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Abstract

A new subspecies of the Betic-Riffean species Armeria filicaulis is
formally described —subsp. alfacarensis— from crystalline
dolomitic sands NE of Granada (SE Spain). Its representatives ex-
hibit a consistent morphological combination of characters on
the inflorescence and flowers that support its taxonomic recog-
nition. This is shown by means of a multivariate morphometric
analysis. In one of the sites of the new taxon, where it is sympatric
with A. villosa subsp. bernisii, nuclear ribosomal ITS sequences re-
veal gene flow between the two species, which is congruent with
RAPD data and chloroplast trnL-F haplotypes. It is discussed that
gene flow detected is not responsible for the origin of the new
subspecies but a recent event. According to this, a differentiated
biological entity related to other forms of A. filicaulis inhabiting
dolomitic sands in eastern Andalusia, existed previously to gene
flow events. The patterns detected (and inferred events) in A. fi-
licaulis throughout its area suggest that the compilospecies mod-
el fits the evolution of this species as does that in A. villosa (as re-
ported elsewhere) although not as closely.

Key words: Armeria, compilospecies, ITS, morphometrics,
Plumbaginaceae, RAPDs, taxonomy, trnL-F.

Introduction

Avrmeria filicaulis (Boiss.) Boiss. is endemic to the SE
quadrant of the Iberian Peninsula with a small disjunct
area in the Moroccan Rif (Nieto Feliner, 2002). Al-
though no intraspecific taxa were recognized in the last
treatment of the genus for the Iberian Peninsula (Nieto
Feliner, 1990), two subspecies were described in subse-
quent works to account for part of the morphological
variability displayed by A. filicaulis in different areas.

Resumen

Se describe una nueva subespecie de la bético-rifena Armeria fi-
licaulis, que habita en arenas dolomiticas cristalinas del nordeste
de Granada (sudeste de Espafa): subsp. alfacarensis. Su recono-
cimiento taxonémico se apoya en una combinacién constante
de caracteres relativos a la inflorescencia y flores, como se com-
prueba en el anélisis morfométrico multivariante que presenta-
mos. En una de las localidades donde vive la nueva subespecie
de forma simpétrica con A. villosa subsp. bernisii, las secuencias
de ITS del ADN ribosémico nuclear revelan flujo génico entre
ambos taxones, lo cual es congruente con los resultados que se
presentan de RAPDs y con los haplotipos detectados de secuen-
cias cloroplasticas (trnL-F). Se argumenta que el flujo génico de-
tectado no es responsable del origen de la nueva subespecie
sino consecuencia de un suceso mas reciente. De acuerdo con
esta interpretacion, con anterioridad al flujo génico aludido,
existiria una entidad biolégica diferenciada en la zona, afin a
otras formas de A. filicaulis que habitan en arenas dolomiticas
del este de Andalucia. Los patrones detectados en A. filicaulis a
lo largo de su érea de distribucion, asi como los procesos inferi-
dos, sugieren que el modelo de evolucién de esta especie se
ajusta al de compiloespecie, tal como propusimos para A. villosa
en otro trabajo, aunque no de forma tan patente.

Palabras clave: Armeria, compiloespecie, ITS, morfometria,
Plumbaginaceae, RAPDs, taxonomia, trnL-F.

The first one, subsp. trevenqueana Nieto Fel., includes
populations from the dolomitic enclaves of the Cerro
Trevenque and Alayos del Dilar, in the western end of
the Sierra Nevada massif (Nieto Feliner, 1990; Blanca,
2002). The second taxon, subsp. #zevadensis Nieto Fel.
& al., was proposed to include populations from high
altitudes (2000-2500 m) in Sierra Nevada that occur
mostly on schist soils (Nieto Feliner & al., 1998; Blanca,
2002). There is evidence that the latter originated from
hybridization between the alpine A. splendens (Lag. &
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Rodr.) Webb and A. villosa subsp. bernisii (Gutiérrez
Larena & al., 2002).

Our study focused on the Sierra Nevada massif de-
tected populations NE of Granada (roughly between
Alfacar and La Peza, Fig. 1) that exhibit distinct char-
acters as compared to other populations of A. filicaulis.
Alike with subsp. trevenqueana, these populations have
leaves that are indistinguishable from those in the core
of the species and occur on crystalline dolomitic sands.
As subsp. trevenqueana, they differ from the rest of the
populations by characters in inflorescence, bracts and
flowers. This paper aims at presenting the morphologi-
cal evidence that justifies taxonomic recognition at the
subspecific level for the populations of Alfacar-La Peza
as well as the molecular information provided by three
markers (nuclear ribosomal, chloroplastic and total
DNA). In addition, the possible origin of these popula-
tions is discussed taking into account the background
knowledge of evolutionary patterns and processes in
Armeria, and specifically the compilospecies model,
which fits another species, A. villosa Girard (Fuertes
Aguilar & al., 1999b).

Material and methods

Sampling. In accordance with the strategy followed in
other studies in Armeria (e.g., Gutiérrez Larena & al.,
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Fig. 1. Distribution of ITS ribotypes (R1 to R4; according to Nieto
Feliner & al., 2004) and trnL-F chlorotypes (A to L; according
to Gutiérrez Larena & al., 2002) in Armeria filicaulis. Detailed
results in those two papers.

2002; Nieto Feliner & al., 2002), the neighbour territo-
ries have been sampled in order to minimize confound-
ing molecular uniqueness with hybridization between
related species. This is justified by the weak internal re-
productive barriers in the genus (Nieto Feliner & al.,
1996). Besides A. filicaulis, different populations of
A. villosa subsp. longiaristata and A. villosa subsp. ber-
nisti were sampled. The latter is sympatric to the popula-
tions of A. filicaulis in Alfacar-La Peza. Twenty individu-
als of the new subspecies from Sierra de Alfacar, repre-
senting 6 populations, have been used in the multivariate
morphometric study. The geographic origin of those as
well as the rest of the material used for the morphologi-
cal and the molecular studies are shown in Table 1.

Molecular markers (ITS, trul-FE RAPD:s). Detailed
results on the three molecular markers can be seen else-
where. Protocols for DNA extraction, amplification,
sequencing, data analysis, and specifically for ribotype
(ITS repeat type) definition have been described in
Fuertes Aguilar & Nieto Feliner (2003) and Nieto Fe-
liner & al. (2004). Those for #7#L-F in Gutiérrez Larena
& al. (2002), The RAPD study is in Fuertes Aguilar &
al. (unpubl.; Gutiérrez Larena, unpubl. PhD). Phenet-
ic similarity from RAPD bands (Williams & al., 1990)
was analyzed by Principal Coordinates Analysis and
Cluster analysis applied to a similarity matrix con-
structed using the Dice coefficient. A minimum span-
ning tree based on the Euclidean distance was super-
imposed on the scatter plot of the samples against the
first three PCO axes. Phenetic analyses of RAPD data
were conducted using NTSY Spc (Rohlf, 2000).

Morphology. Thirty morphological characters have
been used in the multivariate morphometric study
(Table 2). Fifteen of them are quantitative continuous,
seven are ratios, one is quantitative discrete (number of
bracts) and seven are qualitative. For the continuous
characters, values in the data matrix are averages of two
or three measurements per specimen. Most of the met-
ric characters were measured with the aid of a Brown &
Sharpe Plus digital calliper (model 599-571-3). The
morphometric study was conducted using NTSYSpc
(Rohlf, 2000). Two different analyses have been carried
out. A principal components analysis (PCA), based on
the correlation matrix, was used as an ordination pro-
cedure to reduce the number of original variables to a
few representative uncorrelated ones (the PCs). A min-
imum spanning tree based on the Euclidean distance
was superimposed on the scatter plot of the samples
against the first three PCA axes. An UPGMA cluster
analysis was also conducted as a classificatory proce-
dure, based on a similarity matrix constructed using
Euclidean distance. All measurements have been made
on dried specimens, which are kept in MA.
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Fig. 2. Representative herbarium specimen of Armeria filicaulis subsp. alfacarensis, with enlarged glomerule (183 BG, see Table 1).
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Results

Morphological characters. The main differences be-
tween populations of A. filicaulis from Sierra de Al-
facar and the remaining are the following. The scape
is 20-40 cm long, distinctly larger than the rest of the
species (Fig. 2). The tubular involucral sheath, 14-22
mm, is also longer than in other populations. The in-
volucre diameter, 21-28 mm, is also the largest within
A. filicaulis. Involucral bracts are smooth straw-col-
ored (not yellowish-cream and minutely rugose), the
inner ones are long (> 10 mm), narrower than in subsp.
filicaulis, with a narrower scarious margin. Unlike the
usual spikelet bracts in A. filicaulis subspp., those in
Alfacar-La Peza are longer than (or at least equalling)
the inner involucral bracts. Spikelets also differ in be-
ing more or less stipitate, non sessile. The pedicels of
every individual flower within each spike are longer
than the standards and almost lack bracteoles, resem-

bling species in the section Macrocentron such as
A. hirta Willd. etc. Calyces are also longer (14-22 mm)
that in other subspecies, mainly due to the larger lob-
ule and awn.

Morphometric multivariate analyses. In the PCA,
the first three axes account for 62.2% of the total vari-
ance (35.9%, 18.2% and 8.0%, respectively). The
first axis is contributed significantly by almost half of
the variables but mostly by calyx length, calyx-lobe
length, involucre diameter, length of outer involucral
bracts and spikelet bract length while the second is by
ratio of the outer to the longest inner involucral
bracts, width of inner involucral bracts and ratio of
the involucral diameter to the length of the involucral
sheath. In the scatter plot of the samples against the
first three axes, specimens of A. filicaulis from Al-
facar-La Peza are distinctly separated from the rest al-
though with respect to the first axis they are intermin-
gled with A. villosa (Fig. 3). The superimposed mini-

A. filicaulis subsp. alfacarensis
A. filicaulis subsp. filicaulis
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A. filicaulis subsp. nevadensis
A. filicaulis subsp. trevenqueana
A. villosa subsp. bernisii
A.
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Fig. 3. Principal components analysis of Armeria spp. from SE Spain based on 30 morphometric characters. Plot of 205 specimens in
the space defined by the first three axes, with a superimposed minimum spanning tree (based on Euclidean distance).
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mum spanning tree connects one of the samples of Al-  while those of subsp. filicaulis (including var. #zinor)
facar-La Peza with one of A.villosa subsp. bernisii  and subsp. trevenqueana form a lax cluster. The UP-
from Sierra de Gador. Samples of A. filicaulis subsp. GMA phenogram provides a representation of the
nevadensis also cluster separately in the scatter plot,  taxonomic groupings (Fig. 4). Two large clusters arise,
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Fig. 4. UPGMA phenogram of 205 specimens of Armeria spp. from SE Spain based on Euclidean distance matrix computed from

30 morphometric characters from SE Spain
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one including all samples of A. villosa (subsp. bernisii
and subsp. longiaristata) and the other including all
samples of A. filicaulis. Within the A. filicaulis cluster,
the samples from Alfacar-La Peza are the first ones to
split off, being all included in their own sub-cluster.

Molecular markers, ITS. The geographic structure
shown by this marker (Fuertes & al., 1999b; Fuertes
Aguilar & Nieto Feliner, 2002) has been confirmed to
occur also at a fine-scale in the Sierra Nevada massif
(Nieto Feliner & al., 2004; Gutiérrez Larena, unpubl.
PhD). Of the three samples of A. filicaulis from Al-
facar-La Peza, one has the ribotype 2 (R2) from cen-
tral Andalusia, and the other two have R2 and R3
(from Sierra Nevada) co-occurring intraindividually
(Fig. 1). Of the samples of A. villosa subsp. bernisii,

@)

C3

Cl

three from Alfacar also exhibit R24+R3 while two from
La Peza present R3 (Nieto Feliner & al., 2004).

trnl-F. The two samples of A. filicaulis from Al-
facar have a chloroplast trnL-F haplotype A (Fig. 1).
This is the most frequent in the species, occurring in
more than 50% of its samples (Gutiérrez Larena &
al., 2002). Of the sequences of A. villosa subsp.
bernisii, the two sampled from Alfacar correspond to
haplotype L while those two from La Peza do to hap-
lotype I. These are the most frequent haplotypes in A.
villosa subsp. bernisii, occurring in 35% and 41 of its
samples, respectively (Gutiérrez Larena & al., 2002).

RAPDs. PCO based on RAPD phenotypes pro-
vides a picture that is not readily interpretable (Fig. 5).
In the scatter plot of the samples against the first three

X A. filicaulis subsp. alfacarensis
o A. filicaulis subsp. filicaulis

¥ var. minor

& A. filicaulis subsp. nevadensis
& A filicaulis subsp. trevenqueana
0 A. villosa subsp. bernisii

<+ A. villosa subsp. longiaristata

0.20 /
0.40

Fig. 5. Principal Coordinate analysis of RAPD bands of Armeria from SE Spain based on a Dice similarity matrix. Plot of 167 samples in
the space defined by the first three principal coordinate axes with a superimposed minimum spanning tree (based on Euclidean dis-

tance).
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Fig. 6. UPGMA phenogram of 167 samples of Armeria from SE Spain based on a Dice similarity matrix constructed from RAPD bands.
Samples of Armeria filicaulis subsp. alfacarensis marked with a solid circle.
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Table 2. Morphometric characters used in the multivariate analyses

Number Character description
1 leaf length
2 leaf width
3 ratio leaf length to leaf width
4 scape length
5 diameter of the scape at base
6 diameter of the involucre
7 ratio of the involucral diameter to the length of the involucral sheath
8 number of involucral bracts
9 length of outer involucral bracts
10 length of longest inner involucral bracts
11 ratio of the outer to the longest inner involucral bracts
12 width of inner involucral bracts
13 length of mucro of inner involucral bracts
14 length of mucro of intermediate involucral bracts
15 length of spikelet bracts
16 ratio of the length of spikelet bracts to the length of inner involucral bracts

17 calyx length

18 calyx lobe length (including awn)

19 ratio of calyx lobe length (including awn) to total calyx length

20 calyx tube length

21 calyx limb length

22 ratio of calyx tube length to calyx limb length

23 length of calyx pedicel scar

24 white salt crystals (absence, 0; presence, 1)
25 cilia on leaf margins (absence, 0; presence, 1)
26 glabrous (0) vs. pubescent (1) leaves

27 slender vs. firm (1) involucral bracts

28 calyx with 10 (0) vs. 5 (1) rows of longitudinal hairs

29 involucral bracts colour: yellowish-cream (0), straw-colored (1), tawny or copper (2)

30 petal color: white (0), pink (1), purplish (2)

principal coordinate axes, samples of A. filicaulis
from Alfacar-La Peza do not cluster. The minimum
spanning tree connects two of those samples with one
of A. villosa subsp. bernisii (see discussion). An UPG-
MA cluster based on the same Dice similarity matrix
provides also a complex picture in which the samples
of A. filicaulis from Alfacar-La Peza are among the
first ones to split off from our data set that includes
both A. villosa and A. filicaulis (Fig. 6).

Taxonomic proposal. Morphological distinctiveness
confirmed also by the multivariate morphometric
analyses, together with the restricted distribution and

the consistent results from the molecular marker dis-
tribution (see discussion), supports taxonomic recog-
nition for the populations of A. filicaulis from Alfacar-
La Peza.

Armeria filicaulis subsp. alfacarensis Nieto Fel., Gut.
Larena & Fuertes, subsp. nov.

A subspecie typica scapis longiores —usque 40 cm—,
vaginis involucralibus maioribus —14-22 mm-—, involu-
cris majoribus —20-28 cm diametro—, bracteis involu-
cralibus laevibus, internae valde elongatis (> 10 mm,



46 Anales del Jardin Botanico de Madrid 61(1) 2004

obovato-oblongis nec late-obovatis), bracteis autem
spicularibus longis aequalibusque aut maioribus
quam bracteis invocralibus internis, pedicelis spicula-
ribus bracteolis deficiens, lobulis calycinalibus maio-
ribus (>2 mm), praecipue differt.

Holotypus: Granada, puerto de la Mora, carretera
al Pozuelo, a 2’5 km dela carretera N-342,3°26’10”W,
37°16°0"N (UTM 30SVG5921), 1300 m, dolomias,
Nieto Feliner 2722 & lzuzquiza (MA 712146; right
specimen).

Additional specimens studied are listed in Table 1.

Key to the subspecies of Armeria filicaulis

1. Involucral bracts straw-coloured or cream white, often with a
somewhat waxy surface; spicular bracts almost entirely sca-
rious; leaves triquetrous, acuminate, densely ciliate on the
margins or less frequently pubescent ..............c.occco 2

1. Involucral bracts tawny or copper-coloured; spicular bracts
with a firm and tawny dorsal part; leaves somewhat flattish,
subacute to subobtuse, glabrescent or sparsely ciliate ..........

............................................................. subsp. nevadensis

2. Internal involucral bracts 4-8 mm, widely orbicular to trans-
versely depressed, rounded or notched at apex, minutely ru-
gose (under the lens), cream white, often with a somewhat
waxy surface; plant usually with numerous scapes ...............

.................................................................. subsp. filicaulis

2. Internal involucral bracts 8-13 mm, oblanceolate to oblong,
with a rounded or subacute apex, smooth and somewhat
glossy (under the lens), straw-coloured; plant with a few sca-
DS e 3

3. Spikelet bracts distinctly shorter than the inner involucral
bracts; petals pink; involucre 13-20 mm in diameter; tubular
involucral sheath 6-7 mm long; scapes 4-6 cm, more or less
curved; calyx 5-6 mm ... subsp. trevenqueana

3. Spikelet bracts equalling or longer than the inner involucral
bracts; petals white; involucre 21-28 mm in diameter; tubu-
lar involucral sheath 14-22 mm long; scapes 20-40 cm,
straight; calyx 6-9 mm ........ocooeiieinn subsp. alfacarensis

Discussion

Taxonomic integrity and distinctiveness of subsp. al-
facarensis. The integrity and distinctiveness of A. fi/i-
caulis subsp. alfacarensis is mainly based on the mor-
phological data. It is supported by the following facts.
The PCA of morphometric characters cluster the
specimens sampled as a distinct entity. This implies a
cohesive combination of characters in all the repre-
sentatives of this taxon. This pattern is paralleled in
the UPGMA phenogram, where all the samples of
subsp. alfacarensis form a single group that is not in-
cluded within the A. filicaulis cluster. These facts, to-
gether with the peculiarity of the substrate, support
taxonomic recognition of subsp. alfacarensis per se.
However, inferring the possible origin of the taxon is
more complex and molecular data should be used.

Recent Gene flow and co-occurring ITS repeat types.
The most likely explanation for co-occurrence of ITS
ribotypes within the same genome in Armzeria is gene
flow, either intra- or interspecific (Nieto Feliner & al.,
2004). This interpretation is particularly reliable for
individuals fitting the geographical structure of ITS
variation, that is, those lying in areas where two ribo-
types meet. The region between Alfacar and La Peza,
north of Sierra Nevada, is one of those contact areas,
where ribotypes 2 and 3 meet (Nieto Feliner & al.,
2004). There are 5 differing nucleotides between R2
and R3. Of these positions, one has been found to be
homogenized in four of the five specimens sampled
from Sierra de Alfacar that have co-occurring ribo-
types. Since homogenization in ITS regions has
proved to be fast in artificial hybrids of Armzeria
(Fuertes Aguilar & al., 1999a), to explain the mainte-
nance of nucleotide polymorphisms (reflective of co-
occurring ribotypes), either gene flow is frequent or
bias in the homogenization has favoured persistence
of copies of the two ribotypes within genomes. There
is some evidence of bias for R1 but not for R2 or R3
(Fuertes Aguilar & al., 19992, 1999b; Nieto Feliner &
al., 2004). Therefore, it is more parsimonious to as-
sume that gene flow affecting plants from near Al-
facar, both A. filicaulis subsp. alfacarensis (3 samples,
2 co-occurring ribotypes) and A. villosa subsp.
bernisiz (3 samples, 3 co-occurring ribotypes), is re-
cent. There is additional evidence for this besides the
ITS. Interspecific gene flow is a frequent phenome-
non in Armeria (Arrigoni, 1970; Philipp, 1974;
Fuertes Aguilar & al., 1999b; Gutiérrez Larena & al.,
2002) and plants of A. villosa subsp. bernisii are at
most 3 km away (but probably much less) from those
of A. filicaulis subsp. alfacarensis in Alfacar. Taking
into account the unspecific pollinators (Woodell &
Dale, 1993) and the low reproductive barriers in
Armeria (Nieto Feliner & al., 1996) the possibility of
recent or contemporary gene flow is high. RAPD
data, specifically the minimum spanning tree, sup-
ports the suggestion that gene flow suffered by A. fi/i-
caulis subsp. alfacarensis in Alfacar and revealed by
the ITS patterns, is from A. villosa subsp. bernisii, as
suggested above. On this same line, based on the rela-
tive frequencies and distribution of R2 and R3 (Nieto
Feliner & al., 2004), it is likely that in the inferred gene
flow events between A. filicaulis subsp. alfacarensis
and A. villosa subsp. bernisii near Alfacar, the former

provided R2 and the latter did R3.

Origin of subsp. alfacarensis. But if recent gene flow
provides a likely explanation for the co-occurring ri-
botypes, it appears to be insufficient to account for
the morphological patterns detected and is unlikely to
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have been involved in the origin of A. filicaulis subsp.
alfacarensis. Specifically, if standard undifferentiated
populations of A. filicaulis subsp. filicaulis pre-existed
in Alfacar-La Peza and only in recent times suffered
gene flow from A. villosa subsp. bernisiz, it would be
reasonable to find standard forms of A. filicaulis sub-
sp. filicaulis in the range too, not only subsp. a/-
facarensis. Also, morphological cohesiveness would
be difficult to explain unless all the individuals were
recent, close descendants of the individuals that suf-
fered gene flow from A. villosa subsp. bernisii. This
seems unlikely. Only specimens consistently matching
the taxon here described are found in the crystalline
dolomitic sands of Alfacar-La Peza (specimens cited
in table 1 and personal observations). It can be there-
fore concluded that the origin of subsp. alfacarensis is
probably not related to the occurrence of recent gene
flow. In other words, there was some cohesive biolog-
ical entity already differentiated prior to recent gene
flow events. Further, from the eastern end of subsp.
alfacarensis range, we lack sequence data, but we do
have for A. villosa subsp. bernisii from this area. They
reveal no co-occurring ribotypes but only the one
from Sierra Nevada (R3), thus suggesting that recent
gene flow events may have affected only plants from
the eastern end (Alfacar).

¢What is then the origin of A. filicaulis subsp. al-
facarensis? Two possibilities can be envisaged. Either
populations from this area diverged from standard
morphs of A. filicaulis subsp. filicaulis or the taxon
was originated by hybridization and one of the prog-
enitors was A. filicaulis subsp. filicaulis. Both possibil-
ities match the scenario of pre-existing populations of
A. filicaulis (similar to subsp. filicaulis or even subsp.
trevenqueana, cf. Fuertes Aguilar & al., unpubl.) in-
habiting the massif before the formation of subsp. a/-
facarensis. In fact, these kinds of xeric substrata exist
in nearby areas of Eastern Andalusia (Cerro Tre-
venque in Sierra Nevada, c. 20 km south of Sierra
de Alfacar; Sierra de las Gudjaras, c. 50 km SE; Sierra
de Almijara, c. 60 km SE). In all these spots, the pre-
dominant or exclusive species of Armeria found is
A. filicaulis, the most xerophyitic one in Andalusia
and probably the whole Iberian Peninsula. There are
other spots with crystalline dolomitic sands in the
province of Malaga, where another species of Armzeria
occut, A. malacitana Nieto Fel. Interestingly, this tax-
on has a very similar involucre to A. filicaulis subsp. al-
facarensis although its leaves are wider; those in the
new taxon are indistinguishable from A. filicaulis sub-
sp. filicaulis. Furthermore, the basionym for A. 7zala-
citana is A. filicaulis var. longifolia, and it was suggest-
ed that both A. filicaulis and A. hirta were involved in

its origin (Nieto Feliner, 1987). Also noteworthy is the
spikelets structure in subsp. alfacarensis, with scarce
bractlets, and the size and shape of the involucre, both
characters resembling those in A. hirta. A detailed
scenario for this link between A. mzalacitana and A. fi-
licaulis subsp. alfacarensis cannot be provided, but
one possibility is that in both dolomitic areas (Sierra
de Alfacar in Granada, Sierra de Mijas, etc. in Malaga)
there were forms affine to A. hirta that hybridized
with A. filicaulis. The occurrence of endemics to some
of these dolomitic areas (Anthyllis tejedensis Boiss.,
Convolvulus boissieri Steudel, Arenaria armerina Bory
subsp. caesia (Boiss.) C. Diaz, C. Morales & F. Valle)
indicate floristic links between those areas that are
supported by the high floristic similarity values found
between some of them (Mota & al., 1993, 2002).

Armeria filicaulis as a compilospecies. The possibili-
ty of a hybrid origin for A. filicaulis subsp. alfacarensis,
the third of three subspecies described in the last
years raises the possibility that A. filicaulis follows an
evolutionary model —compilospecies (Harlan & De
Wet, 1963)— such as the one proposed for A. villosa
(Fuertes Aguilar & al., 1999b). As A. villosa, A. fili-
caulis has a relatively wide distribution from the Rif
mountains to, at least, Sierra de Alcaraz in Albacete.
In addition, samples of A. filicaulis also display differ-
ent ITS repeat copies depending on the geographic
origin, namely ribotype 1 (R1) in Morocco, R2 in Sier-
ras de Tejeda or Almijara, R3 in Sierra Nevada, R4 in
Cazorla-Segura, Calar del Mundo or Murcian ranges,
and a mixture of two ribotypes in intermediate areas
(Nieto Feliner & al., 2004). Therefore, the behaviour
of the different samples from the species is represen-
tative of the geographic structure exhibited by the
ITS variation at the genus level and thus reveals im-
portant amounts of gene flow (Nieto Feliner & al.,
2001). The chloroplast ##L-F haplotypes exhibited
by A. filicaulis seem to be influenced by the sympatric
congeners (Gutiérrez Larena & al., 2002) and thus
part of them are explained by gene flow, e.g., popula-
tions from Sierra de Tejeda-Almijara, or Sierra Ne-
vada populations of A. filicaulis subsp. nevaden-
szs. However, such an interpretation is not always
straightforward. The narrow endemic A. filicaulis
subsp. trevenqueana displays three different haplo-
types in a very restricted area, which might be consis-
tent with a gene flow scenario on itself. But one of
those haplotypes is a singleton (Gutiérrez Larena &
al. 2002) suggesting that subsp. trevenqueana has re-
mained isolated for a long period. The morphological
evidence is not as revealing of hybridization and in-
trogression as in the case of A. vz/losa. If morphologi-
cal features of subsp. zevadensis do reveal its likely hy-
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brid origin from A. splendens and A. villosa subsp.
bernisiz, a hybrid explanation for diagnostic features
of subsp. trevenqueana and alfacarensis is unclear, as is
for pink-flowered populations from Sierra Tejeda
named var. 7zzinor. In summary, although not so much
of the intraspecific diversification of A. filicaulis can
be unequivocally attributed to introgressive hy-
bridization as in A. villosa, traces of this phenomenon
are solid and thus part of the morphological and eco-
logical diversity shown by A. filicaulis does seem to
have been acquired by this means. Therefore, the
species fit to a greater or lesser extent the compi-
lospecies model.
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