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Abstract. We used RAPD markers to test whether
morphologically intermediate individuals between
the Canarian endemic Phoenix canariensis and the
widespread P. dactylifera correspond to hybrids.
Consistent with previous allozyme evidence, the
scarcity of appropriate RAPD markers to distin-
guish P. dactylifera and P. canariensis indicated a
close genetic relationship among these species. Only
two of the 54 ten-mer primers (OPM-8 and OPK-
14) tested in 221 individuals from 7 localities in
different islands enabled us to unambiguously
identify both species. While P. canariensis possesses
two exclusive monomorphic bands of 1000 bp and
750 bp (for OPM-8 and OPM-14, respectively), P.
dactylifera is characterised by two bands of 900 bp
and 950 bp for the same primers. The additivity of
these taxon-specific bands in the individuals that
were morphologically intermediate provided, for
the first time, firm evidence for their hybrid origin.
Because these hybridisation capabilities pose clear
threats to the survival of the endemic P. canariensis
and some individuals that had been morphologi-
cally characterised as pure P. canariensis revealed
later a hybrid nature in the RAPD analysis, we
suggest that RAPD markers be used to estimate the
possible incidence of introgression in the scarce
extant natural populations of P. canariensis. This
procedure will provide a straightforward means to

select target populations to implement the ‘‘in situ’’
conservation strategies suggested previously on the
basis of allozyme research.

Key words: Canarian date palm, Canary Islands,
date palm, hybrids, hybrid detection, plant
conservation, Phoenix canariensis, Phoenix
dactylifera, RAPD.

Introduction

Phoenix canariensis is an endemic palm species
from the Canary Islands that co-occurs with its
widespread congener Phoenix dactylifera in
many stands as a consequence of the artificial
planting of the latter. P. dactylifera were
planted by the Canarian farmers for use and
enhanced exploitation. Nowadays, both spe-
cies are planted by ornamental reasons in all
the world, inclusive in the Canary Islands.
Although this practice increases the econom-
ical yielding of palm cultivars in the islands,
the unwitting introduction of the widespread
species poses two important problems for the
conservation of the endemic one. First, pre-
sumably as a consequence of the phylogenetic
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closeness between both taxa, juveniles of both
species are indistinguishable (Sosa et al. 1998).
Second, P. canariensis and P. dactylifera are
thought to cross very easily in nature (Kunkel
and Kunkel 1974, Hodel 1995, Corner 1966,
Barrow 1998, Morici 1998). Indeed, based only
on morphological features, a number of
authors have argued that intermediate mor-
phological forms between the endemic species
and the widespread P. dactylifera are hybrid
individuals (Kunkel and Kunkel 1974, Monte-
sinos-Barrera 1979, Niebla-Tome 1990, Del
Cañizo 1991, Morici 1998). However, there is
neither experimental proof of such inter-spe-
cific breeding capabilities, nor any molecular
evidence to support these claims. Therefore, it
is difficult at this stage of knowledge to
determine whether the intermediate individuals
are real hybrids, morphological variants or
ecotypes.

Assessment of inter-specific hybridisation
and introgression between species or subspe-
cies is important for the implementation of
appropriate genetic conservation strategies.
An efficient management of natural genetic
resources needs to identify and conserve the
remaining unique populations and to evaluate
the extent to which they are endangered by the
introduction of alien species (Novak and Mack
1993, Largiader and Scholl 1996), that pose a
clear threat to the genetic integrity of the
endemic populations through hybridisation
and eventual outbreeding depression. There-
fore, the lack of knowledge about the nature,
origin and purity of the P. canariensis popu-
lations has stood in the way of the conserva-
tion efforts for this Canarian endemic.

Morphological evidence bolsters the
hypothesis that hybridisation and introgres-
sion might be occurring between P. canariensis
and P. dactylifera, with the putative hybrids
having a wide range of phenotypic variation.
Previous isozyme studies with these species
(González-Pérez 2001) support a recent speci-
ation of P. canariensis from an ancestor closely
related to P. dactylifera. However, consistent
with this inferred phylogenetic closeness, iso-
zymes failed to provide monomorphic molec-

ular markers to unambiguously differentiate
these two species and their putative hybrids.

During the last decade, several novel
DNA-markers have emerged which have been
rapidly integrated into the arsenal of common
routine laboratory tools available for genome
analysis. Since their introduction, Random
Amplified Polymorphic DNA (RAPD) mark-
ers (Williams et al. 1990) have become very
popular (mainly because of the ease of their
analysis) and have been used for a variety of
purposes in plant genetics: cultivar identifica-
tion (Cabrita et al. 2001), parentage determi-
nation (Elisiário et al. 1999), genetic
relationships evaluation (Nicese et al. 1998),
estimation of population genetic variability
(Sales et al. 2001), and identification of inter-
specific hybrids (Crawford et al. 1993, Soltis
and Soltis 1993, Bailey et al. 1995, Perron and
Bousquet 1997, Roelfos et al. 1997, Urbanska
et al. 1997, Neuffer et al. 1999, Koontz et al.
2001, Caraway et al. 2001).

RAPD analysis (Williams et al. 1990) over-
comes many of the limitations of allozymes.
Unlike allozymes, RAPDs have high mutation
rates and are thus adequate to detect differ-
ences among closely related species. In addi-
tion, RAPD analysis requires only small
amounts of template DNA, does not need
prior DNA sequence information and is simple
and quick to perform. By using single, short,
arbitrary primers, this technique is capable of
scanning a genome for many priming sites that
are close enough to allow efficient amplifica-
tion. In general, RAPD amplification results in
DNA fragments that are inherited as Mende-
lian dominant characters (Williams et al.
1990). However, 15 to 25% of RAPD loci
have been shown to display codominant inher-
itance patterns in some taxa (Echt et al. 1992,
Fritsch et al. 1993, Rieseberg and Ellstrand
1993). On the other hand, RAPD markers are
theoretically dispersed throughout the genome,
and it is likely that most of them are not
associated with genes. Therefore, RAPD anal-
ysis may provide an adequate tool to unam-
biguously characterize P. canariensis
populations and, together with taxonomic
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and morphological data, help achieve a more
comprehensive understanding of genetic rela-
tionships between this endemic and its wide-
spread congener P. dactylifera.

The aim of the present study was to
evaluate the suitability of RAPD markers to
differentiate unambiguously P. canariensis
from P. dactylifera and to identify eventual
hybrids between these two species.

Materials and methods

Plant material. Phoenix canariensis and P. dacty-
lifera are diploid (n=18), long-lived, dioecious
arborescent monocotyledons that are obligate out-
crossers. While P. canariensis is strictly endemic of
the Canary islands, P. dactylifera distributes from
the West of Asia to the North of Africa and its
cultivation is common all through the temperate
areas of the planet. Phoenix canariensis inhabits
altitudinal ranges between 30 to 1000 m, including
different habitats, and possesses a considerable
degree of morphological variation that makes it
difficult to circumscribe the species taxonomically.
Although the canarian endemic and the widespread
species have been argued to cross very easily
(Kunkel and Kunkel 1974, Hodel 1995, Corner
1966, Morici 1998, Barrow 1998), a hybrid between
them has not been described as of yet. At the
present level of knowledge, the distinction between
a hybrid individual and an ecotype is very difficult.
In this context, we used morphological features to
distinguish three kinds of populations in the
Canaries (González-Pérez 2001): i) P. canariensis
natural populations, (ii) P. dactylifera cultivated
populations, and (iii) mixed stands, that displayed
P. canariensis, P. dactylifera, and a continuous
range of morphologically intermediate plants
(hybrids and/or ecotypes). All mixed stands in the
Canaries were originally natural populations of
P. canariensis where the widespread congeners were
introduced artificially. If these mixed stands are
hybrid zones, rarely will they represent a single
generation; rather, they will probably include
individuals of both the segregating generations
and the parental species (Rieseberg and Ellstrand
1993).

Sampling. Leaves from 221 individuals the
height of which ranged from 1 to 10 meter were
collected in seven localities (Fig. 1, Table 1) and

subjected to RAPD amplification. According to the
morphological characterisation described above,
three of these populations were P. canariensis
(Acusa, Tamargada and Mirca), two P. dactylifera
(Elche and Gran Tarajal) and the other two were
mixed stands (Tafira and Maspalomas). We also
included a population from Elche, since the adult
date palm specimens introduced in the Canary
Islands over 15-50 years ago were mostly brought
from this locality in peninsular Spain (Morici
1998).

DNA extraction. The leaves sampled were
crushed with liquid nitrogen using a sterile mortar
and pestle until we obtained a fine-grained powder.
DNA extraction was carried out following the
Dellaporta et al. (1983) method as modified by
Corniquel and Mercier (1994). After ethidium
bromide staining, DNA was quantified in agarose
gels by using known qualities of calf thymus DNA
(Amersham Pharmacia Biotech) as concentration
gauges. A dilution test was carried out to determine
the optimal amount of DNA for amplification.

RAPD amplifications and electrophoresis.

Amplification reactions were set in a 25 ll final
volume of reaction mixture containing 18.4 ll H2O,
2.5 ll 10x TBE buffer (0.89 M Tris-Borate and 0.5
M EDTA), 1.5 ll MgCl2 (25 mM), 0.4 ll dNTPs
(10mM of each dATP, dGTP, dCTP, and dTTP),
1 ll of primer (0.1 · 0.5 O.D. units; Operon
Technologies), 0.2 ll unit Taq polymerase (5 units/
ll; BIOTAQ DNA polymerase, Bioline) and 10–20
ng of genomic DNA. Amplifications were carried
out in an Eppendorf Mastercycler Gradient, pro-
grammed for 45 cycles with the following temper-
ature profile: 30 sec at 94 �C, 30 sec at 36 �C, and 1
min at 72 �C. The initial and final steps were at 94 �C
for 1.5 min, and 72 �C for 10 sec, respectively.
RAPD products were resolved through a 1.8%
agarose gel run at 200 V (60 mA) for 3 hours in 1x
TBE buffer. A 100 Base-Pair DNA ladder was
added as a molecular ruler. DNA was stained with
ethidium bromide (0.5 lg/ml) and photographed
under UV light (k = 302 nm) using a digital camera
Kodak DC 40. Scoring was carried out conserva-
tively, excluding some markers that we considered
unreliable. The presence or absence of each band
was recorded for each individual and given a value
of 1 or 0 depending on its presence or absence,
respectively. Bands of identical size were assumed
to be homologous across the individuals where they
were detected, and bands of different sizes were
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assumed to represent separate genetic loci. Markers
that were inconsistently amplified in repeated
RAPD reactions were not included in the subse-
quent data analysis. We improved reproducibility
of the PCR products by maintaining standardised
conditions with regard to all possible sources of
variation. Thus, we always used the same PCR
machine, the same Taq polymerase and treated
samples of both species in separate amplification
plates. In addition, we repeated some runs to
confirm reproducibility and did not find any
differences among replicate runs.

Control samples containing all reaction mate-
rial except DNA were used to test that no self-
amplification or DNA contamination occurred.
Primers were initially screened to identify well-
amplified molecular markers for both Phoenix
species. RAPD profiles were photographed with a
digital camera and visualised using the Kodak
digital Science 1D software. We considered bands
as species-specific if they occurred in at least 90%
of the plants examined in one pure Phoenix species
but not in the other.

Data analysis. We only used amplification
products that were clearly present or absent
through all experiments for the data analysis. This
approach reduced the influence of non-reproduc-
ible, artifactual bands that might bias our analyses.
Individuals with a substantial number of missing
data were excluded from the analysis.

A multivariate representation of individuals
from each population sampled was carried out by
subjecting presence/absence of RAPD fragments
(Table 2) to Principal Component Analysis (PCA)
using the software SPSS 11.0.1 (SPSS Inc. Chicago,
IL, USA).

Results

RAPD markers. Out of 54 primers tested
(Operon Technologies; kits OPK, OPL, OPM
and OPN), only 26 gave fragment patterns that
could be consistently scored across all popu-
lations of P. canariensis and P. dactylifera.
These primers originated between 1 and 3

Fig. 1. Map of the Canary Islands showing Phoenix populations sampled. Symbols are as follows: (d) Phoenix
canariensis, (�) hybrid or mixed stands, (O) Phoenix dactylifera
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RAPD products each, giving a total of 48
fragments that ranged in size from 300 bp to
1600 bp (Table 2).

Under the criterion of marker specificity
stated in the Methods, only two primers
(OPM-8 and OPK-14) gave diagnostic frag-
ments of 900 bp and 1000 bp (OPM-8) and
750 bp and 950 bp (OPM-14) that discriminate
unambiguously between P. canariensis (OPM-
8-1000 and OPK-14-750) and P. dactylifera
(OPM-8-900 and OPK-14-950) samples
(Fig. 2). The apparent homogeneity of these
markers in all the individuals that could be
ascribed to either species on morphological
grounds suggests that their eventual recombi-
nation could be used to support the occurrence
of interspecific hybridisation.

It is important to note that we also found
a few individuals that were ascribed to
P. canariensis under morphological consider-
ations, but were identified as hybrids by means
of RAPD analysis. These ‘‘cryptic hybrids’’
had a predominant incidence in the Tafira
population (TA-2, TA-3, TA-5, TA-6, TA-14,
TA-15, TA-16 and TA-18). However, three
cryptic hybrids were detected in the pure P.
canariensis population of Mirca, in La Palma
(MIR-2, MIR-13 and MIR-18).

On the other hand, we detected fragments
that were common within a species and that
appeared in hybrid individuals, too. In this
sense, two fragments generated from OPM-8
primer (OPM-8-450 and OPM-8-550) were
common within P. dactylifera populations and
hybrid individuals from mixed/hybrid. While
OPK-14-350 and OPK-14-650 were exclusive
within P. canariensis populations and hybrid
individuals from mixed/hybrid stands. In addi-
tion, a common fragment (OPK-14-420) within
Phoenix canariensis and P. dactylifera individ-
uals analysed were detected.

Data analysis. Because of their dominant
nature, the RAPD patterns were treated
strictly as taxonomic markers, Therefore, no
population genetic inferences were drawn from
these data.

The two first Principal Components
accounted for 62.31% of the total varianceT
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(Fig. 3) and separated distinctly the Canary
palm individuals from the date palm individu-
als. In the multivariate space defined by PCA,
the putative hybrids were mostly ordinated
between P. canariensis and P. dactylifera indi-
viduals, albeit much closer to the Canarian
endemic. There was a slight intermixing of the
hybrids within P. canariensis samples, indicat-
ing that they are more similar to the Canarian
date palm than to P. dactylifera in terms of
RAPD markers. Surprisingly, there were only
one individual (MAS-13) from Maspalomas
population (mixed/hybrid stands) and none
from Tafira population (mixed/hybrid stands)
clustered with P. dactylifera individuals. In
addition, MAS-13 was the only one individual
from the mixed/hybrid stands (Maspalomas
and Tafira populations) that presented the two

species-specificmolecularmarkers described for
P. dactylifera (OPM-8-900 and OPK-14-950).

Discussion

RAPD markers. Molecular data would sup-
port the hypothesis of a hybrid origin of
morphologically intermediate individuals if
unique markers found in the putative parents
were additive in the putative hybrids. Hybrid
origin could be refuted if (1) there were no
combinations of the parental markers in the
putative hybrids and/or (2) many unique
markers were observed in the parents and the
putative hybrid (Koontz et al. 2001). The
allozyme data for P. canariensis and P. dacty-
lifera (González-Pérez 2001) were equivocal
with regard to the possible hybrid origin of the

Table 2. RAPD products obtained for the 26 primers that gave reproducible bands in the two species
of Phoenix studied. N = number of fragments, a: fragment exclusive from P. canariensis, b: fragment
exclusive from P. dactylifera

Primer Sequence (5¢ to 3¢) N Fragment size (bp)

OPM-2 GTTGGTGGCT 1 600
OPM-4 GGCGGTTGTC 3 650, 850, 1200
OPM-7 CCGTGACTCA 2 800, 950
OPM-8 TCTGTTCCCC 2 450, 500, 550, 900b, 1000a

OPM-17 TCAGTCCGGG 2 850, 1000
OPM-19 CCTTCAGGCA 2 900, >1600
OPN-1 CTCACGTTGG 1 1000
OPN-3 GGTACTCCCC 3 450, 750, 1100
OPN-5 ACTGAACGCC 2 650, 1200
OPN-6 GAGACGCACA 2 500, 850
OPN-7 CAGCCCAGAG 3 300, 750, 1300
OPN-10 ACAACTGGGG 2 500, 1000
OPN-11 TCGCCGCAAA 3 750, 850, 1300
OPN-12 CACAGACACC 3 1000, 1200, 1600
OPN-14 TCGTGCGGGT 1 800
OPN-17 CATTGGGGAG 1 650
OPN-19 GTCCGTACTG 3 600, 1300, 1400
OPN-20 GGTGCTCCGT 2 1300, 1400
OPK-1 CATTCGAGCC 1 600
OPK-2 GTCTCCGCAA 1 600
OPK-3 CCAGCTTAGG 1 1300
OPK-5 TCTGTCGAGG 1 1000
OPK-11 AATGCCCCAG 1 650
OPK-13 GGTTGTACCC 2 600, 1000
OPK-14 CCCGCTACAC 2 350, 420, 450, 650, 750a, 950b, >1600
OPK-15 CTCCTGCCAA 1 650
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morphologically intermediate individuals
because they did not reveal any differences
that were monomorphic in either putative
parental species. According to Gallez and
Gottlieb (1982), this finding would indicate a
close relationship among these Phoenix spe-
cies, but could not refute or support the
existence of hybridisation.

By contrast, the presence of few unique
RAPD markers in each pure species and their

additivity in the morphologically intermediate
individuals does indicate hybridisation be-
tween P. canariensis and P. dactylifera in the
Canaries. The fact that only two of the 54
primers tested (8.3% of all RAPD fragments
analysed in this study) provided suitable
molecular markers for the identification of P.
canariensis and P. dactylifera converges with
previous allozyme evidence in 19 Canarian
populations of these species (Gonzalez-Perez
2001) to suggest a very close relationship
between them.

Evidence for introgression (Kunkel and
Kunkel 1974, Naranjo-Rodriguez 1999) was
consistently found in the mixed populations
analysed (Maspalomas and Tafira), where pure
P. canariensis and P. dactylifera individuals
with species-specific RAPD markers co-occur
with morphologically intermediate individuals
where these markers are combined (Table 1;
Fig. 3). The intermediate position of the
Phoenix individuals from these two mixed
populations relative to the pure monospecific
populations in the PCA analysis (Fig. 3) can
be construed as the result of a combination of
intermediate, parental and extreme character
states in these mixed populations. Moreover,
the particular combination of characters dif-
fers among individuals within Maspalomas
and Tafira populations. This lack of character
coherence, recently considered to be the rule in
plant hybrids (Rieseberg and Ellstrand 1993),
may have two causes in these Canarian mixed
populations of Phoenix. First, hybridisation
may have led to a disruption of a co-adapted
gene pool, thus reducing developmental stabil-
ity (Rieseberg and Ellstrand 1993, Rieseberg
1995, Møller and Swaddle 1997) and produc-
ing a more variable phenotype (e.g. Levin
1970). And second, increased morphological
variability may simply reflect genetic differ-
ences generated by recombination segregation.

In regard to this ‘‘cryptic hybrids’’ in the
population from Mirca, morphologically char-
acterised as pure P. canariensis population,
this finding is surprising, not only because
P. dactylifera individuals were not observed
within this population, but also because this

Fig. 2. a) RAPD profile of 13 samples of Phoenix
canariensis (lanes AC1, AC2, and TAM29),
P. dactylifera (lanes EL1, EL2, GT1, and GT2) and
hybrids (lanes TA1 and TA2) generated by the
primer OPK-14. The open and white arrowheads
indicate the molecular markers of P. canariensis (750
bp) and P. dactylifera (950 bp), respectively. b)

RAPD profile of 13 samples of P. canariensis (lanes
AC1, AC2, and TAM29), P. dactylifera (lanes EL1,
EL2, GT1 and GT2) and a hybrids (lanes TA1, and
TA2) generated by the primer OPM-8. Open and
white arrowheads indicate the molecular marker of
P. canariensis (1000 bp) and P. dactylifera (900 bp),
respectively. Numbers on the left represent molecular
weights of the DNA ladder, in bp (lane M)
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widespread species has not been described in
that island in the nature (Izquierdo et al.
2001). We suggest that an outside source of
P. dactylifera from artificial planting should be
contaminating this Canarian date palm popu-
lation; unfortunately, it is not uncommon to
see P. dactylifera specimens planted in many
gardens of the Canary Islands (Jaime
O’Shanahan, personal communication).

The three individuals from La Palma
notwithstanding, assignments to the wrong
species only have a remarkable incidence in
populations where P. canariensis and P. dacty-
lifera coexist. A high degree of gene exchange
between the two species can be the more
plausible explanation for these incorrect taxo-
nomic ascriptions. If gene flow occurs between
a hybrid and one individual of the parental
species, then the segregating generations will
be mostly advanced backcrosses and have
multi-locus associations typical of the most
compatible parents (Rieseberg and Ellstrand
1993). Besides, hybrids are a mosaic of paren-
tal and intermediate characters rather than
solely intermediate ones. Consistent with these
expectations, the cryptic hybrids detected in

Phoenix are quite intermixed in the multivar-
iate representations (Fig. 3) that were built
with all the RAPD fragments scored. There-
fore, the incongruence between morphological
and molecular features may be due to the
blurring of most genetic differences by the
recurrent action of interbreeding and gene
exchange between the two Phoenix species
through the generations. Therefore, our data
support the presence of different hybrid gen-
erations and hybridisation events in the pop-
ulations, as well as a high fertility of the hybrid
seed.

P. dactylifera from Elche (Spain) were
planted over 3.000 years ago by Phoeniceans
(Kyburz 1995), and therefore it could be
consider a representative sample of this spe-
cies. Overall, assuming that the investigated
populations are a representative sample of
P. canariensis and P. dactylifera, we can
conclude that RAPD markers distinguish these
species genetically and provide, for the first
time, convincing evidence of inter-specific
hybridisation between them. In addition, the
fact that the diagnostic markers found show a
strictly additive behaviour in the putative

Fig. 3. Principal component analysis based on the correlation matrix of presence/absence of RAPD fragments.
Values within brackets are the percent of total variation explained by the corresponding component
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hybrids strongly suggests that hybrid individ-
uals are of recent origin (Rieseberg et al. 1989,
Koontz et al. 2001). However, we would have
to increase the number of analysed popula-
tions, mainly P. dactylifera from North of
Africa, to guarantee the specificity of the found
markers

Conservation implications. Inter-specific
mating between a endemic species and a
common one will have one of two conse-
quences relevant to conservation biology
(Ellstrand and Elam 1993): i) if hybrid progeny
and progeny from advanced hybridisation are
vigorous and fertile, the endemic species is at
risk from genetic assimilation; ii) if hybrid
progeny are sterile or have reduced vigour,
then the species is at risk from outbreeding
depression.

As we have shown in this work, even
populations that are characterised morpholog-
ically as pureP. canariensismay contain hybrids
as identified by RAPD markers, thereby indi-
cating the existence of gene flow from planted
P. dactylifera individuals. Thus, the discrimina-
tive molecular tool provided by RAPDs should
be used in the first place to estimate the possible
incidence of hybridisation in the scarce extant
natural populations of P. canariensis. Consis-
tent with previous conservation indications
given in González-Pérez (2001), target popula-
tions for designing multiple interconnected
preserves to facilitate gene flow and buffer the
eventual action of inbreeding and genetic drift
should be those that the molecular markers
identify as pure P. canariensis.

Further, despite the genetic closeness found
between P. canariensis and P. dactylifera,
introduction and/or transplanting of the wide-
spread species (or of hybrid individuals) in the
natural populations of the endemic species
should be avoided to guarantee the genetic
purity of the natural P. canariensis popula-
tions. Parallel to this, efforts should be made to
prevent cultivated P. dactylifera from estab-
lishing near any of the remaining wild
P. canariensis populations with a view to
diminish the incidence of natural hybridisation
between both species.
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174 M. A. González-Pérez et al.: Phoenix canariensis hybridisation



Santana S. A. (1992) Paisajes históricos de Gran
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