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The demographic dynamics of three populations of Dioon edule Lindl. (Zamiaceae) were studied in a fragmented
landscape using projection matrix modelling. Compared with other plant species, D. edule behaves like a tree
life-form species. Density and spatial distribution patterns varied among populations according to models for
animal-dispersed tree species. In all scenarios, l was most sensitive to changes in abundance of adult plants. The
elasticity reproductive component (F) for the three populations was zero and stasis values (L) were higher, this
being a function of the permanence of non-reproductive individuals. It was detected that disturbance influences the
population dynamics of D. edule as a function of adult plant persistence. This observation suggests that the
conservation of adult plants is critical for D. edule and perhaps for all cycads species. Adult plant decapitation
should be halted at the ‘Monte Oscuro’ population, subjected to sustainable management since 1990, if higher seed
production is needed in rural nurseries. © 2008 The Linnean Society of London, Botanical Journal of the Linnean
Society, 2008, 157, 381–391.
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INTRODUCTION

Cycads are long-lived perennial plants, most of which
are considered as Threatened, Rare or Endangered
and are listed in the IUCN (2004) Red List. This is
a result mainly of their being affected by habitat
destruction and illegal trade as well as represented,
in some cases, by unique and relatively small popu-
lations or narrow distribution (Donaldson, 2003).
The approximately 300 species known to date (Hill,
Stevenson & Osborne, 2004) vary in aspects such as

size, habitat, growth–form and species relationships
(Norstog & Nicholls, 1997; Treutlein & Wink, 2002;
Raimondo & Donaldson, 2003). These aspects are
important in that they define the plant’s response to
periodic environmental changes, habitat destruction
(Negrón-Ortiz & Gorchov, 2000; Pérez-Farrera et al.,
2000, 2006) and management under in situ sustain-
able cultivation (Vovides et al., 2002).

A useful method for analysing population dynamics
and structure are projection matrices (Manly, 1990;
Silvertown, Franco & Menges, 1995; Caswell, 2001;
Caswell, Lensink & Neubert, 2003). This type of
research has become greatly relevant in population
ecology studies, as it is possible to incorporate
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seasonal or annual variation, associated to demo-
graphic parameters, and projection of long-term popu-
lation behaviour in the matrix models. It is also
possible to define factors such as susceptibility to
management practices, habitat reduction or frag-
mentation (Crowse, Crowder & Caswell, 1987;
Groenendael, De Kroon & Caswell, 1988; Caswell &
Trevisan, 1994; Olmsted & Alvarez-Buylla, 1995;
Benton & Grant, 1999; Heppell, Caswell & Crowder,
2000), as well as permanence probabilities and/or the
extinction of the species (Lande, 1988). In addition,
the identification of life history stages that have the
highest influence on population growth would make it
possible for conservation programmes to target these
vulnerable stages.

The analysis of elasticity and sensitivity of finite
population growth rate (l) were developed from these
transition matrices (Caswell, 2001). Models derived
from these matrices are also used in evolutionary
ecology studies, as population growth rates can be
interpreted as mean measures of fitness and, thus,
reflect the evolutionary potential of the populations
(Lande, 1999). In order to develop these projections, it
is necessary to know certain traits of the individuals
that differ between genotypes, classes and popula-
tions, such as seedling establishment, survival and
reproduction costs (De Kroon et al., 1986; Benton &
Grant, 1999).

Transition matrices have been used in plant demog-
raphy studies with different reproductive strategies
and life forms (e.g. Bullock, 1980; Piñero, Martinez-
Ramos & Sarukhán, 1984; Olmsted & Alvarez-Buylla,
1995; Silvertown et al., 1995; Valverde & Silvertown,
1998; Sánchez-Velásquez et al., 2002; Valverde et al.,
2004; Pérez-Farrera et al., 2006). In these studies it
has been observed that life history attributes com-
bined with environmental variability (biotic and
abiotic) determine the population dynamics. However,
these attributes affect long-lived plants differently,
making it necessary to consider diverse historic
events in order to explain the present population
structure in these cases (Martínez-Ramos, Alvarez-
Buylla & Sarukhán, 1989). Population dynamics for
long-lived woody perennials have been determined
where variation in time has been considered with
factors such as age structure, size and/or sex ratio
(Enright, Franco & Silvertown, 1995), as well as
processes associated with habitat disturbance and
fragmentation (Martínez-Ramos et al., 1988, 1989;
Hoffmann, 1999). Silvertown et al. (1995) and Franco
& Silvertown (2004) used the same methods to
compare 84 and 102 species of plants, respectively,
with a wide range of life histories. Their results
showed that long-lived woody plant species all have
very high composite elasticity values for stasis (mea-
sured by the composite elasticity of stasis and retro-

gression, L), and low relative importance of seed
recruitment (measured by the composite fecundity
elasticity, F) and transition (growth, G).

Although general population studies on various
species of cycads exist (e.g. Tang, 1989; Vovides, 1990;
Watkinson & Powell, 1997; Negrón-Ortiz & Gorchov,
2000; Pérez-Farrera et al., 2000; Keppel, 2001).
Matrix projection models were used in only three
studies (Negrón-Ortiz, Gorchov & Breckon, 1996;
Raimondo & Donaldson, 2003; Pérez-Farrera et al.,
2006). In these the matrices based on life history
transitions of the plants showed that the determinant
factor for population survival is the permanence of
reproductive adults. This is in agreement with other
studies on long-lived plants (Silvertown et al., 1995).

In order to understand the present situation of
Dioon edule Lindl., some knowledge of the localities’
histories is necessary: At ‘Rancho del Niño’ there is
a remnant population of the cycad of a once much
wider distribution that has become reduced over the
last century by agricultural expansion (Chamberlain,
1919, 1935). ‘Monte Oscuro’ has a long history of
disturbance, deforestation for agricultural expansion
as well as decapitation of adult individuals. The ‘El
Farallón’ population has a very limited extension and
is undisturbed by human activities; it is also unique
in that it is the only coastal D. edule population
known.

We consider the present study important as infor-
mation generated will be complementary to the long-
term management and conservation of the species
and its habitat by addressing the following questions:
(1) to what extent do different disturbance patterns of
the three populations effect their population dynam-
ics?; (2) what is the actual situation of the three
populations, as well as that through projected time –
increasing, stable or decreasing?; (3) can disturbed
populations recover from loss of adult individuals?

To answer these questions the following was carried
out: plants were divided into six classes, density and
spatial distribution were calculated for each of the
three populations studied; transition, sensitivity and
elasticity matrices were constructed, growth until
stable structure reached was also projected for the
three populations. For the ‘Monte Oscuro’ population,
an additional hypothetical projection was made
assuming no plant decapitation had occurred. Finally,
comparison with other cycads and a long-lived tree
species was made.

MATERIAL AND METHODS
STUDY SPECIES

Dioon edule Lindl. (Zamiaceae) is a cycad endemic
to Mexico. It is an arborescent, dioeceous and pan-
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chronic plant up to 5 m tall, often branching with
age (Vovides, Rees & Vázquez-Torres, 1983), distrib-
uted in eastern Mexico, central Veracruz state, the
states of Queretaro, Hidalgo, San Luis Potosi and
Tamaulipas (González-Astorga, Vovides & Iglesias,
2003a, González-Astorga et al., 2003b). It is listed as
Near Threatened in the CITES Appendix 2 of the
IUCN (2004) Red Data Book and as Endangered in
the Mexican Norm listings (INE-SEMARNAP, 2000;
Official Norm). This species is subjected to illegal
extraction by decapitation of the leaf crowns of large
adults for sale as ornamental plants by street ped-
dlers (Fig. 1A, B). This practice occurs only at the
‘Monte Oscuro’ population (one of the sites studied),
where a project aimed towards sustainable manage-
ment has been established since 1990 as an alter-
native conservation strategy in order to discourage
plant decapitation and removal (Vovides & Peters,
1987; Vovides & Iglesias, 1994; Vovides et al.,
2002).

STUDY SITES

The three localities in central Veracruz chosen for
the study were: (1) ‘Monte Oscuro at 19°22’12′′N,
96°47′35′′W; (2) ‘El Farallón’ beach at 19°36′50′′N,
96°22′41′′W; and (3) ‘Rancho del Niño’ at 19°43′20′′N,
96°29′-W (Fig. 2).

POPULATION SAMPLING

Two transects of variable length were placed at each
locality and were divided into contiguous rectangle
blocks of 200 m2 (10 ¥ 20 m). All the Dioon plants
were measured and mapped to scale. This process
was repeated twice between the years 2002–2004 for
each site. The population density was estimated by
calculating the mean dispersal area (area/no. of
plants)1/2 (Muller-Dombois & Ellenbery, 1974). Spatial

distribution pattern analysis was carried out using
the formula: I = s2/X, where s2 and X are the vari-
ance and mean distance per block, respectively. To
verify if the spatial distribution coefficient (I) dif-
fered significantly from one, a t-test was used, where
t = (s2/X – 1)/(v2/n – 1) and d.f. are the number of
blocks minus one (Smith, 1996; González-Astorga &
Núñez-Farfán, 2000).

DATA ANALYSIS

The plants were assigned to one of the following
classes according to their life-cycle stage: seeds, seed-
lings, juveniles, adults1 (non-reproductive plants)
and adults2 (reproductive plants) (sensu Negrón-Ortiz
et al., 1996). The number of seeds for generation t0

was calculated with the minimum number of seeds
per female cone multiplied by the number of coning
female plants. In order to estimate survival for plants
that would have changed size class during the moni-
toring period, the following steps were carried out: (1)
each individual was assigned to an initial stage class
using trunk height, presence/absence of reproductive
structures and state of maturity; (2) individuals were
moved through stage classes using calculated growth
transition probabilities; and (3) any mortality was
proportioned among individuals in each stage.

The 2 years of data were combined to obtain reli-
able estimates of stage-specific survival. Also, Lefko-
vitch sensitivity and elasticity matrices for each
population were then constructed from the data
obtained. The proportion of individuals at stable
structure (w) was compared with the observed struc-
ture under natural conditions with a c2 test with k–1
d.f. (Sokal & Rohlf, 1995).

The projection matrices contained the transition
probabilities from one class to the next, the resil-
ience probability, the retrogression of a reproductive
to a non-reproductive individual and fecundity. This

A       B

Figure 1. A, decapitated adult plant of Dioon edule. B, leaf crowns awaiting transport.
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was calculated as the number of seedlings produced
per female plant in 2 years, estimated by the alge-
braic product of the observed proportion of repro-
ductive female plants, minimum number of seeds
per female cone, germination rate (Vovides, 1990)
and survival of seedlings during the monitoring
period (Raimondo & Donaldson, 2003; Pérez-Farrera
et al., 2006).

The population size after one generation was deter-
mined by the product of the transition matrix L by
the N0 vector where L = [lij] for i, j = {1, 2, . . . , 5} and
N0 is the vector containing the number of individuals
per class at t0. This process was repeated until the
proportion of individuals per class remained stable,
represented by the right vector (w). The expected l
was also obtained for the matrix model: (Nt/Nt-1),
where Nt is the total number of individuals at time t
and Nt-1 is the number of individuals at time t – 1
(Caswell & Trevisan, 1994; Caswell, 2001).

The sensitivity matrices were constructed with the
vectors w and v, that represent the proportional
reproductive value in each class and are obtained by
iteration of the transposed L matrix and N0 until
stability. The scalar value vw, was obtained with
these two vectors, which is: v1w1 + v2w2 + . . . + viwj.

Sensitivity matrix values were obtained from the
equation: Sij = viwj/vw.

The elasticity matrix was constructed with the fol-
lowing equation: Eij = (Lij/L)Sij, where Eij is the ijth

element of the elasticity matrix, Lij is the ijth element
of matrix L, Sij is the ijth element of the sensitivity
matrix and l is the finite population growth rate,
obtained by initial iteration of the L matrix (De Kroon
et al., 1986; Caswell, 2001). The elasticity value of a
matrix element is defined as the proportional change
in the population growth rate for a proportional
change in the matrix element (De Kroon et al., 1986;
Benton & Grant, 1999). A useful attribute of elasticity
analyses is that elasticity values of all matrix ele-
ments sum to one.

Owing to plant decapitation at ‘Monte Oscuro’ that
does not occur at the other two localities, a matrix
was generated simulating non-decapitation at this
population, implicating an increase in the elasticity
values for fecundity in this population, by assigning
a proportion of the decapitated individuals to the re-
productive females class; this assignation was pro-
portional to the number of females expected. The
population growth rate (l) and elasticity values of
this population were estimated.

Figure 2. Geographical location of study sites in Veracruz. 1, ‘Monte Oscuro’; 2, ‘El Farallón’; 3, ‘Rancho del Niño’.
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RESULTS
DENSITIES AND SPATIAL DISTRIBUTION

The area sampled in the populations was variable:
2400 m2 at ‘Rancho del Niño’, 4800 m2 at ‘El Farallón’
and 16 200 m2 at ‘Monte Oscuro’; even although indi-
viduals were not distributed uniformly. The propor-
tion of reproductive adults with respect to total
number of individuals is not proportional to the area
sampled (8.3, 21.58 and 15.71% for ‘Monte Oscuro’, ‘El
Farallón’ and ‘Rancho del Niño’, respectively). Plant
density is highest in ‘Rancho del Niño’ (0.44 ind/m2)
with respect to ‘Monte Oscuro’ (0.21 ind/m2) and ‘El
Farallón’ (0.31 ind/m2) populations. On the one hand,
the ‘Monte Oscuro’ and ‘Rancho del Niño’ populations
showed a contagious spatial distribution in all
classes. However, at ‘El Farallón’, seedlings and juve-
niles plants showed a random distribution (I-values:
0.76–0.59, respectively, P > 0.05) whilst the adults
were found to be contagious (I-value: 1.41, P < 0.01).
On the other hand, the seed production in the three
populations varied from 103 ± 54 (‘El Farallón’) to
203 ± 74 (‘Rancho del Niño’) seeds per cone.

MATRIX MODELS

The iteration of the Lefkovitch matrix for the ‘Monte
Oscuro’ population showed a stable structure value l
of 0.995 (Fig. 3A). The elasticity matrix for this popu-
lation showed that the reproductive component (F)
did not contribute to the population elasticity, the
increment (G) contributed to 3.45% and stasis (L) to
96.55% (Table 1, Fig. 3B). The class with the highest

elasticity value was the non-reproductive adults class
(96.46%). The matrix analysis was also run assuming
that adult-plant decapitation did not occur and these
adults could pass to the reproductive adults class. The
population increment rate value l of 0.999 (Fig. 3A)
and population growth rate components were distrib-
uted thus: L = 83.87%, G = 16.13%, F = 0 (Table 1).

The matrix iteration for the ‘El Farallón’ popula-
tion showed a finite population growth rate at stable
structure, l-value of one (Fig. 3A). The elasticity
matrix indicated that the reproductive component (F)
did not contribute to the elasticity, growth (G) con-
tributed to 17.54% and stasis (L) accounts for 82.46%
(Table 1, Fig. 3B).

The iteration of the matrix for the ‘Rancho del Niño’
population estimated a stable structure l-value of one
(Fig. 3A). The elasticity matrix values indicated that
component F represented 0% of the elasticity, G
13.41% and L 86.59% (Table 1, Fig. 3B).

The low rate of positive increase is largely a result
of high seed and seedling mortality; however, in these
categories a unique value of growth in the transition
matrices was observed. High levels of survival
amongst adults resulted in a population profile domi-
nated by persistence of individuals (Table 2). The
elasticity of non-reproductive adult stasis is substan-
tially higher than for any other stage (Table 3).

The eigenvector (w) was significantly different from
the observed proportion of individuals in all three
populations studied. (‘Monte Oscuro’: c2 = 21.55,
P < 0.001, d.f. 4; ‘El Farallón’: c2 = 30.48, P < 0.001,
d.f. 4; ‘Rancho del Niño’: c2 = 33.37, P < 0.001, d.f. 4).

Table 1. Comparison of finite population growth rates for various cycad species and elasticity components: stasis (L),
growth (G) and fecundity (F)

Species l

Elasticity

L G F

Encephalartos villosus* 1.047 0.806 0.173 0.021
Encephalartos cycadifolius* 1.000 0.986 0.014 0
Zamia amblyphyllidia (1982–1983)† 0.966 0.958 0.042 0
Z. amblyphyllidia (1983–1984)† 0.999 0.95 0.05 0
Zamia loddigesii‡ 0.780 0.953 0.039 0.008
Dioon edule (‘El Farallón’)§ 1.000 0.825 0.175 0
D. edule (‘Rancho del Niño’)§ 1.000 0.866 0.134 0
D. edule (‘Monte Oscuro’ decapitated)§ 0.995 0.966 0.034 0
D. edule (‘Monte Oscuro’ not decapitated)§ 0.999 0.839 0.161 0

*Raimondo & Donaldson (2003).
†Negrón-Ortiz et al. (1996).
‡González-Astorga, unpublished data.
§This study.
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DISCUSSION
DENSITY AND SPATIAL DISTRIBUTION

The results of this study show that populations of
D. edule have an aggregated spatial distribution
pattern, excepting seedlings and juvenile plants at
the ‘El Farallón’ population. This pattern repeats for
other long-lived plants in tropical forests (Alvarez-
Buylla et al., 1996a), which can be as a result of
historical and ecological variation of the populations
(Olmsted & Alvarez-Buylla, 1995; Freckleton et al.,

2003) and principally of biological factors related to
dispersal (Fleming, Breitwisch & Whitesides, 1987;
Caswell et al., 2003). Seed dispersal can also be
reduced in habitat fragments owing to the local
extinction of dispersal agents (Santos & Telleria,
1994). Additionally, seedling establishment dimin-
ishes as a result of altered environmental conditions
(Martínez-Ramos et al., 1989; Bruna, 1999), depres-
sion because of inbreeding (Menges, 1991) or to
natural selection pressures upon individuals with
least genetic diversity (Ellstrand & Elam, 1993).

0

500

1000

1500

0 10 20 30 40 50 60 70 80 90 100

Monte Oscuro

Monte Oscuro (not decapitated)

El Farallón

Rancho del Niño

Generations

N
o.

 P
la

nt
s

A

B

Figure 3. A, iteration to 100 generations from three populations of Dioon edule and hypothetical not-decapitated
condition in ‘Monte Oscuro’. B, comparative triangle of elasticity for various cycad species: Encephalartos villosus (�);
Encephalartos cycadifolius (�); Zamia amblyphyllidia (82–83, �); Z. amblyphyllidia (83–84, �); Zamia loddigesii (�);
D. edule (‘Monte Oscuro’, �; non-decapitation analysis, ); D. edule (‘El Farallón’, �); D. edule (‘Rancho del Niño’, 	).
Figure and legends from Silvertown et al. (1995) for comparison of 84 plant species.
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At ‘El Farallón’, all plants were located on steep
slopes (> 50°), which suggests that gravity is the
major cause of seed dispersal, where a differential
spatial distribution pattern exists between cohorts. At
‘Monte Oscuro’ and ‘Rancho del Niño’, the aggregated
spatial distribution of seedlings around the mother
plants indicated poor dispersion (cf. Pérez-Farrera
et al., 2000, 2006). In which case the distribution
pattern could be as a result of previous harvesting

(Olmsted & Alvarez-Buylla, 1995) and the absence of
seed dispersers (Ballardie & Whelan, 1986), or that a
potential disperser avoids the seeds owing to their
high concentration of toxins such as cycasins, mac-
rozamins, neocycasins and b-N-methylamine-alanine
propionic acid (Vovides et al., 1993; Schneider et al.,
2002; Brenner, Stevenson & Twigg, 2003). Neverthe-
less, Vovides (1990) reported the rodent Peromyscus
mexicanus predating D. edule seeds in an adjacent
population of ‘Monte Oscuro’ and the presence of
these along with other seeds and leguminous seed
pods in the rodents’ nests in the rocky parts of the
habitats. It is also expected that periodic forest fires
would have an effect on the differential distribution of
plants in the population and at class level, as well as
fecundity (cf. Vovides, 1990; Negrón-Ortiz & Gorchov,
2000; Goubitz, Werger & Ne’eman, 2003).

There are a number of theoretical studies (Harper
& White, 1974; Antonovics & Levin, 1980; Venable,
1984) as well as empirical studies (e.g. Baskin &
Baskin, 1972; Martínez-Ramos et al., 1988; Alvarez-
Buylla et al., 1996b; Broncano, Riba & Retana, 1998)
that have valued the effect of plant density on the
survival of seeds and seedlings. In long-lived peren-
nial species there is a density-dependent mortality
during the early stages of the life cycle (Bullock, 1980;
Alvarez-Buylla & Martínez-Ramos, 1990; Alvarez-
Buylla et al., 1996b; García, 2003; Pino, Picó & de
Roa, 2007). In the D. edule populations, survival
decreases during the first-stage class. The main
reason for this pattern is the high mortality of seed as
a result of water deficit, which is indicative of a
density-independent mortality effect in these classes.
Our studies are in agreement with Vovides (1990),
who demonstrated a Deevey (1947) type III survival
curve for this species in a nearby population, with
high mortality in seeds and plants in the early stages
of the life cycle. Similar patterns were reported in the
cycads: Zamia amblyphyllidia (Negrón-Ortiz et al.,
1996), Encephalartos cycadifolius (Raimondo &
Donaldson, 2003), Ceratozamia matudai (Pérez-
Farrera et al., 2000) and Ceratozamia mirandae
(Pérez-Farrera et al., 2006). Even although in
Encephalartos villosus mortality decreases propor-
tionally to the increment in plant size (Raimondo &
Donaldson, 2003) and in C. mirandae the mortality
was of type I (Pérez-Farrera et al., 2006), these
studies indicate that no definite pattern exists for
cycads in general, as diverse factors determining mor-
tality can be expected (cf. Venable, 1984).

MATRIX MODELS

Demographic components of elasticity vary systemati-
cally amongst plant species with different life cycles
(Franco & Silvertown, 2004). Elasticity in tree species

Table 2. Transition matrices for the study sites

0 1 2 3 4

(a) ‘Monte Oscuro’
0 – – – – 1.5669
1 0.3566 0.8125 – – –
2 – 0.0074 0.95402 – –
3 – – – 0.9595 0.9661
4 – – – 0.0357 0.0271

(b) ‘Monte Oscuro’ not decapitated
0 – – – – 2.1622
1 0.1337 0.8125 – – –
2 – 0.0074 0.95402 – –
3 – – – 0.8049 0.9314
4 – – – 0. 1951 0.0686

(c) ‘El Farallón’
0 – – – – 1.5514
1 0.0809 0.7046 – – –
2 – 0.0231 0.94624 – –
3 – – – 0.7838 0.9307
4 – – – 0.2162 0.0693

(d) ‘Rancho del Niño’
0 – – – – 2.7594
1 0.0782 0.5926 – – –
2 – 0.0073 0.90164 – –
3 – – – 0.8438 0.9459
4 – – – 0.1563 0.0541

Classes: 0, seeds; 1, seedlings; 2, juveniles; 3, non-
reproductive adults; 4, reproductive adults.

Table 3. Elasticity values for each stage class in the study
populations

Classes
‘Monte
Oscuro’

‘Monte Oscuro’
not decapitated

‘El
Farallón’

‘Rancho
del Niño’

0 0 0 0 0
1 0 0 0 0
2 0 0 0 0
3 0.9645 0.827 0.811 0.858
4 0.0355 0.173 0.189 0.142

Classes: 0, seeds; 1, seedlings; 2, juveniles; 3, non-
reproductive adults; 4, reproductive adults.

POPULATION DYNAMICS OF DIOON EDULE 387

© 2008 The Linnean Society of London, Botanical Journal of the Linnean Society, 2008, 157, 381–391



is mainly explained by persistence (L), whilst, for
annual plants, the major component is explained by
fecundity (F) (Silvertown et al., 1993, 1995; Franco &
Silvertown, 2004). With respect to long-lived plants, l
is more sensitive to the L component, in particular
the survival of seeds, seedlings and non-reproductive
individuals, such as Podococcus barteri (Bullock,
1980), Astrocaryum mexicanum (Piñero et al., 1984),
Cecropia obtusifolia (Alvarez-Buylla & Martínez-
Ramos, 1990), Calathea ovadensis (Horvitz & Schem-
ske, 1995), Primula vulgaris (Valverde & Silvertown,
1998), Mammillaria magnimamma (Valverde et al.,
2004), Borderea chouardii (García, 2003) and the
Mexican palms Coccothrinax readii and Thrinax
radiata (Olmsted & Alvarez-Buylla, 1995). Notwith-
standing, in Zea diploperennis (Sánchez-Velásquez
et al., 2002) and the tree Bertholletia excelsa
(Zuidema & Boot, 2002), the observed contribution
relative to demographic components (i.e. persistence,
sexual reproduction and vegetative growth) varies
relative to the level of habitat disturbance. Thus, in
disturbed sites, the contribution to the sexual repro-
duction component is relatively high, whilst, in
relatively conserved sites, a consistently high
contribution occurs in the plants’ persistence, gener-
ating a significant decrease in sexual reproduction. In
long-lived species, the extremely slow capacity for
recovery following disturbances renders habitat pres-
ervation essential. This pattern is similar in other
cycad species, and explains their behaviour as long-
lived trees in the context of the Elasticity Triangle
(Fig. 3B; Negrón-Ortiz et al., 1996; Raimondo &
Donaldson, 2003; González-Astorga, unpublished
data). Following this pattern, the populations behave
as long-lived trees (Silvertown et al., 1995; Franco &
Silvertown, 2004), with a high contribution to the
finite stable state to stasis or persistence, but a low
reproductive component and growth.

A similar pattern was detected in the cycads: Z. am-
blyphyllidia (Negrón-Ortiz et al., 1996) for two con-
secutive years; in E. cycadifolius and E. villosus
(Raimondo & Donaldson, 2003). The ‘Monte Oscuro’
population of D. edule behaves like E. villosus, Z. am-
bliphyllidia and Zamia loddigesii (González-Astorga,
unpublished data), whilst populations at ‘El Farallón’
and ‘Rancho del Niño’ behave like E. cycadifolius.
These differences in population behaviour can be
attributed to the environmental stochasticity impact
(cf. Pfister & Stevens, 2003) or by human disturbance
that mainly affects the adult cohort (Martínez-Ramos
et al., 1988; Olmsted & Alvarez-Buylla, 1995). The
magnitude of this impact depends on the species
longevity, as well as the variation in fecundity and
mortality of the population and explains why popula-
tion growth rate shows population stability in dis-
turbed habitats (Olmsted & Alvarez-Buylla, 1995;

García, 2003). This indicates that population behav-
iour can vary in time, depending on the differences
between cohorts (González-Astorga & Núñez-Farfán,
2000).

When the population dynamics of D. edule at
‘Monte Oscuro’ under the assumption of non-
decapitation of reproductive adults (thus allowing for
sexual reproduction) is considered, then the popula-
tion will grow and will approach a position similar to
the other two populations shown in the Elasticity
Triangle (Fig. 3B). This future scenario can be envis-
aged if plant decapitation is stopped, thus permitting
recruitment (Cardoso da Silva & Tabarelli, 2000).

It is strongly recommended that decapitation be
stopped as part of the management plan in order
to strengthen population management at ‘Monte
Oscuro’. It is therefore necessary to continue with the
work initiated by Vovides et al. (2002), with reintro-
duction of D. edule plants since 1997, at sites where
populations of the cycad once existed, as well as to
discourage plant removal and decapitation. This is in
collaboration with the subsistence farmers running
the sustainable management nursery of this species
(Vovides & Iglesias, 1994; Vovides et al., 2002).

In this sense, studies that embark on dynamics of
diversity and genetic structure using age classes or
stages can help define the magnitude of disturbance,
in function of life history, geographical distribution
and speciation processes. We consider these studies
particularly important for the successful long-term
sustainable management of D. edule and especially
important for cycads in general. These plants of
ancient lineage that are phylogenetically basal to the
living seed plants are an important plant conserva-
tion issue (Norstog & Nicholls, 1997).
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