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Abstract

Senecio L. (Compositae) remains poorly circumscribed. The taxonomy,

biogeography and evolution of sect. Senecio were explored using morphology,

cytology, crossing experiments and molecular systematic methods. Phylogenies based

on nuclear ribosomal DNA (ITS) sequences strongly support the section comprising

widely disjunct species in southern Africa, southwest North America and the
Mediterranean basin. A southern African origin is supported, with molecular clock
estimates placing this in the Early Pliocene (~5 Mya). Two factors that appear to have
influenced the evolution of the group are the development of Mediterranean climate

during the Pliocene, and Pleistocene climatic fluctuations. Two dispersal events to the
New World are supported. Firstly, during the Mid-Pliocene, and secondly, the dispersal
of S. mohavensis from Southwest Asia sometime in the last 150,000 years. Long¬
distance dispersal represents the only plausible explanation, as no suitable land bridges
have existed since the Mid-Tertiary. Whether the first dispersal occurred directly from
southern Africa or from the Mediterranean basin is unresolved. Senecio mohavensis is

newly recognized as a disjunct species based on a taxonomic reassessment of the allied

S.Jlavus, itself disjunct between southern and northern Africa. Novel pappus
characteristics are described from both species that are suggestive of dispersal by birds.

Dispersal of the section within Africa may have utilized an East African arid corridor.
Two population-level studies ofMediterranean taxa using randomly amplified

polymorphic DNA (RAPD) markers indicate that long-distance seed dispersal is rare.

Atypical populations of the Moroccan Atlantic coast endemic S. leucanthemifolius var.
casablancae probably reflect divergence due to restricted gene flow. Western, central
and eastern Mediterranean populations of the widespread S. glaucus subsp.

coronopifolius are differentiated by morphology and RAPDs. RAPD markers indicate
that subspecies glaucus and S. hesperidium have been independently derived from
eastern and western Mediterranean populations respectively. Divergence from

subspecies coronopifolius may reflect adaptation to maritime conditions in both cases.
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Note on format

The format adopted in this thesis is the production of a general introduction and
conclusion at either end of a series of chapters written in the format of a scientific paper.

For consistency the style conventions of the American Journal ofBotany have been

adopted here. Three of these chapters have been independantly published in separate

journals. Titles and author details remain as they appear here, but minor text differences
exist:

Chapter 2 — Edinburgh Journal ofBotany 58: 389-403 (2001).

Chapter 3 - American Journal ofBotany (In press).

Chapter 4 -Molecular Ecology 12: 423-434 (2003).



"The story, here told very briefly and imperfectly, is as worthy

ofan epic as the wanderings ofUlysses or the travels ofMarco
Polo; in fact, all the wanderings ofprimeval men are dwarfed
into hurried events ofrecent and local interest in comparison
with these journeys ofthe Groundsel in which about sixty
million square miles were traversed in someforty million

years."

Professor James Small, Queen's University, Belfast, 1921

Taken from a lecture - The Wanderings of the Groundsel - printed in the proceedings
of the Belfast Natural History and Philosophical Society, 1920-1921.
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Chapter 1: Introduction

1.1 Introduction

1.1.1 Taxonomic background

1.1.1.1 Generic and sectional circumscription—Senecio L. (Compositae) is an almost

cosmopolitan genus including -1,250 species (Bremer, 1994; Mabberley, 1997). At this

size, Senecio is among the largest angiosperm genera. The high species diversity and
occurrence on all continents except Antarctica indicate that Senecio offers potential for

evolutionary and biogeographic study. However, unclear generic and infrageneric
classifications (Jeffrey et ah, 1977; Nordenstam, 1977, 1978; Jeffrey, 1979; Vincent and

Getliffe, 1992; Bremer, 1994; Pelser, Gravendeel and van der Meijden, 2002) have
hindered such studies.

The circumscription of Senecio has been clarified in recent decades. During the

nineteenth-century Bentham (1873a, b) and Hoffman (1892) established a broadly
defined Senecio. Their classifications represented a convenient grouping ofmore or less
related species that were appropriate to the needs of the time. By the late twentieth-

century the genus contained an estimated 3,000 species and displayed a range of
variation exceeding the combined ranges exhibited by several other genera (Jeffrey et

ah, 1977). Consequently, taxonomists have sought to reduce an unwieldy and

undoubtedly artificial super-genus (Jeffrey et ah, 1977; Nordenstam, 1977, 1978;

Jeffrey, 1979; Jeffrey, 1992; Vincent and Getliffe, 1992; Bremer, 1994). This has been
achieved by the recognition of a number of satellite genera either resurrected from

synonymy or newly described (for commentaries and references see Barkley, 1985;

Bremer, 1994; Barkley, Clark and Funston, 1996; Nordenstam, 1996; Barkley, 1999).
It has now become widely accepted that classifications should attempt to reflect

evolutionary relationships (Backlund and Bremer, 1998; Judd et ah, 1999). Ideally, taxa
should represent monophyletic groups (groups containing all descendents of a common

ancestor). Such groups are defined by synapomorphies (shared derived characters). The
value of this approach is that classifications based on the principle ofmonophyly offer
the greatest predictive ability, due to common descent. In addition, classifications based
on phyletic relationships are of universal value for general biological research.

Despite having undergone a significant reduction in size via the removal of putative

monophyletic satellite genera, Senecio is still probably not monophyletic (Bremer,

1994; Barkley, Clark and Funston, 1996; Kadereit and Jeffrey, 1996; Nordenstam,
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Chapter 1: Introduction

1996). Bremer (1994) has suggested that similarities in floral details between the

remaining Senecio species represent plesiomorphic (ancestral) character states, which
are only capable of defining a paraphyletic group. Because Senecio accounts for

approximately one third of the tribe Senecioneae, the generic classification of the tribe
must be considered unresolved until Senecio itself has been more robustly defined.
A problem closely associated with the circumscription of Senecio is the highly

artificial nature of the infrageneric classification. The division of Senecio into sections
has generally been carried out for particular geographic regions in the absence of a

global perspective. Jeffrey et al. (1977) considered the widely different concepts of

infrageneric taxa in Senecio to have rendered them virtually meaningless. The majority
of the -150 sections are not distinguished from each other by unique characters or

syndromes of characters (Pelser, Gravendeel and van der Meijden, 2002). Consequently,
some taxonomists (Barkley, 1978; Barkley, Clark and Funston, 1996) have paid little
attention to sections, opting instead to define "groups-of-convenience" with no

presumption of evolutionary status.

The problem of sectional delimitation is exemplified by the case of sect. Senecio and
sect. Jacobaea (Mill.) Dumort. in Europe. Pelser, Gravendeel and van der Meijden

(2002) have recently reexamined the limits of sect. Jacobaea with a view to clarifying
its evolution. Section Jacobaea is mainly perennial, and sect. Senecio is mainly annual.

However, no clear morphological distinctions between them have been found, although
each section does have a discernible facies that allows separation with some experience.

Nevertheless, a few species have been inconsistently placed (for details see Pelser,
Gravendeel and van der Meijden 2002). Using a molecular phylogenetic approach based
on chloroplast (cp) DNA and nuclear ribosomal (nr) DNA sequences, these workers
have shown that sect. Jacobaea is a well-supported monophyletic clade restricted to

Eurasia and not closely related to sect. Senecio.
In a situation in which distantly related lineages may display little morphological

distinction, the reliability ofmorphology as an indicator of relationships may be

questioned. In fact, the majority ofwork clarifying the limits of Senecio has been based
on morphology. Micromorphology, in particular, has provided some highly consistent
characters for delimiting Senecio (Vincent and Getliffe, 1992) and subtribal groupings
within the Senecioneae (see Bremer, 1994, for details).

An important series ofpapers aimed at clarifying generic and sectional limits in
Senecio from a global perspective have been written by Jeffrey and co-workers (Jeffrey
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et al., 1977; Jeffrey, 1979, 1987, 1992). As a global revision is impractical, the approach

adopted in these papers was the scoring of a set ofmacro- and micromorphological
characters in "modal" species chosen to represent larger species groups. The conclusion
of the initial study (Jeffrey et al., 1977) was that Senecio should be restricted to a group

identified as IX, but that further work was required to delimit sections. In the most

recent paper (Jeffrey, 1992) a synthesis of the accumulated data was used to allocate
modal species to genera and sections.

1.1.1.2 Senecio sect. Senecio—The focus of the four studies presented here is the

predominantly annual sect. Senecio. This section represents the core ofSenecio as it
revolves around the type species for the genus S. vulgaris L. Synonyms of sect. Senecio
include sects. Obaejacae DC., Obaejacoideae DC., Annui Harv. and Annui O. Hofffn.
These names were established prior to the nomenclatural rule that sections containing
the type species must bear the generic name.

Section Senecio is reasonably diverse in Europe with the main concentration of

species in the Mediterranean basin. Europe and the Mediterranean are here termed the
"core area" of sect. Senecio, because the type species S. vulgaris probably originated in
this region (Kadereit, 1984a). Alexander (1979) enumerated 24 species from the
Mediterranean and adjacent areas. Via a series of controlled crosses Alexander (1975)
established that interfertility was generally high among members of this group. Indeed,
some morphologically quite distinct species displayed high interfertility (Alexander,

1975).

A few species from the core area extend eastwards into Central Asia and Siberia

(Alexander, 1979; Shishkin, 1995; Wiebe, 2000). Two species with distinctly eastern

distributions not found in the core area are S. subdentatus Ledeb. and S.

krascheninnikovii Schischk. The status of the former species is unclear as Alexander

(1979) regarded it as conspecific with S. glaucus L. subsp. coronopifolius (Maire)

Alexander, a widespread Mediterranean species. Beyond these areas, the distribution of
the section must be viewed as provisionally defined.

According to Jeffrey's (1992) sectional placement ofmodal species, the global
distribution of sect. Senecio includes the Mediterranean basin, Eurasia, southern Africa,

montane tropical Africa, Madagascar, Australia, South America and North America.
Some of these areas, such as South America and Australia appear to support a few

taxonomically isolated species. The species ofmontane tropical Africa may be more

3



Chapter 1: Introduction

distantly related as they were not placed in the same subgroup as S. vulgaris by Jeffrey
et al. (1977).

A connection to southern African species was made during the nineteenth century by

Harvey (1865) who placed 27 annual species from the Cape area of South Africa in his
sect. Annui, including S. vulgaris, which is introduced in southern Africa. Support for a
link with many southern African species has also been provided by similarities in

micromorphology (Vincent and Getliffe, 1992).
Southwestern North America is the other main area where species have been

allocated to sect. Senecio. Greenman (1902) placed five American species and three
introduced European species in sect. Annui, whereas Barkley (1978) defined an

informal group "Annui" consisting of eight American and three introduced European

species. Two of the native species were subsequently moved to the satellite genus

Packera. Most recently, Jeffrey (1992) has placed Senecio californicus DC. in sect.

Senecio as one of his modal species.

Assuming sectional placements are appropriate, it seems to be clear that the area of

greatest diversity for sect. Senecio is southern Africa. In addition to Harvey's (1865) 27
annual species, Namibia supports an uncertain number of closely allied species

(Merxmiiller, 1967), whereas Jeffrey (1992) has placed Harvey's (1865) sect. Sinuosi,

consisting of 21 species, into sect. Senecio. The occurrence of greatest diversity in
southern Africa would be consistent with this area being a known centre of diversity for
both Senecio and the tribe Senecioneae (Nordenstam, 1977; Bremer, 1994; Koekemoer,

1996). Senecio needs to be revised in southern Africa before any accurate assessment of

species number for the genus or the section can be made.

1.1.1.3 Species delimitation and species concepts—Species delimitation in sect.

Senecio has been complicated by a remarkable degree ofmorphological variation within

species. Cultivation experiments (Alexander, 1975) using taxa from the core area have
demonstrated considerable phenotypic plasticity. Other possible causes of this variation
are introgression due to low barriers to hybridization and divergence resulting from
restricted gene flow. Hybridization and introgression are discussed more fully below

(section 1.1.3.1).

Species concepts have been debated at length, and the only clear conclusion seems to

be that no one concept is universally applicable. The pros and cons of the different

concepts are not discussed here, but for a recent review from a botanical perspective,
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