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ABSTRACT
Exotic palms are introduced as ornamental all over the world, with some of them become invasive. Here, we characterize 
the population status and the stage of invasion of the exotic palm Caryota urens in an Atlantic Forest Protected Area, 
southeastern Brazil. Palms were sampled in 2019 and 2020, in fifteen 10 x 10 m plots, placed from an alley of planted 
reproductive palms. All individuals inside plots were marked and classified in ontogenetic stages. The number of 
sampled individuals was 110 in 2019 and 114 in 2020; palms were recorded in six plots in 2019 (the furthest 330 
m from the alley) and in eight plots in 2020 (the furthest 420 m from the alley). In 2020, most palms were on the 
earlier ontogenetic stages (seedlings and infants, 86 %), but we also recorded juveniles (10.5 %) and immatures 
(3.5 %), values similar to those found in 2019. The population structure observed and the natural expansion of the 
species inside the forest indicate that the palm has successfully established in the area and has become invasive. 
Management actions should be taken urgently in an attempt to contain the spreading to new locations or eradicate 
this palm from this protected area.
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Palms are among the main groups of ornamental plants 
that are introduced as exotic all over the world, and some of 
them have become invasive (Fehr et al. 2020; Zucaratto et al. 
2020). Studies have shown that invasive palms can reduce 
seedling recruitment of other plant species (Zucaratto 
& Pires 2014), cause the population decline of native 

palms (Mengardo & Pivello 2014; Condé et al. 2016), and 
even generate cascade effects, causing, for example, an 
impoverishment of arthropod assemblage in invaded areas 
(Holmquist et al. 2011).

An exotic plant is categorized as invasive only when 
the species overcome the introduction-naturalization-
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invasion continuum (Richardson et al. 2000; Blackburn et 
al. 2011). This characterization should be based according 
to three important criteria: the ability to sustain self-
replacing populations over several life cycles, the ability 
to produce reproductive offspring, and having the potential 
to spread over long distances (Richardson & Pysek 2012). 
It is interesting to note that populations, and not species, 
are the invader unit. Therefore, the invasion status on 
the continuum should be assessed at a population level 
(Richardson & Pysek 2012). 

The fishtail palm Caryota urens L. is an exotic plant 
species native to South Asia and widely used as ornamental. 
This palm species has solitary stems that can reach 20 
meters in height. A single adult tree can produce thousands 
of small fleshy fruits each year (c. 8,000 to 12,000 by 
infructescence; 1.5 to 2 cm in length; Henderson 2002). 
This high fruit production creates a massive propagule 
pressure and facilitates the integration of this palm in 
interaction networks (e.g. seed dispersal). 

The introduction of C. urens in Brazil dates from the 
beginning of the 20th century, with the species being used 
as ornamental in São Paulo city (Romero & Enokibara 2018). 
This palm is considered as a high risk of invasion in Brazil 
(Horus Institute 2020) and is present in almost all Brazilian 
states, including some protected areas (Moro & Castro 2015; 

Petri et al. 2018). One of these protected areas is the Park 
Lage (62.5 ha; Fig. 1), an Atlantic Forest fragment located 
in the Rio de Janeiro municipality, southeastern Brazil. 
Park Lage has a garden that was built between 1920 and 
1930 as part of the ornamentation of an old residence, the 
Lage Mansion (currently the School of Visual Arts; Fig. 1) 
and was projected following the models of the European 
gardens (Memorialage 1975). Since this palm has a high 
risk of invasion and the population is used as criteria to 
categorize the invasion process, we aim (i) to identify the 
sites in the Park Lage with palm presence, (ii) to characterize 
palm population structure, (iii) to define the current stage 
of invasion of the palm in the Park.

In the Park’s garden there is a group of 34 reproductive 
individuals of C. urens. Given the characteristics of these 
palms (≥ 15 m high) and the way some individuals were 
planted (forming alley), we considered the garden as the local 
of introduction of the C. urens in the area. We also defined 
this group of 34 reproductive palms as the population source 
of propagules. This information could be reinforced by a 
palm fruit collection realized in the Park Lage garden in 1982 
(www.reflora.jbrj.gov.br/reflora). As the average lifespan 
of the palm is 25 years and the age of first reproduction 
about 15 years (Henderson 2002; Rajyalakshmi 2004), we 

Figure 1. Location of the study area, Park Lage, which is part of the Tijuca National Park, Rio de Janeiro city, Brazil. The dashed line 
represents the existing trail in Park Lage that was checked for the occurrence of the exotic palm Caryota urens. The symbols represent 
the delimited plots. 
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estimate that the species has been present in the garden 
for at least 53 years.

We collected the data during the years 2019 and 2020, 
in fifteen 10 x 10 m plots at different distances from the 
source population. To demarcate plots, we traveled the trail 
connecting Park Lage gardens to Corcovado Mountain (Fig. 1).  
The plots were demarcated at a minimum distance of 10 m 
of the trail and with a mean distance of 100 m apart from 
each other. All individual palms inside the plots were marked 
(with numbered aluminum plates) and grouped in five 
ontogenetic stages (seedling, infant, juvenile, immature and 
reproductive), characterized according to the emergence of 
vegetative and reproductive structures (e. g., Portela & Santos 
2011). ‘Seedlings’ were those presenting only bifid leaves, 
‘infants’ show at least one transitional leaf, ‘juveniles’ show 
at least one bipinate leaf, ‘immatures’ have apparent stems 
and ‘reproductive individuals’ have signals of present or past 
reproduction (spathes, inflorescences or infructescences). 
We used such information to determine areas with palm 
presence, to characterize the palm population structure, 
and to determine the current stage of invasion.

To define the stage of invasion of the palm we followed 
the model proposed by Blackburn et al. (2011). Such model 
considers as invader a species with a self-sustaining 
population in the wild, with individuals surviving and 
reproducing at a significant distance from the original 
point of introduction.

We counted 110 palm individuals in six plots in 2019, 76 
were seedlings, 17 infants, 12 juveniles and 5 immatures. The 
farthest plot we registered palm presence in 2019 was at a 
distance of 330 m from the point of introduction (Fig. 1). In 
2020 we counted 114 individual palms in eight plots, being 
80 seedlings, 18 infants, 12 juveniles and 4 immatures. The 
farthest plot in which we registered palm presence in 2020 
was at a distance of 420 m from the point of introduction 
(Fig. 1). We did not record reproductive individuals in the 
plots. However, we recorded three reproductive individuals 
in the trail, respectively at 50, 100 and 250 m away from 
the point of introduction, inside the forest area (Fig. 1). 
The population structure of the palm presented a J-reverse 
pattern, both in 2019 and 2020 (Fig. 2). Since the palm has a 
self-sustaining population, produces reproductive offspring, 
and is over long distances from the local of introduction, 
we considered that the species is in the spread stage of the 
invasion process.

The presence of the palm inside the forest showed a 
trend towards population expansion, indicating that the 
species has successfully established in the area. This could 
be reinforced by the population structure we observed. 
In the gardens of the Park Lage, where a reproductive 
population is found, is the lowest part of the study area, we 
observed most of the individuals in this area. As this main 
population grows, we observe a reduction of ontogenetic 
stages observed (Fig. 1), in the higher areas of the Park. 
How can we see that the invasion process is bottom-up? 

Such observations have been also reported for other exotic 
palm spreading in a protected area in the Atlantic Forest 
(Nascimento et al. 2013). Also, seedlings inside the forest 
could indicate interaction between palm fruits and local 
fauna that are contributing to the expansion of the palm 
to new sites. In fact, studies have reported that resource 
rich exotic plants, like palms, can integrate interaction 
networks (e.g., seed dispersal) and attract frugivores that 
can spread their propagules to new locations (Heleno et al. 
2013; Elsamol et al. 2019). Studies evaluating the interaction 
between local fauna and fruits of C. urens and how these 
interactions affect native plants would provide relevant 
information about the role of local fauna in the spread of 
this invasive palm.

Figure 2. Population structure of the invasive palm Caryota urens 
during two consecutive years in Park Lage, Tijuca National Park, 
Rio de Janeiro city, Brazil.

Since the palm has a self-sustaining population and is 
spreading in natural areas of the Park Lage, management 
actions to contain the spread must be taken urgently. Such 
management actions would avoid the emergence of new 
foci of invasion and the negative impacts of this palm on 
the native species, as reported for other invasive palms 
(Zucaratto & Pires 2014; Holmquist et al. 2011; Condé et 
al. 2016). Because the species present a small population 
and is restricted to a small area, such management actions 
could be efficient in eradicating the species from the area. 
The efficiency in eradicating invasive plants with small 
populations was demonstrated by Simberloff (2013). 
The author reported several examples of invasive plants 
with small populations that have been eradicated from 
protected areas, including a palm species also from Asia 
(Livistona chinensis (Jacq.) R.Br. ex Mart) and with similar 
characteristics to C. urens (size, fruit production).

To manage C. urens we recommend a modification of the 
two-step strategy (Moody & Mack 1988), with both steps 
being applied simultaneously. This management technique 
states that management should start in an isolated or a 
small group of individuals and then methodically reduce 
the area of the main infestations. Thus, we recommend 
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the removal of the adult palm individuals inside the plots 
and the other three observed out of the plots but inside 
the forest. Since these individuals are in a reduced number, 
removing them would be cheaper and easier (low cost, low 
human resources). To remove these reproductive palms 
we suggest cutting the apical meristems, a more viable 
alternative then cutting the entire palm. Such alternative 
also reduces the risks to other species that could be caused 
by felling large individuals (≥ 10 m). Simultaneously, we 
recommend the removal of reproductive structures of 
the reproductive individuals in the garden of Park Lage. 
Removing such structures could prevent the development 
of new propagules, until the complete removal of these 
reproductive individuals is done

A post-palm removal monitoring is also highly 
recommended. This monitoring is important to avoid 
reinvasion by C. urens or an invasion by other exotic plants 
that are present in the area (Simberloff 2013). In parallel 
with palm removal, we also indicate the restoration of 
managed areas, with the planting of native plant species, 
as the palm Euterpe edulis Mart. (juçara palm). This native 
palm has a low population density in the Park Lage and is 
considered as vulnerable according to the red list of Brazilian 
Flora (CNCFlora 2012). So, planting E. edulis in the managed 
areas can provide similar food resources for the fauna, 
besides increase the population density of this species, 
helping in its preservation.
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