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INTRODUCTION

The Arecaceae family has a wide geographical 
distribution, occurring in all tropical and 
subtropical regions (Eiserhardt et al. 2011). In 
the Amazon forests 39 genus of palm trees have 
been documented, with 34 of them occurring 
in the western region, 22 in the central region 
and 20 in the eastern region (Kahn & Granville 
1992). This family has great prominence in the 
forests of the Amazon basin due to the richness 
and floristic diversity of the area (Wittmann et 
al. 2006).
 Palm trees constitute one of the most 
ubiquitous vegetable groups in the Amazon, 
performing important ecological, social and 
economic functions (Smith 2015). Different 
parts of these palms are useful in construction, 
food, handicrafts, religious rituals and alternative 
therapies (Martins et al. 2014). The Attalea 
genus is one of the most conspicuous groups 
of neotropical palms. This genus has a wide 
geographical distribution and can be found 
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Attalea excelsa (urucurizeiro) is a dominant palm of the estuarine floodplains, with great potential for non-
timber management. This study evaluated the population dynamics of urucurizeiro and the factors that 
contribute to colonising of this species in a flooded environment. Individuals with base height circumference 
≥ 30 cm in 2011 and 2014 were measured in 55.95 ha of floodplain forest in southern Amapá, Brazil. 
The parameters of population dynamics (mortality, recruitment and growth) in high and low floodplain 
environments were determined. Ripley’s K function was used to analyse the spatial distribution. Population 
density in 2011 was 3.99 individual ha-1, and in 2014 the density increased to 4.09 individual ha-1. Mortality 
rate was zero and the recruitment rate was 1.05% year-1. Basal area in 2011 was 0.49 m² ha-1 and in 2014, 
it reached 0.72 m² ha-1. Diameter growth rate was 5.32 cm year-1. The population presented an aggregate 
distribution pattern. Structural differences in diameter (F = 9.15, p = 0.003) and basal area (F = 10.7, p = 0.001) 
were evident between high and low floodplain forests. The increase in diameter was higher in low floodplain  
(3.98 cm year-1) compared with high floodplain (1.35 cm year-1). The patterns shown by A. excelsa are reflections 
of its high adaptation to the daily flooded environment. 

Keywords: Urucurizeiro, flood gradient, topography, aggregate distribution, mortality, palm, Ripley’s K 
  function

in Mexico, Paraguay, Brazil, in the Caribbean 
countries, and in the Andes at altitudes of 1200 
to 1600 m (Pintaud 2014). Attalea has great 
ecological variation and high adaptive potential 
to colonise new areas (Freitas et al. 2016).
 Attalea excelsa (urucurizeiro) is one of the most 
dominant palm species in the floodplains of the 
Amazonian estuary (Carim et al. 2016). Also 
popularly known as urucuri, A. excelsa has a wide 
range of uses including fruit, seed, straw (dried 
leaves), folk medicine and handicrafts (Smith 
2015). There are only a few studies addressing the 
ecology of non-timber plant species in Amazon 
rainforest floodplains (Jardim & Mota 2007, 
Dantas et al. 2016), although certain species like 
A. excelsa presents great economic potential. 
 Population dynamics studies are important 
to evaluate the factors related to successful 
colonisation of the plant in its habitat. The main 
factors for the diversification and establishment 
of palm communities are climate, topography, 
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soil and hydrology (Balslev et al. 2011). Seed 
dispersal process also exerts great influence on 
the structure of plant communities (Nathan & 
Muller-Landau 2000), especially in demographic 
parameters such as natality and mortality rates, 
and in subsequent processes of plant predation, 
competition and reproduction. Particularly 
in Amazonian floodplain forests, the annual 
or periodic flood pulse exerts great control 
on the population dynamics of plants, since 
it acts directly in the processes of dispersion, 
reproduction (Wittmann et al. 2010) and soil 
sedimentation (Wittmann et al. 2004).
 For  management  and conser vat ion, 
understanding the main interactive processes 
between species and their habitats is fundamental, 
as these processes regulate population parameters 
such as natality rate, growth rate and mortality. 
For this reason, the objective of this study was to 
determine the demographic parameters of an 
Attalea excelsa population, and evaluate the factors 
that contribute to colonisation of the species 
in the estuarine floodplain forest in southern 
Amapá. 

MATERIALS AND METHODS

Study area

The present study was developed at the Mazagão 
Experimental Field (CEM) site, belonging to 
the Amapá Brazilian Agricultural Research 
Corporation. CEM has 55.95 ha of floodplain 
forest, located in the municipality of Mazagão, in 
the south of Amapá State (00° 06' S, 51° 16' W) 

(Dantas et al. 2014). The CEM floodplain forest 
is quite heterogeneous due to the flood dynamics 
and slope of the terrain, forming an environment 
of high floodplain, low floodplain and lowlands. 
The low floodplain soil is submerged daily by the 
river, with water reaching up to 60 cm height of 
the tree trunks. The high floodplain presents 
a slope of 3 to 3.5 m in height, hindering the 
entrance of the daily tide. However, the soil is 
submerged in March because the high tide of 
the Amazon river in this period is influenced by 
the high precipitation of the Amazonian winter 
and the full moon. There is a more concave part 
in the center of the area, where water is dammed 
almost all year round (Dantas et al. 2014). 
The flooding cycle of the area is polymodal, 
characterised by two daily flood cycles influenced 
by the ocean tide, with an average amplitude of 
the flood pulse being 1.32 m (Junk et al. 2014). 
 The climatic type of the region is the Am, 
characteristic of a rainy tropical climate (Alvares 
et al. 2014). The annual average temperature is 
27 °C and the average daily range is less than 3 °C 
in all months. The average annual precipitation 
is 2550 mm, with rainy season from January 
to May. The soils of the area are classified as 
typical Melanic Gleysols Ta Eutrophic, with 
predominance of silt. Both the sediment and 
the soil are formed by smectite, illite, kaolinite, 
goethite, anatase and quartz (Dantas et al. 2017).
 The predominant vegetation is the dense 
alluvial ombrophilous forest (IBGE 2012), with 
a high frequency of palm trees and large trees of 
commercial value. Attalea excelsa (Figure 1a) is 10 
to 20 m high and its BHD (base height diameter) 

Figure 1 Attalea excelsa in the floodplain forest of the Mazagão Experimental Field, Amapá State: (a) adult 
individual with trunk covered by leaf sheath remains, (b) inflorescence; (c) infructescence, (d) 
cross-section of fruits showing almonds, (e) seeds bored by beetles; and (f) seedling bank of A. 
excelsa under a matrix palm

(a) (b)

(c)

(d) (e)

(f)
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can reach up to 86 cm. In the CEM site, the species 
is frequently sharing the arboreal neighbourhood 
with Carapa guianensis, Pentaclethra macroloba, 
Calycophyllum spruceanum, Astrocaryum murumuru, 
Swartzia racemosa, Pterocarpus amazonicus and Mora 
paraensis.

Sample data

In 2011 and 2014, all the A. excelsa trees with 
base height circumference (BHC) ≥ 30 cm were 
measured. The BHC was measured because 
the urucuzeiro stem had live leaf agglomerates 
or sheath remains at a height of 1.30 m. The 
surveys were done in 12 transects perpendicularly 
installed at the main river, the ‘furo do Mazagão’ 
(tributary of the Amazon river), and parallel in 
the south-north direction with a 50 m distance 
between transects and varied transect length (339 
to 770 m) according to the sinuosity of the border 
of the area (Dantas et al. 2017).
 During the first inventory (2011), data on 
BHC, height, geographic coordinates, presence 
or absence of termites, vines and reproductive 
structures (flowers or fruits) were obtained from 
the A. excelsa population. In 2014, the BHCs 
of individuals from the first inventory were 
remeasured, and those that were not measured 
in the first inventory because they did not meet 
the BHC inclusion criterion ≥ 30 cm, were also 
measured and included in the sample (included 
individuals). Dead individuals were quantified in 
the 2014 inventory.
 All inventoried individuals were numerically 
identified with zinc plates, besides being 
georeferenced with GPS Garmin model 60CSx, 
with errors between 3 and 4 m, and a maximum 
of 6 m at the time close to noon when satellite 
signals were more difficult to capture (Dantas et 
al. 2017). 

Data analysis

The BHC was converted to BHD. The following 
population parameters were calculated: mortality 
rate (M) (Sheil et al. 1995), recruitment rate 
(R) (Sheil et al. 2000), half-life (T0.5), doubling 
time (T2) (Korning & Balslev 1994) and relative 
growth rate (RGR) (Shen et al. 2013), following 
the equations:

 

 

 

 
 

 

where, 
M is the annual mortality rate, N0 is the number 
of individuals from the first inventory, N1 is the 
total number of individuals surviving in the last 
inventory, t is the time between the first and 
second inventories, R is the annual recruitment 
rate, Nr is the number of individuals entering the 
second inventory, T0.5 is the half-life parameter, 
T2 is the population doubling time; RGR is 
the relative growth rate, BHD0 is the diameter 
measured in the first inventory, and BHD1 is the 
diameter measured in the second inventory.
 The individuals sampled were grouped 
into diameter classes according to the formula 
proposed by Sturges (1926), which suggests 
a reasonable number of classes that varies 
according to the number of occurrence and data 
extension:
 
 k = 1 + 3.3 In(N)

where,
k is the number of classes, ln is the natural 
logarithm and N is the total number of sampled 
individuals.
 The spatial distribution pattern of population 
and productive matrices was determined by 
the univariate Ripley K function (Ripley 1981). 
The null hypothesis of this function considers 
complete spatial randomness, which means the 
process that generate spatial distribution pattern 
is random at any distance scale (Ripley 1981). 
The geographic coordinates of each individual, 
‘x’ and ‘y’ coordinates in Universal Transverse 
of Marcator, were used to determine the spatial 
distribution pattern.
 The K function quantifies the distance of a 
point from the neighbouring points by means 
of a distance vector (s) that rotates around 
the centre point in a 360° radius, capturing all 
neighbouring points. The radius of distance s is 
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defined based on half the length of the smallest 
side of the study area to avoid estimation errors. 
In this way, the distance vector will not exceed 
the study area limits, avoiding errors in the 
distribution pattern estimates (Diggle 2003). 
The s radius used for this study ranged from 0 
to 350 m, which corresponded to approximately 
half the smaller side of the study area (Dantas et 
al. 2017). The complete spatial randomness null 
hypothesis was tested through 1000 Monte Carlo 
simulations to generate confidence envelopes 
at the significance level given by α = 1/(s+1), 
where s is the distance vector. The values of the 
observed, maximum and minimum estimates are 
plotted on a graph as a function of distances.
 The function K was transformed into the 
function L(h) for better visualisation of the 
results and to compare the estimation of the K 
function with the complete spatial randomness 
hypothesis. The graph generated with the 
transformed function L(h) facilitated visualising 
the deviations (packages of complete spatial 
randomness) in relation to the null hypothesis, 
whose abscissa axis represented the distance 
s (in m), and the transformed function L(h) 
as the ordinates (Ripley 1981). In this type of 
analysis, the random pattern could be observed 
when the function L(h) assumed zero value, 
being among the complete spatial randomness 
confidence envelopes. The aggregate pattern 
could be observed when the L(h) function 
assumed positive values, with positioning above 
the complete spatial randomness packets. In 
contrast, the L(h) function took negative values 
in the regular pattern, below the complete spatial 
randomness packets.
 Considering that the forest under study 
presented different flooding levels due to the 
lower elevation topographic dimension near 
the furo do Mazagão (westward) and higher 
topographic level in the opposite direction 
(towards the east), the influence of the flood 
gradient was verified with the parameters of A. 
excelsa population dynamics. For this, a Terrain 
Altimetric Digital Elevation Model (DEM) was 
obtained from the Geomorphometric Database 
of Brazil, from the National Institute for Space 
Research (INPE 2017) and analysed. The DEM 
image was processed using ArcGis v.10.1 Software 
(ArcMap). The individuals were divided between 
high and low floodplains, using the information 
of the altimetric map and field visual diagnosis.  

 Analysis of variance at 0.05% probability 
was applied to verify the structural differences 
of diameter and basal area and the diametric 
and basal area growth rates between high 
floodplain and low floodplain environments. 
The environments were treated as fixed effects 
(Klimas et al. 2007). All statistical analyses were 
performed using Program R version 3.1.0 (2014, 
http://www.r.project.org), and for the spatial 
distribution, the package Splancs (R package 
version 2.01-15) was used (Rowlingson & Diggle 
2013).

RESULTS

Population dynamics

In the first survey (2011), 223 A. excelsa trees 
were sampled, and in the second sur vey 
(2014), 229 individuals were registered, which 
corresponded to a population density of 3.99 and 
4.09 individuals ha-1 respectively. Mortality rate 
of the population from 2011 to 2014 was zero 
and the recruitment rate was 1.05% year-1 (six 
individuals incorporated). With zero mortality, 
it was not possible to estimate the population 
decline rate. If the recruitment rate of 1.05% 
year-1 is maintained, the population will double 
in size from 229 individuals to 458 in 66 years.
 The population was structured in nine BHD 
size classes, with few individuals in the initial 
classes, and the majority concentrated in the 
central diameter classes, representing a normal 
distribution pattern (Figure 2). The lowest BHD 
found was 12 cm and the maximum, 86 cm, and 
the population had a mean BHD of 42 cm-1. The 
classes that had the greatest increase in diameter 
(due to the migration between classes and the 
entry of individuals) were those that were in the 
range of 41.1–48.0 cm, 48.1–55.0 cm and 55.1– 
62.0 cm (Table 1). The average relative population 
growth rate in diameter was 5.32 cm year-1.
 Basal area of the population (Figure 
3) showed an increase of 47% in the study 
period, from 0.49 m² ha-1 in the first survey to  
0.72 m² ha-1 in the second. Individuals who were 
in the 41.1 to 62.0 cm diameter intervals had 
greater increases in basal area (Table 1). A total 
of 124 productive individuals were registered 
in the inventory of 2011, and these were used 
in analysing spatial distribution of productive 
matrices. Considering the 229 individuals in the 
2014 inventory, the population presented an 
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aggregated spatial distribution pattern, since the 
L(h) (continuous line) function was above the 
confidence envelopes (dashed lines), rejecting 
the null hypothesis of complete spatial, assuming 
an aggregate pattern at all distances scales 
(Figure 4a). This pattern was also observed for 
productive adults (Figure 4b). 

Dynamics of the individuals of the high and 
low floodplains

The low floodplain presented a higher density of 
individuals compared with the high floodplain, 
while the species did not occur in the lowlands 
(Figure 5, Table 2). Increases in BHD and basal 

Figure 2 The population structure of A. excelsa in 2011 (a) and 2014 (b) in the Mazagão floodplain forest, 
south-east Amapá State, Brazil; BHD = base height diameter

Figure 3 Basal area of a A. excelsa population in 2011 (a) and 2014 (b) in the Mazagão floodplain forest, 
south-east Amapá State; BHD = base height diameter

Table 1 Relative growth rate (RGR) in base height diameter (BHD) and 
basal area in the interval of three years of monitoring the population 
dynamics of Attalea excelsa in the Mazagão floodplain forest, south-east 
Amapá State

BHD class 
(cm)

RGR of BHD 
(cm year-1)

RGR of basal area
(m² ha-1 year-1)

12.0–19.0 0.00 0.00

19.1–26.0 0.00 0.00

26.1–34.0 0.19 0.01

34.1–41.0 0.81 0.03

41.1–48.0 1.06 0.04

48.1–55.0 1.07 0.04

55.1–62.0 1.22 0.04

62.1–69.0 0.50 0.02

> 69.1 0.48 0.02

Total 5.33 0.20 
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Figure 4 Spatial distribution of A. excelsa population (a) and productive individuals (b) in Mazagão floodplain 
forest, south-east Amapá State, Brazil

Figure 5 Distribution of A. excelsa individuals as a function of the flood gradient of Mazagão floodplain forest, 
south-east Amapá State

Table 2 Parameters of the dynamics of A. excelsa individuals in a 
highland and lowland environment in the Mazagão floodplain 
forest, south-east Amapá State

Population parameter Year
2011 2014

High floodplain
Density (individuals ha-1) 0.70 0.70
Basal area (m² ha-1) 0.13 0.19
RGR of BHD (cm year-1) - 1.35
RGR of basal area (m² ha-1.year-1) - 0.05

Low floodplain
Density (individuals ha-1) 2.66 2.73
Basal area (m² ha-1) 0.37 0.53
RGR of BHD (cm year-1) - 3.98
RGR of basal area (m² ha-1.year-1) - 0.14

 RGR = relative growth rate; BHD = base height diameter

L(
h)

L(
h)

Distance vector (m) Distance vector (m)
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area were higher in the low floodplain (Table 
2), giving indications that individuals were well 
adapted to the daily flooded environment. The 
ANOVA test showed a structural difference 
in diameter (df = 1, F = 9.15, p = 0.003) and 
basal area (df = 1, F = 10.7, p = 0.001) between 
the two environments. However, there was no 
significance at 0.05% probability for increment 
in BHD (df = 1, F = 0.52, p = 0.46) and basal area 
(df = 1, F = 0.53; p = 0.47).

DISCUSSION

The population of A. excelsa trees presented 
a zero-mortality rate between 2011 and 2014. 
The absence of mortality was due to the high 
adaptation of these palm trees to the seasonally 
flooded environment (Parolin 2012). Attalea 
excelsa trees have morphological structures and 
physiological resources that enable them to 
survive in a seasonally flooded environment. 
In response to hypoxia, individuals produce 
aerenchyma and reduce the photosynthetic rate. 
 The diameter structure of the population 
revealed a reduction in the number of individuals 
in the first diameter classes. A similar pattern was 
found by Salm (2004) in the south-east of the 
Amazon for the Attalea maripa and Astrocaryum 
aculeatum palm trees. The dispersal process exerts 
great influence on the development and growth 
of young individuals. Primary dispersal of A. 
excelsa is barocoric, and as a result a large number 
of fruits fall around the matrix palm where they 
germinate, forming a dense seedling bank. This 
hinders the growth and development of young 
individuals, since seedlings established near 
the mother tree tend to have higher mortality 
rates due to the density-dependent effect and 
vulnerability to predators such as herbivores. 
 The lack of dispersant animals in the area may 
contribute to the low number of individuals in 
the initial diameter classes and to an increase in 
seed predation rate. Many fruits (still fresh) were 
found beneath the A. excelsa trees, without signs 
of claws or teeth of their effective dispersers such 
as agouti, pacas (Cuniculus paca) and peccaries 
(Pecari tajacu). These animals feed on the 
mesocarp of the fruit or bury the fruits to sate  
their hunger at another opportunity. This favours 
seed release for germination with greater ease. 
 The dispersant animals also have great 
influence in the spatial structure pattern and 
establishment of the vegetal species in their 

habitats. However, scarcity of dispersers in the 
study area makes it difficult to transport seeds 
at long distances. Nevertheless, some fruits are 
carried by the stream of the polymodal flood 
pulse at short distance because the fruits are 
heavy (average of 82.39 g; Dantas et al. 2014), and 
do not float in the water. Hydrocoric dispersion 
favours the aggregate pattern of individuals, 
because the flooding of the forest transports the 
seeds and they are intercepted by the tree trunks, 
where they germinate in short distance between 
individuals (Figure 1f).
 Habitat heterogeneity is also a determining 
factor in the spatial distribution of palm trees 
(Svenning 2001a, b). Topography has a great 
influence in the distribution of a community of 
palm trees in the Ecuadorian Amazon (Svenning 
1999). This fact corroborates the results of this 
study, since the population parameters (density, 
basal area and diametric growth) are positively 
correlated with the lowest terrain and close 
to the main river where the flood is periodic. 
Areas that are permanently flooded and poor 
in nutrients limit the establishment of A. excelsa, 
suggesting a gradient. Carim et al. (2016) found 
no record of A. excelsa in the floristic composition 
of igapós (blackwater-flooded forests that are 
poor in nutrients) in Amapá State, but found 
high dominance of this species in the contiguous 
floodplain forest. Frangi and Lugo (1998) 
found a high density of palm trees along the 
river channel of the periodically flooded forest 
in Luquillo, Puerto Rico. Flood dynamics of 
a floodplain promotes the physical, chemical 
and biological processes of soils, influencing 
the quality and growth of the plant community 
(Piedade et al. 2010). High dominance of palm 
trees has been observed in lower levels of a 
floodplain forest on the island of Cambu in the 
State of Pará (Cattanio et al. 2002). This shows 
high adaptation of these plants to the periodically 
flooded environment.
 The high diametric growth rate of A. excelsa 
may be correlated with the high amount of 
plant material deposited under the canopy. 
The accumulated plant material decomposes 
rapidly due to the humid environment the 
microclimate provided by the palm crown, 
favouring decomposing microorganisms. 
Nutrients released from the decomposition are 
readily absorbed by A. excelsa roots, favouring 
growth diameter of the species. In addition to 
soil, this species accumulates a large amount of 
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dead plant biomass in the interpetiolar spaces 
that originate after leaf senescence, providing 
microhabitat for decomposing groups such as 
Psocoptera and Collembola (Negrelle 2015). These 
decomposing groups improve the nutritional 
status of A. excelsa. These spaces also house a rich 
seed bank (Corrêa et al. 2012). Diametric growth 
rate is relatively high in floodplain forest due to 
high content of nutrients available to the plants.
 The population dynamic patterns of A. excelsa 
are reflections of the adaptation of the species 
to the polymodal flood cycle of the estuarine 
floodplain forest and the interactions between 
the local fauna. Individuals prefer to colonise 
periodically flooded soils. This shows that 
flooding is an important drive for diversification 
and adaptation of trees in Amazonian wetlands. 
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