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Population structure and spatial distribution
of tucuma-do-para (Astrocaryum vulgare
Mart.) in Salvaterra, Marajo island, Para

GABRIELE N. FURTADO, PRISCILA S.M. SARMENTO & FLAVIA C.A. LUCAS

Abstract: Astrocaryum vulgare Mart. is a palm tree that tolerates multiple environmental
conditions, with complex development characteristics. The objective is to understand
the population structure, the spatial distribution of this species in different
environments and the effect of environmental gradients on its occurrence on Marajo
Island, Para. The hypothesis is that the population density of the species, as well as the
spatial distribution, depends on the environment in which it is inserted. The study was
carried out in 11 communities of residents of five different physiognomies, in which all
individuals belonging to 42 sample units were mapped, measured and were categorized
in height classes for further analysis. The results showed an abundance of juvenile
individuals and a spatial distribution grouped across all physiognomies. The evidence
points to a growing population, probably influenced by anthropic actions. Variables such
as vegetation index of normalized difference, slope and distance from rivers were shown
to be linked to the development of morphological characteristics. Finally, the occurrence
of this species in physiognomies may be linked to the land use system, as it contributes
to the creation of favorable environments for its development and, although differently,

it has shown a high degree of adaptation to atypicals.
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INTRODUCTION

Palm trees dominate the Amazon landscape.
This is due to the fact that they have the
capacity to tolerate multiple environmental
conditions in large territories, in addition to
being intentionally cultivated by contemporary
societies (Pitman et al. 2013, Balée 2013, Boivin et
al. 2016). Its occurrence is strongly linked to the
seasonality of rainfall and river floods, growing
in dynamic and heterogeneous environments,
suitable for diversification (Balslev et al. 2015).
A typical palm of this landscape is Astrocaryum
vulgare Mart.), Known as tucuma-do-para, which
plays an important role in the structure and
functioning of many ecosystems (Elias et al.
2015, Elias 2017), in addition to having a value

invaluable cultural resource for Amazonian
people, who use practically all parts of plants
in a variety of applications, mainly in Marajo
Island, Para (dos Santos et al. 2015, Oliveira et
al. 2018).

This species occurs spontaneously in
different environments, whether in the form of
clumps or solitary plants, and can easily sprout
after fires (Cymerys et al. 2005, Guedes 2006,
Zaninetti 2009), which are recurrent in Marajo.
Due to the complexity of the characteristics of
this species, further study of the population
structure, thatis, the developmentand biological
characteristics of its individuals, allows us
to understand their current interaction with
the environment, diagnose the occurrence of
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previous disorders and, in some cases, cases,
make inferences from projections of future
scenarios (Silva et al. 2009, Gatsuk et al. 1980).

Hutchings (1997) states thatthe size structure
of a population is determined by factors that
influence variations in size between individuals,
such as differences in seed size, germination
time of each seed in relation to its neighbors,
growth rate of each plant (which depends on
ecological and genetic factors), distance from
each plant to its closest neighbor (competition),
and the pattern of behavior of herbivores. As
population density changes over time and
space, no population has a static structure, the
perception of a population depends on where
and when it is observed, as these aspects
determine specific structural features of the
population (Ricklefs 1996).

Parallel to this theme, there is the study of
the spatial distribution of trees that is related
to ecological processes that act throughout
life and reveals how individuals organize
themselves (when seedlings, juveniles and
adults) in the environment and within a
population (Peroni & Hernandes 2011). It is a key
issue for studies of forest ecology that allows
analyzing the structure of the community itself,
knowing important ecological processes, such
as competition, herbivory and seed dispersal
(Barot et al. 1999, Schwarz et al. 2003). In this
approach, the combination of biotic and abiotic
factors along the horizontal plane can assist in
understanding the spatial dependence of tree
species and their distribution patterns (Pereira
etal.2006, Silva etal. 2009), in which, establishing
the relative importance of the factors that
define the composition and distribution of
species is a challenge, where ecological entities,
such as individuals, populations, species and
communities, exhibit complex patterns of
variation in space (Dray et al. 2012, Layerghifard
et al. 2015).

STRUCTURE AND SPATIAL DISTRIBUTION OF TUCUMA

Thus, the objective of the present work was
to understand the population structure and
the spatial distribution of tucuma-do-para in
different environments, as well as the effect of
environmental gradients on its occurrence on
Marajo Island, Para. The hypothesis is that the
density population typical of the species, as
well as the spatial distribution, depends on the
environment in which itis inserted, as suggested
by Nicotra et al. (2010) and Mota et al. (2014).

MATERIALS AND METHODS

Characterization of the study area

The study was conducted in the communities
of Deus Ajude, Providéncia, Joanes, Maruaca,
Jubim, Caldeirao, Ilha grande, Cururd Grande,
Agua boa and Passagem grande, located in
the municipality of Salvaterra, in the Marajo
Mesoregion (latitude 00° 45" 21" and longitude
48° 45' 54" from Greenwich) (Figure 1). Currently,
the territorial area of Salvaterra corresponds
to 918.563 km? (IBGE 2018). Marajo Island is
characterized by a hot and humid tropical
climate, with an average annual temperature of
27° C. The island’s climate, according to KOppen
classification, has two climatic units: humid
tropical climate (Af), with an average rainfall
greater than or equal to 60 mm in the driest
month; and humid tropical monsoon climate
(Am), characterized by excessive precipitation for
a few months, compensating for the occurrence
of one or two months of low rainfall.

Five different physiognomies were identified
in the communities visited, according to the
vegetationtypology of Lisboa (2012) and Machado
et al. (2008), with the following descriptions:
Backyard (B), areas where biodiversity and the
culture of local communities are preserved,
considered productive areas in which the
floristic composition is influenced by cultural
tradition: Savannah Park (SP), characterized
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Figure 1. Location of the communities in which tucuma-do-para individuals were mapped in Salvaterra, Para,
Brazil, and physiognomies of occurrence: a) Backyard; b) Savannah Park; c) Transition between Savannah grassland
and Savannah Park; d) Secondary Forest; e) Savannah grassland.

by small, sparse trees, interspersed with
shrubs and herbaceous vegetation, with part
of the vegetation modified by agricultural and
livestock activities; transition between Savannah
grassland and Savannah Park (G/SP); Secondary
Forest (SF), resulting from human interference
but in advanced stages of succession, with
plants of predominantly arboreal-shrubby habit,
with the presence of lianas, herbs, epiphytes
and hemiparasites; and Savannah grassland
(G), characterized by herbaceous-subshrub
vegetation, dominated by legumes, Poaceae and
tree species (Figure 1).

Sampling and data analysis

Field collections took place in September 2018,
with the establishment of 42 plots (total survey
area: 9.1 hectares). All results are estimated and
presented per plot (sampling unit). All tucuma-
do-para individuals within each plot were
counted, georeferenced, and had the following
parameters measured: diameter at breast height
(DBH) at 1.30 m from the ground, trunk height,
and tree top height (from the base to the apical
point of the leaf); individuals without exposed
trunks also had the height estimated (Guilherme
& Oliveira 2011). The distance between all plots
ranged from 250 to 26.000 meters.
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For the analysis of the population structure,
individuals were considered. For the analysis
of the population structure, individuals were
classified into four heights, as in Guilherme &
Oliveira (2011), with minor adaptations: Class |
(02-1.0 m), 11 (12-3.0 m), Il (= 3.0 m), and IV (= 2.0
m). Classes I, Il and Il included both seedlings
with entire leaves and juveniles with divided
leaves, but with non-exposed trunks and without
signs of reproduction, thus considered juveniles.
Class IVincluded plants with well-developed and
reproductive trunks, presenting inflorescences
or signs of reproduction, assumed to be adults.

The Morisita’s index of dispersion (Id) was
used to evaluate the spatial distribution pattern
of the species in each physiognomy (Brower &
Zar 1984). In this index, Id values smaller than
1.0 indicate the absence of clustering; values
equal to 1.0 indicate regular distribution; and
values greater than 1.0 indicate clustering. The
significance of the Morisita’s index of dispersion
(Id" 1) was tested using the Ftest (df =n-1,p <
0.05) (Poole 1974).

The methodology of Gomes et al. (2016)
was used to understand the influence of
environmental gradients such as the distance
of each plot from rivers (4m - 3000m), houses
(4m - 202m) and roads (8m - 103m) on the
occurrence of tucuma-do-para. Measurements
were made in a geographic information system
(GIS) environment, based on the distance (in
meters) of the centroid of each sampling unit in
a straight line to each gradient.

Landsat 8 images corresponding to the
collection months were used for the calculation
of the Normalized Difference Vegetation Index
(NDVI). In this calculation, normalized values
vary between -1 and 1; values closer to 1indicate
greater vegetation cover, and values closer to -1,
less remnant vegetation. For ground targets, the
lower limit is approximately zero, and the upper
limit, approximately 0.8 (Ponzoni et al. 2012).

STRUCTURE AND SPATIAL DISTRIBUTION OF TUCUMA

Data from the Instituto Brasileiro de
Geografia e Estatistica (IBGE) of 2019 were
used to survey information on geomorphology
and slope. Slope was reclassified in terms of
percentage for a better identification of the
values found in the area, as follows: flat (0 - 2%),
smooth wavy (2 - 5%), wavy (5 - 10%), moderately
wavy (10 - 15%), strongly wavy (15 - 45%), and
mountainous (45 - 70%). In turn, the database of
the Brazilian Agricultural Research Corporation
of the Brazilian territory (Embrapa) of 2014 was
used for the pedological analyses. The analyses
were performed using the ArcGIS software
version 10.5.

Analysis of variance (ANOVA) followed
by Tukey's post-hoc test was used to detect
differences between physiognomies, after
evaluating the normality and homoscedasticity
of the data. The plot was used as a sample
unit. Biotic variables (density of juveniles and
adults, DBH, trunk height, tree top height,
and total height) were modeled as response
variables in mixed linear models, using
metrics corresponding to the distance of plots
to houses, rivers and roads, as well as to the
slope of the terrain, different types of soils, and
different geomorphologies. Phytophysiognomy
was treated as a random effect. The predictor
variables were all dimensioned before the
analysis. All modeling procedures were
performed using the ‘Imer’ function of the Ime4
package (Bates et al. 2014).

Global mixed effects models were built
for each response variable using the ‘dredge’
function (MuMIn package, Barton 2015) to select
models from all possible combinations, which
explained more parsimoniously the data. The
Akaike Information Criterion (AIC) was used to
select the best models (Symonds & Moussalli
2011), and all models with AAIC lower than 2 were
considered equally parsimonious. After selecting
the models, the average values and standard
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errors of the parameters were calculated using
the ‘model.avg’ function of the MuMIn package,
and the likelihood ratio tests evaluated the
significance of each parameter estimated in the
average model. All analyses were performed in
the R environment (R Core Team 2018).

RESULTS AND DISCUSSION

Population structure and size class
distribution

1684 individuals were found inthe 91 ha mapped.
These were distributed in classes of size that
ranged from seedlings to adults over 2.0m in
height, showing that it is a population that is
continuously developing in the areas of field
(C), transition between field and park savannah
(C / SP), savannah park (SP), secondary forest
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(MS) and in backyards (Q). The highest relative
density in the four size classes was higher in
secondary forests, followed by backyards (Figure
2).

The size class 0.1-1.0m was the least
represented in all physiognomies. Individuals
of this class may have originated from the
regrowth of adult plants after cutting or fire, for
example, or from the seed bank. Scariot (2000)
mentions that seedlings correspond to the life
stage most affected by forest fragmentation
and disturbances. According to ethnobotanical
surveys in Marajo Island, such as that of Rocha
etal.(2014), the use of “6leo de bicho do tucuma”
(lit. tucuma worm oil) is a cultural practice of
great relevance. This substance is obtained
through the collection of seeds attacked by
larvae of Speciomerus ruficornis Germar., and
this practice naturally reduces the seed bank
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Figure 2. Average number of individuals/hectare found in the height classes I (0.1 - 1.0m), Il (11 - 3.0m), ll1 (= 3.0m)
and IV (2 2.0m) for the physiognomies of Backyard (B), Savannah Park (SP), transition between Savannah grassland
and Savannah Park (G/SP), Secondary Forest (SF), and Savannah grassland (G).
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of the palm tree. The use of fire in agriculture is
typical in Marajo Island and widely observed in
G, G/SP and SP areas (Pereira et al. 2006, Garcia
et al. 2014). Another explanation is the variation
in the height of juveniles of class | - 11 to 3.0m
and Il - = 3.0m, which probably developed or
germinated in different periods. Particularly
class Il individuals stood out, being the most
expressive in all physiognomies. Furthermore,
individuals taller than 1.0 m and with non-
exposed stems are less susceptible to predation
because they exhibit a greater number of large
leaves (Hechenberger & Ferreira 2017).

The density of adult individuals was similar
in all physiognomies, somewhat higher in B
areas. The maintenance of adult individuals
in productive areas, strongly influenced by the
cultural tradition of the residents (Chagas et
al. 2014), demonstrates the knowledge of these
people about the use of natural resources. In the
work of Goncalves & Lucas (2017), the occurrence
of species such as tucuma-do-para in these
areas was usually associated with food and
commercial purposes. Itis worth mentioning that
few juveniles are naturally found in backyards
because sprouts are usually cut off (Weinstein
& Moegenburg 2004). As reported by Ferreira &
Sablayrolles (2009), backyards are areas used as
for leisure and socialization spaces, promoting
well-being through the acknowledgment (shade)
and the landscape created by tree species
(Siviero et al. 2011).

It is emphasized that Savannah grassland
areas exhibited the lowest abundance of
tucuma-do-para. According to Cymerys et al.
(2005), these areas should have the largest
number of individuals due to the species’ ability
to regrowth after fires, a common activity that
favors regeneration through tillers. Moreover,
these are open areas with high luminosity,
favorable to pioneer species such as tucuma-
do-para. This shows that, despite the family

STRUCTURE AND SPATIAL DISTRIBUTION OF TUCUMA

based character of seed collection aimed at
self-consumption (Pereira et al. 2006), when
analyzed on a local scale, this activity may be
leading to the decrease of this species in this
type of physiognomy.

The higher density of individuals found
in secondary forest showed the ability of this
species to remain in the following successional
stages, demonstrating that the environmental
filters to which it is subjected are not sufficient
to exclude it. Environmental filters can limit or
hamper the succession process of secondary
forests, directly or indirectly interacting with the
species abundance patterns. Thus, this finding
can be explained by the fact that palm trees
exhibit ecophysiological adaptations to occupy
the specific environmental conditions of various
physiognomies, as highlighted by Wandekoken
(2018).

Figure 3 shows the number of individuals
found in all plots, which were distributed in their
respective height classes. Thus, considering the
total number of individuals in the study area,
there was a predominance of height class Il;
juveniles (classes I, Il and Ill) represented 65.7%
of the total, while adults (C-1V) corresponded to
34.3%.

The population structure was not as
expected; it followed a J-inverted or negative
exponential pattern in which there was a
predominance of young individuals (smaller
size) and a lower representation of larger classes
(larger size). This condition is interpreted as an
indicator of forest regeneration and can result in
both stability and population growth (Bambolim
& Wojciechowski 2017). The population structure
was not as expected; followed a J-inverted or
negative exponential pattern in which there was
a predominance of young individuals (smaller
size) and less representation of larger classes
(larger size). This condition is interpreted as an
indicator of forest regeneration and can result
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Figure 3. Number of individuals of tucuma-do-para by height class in the physiognomies of Backyard (B), Savannah
Park (SP), transition between Savannah grassland and Savannah Park (G/SP), Secondary Forest (SF), and Savannah

grassland (G).

in population stability and growth (Bambolim
& Wojciechowski 2017). However, Condit et al.
(1998) points out that it is complicated to make
inferences about future trends in populations
using point data of the size structure, due
to differences in growth rates between size
classes. Virillo et al. (2011) in their work point
out that size distribution density histograms
are not good indicators of future trends in
the population number for the species, which
makes it necessary to use the results found
in this research with other results in which,
together, contribute with the greatest clarity and
the closest to reality about population growth
and the future of this species. Abundance of
individuals of the different height classes was
observed, mainly of those 11 m tall or taller.

Statistically significant variation between
the physiognomies was found in all biotic
variables except trunk height (Figure 4). The
largest DBH values were found in SP, as well as
the lowest trunk height, tree top height, and
total height values.

The typical growth pattern of palm trees,
determined by the absence of secondary growth,
allows these plants to reach higher heights at

smaller trunk diameters than other tree species
(Ma et al. 2015, Fisch & Gomes 2011). This is
in line with our results of greater variation in
height than in DBH for all individuals; however,
it is clear that the population of tucuma-do-
para in Salvaterra has not yet reached the height
described in the literature, as mentioned in
the works of Menezes et al. (2012) and Cymerys
(2005), who report a variation from 10 to 15m.
We can conclude, thus that populations in
Salvaterra are relatively young.

According to Fisch (1999), the concentration
of the largest number of trunks in a single height
and DBH class indicates very mature plant
populations in advanced stages of reproduction.
This was not observed in the populations
of tucuma-do-para studied in Salvaterra: a
considerable abundance of individuals was
observed in all classes.

Concerningthespatialdistribution pattern of
tucuma-do-para, significantly clustered patterns
(Id > 1.0) were found in all physiognomies.
When analyzed by size classes, juveniles had
significantly higher cluster values, while adults
in Backyard and Savannah Park areas were
clustered but with lower indices. Similarly,
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Figure 4. ANOVA (F) of biotic variables compared between the different physiognomies. p indicates the level of
significance and different letters indicate significant differences between physiognomies according to Tukey’s

post-hoc test (p < 0.05).

to the influence on population structure,
the type of reproduction seems to influence
the occupation and distribution pattern of
the species (Supplementary Material - Table
SI). As observed by Oliveira & Rios (2014), the
vegetative reproduction observed in some palm
trees, such as tucuma, causes the aggregation of
individuals through regrowth, stimulated mainly
by fire (Voeks 1988, Cymerys et al. 2005), which is
recognized in Pilon’s work (2019) as a strategy of
regeneration.

Another factor that contributes to the
aggregation of individuals is that these
species commonly present a long fruiting
phase, barochoric dispersion of the fruits and

An Acad Bras Cienc (2021) 93(Suppl.3)

production of a large number of seeds (Janze
1976). Thus, as the tucuma-do-para produces
countless fruits, a large part of this resource
is naturally deposited in the soil by abscission
(Pereira & Mantovani 2001), favoring germination.
Therefore, the probability of finding individuals
closer to each other and, therefore, populations
with a grouped spatial pattern, is greater than
that of species that reproduce preferentially by
crossing (Barbour et al. 1987).

Another cause concerns the slow
germination of this species, which in a way
imposes a temporary restriction on recruitment,
influencing the higher frequency of the young
stadium (Lorenzi et al. 2010). Oliveira & Rios
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(2014), in accordance with Freckleton et al. (2003)
mentions that mortality is inversely proportional
to growth, with the plant being affected by
density dependence. Therefore, as the species
invests in resources in the production of
fruits and seeds, a seedling bank is formed to
compensate for mortality and guarantee the
survival of a number of individuals that will
maintain population stability (Fisch 1999). The
grouped pattern of tucuma-do-para individuals
was observed in all physiognomies, despite the
differences between them and the existence of
anthropic interferences.

NDVI, which shows the condition of
vegetation, or vegetation cover, is an important
variable for understanding the variation of the
population structure and the spatial distribution

STRUCTURE AND SPATIAL DISTRIBUTION OF TUCUMA

of the tucuma-do-para (Table 1). The density of
juvenile individuals, trunk height values, and tree
top height values increase with the complexity
of the landscape (higher NDVI values). On the
other hand, DBH decreases with the increase
in NDVI values, which is explained by the need
for energy investment to reach the highest part
of the vegetation. It is noteworthy that tucuma-
do-para shows rapid adaptation to open areas,
whether natural or man-made; however, the
highest NDVI values indicate that environmental
heterogeneity, that is, the adjacent vegetation,
directly influences the occurrence of this species.
This is demonstrated by the fact that the higher
density of juveniles occurred in more closed
areas, such as secondary forests. This suggests
that secondary forests may provide a shelter

Table I. Mean coefficients (standard errors) of the model predicting the characteristics of tucuma-do-para
populations according to abiotic variables. Legend: DH - distance from houses, DRO - distance from roads, DRI -
distance from rivers, SL - slope, PEDOL - pedology, GEOM - geomorphology, and NDVI.

Variables Intercept DH DRO
Density 83.31 1183
adults (ha) (27.66) ' -
. (14.01)
Density
juveniles 15213 ) )
(ha) (28.95) ***
DBH 13.50 0.063 )
(0126) *** (0126)
Trunk 423
run
height (Ojio) ” -
Tree t 2.65 - 0.038
ree top )
height 043) “"256)
4.03
Total (0.46) -0.274 -0.222
height ’ (0271) (0154)

kKK

DRI SL PEDOL GEOM NDVI
) ) ) ) 19.22
(0.26)
3795 37.95
- - - ' (32.86)
(32.86) o
0.296 -0.524
(0.128) - - (0131)
* *kk
-0.518 0187 0.320
- (0.159) ' - (0.153)
e (0151) .
-0154 - 0.083 0.198
- (0.054) - (0.077) (0.056)
*% * *k%
) -0191 0.696 i 0.320
(0172) (0'3,93) (0153)

Significance levels: * 0.01 < p < 0.05, ** 0.001 < p < 0.01, *** 0.0001 < p < 0.001.
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for palm species and, consequently, for the
fauna that depends on the resources of these
species. Yet, according to Sternbergetal (2007),
biodiversity is a potential key factor influencing
the emergence and feedbacks of species in the
environment.

The slope was negatively correlated with
trunk height and tree top height; more wavy
terrains were associated with lower heights.
Tree top height values were also influenced by
the distance to houses (negative correlation)
and variation in geomorphology. DBH values
increased with increasing distance from rivers
(Table si).

Results like these corroborate the studies
mentioned by Whittaker (1956), Jardim et al.
(2007), Arasato & Amaral (2013) and Santos et
al. (2018) in which environmental variables and
gradients directly influence the patterns and
occurrence of individuals. Bjorholm et al. (2006)
and Eiserhardt et al. (2011) also highlight that the
distribution and diversity of palm trees is related
to water availability (air and soil), temperature
and topography. Ruokolainen & Vormisto (2000)
found that palm trees with the capacity to
survive in different edaphic conditions have a
larger area of distribution.

The vegetation in Marajo presents not only
relationships with relief and soil characteristics,
but also with other physiographic, paleo-
geographic and anthropic elements (Furtado
et al. 2009). In this context, Levis et al. (2012),
Shepard & Ramirez (2011) and Stahl (2015)
highlight that although many physiognomies in
MarajoIsland appearto be natural, theyare under
influences from varied sources and undergo
constant changes in terms of plant density, and
the degree of modification of the vegetation
surrounding villages/communities decreases as
the distance from these settlements increases.
In these anthropogenic physiognomies, the
concentration of useful species is detectable

STRUCTURE AND SPATIAL DISTRIBUTION OF TUCUMA

in distances up to 40 km from main and even
smaller rivers (Levis et al. 2012), as observed in
the population of tucuma-do-para.

CONCLUSION

The results of this study showed that the
population of tucuma-do-para showed typical
density of the species, with abundance of
juvenile individuals and clustered spatial
distribution pattern in all the studied
physiognomies. They also revealed that the
populations suffer direct anthropic influence
in the different environments where they occur.
Alterations of the landscape are evident in all
the study areas and they may be shaping the
population distribution in the municipality of
Salvaterra. For example, grassland areas had
lower densities of individuals, and secondary
forests, larger densities, indicating that the
richness of adjacent species may be favoring
the establishment of this species, becoming
a refuge. The results also revealed that the
population is still growing, probably due to the
use of parts of this species for various purposes.
Finally, the occurrence of this species in the
studied physiognomies may be linked to the
land use system, as it contributes to the creation
of favorable environments for its development
and, even differently, it has shown a high degree
of adaptation to non so typical.
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