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Abstract. The genera Antiphytum, Echiochilon, Og-
astemma and Sericostoma, which have been difficult
to place within the tribes of the subfamily Bora-
ginoideae (Boraginaceae), are analysed using plas-
tid atpB sequence data. A selection of Boraginaceae
genera was used to obtain a framework for the
phylogenetic position of Antiphytum, Echiochilon,
Ogastemma and Sericostoma. Sericostoma is
found to belong within Echiochilon. The new tribe
Echiochileae, Boragineae and Lithospermeae are
monophyletic but the tribes Eritrichieae and
Cynoglosseae are paraphyletic. The biogeography
of Echiochileae (Echiochilon and Ogastemma from
Africa and western Asia, and Antiphytum from
America) is discussed.

Key words: Antiphytum, Echiochilon, Ogastemma,
Sericostoma, Boraginaceae, Echiochileae phylo-
geny, atpB, tribes, biogeography.

Boraginaceae is a family of herbs, shrubs and
trees with a cosmopolitan distribution. The
family comprises ca 130 genera and 2300
species (Mabberely 1997). Boraginaceae has
for a long time provided a set of controversial
phylogenetic problems at different taxonomic
levels. For example, the sister group relation-

ships for Boraginaceae (in the euasterid I
clade) are uncertain, as either Gentianales,
Lamiales, Solanales, or various combinations
of these orders could be the sister to Boragin-
aceae (Olmstead et al. 2000, Savolainen et al.
2000, Soltis et al. 2000, Albach et al. 2001).
Hydrophyllaceae is a mainly new world

family of herbs and shrubs with ca 18 genera
and 270 species (Mabberley 1997), character-
ised by capsular fruits. Boraginaceae and
Hydrophyllaceae have long been considered
to be closely related, and recent molecular
studies using rbcL indicate that Hydrophylla-
ceae is nested within Boraginaceae s. lat. (e.g.
Olmstead et al. 1992, 1993; Chase et al. 1993).
This was supported by a more inclusive study
of Hydrophyllaceae based on ndhF sequence
data (Ferguson 1999), and by phylogenetic
analysis of the secondary structure of ITS1,
(Gottschling et al. 2001), which also supported
the inclusion of the new world parasitic
family Lennoaceae in Boraginaceae s. lat.
Consequently, the Boraginaceae subfamilies
Cordioideae, Ehretioideae, Heliotropioideae,
Boraginoideae (recognised mainly on gynoe-
cium characters; e.g. Gürke 1897) and Well-
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stedioideae (sensu Pilger 1912) are by some
authors treated as families (e.g. Hutchinson
1969, Heywood 1993, Gottschling et al. 2001,
Diane et al. 2002). In this article Boraginaceae
is used for the family in its widest sense.
Boraginoideae, the largest subfamily of

Boraginaceae, has variously been divided into
4–c. 20 tribes (e.g. Popov 1953, 12 tribes), even
though most authors have accepted only four
to seven tribes (Table 1). Some authors have
recognised the tribe Echieae (de Candolle
1846, Baillon 1888, Gürke 1897, Popova and
Zemskova 1995, Retief and Van Wyk 1997).
De Candolle (1846) and Popova and
Zemskova (1995) used the monogeneric tribe
Cerintheae and de Candolle (1846) did not
recognise the tribe Eritrichieae and treated the
species usually included in Eritrichieae as
Cynoglosseae.
Examples of genera with uncertain posi-

tions within Boraginoideae are Antiphytum
DC. ex Meisn., Echiochilon Desf., Ogastemma
Brummitt and Sericostoma Stocks ex Wight.
They are here treated together because mor-
phological characters indicate that they might
be closely related (Johnston 1957). Echiochilon,
Ogastemma and Sericostoma were morpholog-
ically revised by Lönn (1999). They grow in
dry, sandy, stony or rocky habitats ranging
from Fuerteventura of the Canary Islands
(only Ogastemma) over northwestern Africa,
northern Africa, the Horn of Africa, the
Arabian Peninsula and along the coast to
India (only Sericostoma; detailed maps in
Lönn 1999).

Echiochilon has been variously allocated to
three different tribes, Echieae, Eritrichieae and
Lithospermeae. Some authors (e.g. Baillon
1888, Verdcourt 1991) have clearly expressed
their doubts regarding the tribal position of
Echiochilon. Baillon (1888) for instance wrote
that Echiochilon could artificially be assigned
to Echieae, but in some characters (nutlet
characters) it shows similarities with the mem-
bers of Eritrichieae. Johnston (1924) placed
Echiochilon in Lithospermeae but later (John-
ston 1957) stated its relationships to be
unclear. Sauvage and Vindt (1954) and

Verdcourt (1991) tentatively placed Echiochi-
lon in Eritrichieae. Until Johnston (1957), none
of the species of Echiochilon with actinomor-
phic flowers were placed in Echiochilon but
rather in Sericostoma s. lat. (Table 1).

Sericostoma was until 1967 mostly placed
in Lithospermeae and Echiochilon in Echieae,
Eritrichieae or Lithospermeae, but Johnston
(1957) suggested that Echiochilon, Ogastemma
and Sericostoma are closely related to each
other and to the New World genus Antiphy-
tum. In 1967, Riedl formed the new tribe
Trigonotideae (Riedl 1967) in which he includ-
ed Sericostoma s. str. among other genera. He
also included Antiphytum in his new tribe, but
kept Echiochilon in Eritrichieae. Riedl did not
mention Ogastemma, which traditionally has
been placed in Eritrichieae, in his early
Trigonotideae circumscriptions (Riedl 1967,
1968) but in a later treatment he included
Ogastemma in Trigonotideae (Riedl 1997).
The gene used in this study, atpB, is a

plastid gene that codes for the beta subunit of
ATP synthase. It has been used for recon-
struction of angiosperm phylogeny in several
groups and has been useful in shedding light
on problems similar to those addressed in this
study (Hoot et al. 1995, Hoot et al. 1997,
Chase et al. 1999). The gene atpB has a similar
rate of evolution to that of rbcL (Hoot et al.
1995, Savolainen et al. 2000).
The major goals of this paper are to

investigate the phylogenetic positions of An-
tiphytum, Echiochilon, Ogastemma and Seri-
costoma within Boraginaceae (including the
interrelationships of the genera) by sampling
the subfamilies of Boraginaceae, the tribes of
Boraginoideae and putative close relatives
of Antiphytum, Echiochilon, Ogastemma and
Sericostoma.

Material and methods

DNA extraction. Total genomic DNA was extract-
ed from fresh or silica-gel dried leaves, seeds or
herbarium material, using a modification of the 2X
CTAB extraction protocol of Doyle and Doyle
(1987). The DNA was purified by CsCl2–ethidium
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bromide gradient centrifugation (1.5 g/ml) followed
by dialysis.

Amplification and sequencing. The atpB gene
was in most cases amplified as one fragment using
the primers of Hoot et al. (1995; S2, S1494R), and
the amplified product was purified using QIA-
quick� columns according to the manufacturer’s
protocol. Some samples (i.e. Tiquilia) had to be
amplified in two separate fragments using primer
pairs S2, S766R and S611, S1494R (Hoot et al.
1995). The atpB gene was sequenced with the same
four primers as used for PCR using PRISM� Dye
Terminator Cycle Sequencing Ready Reaction Kit
(Applied Biosystem, Inc.), and for some samples
DYEnamic ET Terminator Cycle sequencing Kit
(Amersham Pharmacia Biotech) on a MegaBACE
1000 (Amersham Pharmacia Biotech) according to
the manufacturer’s protocols. Sequence assembly
and editing was made using Sequencher� (Gene
Codes Corporation), and sequence alignment was
done by eye (there was no length variation among
the taxa selected).

Selection of taxa. The 38 ingroup taxa were
selected from each of the seven tribes of the
subfamily Boraginoideae following Riedl (1967)
and Al-Shehbaz (1991): Boragineae, Cynoglosseae,
Eritrichieae, Lithospermeae, Myosotideae, Trigo-
notideae and Trichodesmeae; a few from each of
the Boraginaceae subfamilies Cordioideae, Ehreti-
oideae and Heliotropioideae and some from the
Hydrophylloideae tribes Hydrophylleae, Nameae,
Phacelieae and Wigandieae were also included. The
ingroup taxa are presented in Table 1 together with
other taxa from the tribes of Boraginoideae. The
outgroup taxa (in all 12 genera) were chosen from
Savolainen et al. (2000); members from Solanales,
Lamiales and Gentianales were chosen because
these have been indicated to be most closely related
to Boraginaceae (e.g. Chase et al. 1993, Olmstead et
al. 1993, Savolainen et al. 2000, Soltis et al. 2000),
and Garrya Douglas ex Lindl. and Oncotheca Baill.
were selected as outgroups according to earlier
analyses and classifications (APG 1998, Savolainen
et al. 2000, Soltis et al. 2000). Vouchers or source
and accession numbers are presented in Table 2.
The aligned data matrix is available from the
corresponding author on request. The Antiphytum
species analysed originates from North America.

Phylogenetic analysis. The data were analysed
under the maximum parsimony criterion using
PAUP* ver. 4.0b4a (Swofford 1998) for Macintosh

Power PC. A heuristic search was performed with
1000 replicates of random taxon entries. TBR (tree–
bisection–reconnection) and MULPARS (all most–
parsimonious trees are kept) were used, with all
characters equally weighted and unordered (Fitch
parsimony; Fitch 1971). Bootstrap resampling was
performed with 10 000 replicates, using TBR swap-
ping with ten random taxon entries per bootstrap
replicate andMULPARS off. The following catego-
ries are used to describe the bootstrap results: 50–74,
weakly supported; 75–84, moderately supported;
85–100, well supported.

Results

The matrix contained 50 taxa and 1469
characters, of which 246 were potentially
phylogenetically informative. The heuristic
search produced 779 trees of 879 steps with a
consistency index (CI) of 0.60 and a retention
index (RI) of 0.76. One of the trees (arbitrarily
chosen) is shown in Fig. 1, with branch lengths
below (ACCTRAN optimisation) and boot-
strap percentages (BP) above the branches,
and with clades absent from the strict consen-
sus tree indicated by dotted lines. Boraginoi-
deae (clade B) is a well-supported clade (BP
100), and support for Boraginaceae s. lat.
(including Hydrophyllaceae), is also high
(clade A; BP 98). Hydrolea L. is included in
Solanales. Within Boraginoideae the clade
corresponding to tribe Boragineae (clade C)
is well supported (BP 100), the genera of
Cynoglosseae and Eritrichieae are mixed to-
gether in a moderately supported clade (clade
H; BP 84), and the Lithospermeae, including
Echium L. and Cerinthe L. (excluding Antiphy-
tum, Echiochilon, Ogastemma and Serico-
stoma), form a clade (F) with moderate
support (BP 83). Antiphytum, Echiochilon,
Ogastemma and Sericostoma form a moder-
ately supported clade (clade E; BP 84).
Omphalodes Miller has an isolated position
and Myosotis L. falls in the combined Eri-
trichieae/Cynoglosseae clade (clade H). Tricho-
desma R.Br. is the only representative of
Trichodesmeae (Riedl 1967, 1968; A1-Shehbaz
1991), and it is the sister to clade H (the
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Table 2. Taxonomy, vouchers or source, accession numbers and databank numbers for the species used in the analyses. The subfamilies and tribes
of Boraginaceae follow Al-Shehbaz (1991) except for two cases marked with an asterisk (* follow Riedl 1997). The tribes of Hydrophyllaceae
(Hydrophylleae, Nameae and Phacelieae) follow Bentham and Hooker (1876)

Family Subfamily/tribe
for Bor. and Hydr.

Species Voucher/source EMBL/Genbank

Antirrhinaceae Antirrhinum majus L. Savolainen et al. 2000 AJ235395
Apocynaceae Dischidia lanceolata Decne. Savolainen et al. 2000 AJ235458
Bignoniaceae Catalpa bignonioides Walt. Savolainen et al. 2000 AJ235428
Boraginaceae Boragineae Anchusa officinalis L. Chase 6054 (K) AJ504808
Boraginaceae Boragineae Borago officinalis L. Chase 2746 (K) AJ504810
Boraginaceae Boragineae Nonea versicolor Sweet Lönn 201(UPS) AJ504831
Boraginaceae Boragineae Pentaglottis sempervirens (L.)

L. H. Bailey
Chase 6058 (K) AJ504836

Boraginaceae Cordioideae Cordia macrostachya
Roem. & Schult.

Chase 6059 (K) AJ504813

Boraginaceae Cordioideae Patagonula americana L. Hilger, Medan and
Roitman ARG 95/1 (BSB)

AJ504835

Boraginaceae Cynoglosseae Cynoglossum officinale L. Sennblad sn. (K) AJ504815
Boraginaceae Cynoglosseae Lindelofia longiflora Baill. Chase 6062 (K) AJ504825
Boraginaceae Cynoglosseae Omphalodes verna Moench Chase 6064 (K) AJ504833
Boraginaceae Cynoglosseae Pardoglossum cheirifolium (L.)

Barbier & Mathez
Chase 6065 (K) AJ504834

Boraginaceae Cynoglosseae/ Trichodesma scottii Balf.f. Chase 2912 (K) AJ504842
Trichodesmeae*

Boraginaceae Ehretioideae Ehretia cymosa Thonn. Chase 6162 (K) AJ504820
Boraginaceae Ehretioideae Saccellium lanceolatum

Humb. & Bonpl.
Hilger, Medan and
Roitman ARG 95/39 (BSB)

AJ504838

Boraginaceae Ehretioideae Tiquilia plicata (Torr.)
A. T. Richardson

Hilger 19/7/1994 (BSB) AJ504840

Boraginaceae Eritrichieae Cryptantha virgata Payson Chase 6092 (K) AJ504814
Boraginaceae Eritrichieae Lappula squarrosa Dum. Chase 6549 (K) AJ504824
Boraginaceae Eritrichieae/

Trigonotideae*
Ogastemma pusillum
(Coss. & Durieu ex

Boulos and cope
17614 (K)

AJ504832

Bonnet & Barratte) Brummitt
Boraginaceae Heliotropioideae Heliotropium lasiocarpum

Fisch. & Mey.
Chase 6091 (K) AJ504822
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Table 2 (continued)

Boraginaceae Heliotropioideae Heliotropium messerschmidioides
Gürke

Chase 6025 (K) AJ504841

Boraginaceae Hydrophylleae Hydrophyllum canadense L. Chase 2548 (K) AJ504823
Boraginaceae Hydrophylleae Nemophila insignis Benth. Chase 6550 (K) AJ504830
Boraginaceae Lithospermeae Buglossoides purpureo-caeruleum (L.)

I. M. Johnst.
Chase 6055 (K) AJ504811

Boraginaceae Lithospermeae Cerinthe major L. Chase 6056 (K) AJ504812
Boraginaceae Lithospermeae Cystostemon heliocaris (S. Moore)

A. G. Miller & H. Riedl
Thulin, Dahir and
Osman 9427 (UPS)

AJ504816

Boraginaceae Lithospermeae Echium vulgare L. Chase 6061 (K) AJ504819
Boraginaceae Lithospermeae Lithodora diffusa I. M. Johnst. Chase 6063 (K) AJ504826
Boraginaceae Lithospermeae Lithospermum arvense L. Lönn 200 (UPS) AJ504827
Boraginaceae Lithospermeae Lobostemon fruticosus Buek Chase 6090 (K) AJ504828
Boraginaceae Myosotideae Myosotis arvensis (L.) Hill Chase 6057 (K) AJ504829
Boraginaceae Nameae Wigandia caracasana Kunth Chase 6060 (K) AJ504843
Boraginaceae Phacelieae Emmenanthe penduliflora Benth. Chase 6093 (K) AJ504821
Boraginaceae Phacelieae Phacelia grandiflora A. Gray Chase 6551 (K) AJ504837
Boraginaceae See Table 1 Echiochilon collenettei I. M. Johnst. Thulin and Warfa

6199 (UPS)
AJ504817

Boraginaceae See Table 1 Echiochilon kotschyi
(Boiss. & Hohen.) I. M. Johnst.

Thulin, Eriksson, Gifri and
Långström 8231 (UPS)

AJ504818

Boraginaceae Trigonotideae Antiphytum hintoniorum
L. C. Higgins & B. L. Turner

Patterson 7475 (NY) AJ504809

Boraginaceae Trigonotideae Sericostoma pauciflorum
Stocks ex Wight

Rechinger 28501 (S) AJ504839

Boraginaceae Trigonotideae Trigonotis brevipes Maxim. Fukoka 77 (WU) AJ504845
Boraginaceae Trigonotideae Trigonotis peduncularis

(Trevir.) Benth.
Tyson 4900 (WU) AJ504844

Convolvulaceae Ipomoea mauritiana Jacq. Savolainen et al. 2000 AJ235505
Garryaceae Garrya elliptica Douglas Savolainen et al. 2000 AJ235479
Hydroleaceae Hydrolea sp. Chase 3245 (K) AJ504846
Oleaceae Jasminum polyanthum Franch. Savolainen et al. 2000 AJ235508
Oncothecaceae Oncotheca balansae Baill. Savolainen et al. 2000 AJ235549
Rubiaceae Cinchona pubescens Vahl. Savolainen et al. 2000 AJ235434
Solanaceae Nicotiana tabacum L. Deno et al. 1983 V00162
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combined Eritrichieae/Cynoglosseae), forming
a weakly supported clade (clade G; BP 70)
together with clade H.

Discussion

Four main conclusions can be drawn from this
study. 1: The family Boraginaceae and Boragi-
noideae are well supported, as are the com-
ponent tribes Boragineae and Lithospermeae
(the latter only moderately supported). 2:
Cynoglosseae and Eritrichieae form a clade
with the genera interdigitated. 3: The genera
Antiphytum, Echiochilon, Ogastemma, and Ser-
icostoma form a clade (BP 84) with uncertain
relationships to the other tribes, hence a
new tribe is formed. 4: The monotypic genus
Sericostoma is sunk into Echiochilon, and a
new combination needs to be made.

Boraginaceae and Boraginoideae. The cla-
distic analysis of atpB gene sequences of
Boraginaceae gives strong support for Bora-
ginaceae s. lat. and for Boraginoideae. Bora-
ginoideae is marked by a long branch (31
steps) and strong bootstap support (BP 100).
The reason for this branch being so long might
be that the subfamily has experienced rapid
evolution or that the split occurred a long time
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Fig. 1. One of the 779 most parsimonious trees (879
steps, CI=0.60, RI=0.76) from analysis of the atpB
data from 50 taxa. Node B corresponds to Boragi-
noideae. Numbers above the branches are bootstrap
percentages, the nodes lacking numbers received less
that 50% bootstrap support. Numbers below the
branches are estimated numbers of substitutions
(ACCTRAN optimisation). Groups not present in
the strict consensus tree are indicated with dotted
lines. Classification according to Al-Shehbaz (1991)
and Riedl (1997) in Table 1 abbreviated as follows:
the tribes of Boraginoideae: Bo Boraginae, Cy
Cynoglosseae, Er Eritrichieae, Li Lithospermeae,
My Myosotideae, Td Trichodesmeae, Tr Trigonoti-
deae; the subfamilies of Boraginaceae except Borag-
inoideae: BC Cordioideae, BE Ehretioideae, BH
Heliotropioideae; HH Hydrophylleae, HN Nameae,
HP Phacelieae, HW Wiganideae. Alternative or
earlier classifications are written within parenthesis

c
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ago. Morphologically the subfamily is distinct
with a deeply four-lobed ovary maturing to
four nutlets and a basifixed style sometimes
leaving a conical or subulate structure (gyno-
base) bearing the style in the centre between
the seperating nutlets. The term gynobase is
also often used for the area where the style and
the nutlets are attached whether it is protrud-
ing or not.
Boragineae have BP 100 and is character-

ised by usually well-developed faucal append-
ages, a simple style with one or two stigmas,
nutlets with a basal attachment scar often with
an annular rim around it and a flat gynobase.
Lithospermeae is moderately supported (BP
83), and the analysis of atpB supports the
classical delimitation of the tribe with just
a few genera excluded (e.g. Echiochilon and
Antiphytum). Lithospermeae has the style
usually divided at the apex with two to four
stigmas, combined with nutlets with a broad
basal attachment scar and a flat gynobase.

Cynoglosseae and Eritrichieae. Cynoglos-
seae and Eritrichieae form a moderately sup-
ported clade together, with their respective
genera interdigitated. These two tribes share
many morphological characters (Riedl
1997) and have in several investigations (e.g.
Hilger 1985) been treated as sister taxa.
Characters used for separating them were e.g.
the usually well developed faucal appendages
(scales or swellings partly closing the throat)
and nutlets with an apical or subapical attach-
ment of Cynoglosseae, compared to the mem-
bers of Eritrichieae sometimes lacking faucal
appendages and having dorsally keeled nutlets
with a submedial attachment. Both have an
undivided style with one stigma and usually
striking appendages or wings on the nutlets.
They also have heterocolpate pollen, unlike
Lithospermeae and Boragineae which have
colporate pollen. In this analysis, the genera
of the two tribes are mixed. Further studies are
needed to determine the position of Eritrich-
ium Schrad. Cynoglosseae (W.D.J. Koch, Syn.
Fl. Germ. Helv.: 496; 1837), which has priority
over Eritrichieae (Gürke in Engler. and
Prantl., Die natürlichen pflanzenfamilien 4

(3a): 81; 1893) will be used for clade H in the
further text.

Myosotis has in recent works been accepted
as forming its own tribe, Myosotideae (Popov
1953, Riedl 1967, Al-Shehbaz 1991), based on
having the corolla lobes contorted in bud, rare
character in Boraginoideae, smooth and often
laterally compressed nutlets with a basal
attachment, and a flat gynobase. In our
analysis Myosotis fell within Cynoglosseae.
Myosotis has heterocolpate pollen as in the rest
of Cynoglosseae and also an undivided style
with one stigma.
The position of Omphalodes, which has

been referred to Eritrichieae, is unresolved
within Boraginoideae.

New tribe. The genera in clade E were
earlier placed in either Lithospermeae or
Eritrichieae, but recently three of them were
placed in Trigonotideae (Riedl 1967, 1968,
1997). Riedl (1967) formed Trigonotideae by
bringing together anomalous genera with
similar gynoecial development from Lithosper-
meae and Eritrichieae. Characters for Trigo-
notideae are smooth or tuberculate nutlets
with an angular ventral (inner) side, an attach-
ment scar basal or submedial and a flat
gynobase. Trigonotideae is not supported by
this analysis since Trigonotis is nested within
Cynoglosseae, and Antiphytum, Ogastemma,
and Sericostoma belong to the Echiochilon
clade (E).
A derived character for the Echiochilon

clade is the more or less spherical or square
pollen, compared to the heteropolar or prolate
pollen of Lithospermeae. Other diagnostic
characters are for example a bifid style with
two stigmas, a basal or submedial attachment
scar (in some cases in Antiphytum and Echio-
chilon with a short stipe-like prolongation) and
a flat to pyramidal gynobase. Both opposite
and alternate leaves are found in Antiphytum
and Echiochilon. Antiphytum (Johnston
1966) and Ogastemma have the basal leaves
opposite and the upper alternate. Well devel-
oped faucal appendages are only present in
Antiphytum. Ogastemma has five weak invag-
inations forming a ring below the limb, and the
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Echiochilon species completely lack faucal
appendages. Antiphytum and Ogastemma bear
the stigmas terminal on the style, whereas in
Echiochilon the stigmas are positioned just
below or around the bifid sterile tip of the
style. The pollen of Antiphytum (Johnston
1966) and Ogastemma (Lönn 1999) are three-
aperturate (colpate or colporate), nearly circu-
lar in equatorial view and three-sided in polar
view with the colpi on the truncate corners.
The Echiochilon pollen are two or three-
aperturate (colpate or colporate), square in
equatorial view and rectangular-rounded to
three-sided in polar view with the apertures
situated on the sides (not on the corners; Lönn
1999).

Echiochilon has always had an uncertain
position in either Eritrichieae or Lithosper-
meae but here forms a clade together with
Sericostoma (from Lithospermeae ot Trigonot-
ideae), Ogastemma (from Eritrichieae), and
Antiphytum (from Lithospermeae or Trigonot-
ideae; Cynoglosseae, de Candolle 1846), as
earlier suggested by Johnston (1957). Also
Seibert (1974) suggested in his study of fruit
morphology in Lithospermeae that Antiphy-
tum, Echiochilon and Ogastemma are closely
related to each other, and that they belong in
Lithospermeae. The sister group relation of the
Echiochilon clade (clade E) to Lithospermeae
(clade D) is weakly supoported by atpB data.
The new tribe is named after Echiochilon which
already had named a subtribe, and is the
most species–rich of the taxa included at this
node.

Echiochileae (H. Riedl) Långström &
M.W. Chase, In: Långström E, Systematics
of Echiochilon and Ogastemma (Boraginaceae),
and the phylogeny of Boraginoideae, paper II,
PhD - thesis, Uppsala University, Uppsala,
Sweden (2002).
Basionym: Echiochilinae H. Riedl, In:

Rechinger KH (Ed.) Fl. Iranica 48: 57 (1967).
Sericostoma. In the Echiochilon clade

(clade E), there is support for including
monotypic Sericostoma in Echiochilon. When
Echiochilon was described in 1800, it was
treated as a monotypic genus related to

Echium but with bilabiate corollas. Serico-
stoma was described (in 1852) as having small
actinomorphic flowers, and all Echiochilon
species with small actinomorphic flowers end-
ed up in Sericostoma whereas species with
larger, zygomorphic flowers were added to
Echiochilon. Johnston (1957) later realised that
the actinomorphic-flowered species of Serico-
stoma are closely related to the species of
Echiochilon and transferred all but one species
to Echiochilon. Sericostoma pauciflorum Stocks
ex Wight is a distinct species, and it ended up
alone in the genus. Earlier morphological
investigations of Echiochilon and Sericostoma
(Lönn 1999) could not provide enough evi-
dence for a union of the two genera, but the
results of this analysis clearly show that
S. pauciflorum is nested inside Echiochilon.
This is corroborated by data from nuclear
ribosomal ITS (internal transcribed spacer;
unpubl. data) DNA sequences. Hence we trans-
fer Sericostoma pauciflorum to Echiochilon.

Echiochilon pauciflorum (Stocks ex Wight)
Långström & M.W. Chase In: Långström E.,
Systematics of Echiochilon and Ogastemma
(Boraginaceae), and the phylogeny of Boragi-
noideae, paper II, PhD – thesis, Uppsala
University, Uppsala, Sweden (2002).
Basionym: Sericostoma pauciflorum Stocks
ex Wight, Icon. Pl. Ind. Orient. (Wight) 4 (2):
15, t. 1377 (1848). Type: Lectotype selected
by Lönn (1999): [Icon] Wight, Icon. Pl. Ind.
Orient. (Wight) 4 (2): t. 1377 (1848).

Sericostoma pauciflorum var. qeshmensis
A. Ghahreman & F. Attar (Ghahreman and
Attar 1996) is a synonym to Echiochilon
kotschyi (Boiss. & Hohen.) I.M. Johnst., which
is known to occur on Queshm island in Iran
(Lönn 1999).

Biogeography. The distribution of
Echiochileae (clade E in Fig. 1) with an
American to northern African/western Asian
trans-Atlantic disjunction is shown in Fig. 2.
Trans-Atlantic disjunctions between the Old
World and the New World have been dis-
cussed recently (e.g. Macey et al. 1999, Thulin
1999, Sanmartı́n et al. 2001, Tiffney and
Manchester 2001) and Lavin et al. (2000)
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predict the trans-Atlantic vicariant pattern to
be common within plant families that diversi-
fied during the Tertiary in xeric and seasonally
dry vegetation.
According to Raven and Axelrod (1974)

the Boraginaceae are thought to have a mainly
Eurasian origin with repeated introductions to
the southern land masses. At least for Bora-
ginoideae this is supported by the fact that all
tribes have their main distribution in the Old
World (Boragineae – almost exclusively Eur-
asian, Cynoglosseae s. lat. – ca 2/3 Old World,
Lithospermeae – more than 2/3 Old World,
Trichodesmeae – all Old World; A1-Shehbaz
1991). The old vicariance pattern between
Africa and the American continent (the break-
up of Gondwanaland ca 100 Myr ago) is not
possible here because Echiochileae can be
assumed to be much younger than 100 Myr.
Wikström et al. (2001) estimated the split
between Lamiales and Boraginales to be ca 77–
81 Myr, and dated the split between Borago
and Hydrophyllum (corresponds to clade A,
Fig. 2) to ca 56–59 Myr.

A scenario for how the present
distribution pattern of Echiochileae has arisen,
following the hypothesis of Raven and Axel-
rod (1974), could be that Echiochileae origi-
nated in Eurasia, Antiphytum spread to North
America via the Thulean Bridge which con-
nected southern Europe to eastern North
America through southern Greenland ca
70–45 Myr (Tiffney 1985, Sanmartı́n et al.
2001), and Echiochilon and Ogastemma (or
their precursor) spread southwards because of
the stepwise climatic cooling starting in the
Early Eocene (Tiffney and Manchester 2001),
which allowed thermophilic plants to migrate
of the south.

Echiochilon and Ogastemma (or their pre-
cursor) could have entered Africa either during
the Palaeocene (63 Myr) when Europe and
Africa became connected or later in the Mio-
cene (20–17 Myr) when the Mediterranean
Basin was formed. The latter theory is the
most probable because Echiochilon and Oga-
stemma, judging from the dating of Wikström
et al. (2001), had not originated on the first

Fig. 2. Distributions of Antiphytum, Ogastemma and Echiochilon labelled with A, O and E in the cladogram
that shows their relationships and respective pattern
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occasion. Ogastemma is now distributed on
Fuerteventura, in the Sahara Desert, and in the
northern part of Arabia to the west of the
Persian Gulf (Fig. 2). The Sahara Desert was
formed during the Late Miocene (10 Myr),
whereas Fuerteventura, the oldest of the
Canary Islands, uplifted in the Early Miocene,
ca 23–20 Myr.

Future research. Further sampling and
preferably also data from other regions are
needed to be able to resolve the affinites of
Trichodesma and Omphalodes. It would also be
interesting to analyse the other members of
Trichodesmeae to see if there is molecular
support for the tribe suggested by Riedl (1957).
A phylogenetic study of the species of Echio-
chilon is in progress and will be the basis for a
biogeographic study of that group.
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