canopy gaps, permitting greater level of light pen-
etration through the understorey (Kahn & Castro 1985, Kahn
1987).

The importance of forest disturbance regime as a de-
terminant of palm tree occurrence and distribution has been
attributed to their high light requirements for early estab-
lishment (Kahn & Castro 1985, Kahn 1987, Kahn & Granville
1992, but see Svenning 1999). The ecological light compen-
sation point of establishing and adult palms increases
throughout palm development. This occurs because the
relative amount of support tissues in the leaves grow with
leaf size and the fraction of biomass allocated to leaves
declines with stem height (Givnish 1979, 1988, Tomlinson
1990).

In large gaps, trees along gap edges are relatively
inefficient in promoting canopy closure. Thus, forest re-
generation is mainly a result of new tree development, which
takes considerably longer than regeneration from border-
ing trees on small gaps. Therefore, in large canopy gaps,
light demanding palm trees often have sufficient time to
complete their establishing growth under such favourable
light conditions (Kahn 1986, Kahn & Granville 1992, de
Granville 1992).

Palms lack a lateral vascular cambium and, in the ab-
sence of any secondary thickening meristem, thickness
growth is entirely primary, and confined to the apical mer-
istem. Thus, stem girth growth largely precedes the comple-
tion of extension growth. The consequence is that palm
trees, in contrast to dicotyledonous trees, are more limited
in their capacity to increase stem diameter by cell division
(Tomlinson 1961, 1979, Tomlinson & Zimmermann 1967).

Palm trees represent exceptionally dynamic structures
in which major age-dependent changes occur in mechanical
properties (Rich 1986). The mechanical structure of arbores-
cent palms is therefore fundamentally different from that of
dicotyledon trees. The palm stem is more heterogeneous
and undergoes more marked internal changes. Within the
palm tree stem, density tends to be higher towards both the
stem periphery and its base (Richolson & Swarup 1977, Sudo
1980, Killmann 1983). Stiffness increase within palm stems
prevents a steep growth in the risk of mechanical failure
(Tomlinson & Zimmerman 1967, Tomlinson 1979, 1990). Den-

sity of peripheral stem tissues at the base of mature palm
trees is higher than that of most dicotyledon, while the den-
sity of the central core, toward the crown, tends to be lower
than most woods. Thus, a single mature arborescent palm
can encompass the full range of published values of wood
density (Williamson 1984).

The imbalance between the development of the palm
stem and their mechanical support requirements poses ana-
tomical constraints for arborescent palms in tropical for-
ests. Inter-specific variation in stem development among
Neotropical palm tree species might affect species growth
rates and their performance in forests of contrasting archi-
tecture (Rich 1987a, Tomlinson 1990).

The aim of this study is to examine aspects of the
stem structure and development of two large arborescent
palms in a seasonally dry Amazonian forest and the eco-
logical correlates of stem development. The establishment
growth of Attalea maripa and Astrocaryum aculeatum was
related to the morphometrics of both palm species. Stem
structure and development were investigated through labo-
ratory measurements of density and field estimates of stem
growth rates.

2. Material and Methods
Attalea maripa is a tall (10 to 15m height), massive,

solitary and monoic palm (Uhl & Dransfield 1987). The spe-
cies is found throughout the Amazonian region, being wide-
spread towards the open forests of its periphery, but it is
not found outside Amazonia (Uhl & Dransfield 1987, Kahn
& Granville 1992). A. maripa can become common in highly
seasonal forests and is frequently dominant in secondary
forests across their distribution range (Henderson et al.
1995). The fruits of this palm represent a major food source
for the vertebrate community in several parts of the Ama-
zon (Bodmer 1991, Kahn & Granville 1992, Fragoso 1994,
1997, 1998, 1999).

Astrocaryum aculeatum is also a tall (10 to 25m
height), massive, solitary and monoic palm (Uhl & Dransfield
1987). The upper part of its stem is armed with long black
spines arranged in regularly spaced rings. As the tree grows,
the oldest spines drop off, and lower trunk parts generally
have no spines. This species is restricted to the Amazon
region although less widespread than A. maripa towards
its periphery (Uhl & Dransfield 1987, Kahn & Granville 1992).
This species can become common in the dense forest of
central Amazonia where it occasionally dominates second-
ary forests (Kahn & Granville 1992, Henderson et al. 1995).

This study was conducted at the Pinkaití forest of
southeastern Amazonia (7o 46’18"S; 51o 57’42"W). Geologi-
cally, the study area lies on the pre-Cambrian crystalline
shield of Brazil. Annual rainfall is approximately 2000mm.yr-

1 and there is a severe dry season from June to September,
when total rainfall is close to nil. The Pinkaití site is floristi-
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cally much heterogeneous and its tree species diversity is
low, compared to more aseasonal sites elsewhere in the re-
gion (Baider 2000, Salm 2002), which is typical of transi-
tional forests of southern and eastern Amazonia (Pires &
Prance 1985, Campbell et al., 1986). It is chiefly dominated
by open forests, typically characterised by a high abun-
dance of lianas (Ballé and Campbell 1990), and dense for-
ests, that predominates in residual plateaus and other up-
land areas (Radam 1974). At the study site, there is a gener-
ally high density of A. maripa (6.7±11.2 S.D palms. ha-1) that
is consistently more abundant than A. aculeatum (1.6± 3.8
S.D palms. ha-1). The palm family, in addition to A. maripa
and A. aculeatum, also includes the arborescent Euterpe
precatoria and Socratea exorrhiza, which are found in lower
densities (Salm 2002).

The morphometrics and the field estimates A. maripa
and A. aculeatum stem growth rates were measured within
a 16ha grid system set in a forest path where the forest had
apparently been cleared for subsistence crops in the first
half of last century (U. Kayapo, pers. comm.). The Rutaceae
is the family with highest number of stems, chiefly repre-
sented by Metrodorea flavida, the most numerous tree spe-
cies in this assemblage. The palm A. maripa was the tree
species with the highest basal and the second highest nu-
merical abundance. On the other hand, A. aculeatum was
the 16th most common species in terms of basal area and the
10th in individuals number (Salm 2002).

2.1 Stem structure and development
The diameter of 111 A. maripa and 50 A. aculeatum

trees with above-ground stem were measured within the 16
ha grid system. It was possible to determinate the reproduc-
tive development stage of a total of 246 A. maripa and 41 A.
aculeatum palms by an inspection for evidence or absence
of past reproductive activity, as indicated by the accumula-
tion of old seed and flower remnants underneath the crown.
Heights were estimated using a 8 m long pole for reference
from the ground to the lowest leaf-bearing node.

One individual palm of each species was destruc-
tively sampled outside the grid-system near the Pinkaiti re-
search station. The A. maripa palm sampled was 8m tall and
had a cross-section of the stem collected at 0, 4 and 8m
above ground. The A. aculeatum sampled was 16m tall and
had samples collected at 0, 4, 8, 12 and 16m. Both palms
were reproductive adults and occurred under similar envi-
ronmental condition, with the crown fully exposed, above
the canopy.

Three whole cross-sections of A. maripa and five of
A. aculeatum corresponding to the different height along
the stem were taken to the Plant Anatomy Laboratory of the
University of São Paulo (USP) for density measurements.
Stem sections were photographed and milled into cubes.
From each stem sections, 9 cubic samples were extracted,

three of each from its central, intermediate and external parts.
Because of practicality, stem tissue density was measured
as oven-dry weight per dry volume. After samples were
dried at 60oC for 30 days. All samples were weighed in a
precision scale and their volume subsequently measured as
the water volume displaced by the immersion of the sample
in a graduated beaker.

2.2 Growth rate estimates
 The palm family is characterised by a continuous

production of leaves, and many palm species produce per-
manent leaf scars on the stem. Rates of leaf formation, inter-
node distances, or rate of leaf expansion have been used to
estimate the growth rate and age of palms (Corner 1964,
Sarukhan 1978, Savage and Ashton 1983, Piñero et al. 1984,
Uhl & Dransfield 1987). It is feasible to estimate the growth
rate of palms with data collected at relatively short periods
of time. However, extrapolations from mean values should
be considered with caution (Tomlinson 1979, 1990, Rich
1987a). Furthermore, age estimates of stemmed individuals
still require information about the seedling and juvenile
lifespan which in most large arborescent palms is difficult
since their stems are protected and remain invisible below
ground (Corner 1964, Tomlinson 1990).

For this study, leaf scar production rates were esti-
mated by counting the number of leaves that fell from 81
adult A. maripa and 36 A. aculeatum during a 1-year period.
At the beginning of this investigation period all fallen leaves
were removed from the surroundings of the focal palms se-
lected for observation. Fallen leaves, hanging from branches
of surrounding trees were also removed. Fallen leaves were
defined as those that had no base contact with the palm
stems. All focal palms were subsequently monitored during
three occasions (at four months interval) when all the new
fallen leaves were counted and removed. The time interval
between consecutive leaf counts was short enough to en-
sure that fallen leaves did not decay on the forest floor.

Leaf scars were counted with the assistance of a pair
of binoculars along 67 adult A. maripa and 38 A. aculeatum
stems. Leaf abscission marks are conspicuous in both A.
maripa and A. aculeatum. Counts were classed within 1 m
intervals, with reference to a 8 m long banded pole placed
next to the focal palm stem. Leaf scars above 8m along the
palm stems were counted together as a single class. Counts
were classed within 1m intervals, with reference to a 8 m
long banded pole placed next to the focal palm stem. Leaf
scars above 8m along the palm stems were counted together
as a single class. Dividing the number of leaf marks along
the stem by annual leaf production rates allowed stem
growth rates to be estimated.

The palms considered for the leaf scar production
rates estimation were not necessarily the same of those
where leaf scars were counted, because of the distinct re-
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quirements of good visual access to the stem, and to the
crown, in a forest where heavy liana loads cover most of the
trees.

3 Results

3.1 Stem structure and development
The diameter of the A. maripa palms (26.7 cm ± 4.1

SD) was significantly higher than those of A. aculeatum
(23.7cm ± 3.9 SD) (Independent sample T p=0.001). The
height of the sampled A. maripa population (8.2m ± 3.9 SD)
is significantly lower of that of A. aculeatum (14.4m ± 4.3
SD) (Mann-Whitney U p=0.001) (Fig. 1). There was a posi-
tive relationship between palm girth and height in A. maripa
(r

s
=0.304; p=0.001), while no such correlation is found with

A. aculeatum (r
s
=0.024; p=0.871). The low number of A.

aculeatum trees, especially those of low height, hinders
interpretation of the pattern found.

Among the palms, which the reproductive develop-
ment stage could be accessed, nonreproductive A. maripa
were significantly shorter (2.4 ± 2.2m; n=33) than reproduc-
tive ones (10.0 ± 2.6m; n=213) (Mann-Whitney U, p=0.001).
Non-productive A. aculeatum were also significantly shorter
(4.4 ± 2.0m; n=5) than reproductive ones (13.1 ± 4.3m; n=36)
(Mann-Whitney U, p=0.001). All the non-productive virgin
palms were less than 9 m tall, while most of the reproductive
ones where taller than such limit (Fig. 2).

Variations were found in the aspect and density of A.
maripa and A. aculeatum stem sections, both from the bor-
der to the centre and from the lower to upper parts of the
palm. Fibrous bundles were more abundantly found towards
the stem periphery. Both A. maripa and A. aculeatum
showed higher density of fibrous material at lower and ex-
ternal parts of their stems, a pattern which is more con-
spicuous for A. maripa than A. aculeatum. Density of A.
maripa and A. aculeatum is higher towards both the lower
and the external parts of the stem, a pattern that is substan-
tially less clearly defined for A. maripa than for A. aculeatum
(Fig. 3).

3.2 Stem growth
In the year period from April 1998 to April 1999, the

mean number of new leaves (±SD) produced by A. maripa
and A. aculeatum was 3.6 ± 1.5 (n=81) and 4.0 ± 1.5 (n=37).
Because there was no significant correlation between palm
height and the number of leaves produced for either spe-
cies (A. maripa-r

s
=0.183 p= 0.053; A. aculeatum- r

s
=0.195 p=

0.128), the average values were used to estimate palm growth
rate. As said in methods, dividing the number of leaf marks
along the stem by annual leaf production rates allowed stem
growth rates to be estimated. Stem growth rate is higher in
A. aculeatum. Growth rates of both species decrease with
height (Fig. 4). The rate of decrease however is initially higher

for A. maripa and consequently the species takes signifi-
cantly longer than A. aculeatum to reach 8 m height
aboveground (Fig. 5, Chi-square value, p=0.006).

4. Discussion
Neotropical palms range widely from shade tolerant

to needing high levels of light (Svenning 2001). For example,
cloning, in tropical forest palms, is a strategy that allow
specimens to grow and persist under highly shaded condi-
tions by the physiological integration of ramets, allowing
the distribution of resources, from sites of acquisition, to
sites where the resource is scarce (Souza et al. 2003). Ar-
borescent palms, in particular, become increasingly light-
demanding with increasing size (de Granville 1992) and gen-
erally depend on large gaps for recruitment to the adult
stage (Kahn 1986). J.-C. Svenning (1999) predicted that, if
microhabitat niche differentiation is important for maintain-
ing the species richness of the community, palms of similar
growth form will show antagonistic microhabitat relation-
ships. However, he could not find antagonistic patterns of
microhabitat preferences among arborescent canopy palms.

The niche diversification hypothesis (Connell 1978)
states that species coexist by occupying different niches.
Because the arborescent palms Attalea maripa and
Astrocaryum aculeatum are close relatives (both belong to
the tribe cocoeae), are superficially similar, have comparable
total leaf area, and comparable energy budget for their stem
development, these species are likely to be direct competi-
tors. However, the species coexist in vast areas of the core
of the Amazonian region, where their distribution is super-
imposed (Henderson et al. 1995). The present work shows
marked differences on the stem density and growth of these
palms. Such differences, on palms of similar growth, through
their probable implication for the species distribution, could
be a large contribution to the “microhabitat niche differen-
tiation” necessary for their stable co-existence.

The stems of A. maripa are significantly thicker than
those of A. aculeatum and their DBH is weakly positively
correlated with palm height. Such a relationship has been
understood as evidence of capacity to increase in stem di-
ameter by means of sustained cell expansion or primary cell
division within the ground tissue (Corner 1964, Rich 1987a,
1987b, Waterhouse and Quinn 1978). It would be inappro-
priate to attach much meaning to the absence of a correla-
tion between A. aculeatum stem height and girth, in light of
the small sample size of short A. aculeatum trees in the
sampling areas.

The range of density values of A. maripa and A.
aculeatum stems covers a large part of the total observed
variation in wood density values of Amazonian forest di-
cotyledonous trees, as predicted by Williamson (1984). Stem
densities decreased in A. maripa and A. aculeatum, both
from the stem periphery to the core and from the bottom to
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FIGURE 1. Frequency diagrams of the trunk DBH and height for 111 individual A. maripa (black) and 55 A. aculeatum (white) in the Pinkaití
research station –Mean +/- SD (min-max).
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FIGURE 2. Frequency diagrams of reproductive stage and height of 246 individual A. maripa and 41 A. aculeatum. White and black bars
represent, non-reproductive and reproductive palms, respectively.
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FIGURE 3. Distribution of stem tissue density in longitudinal section within a 8-m-tall A. maripa and a 16-m-tall A. aculeatum. Dry density
is plotted as a function of height above ground for peripheral, intermediate and central stem tissue. Dry density is expressed as oven-dry weight
over volume. N=9 for each position and height.

FIGURE 4. The relationship between growth rate and height of A. maripa and A. aculeatum at Pinkaití Site, Brazil. based on leaf scar per (m)
and average production rates.
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FIGURE 5. Frequency distribution of estimated time of stem development since emergence up 8 m height for A. maripa and A. aculeatum at
the Pinkaití site, Brazil.
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the top. Differences were found between the density pat-
terns found across the stem of A. maripa and A. aculeatum.
Stem density of A. maripa was substantially more homoge-
neous both from the centre to its external parts, and from
the base of the stem towards the crown.

The results show that the stem growth rates of both
A. maripa and A. aculeatum are higher at an earlier period
after emergence from the ground level, compared to the late
development period. On the other hand, the reproductive
activity of palms of both species was lower at an earlier
period after emergence from the ground, and increased at a
later development period. Stem growth rate of A. maripa
was high at the first metre of aboveground development,
declining sharply from 1 to 2m and then stabilising before
substantially decreasing in taller palms at heights greater
than 8m. The stem growth rate of A. aculeatum, in turn, was
higher when compared to that of A. maripa and had a
smoother decline during the early development period, be-
coming similarly low at late maturity.

That stem density increases towards the stem pe-
riphery and the base has been reported to occur, to varying
extents, among other arborescent palms (e.g. Cocos nucifera:
Richolson & Swarup 1977, Sudo 1980, Killmann 1983, Iriartea
gigantea, Socratea durissima: Rich 1987a). The finding that
A. maripa stem density is much more homogeneous than
that of A. aculeatum is also consistent with observations
that palm tree species can range widely in the extent to
which density varies across the stem (Tomlinson 1961, 1979,
1990, Zimmermann 1973, Rich 1987b, 1987a).

Within energetic constraints, stem density should be
inversely related to stem growth, a relationship that holds
among tropical forest trees (Richards 1952, Whitmore 1975,
1984, 1989, Fearnside 1997). The smaller differences in early
and late growth rates of A. maripa stem, when compared to
A. aculeatum, is likely to be directly related to the smaller
differences in density patterns found across the stem of
this species. A reduction in growth rate in mature to senes-
cent palms has also been observed to be a common feature
in palm tree species. Its adaptive value is likely to be related
to both decreasing net benefits from greater luminosity and
increasing probability of stem breakage in taller plants. Al-
though the energetic costs associated with the reproduc-
tive activity of mature individuals might be a confounding
variable (Corner 1964, Tomlinson 1990, Alvarez-buylla &
Garay 1994, Alvarez-Buylla et al. 1996).

Sample size limitation, at the present work, hindered
refinements on the relationships between environmental
heterogeneity created by the vegetation and the density,
structure and growth of the stems of each specie. However,
the information available is enough to draw a broad picture
of large arborescent palm developmental contrasts, and the
main differences between A. maripa and A. aculeatum. At
the Pinkaití site, palm trees, as a group, are more abundant
in more open forests. The same pattern holds at the scale of

the entire Amazon basin, as large arborescent palms are
more frequently found in structurally open, seasonally dry
forests, that predominate along the Southern and Eastern
fringes of the region (Kahn & Granville 1992). However,
forest structure does not seem to affect the abundance of A.
maripa and A. aculeatum in the same way, since the abun-
dance ratio of the former to the latter is increases with struc-
turally more open forests (Salm 2002).

Large forest patches dominated by palm trees do not
occur naturally in terra firme forest at the Pinkaití site. In-
deed, palm-dominated forest patches in well-drained areas
of Amazonia of a few to several hectares, seem to be related
to past human disturbance (Ballée 1989, Ballée and Cambell
1990, Anderson et al. 1991, Kahn and Granville 1992). Nu-
merous monodominant forest enclaves of 2-3 ha of Attalea
phalerata (babassu) in the Brazilian State of Maranhão are
often associated with old human settlement sites (Ballée
1984). In fragments of the Atlantic forest, in Southeastern
Brazil, the presence of large disturbed sectors promotes the
formation of large, continuous stands of the acaulescent
palm Attalea humilis (Souza & Martins 2002).

The higher overall stem density of the shorter A.
maripa palms, in comparison to A. aculeatum, give this
species a wider structural safety margin during early stem
growth. Such safety margin should make this species less
likely to be fatally damaged by physical disturbance at an
early stage. This is especially advantageous under the high
disturbance regime that is typical of structurally more open
forests like many parts of the Pinkaití forest. Despite having
larger stem diameter, A. maripa seems to have a lower ca-
pacity to increase density later on during the stem develop-
ment process, which is likely to make taller palms of this
species more vulnerable to stem breakage. This could con-
fer a further disadvantage for A. maripa, in relation to A.
aculeatum, in more built-up, taller forests. Such patterns
are consistent with the distributional contrasts of A. maripa
and A. aculeatum across structurally distinct forests and
could provide a mechanism for avoiding the competitive
exclusion of either species across most of the Amazon.
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