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Abstract

The main objective of our study is to determine whether regeneration of Pinus pinea (an exotic species) is spreading within a Pinus
canariensis (native species) stand. The study area is located in the Natural Park of Tamadaba, 1400 m asl., in the NW of Gran Canaria Island
(Canary Islands). Stems and regeneration of P. canariensis and P. pinea were mapped in five randomly selected plots where both species were
planted together around 45 years ago. Densities and basal areas of both species were also recorded. P. canariensis demonstrated a greater
ability to disperse than P. pinea. The two species showed different spatial patterns, with P. pinea tending toward a more aggregate spatial
distribution of individuals than P. canariensis. Bivariate spatial relationships showed no difference from a random spatial distribution, indi-
cating the lack of any pattern of aggregation or rejection between the species. These results indicated that P. pinea has not spread because it is
less able to disperse (strongly barochorus) than P. canariensis (barochorus and anemochorus). Given that the future ability of P. pinea to
disperse cannot be predicted, eradication of this species, together with additional plantings of P. canariensis in open areas, is proposed to
restore the P. canariensis stand.
© 2005 Elsevier SAS. All rights reserved.
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1. Introduction

Non-native plants are important components of plant com-
munities in many parts of the world (Mack et al., 2000). The
spread of many pine species began soon after large-scale trans-
locations around the world (Richardson, 1998; Richardson
and Higgins, 1998; Richardson and Rejmánek, 2004). The
introduction of exotic pines was partly motivated by the
increased profits generated, and this promoted the invasion
of species in new ecosystems once they had enough individu-
als, sufficient propagules and time to become established
(Macdonald, 1984; Kruger et al., 1986). Richardson and Hig-
gins (1998) demonstrated that biotic interactions are funda-
mental in determining communities’ susceptibility to inva-
sion by pines.

Spatial patterns are important characteristics of plant com-
munities (Vacek and Lepš, 1996) and can be used to analyze

tree species replacement (Horn, 1975; Woods, 1979; Busing,
1996), species regeneration (Condit et al., 1992), changes in
plant communities after disturbance (Haase et al., 1997; Vacek
and Lepš, 1996; Richardson and Higgins, 1998) and biologi-
cal relationships between species such as competition (Hat-
ton, 1989; Duncan, 1991), dispersion (Collins and Klahr,
1991), and adult-juvenile relationships (He et al., 1997). Con-
sequently, the spatial distribution of plant individuals is impor-
tant for the management of natural areas (Moeur, 1993).

Most afforestation on the island of Gran Canaria has been
carried out with native species. The historical objective of the
plantations that we analyzed in this study was to increase the
density of the stand to protect against erosion in the water-
shed around dams (Salas, 1994). The primary species used
was Pinus canariensis Sweet ex Spreng. However, some areas
were planted with the exotic Mediterranean species Pinus
pinea L. (2200 ha approximately). In the last 60 years, large
areas of Gran Canaria have been reforested (Naranjo, 1995),
but without subsequent management or monitoring. Richard-
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son et al. (1994) demonstrated that trees widely planted in
alien environments can become naturalized and spread under
certain circumstances. In recent years, experts and authori-
ties have reconsidered the use of the plantations, moving away
from the idea of using them solely as exploitable natural
resources and towards the idea of managing them to restore
the natural pine and laurel forests, which are largely dis-
turbed and reduced to 25% of their potential area. Unfortu-
nately, little information is available on the pine forests’
dynamics, and the few existing quantitative studies deal spe-
cifically with fire effects (Höllermann, 2000; Arévalo et al.,
2001).

The purpose of this study is to analyze the spatial distri-
bution of seedlings and saplings of P. canariensis and P. pinea
in areas where both species have been planted. Our main
hypothesis is that regeneration of P. pinea has a low disper-
sion rate compared to P. canariensis, reducing the invasive
capacity of the species. Recognizing the spatial regeneration
characteristics of P. pinea as compared to P. canariensis can
help to predict the ability of this exotic species to invade new
areas, as has been seen in other ecosystems of the world (Rich-
ardson, 1989; Rouget et al., 2001).

2. Material and methods

2.1. Study site

The study was conducted on the north slope of the
Tamadaba Natural Park, Gran Canaria (28°19′ N, 16°34′ W),
Canary Islands, Spain (Fig. 1). The park comprises 2000 ha,
some areas of which have been reforested with pine species
including P. canariensis, Pinus nigra, Pinus sylvestris and P.
pinea. P. nigra and P. sylvestris were used in small areas (just
a few hectares) and show poor regeneration. P. pinea was the
exotic species most widely used in reforestation, with around
500 ha planted together with P. canariensis from 1950 to 1955
(Pérez et al., 1994). The plots we selected for analysis were
located in these areas.

The annual precipitation of the park is 600 mm but fog
drip can supplement inputs (Kämmer, 1974). The mean annual
temperature is 16.8 °C. Frost events may occur a few days a
year at higher altitude, but not in the study area. Because all
the plots differ by less than 100 m in altitude, differences in
average, maximum and minimum temperature are typically
less than 1 °C. Soils at the study site have been classified as
per Haplumbrept and Xerochrept (Rodríguez, 2000). Fires
were formerly frequent within the Park but, as the result of
increased management over the past 50 years, fire intervals
have been increased (Arévalo et al., 2001).

The dominant species is generally P. canariensis, although
in some areas (including those selected for this study) P. pinea
is now dominant. The understory, regardless of the dominant
canopy species, is dominated by Cistus symphytifolius, Bystro-
pogon origanifolius, Erica arborea, Chamaecytisus prolif-
erus, Micromeria benthamii, Polycarpaea aristata, Sonchus

acaulis and Neotinea maculata (Pérez et al., 1994). Nomen-
clature follows Izquierdo et al. (2001).

2.2. Sampling design

In April 2004, we randomly located five rectangular plots
in the Natural Park of Tamadaba where P. pinea was planted
(Table 1). The plots were of different sizes due to the features
of the landscape, such as roads, ravines. In each plot we mea-
sured altitude and slope, and estimated canopy cover of the
stand using a convex spherical densiometer (Lemmon, 1957).
We also visually estimated rock, bare soil, and litter cover
within each complete plot. Cover was estimated and noted on
a scale of 1–10.

We defined trees as stems of at least 2.5 cm dbh, seedlings
as stems less than 20 cm tall and saplings as stems taller than
20 cm and less than 2.5 cm dbh originating from seed. Pre-
vious studies recommended these classifications in concor-
dance with the physiognomy and phenology of these species
(Salas, 1994). We mapped all trees, seedlings and saplings in
the plots to an accuracy of 0.05 m.

2.3. Statistical analysis

We correlated the densities of the stems at each size class
for both species in the five plots to determine the relationship
between the size class distribution of both species in each
plot (using the Pearson correlation coefficient, for P < 0.05 and
n = 7).

We studied the spatial distributions of P. canariensis and
P. pinea in the five plots for the four different years using
Ripley’s univariate K1(t) function modified by Szwagrzyk
(1990). This function determines the consistency of the
empirical distribution of distances among individuals with
Poisson expectations (Szwagrzyk and Czerwczak, 1993), and
is given by the equation:

K1 � t � =
v � A �

n2 �
x{A

�
y{A∪ B

1
� 0,t � �d � x,y � �

In this analysis each plot was divided into an inner circle (A)
and a buffer zone (B), where: n = number of individuals per
plot; v(A) = area of the inner circle analyzed; t = distance
between individuals; x, y = points of the Euclidean distance
of the points x and y.

The K1(t) function is transformed into a function L1(t) as
follows:

L1� t � = � K1� t � � p �0.5

The buffer zones were included to address the potential prob-
lem of edge effects (Ripley, 1977). To detect departure from
complete spatial randomness (CSR), constant approximate
confidence intervals were established by accepting the
value ± 1.42 (A/n – 1)0.5 (where: A = area of the inner circle,
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Fig. 1. (a) Canary Islands archipelago and (b) Gran Canaria Island indicating in grey the Natural Park of Tamadaba and in black the location of the study site
(geographical coordinates are indicated).

Table 1
General abiotic information of the plots

Size (m2) Slope sexagesimal Altitude (m) Cover classa Shrub cover classa Canopy cover %
Rock Soil Litter

Plot 1 1600 7 1205 4 3 9 6 41
Plot 2 1500 21 1200 3 4 9 7 40
Plot 3 1500 12 1250 5 3 9 8 60
Plot 4 2000 25 1230 5 4 9 8 50
Plot 5 2500 21 1140 5 6 8 7 42

a Cover of the different parameters estimate visually in the total plot with the following cover classes: cover classes: 1: traces, 2: < 1% of cover in the plot, 3:
1–2%, 4: 2–5%, 5: 5–10%, 6: 10–25%, 7: 25–50%, 8: 50–75%, 9: > 75%, 10: 100%.

89J.R. Arévalo et al. / Acta Oecologica 28 (2005) 87–94



and n = number of trees in the plot) as a reasonable approxi-
mation of the 5% significance points (Ripley, 1979).

Spatial distributions of sapling and seedling P. canarien-
sis and P. pinea were analyzed using the modified univariate
K1(t) function. Transforming K1(t) to Wk allowed us to graphi-
cally present the results by displaying the pattern across mul-
tiple scales. The indicator Wk is used to estimate the depar-
ture of individuals’ distributions from CSR (Szwagrzyk,
1990).

Wk =
max

t
� L1� t � − t �

S
× sign� L1� t � − t �

max
t

� L1� t � − t � = maximal deviation of the L1(t) function

from CSR; S = width of the confidence interval; sign(L1(t) –
t) = –1.0, if L1(t) – t < 0; sign(L1(t) – t) = 1.0, if L1(t) – t > 0.

Values of Wk < –1 indicate regular distribution of the indi-
viduals, while values > 1 indicate clumped distribution or
aggregation. When the spatial distribution of stems at a given
distance does not differ from a random distribution (using a
Monte Carlo test with 200 iterations of randomly generated
x, y coordinates), the value of the curve at that distance is
zero. When significant aggregation was detected, the values
of the curve were positive and higher than 1 (the value
increased depending on the differences among the expected
value and observed value). Negative values Wk < –1 indicate
significant repulsion at the given distance.

To analyze the spatial relationship between two species
we used the K12 function for bivariate processes:

K12 =
v� A �
n1n2

�
x

�
y

1� 0,t � d � x,y �

where n1 and n2 are the number of objects of first and second
type, x is the object of the first type and y is the object of the
second type. The remaining symbols are as per the function
K1. As before, the values are transformed into L12 and the Wk

function is then calculated. However, in this case, we obtain
the W12 by combining K12–K21, as results are not symmetri-
cal (see Szwagrzyk and Czerwczak, 1993). With these meth-
ods we analyzed the spatial relationship between the pairs
indicated in Appendix I.

Basic statistical methods followed Zar (1984) and were
implemented using the SPSS statistical package (SPSS, 1986).

3. Results

The selected plots presented similar environmental char-
acteristics, all having a canopy cover of 40–60% and an under-
story cover class between 6 and 8 (Table 1).

Forest stand characteristics showed more variability
between plots. Measured by basal area, P. pinea was domi-
nant in plots 2 and 5, while P. canariensis was dominant in
the remaining plots (Table 2). Measured by density, P. pinea
dominated only plot 5, while the rest of the plots were highly
dominated by P. canariensis. Density in different diameter
classes indicates that advanced regeneration (density at the
smaller size classes) of P. pinea is only important in plot 4,
while P. canariensis revealed notable advanced regeneration
in all the plots except plot 5 (Fig. 2).

With respect to regeneration, all the plots were dominated
by seedlings of P. canariensis. For seedlings, a large differ-
ence between the species was found in plot 5 (the plot domi-
nated by P. pinea), with P. canariensis comprising 91% of
seedlings and P. pinea comprising only 9%. For saplings, plot
5 was dominated by P. pinea (61%).

The correlation of the size class densities for each species
in the five plots showed significant differences in some of the
plots. The distributions of densities in different size classes
were significantly different in plots 1, 2 and 4, while analysis
of plots 3 and 5 did not reveal significant differences (r
= 0.978 and r = 0.895, respectively, and for both P < 0.01).

Fig. 3 shows the Wk transformation of the univariate Rip-
ley’s K1(t) for P. canariensis and P. pinea seedlings and sap-
lings. There was significant seedling aggregation (Wk > 1) for
P. canariensis at all the plots and distances analyzed while
the importance of aggregation in P. canariensis saplings was
not so noteworthy with no significance at any distance in plots
1, 2 and 5 (Fig. 3a, b). Values of Wk > 0.333 and Wk < 1 are
considered intermediate between CSR and clumped
(Szwagrzyk and Czerwczak, 1993). No over-dispersion
(Wk < 1) at any of the analyzed distances was found for seed-
ling or saplings at either site, even when the distribution of
the stems results from a plantation program.

The results for P. pinea (Fig. 3c, d) contrast with those of
P. canariensis, and show an increasing tendency to aggregate
from seedlings to saplings. Aggregation, although significant
at shorter distances in some of the plots, is not the dominant
spatial distribution for seedlings. A random distribution of
the seedlings was more common, while significant aggrega-

Table 2
Trees (individuals of at least 2.5 cm dbh) basal area (PC: Pinus canariensis, PP: Pinus pinea, EA: Erica arborea), seedlings (stems less than 20 cm tall
originating from seed) density and saplings (stems taller than 20 cm and less than 2.5 cm dbh originating from seed) density in the five plots of different size

Tree (m2/ha) Sapling (ind/ha) Seedling (ind/ha)
PC PP EA PC PP EA PC PP

Plot 1 12.51 3.91 0.00 550.00 6.25 0.00 843.75 131.25
Plot 2 3.85 10.86 0.00 433.33 313.33 0.00 1313.33 240.00
Plot 3 14.56 4.04 0.00 1560.00 140.00 0.00 4273.33 46.67
Plot 4 10.13 1.94 0.20 1120.00 195.00 25.00 3635.00 65.00
Plot 5 3.15 17.88 0.00 176.00 280.00 0.00 464.00 56.00
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tion was the dominant pattern in P. pinea saplings (except in
plot 3).

For the W12 bivariate spatial analysis, all relationships
between the stems of P. canariensis and P. pinea between
seedling and saplings revealed no differences from a random
spatial distribution (Appendix I).

4. Discussion

Phylogenetic studies have demonstrated that P. canarien-
sis and P. pinea are highly genetically related species (Liston
et al., 1999). Moreover, studies by Grotkopp et al. (2004)
based on genome size found a strong relation between P.

Fig. 2. Distribution of tree densities in different diameter classes for both species in the five plots.

Fig. 3. Values of the Wk index for seedlings and saplings of P. canariensis (a, b) and P. pinea (c, d). Wk > 1 indicates a significantly clumped distribution, Wk >
1 and < 0.333 indicates an intermediate state between clumping and CSR. Wk < –1 indicates a significantly aggregated distribution, and Wk > –1 and < –
0.333 indicates an intermediate state between aggregation and CSR. (plot 1 for P. pinea seedlings did not provide enough data to carry-out the analysis).
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canariensis and P. pinaster, Pinus brutia, Pinus halepensis
and P. pinea.

P. canariensis seeds are dispersed by wind. Frankis (1992)
categorizes P. canariensis as an anemochorous species, as
opposed to P. pinea, which has strongly barochorous dis-
persal in the Canary Islands. There is no information about
any dispersal animal, although in other areas of the world it is
dispersed by squirrels and jays (Grotkopp et al., 2004). This
fact, combined with the dominance of P. canariensis sur-
rounding the studied area, gives rise to the extensive regen-
eration of this species in most plots for seedlings and sap-
lings regardless of canopy dominance (two of the plots are
dominated by P. pinea according to density or basal area).

The density of the stems in different size classes also
reveals that advanced regeneration of P. canariensis is greater
than P. pinea. P. canariensis also showed higher density val-
ues in the smaller diameter size classes (except plot 4) (Fig. 2).

The univariate spatial analysis of trees revealed the exist-
ence of two different patterns: seedlings of P. canariensis
showed a high aggregation index almost at all distances ana-
lyzed, becoming weaker and not significant in the saplings,
while P. pinea showed a higher aggregation index in the sap-
lings than in seedlings. Aggregations are related to the depen-
dence of the species on environmental microheterogenity
(Arévalo and Fernández-Palacios, 2003; Manabe and Yama-
moto, 1997). We suggest that P. pinea can be more environ-
mentally specific (with a higher dependence on natural dis-
turbances such as fire) than P. canariensis, which can be
considered more of a generalist species (Blanco et al., 1989).
Initially, P. pinea seedlings grow with the nutrient provisions
of the seed, but after the first few months, their higher depen-
dence on environmental conditions will largely determine the
probability of their becoming established.

The bivariate spatial analysis did not reveal any signifi-
cant spatial relationships different from a random distribu-
tion at any of the distances analyzed (Appendix I). This sug-
gests that the two species do not show any detectable
biological interaction (over-dispersion or aggregation), per-
haps due to genetic and ecological similarities (e.g. adapta-
tion to fire or colonization of disturbed areas).

These results reveal that the importance of P. pinea in the
stand is a function of human intervention, but the establish-
ment and regeneration of the species is not safeguarded due
to both the greater dispersal ability of P. canariensis and com-
petition between the species for the same resources. We sug-
gest that competition with P. canariensis combined with low

numbers of P. pinea planted (we estimate around 2000 stems)
will not allow the species to become naturalized and spread
satisfactorily. However, some form of control is necessary to
monitor and prevent this species from becoming invasive as
has occurred in other ecosystems (Richardson, 1989; Rouget
et al., 2001). There is little doubt of the damaging effects of
introduced trees disrupting natural features of the native com-
munity (Peterken, 2001).

P. canariensis is highly adapted to regular burning and its
establishment is probably favored over that of P. pinea, con-
sidering that native species are highly adapted to a regular
occurrence of fire (Myers and Bazely, 2003). However, the
frequency of fire in different protected areas of the Canary
Islands has been reduced in the last 50 years (Arévalo et al.,
2001). This means that over time, unless seedlings of P. canar-
iensis are able to establish in higher numbers than those of P.
pinea, the results will be unpredictable.

In conclusion, and as a result of both this uncertainty and
the relatively small area to manage, we propose the cutting of
stems of P. pinea and planting P. canariensis in the gaps in
order to sufficiently suppress regeneration of the exotic spe-
cies from the seed bank. These recommendations, based on
the ecology and biology of the species are also in accordance
with the laws of the Canarian Government requiring the elimi-
nation of exotic species. However, as Walters (1986) indi-
cated, experimentation and quantification through monitor-
ing provide the best adaptive management approach.
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Appendix I

A.1. Values of the W12 index in each plot, trees of P. canariensis and P. pinea and P. canariensis seedlings (Pc_se),
saplings (Pc_sa), P. pinea seedlings (Pp_se) and saplings (Pp_sa)
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