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ABSTRACT
We studied the population structure and fruit availability of the babassu palm, Attalea speciosa, in three human-
dominated landscapes located near a rural community in the region of Araripe, in the Northeast Region of Brazil, that 
were under intense fruit harvest. Fifty 10 x 10 m plots were randomly established in each of the three landscapes, 
and all individuals of A. speciosa within the plots were classifi ed as seedlings, juveniles or adults, with the height of 
all adult individuals being measured. An additional 20 individuals were marked in each landscape, and the number 
of total  bunches, fruits per bunch and bunches per palm tree were recorded. Th e populations of A. speciosa in the 
three landscapes exhibited an inverted J-shape plot, but pasture and shifting cultivation possessed a signifi cantly 
higher number of individuals, seedlings and adults than the seasonal semideciduous forest, plus they possessed 
a greater seedling/adult ratio. Shifting cultivation was found to be favorable for fructifi cation. Th e present study 
found that shifting cultivation and pastures are landscape practices that can contribute to the rapid expansion and 
establishment of A. speciosa, which can become a dominant species in the region of Araripe. 
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Introduction
Th e harvest of non-timber forest products (NTFPs) is an 

appealing alternative to unsustainable extraction of natural 
resources because it is considered to have a low impact on 
plant communities and enables the development of local 
human populations along with biodiversity conservation 
(Ticktin 2004; Soldati & Albuquerque 2010). Nonetheless, 
some studies have shown that the population structure and 
yield of species that have products harvested can be aff ected 
by these practices (Pulido & Caballero 2006; Brokamp et al. 
2014). Studies have demonstrated that extractivism can 

change recruitment of populations of NTFP-producing plants 
(Gaoue & Ticktin 2007; Feitosa et al. 2014; Varghese et al. 
2015), thus limiting availability (Arnold & Ruiz-Perez 2001; 
Ticktin 2004; Pulido & Caballero 2006). Over time, this 
decreased availability aff ects the conservation of biological 
activities and socio-environmental dynamics of each location, 
and may even change local cultural practices. Since the harvest 
of NTFPs is not necessarily sustainable, more research is 
needed to better understand the potential consequences of 
this practice for species with a signifi cant history of harvest. 

Th e increase in problems caused by harvest activities 
indicates that studies on the abundance, survival, growth 
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rate, potential yield and regenerative capacity of species 
which are harvested are urgently needed (Hall & Bawa 1993; 
Ticktin 2004). For example, fruit harvested by humans 
can change the rate of recruitment of new individuals into 
the population, decreasing population viability and the 
availability of animal food, thus inducing changes to trophic 
networks that can affect other species of the community 
(Hall & Bawa 1993). Furthermore, the structure of exploited 
populations must be evaluated with consideration of 
historical land use and management practices, such as 
the establishment of pastures, cultivation shifts, forest 
management and fire use (Lykke 1998; Shanley et al. 2002; 
Alexiades & Shanley 2004; Pulido & Caballero 2006), because 
these factors can influence the responses of populations to 
extractive practices (Oostermeijer et al. 1994; Souza 2007; 
Giroldo & Scariot 2015).

Palm trees are among the target species for extraction 
of NTFPs, and are used by human populations in several 
regions of the world for subsistence and trade (Balick 
1984; Ticktin 2004; Pulido & Caballero 2006). However, 
depending on the species, the effects of different land-use 
practices can be positive or negative for the exploited palm 
tree population. For example, Pulido & Caballero (2006) 
showed that when land undergoes shifting cultivation, the 
quality and quantity of leaves of the palm tree Sabal yapa 
decrease. In contrast, agricultural and pastural land use 
practices have been beneficial for the palm tree Astrocaryum 
tucuma, and have resulted in increases in their population 
size (Schroth et al. 2004). Deforestation does not seem to 
affect the development of the palm Ceroxylon quindiuense, 
because individuals of this species are spared by logging 
and because of the resilience of their large juvenile rosettes 
(Sanín et al. 2013). 

In Brazil, local human populations heavily harvest the 
fruits and leaves of babassu palm, Attalea speciosa, for human 
and animal food, as well as for artisanal, construction, 
medicinal, cosmetic and commercial purposes, mainly in 
the North and Northeast regions of the country (Balick 
1984; Rufino et al. 2008; Souza et al. 2011; González-Pérez 
et al. 2012; Campos et al. 2015; Araújo et al. 2016). This 
species can occur isolated in forests or in areas used for 
agriculture or pasture, and is considered a pioneer and 
dominant species in anthropically altered areas because it 
is an efficient colonizer (Ribeiro & Walter 1998; Mitja & 
Ferraz 2001). Assuming that land management systems can 
influence population structure and fruit yield of A. speciosa, 
the current study aimed to evaluate the effect of three forms 
of landscape management (pasture, shifting cultivation and 
seasonal semideciduous forest) on: a) the total number of 
individuals in, and the life stage distribution of, A. speciosa 
populations; b) the seedling/adult ratio and height class 
distribution of A. speciosa populations; and c) the bunch 
and fruit yield of A. speciosa populations. The populations 
evaluated experience intense fruit harvest. Because babassu 
palms tend to form large populations in open areas (Ribeiro 

& Walter 1998; Mitja & Ferraz 2001), a significantly higher 
number of individuals, higher seedling/adult ratio, higher 
number of seedling and juvenile plants and a higher rate of 
bunch and fruit production per individual were expected in 
areas managed for pasture and shifting cultivation than in 
seasonal semideciduous forest. Furthermore, we expected 
a seedling/adult ratio >1 for the three landscape units, with 
pasture and shifting cultivation being higher than that of 
seasonal semideciduous forest. 

Materials and methods

Study species

The babassu palm (Attalea speciosa Mart. ex Spreng) is 
widely distributed, occupying the entire North Region of Brazil, 
the sates of Maranhão, Piauí and Mato Grosso, and isolated 
areas in the Northeast Region (states of Ceará, Pernambuco 
and Alagoas), as well as Bolivia, Guianas and Suriname (Lorenzi 
2010). Some authors affirm that in primary vegetation, the 
babassu palm occurs in low densities of adult individuals, 
but with a high density of seedlings (Anderson & May 1985; 
Peters et al. 1989; Anderson et al. 1991), while after anthropic 
deforestation it emerges as a dominant species (Pinheiro 2004). 
According to Mitja & Ferraz (2001), the success of this species 
in disturbed areas is due to the negative geotropism of the 
terminal bud in early development, which offers protection 
against fire, a common practice in disturbed areas. Babassu 
palm has a straight, single and cylindrical stem of 10-30 m in 
height and 30-60 cm in diameter. The inflorescenses are large, 
and male and female infloreescences occur on the same plant 
(Lorenzi 2010).  Each fruit bunch contains 200-600 elliptic to 
oblong fruits (Orwa et al. 2009). 

Study area 

 The study was performed at the Araripe Environmental 
Protection Area (EPA - Araripe). The EPA - Araripe is a 
sustainable-use conservation unit with approximately 1.063 
million hectares in the states of Ceará, Piauí and Pernambuco, 
Brazil, and comprises several private properties. Within EPA 
– Araripe, there is a second sustainable use conservation 
unit called the National Forest of Araripe-Apodi (Floresta 
Nacional do Araripe-Apodi – FLONA Araripe), which was 
established by Decree-Law No. 9,226/46. The FLONA 
Araripe encompasses the municipalities Crato, Barbalha, 
Jardim and Santana do Cariri, and possesses an area of 
approximately 38,262,326 hectares (Ibama 2004) with the 
following vegetation formations: seasonal semideciduous 
forest, ‘Cerradão’ (savanna woodland), ‘Cerrado sensu stricto’ 
(Brazilian savanna) and ‘carrasco’ (xerophytic shrubby 
vegetation) (Ribeiro-Silva et al. 2012).

The climate of the region is characterized as tropical 
wet and dry or savanna climate (Aw) (Köppen et al. 1948). 
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It experiences temperatures from 14 to 26 ºC (Lima 1983), 
five to seven dry months (Cavalcanti & Lopes 1994) and an 
annual rainfall greater than 1,000 mm in the upper slopes 
of the plateau (850 to 1,000 m.a.s.l.; MMA 2007). The soils 
of the Araripe Plateau are deep and well-drained yellow and 
red-yellow Latosols (Oxisols) (Ibama 2004).

Within EPA - Araripe, the rural community of Macaúba 
Ranch was selected for study because this community has 
a strong history of extractivism of babassu palm (Ibama 
2004). There are approximately 250 families in the 
community, and babassu fruits are primarily collected for 
the production of oil from seeds and for making crafts, while 
the bark and seed are sold for coal and soap production, 
respectively (Campos et al. 2015). Other sources of income 
in Macaúba include agriculture and extractivism of “pequi” 
(Caryocar coriaceum Wittm.) (Sousa Junior et al. 2013). 
Babassu palm is considered a resource of high commercial 
importance for the residents of this community, and 
subsistence use is uncommon. Babassu has been used 
with increasing frequency since 1990, when the Macaúba 
Rural Association was created, which promoted increased 
babassu oil production by providing machinery (Campos 
et al. 2015). At Macaúba, A. speciosa is mainly present 
in pastures, open fields, agricultural lands and seasonal 
semideciduous forest fragments (Campos et al. 2015). There 
is no record of intentional planting of trees of A. speciosa 
by the residents of Macaúba Ranch. 

The present study was approved by the Biodiversity 
Authorization and Information System (Sistema de 
Autorização e Informação em Biodiversidade - SISBIO) 
(process number 31857-1) and the National Research Ethics 
Committee (Comitê Nacional de Ética em Pesquisa - CONEP) 
(process number CAAE 01457712.7.0000.5207).

Data collection sites 

In order to identify areas subjected to different types 
of land use where A. speciosa fruit extraction is performed, 
informal conversations were held with extractivists of the 
community. They were asked to indicate areas in EPA - 
Araripe where palm trees are exploited, and three landscape 
units within private properties of extractivists that live in 
Macaúba Ranch were identified (Fig. 1).

Population structure 

 The geographical coordinates of the three landscape 
units were recorded and used in the preparation of three 
maps. The maps were divided into grid cells/plots of 10 x 10 
meters, and 50 plots were randomly selected in each map 
to study the A. speciosa population. The randomly selected 
plots were established in the field with the aid of a Global 
Positioning System (GPS) for a total of 150 plots and 1.5 
hectares of sampled area.

In each plot, all individuals of A. speciosa were numbered 
and classified according to ontogenetic stage following 
an adaptation of the classification of Souza et al. (2000), 
as follows: a) seedling - every specimen with leaflets not 
completely separated; b) juvenile - every specimen with fully 
expanded leaves, but no trace of previous reproduction; 
and c) adult - every specimen with traces of previous 
reproduction or presence of fruits and/or flowers. Height 
(measured from ground level to the point of leaf sheath 
insertion of the lower leaf for specimens with woody stems, 
or measured from the ground to the tip of the largest leaf 
for seedlings and juvenile plants without woody stems) was 
measured for all specimens using a clinometer for juveniles 
and adults, and a metric tape for seedlings. 

Fruit production 

 In each of the three landscape units, 20 adult specimens 
were marked and numbered, for a total of 60 specimens. 
All bunches with ripe fruit were cut from each individual 
and the number of fruit per bunch was recorded. The same 
individuals were monitored for 12 months in order to 
estimate the number of bunches produced and the number 
of fruits per bunch, which corresponded to five visits to 
each unit.

Data analysis 

We considered each plot a sample unit and tested the 
data for normality using Shapiro-Wilk Test, which revealed it 
was not normal. The total number of A. speciosa individuals 
and the number of individuals of each ontogenetic stage 
found in each landscape unit were compared using Kruskal-
Wallis test. The seedling/adult ratio was calculated for the 
three populations of A. speciosa, with a ratio >1 indicating 
good recruitment and a ratio <1 indicating low recruitment 
(Mwavu & Witkowski 2009); it should be noted that in the 
present work we opted to use the term “regeneration” rather 
than “recruitment”. The Chi-square goodness-of-fit test was 
used to assess significant differences in the seedling/adult 
ratio among the three populations. Height values were 
divided among classes of 0.5-meter-intervals, following an 
adaptation of Monteiro & Fisch (2005). Differences in height 
class distribution among the three landscape units were 
assessed using Kolmogorov-Smirnov test. To identify gaps 
in height class distribution, we tested the fit of a negative 
exponential distribution y = ae-bx across populations. In 
this equation, “y” represents the frequency of individuals 
in each size class, “x” is the midpoint of the size classes, 
“a” is the intercept, “b” is the slope of the curve (which 
represents the mortality rate of the populations) and “e” 
is the natural logarithmic base (Hett & Loucks 1976). The 
number of individuals in each height class and the value 
of the midpoint of each size class were logarithmitically 
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Figure 1. Study Area (Macaúba Ranch, Ceará State, Northeastern Brazil) and landscape units where plots were established for the 
study of population structure of Attalea speciosa Mart. ex Spreng.  Landscape Unit 1: Pasture - 07º21’19.0”S, 39º24’04.3”W (675 
m.a.s.l.). This area is used as cattle pasture and has history of fire use, with the last fire event being about 15 years prior to the current 
study. It comprises an area of 1.54 ha and, according to the land owner, frequent cutting of A. speciosa has been performed to avoid 
competition between this palm species and other plant species that serve as food for cattle. Landscape Unit 2: Shifting cultivation - 
07º21’00.4”S, 39º23’41.6”W (630 m.a.s.l.). In this area, extractivists grow pigeon pea (Cajanus cajan (L.) Huth) and faba bean (Vicia 
faba L.), with the last planting being performed five years before the current study. This area comprises an area of 2.09 ha and has a 
history of fire use, with the last fire event being about one year prior to the current study. Landscape Unit 3: Seasonal semideciduous 
forest - 07º21’31.0”S, 39º24’33.8”W (759 m.a.s.l.). This area corresponds to a small fragment of 2.12 ha that contains several clearings. 
The extractivists reported that fire was used in this fragment two years prior to the current study to prevent excessive growth of the 
forest for use as pasture.
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transformed. Thus, simple regression analyses were made for 
each of the three populations studied. In this analysis, the 
number of individuals in each height class was considered 
the response variable and the midpoint value was considered 
the explanatory variable. The slopes of the curves (b) were 
analyzed to verify the perpetuation of the tendency of 
populations, which was verified by a negatively accentuated 
slope (Condit et al. 1998).

Differences in the number of bunches and fruits 
produced by individuals of A. speciosa in each landscape unit 
were assessed using the Kruskal-Wallis test. All statistical 
analyses were performed using BioEstat 5.0 software (Ayres 
et al. 2007) and R version 3.2 (R Development Core Team 
2007). 

Results

Population structure 

In total, 3,637 individuals of A. speciosa were recorded 
in all three landscape units, with 1,691, 1,495 and 451 
specimens being recorded in the pasture, shifting cultivation 
and seasonal semideciduous forest, respectively. The total 
number of individuals observed in each of the three 
landscape units was significantly different (H=38.2057; 
p<0.0001) and differences were observed between pasture 
and seasonal semideciduous forest (z=4.6184; p<0.05) as 
between shifting cultivation and seasonal semideciduous 
forest (z= 5.8637; p<0.05), but not between pasture and 
shifting cultivation (z= 1.2452; p>0.05). 

Table 1 shows the number of specimens in each 
ontogenetic stage for the three landscape units. The shifting 
cultivation unit exhibited the greatest difference among 
ontogenetic stages of A. speciosa individuals, with 94.4 % 
seedlings and only 5.6 % juveniles and adults. Significant 
differences were found among the three landscape units 
for seedlings (H=44.76; p<0.0001), and differences were 
found between pasture and seasonal semideciduous forest 
(z=4.8716; p<0.05) as well as between shifting cultivation 
and seasonal semideciduous forest (z=6.4046; p<0.05), 
but not between pasture and shifting cultivation (z=1.533; 
p>0.05). The number of juveniles did not differ among 
these three units (H=3.1259; p=0.2095). The number of 
adults differed significantly among the three landscape units 
(H=6.4183; p<0.05). There were no significant differences 
between pasture and shifting cultivation (z=1.7413; 
p>0.05), and between shifting cultivation and seasonal 
semideciduous forest (z=0.6986; p>0.05), but there was 
a significant difference between pasture and seasonal 
semideciduous forest (z=2.4398; p<0.05), with fewer adults 
being recorded in seasonal semideciduous forest (Tab. 1).

As expected, A. speciosa exhibited a greater number 
of seedlings even under fruit harvest, since the seedling/
adult ratio was greater than 1 in the three units: shifting 

cultivation (48.7), pasture (31.5) and seasonal semideciduous 
forest (16.0). Significant differences in the seedling/adult 
ratio were observed between the pasture and seasonal 
semideciduous forest (χ² = 4.34; p<0.05) and between the 
shifting cultivation and seasonal semideciduous forest 
(χ² = 15.43; p<0.01). However, there was no significant 
difference in the seedling/adult ratio between pasture and 
shifting cultivation (χ²= 3.30; p=0.07), showing that these 
units have a significantly higher number of seedlings than 
seasonal semideciduous forest. 

Regarding height class distribution, significant 
differences in the number of specimens at each height class 
were observed between pasture and shifting cultivation 
(D=0.0388; p=0.05), pasture and seasonal semideciduous 
forest (D=0.526; p<0.0001) and shifting cultivation and 
seasonal semideciduous forest (D=0.5251; p<0.0001). A 
greater number of specimens were in the first three height 
classes (0 to 1.5 meters) than in all the other classes in pasture 
and shifting cultivation (Fig. 2). In seasonal semideciduous 
forest, the intermediate classes, which correspond to 
juveniles (2 to 5 meters), possessed a greater number of 
individuals than pasture and shifting cultivation. The A. 
speciosa populations in the three landscape units showed 
an inverted J-shape plot: pasture (F=26.5258; p=0.0009; 
R²=0.7185); shifting cultivation (F=30.9554; p=0.0006; 
R²=0.7497); seasonal semideciduous forest (F=15.1939; 
p=0.0039; R²=0.5867). The coefficients of regression (b) 
showed negative values for the three populations (-1.9986, 
-1.8289 and -0.7293, respectively), indicating that the three 
populations are in good conservation condition, with the 
first two units being in a better condition than the third.  

Fruit production

No significant differences were observed in the number 
of bunches produced per individual (H= 3.841; p=0.1465), 
or in the average number of fruits produced per bunch, 
among the landscape units (H= 4.2915; p=0.117) (Tab. 2). 
However, significant differences were observed in the 
average number of fruits produced per individual among 
the three landscape units (H=6.9169; p<0.05), with 
significant differences between shifting cultivation and 
seasonal semideciduous forest (z= 2.4762; p<0.05), but 
not between pasture and shifting cultivation (z= 0.4708; 
p>0.05), or between pasture and seasonal semideciduous 
forest (z=2.0054; p>0.05) (Tab. 2).

Discussion
The results of the present study showed that the 

pasture and shifting cultivation landscape units possessed 
better establishment of A. speciosa populations than 
the seasonal semideciduous forest, since we found: 
(a) a significantly greater number of specimens in pasture 
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and shifting cultivation; (b) a significantly greater number 
of seedlings and adults in pasture and shifting cultivation; 
(c) a significantly higher seedling/adult ratio in pasture and 
shifting cultivation; and (d) a greater average number of fruit 
produced per specimen in shifting cultivation. However, this 
statement must be taken with some caution since the study 
did not evaluate replicates of the three landscape units. 

The establishment of A. speciosa populations in shifting 
cultivation can be related to a higher rate of fructification, 
since individuals in shifting cultivation were found to produce 
a greater average number of fruits in comparison to seasonal 

semideciduous forest. Increased establishment in pasture and 
shifting cultivation also seems to be related to light incidence, 
based on previous studies with A. speciosa. Some palm trees 
are light-demanding species and thus are more abundant in 
open areas with greater penetration of high levels of light 
through the understory (Kahn & Castro 1985). This was true 
for A. speciosa in the present study, since pasture and shifting 
cultivation were the most open landscape units. Besides that, 
babassu palm is a successful competitor during the initial 
stages of succession (Ribeiro & Walter 1998; Mitja & Ferraz 
2001; Pinheiro 2004). For example, in the region of Cocais 

Figure 2. Height class distribution of individuals of Attalea speciosa Mart. ex Spreng located in three landscape units near the 
Macaúba Ranch, municipality of Barbalha, state of Ceará, Brazil. Height classes: 1 (0-0.5 m); 2 (0.51- 1 m); 3 (1.01-1.5 m); 4 (1.51-2 
m); 5 (2.01-2.50 m); 6 (2.51-3 cm); 7 (3.01-3.5 m); 8 (3.51-4 m); 9 (4.01-4.50 m); 10 (4.51-5 m); and 11 (>5.0 m).

Table 2. Fruit yield and average yield per individual of Attalea speciosa Mart. ex Spreng located in three landscape units near the 
rural community Macaúba Ranch, municipality of Barbalha, state of Ceará, Brazil, for a period of 12 months. Variation amplitude 
values in parenthesis.

Yield

Study area Total of bunches Bunches/
specimen

Fruits/
bunch

Fruits/
specimen

1- Pasture 37 1.85 (1-4) 274.06 (133-442) 494.8 (220-1.170)
2- Shifting cultivation 40 2.00 (1-4) 278.18 (54-545) 554.8 (159- 1.191)

3-Seasonal semideciduous forest 29 1.45 (1-2) 230.95 (101-445) 349.2 (101-770)

Table 1. Number of individuals per ontogenetic stage of Attalea speciosa Mart. ex Spreng located in three landscape units near the 
rural community Macaúba Ranch, municipality of Barbalha, state of Ceará, Brazil.

Ontogenetic stages

Study area Seedling    Juvenile  Adults Total
1 – Pasture 1476 (87.3%) 168 (9.9%) 47 (2.8%) 1691

2 – Shifting cultivation 1411 (94.4%) 55 (3.7%) 29 (1.9%) 1495
3 – Seasonal semideciduous forest 305 (67.7%) 127 (28.2%) 19 (4.1%) 451
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in the  state of Maranhão, Brazil, this palm emerged as a 
dominant species after the deforestation of primary forests 
for the establishment of shifting cultivation and pasture 
(Pinheiro 2004). The success of these palms is greatest in 
pastures with more recent encroachment, as was observed 
by Rocha et al. (2016). These authors found that A. speciosa 
dominates this kind of environment between the first and 
third year after pasture encroachment, but become less 
abundant toward the end of a chronosequence of 36 years 
post-encroachment (Rocha et al. 2016). 

On the other hand, an experiment conducted by 
Anderson et al. (1991) showed that germination of babassu 
was significantly higher among shaded fruits than in fruits 
exposed to the sun, indicating that germination is least 
successful in disturbed sites. So then, why did this species 
possess greater numbers of individuals in pasture and 
shifting cultivation, than in semideciduous forest, in the 
present study? It is likely that A. speciosa germinates well 
in seasonal semideciduous forest, but does not complete 
its life cycle in this kind of environment as well as in 
illuminated environments, such as pasture and shifting 
cultivation. Besides that, this species exhibits cryptogeal 
germination, a kind of germination that causes their stems 
to arise from below ground, which contributes substantially 
to babassu´s capacity to dominate the landscape and recover 
from disturbance (Anderson et al. 1991). Thus, it is likely 
that light decreases the rate of seed germination in shifting 
cultivation, but the greater number of fruits produced in 
this unit seems to compensate for this decrease. In seasonal 
semideciduous forest, seed germination is high (Anderson 
et al. 1991), but the absence of light probably decreases the 
development of seeds to seedlings in this environment. 

Regarding to establishment of adult individuals, pasture 
and shifting cultivation exhibited greater success with more 
adult individuals than seasonal semideciduous forest. In 
the present study, we found significant differences in the 
seedling/adult ratio between shifting cultivation and seasonal 
semideciduous forest, with it being greater in the former. This 
result, associated with the fact that adult individuals in shifting 
cultivation produced on average a greater number of fruits 
in comparison to seasonal semideciduous forest, indicates 
that the characteristics of this unit contributes to the better 
establishment of adult individuals. 

The seedling/adult ratio greater than 1 in all landscape 
units demonstrates that regeneration of A. speciosa 
populations in the three areas is good, even under pressure 
from fruit harvest. The lack of significant differences in this 
ratio between pasture and shifting cultivation indicates a 
similarity in the regeneration of the two units, most likely 
because of the lower number of seedlings in the seasonal 
semideciduous forest.

The distribution of individuals among height classes 
resulted in an inverted J-shaped plot (Hall & Bawa 1993) 
for each of the three landscape units, showing a greater 
number of individuals in the lower height classes than in 

the high height classes. Most likely, the few adult specimens 
in seasonal semideciduous forest still offer a sufficient 
number of seeds to maintain population viability despite 
the intense fruit harvest occurring in the region. However, 
we found a significantly greater number of individuals 
with intermediate height in the seasonal semideciduous 
forest than in the pasture and shifting cultivation units. 
Although a lower number of seedlings were found in 
seasonal semideciduous forest than in pasture and shifting 
cultivation, it is likely that the mortality rate of this stage in 
this kind of environment is lower than in the other units, 
so the probability to reach the juvenile stage is greater.  

The fact that individuals in shifting cultivation produced 
on average a greater number of fruits than those located in 
semideciduous seasonal forest confirms another hypothesis 
of the current study. Lima (2011) noted that infructescence 
production by A. speciosa was high in both grazing and old-
growth Amazon forest, a finding that was related to the great 
number of individuals in these two units. We suggest that 
the onset of reproduction of A. speciosa (Barot et al. 2005) 
could explain our findings. According to Barot et al. (2005), 
A. speciosa reproduction is size dependent, and light is the 
limiting factor. Thus, since shifting cultivation is more open 
than seasonal semideciduous forest, and thus has greater 
luminosity, the individuals in this unit do not have to grow 
as much to start reproduction. In contrast, forests have 
low luminosity, so individuals of A. speciosa need to reach 
the canopy to get the necessary light to acquire and store 
the energy needed to trigger reproduction, and so they 
begin reproduction at larger sizes (Barot et al. 2005). In our 
study, we found fewer adults in semideciduous forest than 
in shifting cultivation, and these individuals probably have 
not started reproduction, thus explaining the low average 
fruit production in this unit.  

It is probable that the high rate of fruit production in 
shifting cultivation also represents an evolutionary strategy 
to compensate for the low rate of seed germination in this 
environment. Since seed germination in disturbed areas 
is low due to high light intensity (Anderson et al. 1991), 
A. speciosa individuals in this kind of environment have to 
produce more fruits to compensate for the low proportion 
of seeds that reach germination. 

In conclusion, pasture and shifting cultivation landscape 
units exhibited the best establishment of A. speciosa because 
they had a greater number of individuals, a greater number 
of seedlings and adults and the largest seedling/adult 
ratio. However, juveniles exhibited good establishment 
in seasonal semideciduous forest, which was likely due to 
the low mortality rate of seedlings in this environment. 
Shifting cultivation was more favorable for fructification 
than semideciduous seasonal forest, probably because of the 
size dependence of A. speciosa reproduction. We conclude 
that shifting cultivation and pasture units contribute to the 
rapid expansion and establishment of A. speciosa, which can 
become a dominant species in the Araripe region.
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