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Abstract. Aichryson is a genus of annual or
perennial herbs, comprising approximately 13
species. The genus is nearly endemic to Macaro-
nesia, with the center of diversity on the Canary
Islands. Previous studies indicate that Aichryson is
monophyletic and sister to a clade comprising two
other genera, Monanthes and Aeonium. However,
phylogenetic relationships within the genus have
yet to be investigated. Phylogenetic relationships
were estimated for Aichryson using DNA sequence
data from both the nuclear and chloroplast
genome. Parsimony analyses were conducted
using separate nuclear and chloroplast data sets,
as well as a combined data set. These combined
analyses provide a well-resolved topology that is
used to investigate patterns of evolution within
the genus. For example, although typically herba-
ceous in habit, two members display a woody
growth form. Our analyses indicate that woodi-
ness is a derived feature in Aichryson that has
arisen once. Furthermore, the data presented
suggest that the Aichryson pachycaulon group, a
group of five subspecies, are in fact not mono-
phyletic and that a reexamination of classification
is necessary. The present study indicates that the
biogeographical patterns exhibited by Aichryson
appear to be rare, occurring in only one other
known genus.

Key words: Aichryson, Crassulaceae, Canary
Islands, Macaronesia, ITS sequences, trnL-trnF
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Introduction

Crassulaceae are a diverse and systematically
complex angiosperm family comprising 35
genera and approximately 1,500 species
(Berger 1930). Members of this family typically
are leaf-succulent herbs that occur in semi-arid
habitats. The family is nearly cosmopolitan in
distribution, with centers of taxonomic diver-
sity in southern Africa, Madagascar, the
Himalayas, Mexico, and Macaronesia.

The family has recently been the focus of
several broad phylogenetic studies employing
chloroplast DNA RFLPs (Ham and t’Hart
1998), matK nucleotide sequence data (Mort
et al. 2001), and nuclear ribosomal internal
transcribed spacer (ITS1-5.8s—-1TS2) sequence
data (Mort. Botanical Society of America
Meeting 2003, Abstract # 555). These inde-
pendent estimates of phylogeny are quite
similar to one another and resolve seven major
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lineages within the family, one of which (i.e.
the Macaronesian Clade) comprises four gen-
era, Aeonium Webb & Berth., Greenovia Webb
& Berth., Monanthes Haw., and Aichryson
Webb & Berth. that are largely endemic to
Macaronesia (Azores, Canary Islands, Cape
Verde Islands, Madeiran Islands, and the
Salvage Islands.

Phylogenetic relationships within the
Macaronesian Clade of Crassulaceae have been
investigated using sequences of the trnlL-trnF
cpDNA intergenic spacer region (Mes and
t’Hart 1994); nrDNA ITS (Mes and t’Hart
1996, Mort et al. 2002); an expanded cpDNA
sequence data set (matK, trnL-trnF, psbA-
trnH), (Mort et al. 2002), as well as a combined
cpDNA (matK, trnL-trnF, psbA-trnH) and ITS
data set (Mort et al. 2002). While each of these
studies employed different data and taxon
sampling, each resolved three major lineages in
the Macaronesian Clade. The largely herba-
ceous genus Aichryson was basal and sister to a
clade comprising a well-supported lineage of
perennial Monanthes and a clade comprising
Aeonium (including Greenovia). However,
because the goals of these studies were primar-
ily focused on estimating phylogeny for Aeoni-
um, only a limited number of Aichryson
specimens were included, and a robust estimate
of phylogeny for this genus has yet to be
investigated.

Aichryson comprises approximately 13
species of annual or perennial herbs, which
are nearly endemic to Macaronesia. Among
other members of the Macaronesian Clade of
Crassulaceae, Aichryson species are character-
ized by having 6-12 parted flowers with
digitate nectariferous glands, which are borne
at the base of each carpel (Liu 1989). The
monophyly of Aichryson is further supported
by having a base chromosome number of
x = 15 in the majority of species (x = 17 in
A. punctatum; x = 16 in some forms of A.
pachycaulon) (Bramwell 1977), whereas other
members of the Macaronesian Clade (i.e.
Monanthes, Aeonium o.K. Greenovia) have a
base chromosome number of x = 18 (Uhl
1963). Most species of Aichryson are annual,

herbs of moist habitats; however, two species
are woody perennials: 4. tortuosum (Lanzarote
and Fuerteventura) and A. bethencourtianum
(Fuerteventura). Mort et al. (2002) suggests
that the woody, perennial habit is a derived
feature; however because A. bethencourtianum
has yet to be sampled it is unclear how many
times this woody/perennial feature has arisen
within Aichryson

Although present on many islands com-
prising Macaronesia, the highest level of spe-
cies diversity within the genus occurs on the
Canary Islands, where 10 species are endemic
(Bramwell and Bramwell 1990); three addi-
tional species of Aichryson are found on
Madeira and the Azores (Hansen and Sundig
1993). Of the ten species present on the Canary
Islands, at least one species is found on each of
the seven major islands (Fig. 1), with the lowest
diversity of species (1) occurring on the island
of Lanzarote and highest diversity on the island
of La Palma (4). Excluding the subspecies of
A. pachycaulon, only three species found on the
Canarian Archipelago are single-island endem-
ics and they include, 4. palmense (La Palma),
A. bethencourtianum (Fuerteventura), and
A. porphyrogennetos (Gran Canaria).

The phylogeny of Aichryson has yet to be
examined and the classification of the genus is
unclear and in need of critical examination.
One especially problematical species worthy of
additional study is 4. pachycaulon. This taxon
(heretofore referred to as the pachycaulon
group) has variously been recognized as a
single species with five subspecies (Bramwell
1977, Hansen and Sundig 1993), or as several
distinct species (A. Santos pers. com.). Gener-
ally speaking, this species complex has been
defined by the absence of morphological fea-
tures that define other members of Aichryson.
For example, members of the A. pachycaulon
group lack the distinctive pubescence possessed
by several species of Aichryson and the lack of
black punctate glands along the margins of the
leaves separates this group from the other
glaborous species A. punctatum. Each member
of the pachycaulon group is endemic to a single
island, with no two members present on the
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Fig. 1. Map of the Canary Islands with the number of Aichryson species present on each island indicated

same island. Within the A. pachycaulon group,
taxa display a range of morphological and
cytological variation (Table 2). For example,
A. pachycaulon subsp. pachycaulon from
Fuerteventura is erect in habit with erect leaves,
stems, and branches, in contrast to the other
taxa, which are sprawling in habit with divar-
icate branches and patent leaves (Praeger
1932). Flower size also differs between the taxa
in this group ranging from 15 mm in diameter
(4. pachycaulon subsp. gonzalez-hernandezii)
to 6 mm in diameter (4. pachycaulon subsp.
parviflorum) (Bramwell 1977). This relatively
large range of flower diameter could be asso-
ciated with pollinator interactions, but to
date little is known regarding the pollina-
tion biology. Further investigation is needed
to explain fully the large difference of
flower diameter exhibited by the pachycaulon
group.

As noted above, three species of Aichryson
occur on other Macaronesian Archipelagos.
Aichryson villosum occurs on Santa Maria
(Azores) as well as the islands comprising the
Madeiran archipelago. Aichryson divaricatum
and A. dumosum occur only on the island of
Madeira. This distributional pattern is not rare
in Macaronesian taxa (Panero et al. 1999,
Mort et al. 2002), but to date the biogeogra-
phy of Aichryson has not been investigated in a
phylogenetic context. In light of an estimate of

phylogeny, it will be possible to ascertain the
archipelago of origin, as well as patterns of
inter-archipelago dispersal among members of
Aichryson.

Estimates of phylogeny using molecular
data are often difficult to obtain for insular
taxa due to the lack of variation in molecular
characters (reviewed by Baldwin et al. 1998).
One approach to this problem is to combine
data sets from multiple gene regions to achieve
more robust estimates of phylogeny for island
taxa. The utility of this approach has been
demonstrated elsewhere (e.g. Mes and ‘t Hart
1996, Soltis et al. 1996, Baldwin 1997, Mort
et al. 2002). We therefore generated multiple
DNA sequence data sets, from both the
nuclear and chloroplast genomes, to resolve
relationships in Aichryson. The goals of our
study were to (1) infer a phylogeny for
Aichryson using broad taxon sampling. Using
our estimate of phylogeny, we also (2) examine
the evolution of the perennial, woody habit, (3)
analyze the origin and evolution of the
Madeiran members of Aichryson, and (4)
assess the classification regarding the mono-
phyly of the pachycaulon group.

Materials and methods

The majority of the species included in this study
were collected from field locations; however
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Table 1. Species of Aichryson sequenced for this study. Voucher specimens have been collected for all taxa,
and have been deposited in the Marion Ownbey Herbarium (WS), McGregor Herbarium (KANU), or
Jardin de Aclimatacion de la Orotava Herbarium (CI). One species was obtained from documented col-
lections at the Huntington Library and Botanical Gardens (HBG), San Marino, CA. Abbreviations for
species distributions are as follows: L(Lanzarote), F (Fuerteventura), GC (Gran Canaria), T (Tenerife), G
(Gomera), P (La Palma), H (El Hierro), M (Madiera), AZ (Azores), MO (Morroco). Island abbreviations
that are in bold are islands from which taxa were collected. Genbank accession numbers for each region

sequenced are provided

Taxon Island Voucher ITS trnL-trnF
A. bethencourtianum Bolle F HBG AY568347 AYS568337
A. divaricatum (Ait.) Praeger M Fontinha s. n. (KANU) AY568348 AY568338
A. dumosum (Lowe) Praeger M Fontinha s. n. (KANU) AY568349 AYS568339
A. laxum (Haw.) Bramw. T,GC,P,H,G Mort 1494 (WS) AY082107 AY082225
A. pachycaulon Bolle T,GC,P,F, G
ssp. gonzalez-hernandezii (Kunk.) G Santos s.n. (CI) AY568351 AY568341
Bramw.
ssp. immaculatum (Webb ex Christ) T Santos s.n. (CI) AY568353 AY568343
Bramw.
ssp. pachycaulon F Santos s.n. (CI) AY568356 AY568345
ssp. parviflorum (Bolle) Bramw. P Santos s.n. (CI) AY568352 AY568342
ssp. praetermisssum Bramw. GC Mort 1404 (WS) AY082107 AY082223
ssp. praetermisssum Bramw. GC Santos s.n. (CI) AY568350 AY568340
A. palmense Webb ex Bolle P Mort 1482 (WS) AY082104 AY082222
A. parlatorei Bolle T, GC, P, F, G Santos s.n. (CI) AY568354 AY568344
A. porphyrogennetos Bolle GC Mort 1402 (WS) AY082106 AY082224
A. punctatum (Chr. Sm. ex Buch) T, GC, P, H, G Mort 1495 (WS) AY082103 AY082287
Webb et Berth.
A. tortuosum (Ait.) Webb et Berth. L, F Santos s.n. (CI) AY082102 AY082286
A. villosum (Ait.) Webb et Berth. M, AZ Fontinha s. n. (KANU) AY568355 AYS568346
Sedum jaccardianum MO 32211 (UT) AY082100 AY082220
Maire & Wilczek
Sedum modestum Ball MO 33112 (UT) AY082101 AY082221

Table 2. Characteristics of the five subspecies comprising the Aichryson pachycaulon group. Abbreviations
for distributions are as follows: F (Fuerteventura), GC (Gran Canaria), T (Tenerife), G (Gomera), P (La
Palma), H (El Hierro); distributions and morphological characteristics taken from Bramwell (1977)

A. pachycaulon ssp. Dist. Flower Leaf Chromosome
Dia. (mm) Margins No.

gonzalez- hernandezii (Kunk.) Bramw. G 12-15 crenate n=34

immaculatum (Webb ex Christ) Bramw. T 9-11.5 subentire n=32

pachycaulon (Bolle) Bramw. F 9-12 subentire n=34

parviflorum (Bolle) Bramw. P <9 crenate n=30-32

praetermissum Bramw. GC 10 crenate n=34 or n=17

several taxa were obtained from botanical gardens
(Table 1). Leaf material for several species of
Aichryson (A. bollei, A. brevipetalum, and
A. bitumosum) was unavailable and those species

are not included in the present study. Previous
broad phylogenetic studies of Crassulacecac (Ham
and ‘t Hart 1998, Mort et al. 2001) have indicated
that Aichryson is clearly monophyletic and sister to
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a clade comprising the Monanthes, Greenovia and
Aeonium. Furthermore, these studies place several
North African species of Sedum L. (Crassulaceae)
as sister to Macaronesian clade; two of these
species, S. modestum and S. jaccardianum, were
used as outgroups for our analyses.

DNAs for all taxa were extracted using a
modified CTAB buffer method (Mort et al. 2001).
Previous phylogenetic studies of island plants have
indicated that sequences from the nuclear ITS
region are useful for phylogeny reconstruction at
this level (e.g. Kim et al. 1996, Baldwin 1997, Mes
et al. 1997, Mort et al. 2002). In addition, several
regions in the chloroplast genome have shown
utility for resolving relationships among taxa of
relatively recent origin. One such region is frnl-
trnF (Taberlet et al. 1991). Both the ITS region as
well as the trnL-trnF region were sequenced for this
study.

Target DNA regions were amplified using the
primer combinations N-nc18S10/C26A (ITS; Wen
and Zimmer 1996), and universal primers C/F
(trnL-trnF; Taberlet et al. 1991). Automated
sequencing was performed using the Dye Termi-
nator Cycle Sequencing Kit (Beckman Coulter,
Fullerton, CA), using half reactions; individual
contigs were visualized on a Beckman Coulter
CEQ 8000 genetic analysis system. With the
exception of a small number of taxa in the ITS
data set (where ITS1 and ITS4 primers were used;
White et al. 1990), the same primer combinations
used for PCR amplification were also used for
cycle sequencing.

All sequences were edited using Sequencher
(Gene Codes, Ann Arbor, MI). Sequences in the
separate ITS and #rnL-trnF data sets were easily
aligned visually, using Se-Al (Rambaut 1996). All
parsimony analyses were conducted using PAUP*
(Swofford 1998), with all characters equally-
weighted. Initial searches were conducted using
5000 replicates with RANDOM taxon addition,
NNI branch swapping, and MULPARS, with five
trees saved per replicate. This search strategy
resulted in a pool of trees that was used as starting
trees for subsequent searches using TBR branch
swapping, saving a maximum of 5000 trees. Rela-
tive support was assessed using bootstrap analyses
(Felsenstein 1985), with 500 replicates, TBR branch
swapping, and a maximum of 500 trees saved per
replicate. Separate phylogenetic analyses were
conducted for both cpDNA and ITS. Upon

inspection, no well-supported incongruences
between the individual topologies were noted (i.e.
hard incongruences; Mason-Gamer and Kellog
1996, Wendel and Doyle 1998). Therefore the data
sets were combined and analyzed as described
above. The phylogenetic distribution of annual/
herbaceous versus perennial/woody habit was
investigated. For each species, these features were
determined by personal observation of the species
occurring on the Canary Islands or by using recent
monographs and floras (Kunkel 1977, Bramwell
and Bramwell 1990) for species found elsewhere.
Using MacClade (Maddison and Maddison 1992),
data were traced onto the strict consensus tree
resulting from parsimony analyses of a combined
cpDNA/ITS data set. Biogeography was similarly
investigated by plotting the insular distribution of
each species onto the strict consensus tree.

Results

ITS sequence data. The aligned data matrix
for ITS1-5.8S-ITS2 is 690 characters in length,
of which 123 characters are variable and 64 are
potentially parsimony-informative. A total of
seven indels were observed in the ITS data set
ranging in size from one to six base pairs. Of
the seven indels inferred, three were autapo-
morphic. The presence/absence of these indels
were not included in the analysis. Homoplasy
in the data set was low as measured by
CI = 0.9258 (including all characters),
CI = 0.8111 (excluding uninformative char-
acters), and RI = 0.8885. Parsimony analyses
of these data recovered 126 minimum-length
trees of 229 steps, all located on a single island.
A strict consensus tree is provided (Fig. 2).
Multiple searches using different sets of “‘start-
ing trees” from our initial searches all resulted
in topologies that were identical. Parsimony
analyses recovered four clades receiving mod-
erate to strong bootstrap support (Fig. 2). The
first is a well-supported clade (99% bootstrap)
comprising of A. divaricatum and A. dumosum,
which is sister to a clade (75% bootstrap) of
A. bethencourtianum and A. tortuosum. A
third clade (65% bootstrap) is comprised
of A. villosum and A. pachycaulon subsp.
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Fig. 2. Strict consensus of 5000 minimum-length trees resulting from parsimony analyses of ITS sequence
variation (229 steps; C.I. =0.9258). Relative support for the clades recovered is indicated by bootstrap values
(greater than 50%) using 500 replicates of bootstrapping with TBR branch swapping

pachycaulon. Sister to this clade is a large clade
(75% bootstrap) composed of A. pachycaulon
subsp. parviflorum, A. pachycaulon subsp.
immaculatum, two individuals of 4. pachycau-
lon subsp. praetermissum, A. pachycaulon
subsp. gonzalez-hernandezii, A. punctatum,
A. porphyrogennetos, and A. parlatorei.
Although recovered with moderate to high
support, phylogenetic relationships within the
clade are not resolved robustly.

trnL-trnF sequence data. The aligned data
matrix for the trnL-trnF spacers/intron is 8§98
characters in length, of which 48 characters are
variable and 21 are potentially parsimony-
informative. A total of six indels were observed
in the cpDNA data set ranging in size from
one to nine base pairs. Of the six indels
inferred, four were autapomorphic. The pres-
ence/absence of these indels were not included
in the analysis. Homoplasy in the data set is
low as measured by CI = 0.9726 (including all
characters), CI = 0.9200 (excluding uninfor-
mative characters), and RI = 0.9474. Parsi-
mony analyses of these data recovered 73 min-

imum-length trees of 73 steps, all located on a
single island. Parsimony analyses recovered
four moderate to well-supported clades
(Fig. 3). The first is comprised of A. divarica-
tum and A. dumosum (87%). Sister to this
strongly supported clade is A. villosum. There
is moderate support for the grouping of A4.
pachycaulon subsp. pachycaulon, A. pachycau-
lon subsp. immaculatum, and A. benthencour-
tianum. A third well-supported clade (88%) is
comprised of A. pachycaulon subsp. parvifilo-
rum, two individuals of A. pachycaulon subsp.
praetermissum, A. porphyrogennetos, and A.
parlatorei. Finally, there is moderate support
(79% bootstrap) for a clade is comprised of A.
pachycaulon subsp. gonzalez-hernandezii and
A. punctatum. Three species, 4. tortuosum, A.
palmense, and A. laxum, are unresolved in our
cpDNA analyses.

Combined analyses. The combined ITS/
cpDNA data set includes 1588 characters, of
which 256 characters were variable and 85
were potentially parsimony-informative. Par-
simony searches retrieved 294 minimum-length
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Fig. 3. Strict consensus of 5000 minimum-length trees resulting from parsimony analyses of cpDNA sequence
variation (73 steps; C.I1.=0.9200). Relative support for the clades recovered is indicated by bootstrap values
(greater than 50%) using 500 replicates of bootstrapping with TBR branch swapping

trees of 307 steps that were all located on a
single island. Homoplasy in the combined data
set appears to be low with CI = 0.9218
(including all characters), CI = 0.8000
(excluding uninformative characters), and
RI = 0.7082. Analyses of the ITS/cpDNA
data set yielded a topology (Fig. 4) that was
similar to that obtained from the analyses of
the individual ITS and cpDNA data sets. A
total of six clades receiving bootstrap support
of 50% or greater were recovered in the
combined ITS/cpDNA analyses. Similar to
the separate analyses, a clade comprised of
A. divaricatum and A. dumosum is recovered
with strong bootstrap support (100%). Aichry-
son villosum and A. pachycaulon subsp. pachy-
caulon form a weakly-supported clade (50%).
A large well-supported (96%) clade comprised
of A. pachycaulon subsp. parviflorum, two
individuals of A. pachycaulon subsp. praeter-
missum, A. porphyrogennetos, and A. parlatorei
is recovered, although relationships within the
clade are poorly resolved. A grouping of the

same five taxa is also recovered in the cpDNA
analyses and these taxa are part of a larger
clade in the ITS analyses. A clade receiving
strong support (92%) comprised of A. punct-
atum and A. pachycaulon subsp. gonzalez-
hernandezii is sister to A. pachycaulon subsp.
immaculatum; this clade is also present in the
cpDNA analyses. A clade of 4. laxum and A.
palmense is only recovered in the combined
analyses and is moderately supported (71%).
A clade, which is comprised of 4. bethencour-
tianum and A. tortuosum, receives moderate
support (69%). This relationship is also recov-
ered in the analyses of the ITS data set.

Discussion

Our analyses recover six major clades within
Aichryson (Fig. 4). The monophyly of this
genus is strongly supported (100%) as has
been previously indicated in other studies of
the Macaronesian Clade (Ham and ‘t Hart
1998; Mort et al. 2001, 2002). Morphological
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characters (i.e. large digitate nectary glands)
which are not found among other genera in the
Macaronesian Clade, a base chromosome
number of x = 15 in most taxa, as well as
an annual, herbaceous habitat (except for A.
bethencourtianum and A. tortuosum), also are
apparent synapomorphies supporting the
monophyly of Aichryson (Mort et al. 2002).
Within Aichryson two lineages are recov-
ered that correspond to habit and growth
form. The first lineage comprises species that
display a woody/perennial habit (A. bethen-
courtianum and A. tortuosum). These two
species are perennial sub-shrubs and can be
distinguished from one another by leaf form.
Aichryson tortuosum has sessile leaves, whereas
A. bethencourtianum has leaves that are petio-
late (Bramwell 1977). The second lineage
recovered consists of the herbaceous, annual
members of the genus. Within this lineage, five
clades receiving moderate to strong support
are resolved. Of the three Aichryson species
that are not endemic to the Canarian Archi-

pelago, two of these species (A. divaricatum
and A. dumosum) form a well-supported clade
(100%). These two species display similar
growth forms and are both glabrous. In
addition to these morphological similarities,
both A. divaricatum and A. dumosum are
endemic to the island of Madeira. Unlike
A. divaricatum and A. dumosum, A. villosum,
the other non Canary Island endemic, occurs
on all three islands comprising the Madeiran
Archipelago as well as on the island of Santa
Maria (Azores). Aichryson villosum differs
from A. divaricatum and A. dumosum in leaf
vestiture by being densely pubescent. A. villo-
sum forms a weakly supported clade (50%
bootstrap) with A. pachycaulon subsp. pachy-
caulon. Unlike A. villosum, A. pachycaulon
subsp. pachycaulon is glabrous and shares
no obvious morphological similarities with
A. villosum. Chromosomal differences also
occur between these two taxa. A. villosum
has a base chromosome number of x = 30
(Uhl 1963), whereas A. pachycaulon subsp.
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pachycaulon has a base chromosome number
of x = 17 (Bramwell 1977).

Our analyses recover a large well-sup-
ported clade (96%) comprised of A. pachycau-
lon subsp. parviflorum, two individuals of A.
pachycaulon subsp. praetermissum, A. porphyro-
gennetos, and A. parlatorei. Two taxa within
this clade, A. porphyrogennetos and A. parlato-
rei, share several morphological characters and
can be found on the same island (Gran Cana-
ria). Both 4. porphyrogennetos and A. parlatorei
are densely pubescent and have an obovate leaf
lamina (i.e. broadest at or above the middle of
the blade) as opposed to the more typical ovate
shaped leaf (Bramwell 1977). Another feature
that has been used in distinguishing these two
taxa is that A. porphyrogennetos has a purple
hue throughout the entire plant whereas A.
parlatorei is only purple throughout the stem;
other species of Aichryson lack this feature
completely. Sister to this large clade is a clade
(92%) comprised of A. punctatum and A.
pachycaulon subsp. gonzalez-hernandezii, with
A. pachycaulon subsp. immaculatum as sister to
this subclade. Several suites of morphological
and chromosomal characters are shared be-
tween these two taxa. Both A. punctatum and A.
pachycaulon subsp. gonzalez-hernandezii are
glabrous and have rhomboidal to broadly ovate
leaves (Bramwell 1977). Aichryson punctatum
has a base chromosome number of x = 17 and
has been hypothesized to be one of the parents
of the putative allopolyploid A. pachycaulon
subsp. gonzalez-hernandezii, which has a chro-
mosome number of n= 34 (Bramwell 1977).
This hypothesis is plausible and will be one of
the foci of our future work within Aichryson.

Evolution of habit. The evolution of a
woody habit within insular plant groups is a
subject of considerable interest among island
plant biologists. Over the years, two views
have prevailed regarding the origin and evolu-
tion of insular woodiness. One view is that
woody insular taxa are actually relicts of
extinct continental species (Bramwell 1972,
1976), and the other hypothesis is that woody
island plants are derived from herbaceous
continental ancestors (i.e. insular woodiness;

Carlquist 1965, 1974; Baldwin 1997; reviewed
by Baldwin et al. 1998). Many molecular
phylogenetic studies of insular plants provide
support for Carlquist’s view of insular wood-
iness in endemic plant lineages. For example,
insular woodiness is documented in the Hawai-
ian silversword alliance (Baldwin et al. 1990,
Baldwin 1997), the Hawaiian lobelioids (Giv-
nish et al. 1996), and Dendroseris D. Don
(Asteraceae) and Robinsonia DC. (Asteraceae)
from the Juan Fernandez Islands (Crawford
et al. 1993, Sang et al. 1994). Although Carl-
quist’s view of insular woodiness appears to
prevail in most island plant lineages, there are
also clear examples of relictual woodiness
island plant lineages (Carlquist 1990, Tucker
and Douglas 1996). Recent molecular phylo-
genetic analyses of several nearly entire
endemic Macaronesian genera (i.e. Sonchus
L. [Asteraceae], Echium L. [Boraginaceae],
Argyranthemum Webb ex Schultz—Bip [Aster-
aceae], and Aeonium [Crassulaceae]) have indi-
cated that a woody habit has evolved from
herbaceous continental ancestors (Kim et al.
1996, Bohle et al. 1996, Francisco-Ortega et al.
2002, Mort et al. 2002). Although not as
common within Macaronesian genera, a woo-
dy relictual habit has been documented in
Canarian Lavatera L. [Malvaceae] (Ray 1995).

Within Aichryson, the evolution of a
woody/perennial habit has arisen once (4.
bethencourtianum, A. tortuosum; see Fig. 4).
The taxa that share this derived feature are
sister to the herbaceous/annual members of the
genus. This finding is congruent with previous
analyses of the Macaronesian Crassulaceae
(Mort et al. 2002). Previous authors, based
primarily on the woody habit, have suggested
placing A. tortuosum and A. bethencourtianum
in a separate genus, Macrobia (Kunkel 1977).
However, due to the morphological (i.e. pres-
ence of digitate nectary glands) and cytological
(x = 15) similarity of these species with the
herbaceous members of Aichryson, this treat-
ment has not been widely adopted. Our data
support Kunkel’s view that A. bethencourtia-
num and A. tortuosum are closely related, but
also strongly support the monophyly of
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Aichryson as a whole (Fig. 4). Considering the
similarities in morphology and cytology, it is
our opinion that A4. tortuosum and A. bethen-
courtianum should at this time be retained
within Aichryson and not placed in the segre-
gate genus Macrobia.

Classification of the Aichryson pachycaulon
group. Recent taxonomic treatments of Ai-
chryson pachycaulon (Bramwell 1977) recog-
nize five subspecies. Each subspecies is
endemic to a single island and grows in similar
habitats (usually mesic) on each island.
Though many of the taxa in the pachycaulon
group share morphological similarities such as
the lack of pubescence differences can be
observed. For example, floral diameter ranges
from <9 mm to 15 mm in this group, and in
one subspecies black glands can be found on
the leaf margins. Chromosome number differ-
ences also occur within this group with haploid
numbers ranging from » = 17 to 32, and 34
(Bramwell 1977).

Our analyses place the taxa comprising the
pachycaulon group in three separate clades
(Fig. 4). The first is a weakly supported clade
(50%) composed of A4. villosum and A. pachy-
caulon subsp. pachycaulon. The remaining taxa
comprising the pachycaulon group are placed
in either a large well-supported clade (96%),
which includes A. pachycaulon subsp. parviflo-
rum, two individuals of A. pachycaulon subsp.
praetermissum, A. porphyrogennetos, and A.
parlatorei, or in a well-supported sister clade
(92%) including A. pachycaulon subsp. gonz-
alez-hernandezii and A. punctatum. Sister to A.
pachycaulon subsp. gonzalez-hernandezii and
A. punctatum is A. pachycaulon subsp. immac-
ulatum.

Bramwell (1977), based primarily upon
chromosome numbers and morphology, sug-
gested that A. punctatum might be one of the
parentals of the putative tetraploid species A.
pachycaulon subsp. gonzalez-hernandezii and
the putative tetraploid species A. pachycaulon
subsp. praetermissum. He also suggested that
A. punctatum could also be the parent of
A. pachycaulon subsp. immaculatum and
A. pachycaulon subsp. parviflorum. Aichryson

laxum, A. parlatorei, and A. palmense were also
considered to be possible parents of 4. pachy-
caulon subsp. immaculatum and A. pachycaulon
subsp. parviflorum (Bramwell 1977). Our com-
bined analyses recover a strongly supported
clade (92%) comprising A. punctatum and
A. pachycaulon subsp. gonzalez-hernandezii
with A. pachycaulon subsp. immaculatum sister
to this clade. Thus, these data suggest that 4.
punctatum is closely related to 4. pachycaulon
subsp. gonzalez-hernandezii and A. pachycau-
lon subsp. immaculatum. However, A. puncta-
tum does not appear to be closely related to A.
pachycaulon subsp. praetermissum, A. pachy-
caulon subsp. parviflorum, or A. pachycaulon
subsp. pachycaulon as has been previously
suggested (Bramwell 1977).

A second strongly supported clade (96%)
recovered consists of A. parlatorei, A. porphyr-
ogennetos, two individuals of A. pachycaulon
subsp. praetermissum, and A. pachycaulon
subsp. parviflorum. Although the relationships
within this clade are unresolved, inferences can
be made as to previous hypotheses regarding
taxa comprising this clade. Firstly as men-
tioned above, 4. punctatum is not closely
related to A. pachycaulon subsp. parviflorum
as has been previously suggested (Bramwell
1977). Secondly, A. parlatorei can be consid-
ered to be more closely related to 4. pachycau-
lon subsp. parviflorum than to A. pachycaulon
subsp. immaculatum. Aichryson porphyrogen-
netos, which has never been considered as
closely related to members of the Aichryson
pachycaulon group, appears to be a close
relative to at least a portion of this group.
Aichryson palmense and A. laxum form a clade
(71%) that is distinct from the members of the
pachycaulon group. Bramwell (1977) hypothe-
sized that A. pachycaulon subsp. immaculatum
and A. pachycaulon subsp. parviflorum were
possible progeny of A. palmense or A. laxum,
but the data presented here do not support this
hypothesis. Finally, A. pachycaulon subsp.
pachycaulon, which does not form a sister
relationship to any other member of the
pachycaulon group is found to be more closely
related to Aichryson villosum with weak sup-
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port (50%). This relationship is somewhat
surprising, in that no obvious morphological
or cytological character seem to unite this
group.

Biogeography. The combined cpDNA and
ITS analyses provide the first estimate of
phylogeny for Aichryson and permit an inves-
tigation of the biogeographical patterns dis-
played by the extant members of Aichryson.
Our data suggest that the islands of Fuert-
eventura and Lanzarote were the first islands
to be colonized by Aichryson. This scenario
would seem to be most likely due to the fact
that the two closest relatives of Aichryson,
Sedum jaccardianum and Sedum modestum,
occur in Morocco, which is approximately
100 km from Fuerteventura.

Recent phylogenetic studies of other genera
of the Canary Islands reveal a close biogeo-
graphic affinity between the five western-most
islands of the Canary Archipelago and
Madeira (e.g. Panero et al. 1999, Mort et al.
2002). The sister relationship of A. villosum
(Madeira, Azores) and A. pachycaulon subsp.
pachycaulon (Fuerteventura) suggest a biogeo-
graphic link between the eastern-most Canary
Islands. In fact, our data suggest two indepen-
dent dispersal events from the Canary Archi-
pelago to the islands comprising Madeira.
However, these conclusions are preliminary
and additional data and increased taxon sam-
pling is required to assess the biogeographic
patterns more robustly. This pattern of bioge-
ography seems to be relatively rare, and
appears to have been reported in only one
other known genus, (Crambe; Brassicaceae)
(Francisco-Ortega et al. 2002).

Patterns of biogeography for the Canary
Island endemic Aichryson are much more
complex than that of the Madeiran taxa. As
mentioned above, the two eastern-most islands
were the first to be colonized by Aichryson,
with subsequent dispersal to the five western-
islands, but the dispersal patterns to these
islands remains unclear. In part, the limited
ability to assess biogeographic patterns among
the Canary Island members of Aichryson is
due to the low resolution/support for relation-

ships among closely related species as well as
limited taxonomic sampling at this time. The
focus of future efforts will be to collect
individuals from multiple populations that
occur on separate islands. Patterns of gene
flow between these populations will then be
investigated using hyper-variable DNA mark-
ers (i.e. ISSR’s, and AFLP’s) to ascertain the
patterns of biogeography exhibited by Aichry-
son. In any case, what can be established is that
the island of La Palma is the center of diversity
for Aichryson. This pattern differs from other
genera comprising the Macaronesian clade of
Crassulaceae in which the larger, more cen-
trally located island of Tenerife is the center of
diversity.
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