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  Abstract 

Prestoea acuminata is a highland clonal palm traditionally used as a source of palm hearts by the Awá Indians of Colombia and Ecuador; its 
commercial use thrived in the 1980´s. Extraction pressure on the resource is particularly strong during Holy Week, as campesinos use it as a 
substitute for meat. We studied P. acuminata demography at La Planada Reserve, southwestern Colombia, and elaborated a ramet-based 
matrix model to assess the impact of different palm heart harvest regimes. The 1.5 ha study area had 1182 genets, composed of 5389 ramets. 
Harvestable stems were 23-40 years old and accounted for 0.32% of the stable stage distribution (SSD). Ramet population asymptotic growth 

rate  was 1.0485, and was more sensitive to changes in the survival of stemless ramets. Observed stage distribution (OSD) differed from 
predicted SSD, which suggests the population was exhibiting transient dynamics. As our census was conducted four years after a severe ENSO, 
we argue that the OSD could be reflecting this environmental disturbance. Thus, harvest simulations must be interpreted with caution. 

Although P. acuminata ramets are abundant at La Planada, the typical genet architecture, with many stemless ramets (20) and only 1-2 stems 
appropriate for palm heart extraction, accounts for a very low resource yield (127 palm hearts ha-1 in our survey). This, and its slow growth 
rate, make P. acuminata suitable only for household extraction. As harvest has a strong effect on sexual recruitment, we recommend a 
maximum annual extraction of 10% of harvestable ramets.  
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Resumen 
Prestoea acuminata es una palma clonal de tierras altas utilizada tradicionalmente como fuente de palmito por los indígenas Awá de Colombia 
y Ecuador, que fue explotada comercialmente en los años 1980’s. La presión de extracción sobre el recurso es particularmente fuerte durante 
la Semana Santa, pues los campesinos lo consumen en reemplazo de la carne. Para evaluar el impacto de diferentes regímenes de cosecha, 
estudiamos la demografía de P. acuminata en la Reserva La Planada, suroccidente de Colombia, y elaboramos un modelo matricial para los 
rametes. Las 1.5 ha estudiadas tenían 1182 genetes compuestos de 5389 rametes. Los tallos cosechables tenían 23-40 años y representaron el 

0.32% de la distribución estable de estados (SSD). La tasa de crecimiento asintótico para los rametes fue de =1.0485, siendo más afectada por 
cambios en la supervivencia de los rametes sin tallo. La distribución observada de estados (OSD) y la SSD estimada fueron significativamente 
diferentes, lo que sugiere que la población estaba atravesando por dinámicas transitorias. Dado que nuestro censo se llevó a cabo cuatro años 
depués de un severo El Niño, argumentamos que la distribución observada podría estar reflejando esta perturbación ambiental. Por lo tanto, 
las simulaciones de cosecha deben ser interpretadas con precaución. Aunque los rametes de P. acuminata son abundantes en La Planada, la 

arquitectura típica de un genete, con muchos rametes sin tallo (20) y sólo 1-2 tallos apropiados para extracción, hace que la oferta del recurso 
sea muy baja (127 palmitos ha-1 en nuestro estudio). Este hecho y su lento crecimiento hacen que P. acuminata sea apropiada solo para 
extracción a nivel doméstico. Dado que la cosecha tiene un fuerte impacto en la reproducción sexual, recomendamos una extracción máxima 
anual del 10% de los tallos cosechables.  
 
Palabras clave: Arecaceae, La Planada, Proyección matricial 
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Introduction 
Palm heart, a traditional Amerindian food, has emerged in the last decades as an exotic export for 
international cuisine, and nowadays it is the most important South American palm product entering 
international trade [1]. Although cultivation of Bactris gasipaes for palm heart extraction has increased in 
the last decade [2, 3], a large proportion of palm heart in commerce is still obtained from wild species, 
mainly in the genus Euterpe: E. edulis [4, 5], E. oleracea [1, 6, 7], and E. precatoria [8].  

Palm heart, or palmito, corresponds to the developing leaves of the plant, which are located at the centre 
of the crown. Thus, palm heart extraction of single-stemmed palms results in the palm’s death, whereas 
clonal palms, composed of many ramets, can be harvested without killing the genetic individual (genet), 
which may offer a better perspective for sustainable management. 

Prestoea acuminata is a highland, clonal palm, traditionally used as a source of palm hearts by the Awá 
Indians of Colombia and Ecuador [9], and it was also the source of a canning industry that thrived for a 
short period in Ecuador in the 1980´s [10]. Although commercial exploitation has now ceased [1], the Awá 
still consume Prestoea palm heart in small quantities throughout the year, whereas campesinos in 
southwestern Colombia consume it as a substitute for meat during Holy Week. During this period, forest 
patrolling is required at protected areas to avoid illegal palm heart extraction.   

Although palm heart extraction from P. acuminata does not cause the death of the individual, as pressure 
on the resource increases, the growth rate of the basal ramets might not be enough to compensate for the 
harvested stems, leading to a shortage of stems tall enough to provide palm heart. Also, the depletion of 
tall stems would cause a reduction in seed production, affecting the population’s genetics and spatial 
distribution. Sustainability analyses are then required to provide harvest guidelines and to avoid 
overexploitation. 

In this paper we describe the demography of an unharvested population of Prestoea acuminata at La 
Planada Nature Reserve, southwestern Colombia, and elaborate a ramet-based matrix model for this 
species. We report growth and survival rates for the different life stages of the palm, and estimate age for 
significant biological landmarks. We use matrix model projections to assess the impact of different palm 
heart harvest regimes on ramet population dynamics, and to determine resource availability over time. We 
discuss model limitations, research gaps, and ecological constraints and advantages for sustainable palm 
heart extraction from Prestoea acuminata. We provide management recommendations that could 
contribute to the sustainable use of this species, and formulate a hypothesis regarding the significance of 
its clonal strategy. 
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Galeano et al. [11] proposed a six-step research protocol for studying palm management sustainability, 
including, but not exclusively relying on, the use of matrix models, and emphasizing the need to use 
research findings to discuss and implement an adaptive management plan. In this paper we cover several 
points from that protocol, providing information relevant for the production of a participatory 
management plan for Prestoea acuminata in southwestern Colombia. 

Matrix population models [12] are commonly used to study population dynamics and modeling sustainable 
harvest [13]. A basic matrix model consists of a population divided into discrete stages or age classes, and a 
matrix A of transition probabilities from one class to another, across one time interval. Such models make it 

possible to estimate the asymptotic growth rate () and age structure of populations over time, to evaluate 

the relative importance of demographic processes on  (elasticity analysis), and to determine optimal 

harvesting regimes based on demographic data. Hence, if  > 1, the population is expected to grow in the 

long term; if  = 1, it will remain stable; and if  < 1, it will decline. 

However, these models assume that the populations are in equilibrium, i.e., that model predicted stable 
stage distribution (SSD) does not significantly differ from observed stage distribution (OSD), which is not 
always the case [14]. Some recent uses of matrix models in connection with non-timber forest product 
(NTFP) extraction include the Brazil nut Bertholletia excelsa [15]; stems of the climbing palm Desmoncus 
orthacanthos [16]; palm hearts of Euterpe edulis [5]; and leaves of the understory palmlet Lepidocaryum 
tenue [17].  

In most NTFP studies, stage-based matrix models are built from repeated measures of vital rates (survival, 
growth, and reproduction) of individual plants. Researchers follow a cohort for a certain period, and from 

these data, population growth rates () are calculated. Short sampling periods could introduce error into 
these estimations though, as noted by Schmidt et al. [13] in reviewing published studies for 46 NFTP 
species. An alternative to this approach is the time-specific model, where survival is calculated from size 
class distributions [11, 18-20]. This model assumes that size class distribution at any particular time reflects 
the population’s growth and survival rates during many years, and could therefore be less subject to bias 
relating to temporal variation [19]. In this study we used a combination of these two approaches. 

 

 
Methods 
Study site 
Our study was carried out within the 25 ha La Planada Forest Dynamics Plot (01° 10’ N, 77° 59’ W) at La 
Planada Nature Reserve (hereafter referred to as the Humboldt plot). La Planada is a private reserve on the 
Pacific slope of the Andes, in the Department of Nariño, Colombia (Fig. 1) [21]. It covers an area of 1800 ha 
between 1300 and 2100 m of elevation. Rainfall in the area is 4900 mm per year, with a marked dry period 
in July-August, and mean daily temperatures ranging from 12°C to 25°C [22]. The area is classified as 
premontane wet forest in Holdridge’s life zone system *23+. The 25 ha plot was established in 1996 by the 
Instituto de Investigación de Recursos Biológicos Alexander von Humboldt and the Center for Tropical 
Forest Sciences (CTFS) of the Smithsonian Tropical Research Institute (STRI) at an altitudinal range of 1700-
1840 m. All woody species ≥ 1cm diameter at breast height (DBH) have been grid-mapped, identified, 
tagged and measured on two separate occasions (1997 and 2002-2003). The plot holds primary forest with 
a canopy 15-25 m tall and some trees with diameters > 1m DBH. According to the 2002 census, the plot had 
a total of 204 woody species; see [24, 25; http://www.ctfs.si.edu/site/La+Planada/census/] for a detailed 
description. 
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Fig. 1. Location of 
study area. 

 

 
 
Study species 
Prestoea acuminata var. acuminata (hereafter referred to as P. acuminata; Fig. 2 is an understory, clonal, 
monoecious palm, distributed in scattered patches along the wet highlands of northern South America 
(Venezuela to Bolivia) and Central America (Nicaragua to Panama). It belongs to the Neotropical tribe 
Euterpeae, which also comprises the genera Hyospathe, Euterpe, Neonicholsonia, and Oenocarpus [26]. 
Each genet of this species is composed of numerous ramets, forming clumps of well-developed stems and 
stemless shoots of different sizes. Stems reach 15 m tall and 15 cm in diameter, and have a crown of 7-11 
pinnate leaves, ca. 3 m long. Inflorescences are infrafoliar and protandrous, and they produce globose, 
black fruits, 1-1.2 cm in diameter. Each infructescence may produce 573-2659 mature fruits [9]. Most fruits 
fall directly to the ground, but at La Planada they are also eaten and dispersed by four species of birds 
(Rupicola peruviana, Snowormis cryptolophus, Andigena laminirostris and Chamaepetes goudotii), and one 
rodent species (Orizomys albigularis) [9]. The seeds germinate within one month when dispersed by 
animals, and within two months when the fruits fall near the parent tree [9]. 

 

A  B   
 

Fig. 2. Prestoea acuminata different life stages. A) Seedling at La Planada Reserve, Colombia (Photo C. 
Gamba-Trimiño) B) Cultivated clonal juvenile at private collection in Colombia (Photo R. Bernal) 
C) Adult individuals at Ucumarí Park, Colombia (Photo R. Bernal) (Photo R. Bernal) 

 



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.4 (4):386-404, 2011 

 
 

 
Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org 

390 

 

Field measurements  
Field measurements and data analysis agree with the methodological protocol of Galeano et al. [11] 

PHENOLOGY, RAMET PRODUCTION AND MORTALITY. In August 1998 we measured and tagged 20 
randomly selected individuals (ramets, n = 494) in a ca. 3 ha forest patch 400 m north of the Humboldt plot. 
We counted all ramets per genet, and for each ramet we recorded stem length (measured with a 
measuring tape attached to a telescoping pole), number of living leaves, leaf size of stemless shoots 
(recorded as the number of pinnae on one side of the rachis in the newest leaf) and reproductive status 
(recorded as flowering buds, flowers, immature or mature fruits or evidence of old reproductive 
structures). Over a 21-month period, monitored every four months, we followed the production of leaves, 
ramets, pinnae and reproductive structures, and recorded ramet mortality. 

POPULATION STRUCTURE. During April-June 2002 we censused and tagged all P. acuminata ramets in 
fifteen 20 x 50 m (0.1ha) plots randomly located within the Humboldt plot. We recorded the same data as 
in 1998, but did not monitor these individuals over time. We censused seedlings in two 25 m2 subplots 
nested within each of the 0.1ha plots (0.075 ha).  

 
Age estimates 
SEEDLINGS with bifid leaves: We bypassed the seed stage and started our model from the seedling stage. 
We used Knudsen’s *27+ data from a population of P. acuminata in Ecuador, at 2000 m of elevation.  

STEMLESS RAMETS: When ramets have not yet developed an aerial stem, the number of pinnae on each 
side of the rachis increases from one leaf to the next. We used this increase in number of pinnae, combined 
with leaf production rate, to estimate age in stemless ramets [11, 18]. To have an estimate of total age, the 
duration of the seedling class was added to this calculation (but vegetatively-produced ramets bypass the 
seedling class). 

STEMS: In palms, it is very easy to visualize historical leaf production, as every new leaf leaves a scar on the 
stem [11, 28]. Age estimates for stems of P. acuminata were obtained by dividing the number of leaf scars 
on the stem by the leaf production rate [11, 20]. To have an estimate of total age, both seedling and 
stemless stage durations were added to this calculation. Counting the number of leaf scars on standing 
stems of P. acuminata at La Planada is difficult, as they are usually covered by numerous epiphytes. 
Although light and nutrient conditions alter stem growth rates, Lugo & Rivera-Batlle [29] showed that for a 
population of P. acuminata var. montana in Puerto Rico, scar estimations from regression analyses were 
very close to the estimates based on counts of all leaf scars. Hence, we estimated the number of leaf scars 
per meter by extrapolating from counts made on 20 adult stems that had been felled (see Results for 
regression analyses).  

 

Population dynamics  
Collected data were pooled to build a ramet-based matrix model. In this model, every ramet of the genet is 
regarded as a separate individual [17, 30, 31]. During our monitoring period only 30 ramets died; therefore, 
in order to avoid having very high survival rates that could not reflect the actual dynamics of the 
population, we used a time-specific model (but used observed survival figures for some classes, see 
Methods - Matrix parameters). 

SIZE CLASSES: One of the constraints of the time-specific model is that life classes must have similar 
duration [11, 19]. Based on age estimations, we divided the population into eleven size classes of similar 
duration, seeking also category limits that represented significant biological landmarks (see Appendix 1 for 
a description of each class). 

MATRIX PARAMETERS: Survival probability for ramets in size class i was estimated from the ratio of number 
of ramets in size class i+1 over the number of ramets in size class i (Pi

* = Ni+1/Ni) [18-20]. As size class 2 
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comprises both sexually and asexually generated ramets, we estimated the seedling survival probability P1
* 

from the number of solitary individuals in class 2. Having estimated the category-specific survival 
probability Pi

*, we derived the annual survival probability as follows: σi = (Pi
*)1/Ti, where σi is the category-

specific annual survival probability, and Ti is the category duration in years [18, 19]. We used observed 
annual survival for size classes that had high death rates (size classes 2 and 3); and for the largest class (11) 
we used σ10 (See Appendix 1 for observed and estimated survival rates). 

We used a fixed stage duration model to calculate stasis and progression probabilities. In this model, the 
probability of growing into the next size class, i+1, for individuals within size classi is not constant, but 
depends on age distribution within the class. This model is useful when the “stages” are actually groups of 
age classes and when only relatively crude estimates of survival are available over broad age ranges [12, 
32]. Thus, during the interval (t, t + 1), all the oldest individuals will progress to the next class, and all 
younger individuals will move up within the class. The proportion of ramets surviving and remaining in the 
class is Pi = σi (1-γi), and the proportion of individuals that survive and progress into the next class is Gi = σi 

γi, where γi is an approximately constant annual probability of growing, calculated as γi = [(σi /)Ti - (σi /)Ti-1] 

/ [(σi /)Ti –1], and  is an initial estimate of the overall population increase or decline, which we first set as 
1. We applied then an iterative procedure, using the dominant eigenvalue obtained from the matrix, until 

the initial  and the final  were equal to the fourth decimal place [12]. 

In order to calculate sexual reproduction, all ramets with reproductive structures were taken into account, 
even those carrying old buds. We calculated sexual reproductive output Fi as the mean seedling production 
per ramet. Fi = (Nir/Nr)*(N0/Ni) [18, 31], where Nir is the number of reproducing ramets in class i (i.e. 
producing mature fruits; calculated from 21 months of phenological observations on 22 adult stems), Nr is 
the total number of reproducing ramets in all classes, N0 is the total number of seedlings entering the 
population per year, and Ni is the total number of ramets in class i. N0 was derived from the total number of 
seedlings in category 1, N1, using a geometric series N0  = N1 / [1+ σ1+ σ1

2 + σ1
3 + .  .  .  + σ1

T1-1] [19]. 

We calculated vegetative output Vi  as Vi = σi  Vi
* [33], where Vi

* is the ramet production rate for a ramet in 
class i. For each genet, Vi

* was derived by dividing the ramet production rate (estimated from our 
monitoring period), by the number of ramets with appropriate size for asexual reproduction in the genet.  

We solved the matrix for the dominant eigenvalue, , and for right and left eigenvectors, stable-stage 
distribution (SSD) and reproductive value (v) respectively, using PopTools [34]. We performed a log-linear 
analysis [35] to test for differences between stable stage distribution and observed stage distribution and 

estimated confidence intervals for  using the analytical formulae derived by Alvarez-Buylla & Slatkin [36]. 

 

Modeling harvest 
Ramets are not usually harvested until their stems are > 4 m (size class 8) [27]. We simulated different 
annual intensities by cutting 10, 25, 50, 75 and 100% of the stems > 4 m. We modeled palm heart harvest 
by reducing stem abundance in the population vector, for size classes 8-11, before that vector was 
multiplied by the transition matrix [8, 37]. Simulations always started with a harvest, which was then 
repeated every year up to 100 years. We estimated harvest impact on total population size, on adult 

individual abundance, and on palm heart availability. We calculated the elasticity of  to changes in matrix 
parameters using the right eigenvector (w) and the left eigenvector (v) [12]. 

 
Sexual vs. vegetative reproduction 
In order to estimate the effects of sexual vs vegetative output in , we built two additional matrices:           
1) taking out entries from sexual output (Fig. 4, Fi ); 2) taking out entries from vegetative output           
(Figure 4, Vi ). 
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Results 
The 1.5 ha study area contained 1182 genets, which comprised 5389 ramets, not including seedlings 
(Appendix 1). Density in the plots was on average 788 genets ha-1 (SD = 248.3), and 3593 ramets  ha-1 (SD = 
1121.9), with an average of only 31 adult ramets ha-1 (SD = 32). Genet size was highly variable, with 2-20 
ramets (x = 8.86; n = 538; SD = 7.05), most of them small, stemless shoots. Only 6.4% of the genets had 
more than three ramets with well-developed stems. Maximum genet size was 70 ramets. The ramet 
population structure at the study site showed a declining abundance from seedlings to large adult ramets 
(Appendix 1), with a slightly higher abundance of juveniles 2 (category 3) over juveniles 1 (category 2). 

 

Leaf production, growth rate and age  
A sexually generated ramet starts out as a seedling with bifid leaves, and the production of pinnate leaves 
roughly marks the beginning of another phase. A vegetatively generated ramet starts out with a sword leaf. 
Stemless ramets had 1-2 active leaves (x = 1.51; n = 4412; SD = 0.79), and produced an average of 1.54 new 
leaves per year (n = 226; SD = 0.50). No correlation was found between the number of active leaves and the 
number of pinnae of the newest leaf. Number of pinnae on each side of the rachis increased from one leaf 
to the next, adding on average 1.5 pinnae per year (n = 190; SD = 1.24) until the leaf had at least 35 pinnae 
per side. However this rate was not a constant, and we could differentiate a minority (27.4%) of fast-
growing stemless ramets, with an average increase rate of 3.14 pinnae per year (SD = 1.04), and a majority 
(72.6%) of slow-growing stemless ramets, with an average increase rate of 0.91 pinnae per year (SD = 0.58). 
Starting from a leaf with one pinna, and adding 1.5 pinnae per year, it would take an average-growing 
ramet 22.67 years to develop a leaf with 35 pinnae per side and a visible stem. Nevertheless, for a fast-
growing ramet it would take only 10.8 years. Age and class durations based on average pinna increase rate 
are shown in Appendix 1. These average estimates were used to build the matrix model. Age estimates for 
fast-growing ramets vs. average-growing ramets for significant biological landmarks are shown in Table 1. 

Both the number of leaves in the crown and the leaf production rate increased as ramets developed an 
above-ground stem. We performed a regression analysis relating annual leaf production rate (y) to stem 
length (x) (y = 0.35x + 1.64; r = 0.82; n = 144; P < 0.001), and used this regression to calculate leaf 
production rate for stems up to 11 m tall, as for taller stems leaf production rate was observed to level off. 
Regression analyses showed two kinds of relationship between leaf scar numbers (y), and stem length (x). 
Because of this, we estimated leaf scar numbers from height data using two different equations: for stems 
0 to 4 m, y = 7.75x + 4.85; r2 = 0.9976; n = 20; and for stems > 4m, y = 19.32e0.16x; r2 = 0.9979; n = 16. 
Combined, the height-dependent patterns of leaf production rate and the number of leaf scars per meter 
resulted in the height-dependent stem elongation pattern shown in Fig. 3. For significant biological 
landmark age estimates see Table 1.  

 

Table 1. Age estimates (yrs) for significant biological landmarks of Prestoea acuminata life history 
at La Planada Reserve, Colombia. Age estimates include seedling stage duration for modeling 
purposes (but vegetatively-produced ramets bypass this stage). Fast and average growing rates 
refer to the stemless stage and number of pinnae to one side of the rachis in the newest leaf. 

 

 Fast-growing ramets Average-growing ramets 

Clonal phase  beginning (23 pinnae) 12.31 19.97 

Visible stem (35 pinnae) 16.15 27.98 

Harvestable size (4 m) 28.39 40.22 

Sexual maturity beginning (7.5 m) 35.5 47.33 

Longevity (14.05 m) 57.54 69.37 
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Vegetative and sexual reproduction 
Individual palms began producing ramets in the mid-juvenile phase (class 4), when they still lacked an 
aboveground stem and had on average 23 pinnae on each side of the leaf rachis. Over a 21-month period 
we recorded an average annual production of 2.6 ramets per genet (n = 20; SD = 2.5), with no pulses, and 
no significant differences among clones of different sizes or functional status. 

Sexual reproduction began at an average height of 7.5 m (class 9). Out of 1182 genets censused in 2002, 
3.3% contained at least one adult-sized ramet, whereas only 0.59% contained more than one. Clones with 
adult stems had, on average, 19.2 ramets (n = 39; SD = 10.6) (Appendix 1). Eight of the 22 adult ramets that 
we monitored produced mature fruits annually. Five of them belonged to category 10 (stem 10.2-12.4 m 
long). Estimated annual seedling recruitment in the 1.5-ha study area was 17660. 

 

 

 
 
 
 
 
Fig. 3. Stem elongation pattern [m 
yr -1] of Prestoea acuminata at La 
Planada Reserve, Colombia. 
Estimated from a regression 
analysis relating annual leaf 
production rate (y) with stem 
length (x); and a regression 
analysis relating leaf scar numbers 
(y), and stem length (x).  See 
Results 

 

 

The matrix model 
The life cycle of P. acuminata is shown in Fig. 4 and the annual transition matrix in Appendix 2. Dominant 

eigenvalue  (i.e. the asymptotic growth rate for the ramet population) was 1.0485 ± 0.0151 (95% 
confidence interval). Stable stage distribution (SSD) showed a reverse-J shape (Table 2), and was 
significantly different from the observed stage distribution (G = 32919; P < 0.001). Ramets appropriate for 
palm heart extraction accounted for only 0.32% of the predicted SSD. Reproductive value showed a peak in 
category 10 (adults with stem 10.24-12.4 m) (Table 2). 

The elasticity matrix (Appendix 3) shows that the largest contribution to  corresponds to stasis probability 

of stemless shoots. Stasis of all stages accounts for 77.2% of the value of , progression for 17.5%, 
vegetative output for 5.14%, and sexual output for 0.16%.  The demographic transitions of harvestable 

ramets have a minimal impact on  (2.22% with all transitions added up). Harvest simulations did, however, 
show a strong effect of harvest on total ramet population size (Table 3), mainly as a consequence of the 
reduction in the number of adult individuals, and of the associated decrease in sexual recruitment. Even 
the mildest simulated extraction regime, cutting 10% of the stems every year, caused adult ramet 
abundance to drop below 50% of the undisturbed density after 40 years. According to the model, palm 
heart availability (Table 3) and recovery time to obtain initial yield are also severely affected by harvest: 
starting with a current palm heart availability of 50-310 palm hearts ha-1 (x = 127; SD = 70), under a regime 
of 10% annual palm heart extraction, it would take 41 years before a similar harvest could be achieved. The 
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asymptotic growth rate for a matrix without sexual entries was  = 1.0467, whereas for a matrix without 

vegetative entries was  = 0.9700.  

 

 
 

 

 
Fig. 4. Life cycle for Prestoea acuminata ramet population model at La Planada Reserve, Colombia. 
Pi, stasis probability, i.e. annual probability of surviving and remaining in the same size class; Gi, 
progression probability, i.e. probability of surviving and growing to the next size class; Fi, size-
specific sexual reproductive output; Vi , size-specific vegetative output. 
 

 

Discussion 
Natural history of P. acuminata: labor division inside the clone? 
Size-based age estimations in a population assume equal performance of all individuals, although some 
plants can actually grow faster or slower as a result of both environmental and genetic factors [28, 38]. For 
clonal palms, these growth rate variations can occur even among ramets [33]. P. acuminata stemless 
ramets displayed two differentiated growth rates, so we prefer to indicate age as a range (see Table 1); but 
for the matrix model, we used the average growth rate. Lugo & Rivera-Batlle [29] could also differentiate 
individuals with slow and fast growth rates in a P. acuminata var. montana population in Puerto Rico, but 
they followed only stem growth rates. 

The sigmoidal stem elongation pattern found for P. acuminata (Fig. 3) has been reported for other palms 
[8, 28, 37], and it could reflect high construction costs for reproductive structures [39] and structural 
support constraints at the palm base [40]. The latter explanation could be of particular importance at La 
Planada, as plants are always covered by numerous bromeliads and other epiphytes filled with water, 
which impose additional pressures to structural stability. Although we did not assess clonal integration 
inside P. acuminata genets *e.g. 41+, the species’ genet architecture (with many stemless ramets and just 
one or two well-developed stems) (Appendix 1) and observed differential growth rates for stemless ramets, 
suggest a high level of physiological integration and ramet specialization.   
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Table 2. Observed stage distribution (OSD), stable stage distribution (SSD) and 
reproductive value (v) for an unharvested Prestoea acuminata ramet population at 
La Planada Reserve, Colombia. From the pooled data of fifteen 0.1 ha plots 

. 

 Size class OSD SSD v 

1 Seedlings 0.85002 0.40486 1.0000 

2 Juveniles 1 0.02930 0.27055 126.0835 

3 Juveniles 2 0.03738 0.15623 241.8067 

4 Clonal juv. 1 0.03635 0.09154 367.8932 

5 Clonal juv. 2 0.01986 0.04417 636.3973 

6 Subadults 1 0.01565 0.02180 477.2211 

7 Subadults 2 0.00649 0.00769 560.1274 

8 Subadults 3 0.00368 0.00248 599.0832 

9 Adults 1 0.00081 0.00050 2449.7469 

10 Adults 2 0.00033 0.00015 4320.1983 

11 Adults 3 0.00014 0.00005 251.5034 

     

 

Data suggest that vegetative growth in P. acuminata may be a light and/or nutrient foraging strategy, with 
‘labor division’ inside the clone --many stemless ramets capturing understory sunflecks, and resources in 
general, to support high sexual reproduction costs [see 39, 42, 43], and only one reproductive stem per 
clone. Having only one adult ramet per clone would also help to reduce geitonogamy. Data do not seem to 
support the hypothesis of ‘parental care,’ where tall ramets capture light to support stemless ramet growth 
[see 44], as vegetative reproduction started before any stem was developed, and ramet production neither 
decreased nor stabilized when sexual reproduction started. Further analysis of allometric relationships in P. 
acuminata [e.g. 40], and of growth rate variations among genets of different sizes may help to elucidate 
these hypotheses.  

 

 
Table 3. Effects of palm heart harvest intensity on Prestoea acuminata palm heart availability, sexual 
recruitment and total population size at La Planada Reserve, Colombia, after 40 years of projection. This 
table must be interpreted with caution, as predicted SSD substantially differed from OSD (see 
discussion) 
 

Annual harvest intensity 0% 10% 25% 50% 75% 100% 

Total availability of palm heart ha-1 183 124 85 56 42 34 

Adult ramets ha-1 60 27 11 3 1 0 

Seedlings ha-1 35073 12853 3866 670 87 0 

Total ramet-population size ha-1 86188 58849 46833 41775 40407 39890 
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The matrix model: ENSO related transient dynamics? 
The very poor match found between the observed stage distribution (OSD) and the stable stage distribution 
(SSD) predicted by the model suggests that the studied population was away from equilibrium. Transient 
dynamics can be strong when populations are moved away from their SSD following an unusual 
disturbance [14, 45]. The 1997-98 El Niño Southern Oscilation (ENSO) was one of the strongest ever 
recorded [46], causing a water shortage and high temperatures at La Planada, and a pause in flowering bud 
production for P. acuminata [9]. Considering that our population census was carried out in 2002, only 4 
years after this ENSO, P. acuminata observed distribution may be reflecting this severe disturbance.  

Martínez-Ramos et al. [47] studied the effects of the 1997-98 ENSO on the vital rates of the understory 
palm Chamaedorea elegans in Mexico, and found a strong increase in mortality and a decrease in fecundity 
during the dry season, and increases in leaf production and flowering during the rainy season following El 
Niño. Understanding how P. acuminata population dynamics at La Planada might have been affected by 
this event is not easy with available data, but some speculations can be made. An increase in seedling and 
juvenile mortality during the ENSO, for example, could explain the discrepancies between the OSD and SSD 
for juvenile 1 and 2. Similarly, an episodic reproductive outburst after the ENSO, when drought conditions 
ended, could explain the observed seedling overabundance. Episodic recruitment events have been 
reported to produce population models where SSD is different from current observations [14, 45, 49]. As 
ENSO-related droughts are likely to become more frequent and severe due to global warming [48], the 
consequences of such climatic change on long-lived plant fitness and sustainable management of NTFPs 
should be urgently assessed. 

Several studies have shown that the transient potential of a projection matrix model may be affected by 
model design [14, 49], in particular by matrix size and complexity [15]. Our choice for a time-specific model 
required establishing several size classes of similar duration (see Methods – population dynamics). 
Although some of the published models for palms have similar matrix sizes [8, 50], the small number of 
individuals in our larger classes might have introduced some error into the model [11, 19]. Separating the 
effect of the species’ life history from that caused by model complexity is challenging *49+. However, we 
believe that our choice of a time-specific model was instrumental in revealing the influence of 
environmental stochasticity, an effect that could have been overlooked by a short-term study of mortality 
and recruitment rates in a ‘normal’ year.  Moreover, in areas where long-term field monitoring studies can 
be interrupted by social causes, like warfare or heavy logging, time-specific models have the potential to 
provide information urgently needed to make management decisions. 

To what extent, then, can we draw conclusions from our matrix model? Williams et al. [14] in a review of 46 
published matrix models, found that 20% of the studied populations were far from their predicted stage 
distributions; those studies yielded estimates of population metrics that could be quite inaccurate, with 
important effects on near-term projections of population size and growth rate. Thus, for example, when 

transient dynamics are in place, the asymptotic population growth rate () would overestimate near-term 
population growth rate for populations with individuals concentrated in stages with low reproductive value. 
Hence, Table 3 should be interpreted with caution, as harvest could have a stronger effect on population 
size. 

The asymptotic growth rate  of P. acuminata was higher than that of most other understory palms studied 
to date [see 17 for a comparison of demographic parameter among clonal understory palms]. The observed 
and predicted (SSD) inverted-J population structure, with a dominance of juveniles, as well as the matrix 
simulation carried out without vegetative reproduction entries, indicate the importance of shoot 
recruitment for the population dynamics of P. acuminata. The role of forest dynamics on this vegetative 
growth requires further study [e.g. 51]. 
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Some studies of clonal plants have reported an increase in ramet production and growth after harvesting 
ramets from a clone [52, 53]; however, preliminary results of experimental harvest treatments that we 
conducted on 100 genets (20 individuals per treatment, 4 treatments, 1 control; monitored over 21 
months) suggest that this is not the case for P. acuminata [R. Bernal & J. Bittner unpublished data]. We 
urge caution in interpreting these results, though, as long-term density-dependent responses to harvest at 
the population level were not evaluated [see 54]. 

Our results reinforce the view that management decisions for NTFP should not be based on  values alone 
[11, 13]. This could be especially true when dealing with clonal plants and ramet-based models, and when 
the observed population distribution deviates substantially from predicted stable distribution [55]. Ideally, 

populations with contrasting harvest levels should be evaluated, so that changes in  and in population 
size, or in the size of important categories (i.e., adult and harvestable sizes), relative to the undisturbed 
situation, could be attributed to harvest [8, 13; e.g. 5]. Latest advancements in the field of matrix projection 
models promise to bring demographic models much closer to the real world, in particular in the analysis of 
effects of spatial and temporal environmental variation on populations [45].   

 

Constraints and advantages for sustainable palm heart extraction from P. acuminata 
Prestoea acuminata exhibits some advantageous traits for sustainable harvest. (1) It is one of the most 
common trees in the study area; (2) palm heart extraction does not imply the death of the genetic 
individual; (3) ramet population is expected to grow in the long term; and (4) stems appropriate for 
extraction belong to a category with a minimal contribution to observed ramet density and to the ramet 
population growth.   

On the other hand, this species exhibits a number of disadvantageous characteristics.  Ramets exploited for 
palm heart are old (≈ 23-40 yr), which means that their replacement takes many years. P. acuminata 
displays a low-yield genet architecture, with a maximum of 2-3 harvestable stems per mature plant, i.e., an 
average of 127 palm hearts ha-1 in our survey. These figures are considerably lower than those of related 
palms. The single-stemmed Euterpe edulis has densities of up to 500-650 harvestable individuals per ha and 
requires about 5-10 years to reach harvest size [5]; multi-stemmed Euterpe oleracea, with 4-8 well 
developed stems per mature palm, reaches harvest size in 3-6 yr [56]; and cultivated Bactris gasipaes can 
be harvested in 2-5 yr, producing up to 4000- 7200 palm hearts per hectare [57]. 

Palm heart harvest from P. acuminata has also a strong effect on sexual recruitment.  Some demographic 
studies on solitary palms have found that, under natural conditions, relatively few individuals are 
responsible for a large percentage of the population’s reproductive output *19, 58+. P. acuminata 
population structure suggests a strong dependence of a relatively large population (788 genets ha-1 on 
average), on a proportionally small number of genetically effective ramets (31 adult ramets ha-1 on 
average). These individuals are responsible for genetic diversity and structure, demographic structure, and 
spatial distribution patterns for the entire population. A genet-based model for P. acuminata population, as 
well as population genetic studies (especially neighborhood size estimates), would improve our results and 
would help to accurately assess the minimum number of fruiting ramets that should be maintained in the 
forest [e.g., 58].  

 

Implications for conservation 
Our results show that the sustainable harvest potential of P. acuminata under natural conditions is too low 
to be economically viable. However, sustainable household extraction, as for traditional consumption by 
Indians and campesinos, is possible. In order to achieve a sustainable palm heart yield while providing 
ecological benefits, we recommend that annual extraction should not exceed 10% of all harvestable stems, 
i.e. 5-31 palm hearts ha-1 in our current population. This would leave an average of 28 adults ha-1 (0-108 
adults ha-1; SD =28.96). As a comparison, the management strategy for the Brazilian palm Euterpe edulis in 
the Atlantic forest is to maintain 50-60 seed trees ha-1 [58]. We would like to emphasize that our 
management recommendations are not based on the matrix model alone, but on the species´ demography 
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as a whole (i.e. growth rates, population structure, age estimates, genet architecture, etc). We also 
recommend allowing fruiting, rotating individuals or plots, and establishing evaluation procedures to adjust 
harvest quotes. Extraction should be permitted only outside La Planada, and should be permanently 
monitored, as it is imperative to be able to compare unharvested population dynamics with those of 
harvested populations on a long-term basis. Moreover, ‘undisturbed’ populations inside the Reserve could 
serve as an old-growth genetic source for harvested populations outside it [see 59].  

Some studies have shown how a culturally driven extraction can become an uncontrolled, nontraditional 
source of income [60, 61]. Since informal stalls selling P. acuminata palm hearts were observed during Holy 
Week at villages near our study site, quantitative data on P.acuminata local palm heart demand, 
consumption motivations and preferences should be obtained [60]. Current and past harvest practices [11, 
62], traditional ecological knowledge and traditional resource management of the species should also be 
studied in detail [63]. In this paper we have provided ecological information necessary to discuss and 
implement a participatory, adaptive management plan for Prestoea acuminata. This management plan 
should include all stakeholders, and institutions such as the Catholic Church, in order to accommodate 
cultural use while guaranteeing resource sustainability.  
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Appendix 1. Size classes of Prestoea acuminata ramet population at La Planada Reserve, Colombia. Age estimates are based 
on average pinna increase rate, and include seedling stage duration for modeling purposes (but vegetatively-produced 
ramets bypass this stage). Genet size class corresponds to the largest alive ramet in the genet. Number of pinnae refers to 
one side of the rachis in the newest leaf. 

 

Size class 

Number of 
ramets & 

genets (1.5 
ha) 

Average  
number of 
ramets per 

genet 

Class duration  
estimate 
(years) 

Annual survival 
(estimated) 

Annual 
survival 

(observed) 

Age estimate 
(years) 

1 Seedlings 
30520 
30520 

1 5.3 0.4209 NA 0 - 5.3 

2 Juveniles1, 
   stemless ramets with   
   2-9 pinnae 

1052 
311 

1 5.4 NA 0.9293 5.31 - 10.71 

3 Juveniles2, stemless  
   ramets with 10-17  
   pinnae 

1342 
177 

1.02 5.5 0.9949 0.9714 10.72 - 16.22 

4 Clonal juveniles1,  
   18-26 pinnae 
   Clonal reproduction 
   begins  

1305 
136 

1.51 5.8 0.9010 1.0000 16.23 - 22.03 

5 Clonal juveniles2, 
   27-35 pinnae 

713 
112 

3.06 5.93 0.9607 1.0000 22.04 - 27.97 

6 Subadults1, 
   stems 0.01-1.79m 

562 
173 

6.42 6.2 0.8676 0.9924 27.98 - 34.18 

7 Subadults2, 
   stems 1.8-4.19m 

233 
131 

9.22 6.4 0.9150 1.0000 34.19 - 40.59 

8 Subadults3,  
   stems 4.2-7.49m 
   Minimum    
   harvestable size 

132 
103 

12.43 6.72 0.7981 0.9121 40.6 - 47.32 

9 Adults1, 
   stems 7.5-10.23m 
   Sexual reproduction  
   begins 

29 
23 

19.78 7.02 0.8819 1.0000 47.33 - 54.35 

10 Adults2, 
     stems 10.24-12.4m 

12 18.42 7.4 0.8884 1.0000 54.36 - 61.76 

11 Adults3,  
     stems 12.41-14.05m 

5 
4 

17.75 7.6 NA 1.0000 61.77 - 69.37 
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Appendix 2. Annual transition matrix A describing the flux of Prestoea acuminata ramets from 
one year to the next at La Planada Reserve, Colombia. From the pooled data of fifteen 0.1 ha 
plots 
 

 1 2 3 4 5 6 7 8 9 10 11 

1 0.4159        228.3580 919.7754 0.0000 

2 0.0050 0.7996  0.2072 0.6063 0.6313 0.5630 0.4902 0.3820 0.3352 0.4459 

3  0.1298 0.8237         

4   0.1477 0.7963        

5    0.1047 0.8315       

6     0.1292 0.7867      

7      0.0810 0.8190     

8       0.0960 0.7505    

9        0.0476 0.8115   

10         0.0703 0.8219  

11          0.0665 0.8249 
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Appendix 3. Elasticity matrix for a Prestoea acuminata ramet population at La Planada 
Reserve, Colombia 

 

 

 1 2 3 4 5 6 7 8 9 10 11 

1 0.0011        0.0007 0.0009 0.0000 

2 0.0016 0.1710  0.0150 0.0212 0.0109 0.0034 0.0010 0.0002 0.0000 0.0000 

3  0.0532 0.1950         

4   0.0532 0.1681        

5    0.0382 0.1465       

6     0.0171 0.0513      

7      0.0062 0.0221     

8       0.0028 0.0070    

9        0.0018 0.0062   

10         0.0009 0.0034  

11           0.0001 

 
 


