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ABSTRACT

1. INTRODUCTION

The wax palm (Ceroxylon echinulatum) and palm
heart (Prestoea acuminata) are key elements in
Andean natural forests. This ecosystem is threatened by deforestation and habitat degradation, thus, it is vital to explore the impact of
anthropogenic activities on the ecological structure and preferences of these species in order to
develop proper conservation strategies. Fiftyseven 400 m2 plots were established in two forest areas, a disturbed forest (n = 30 plots) and an
undisturbed forest (n = 27 plots) in the Ecuadorean Andes. Nine micro-environmental variables and the number of individuals of C. echinulatum and P. acuminata in five size classes
were recorded in each plot. Logistic regression
models helped identify environmental variables
that influence the establishment of the species.
Results showed that different micro-environmental variables determined the presence of
different size classes. Both species were benefitted by the environmental conditions of the disturbed forest. Light availability was important for
the establishment of both species, especially for
the canopy species (C. echinulatum). This palm
was negatively affected by the variable “fallen
wood”, while P. acuminata was negatively affected mainly by the steepness of the terrain.
The environmental variables for the successful
establishment of the studied species that were
identified by this study provide clues for the sustainable management of C. echinulatum and P.
acuminata in Andean forests.

The palm family is important to humans as a diverse
source of non-timber forest products [1,2]; however unsustainable harvesting and deforestation are threatening
the permanence of harvested species in natural forests
[3-5]. Human activities modify environmental conditions
in forest remnants thereby also altering the conditions
under which palm species regenerate and establish [6,7].
South America has a high diversity of palms with 457
species and 50 genera [8]. Part of this diversity is found
in the Andes above 1000 m.a.s.l where palms represent
37% of the palm genera and 15% of the palm species
reported in the Americas [9]. Four genera have their center of distribution in the Andes: Aiphanes, Ceroxylon,
Parajubaea and Wettinia; among which Ceroxylon is
endemic to the Andes [9]. In the Ecuadorean Andes, the
most economically important palm genera are Ceroxylon
and Prestoea. Leaves of the former genus are used as raw
material for handicraft in Easter and unfolded leaves of
the latter genus are source of palm heart or palmito [1013].
Palms respond to environmental heterogeneity at both
large and small scales. At the large scale, the distribution
of palms is mainly determined by climate [14-16], geological regions [17], historical legacies [14,18,19], and to
a smaller extent by edaphic characteristics [20-22], and
dispersal dynamics [23]. Small scale environmental heterogeneity (0.1 to 10 m2; [15]) is important for the distribution and diversity of palms [15,24,25]. Sources of micro-environmental variation include canopy heterogeneity, inter- and intra-specific relations, edaphic conditions
(pH, litter) and topography. Among these variables, canopy heterogeneity is suggested as an important source
of variation since it can modify variables such as light intensity and quality, soil, microtopography, risk of damage,
pollination and seed dispersal [15].
The dependence of many palms on humidity makes
the Andean cloud forests important for palm species

Keywords: Andean Forest; Ceroxylon; Forest
Disturbance; Micro-Environmental Variables; Palm
Establishment; Prestoea; Sustainable Management
Copyright © 2012 SciRes.

OPEN ACCESS

234

D. Rodríguez-Paredes et al. / Open Journal of Ecology 2 (2012) 233-243

growing at high elevations. Unfortunately, this kind of
forests (characterized by a constant mist and high biodiversity and endemism) is highly threatened by deforestation [26-28]. Environmental conditions of forests may
change as a result of forest fragmentation [4], logging
[26], harvesting of selected products [29], and/or other
extractive activities affecting plant and animal population
dynamics and distribution [6,30,31]. The effects of deforestation on palm populations may be better understood when analyzed separately for each life stage of the
individuals since some palm species change their environmental preferences during ontogeny [32]. Due to the
threatened status of Andean cloud forest palms and their
importance in local ecosystems, it is necessary to understand the effects of different environmental conditions on
the regeneration, establishment and growth of harvested
palm species in order to predict consequences of environmental changes on populations and as a basis for
suggesting sustainable management strategies that protect the target species and natural forest dynamics.
Accordingly, the objective of this study is to identify
micro-environmental variables that determine the distribution of the different life stages of Ceroxylon echinulatum and Prestoea acuminata growing in the cloud forests
of the Ecuadorean Andes. Additionally, this work aims to
compare the establishment requirements of palm species
with different habits (canopy and understory) and in forests with different degrees of disturbance (disturbed and
undisturbed forest). The selection of the species was
based on the following criteria: a) both species are important components of the Andean forest due to their
abundance and the resources they provide to the local
fauna [10,33], b) their natural populations are threatened
by deforestation, habitat degradation, and harvesting
[34,35], c) both species are important for the local
economy [1], and d) there is a lack of information about
their ecology that impedes the development of proper
management plans.

2. STUDY SITE
The study took place in the north-western part of the
Pichincha province (Figure 1). This region contains a
cloud forest ecosystem at elevations ranging from 1500
to 2000 m.a.s.l. with monthly mean temperatures ranging
from 18˚C to 24˚C. The rainy season can last for 10
months with maximum precipitation values in April and
November. The dry season starts between July and August and lasts for two to three months [36]. In this region
two localities characterized by different levels of human
disturbance were selected: a) Inti Llacta reserve (disturbed forest), and b) Rio Bravo Reserve (undisturbed
forest). The two localities are located ca. 20 km from
each other.
Copyright © 2012 SciRes.

Inti Llacta (Miraflores community) is a private reserve
(00˚02'N, 78˚43'W; 1875 ± 16.2 m.a.s.l) with ca. 100 ha
of secondary cloud forest. This forest reserve is a mosaic
of forests patches with different levels of regeneration
and pasture. In this forest, selective logging and harvesting of palms were undertaken for several years until the
creation of the reserve in 1982. Particularly, in the 1970’s
and 1980’s the natural populations of P. acuminata were
heavily harvested due to the high demand for palm heart
[37]. Leaves of C. echinulatum were harvested until
2009 when the government of Ecuador banned the extraction from natural forests. Illegal extraction of both
products from the forest still happens along with deforestation, mining, floriculture and poultry farming, causing environmental damages [34].
Rio Bravo is a private reserve (00˚04'S, 78˚44'W; 1690
± 72.1 m.a.s.l) with ca. 4000 ha of undisturbed cloud
forest (Cantón San Miguel de los Bancos) and is part of
the Mindo-Nambillo protected area (19.200 ha; [34]).
Due to its difficult access, the area has been relatively
isolated from human activities, and therefore the forest is
in a well conserved condition with no reported extraction
activities.

3. STUDY SPECIES
Ceroxylon echinulatum Galeano is a canopy (10 - 30
m tall; diameter 15 - 30 cm), solitary and dioecious palm
[38]. Stems are covered with a layer of wax that usually
have oblique ring-shaped leaf scars. This palm species
prefers humid and rainy mountain regions of Ecuador
and northern Perú between 1600 and 2200 m.a.s.l. Unfolded young leaves (spear leaf or cogollo) are harvested
once or twice a year to weave handicrafts for Easter
and/or Christmas. This harvesting activity affects mainly
stem-less individuals with leaf size larger than 2 m because of the easy access to the spear leaf. In Ecuador, the
trade of handicrafts made with C. echinulatum’s leaves is
an economic activity that represents an important source
of income to local communities and artisans (Montúfar,
unpublished data).
Prestoea acuminata (Willd.) H. E. Moore is a midstory species, monoecious, with solitary or clustered
stems that can reach heights of 6 - 15 m and diameters of
4 - 20 cm [39]. The species has a wide distribution, growing in mountain regions of the Antilles and Central America; and premontane and montane areas (1000 - 2000
m.a.s.l) of the Andean slopes from Venezuela to Bolivia
[39]. Unfolded leaves (apical meristem) of this species
are harvested and sold as palm hearts in local communities [10]. The extraction is done any time through the
year with no discrimination between reproductive and nonreproductive individuals.
OPEN ACCESS
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Figure 1. Study area. Black triangles are the study sites; gray circles are closest towns to the study sites.

4. METHODS
4.1. Census
Data were collected in March and April 2010. A plotbased inventory of C. echinulatum and P. acuminata was
carried out in disturbed (Inti Llacta reserve) and undisturbed (Río Bravo reserve) forests. Individuals of C.
echinulatum were classified as: 1) seedlings (individuals
with undivided leaves), 2) juveniles 1 (individuals without stem and with pinnate leaves shorter than 2 m), 3)
juveniles 2 (individuals without stem and with pinnate
leaves longer than 2 m), 4) subadults (individuals with
stem but without reproductive structures) and 5) adults
(stemmed reproductive individuals). P. acuminata individuals were classified as: 1) seedlings, 2) juveniles 1
(individuals with at least one pinnate leaf and/or with a
single stem), 3) juveniles 2 (individuals with clones), 4)
subadults (individuals with clones, stem and crownshaft),
5) reproductive adults with stem and/or clones.
For the data collection, a total of fifty-seven 400 m2
(20 m × 20 m) plots were established (30 plots in disturbed forest and 27 plots in undisturbed forest) along
two linear transects in each forest (total of 4) with a distance between plots centers of 40 m. In both forests
transects were located at a minimum distance of 120 m
Copyright © 2012 SciRes.

from each other and each transect was about 600 m long
and included about 15 plots of 400 m2. This design for
data collection allowed covering the topographic and
environmental variation of the studied places. The number of adults of both species and subadults of C. echinulatum were recorded in the 400 m2 plots, juveniles of
both species and subadults of P. acuminata were recorded in 100 m2 (10 m × 10 m) plots nested within the
400 m2 plots, and seedlings were recorded in five subplots of 4 m2 (2 m × 2 m) located in the center and in the
corners of each 400 m2 plot.

4.2. Variables Measured
Two types of variables were measured within each 400
m2 plot: topo-edaphic variables and forest structure variables. The topo-edaphic variables were: 1) aspect (measured using compass, degrees), 2) slope inclination (measured in the steepest area of the 400 m2 plot using a clinometer, Sunnto Tandem; degrees), 3) leaf cover (percentage of soil covered by leaf litter in each 4 m2 plot)
and 4) leaf depth (number of leaves on the forest floor
pierced with a pointed stick [40] in the center of each 4
m2 plot). The forests structure variables were: 1) canopy height (height of the tree with the largest diameter
OPEN ACCESS
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measured using a clinometer Sunnto Tandem; meters), 2)
basal area (of all trees with diameter at breast height
(DBH) >10 cm measured using a measuring tape; m2, 3)
canopy openness (measured in the center of each of the 4
m2 plots using the canopy-scope scoring system; percent;
[41]), 4) gaps (absence or presence), and 5) fallen wood
(number of trees or branches with diameter >10 cm lying
on the floor).

4.3. Statistical Analyses
Aspect values (α) were converted into north exposures
(cosine α) and east exposures (sine α), i.e. the lower the
value of north exposure, the farther from north the aspect;
similarly, for east exposure in relation to east. The five
measurements of each of the variables “leaf cover”, “leaf
depth” and “canopy openness” obtained for each 400 m2
plot were averaged with the purpose of obtaining a single
value per 400 m2 plot to be used in the statistical analyses. T-tests were done in order to identify significant differences between densities of different life stages and environmental variables between forests.
Variables that best explained the distribution (presence)
of each of the life stages of the two palm species were
selected using logistic regression models. In addition to
the micro-environmental variables, the presence of adults
was also included as a potential explanatory variable for
seedlings. A Principal Component Analysis (PCA) was
carried out in order to identify uncorrelated factors and
thereby reduce the number of explanatory variables. PCA
results were used as a reference for selecting the variables to be included in the final logistic analyses. Selection of independent variables in the logistic models was
based on the significance level of the parameter estimates (p-value < 0.05), the Akaike Information Criterion
(AIC), log-likelihood values and the percentage concor-

dance of the model. Models with independent variables
that were almost uncorrelated with each other were preferred. Statistical analyses were done using the software
package SAS version 9.2 (SAS Institute, INC., Cary, NC).

5. RESULTS
5.1. Description of the Forests
Statistically significant differences between forests were
observed for the majority of the environmental variables
(Table 1), the disturbed forest showing greater values for
most of them. In the undisturbed forest the terrain was
steeper than in the disturbed forest. The light related variables, “canopy openness” and “gaps”, were found to have
larger values in the disturbed forest than in the undisturbed forest, but the difference was significant only for
the former variable. The variable “canopy height” had larger values in the undisturbed forest.

5.2. Population Structure within the Forest
Population structures of both C. echinulatum and P.
acuminata differed significantly between disturbed and
undisturbed forests (Figures 2 and 3). All life stages of C.
echinulatum had more individuals in the disturbed forest
than in the undisturbed forest. Early life stages of P. acuminata were more abundant in the undisturbed forest than
in the disturbed forest but the opposite pattern was observed in later life stages. In general, and irrespective of
forest type, the density of individuals of C. echinulatum
decreased towards older life stages. This was also the case
for P. acuminata with the exception of subadults in the
disturbed forest and adults in the undisturbed forest, which
were more abundant than previous life stages. For both
species in both forests, about 90% of the individuals were
seedlings. By comparing densities of adult individuals

Table 1. Comparison of the environmental variables between disturbed and undisturbed forest using a t-test.
Disturbed forest

Undisturbed forest
Pr > |t|

N

Mean

Stdev

N

Mean

Stdev

Slope (˚)

30

29.067

10.998

27

35.741

8.202

0.013

Leaf cover (%)

30

87.133

11.584

27

74.389

20.701

0.007

Leaf depth (#)

30

1.793

1.191

27

1.102

0.610

0.008

Canopy height (m)

30

17.238

5.411

27

20.049

5.475

0.057

Canopy openness (%)

30

4.720

6.212

27

2.089

2.736

0.042

Gaps (#)

30

0.600

0.498

27

0.519

0.509

0.544

Fallen trees (#)

30

4.500

2.688

27

6.778

4.353

0.024

2

30

2.120

0.866

27

1.285

0.536

0.000

Basal area/trees (m /ind)

N = number of plots; Stdev = standard deviation.
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Figure 2. Population structure of Ceroxylon echinulatum in two forests types (disturbed and undisturbed). N =
57. T-tests: Seedlings p = 0.015; juveniles 1 p < 0.001. Error Bars = standard errors.
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Figure 3. Population structure of Prestoea acuminata in two forests types (disturbed and undisturbed). N = 57.
T-tests: Seedlings p = 0.507; Juveniles 1 p = 0.001; Juveniles 2 p = 0.003; Subadults p < 0.001; Adults p = 0.02.
Error Bars = standard errors.
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and seedlings of C. echinulatum in the disturbed forest, it
appeared that only about 0.081% of the seedlings are
likely to reach the adult stage. A similar survival rate
could not be estimated for the undisturbed forest because
no adults were found in the plots. For P. acuminata the
apparent survival rates were also low; in disturbed forest
only 0.79% of all seedlings were likely to become adults;
in undisturbed forest the estimated survival rate was only
0.19%.

5.3. Logistic Models: Variables Determining
Distribution
Different variables were found to determine the distribution of different life stages of the studied species (Tables 2
and 3). For C. echinulatum four out of the five forest structure variables (basal area, canopy height, canopy openness
and fallen wood) appeared to affect the majority of the
life stages. Among the variables related to the availability
of light, “canopy openness” and “canopy height” influenced the presence of most of the life stages. Rich-lit
environ- ments appeared to benefit the establishment of
the spe- cies, but the presence of gaps did not influence
any of the life stages for C. echinulatum. Moreover, the
absence of adults did not influence the presence of seedlings of this species significantly.
The parameters of the variables included in the best
logistic models for P. acuminata were not all significantly different from zero at the 5% level. This was the

case for the life stages “juveniles 1” and “adults”. Nevertheless it was decided to include these models since their
p-values were not far from the applied significance level
(5%). For P. acuminata, the variable “slope” appeared to
be the only variable that generally had a negative effect
on the presence of the species. Among variables related
to light conditions, “canopy openness” was important only
for subadults and the presence of gaps was negatively
related to the presence of adults. Contrary to the findings
for C. echinulatum, the absence of adults of P. acuminata
did appear to influence the presence of seedlings of this
species. Other variables that influenced the distribution
of at least one life stage were: basal area, east exposure
and leaf cover.

6. DISCUSSION
6.1. Variables Determining the Presence of
Seedlings
As expected for this life stage, light related variables
did not influence the presence of seedlings of any of the
studied species since both are shade tolerant species that
can germinate and establish under closed canopy conditions. Some studies found that seedlings of both P. acuminata and C. echinulatum can grow in places characterized by a wide range of light conditions [10,33,42], but
full light exposure may have a negative effect on the establishment of C. echinulatum [33]. Other factors such

Table 2. Logistic regression models predicting the probability of presence of individuals of Ceroxylon echinulatum in each life stage.
Model: probability = exp(a + b(x))/(1 + exp(a + b(x)).
a

Canopy
height

Canopy
openness

(m2/ha)

(m)

(%)

Basal area

East
exposure

Fallen
wood
(#)

Seedling

1.268

0.059

–0.129

sterror

1.322

0.027

0.061

p

0.337

0.028

0.036

Juvenile1 –1.543

0.098

0.312

1.951

–0.318
0.127

Gaps*

Leaf
Cover

Slope

(%)

(˚)

Absence
adults

Concordant
%
74.2

sterror

1.216

0.037

0.153

0.671

p

0.204

0.009

0.041

0.004

Juvenile2 –2.138

0.062

0.344

–0.323

88.9

0.013
84.3

sterror

1.18

0.029

0.138

0.133

p

0.07

0.034

0.013

0.015

Subadult

5.072

–0.241

0.135

–0.095

sterror

2.409

0.101

0.071

0.042

p

0.035

0.017

0.055

0.025

Adults

9.208

–0.551

–1.012

sterror

4.247

0.246

0.489

p

0.03

0.025

0.038

81.8

95

a = intercept.*presence gaps. Sterror = standard error.
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Table 3. Logistic regression models predicting the probability of presence of individuals of Prestoea acuminata in each life stage.
Model: probability = exp(a + b(x))/(1 + exp(a + b(x)).
a

Basal area

Canopy
height

Canopy
openness

(m2/ha)

(m)

(%)

East
exposure

Fallen
wood

Gaps*

(#)

Leaf Cover

Slope

(%)

(˚)

Absence
adults

%

Seedling

5.863

–0.055

–0.674

sterror

2.367

0.027

0.360

p

0.013

0.038

0.061

Juvenile 1

3.268

–0.066

sterror

1.281

0.035

p

0.011

0.060

Juvenile 2

–0.478

0.893

sterror

0.295

0.446

p

0.105

0.045

Subadult

–1.576

0.089

0.258

–0.079

sterror

1.451

0.032

0.117

0.036

p

0.277

0.005

0.028

0.030

Adult

1.455

–0.551

–0.054

sterror

0.978

0.289

0.030

0.137

0.057

0.066

p

concordant

72.9

65.1

64.4

85.2

70.1

*

a = intercept; presence gaps; Sterror = standard error.

as temperature or humidity are presumably more important for seedling establishment in both C. echinulatum
and P. acuminata. Madriñán and Schultes [43] suggested
that the germination of Ceroxylon quinduense required
special conditions of high humidity. Leaf litter may be an
important element determining the establishment of seedlings since it modifies micro-habitat conditions [44,45], protects seeds from predation [46], or enhances fungi attack
[47]. In accordance with the study by Didham and Lawton [48], the present study found more leaf litter in the
disturbed forest. The low abundance of P. acuminata in
this forest may be to a negative effect of leaf litter on
germination.
A high canopy was found to negatively affect the establishment of seedlings of C. echinulatum. This result may
be explained by the negative relation between the number of adults and the canopy height as also reported by
Paredes [49] on western slopes for the same species. The
lower height of the canopy in the disturbed forest could
explain the higher number of seedlings of C. echinulatum
in this forest. For P. acuminata the presence of seedlings
did depend on the absence of adults. This result suggests
that spatial dispersion of P. acuminata is very low. As a
consequence, the risk of death for seeds and seedling of
this species may be high according to Janzen and ConCopyright © 2012 SciRes.

nell’s model [50].

6.2. Variables Determining the Presence of
Juveniles
Shade tolerance in palms generally declines with ontogeny [32]. This characteristic may be particularly evident for canopy palms whose adult form is found in richlit canopy environments [51,52]. This is in agreement
with this study, where light availability was found to positively affect the presence of juveniles of the canopy species (C. echinulatum) only.
Mortality as a result of fallen pieces of wood may be a
good indicator of conditions affecting the establishment
of juveniles of C. echinulatum in the undisturbed forest.
According to Laurance i.e. [31] more tree damage is expected in disturbed forests as a result of lower water
availability and stronger wind impact. Accordingly, the
disturbed forest was expected to have more “fallen wood”
than the undisturbed forest, but the opposite result was
found in this study. The reason may be related to specific
characteristics of the former forest such as the steepness
of the terrain and/or the predominant plant species.
Fallen wood may also affect juveniles of P. acuminata,
however; variables such as “slope” of the terrain and “asOPEN ACCESS
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pect” seemed to be more important. The steepness of the
terrain in the undisturbed forest did not favor the establishment of individuals of P. acuminata, probably as a
result of mortality due to soil instability and small landslides. As expected, juveniles 1 of P. acuminata were affected by the steepness of the terrain since they are small
in size and/or have only one slim stem. Any damage to a
single-stemmed individual would kill it [53].
The variable “east exposure” appeared to influence the
abundance of juveniles of both species positively. Other
studies also reported an effect of aspect on the distribution of C. echinulatum [54] and P. acuminata [55]. The variable “basal area” positively affected the early stages of C.
echinulatum. This result is in agreement with Anthelme i.e.
[33], who found that the basal area of regenerating individuals (20 - 30 cm DBH) positively affected the abundance of C. echinulatum in disturbed forests.

6.3. Variables Determining the Presence of
Subadults
In C. echinulatum, the end of the establishment phase
and the beginning of the subadult phase is determined by
the appearance of the stem [32]. By contrast, in P. acuminata stem diameter and height increase simultaneously
[56]. Regardless of the differences in the stem developments, both species showed faster growth early in the
subadult phase [57,58]. In this phase of fast growth, light
availability is believed to be important for the establishment of subadults especially for the canopy species that
needs the rich-lit condition above the canopy to develop
reproductive structures. As expected, the distribution of
subadults of both species was positively related with light
availability. The negative relationship between the abundance of subadults of C. echinulatum and the light related
variable “canopy height” provides additional evidence of
the dependence of this canopy palm on rich-lit environments.
“Slope” appeared to be one of the determinants of the
presence of subadults for both species. For C. echinulatum this may be explained by low recruitment into this
stage, as previous stem-less stages may be more vulnerable to die from landslides. In the case of P. acuminata, a
partial explanation may be that the small diameter of its
stem makes it easy to bend. In the case of single-stem
individuals, the bending may cause death

6.4. Variables Determining the Presence of
Adults
Adults of the canopy species (C. echinulatum) are believed to rely more on well-lit environments than adults
of the midstory species (P. acuminata) [52]. Light related
variables such as gaps and canopy openness were not
Copyright © 2012 SciRes.

part of the final model for the canopy palm; but the importance of light for adult establishment for this species was
indicated by the variable canopy height which was part
of the final model. Under tall canopies, individuals have
to grow more before reaching the full light above the
canopy, which will give them the energy to produce reproductive organs. Similar results were found by Paredes
[49] for the same species in the eastern Andes. The present study found lower canopy heights in the disturbed
forest which may be one of the reasons for the success of
C. echinulatum in this particular forest. The variable “fallen wood” appeared to affect the presence of adults of C.
echinulatum negatively. This result was not expected
since adult palms are tall individuals with large diameters
and strong stems; however Paredes [49] also reported
adult’s death as a result of fallen trees.
As expected for P. acuminata, light was not as relevant
as for C. echinulatum given that the former species thrives well in relatively shaded conditions. This result contrasts with the observations by Svenning [55] for the
same species. However results have to be interpreted
with caution since, as explained before, the best model
obtained for adults of this species included variables with
p-values slightly above the chosen significance level of
0.05. In this case, a larger sample size would be needed
in order to achieve a better understanding of the preferred establishment conditions for P. acuminata’s adults.

6.5. Conservation and Management
Strategies
Despite the harvesting pressure that C. echinulatum
and P. acuminata experienced in the past, their establishment and population development is benefited by the
environmental conditions found in the disturbed forest.
The present study identified important elements that help
understanding the preferred environmental conditions of
the studied species; information that may be of vital importance for their conservation since it can be applied in
the development of sustainable management plans for
forest and when analyzing possible impacts of changing
environments on populations of the two species. Based
on the findings of this study the following management
actions are suggested: 1) Steep slopes negatively affect
the establishment of the studied species; thus it is recommended to focus management activities on flat areas
where palm populations are dense. Populations on steep
slopes should be protected as a source of genetic variability for these species; 2) Light benefits the establishment of the majority of the life stages in C. echinulatum
and P. acuminata. Hence, reducing the density of the
canopy may be a way to enhance the growth of the species. This method is particularly promising for the first
life stages since they are more susceptible to mortality; 3)
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Leaf litter negatively affects the establishment of seedlings in P. acuminata. It is therefore recommended to remove part of the leaf litter that covers the seedlings; 4)
Connectivity of forest remnants is important for the ability of pollinators and seed dispersers to move between
the forests, especially for the dioic species (C. echinulatum). Connectivity also enhances genetic diversity which
is important for the species to be resilient to a changing
environment; and 5) Forests with different disturbance
regimes have different environmental conditions. The
present study provides an important first attempt to understand the response of the two palm species to disturbances. Future research should study the population dynamic of C. echinulatum and P. acuminata in forest remnants of different sizes, as well as the relation of dispersers and pollinators with these palm species.
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