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Abstract

The introduction of a species may alter ecological processes of native populations, such as pollination and dispersal
patterns, leading to changes in population structure. When the introduced and the native species are congeners,
interference in pollination can also lead to hybridization. We aimed to understand the ecological aspects of Euterpe
oleracea introduction in the Atlantic forest and the possible consequences for the conservation of the native congener
Euterpe edulis. We analysed the population structure of palm populations, including hybrids, and observed the interaction
with frugivorous birds of both palm species after E. oleracea introduction. We observed that E. edulis had significantly
lower density and a smaller number of seedlings when occurring with E. oleracea. Native and introduced Euterpe
species shared nine frugivorous bird species. E. oleracea and hybrids had dispersed outside the original planting area.
Consequently, the risks of introduction of E. oleracea may mostly be related to the disruption of interactions between
E. edulis and frugivorous birds and the spontaneous production of hybrids. Finally, the cultivation of E. oleracea and
hybrids in Atlantic rainforest could affect the conservation of the already endangered E. edulis.
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Os riscos da introducio da palmeira amazoénica
Euterpe oleracea na Floresta Atlantica

Resumo

A introducdo de uma espécie pode alterar processos ecologicos de populagdes nativas, tais como padrdes de polinizagdo
e dispersdo, levando a mudancas na estrutura populacional. Quando espécies introduzidas e nativas sdo congéneres,
a interferéncia na polinizag¢@o pode levar também a hibridizacao. Nossos objetivos foram entender os aspectos
ecologicos da introducdo de Euterpe oleracea na Floresta Atlantica e as possiveis consequéncias sobre a conservagio
da congénere nativa Euterpe edulis. Para isso, analisamos a estrutura populacional, incluindo hibridos, e observamos
a interacdo de aves frugivoras com ambas as espécies de palmeira apos a introdugdo de E. oleracea. Observamos que
E. edulis apresentou densidade total e nimero de plantulas menores quando coocorrente com E. oleracea. As palmeiras
congenéricas compartilharam nove espécies de aves frugivoras. E. oleracea e hibridos foram dispersos além da area
original de plantio. Consequentemente, os riscos da introdugdo de E. oleracea podem estar principalmente relacionados
com o possivel deslocamento de interagdes entre E. edulis e aves frugivoras e com a producado de hibridos. Desta forma,
o cultivo de E. oleracea e hibridos podem afetar a conservagdo da ja ameagada E. edulis.

Palavras-chave: hibridizagao, aves frugivoras, plantas exoéticas, estrutura populacional, Euterpe edulis.

1. Introduction

Palms play an important role in natural communities
as many palm species are important resources for animals
(Tomlinson, 2006; Henderson et al., 1995). Fruits, palm
heart, leaves and stems are also commonly exploited by
human populations (Henderson et al., 1995). Because of
their economic importance palms are one of the groups
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most dispersed by humans (Tomlinson, 2006). In fact,
the introduction of many palm species is stimulated by
their beauty and effortless cultivation — mostly in tropical
regions. This may create chalenges to manage these the
exotic species and to conservate native communities
(Van Wilgen and Richardson, 2014). Still, few studies
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have assessed the ecological aspects of exotic palms and
their effects on the local plant populations (Meyer et al.,
2008; Christianini, 2006; Dislich et al., 2002).

Although palm species are rarely considered invasive,
the general impact of exotic species on biodiversity and
ecosystems has long been recognized (Richardson and
Réjmanek, 2011; Simberloft, 2005; Elton, 2000). Exotic
plants species may cause many impacts on the ecological
patterns of the local community and when congeneric with
local species, they may promote competition for pollinators
or lead to interspecific interference with pollen in native
flowers (Albrecht et al., 2012; Lopezaraiza-Mikel et al.,
2007; Traveset and Richardson, 2006). This interference
may result in hybridization, which has been considered a
serious threat for conservation (Wolf et al., 2001).

Hybridization may lead to species extinction in two
ways: when the hybrids exhibit lower fitness than parental
taxa, the less abundant parental species may decline;
alternatively, if the hybrids are fertile and have low fitness
reduction, they may displace conspecifics of one or both
parental taxa (Wolfet al., 2001). Also, exotic species may
disrupt the relationship between seed dispersers and native
plants (Spotswood et al., 2012). This could decrease the
effective seed dispersal, leading to a reduction on the
quality and quantity of native seeds, negatively affecting
their germination or seedling establishment (Aslan and
Rejmanek, 2010). Thus, a disturbance in reproductive
mutualisms may affects the growth rate (Aslan and
Rejmanek, 2010) and therefore modify the structure and
spatial distribution of plant populations. Nevertheless,
many exotic species may create conficts of interest when
they are both useful to humans and able to cause harm
(Dickie et al., 2013; Simberloff et al., 2013).

In the Atlantic rainforest, an endangered palm species
is confronting a new threat. After decades of indiscriminate
exploitation for palm heart production, Euterpe edulis Mart.
(Arecaceae) —a native species from the Atlantic Forest — has
been legally protected (Silva Matos and Bovi, 2002; Galetti
and Fernandez, 1998). However, the over-exploitation of
E. edulis, has contributed significantly to changes in its
populations structure leading this species to extinction in
several forest fragments (Melito et al., 2014; Silva Matos
and Bovi, 2002). To guarantee the continuous production
of palm heart, several species have been introduced in this
ecosystem. Nowadays, nearly 50% of palm heart production
is given by exotic introduced palms in the Atlantic Forest
area (Sao Paulo, 2008a). One of the commonest introduced
species is Euterpe oleracea Mart. (Arecaceae), which is
native from Amazon rainforest where it grows in similar
conditions as E. edulis (Bovi et al., 1987). This species
was once considered the solution for the vulnerability of
E. edulis to harvesting. These congeneric palms are able to
produce E. edulis x E. oleracea hybrids under experimental
management (Tiberio et al., 2012; Campos et al., 1991;
Bovi et al., 1987) and these hybrids are also used in palm
heart crops. However, neither the ecology of E. oleracea
in this new area nor E. edulis responses in sites where the
exotic palm was introduced are known. Yet, E. oleracea
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introduction in Atlantic rainforest has increased in the
last few years not only because of the exploitation of
palm hearts, but also for the production of “assai” pulp
from its fruits.

Due to their great biological similarity, we expect
that these Euterpe species have also the same ecological
requirements and, therefore, E. oleracea might successfully
establish in Atlantic rainforest. These similarities also lead
us to expect the interaction with local fauna. The main
objective of this study was to understand the ecological
aspects of E. oleracea introduction in Atlantic rainforest
and the possible consequences for the native E. edulis.
To clarify these aspects, we separetely accessed the following
questions: 1. To investigate whether the introduced palm
E. oleracea is able to establish populations and spread
in the Atlantic rainforest, we evaluated the introduced
population structure by analysing the frequencies of
ontogenetic stages and its spatial distribution; 2. To verify
if E. oleracea is able to interact with local bird community,
we observed the visits of frugivorous birds to both
E. oleracea and E. edulis; 3. To understand the possible
effects of E. oleracea introduction on E. edulis population
structure we compared the frequencies of ontogenetic
stages and the spatial distribution of this palm populations
in sites with and without E. oleracea; 4. To investigate if
E. oleracea and E. edulis may generate spontaneous hybrids
(i.e. generated in the wild and not produced by men), we
separetely identified and quantified these individuals.

2. Methods

2.1. Species description

Euterpe edulis occurs in the Atlantic rainforest from
Southern Brazilian coast up to Paraguay and Argentina
(Henderson et al., 1995). It has a single stem reaching
20 m height and produces globular purple-black fruits
1-1.4 cm diameter (Henderson et al., 1995) which are
food resource for many animal species, typically birds
(Galetti et al., 2013; Pizo and Vieira, 2004; Galetti and
Aleixo, 1998). This species produces the most economically
valuable palm heart but, as it produces a single stem and
does not resprout, individuals are killed for the palm heart
extraction. In the southeast region, the presence of £. edulis
is comonly restricted to the remaining areas of Atlantic
rainforest and particularly in some protected areas of Rio
de Janeiro, Sao Paulo and Parana states, in southeast of
Brazil (Silva Matos and Bovi, 2002).

Euterpe oleracea (“assai palm”) is commonly found
along the Amazon River basin in Northern Brazil.
E. oleracea has multiple stems, reaching 12-20 meters high
(Henderson et al., 1995). It bears purple-black globular
fruits 1-2 cm diameter which are dispersed by several bird
species (Moegenburg and Levey, 2003; Henderson et al.,
1995). The palm heart from E. oleracea does not have
the same economical value as the ones from E. edulis
but, as a multiple stemmed plant, palm heart production
may be higher and the plants are not necessarily killed
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during exploitation. Also, its fruits are used for “assai”
cream production.

Although these palm species show naturally distinct
distributions (Henderson et al., 1995), both Atlantic
and Amazon rainforests present similar characteristics
mostly defined by their wet and high temperature climates
(above 25 °C), with even rainfall distribution along the year.

2.2. Study sites

In order to compare areas differentiated only by the
presence of E. oleracea, we selected two areas 75 Km apart,
but having the same vegetation type and environmental
conditions. Thus, we conducted the research at two protected
areas of Atlantic rainforest: Carlos Botelho State Park
(24°06°55” W, 24° 14’417 Sand 47° 47 18”,48° 07" 17” W)
and Ilha do Cardoso State Park (48°05°42” W, 25°03°05” S
and 48° 53° 48” W, 25° 18’ 18” S). These parks belong
to a continuous area of Atlantic rainforest in Southeast
Brazil. E. oleracea was introduced at Carlos Botelho
State Park in the 1970s. This population was once cut as
an attempt to remove the species from the park, but most
of individuals resprouted. Hereafter, we refer to Carlos
Botelho State Park as site of introduction and to Ilha do
Cardoso State Park as control site.

This region has tropical rainforest climate with annual
rainfall ranging between 1700 and 2400 mm and average
temperature between 19 °C and 27 °C (Sao Paulo, 2008b;
Melo and Mantovani, 1994). Both study sites are located in
floodplain areas and exhibit alluvial rainforest vegetation
with the same plant species composition (Sao Paulo 2008b;
Melo and Mantovani, 1994).

2.3. Data sampling and analysis

From July 2009 to March 2010 we sampled all
individuals (except seedlings) of E. edulis and E. oleracea
within 35 contiguous plots (10x10m) in a grid, in both
introduction and control sites. The contiguous plot design
was selected to keep focus on the area where E. oleracea
population were first introduced, also including the
immediate surrounding area. We sampled seedlings in
randomly located sub-plots (2x2m) within each 100 m?
plot. We identified the hybrids based on leaves shape and
leaflets spacing (Tiberio et al., 2012). No individuals of
E. oleracea were to be found at control site.

Individuals from each population were then divided into
five ontogenetic life stages according to their morphology:
seedling, juvenile I, juvenile I, immature, reproductive adult
(Tiberio et al., 2012). Besides height and diameter, we also
observed leaf and leaflet shape and signs of reproduction
such as presence of inflorescences, infrutescences or its
scars on the stems (previous reproduction). We evaluated
differences between population structures comparing the
distribution of relative stage frequencies, using chi-squared
test in the program Past version 2.01 (Hammer et al., 2001).
Although the multiple stems of E. oleracea are biologically
recognized as only one individual, we considered each stem
as a distinctive unit, in order to also account for resprouting.
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Frugivory was recorded at the site of introduction,
from March to September 2007-2009, when fruits of
both species were ripe. We detected the abundance of
birds visiting E. edulis and E. oleracea, by viewing or
by vocalizations, walking along transects within areas
where these species were present. The work was done
from 30 min before sunrise until 30 min after dusk, at least
two days per month. Amongst all birds, we observed and
identified those feeding on fruits of both Euterpe species
using 8%40 binoculars. The resulting sampling effort was
of 214 hours. In order to assess each palm species effects
on birds attraction, we evaluated the correlation of total
number of visits with the number of observed consumers
for each species using the Spearman coefficient (rs).

3. Results

At the control site, we recorded 2374 individuals of
E. edulis (6782.8 ind. ha™), while at the site of introduction
we found 400 individuals of E. edulis (1142.8 ind. ha™'), 68 of
E. oleracea (194.3 ind. ha') and 72 hybrids (205.7 ind. ha™").
Likewise overall density, E. edulis ontogenetic structure
was significantly different between control site and site
of introduction (y*>=248.55; p=0.00001, Figure 1). Total
density and frequency of seedlings of E. edulis were
higher in the control site. The ontogenetic structure of
E. edulis and E. oleracea at the site of introduction also
differed significantly (>=36.62; p=7.11x 107). We did
not find seedlings within E. oleracea population, however
juveniles were the most frequent stage (Figure 1) and were
mostly originated as sprouts (82%). We did not find any
hybrids seedlings and reproductive adults, but intermediary
stages were still present (Figure 1). Some individuals of
E. oleracea and hybrids were located outside the original
planting area.

We observed an overlap between fructification periods
of native and introduced species: E. edulis produced ripe
fruits from March to September and E. oleracea from
June to September. In this period, we observed 19 bird
species consuming fruits: 16 species consumed E. edulis
and 12 consumed E. oleracea (Table 1). The native and
exotic Euterpe species shared nine of the frugivorous bird
species located at the site of introduction, while seven
species were detected exclusively on E. edulis and three
visited only E. oleracea (Table 1). The observations of
fruit consumption for E. edulis was not correlated with
the total bird species recorded (rs=0.36, p=0.12), while for
E. oleracea we obtained a significant positive correlation
between fruit consumption and bird visits (rs=0.62, p=0.004).

4. Discussion

Our results provided evidences that the Amazonian palm
tree E. oleracea, introduced in the Atlantic Forest, is able
to establish through sexual reproduction and vegetative
growth, to produce non-mediated hybrids with the native
palm species and to interact with local bird community,
including dispersers of E. edulis.
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Figure 1. Ontogenetic structure of E. oleracea and hybrids at the site of introduction and of E. edulis at the introduction
and control sites. Grey: populations at site of introduction; black: populations at control site. Ontogenetic stages: 1-seedling,

2-juvenile I, 3-juvenile II, 4-immature, S-reproductive adult.

We observed that even though the original plantation
of E. oleracea have already been cut down, most of the
clumps have resprouted. In our case, E. oleracea resprouting
ability may increase its resilience to disturbances when
compared to the native palm species, since E. edulis is
unable to resprout after being cut. We can conclude that
E. oleracea is also able to establish populations and to
resprout in the novel area even after its clumps have been
completely cut. Nevertheless, variation between sexual
reproduction or vegetative growth, may indicate that the
absence of seedlings of this species do not automatically
represent population instability in the new environment
(Hallé et al., 1978).

In contrast, what we observed for E. edulis may suggest
instability of the population that co-ocuurs with the exotic
palm. The density of E. edulis population at the site of
introduction was significantly lower than expected for this
species along the Atlantic Forest (Fantini and Guries, 2007;
Conte et al., 2003; Reis et al., 2000). This difference was
mostly caused by the lower seedling density in the site
where E. oleracea was introduced. At the same region of
our site of introduction, E. edulis populations usually have
higher densities and negative exponential distribution of
stages (Silva Matos and Bovi, 2002). E. edulis also shows
high fruit production patterns (von Allmen et al., 2004;
Silva Matos and Watkinson, 1998) and germination rates
(Leite et al., 2012; Tiberio et al., 2012), and also keeps
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seedling banks instead of seed banks. So it is always
expected to find high abundance of seedlings, specially
after fruit production period. The same pattern of high
frequency of seedlings has been also detected in other
regions of the Atlantic Forest (Silva et al., 2009; Fantini
and Guries, 2007; Conte et al., 2003; Silva Matos and
Bovi 2002; Reis et al., 2000; Silva Matos and Watkinson,
1998). Therefore, the significant reduction of seedlings
observed at the site of introduction, when compared to
the control site and to many examples in the literature,
can be considered a concern for the population stability.
The presence of spontaneous hybrids at the site of
introduction indicates that the exchange of pollen between
E. oleracea and E. edulis may occur when flowering periods
of these palms overlap. Considering that these species can
spontaneously produce viable hybrid seeds (Tiberio et al.,
2012) and that hybrids may reach the reproductive stage
(Bovietal., 1987), the introduction of E. oleracea increases
the vulnerability of the native species. The cross pollination
between congener species may decrease the number of
viable seeds of the native species consequently dropping
the number of seedlings (Traveset and Richardson, 2006)
and, finally, the total population density. As indicated by
our results, this scenario can be observed for E. edulis
population at the site of introduction. Moreover, these
hybrids are expected to backcross to parental populations
(Campos et al., 1991) resulting in a high gene pool mixtures
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Table 1. Birds recorded feeding on fruits of E. edulis and E. oleracea and total number of visits obtained at the site of

introduction - Carlos Botelho State Park, SP, Brazil.

Species Total visits® E. edulis E. oleracea
Cracidae
Penelope obscura (Temminck 1815) 13 3 1
Aburria jacutinga (Spix 1825) 9 3
Columbidae
Patagioenas plumbea (Vieillot 1818) 14 2
Psittacidae
Pyrrhura frontalis (Vieillot 1817) 389 68 26
Brotogeris tirica (Gmelin 1788) 313 10 4
Trogonidae
Trogon viridis (Linnaeus 1766) 94 3 1
Momotidae
Baryphthengus ruficapillus (Vieillot 1818) 62 1
Ramphastidae
Ramphastos vitellinus (Lichtenstein 1823) 61 12 3
Ramphastos dicolorus (Linnaeus 1766) 42 23
Selenidera maculirostris (Lichtenstein 1823) 28 4
Pteroglossus bailloni (Vieillot 1819) 6 2
Tyrannidae
Myiozetetes similis (Spix 1825) 21 1
Cotingidae
Procnias nudicollis (Vieillot 1817) 40 1
Pyroderus scutatus (Shaw 1792) 5 2
Turdidae
Turdus flavipes (Vieillot 1818) 56 19 13
Turdus rufiventris (Vieillo, 1818) 10 2
Turdus amaurochalinus (Cabani, 1850) 3 1 1
Turdus albicollis (Vieillot 1818) 183 7 4
Thraupidae
Tangara seledon (Statius Muller 1776) 638 12

$Total of visits are related to all individuals observed along transects. These individuals were not necessarily consuming fruits of

E. edulis or E. oleracea every time they were registered.

between both palm species. This process may threaten
mostly small populations, as it is the current status of
E. edulis in many forest fragments, which could resultin a
“silent invasion” as already observed for other organisms
(Miglietta and Lessios, 2009).

Individuals of E. oleracea were also found outside the
original planting area, which demonstrates its capability of
being efficiently dispersed. Both E. oleracea and E. edulis
are zoochoric species and produce fruits very similar in size,
weight and colour (Tiberio et al., 2012; Henderson et al.,
1995). Thus, as expected, we observed that most frugivorous
birds feed on the fruits of both species. Only two species,
Pyrrhura frontalis and Brotogeris tirica, may not act as
seed dispersers as they can also consume the endocarp of
seeds (Galetti et al., 2013; Pizo et al., 2006). Still, five of
the species observed in our study have wide distribution that
include the region of natural occurrence of E. oleracea in
the Amazon rainforest (Sick, 1997). Patagioenas plumbea,
Trogon viridis, Ramphastos vitellinus, Myiozetetes similis
and Turdus albicollis occur in the Atlantic rainforest as
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well as in the Amazon rainforest. Therefore, these bird
species are also able to disperse seeds of . oleracea in the
Atlantic Forest. At family level, the community assemblage
of visitors of each Euterpe palm in their native habitats is
also similar. For example, in the Indigenous Land Waidpi
do Amapari, at Amapa state in north of Brazil, fruits of
E. oleracea are eaten by: Cracidae (Penelope marail),
Psittacidae (Ara macao and Deroptyus accipitrinus),
Ramphastidae (Ramphastos tucanus) and Cotingidae
(Querula purpurata) (A. Antunes, personal observation).

Seed dispersal of fleshy-fruited exotic species is
known to play an important role in the invasion process
(Gosper et al., 2005). The impoverishment or even the
displacement of dispersers of E. edulis could directly
influence the density and distribution of the this palm
tree (Fadini et al., 2009). We observed that, as its native
congener E. edulis, E. oleracea also attracts a broad range
of frugivorous birds and also that few species that used to
feed on the native were found exclusively feeding on the
exotic palm. The large number of interactions with local
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bird species including species with great moving capacity as
Ramphastos spp. and Turdus spp. may certainly contribute
to the spread of this exotic palm in the Atlantic rainforest.

In this study we observed that the Amazonian palm
E. oleracea is able to establish populations and spread
in the Atlantic rainforest and also to spontaneously
hybridize with the native E. edulis. As E. oleracea showed
a significant interaction with local frugivorous birds, it is
necessary to evaluate how its presence may interfere in
the dispersion of the native E. edulis. The small number
of seedlings of E. edulis found at the site of introduction
may also have resulted from a negative impact caused
by the interaction between E. oleracea and local fauna.
As a long-term effect, we could expect the same impacts
in other areas as E. oleracea fruits are being dispersed by
several frugivorous birds.

Many palm heart and fruit producers along the
Atlantic forest have been adopting E. oleracea and even
E. oleracea x E. edulis hybrids sold in the seedlings market.
As exemplified by our study, E. oleracea might be able
to interact with birds, spread and succesfully establish in
wild areas. Nevertheless, the final consequences of its
introduction still needs to be addressed by reasearchers and
environmental policy. As E. oleracea, several palm species
can easily establish into new areas allowing it to spread
and becoming invasive. Our study reveals that besides the
dangers of habitat destruction and illegal exploitation (Silva
Matos and Bovi, 2002), the indiscriminate introduction of
exotic palms represents another risk to the maintenance of
the native palm E. edulis in Atlantic rainforest.
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