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Ite 1. The (anan Bellflower, Cuizarini, cwzariensis, 
is palaeoendemic species is confined to the Canary Islands where it survives in the remnant laurel forests 
a relict of the largely-extinct Tertiary Floras which were once widespread of North Africa and western 
irasia. The genus Canarina, with three species, now has a disjunct distribution between Macaronesia and 

mountains of tropical East Africa. It is highly probable that the ancestral taxa of the Campanulaceae 
re similar to this genus. 



This study was undertaken to determine the phylogenetic relationships of the genera of the 

Campanulaceae and to discover the major factors determining the evolution of the family, 

particularly the origins of the higher taxa. It was also an attempt to utilise evolutionary data 

in order to produce a general purpose phylogenetic system of classification while 

simultaneously avoiding unnecessary nomenclatural changes or disturbances to patterns of 

overall similarity. An extensive introduction to the family is provided, dealing with 

morphology, ecology and geographical distribution as well as a detailed account of the 

historical classifications of the Campanulaceae and its global relationships. Some particular 

difficulties associated with patterns of variation encountered in the family Campanulaceae 

are outlined. Philosophical issues such as the historical treatment of the genus, generic 

concepts, homology and methodologies are extensively discussed. A pluralistic or eclectic 

approach was taken for the taxonomic analyses which involved the construction of five 

principal data sets (higher taxa, flowers and fruits, pollen, seeds, and molecular characters). 

Cytological and biogeographical data were also taken into consideration. Methodologies 

were varied, involving both phenetic and cladistic approaches and the problems of handling 

multiple data sets were discussed. A new phylogenetic classification of the higher taxa to 

the subtribal level of the Campanulaceae is presented and some guidelines for the 

recognition of genera are suggested. A general outline of the phylogenetic evolution of the 

family is given and the major factors which have influenced this evolution are discussed. 

Conservation measures and the areas for priority research are briefly outlined and an 

extensive list of literature citations is provided. 
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Biological systematics since the publication of Darwin's "On the Origin of Species" (1859) 

has not been a gradual unfolding account of the history of the world's biota. Instead, it has 

been punctuated by several episodes when certain viewpoints or paradigms of science have 

held sway (Kuhn, 1970). During such episodes the viewpoint in vogue is usually considered 

revolutionary, and outmoded ways of thinking are swept aside as everyone rushes to jump 

on the bandwagon. Although it is often said that Darwin did not effect any major changes in 

the way systematics was actually carried out, he did at least provide a framework (a theory 

of evolution) and identify a process (natural selection) for the patterns (descent with 

modification) of nature to be understood. However, Darwin did not truly understand the 

mechanisms of heredity. Nowhere in the "Origin" does Darwin actually discuss the origin 

of species. He treats the species as just a stage (or slice in time) in a continuum of variation 

from the individual to the higher taxa such as genera and families, thus minimising any 

discontinuity between organisms. The rediscovery of Mendel's work at the turn of the 20th 

century could be said to have been the first upset in the systematics community since 

publication of the "Origin". The early geneticists such as De Vries believed that 

spontaneous large mutations were responsible for major phenotypic changes within 

evolutionary lineages in contrast to the selectionist, gradualistic views of Darwin. 

Restoration of a Darwinian view in the early 20th Century was the result of the efforts of 

Ronald Fisher, J.B.S. Haldane and Sewall Wright who recognised the distinction between 

the genetic processes within individuals and those within populations and were thus able to 

reconcile genetics with natural selection. It was Dobzhansky (1937) who recognised that 

populations are parts of larger systems such as species, and the importance of geographic 

and reproductive isolation in evolutionary transformation. In effect he gave the phenomenon 

of discontinuity, relatively overlooked by Darwin, the prominence it deserved. The 

ornithologist Ernst Mayr, working largely with birds, particularly the rich avifaunas of New 

Guinea and the Pacific region, refined ideas of geographic speciation and developed the 

biological species concept (Mayr, 1942). Together with Dobzhansky (1937) and Huxley 

(1942), he heralded what has been considered as the greatest revolution in biological 



systematics in the 20th century, the so-called "New Systematics". Generally speaking, the 

consensus view from then until the early 1970's was that there was nothing inconsistent with 

natural selection in the evolution of major groups of organisms and that major evolutionary 

changes to the phenotype could be explained by processes occurring at the population level. 

There were of course dissenters during the century following Darwin, such as Goldschmidt 

(1940) and Schindewolf (1950), but generally speaking such viewpoints were ignored. 

There have been several "New Systematics" since the 1940s and indeed systematics is 

currently undergoing another major revolution due mainly to the impact over the last 20 

years of spectacular advances in molecular techniques and the widespread popularity (in 

some quarters at least) of cladistic analysis, although it could be said to have begun earlier 

with the introduction of numerical techniques, technological advances in chemotaxonomy 

and in electronmicroscopy. These developments have been paralleled by, and also 

precipitated, debate on fundamental conceptual issues such as evolutionary theory, pattern 

and process, and whether systematics is an historical science or a functional science. It has 

also occurred at a period when systematists and evolutionists have been debating the patterns 

of variation found in fossil and extant organisms, the biological species concept (B SC), and 

the tempo and mode of evolution. In particular, the debates centred around issues such as 

stasis in the evolution of new forms, the units of evolution, and adaptation have been both 

voluminous and intense. Landmark papers such as Eldredge and Gould's "Punctuated 

equilibria: an alternative to phyletic gradualism" (1972), Gould and Eldredge's 

"Punctuated equilibria: the tempo and mode of evolution reconsidered "(1977) and Gould 

and Lewontin's "Spandrels of San Marco and the Panglossian paradigm: a critique of the 

adaptationist programme" (1979) have reverberations which can still be felt among the 

systematics community. We still lack a consensus view of what species actually are (or even 

if they exist) and how they and higher taxa such as genera and families should be treated 

from taxonomic and phylogenetic viewpoints. There is still no clear consensus as to the 

nature of discontinuity and the origins of the higher taxa. Some biologists believe that 

natural selection, operating at the level of the population and extrapolated through time, is 

sufficient to explain major phenotypic change. Others (mostly palaeontologists) believe that 

there is a macroevolutionary dynamic although most accept that natural selection is still 
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acting at the population/species level. In addition, the phenomenon of extinction and its 

effects on ecosystems is little understood and is likely to be found to play a major role in 

speciation events and biodiversity. Relict theory (Wright, 1941) may provide substantial 

weight for the construction of a model which explains the origins of the higher taxa. 

Studies of evolution in major lineages of organisms have a practical relevance little 

appreciated until now, which is unfortunate because this has probably contributed to the 

decline of taxonomy during the latter half of the twentieth century. The new advances in 

molecular techniques and phylogeny will provide substantially additional data, particularly 

in the recognition of populations and their structures and genetic relationships. Such data can 

be used to answer questions about population dynamics, epidemiology, development, 

biodiversity and conservation (Harvey, etal., 1996). Above all, this data will be necessary if 

we are to avert the ecological disasters through bad planning, mismanagement and greed 

which are now facing us increasingly as we enter the 21st century. Unfortunately as these 

new techniques become more universally adopted we are in danger of losing traditional 

systematic methods, especially the comparative approaches to morphology and plant 

development. 

It is to address the problems posed in the recognition and handling of major discontinuities 

in phyletic lineages, as well as an attempt to understand the processes involved, that this 

study has been undertaken. Above all, it is an attempt to discover how phylogenetic and 

evolutionary studies can best be reconciled with the somewhat pragmatic aims of taxonomy 

and classification. The developing science of information technology will provide the basis 

for the utilization of much of the burgeoning data on the world's biota (mostly molecular) 

which is now appearing. Systematists have always had to be "Jacks of all trades" but this is 

more true now than ever before. Yet, in this age of specialisation, when techniques may take 

years to learn, this is rapidly becoming an impossible task. There is the added danger that 

there will be a real preoccupation with techniques at the expense of the main aims such as 

the understanding of species and population decline or the loss of biodiversity. No single 

individual holds a monopoly of knowledge and the number of multi-authored scientific 

papers now appearing makes it certain that cooperation between individuals is more 
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necessary than ever. It is to be hoped that this trend will evolve to a new adaptive plane for 

the next century.. .an integrated approach and a new paradigm for evolutionary systematics in 

the spirit of Mayr (198 8) and Hall (1991). 

The Campanulaceae Juss. * (= Campanulaceae s.l.) first attracted my attention in the early 

1980s due to the worldwide association of tropical lobelias with bird pollinators which I was 

(and remain) interested in. As an undergraduate at the University of Aberdeen I studied the 

water lobelia (Lobelia dortmanna L.) and was intrigued by the patterns of variation in an 

aquatic plant which possessed both outcrossing aerial flowers and cleistogamous aquatic 

ones. This interest in variation at and below the species level was the main reason for a long-

term study of speciation in the genus Campanula L. in the Aegean region (Eddie & 

Ingrouille, in prep.), whereas my University of Reading studies of the endemic chrysangeas 

of the genus Musschia Dum. from the island of Madeira (Eddie, 1984) led me to consider 

the origins of the higher taxa, particularly island forms, and provided an opportunity to lay 

the foundations for the present study. As a vehicle for the study of evolution the 

Campanulaceae is an example par excellence particularly due to its association with oceanic 

islands. From a more emotional point of view my preoccupation with the Campanulaceae 

really began in 1980 in Greece when I first saw Campanula celsii ADC. on the limestone 

rocks of Lycabettos Hill overlooking the city of Athens. 

The family, although easily delimited from other plant families, has long been considered a 

difficult one to classify. Numerous genera have been described, many of which show no 

unique characters while variation at and below the species level finds numerous expressions. 

Ontogenetic contingency (Diggle,1994) is the phenomenon whereby an individual plant's 

developmental programme and groundplan can explain and constrain its capacity to respond 

phenotypically to environmental variation throughout its life (Watson, Geber & Jones, 

1995). Plants persistently attain size-correlated variations in their form and process due to 

the functional obligations imposed. This may be expressed through phenotypic plasticity, 

which, in the Campanulaceae, is rampant and has led to the recognition of numerous very 

dubious taxa and has burdened the nomenclature with synonyms. Organic proportion often 

reflects the consequences of natural selection operating on the relation between form and 
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function. The Baldwin Effect (Simpson, 1953), which is the phenomenon whereby 

phenotypically plastic traits in certain components of populations within a species are 

selected for and become genetically fixed, may have had profound importance in the 

radiation of species in many lineages of the family. In addition, the formation of polyploid 

complexes is a common feature of many species and genera in the family and the evolution 

of some genera through allopolyploidy seems certain. Therefore, at various levels in the 

taxonomic hierarchy, some taxa may possibly be polyphyletic in origin, eg. Hanabusaya 

Nakai or some of the polyploids within the harebell alliance (Campanula: subsect. 

Heterophylla). These ideas, at present, are purely speculative and need to be investigated 

further. Generally speaking however, the relationship between pollinators and floral 

mechanisms seems particularly important in the family (as well as among the Lobeliaceae) 

and pollinator-mediated selection is probably the greatest single factor in the evolution of the 

family. 

A broad concept of the family Campanulaceae has been adopted in the works of Wagenitz 

(1964), Thome (1976), Cronquist (1981; 1987; 1988) and Brummitt (1992) which can all be 

traced back to the arrangements of Schönland (1889-1900). These authors include the 

lobelias (Lobelioideae Engl.), as well as genera such as Pentaphragma Wall. ex G. Don, 

Sphenoclea Gaertn. and Cyphia Bergius and its allies, in the Campanulaceae s.1. In such a 

broad taxonomic arrangement, the bellflowers are usually placed in the subfamily 

Campanuloideae Schönl., Cyphia and allies in Cyphioideae Reichb., and so on. 

Pentaphragma and Sphenoclea are treated by different authors as either monotypic families, 

subfamilies of the Campanulaceae s. 1., or even as tribes of the Campanuloideae (= 

Campanulaceae s.str.). In this study a more restricted view of the family Campanulaceae is 

taken and the family name refers only to the bellflowers. This was the position adopted by 

De Candolle (1830), Fedorov (1957;1972), Kovanda (1978), Dahlgren (1980, 1983), 

Takhtajan (1987) and Lammers (1992a). In the text they are also sometimes referred to as 

belonging to the Campanulaceae s.str. (sensu stricto). The lobelias are therefore also given 

full family rank (Lobeliaceae). Further details are given in the Introduction. 



For this study traditional use of the terms phylogenetic and monophyly are maintained and 

the views given by Stuessy (1990) are upheld. The term "phylogenetic" implies three 

principal processes of evolution. Cladogenesis refers to branching events, anagenesis refers 

to progressive change over time within the same evolutionary lineage and stasigenesis refers 

to an evolutionary lineage which does not change or branch over time. Cladistics, in 

contradistinction to phylogenetics refers on11y to cladogenesis. Monophyly refers to 

organisms which have a common evolutionary ancestor but may not necessarily include agR 

the descendants of that ancestor. Monophyly, as defined by cladists, is usually totally 

inclusive and has to include all the descendants. Thus, there may occasionally be some 

degree of ambiguity in the text but it is hoped that the context will always be clear. Where it 

is not, the term holophyly is given in parenthesis (see Ashlock, 1971; 1984). Students of 

cladistics may find this regrettable but it has to be said that there are many in the biological 

community, including myself, who have been schooled in an entirely different tradition. 

Within a purely cladistic discussion and analysis, the term paraphyletic is particularly useful 

to recognise ancestral groups from which taxa have evolved by anagenesis, and therefore has 

been maintained for this study. For discussion of these issues see Bock, 1977 and Cronquist, 

1987. 

* Author names are given when first mentioned only. The abbreviations used follow 

Brummitt & Powell (1992). 
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Cohn Will, Paddy and Jennifer Woods (Royal Botanic Garden, Edinburgh); Rod Page 

(University of Glasgow); Mark W. Chase, Michael F. Fay, David Frodin, I L. S. Keesing 
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Jansen, David M Hillis (University of Texas, Austin); J Felsenstein (University of 
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3 IINTROIDUOTIEON 	 I 
"And you give me the choice between a description that is sure but teaches me nothing and hypotheses that 
claim to teach me but that are not sure" 

Albert Camus, 11955 
"The Myth of Sisyphus" 

The family Campanulaceae, although of moderate importance for horticulture, has been 

somewhat neglected from a systematic point of view since the excellent monographic 

treatment by De Candolle (1830). However, there has been a tremendous volume of 

cytological and palynological work done on the family during the latter half of the twentieth 

century. Chromosome counts exist for the majority of the genera, most of which have also 

been surveyed palynologically. Although all is not chaos, much of the research has been on a 

regional basis and rather piecemeal with the result that we no longer have a consensus of 

what characters define the family nor the number of genera it contains. The polarisation of 

debate between the conservative and/or phenetically orientated systematists and the 

"radical", purportedly phylogenetically-orientated cladists, has hindered progress towards an 

acceptable resolution for the systematisation and classification of the Campanulaceae. The 

debate between advocates of the biological species concept (BSC) and the phylogenetic 

species concept (PSC) are as alive as ever. We lack common agreement about species and 

generic limits, major factors of evolution which may be operating upon the group, and even 

proper typification for many of the names employed. In short, we have very little basis for 

the establishment of a proper information system for the Campanulaceae which is one 

primary long-term goal of this study and which is to provide taxonomic "products" for the 

users of taxonomy in the sense of Abbott et al. (1985). 

It is considered in this study that the Campanulaceae, although by no means unique in this 

respect, pose severe problems for the practising taxonomist because of the nature of 

variation at several levels within the family. Only if a change in approach to classification 

procedures is adopted will progress be made. Firstly, a multiple approach to handling data 



sets is considered a prerequisite. This has been a unanimous conclusion of all workers on 

this family (Gadella, 1964, 1966; Thulin, 1975). Secondly, I believe that we can no longer 

accept a static or typological approach to the handling of discontinuity and that phenetic 

variation must be interpreted within a relational or evolutionary framework. It is for these 

reasons that the biological species concept, despite difficulties in its application to plants, 

remains profoundly important (Snow, 1997). Thirdly, the proper placement of 

phylogenetically related organisms within a pragmatic classificatory scheme can only be 

hindered by a strict adherence to the logical deterministic pursuit of monophyly as advocated 

by many cladists. The resolution of the apparently opposing conflicts within systematics lies 

in the evaluation of multiple approaches in a dialectical or dynamically reciprocal way. More 

specifically, it is to address the problems posed in the recognition and handling of major 

discontinuities in phyletic lineages of the Campanulaceae, as well as an attempt to 

understand the processes involved, that this study has been undertaken. Finally, and no less 

important, it is an attempt to discover how phylogenetic and evolutionary studies can best be 

reconciled with the somewhat pragmatic aims of taxonomy and classification. 



& AIMS, DATA SOURCES AND GENERAL METHODS 	 I 
"The thesis that the only reputable, scientific classification is that based on phylogenetic or evolutionary 
principles is one that cannot be accepted for the Angiosperms on either theoretical or practical grounds" 

P. lI-Il. Davis & V. H. Heywood, 1963 

"Far from being a dead field in which most of the important discoveries were made long ago, systematics is 
in its infancy. If a truly evolutionary systematics is to flourish, it must take the concept of evolution as an 
axiom rather than a superficial interpretation. This will necessitate a reevaluation of systematic concepts 
and the methods used to determine systematic relationships as well as the taxonomies derivedfrom them." 

K. De Queirroz, 1988 

4.11 Afims 

The folillowg are the prcipafl as of this stuidly: 

To obtain a phylogeisietic reconstruction (system) of the beilfiower family 

Campanulaceae, particularly for the higher taxa above the subtribal level, which is 

potentially discoverable through the methods of modern systematics. This should provide 

a statement (hypothesis) about presumed relationships of the genera.. 

To produce a classification of the higher taxa at the subtribal level and above based on 

such a system but guided by the essential and traditional view of morphological criteria, 

ie. classes will essentially be based on their attributes. Comparisons will be made with the 

classifications produced by earlier authors, particularly De Candolle (1830) and 

Schönland (1889-1894). 

To explore modern techniques and methodologies with which to evaluate and validate 

both the system and the classification. 

To examine variation at the generic level and to identify the evolutionary processes 

leading to the hierarchical structure to be found in the family. 



5. To determine whether such processes are in accord with current models such as the 

grad&ealistic Neo-Darwinian model or the punctuated equilibria macro-evolutionary 

model, or both, 

2 An Ovvflw oT I1ti Souirces and Gnrll Met odollcngy 

The accuracy of phylogenetic reconstruction is dependent not only on the quality of the raw 

data but also on the methods of analyses of that data and the experience of the systematist. 

All systematic analyses are ultimately character dependent, even if one is basing a system on 

branching pattern. Few botanical systematists would advocate the use of a single character to 

distinguish one taxon from another but basing a classification or a phylogenetic 

reconstruction on more than one character frequently leads to difficulties. A broad range of 

characters is appealing however, because it avoids consistent bias among characters that 

might yield erroneous results. The relationship between number of characters and probability 

of estimating the correct phylogeny corresponds intuitively with ideas of how phylogenetic 

methods should work and justifies combining partitions when the method is consistent (ie. it 

converges to the correct phylogenetic tree when more data, including other partition data, are 

added to the analysis) (Huelsenbeck, et al, 1996). For this study five data sets for the 

Campanulaceae were constructed. Each of these data sets requires different methods of 

analyses, eg. phenetic or cladistic, details of which are given separately in the relevant 

section. Some of the names applied to taxa are purely names of convenience and have no 

taxonomic validity, eg. "Himalcodon" for Codonopsis, Sub genus.Obconicapsula, 

"Fernandeziana" or "Fernandeziocodon" for the group of Wahienbergia species from the 

Juan Fernandez Islands, "Helenacodon" for the group of Wahienbergia species from St. 

Helena, and "Isophylla" for the group of species of Campanula in the C. garganica 

complex. 

From the total diversity of species within the Campanulaceae a number of key taxa or 

exemplars (ie. taxa which are commonly accepted as being representative of known genera 

or sections within genera because they show morphological discontinuity) were chosen as 

the starting point for analysis in this study and as "terminals" in the phenetic and cladistic 



analyses. This initial selection process is largely a synthetic one based on empirical 

procedures which depend greatly on the skills and intuitive evaluation of the systematist. 

The taxa which were selected included a small number of largely monotypic genera which 

have been split off from the two large genera, Campanula and Wahienbergia. Also included 

were species which represented either subgenera or sections, principally again within 

Campanula or Wahienbergia. Species were also selected to represent a range of diversity 

shown by each genus, eg. species from Codonopsis included prostrate, upright and climbing 

species. All these key taxa, regardless of rank, were treated as OTUs for analysis and 

provide the crucial first approximation of systematic relationships. The use of the term 

"OTU" should be taken in its broadest sense for it is a convenient term to include key taxa 

which are not necessarily equivalent. It is not used here in a narrowly phenetic sense. Initial 

examination of herbarium specimens of the majority of genera has shown that the 

recognition of certain character states in the Campanulaceae is difficult or impossible using 

preserved material. This is particularly the case for floral and fruit characters and to a lesser 

extent for vegetative characters. Characters obtained from herbarium specimens were 

verified in living material whenever possible and certainly for the majority of morphological 

characters used. From the outset, every attempt has been made to examine living material 

either cultivated in botanic gardens (primarily the Royal Botanic Gardens, Kew and the 

Royal Botanic Garden, Edinburgh) or in the wild. In some cases, fresh material was fixed in 

FAA for further examination in the laboratory. Many taxa have been cultivated in the 

glasshouses of the Institute of Cell and Molecular Biology (University of Edinburgh) in 

order to study ontogeny and character development more closely, and as a source for fresh 

DNA samples. Approximately 75% of the genera were studied as living material, the 

exceptions being some of the South African, North American and Central Asian endemics. 

Voucher specimens exist for the majority of the species sampled (see Appendices). Gaps in 

data sets have been filled largely by recourse to herbarium or pickled material, combined 

with a very judicious assessment of published descriptions. All DNAs used in the molecular 

analyses were obtained from fresh material cultivated in Edinburgh or, in a few instances, 

from relatively fresh material which had recently been collected and dried in silica gel. 

Seeds were obtained from numerous sources worldwide, either from personal contacts or 

through botanic garden seed lists, or from herbarium material. Identification of seeds was 



confirmed either by the existing voucher specimen or by subsequent cultivation. In the latter 

case, voucher specimens were then obtained for possible future corroboration. The data set 

for seed characters was obtained by an extensive survey of available genera using scanning 

electron microscopy (SEM) and augmented by the data already published by Shetler and 

Morin (1982) for North American taxa and by Haridasan and Mukherjee (1988) for Indian 

taxa. 

Pollen data were obtained principally from published sources, especially the very detailed 

palynological studies of Dunbar (1973-1984); Dunbar and Wallentinus (1976) and Morin 

(1987) and Nowicke et al. (1992). Cytological data were obtained from diverse published 

sources worldwide, but mainly from the studies of Gadella (1962-1974), Gadella & Kliphuis 

(1963; 1972); Contandriopoulos (1964-1984) and Contandriopoulous et al. (1972-1984). 

Biogeographic data have been gleaned from distributional data published in regional floral 

works or monographs. 

Table 1. Outline summary of the methods, analyses and procedures which form the basis of 
this study. 

THESES 	 :METH0D0L0GY: ~  
ITIC SYNTHETIC  

I Ivlu)thcNis 	Eclectic 	OTU selection 	Empirical 

A'\.I\ 	Il( 
1'henetic Ordinat ion 	I.(britt1 niie 

Clusterirl2 	.Irithmic 
Antithesis  

(lad itic Parsimony 	•' Igo nth nile 

S nthesis  SYNTHETIC 
Phvlogenetic Historical Re- Empirical 

construction (Intuitive) 



4.2.1 7he Analyses oT hdependent Muiltipile Data Sets 

"Our argument, however, is not that one must always partition data sets. Rather the point is that, when 
faced with biologically defensible divisions, the nature of these partitions should be taken into account in 
the choice of analytical methods" 

A. de Queiroz, M. J. Donoghue and J. Kim, 1995. 

Miyamoto and Fitch (1995) have argued most convincingly that distinct classes of evidence 

(characters) exist, eg. gene trees versus species trees, although Kluge and Wolf (1993) 

believed erroneously that such subdivisions have no discoverable boundaries and therefore 

there is no justification for analysing separate data sets. If it is accepted that different classes 

of characters do exist, it may be questionable whether phylogenetic methods have greater 

stability when these different classes of characters are sampled. Incongruence may be due to 

the different classes of characters involved or to the sampling methods. If different classes of 

characters represent different adaptations, then phenetic methods should yield different 

topologies. Phenetic classifications of the same taxonomic group but based on different 

classes of characters may be less similar to each other than those based on randomly chosen 

subsets of characters. In contrast, cladistic methods should be more similar since there is 

only one true cladistic topology. In reality, such methods may only produce a theoretically 

greater degree of congruency since they are exceedingly sensitive to sampling procedures. 

The degree of correlation of the characters within a data set has to be carefully considered. 

Where there is conflict between characters of a single data set the tree topology will usually 

be weakly supported. In phylogenetic studies it can be observed that most frequently the 

distribution of characters between taxa under consideration is such that some characters 

reappear in taxa unexpectedly. Characters evolve at different rates and are rarely coincident 

in their distribution (the "Non-Congruence Principle" of Crowson, 1970). It is unreasonable 

to expect the topology of trees generated by different data-sets to be completely congruent. 

Generally speaking different data sets, when subjected to reliable methods of phylogenetic 

analysis, are expected to converge on the true phylogeny (the probability of estimating the 

correct tree should converge to 1.0). We can then expect a reasonable degree of congruency 

which should give us a measure of confidence in the putative phylogeny and that isolated or 

well-marked groups are indicated (Crowson, 1970). The best method of analysis in a given 



instance may depend on the relative importance given to resolving power versus avoidance 

of error. Combined analysis avoids loss of information whereas separate analysis takes into 

account heterogeneity of data sets. The advantage of using a combined approach is that by 

directly utilizing the testimony of all the characters a closer approach to the true phylogeny 

may be possible. Combining data sets can enhance the detection of real groups, avoids loss 

of information and can give greater global parsimony. It maximises the "informativeness" 

and "explanatory power" of the character data used (Huelsenbeck, et al., 1996). Brower 

(1996) agreed and added that combining data sets in simultaneous analysis also incorporates 

the fewest ad hoc assumptions (i.e.of homoplasy) on a character by character basis. A 

combined tree may be more resolved than a consensus tree because information that resolves 

certain relationships may only be present in some of the data sets. Also, where there is 

conflict among characters and therefore weak phylogenetic signal masked by "noise" 

(homoplasy), increasing the number of characters may allow the signal (synapomorphies) to 

assert itself. However, combining "bad" data with "good" data may give a less accurate 

estimate of the phylogeny because combined analysis may also obscure significant patterns 

of congruence or conflict among characters. Furthermore, enhancing the detection of 

phylogenetic signal may result in a restructuring such that the combined tree contains groups 

not found in any of the trees generated from separate analyses of the different data sets. In 

this case the resolution of the character conflict embodied in the combined tree may 

represent a better estimate of the phylogeny than would even a fully resolved consensus tree. 

Once it has been established that the different data sets give strongly supported conflicting 

trees, it is clear that the conflict is not among individual characters but among data sets. 

Where conflict is among characters, not data sets, a combined approach should be used. 

Bull et al. (1993) presented a general argument against combining and in favour of separate 

analysis in some circumstances, based on the view that estimates of phylogeny assume an 

evolutionary model. Each data set may be governed by different evolutionary models. 

Consensus methods give equal weight to each data set, thus reducing the potential for data 

sets with relatively large numbers of characters to swamp data sets with fewer characters 

(Kluge, 1983) and are thought to give a conservative estimate of phylogeny (Hillis, 1987). 

Consensus trees are simple statements about areas of agreement among trees, they are not 



putative phylogenies. When different data sets yield significantly different phylogenetic 

estimates (ie. too great to be attributed to sampling error) the characters in question must 

have evolved at different rates, through different processes and/or have different histories. 

Partitioning data provides insight into the evolutionary processes and seems a safer course 

because it allows us to test whether particular characters violate our assumptions about these 

processes. Testing for incongruence of topologies estimated from different processes will 

help improve the robustness of phylogenetic methods. Separate analyses may be seen as a 

means of exploring possible disagreements among data sets. If independent data sets are 

combined this would violate fundamental assumptions of parsimony analysis. This is not the 

case with consensus because here one is not invoking a global parsimony. Areas of 

agreement are likely to represent real groups. Characters within data sets are more likely to 

be non-independent than between data sets and therefore conflict among trees from different 

data sets can be seen as a means of assessing heterogeneity (de Queiroz, 1993). Miyamoto 

and Fitch (1995) contended that, if there are biological reasons for believing that there is 

heterogeneity among data sets, then they should not be combined, regardless of the level of 

disagreement among the phylogenetic estimates. These latter authors place great emphasis 

on corroboration of phylogenetic hypotheses by independent data. There may not be any 

need to proceed towards consensus but if the goal is to achieve an estimate of true 

phylogeny, then one has to address such arguments rather than merely explore the conflicts. 

However, a consensus tree can be less parsimonious and often less resolved than the trees 

from a combined analysis. In addition, two data sets might not be in conflict, yet consensus 

methods might still yield an unresolved tree (Hillis, 1987). It therefore may not represent the 

best summary of the character information. Loss of information may be the most general 

argument against consensus. The nature of the differences among the data sets and the 

support these data sets provide for conflicting trees determine whether a consensus 

approach, a combined approach, or both are warranted (de Queiroz, 1993). The idea that 

different data sets may be independent (in relation to the estimation of phylogeny) is central 

to the justification for a consensus approach. Characters within data sets may be more likely 

to be non-independent estimators of phylogeny than characters in different data sets and thus 

may be more likely to support the same wrong hypothesis (Doyle, 1992). 



I: C 

.1 PhHosophEcO Appiro.9ches Adopted irni tIIIIS Shn1y 

"Philosophic arguments on the basic nature of biological classification need to be tempered by pragmatic 
considerations before too much time is spenL" 

B. L. lBurtt, 11964 

5.L11 Some Crdiinill Points  

In view of the continuing controversy in the systematics community over philosophy and 

methodology (although somewhat diminished) it seems desirable in a study of this nature to 

clearly state at the outset the philosophical views which have guided the author. 

. Evolution has occurred and is occurring at different rates within the Campaniidaceae 

affecting characters in 27 multitude of different ways, both independently and in 

correlation. 

The evolution of the Campanulaceae originated as a single event in the history of 

angiosperm evolution and there is only one unique phylogeny for the Campanulaceae 

lineage as ci whole. If science is defined as the "pursuit of truth" then the pursuit of that 

true phylogeny places such studies firmly within its realm even if we can only ever realise 

the nearest approximation to the true phylogeny, 

Evolution within the Campanulaceae has produced patterns of discontinuity which 

theoretically should reflect the phylogeny or genealogy of the family (descent with 

modjfication) but there is considerable evidence to suggest that the distribution of 

character states results from hybridisation and possibly other causes such as 

introgression, lack of expression, evolutionary stasis and extinction. The resultant 

patterns of descent may thus also be tokogenetic (reticulate), not clearly hierarchical and 



consequently more difficult to interpret. Such discontinuity may be the result of causal 

processes acting at different  levels. 

4. The ultimate mechanism of evolutionary change within the Campanulaceae is natural 

selection acting upon genetic variation within populations and within the constraints of 

morphogenesis (the so-called "epigenetic trap") as determined by the history and the 

genetic makeup of the family. Mechanistic explanations cannot be evaluated in the 

absence of an explicit phylogenetic framework. 

S. The true phylogeny of the Campanulaceae is potentially discoverable principally 

through the combination of a variety of methods although it is considered unlikely that it 

will ever be known completely. It is considered unlikely to be discovered through purely 

phenetic methods or purely cladistic methods alone. A more adequate understanding of 

the history of the family can only be achieved through a plurality of approaches utilising 

molecular and cytological, as well as morphological and biogeographic data - 

traditionally what may be described as the "evolutionary approach" (Mayr, 1969). The 

analyses of characters must also embrace character correlations in order to approach the 

totality of relations between or within the organisms. 

6. A putative p//iylogeny is an hypothesis based largely on a phylogenetic or evolutionary 

interpretation of the available data. It may not be directly suitable as a classification but is 

the most important basis for one, especially if it is based on data obtained by an eclectic 

approach. This must include cladistic qjgjyes and evolutionary scenarios, and implicit 

in these is an a pjjQLi assessment of the evolutionary status of characters (polarisation) as 

well as an empathy with the organism. Such intuitive processes built on experience are, if 

used with care, important components of phylogenetic analysis and should not be 

dismissed lightly. 

7. Cladograms are patterns (tree topologies), classifications or hypotheses based on a 

hierarchy of shared derived characters (synapomorphies) and aim to establish patterns of 

genealogy. However they result from numerical processes and one cannot assume that 



they necessarily reflect genealogy. No implicit models of relationships are incorporated in 

cladistic analyses. To establish genealogical relations additional data are usually 

required. Cladograms are usually not suitable in themselves as taxonomic classifications. 

The patterns of discontinuity may reflect the patterns of ancestor-descendant relationships 

as predicted by the synapomorphic data but do not necessarily indicate genetic closeness. 

Many phenotypes are not expressed or the patterns are confounded by the distribution of 

plesiomorphies, homoplasy and missing data. Therefore cladograins should not have 

primacy over other results. One should be sceptical of attempts to elucidate phylogeneetic 

relationships through cladistic analyses until an extensive data-base is available for 

reference. 

. Discontinuity of form ultimately may be the most legitimate basis for recognition of 

taxonomic groups but a character-based system can probably be bettered if combined with 

a history-based one such as ancestor-descendant relationships (patterns of 

synaponorphic distribution) which also prove to be in accord with patterns 

discovered by other methodologies. This is particularly true for taxa below the generic 

leveL In addition, a phylogenetic system requires criteria for grouping and ranking. As a 

guiding principle, the grouping criterion is mnonophyly (in the traditional sense, not the 

cladistic sense) tempered by evaluation of cladistic and non-cladistic data sets. It is 

recognised that absolute monophylesis is rarely revealed and some taxa may be 

polyphyletic and unresolvable. Furthermore, the tempo of evolution may have to be taken 

into account thus resulting in the recognition of paraphyletic taxa. The ranking criteria 

may be causal processes or, more pragmatically, they may be synapomorphic grades. 

9. A taxonomic biological classification is a compromise which usually does not 

completely reflect relationships nor reveal the complexities of relationships among its 

members. It need not reflect evolution at all. Nevertheless, such a classification is often 

considered to function as a biological theory with all the explanatory, predictive and 

heuristic properties of a theory (Mayr, 1969) and so the construction of classification 

should not be a whimsical process. Classifications are made up of classes. A class is a 

construct, the membership of which is determined by the class definition or class concept. 



Classes are spatio-temporally unbounded and any entity that fits the definition of a 

particular class belongs to that class regardless of its historical origin in time and space 

(which is why phylogenetic analysis has primacy for a classification which purports to 

have heuristic evolutionary value). Therefore: 

1©. A phylogenetic classification (in the traditional sense) is a special kind of taxonomic 

classification the structure of which is defined by process as well as pattern. It may be 

legitimately compared to other classifications such asphenetic ones the structure of which 

is defined by attributes of the classes and where relationships are based on overall or 

aggregate resemblance alone, or cladistic classifications where relationships are based on 

a hierarchical pattern of characters. When phenetic classifications are also considered to 

be simultaneously pikylogenetic, then the genealogical pattern is presumed to be generated 

by all kinds of characters (both synapomorphies and symplesiomorphies). 

5.1.2 Discussion 

"We denote this primary wisdom (spontaneity or instinct) as intuition, whilst all later teachings are called 
tuitions. In that deep force, the last fact behind which analysis cannot go, all things find their common 
origin" 

Ralph Waldo Emerson, 1841 
"Self Reliance" 

The restoration of evolution is critical to biological classification. Without it, the whole 

edifice of biology collapses. Despite the legitimacy of other kinds of classifications, none 

can unify all the disparate subdivisions of the biological sciences in the way that the 

evolutionary classification can. Therefore, for the general purposes of biology, we must give 

primacy to classifications which reflect as accurately as possible the facts of evolution 

although a workable taxonomic classification cannot provide a perfect reflection of 

evolution, no matter how abundant the evidence on which it is based. "Taxonomy can provide 

only a somewhat muddy reflection of evolution, but a reflection all the same" (Cronquist, 1988). "No 

system of nomenclature and no hierarchy of systematic categories is able to represent adequately the 

complicated set of inter-relationships and divergences found in nature" (Mayr, 1942). Classification 

should be guided by phylogeny but must also be based on practical considerations such as 

morphology. Molecular taxa and those based extensively on TM or SEM characters, 



cytology or biochemistry are not practical for the identification of taxa but for delimiting 

them. The problem is that phylogenetic patterns which are discovered have to be converted 

into a classification and they are not always immediately compatible. It is this conversion 

process from the results of phylogenetic analysis ("pure taxonomy") to taxonomic 

expediency ("applied taxonomy") which causes the greatest concern and strife among 

systematists. A classification is generally regarded as the primary product of systematic 

effort (Minelli, 1993) but it may not be the sole or even the best way of representing the 

outcome of systematic work (Griffiths, 1974, 1976). A distinction can be drawn between a 

classification which is the arrangement of entities into classes, and systematization, the 

ordering of entities into systems whose structure is the result of some natural process such 

as common descent and heterobathmy (Takhtajan, 1991). The view adopted in this study is 

that the latter approach should have primacy and that the classification should reflect this as 

accurately as possible (see also: Hennig, 1975; de Queiroz, 1988; de Queiroz and Donoghue, 

1988; and Minelli, 1991). The classification is a by-product of the systematic process and it 

may only give limited access to the ultimate basis for comparative knowledge of the family 

which is the phylogeny. Without a knowledge of the genealogical history of the organisms, 

any comparative data will be suspect. Modern classifications should not only fulfil these 

criteria but should also be the gateway to information systems which will provide 

comparative data for genetic, conservation, pathological and pharmaceutical studies among 

others, which critically depend on the phylogenetic status of the organism being known. 

Neither lumping together organisms on the basis of resemblances nor the idea that the 

totality of relationships is expressed by genealogy is satisfactory. 

For the last two centuries, taxonomic classification based on morphology has served us well, 

mostly as a means of diagnosis or as a framework for floral compilation, and continues to do 

so. It was the uniqueness of the phenotype based on (usually) a suite of shared arbitrary 

characters which served to delimit the higher taxa (Davis & Heywood, 1963; Crowson, 

1970; Sneath & Sokal, 1973). Unfortunately the choice of characters used to delimit higher 

taxa were often limited and the characters themselves often highly adapted, reflecting a 

grade of organisation in the respective plant. The characters may also have evolved in 

parallel within sub-lineages of the family and represent homoplasy. Such characters are poor 



at providing genealogical signal although they may be useful for providing a means of 

identifying a plant or placing a plant in an artificial classification. They may be most useful 

in a phylogenetic system which takes account of grades. Phenetic classifications, by 

concentrating on the phenotype (the product of descent and evolution), are attempts to 

achieve the same ends as phylogenetic ones since it is implicit that similarities at the 

phenotypic level reflect similarities at the genotypic level. The logic of using this approach 

alone is somewhat flawed because it is built on the false premises that resemblance is a 

measure of relatedness. To some extent, this is also a weakness in cladistic interpretations 

which equate the cladogram with genealogical relations. The homology of phenotypes does 

not imply the similarity of genotypes (de Beer, 1951). Certainly there is a large measure of 

congruence between phenetic and genetic similarity although it is usually not of a simple 

nature, and it may be recalled that the seminal studies of phenotypes by Darwin and others in 

the 19th century provided the basis for our understanding of evolutionary hierarchy. This, 

however, is only a starting point. "New" genes can be utilised to control previously 

unrelated developmental processes, the so-called "genetic piracy" of Roth (1988; Van Valen, 

1982). In addition, many taxa represent polyphyletic grades of organisation, not 

monophyletic clades. There is an increasing body of evidence to show that many organisms 

share primitive characters (symplesiomorphies) which could influence a classification. When 

a group based on overall similarity corresponds to a group based on synapomorphies, it is 

due to the fact that the noise of irrelevant characters does not substantially influence the 

performance of the true group characters which are also used in the analysis. Since it is not 

possible to determine which characters create noise, it is impossible to critically evaluate the 

groups which cluster. 

In the construction of a phylogenetic classification we have to adopt a strategy which, in 

addition to other aspects such as phenotype, takes into account the history of descent of 

organisms, or, in other words, their branching (cladistic) patterns. It should be a history-

based system as well as a character-based one. This requires very specialised treatment of 

the characters to be used. The monophyly of terminal taxa will consequently be determined 

by the hierarchical pattern of ancestor-descendant relationships (dade) in addition to the 

griule which is subjected to evolutionary interpretation. The cladistic relationships of 



organisms are more likely to be discovered by an analysis using shared derived characters 

(synapomorphies) although it has to be borne in mind that not all characters (including 

synapomorphies) may be expressed in certain lineages. Therefore a selection of only 

synapomorphies in an (cladistic) analysis may give more misleading results than a selection 

of all characters (symplesiomorphies and synapomorphies) in a phenetic analysis. Although 

methodologies which utilise only plesiomorphies or a combination of character types cannot 

produce truly genealogical systems, aggregate similarity (and difference) will produce an 

improved classification compared to one based on only a few characters. Cladistic methods 

can generate patterns (topologies) or classifications of branching but are not, in themselves, 

necessarily phylogenetic. The patterns achieved by a cladistic approach which utilises 

evolutionary hypotheses of character polarity can be legitimately called a phylogenetic 

classification (in most cases only narrowly so) but these require either additional data sets or 

careful interpretation. In the majority of cladistic studies a number of equally likely 

cladograms are obtained and a resolution involving procedures such as parsimony or 

maximum likelihood is necessary. Heywood (1964) called such patterns "evolutionary 

interpretations" but by calling cladograms "interpretations" in contradistinction to a 

classification he logically implied that they must presuppose a classification. This is mere 

hair-splitting rhetoric in support of the supposed primacy of phenetic classification. In 

practice every process is theory-laden and most systematists start with a selection of OTUs 

which form terminals in a structureless classification. It may be granted that such first 

approximations can be called classifications but they are hardly suitable for most 

applications which require organisms to be organised in structured systems of hierarchies or 

nested groups in which there is usually some theoretical content of their evolutionary 

history. 

It is accepted that evolutionary or phylogenetic classifications are mostly unsuitable for 

general use but they are the bases upon which we can build the taxonomic classifications 

utilized by botanists and the general public. A phylogenetic pattern may, in addition, be 

derived from a plurality of cladograms, phenograms, scenarios, etc. It may contain 

directionality, ie. a time dimension, and possibly ancestral taxa as well. It is best suited to 

diagrammatic expression as a phylogram (or as a "Dahlgrengram" showing the distribution 



of character states). Often phenetic classifications are more expedient, eg. for identification 

purposes, as in bacteriology, or for applied interests such as horticulture or pharmacy. 

However it is firmly believed that a greater number of more meaningful generalizations can 

be obtained from a classification based on phylogeny, for in reality a phylogenetic system 

encompasses the data to be found in a purely phenetic system in addition to other data such 

as biogeography, etc. Phylogenetic systems are, in practice, justifiable by the plausibility of 

their conclusions, not their information content nor their repeatability whereas taxonomic 

classifications usually are judged by their "workability". 

To achieve a taxonomic classification based on phylogeny it is necessary first to provide a 

logical framework (the phylogeny) and consistent criteria (grouping and ranking) for the 

higher taxa, particularly at the generic level and above, but also, in the case of the large 

genera such as Campanula and Wahienbergia, at the level of sections and subsections. These 

approaches should reduce the problems of non-equivalence in taxa (see next section). In a 

perfect world unique genealogy that corresponds in a one to one relationship with grade of 

organisation would be the necessary and sufficient condition for recognising a historical 

group, the supraspecific taxon. This would be the monophyletic group in the purest sense. In 

practice however, we have to balance between a monophyletic (holophyletic) group sensu 

Hennig which is a group of species that includes an ancestral species (known or 

hypothesised) and all of its descendants (see Farris, 1974) and the monophyletic group in its 

traditional or evolutionary sense of Mayr which takes account of evolutionary grade and 

recognises paraphyletic taxa. 

Several of the smaller genera of the Campanulaceae are certainly monophyletic, but the 

largest genera, Campanula and Wahienbergia and probably also Asyneuma, are very 

heterogeneous and most probably are paraphyletic. The concept of monophyly is, of course, 

only a grouping criterion. It does not imply that any group so recognised must be treated in 

any particular way. It only specifies the supposed genealogy under which such groups can be 

recognised (if this is desirable) and/or the degree to which they have diverged. The ranking 

criterion applied in a particular case must support recognition at a particular level. 



Monophyletic groups can exist at all levels of inclusiveness so ranking criteria are needed to 

delimit them. 

A prerequisite to a phylogenetic analysis of the Campanulaceae is a thorough familiarity 

with most of the living genera. Despite some general claims over the last few decades that 

systematics should be objective and repeatable, there is no substitute for field experience and 

a thorough personal knowledge of the group under consideration especially by actually 

cultivating the plants themselves. Fulfilling this criterion necessarily brings some element of 

subjectivity (as well as increasing logistic difficulties) but it is considered that the 

methodologies adopted in this study go some way to negate the effects of personal bias. 

Many of the assumptions that systematists hold about the relationships and evolution of 

plants are based on untestable hypotheses but are necessary in order to assemble a cladistic 

matrix of polarised characters based on outgroup comparisons, homology, ontogeny, etc. 

Personal familiarity with the subject material is, in most cases, the only means by which we 

can evaluate these hypotheses. Morin (1983) has listed several philosophical criteria which 

she adhered to in her study of Githopsis. These are considered to be sound viewpoints and 

have largely been adopted in this study, together with similar viewpoints of Hutchinson 

(1959), Takhtajan (1991), D-Y. Hong & L-M. Ma (1991) and others. 



52 HILstoriicill and Coinieptumiil Treteuiit of the Gus 

"Above the level of the species or species group I suspect that our classifications in most groups are not 
much different from what they would have been if no account had been taken of evolutionary theory" 

V. H. Heywood, 1964 

Edgar Anderson (1940) concluded, from the result of a questionaire to numerous working 

biologists and taxonomists, that "there is no basic uniformity in taxonomic groups. Taxonomy is only 

a glorj/ied guess and an attempt to construct a cross-section of lines of descent in a form intelligible to the 

human mind. It always contains two variable quantities - the plasticity of animate nature and the differing 

points of view of the people who work at it. It is not a matter of mechanically applying a universal set of 

categories to given groups offacts. Each group which one tackles presents afresh and original problem; for 

each, one has to work out anew the method by which he may achieve that transforming of confusion into 

order which is the great satisfaction of pure taxonomy". The following discussion is an attempt to 

explore this idea further. 

Certainly there is no taxonomic framework which can be applied equally throughout the 

living world. Taxa of unrelated groups show little or no equivalency and frequently, at the 

group level, single characters which show consistency within that group (the "ingroup") are 

used to delimit it instead of an assessment of overall correlations of equally weighted 

characters (Bum, 1964). The genera of the Campanulaceae present the familiar problem of 

there being no obvious generic equivalence within the family. The delimitation of species 

and genera represent the two greatest headaches for taxonomists and often there is a strong 

practical bias in the methods used. Differences may depend on philosophy, perception, or 

more pragmatic factors such as methods employed and character valuation. In addition there 

may be imperfect knowledge of many groups. 

Several trends in the establishment of taxonomic frameworks are apparent, both historically 

and within human societies. H. H. Bartlet (1940) has given an excellent account of the 

relationships between species/generic concepts and language and presented an historical 

narrative outlining such concepts in folk taxonomies and among mediaeval botanists of 

Europe until the time of Tournefort. Much of this is largely superfluous to the present 

discussion except insofar as it emphasises the psychology of perception in the recognition of 

genera. He believed that genera were set up by analysis and by synthesis and that the 



grouping of distinguishable but similar kinds into genera has always been a linguistic 

necessity if there were to be both flexibility and precision in the nomenclature of plants. The 

flexible but undefined categories of genus and species sufficed for most purposes of folk 

science and this is still largely true today. The inclusiveness or size of genera, now as in the 

past, is less a matter of science than of linguistic preference and convenience. Folk 

nomenclature may provide good indications not only for practical but for scientific generic 

grouping. 

Scientific nomenclature, prior to the influence of Darwin was constrained by the Doctrine of 

Special Creation as well as by the concept of Aristotelian naturalness. According to Bartlett 

(1940), Toumefort was the first to place the concept of the genus on a sound footing. He had 

a well-defined underlying philosophy which enabled him to judge what constituted a genus 

(expounded in ]Jsciigoge in Rem Herbariam which forms the introduction to his J[lnisüt&21tioA'es 

Rei Herbarivze). He showed that plants generally have roots, stems, leaves, flowers, fruits 

and seeds, of which at least five may generally be considered in the establishment of a 

genus). These were the five most important organs to consider but close correspondence in 

all five was not required for establishment of a genus. If correspondence only occurred in 

one, then it was difficult to arrive at a "good genus". Flower form alone as a criterion was no 

better. Correspondence in two or three organs was considered necessary, but special 

combinations such as flowers and fruits (but not roots + flowers or roots + fruits, etc.) made 

the best criteria. However he said that any "rule of thumb" may be too rigidly applied, and 

so made exceptions to maintain distinct natural genera. Therefore Tournefort recognised two 

orders of distinctness for genera. The first order applied to genera recognised by conformity 

of organs whereas the second order applied to those recognised by distinctive or unique 

features or other organs. He stated, "the concept of the small genus comprehends more that is 

common to all the species, so that the names of the latter may be brief and sonorous. Better to propose new 

genera with audacity than to force species into places where they do not fit". If new generic names 

would be conducive to understanding the nature and affinities of plants, he had no scruples 

about establishing them, but not thoughtlessly or without good reason. 



Linnaeus and his immediate successors' view of the genus was a broad one (W. Wright-

Smith, 1947). Linnaeus generally accepted the genera established by Tournefort (1700) and 

Plumier (1703) and gave all genera single names. In Ft daniteitta Botattica (1736) he laid 

down the fundamental principle that the genus and species are entities of nature. Linnaeus's 

famous dictum states, " The genus makes the characters, the characters do not make the genus" 

although his advice was to recognise species first and synthesise these into genera. In 

practice he tended to emphasise characters of the fruit (Larson, 1971). Many large genera 

were erected during the period of "Special Creation", and were based on a traditionally rigid 

concept of specific and generic delimitation. Close morphological similarity was interpreted 

by Linnaeus as signifying real generic relationship. No true genus was other than a natural 

genus. Linnaeus believed in the relationship of species and genera by descent although the 

process called for an original divine creation followed by subsequent hybridization by 

miraculous intervention through various combinations and stages until all the genera and 

species were produced. He stated that the morphological combinations, if botanists were 

perceptive enough to interpret them, would indicate the true genera. His approach to generic 

circumscription was outlined in detail in the PI/tilosophia Botaniica (175 1) and it consisted 

of searching for three characters (Svenson, 1945): 

the natural character giving the complete description of all its features and upon which 

the classification system should be based. 

the factitious character being a selection of features suitable for discrimination among 

genera in an artificial system of classification or even in a key. 

the character essentialis which equated to the features allowing for easiest description. 

The changes that have come about since Linnaeus have been to define genera as groups of 

species that do not seem to violate the conceptions of natural affinity by descent that were 

developed by Darwin, but modern botanists still adopt a rather Linnean approach to genera 

and seek criteria mostly from morphology. Large genera as well as small ones may be 

"entities of nature" and naturally an attempt is made to find the characters which will best 



express this entity. This view has predominated in botany until the present day. Although 

taxonomists' views on the delimitation of genera are often influenced by geography, most 

have concerned themselves with the search for suitable characters which would delimit 

genera rather than philosophical or conceptual issues. A review of the subsequent (post 

Darwinian) historical and current treatment of the higher taxa has shown that the genus is 

largely thought not to exist as -a real entity, that it is a concept or construct of the human 

mind; it is a collective category, the membership of which is based on purely subjective 

criteria of the taxonomist. Yet from the criteria used to delimit genera, it would appear that 

they may still be inadvertently treated as if they were entities. Anderson's (1940) survey 

concluded that genera were considered to be, on average, more natural units than species, 

and that generic differences could be compounded from specific differences. This was 

especially the case of those who had done monographic work. It may well be that the more 

natural unity of the genera accorded to them by participants in Anderson's survey was due to 

the greater discontinuity between genera as opposed to the species they delimit. 

The search for characters with which to delimit taxa has been like a search for the holy grail. 

With technological advances in electronmicroscopy and cytology, attention has been turned 

to microcharacters, particularly chromosomes, pollen and seeds. There has been an 

increasing use of microcharacters to prune away the large genera. However, it has since been 

realised that microcharacters are no better or worse than traditional macrocharacters. Genera 

cannot be identified by such microscopic characters but as Love (1963) has pointed out, their 

value is not in the identification of, but in the delimitation of natural boundaries for genera. 

Unless correlated with gross morphological (and/or distributional) characteristics, 

chromosomes are of limited value in the determination of generic boundaries (Jones, 1985). 

Dissimilarity in some or all of the principal chromosomal characters (number, size, 

morphology) may be a reasonably safe indicator for evolutionary divergence at the generic 

level, but the opposite is not implicitly true and cannot be interpreted as an indication of 

close relationship. Chromosomal features are basic to an understanding of relationships, but 

they are more useful at the infrageneric than the generic level. 



Comparative studies of SEM-level characters in the Asteraceae have shown that they are 

taxonomically useful but that they are neither more nor less useful as a means of generic 

delimitation than are macro- or micromorphological ones. The utility of any character at any 

taxonomic level depends on the consistency with which states of the character occur within 

and between taxa, and the correlation of that character with other features. It may be that 

studies of adaptive significance of ultrastructural characters will be more fruitful for 

evolutionary systematics than those of gross morphological ones, in part because the 

relationship between anatomy and biochemistry is clear at this level and because their 

interaction with elements of the physical environment can be measured (Bolick, 1978, 1981, 

1983; Barthlott, 1981, 1984). True homologies should be more easily discerned when the 

adaptive role of characters is known (Stuessy, 1979), and phylogenies based on those 

characters should therefore be more predictive. The extent of intra and inter-taxon variability 

or consistency must be determined before confidence is placed on classification based upon 

them (ultrastructural characters). There is the added danger of the typological trap with 

microcharacters whose variability is unknown. Therefore, as Lane (1985) suggests, one must 

do a proper survey of such characters to assess their variability. 

Chemical data present certain problems, but they also have some unique advantages for 

systematic purposes. When a compound has been identified it represents an unambiguous 

character state. Furthermore, it is often possible within one chemical class to relate 

constituents to one another in terms of their biosynthesis. Despite the fact that reversals and 

convergence in pathways do occur (Mabry & Bohlmaim, 1977), good hypotheses for the 

biogenesis of natural products do exist. These make interrelationships of character states 

more directly interpretable than those for other kinds of taxonomic data. The more unusual 

or derived a structure, the greater its classificatory value. 

Breeding data can also be used with some sucess but is not always easy to obtain. If a group 

of species can be crossed successfully among themselves (ie. Fl hybrids can be examined 

for fertility) then artificial hybridisation provides a good method for the delineation of 

genera especially when used in context with data from other approaches. In many groups 

crossing data may be more useful at the genus level than at the species level. (Powell, 1985). 



It can enhance the distinction of closely related genera. High fertility in interspecific hybrids 

is not so valuable, whereas sterility in intergeneric hybrids indicates crossing data which is 

more meaningful at the generic level. The ability to cross also indicates relative close 

relationship. Successful experimental crosses are to be expected, especially where allopatric, 

outcrossing, perennial taxa, or K-selected species are involved (Stebbins, 1950; Grant, 1971; 

Raven, 1976, 1980) as opposed to annuals or r-selected species which often have strong 

internal reproductive barriers. Intergeneric hybrids are expected to be highly sterile. This 

often amounts to a "biological genus" concept in the spirit of experimental categories 

(Clausen 1962). The biological species concept however is not undermined because even the 

highly fertile interspecific crosses are likely to be ultimately sterile in later generations. 

Natural "intergeneric" hybridisation, where at least partial fertility of the hybrids can be 

established, should be strongly considered as evidence that the taxa involved are congeneric. 

Crossing data are as equivocal as any other data when it comes to evaluating genera. 

Crossability and interfertility of species are distinct and unrelated phenomena. The ease with 

which two species can be artificially hybridized may not be related to the subsequent fertility 

of the hybrid (Ornduff, 1969). Kruckeberg (1962) advises that successful artificial 

hybridization between two species of related genera is not sufficient in itself to cause the 

joining of those species into a single genus but crossability does indicate that the genera are 

related. 

Many authors have overlooked the lack of equivalency in plant genera and attempted to 

establish rules for their recognition despite the fact that such an a priori approach is 

philosophically unsound. Wright-Smith believed that Mayr (1942), by advocating an 

average of about 5 species per genus verged on invoking a mechanical approach, and thus 

regarding the genus as merely a subjective unit without true representation in nature, and but 

a taxonomic idea. For Mayr, the question was not whether the genus as such has reality but 

whether or not the borders of the genera are real. He concluded that boundaries between 

genera are not as distinct as between species (Wright-Smith disagreed and attributed this to 

the extreme splitting in ornithology and the high level of expertise among its adherents). 

Mayr states, "The genus if it is to remain useful, has to retain its character as a collective category". 

Convenience, despite its appeal, seems to be a particularly invalid criterion for the 



delimitation of genera. Others have tried to invoke nomenclatural rules for the recognition of 

genera. Greenman (1940), for example, stated that the type concept should influence the 

generic concept. The species of a genus must conform in all essential morphological 

characters to those of the type species of the genus under consideration. The generic concept 

thus centres around a type specimen whereas formerly the generic and the specific concept 

centred around the complex which represents the genus in its general area of distribution, 

and more particularly the dominant form. Regardless of this view, the use of the 

nomenclatural system imposes a conservatism on systematics. As long as the binomial 

system of nomenclature is used, conservative botanists will be reluctant to recast generic 

concepts or limits except upon the most convincing evidence (E. E. Sherff, 1940). 

Legendre & Vaillancourt (1969) attempted to place the concept of the genus on 

mathematical grounds, but the result was largely a cladistic definition based on holophyly 

and adaptive zones (Legendre, 1971). Studies utilising phenetic characters or data matrices 

for the delimitation of genera include Bohm etal. (1978); James (1953); Prance et al.(1969) 

and Baum (1978), but perhaps the greatest advocate of operationalism was McVaugh 

(1945b). Rogers McVaugh studied the Campanulaceae and it is no surprise that many of his 

ideas stems from this group. "McVaugh's Principle" as Cronquist (1988) calls it was 

formulated in 1945 specifically to address the question of relationships between two 

campanulaceous genera, Triodanis and Specularia (= Legousia) and is basically an operating 

principle for the delimitation of satellite genera. It is worth quoting in full 

"Any segregate genus should be sharply delimited; that is, any species which is intermediate in one or more 

respects toward a more inclusive genus should be relegated to the latter. The retention of the anomalous 

species in the more inclusive genus will change its limits, if at all, but very slightly, and only in this way 

can the segregate genus be precisely defined" 

This was rephrased by Gillis (1971) and Grashoff (1975) as follows: 

II. Special consideration should be given to qualitatitive morphological characters. 



The recognition of segregate genera based on minor or single characters should only be allowed in 

particular instances to preserve usage. 

The biological unity of a genus is more important than the gap between it and close relatives. 

Changes made in generic limits should be done only after a full study of variation within the complete 

range of the group. 

Decisions on whether to establish segregate genera should be based on the relationship of the segregate 

to its core genus. (Robinson & King, 1985, believe that the idea of "core genera" is untenable even in its 

name) and not on relationships of the core group to other established segregates. 

Segregate genera should be sharply delimited (any intermediate species should be included in the larger 

genus). 

The strength of the argument to recognise segregate genera varies proportionally to the number of 

differentiating characters. 

The decision to recognise a generic segregate is strengthened if the group has a distinctive geographical 

range. 

This may seem a reasonable operating procedure but it is still leaves us with the problem of 

deciding how "anomalous" is anomalous. There are some isolated genera the status of which 

seems beyond question. Anomalous genera often have phylogenetic significance vastly out 

of proportion to their bulk in the taxonomic sense. The more genera are studied, the more 

they defy neat clear relationships to neighbouring genera. Both taxonomists and anatomists 

probably tend to become impressed by the distinctiveness of a genus as they study it more 

closely and discover more differences than had originally been known. Most systematic 

workers have stressed the necessity of intensive study of a particular group before any 

taxonomic changes are made. With respect to Senecio, Stebbins (1953) recognised that 

individual characters were significant only when they happened to be useful and noted that 

reliance on characters presumed to be fundamental in previous taxonomies had led to the 

recognition of unnatural assemblages. It was possible to recognise natural assemblages only 

after the species were satisfactorily well-known. There are also several philosophical 

objections to a strict adherence to operationalism. - 



W. H. Camp (1940) hinted at an approach to the problem of generic delimitation from the 

processes involved in the evolution of the higher taxa rather than the characters they possess. 

He stated that "the genus is less a taxonomic catch-all and increasingly a unit expressive of close phyletic 

relationship". In attempts to rationalize a static system of immutability with the known facts 

(ie. mutability), he believed that the use of the sub-genus will not satisfy the desire to 

express phyletic segregation. There has to be rationalization between taxonomic categories 

and phyletic units. The nomenclatural system should express the rank and degree of 

relationship between organisms. He further stated that the difficulty of arriving at useful 

generic concepts is frequently compounded by a misapprehension as to the nature of 

evolution of taxa, a naive assumption that for each supraspecific taxon there was at some 

time in the past a single species that had the essential characters of the group and became 

ancestor to all other members. This was also confirmed in Anderson's survey (1940) which 

supported the notion that "individual djfferences which are gradually built up into varietal, and these 

progressively into differences of specific and generic rank is so logical that it has, conciously or 

unconciously, been accepted by many taxonomists as absolute dogma". There is some evidence of 

dissent however as shown by Cronquist (1985) who believed that this was not the only way 

for supraspecific taxa to originate. He believed that members of a taxonomic group could 

evolve in parallel to a new "adaptive plane" and collectively become a new group ( = 

genus). A genus could have several species as its ancestor. Therefore a determined pursuit 

of absolute monophylesis is destructive rather than helpful to the taxonomic system. Some 

have claimed that the genus is a unit of evolution. For example, according to De Queiroz 

(1985), an "assemblage", usually of two of more species (but can be one), can be a 

supraspecific taxon, which is a spatiotemporally bounded entity. It can therefore be 

considered as an individual with cohesion and continuity.and thus a participant in natural 

processes (ie. units of evolution and history). Wiley (1981) however concluded that natural 

supraspecific taxa are neither individuals (in a philosophical sense) nor classes Rather they 

are historical groups derived from individuals. He believed that it is the objective of 

phylogenetic systematics to discover which taxa have an objective basis in evolutionary 

history and either name them or make their presence immediately apparent. Supraspecific 

taxa differ from species and other "individuals" in several respects. Cohesion in a species is 

maintained by reproductive ties, evolutionary stasis and responses to evolutionary processes. 



There is no active cohesion in a supraspecific taxon because its units have the potential to 

evolve independently. Natural supraspecific taxa only have historical continuity and are 

therefore not units of evolution, whereas species have both historical and ongoing continuity 

and are units of evolution. Supraspecific taxa are units of history. The following implications 

derive from Wiley's view: 

There is no ongoing process which gives a natural higher taxon cohesion nor is there a process by which 

such taxa arise which can be divorcedfrom speciation. 

Therefore, supraspecfic taxa must be historical units that have resultedfrom speciation. 

Genealogical lineage splitting and other speciation processes are both necessary and sufficient 

conditions for the origin of natural supraspecflc taxa. Those taxa that do not accurately display these 

necessary and sufficient conditions cannot be natural taxa. 

A natural supraspecjflc (axon cannot overlap another at the same level of universality, ie. one (axon 

contains species which are closer to those in another. The definitions of two supraspecfic taxa cannot 

overlap. Any single character may only be used once to define a group but not any entities (subgroups or 

lesser supraspecjfic taxa) within it. 

Although species as individuals have no adequate definition except that of their insertion in history, 

historical groups must be justified by evidence, ie. by characters (synapomorphie.) that demonstrate their 

status as natural groups. 

Few authors other than the above-mentioned have attempted to speculate on the origin of 

genera or on possible macroevolutionary processes which may be unique to higher taxa. 

Funk (1985) has approached the problem from a philosophically different angle although 

apparently in contradiction to the views of Cronquist regarding monophylesis. She stated 

that cladistic classifications seek to recognize monophyletic ( = holophyletic) groups while 

changing the existing nomenclature as little as possible. When applied to the discussion of 

generic concepts this approach means that new descriptions and combinations are justifiable 

only when they are necessary for the delimitation of natural groups of species (monophyletic 



groups, sensu Hennig). "If we strive to make our species represent the units of evolution then all higher 

ranking categories are really just monophyletic groups of species no matter what we choose to call them". 

She further stated: "the various levels at which the "groups of species" are recognised is not of major 

concern to cladists". It is the quality of these groups that Funk was concerned about. She 

believed that to discuss generic concepts, we should begin with a properly constructed 

cladogram in which species are the terminal taxa and that cladograms are converted into 

genera by accepting that the cladogram represents the classification. Her guidelines for 

turning it into a hierarchy are as follows: 

11. While maximizing information, strive to minimize novelty. The only justification for describing new 

genera is to develop a system of classification that contains monophyletic groups when this was not 

previously the case. A ta.xon is not circumscribedfrom an existing genus unless: 

It is more closely related to species in a different genus. 

The group of species on the cladograin is a..pjirgpkvletic assemblage that can never be defined because it 

contains only the "leftover species" that are not "d[ferent enough" to have inspired previous treatment at 

the generic level. 

Treatments that rely on ease of recognition to delimit genera can lead to two major 

problems, core genera and artificial genera. Although disruption in the nomenclature is 

minimized, information is not necessarily maximized by the use of core genera over smaller 

holophyletic groups (Turner, 1981). The segregates must be defined by synapomorphies and 

the parent group must not be left paraphyletic. Classifications giving consistent information 

cannot be achieved by whim. Funk believed that the cladistic approach provided well-

reasoned guidelines for evaluating and comparing classifications, and can aid in making 

decisions about the retention of existing genera or descriptions of new ones. All groups 

must be defined by a unique set of characters. If classifications are to be employed in the 

study of relationships, biogeography, coevolution, speciation, or many other interesting 

subjects, we must strive to identify and recognise monophyletic groups (that reflect the 

pattern of evolution). "Whether such a well-defined cladistic methodology will solve the problems of 

generic delimitation and recognition is debatable, but the extent to which botanists resist the changes in 

classification is often the extent to which they do not really know the phylogeny of their particular subject". 



Some botanists believe large genera to be conceptually useless. Many old genera (ie. 

Campanula) have received their present taxonomic identity by piecemeal accretion. Senecio 

L., a genus of 3000 species is held together by a suite of characters which are not present in 

all species (T. M. Barkley, 1985). Robinson and King (1985) believed that a broad generic 

concept misrepresents evolutionary diversity and may also project false impressions of its 

true age and complexity. The increase in recognised genera is of course paralleled by the 

increase in recognised species and it is only to be expected that this would change our views 

of the limits of some genera. Too many genera may obscure rather than elucidate 

relationships. The creation of microgenera would obscure relationships among groups of 

species unless an elaborate hierarchical system was inserted between the generic and tribal 

levels. The primary purpose of taxonomic hierarchies above the specific level is to reflect 

relationships among groups of species. Any system which is based on single characters is 

bound to obscure those relationships. For a taxonomic character to be reliable, its presence 

must be correlated with that of other taxonomically useful characters. (Sundberg 1985). 

A particular genus may be so unique in its suite of characters or "gestalt" that it imposes 

restraint on further division. In such cases generic delimitation is notoriously difficult, 

because a great many of the recognizable groups are connected by palpable intermediates. In 

order to have conceptually useful genera, we must accept the fact that many of them are 

inherently ill-defined and unresponsive to efforts at precision. A large genus may be diverse 

but may be undivisible due to imperceptible gradations within it, whereas several small 

genera may lack internal diversity but show greater discontinuity between closely related 

genera. The large genus may have subdivisions but the unity is not affected. If subgenera are 

raised in rank to genera we have a dilution of criteria. Divergence has been emphasised 

although the gaps have been narrowed. An accepted unity has been lost. It may well be that a 

genus can be divided but that is not a reason for its division. A large genus maynot be easier 

to handle by calling its sections "genera". Perhaps it would be useful to have large genera 

with infrageneric ordering so that meaningful internal substructuring might be presented. 

(Philipson, 1987). 



1 66 THE CAM'PANUILACiAI 

"Hope springs eternal among taxonomists who study complex groups" 

T.Mi3irk1ey, 1985 

6.1 	srt; Gngpllill 	stributiDrll; Ecology 

6i1.11 lU)escrpan 

The bellflowers (including bluebells, canterbury-bells, harebells, ladybells, starbells, 

swampbells, rampions, throatworts, sheeps-bits, venus's looking-glass and chrysangeas, etc.) 

comprise the family Campanulaceae s.s. Most of them are generally easily recognisable as 

such and are fairly well-delimited from other plant families by unique combinations of 

characters, particulary the pollen-transfer mechanism, invaginating presenter hairs and 

actinomorphic corollas. The lobelias (family Lobeliaceae), which are equally distinctive, 

have an almost cosmopolitan distribution, resupinate flowers, zygomorphic corollas, fused 

staminal columns and a less sophisticated pollen transfer mechanism. They also possess a 

complex armoury of alkaloids which are absent in the bellflowers. Both groups are thus 

relatively homogeneous and distinct from each other due to pronounced gaps in their overall 

spectrum of variation. There is no doubt that they are closely related but the usefulness of 

retaining them in a broader concept of the Campanulaceae is doubtful. Family descriptions 

then become so generalised that no clear picture of each group emerges and are usually quite 

inadequate to do justice to the diversity and complexities of form to be found in the two 

evolutionary lineages. The following somewhat enlarged introductory account of the 

bellflowers is an attempt to redress this shortcoming. 

The Campanulaceae s.s. is a medium-sized cosmopolitan family comprising mostly annual, 

biennial or perennial herbs while about 13 genera are suffrutescent or suffruticose small 

shrubs. Only about 10% of the family are annuals. Pachycauls such as Musschia wollastoni 

Lowe are rare but there are numerous species of caespitose montane herbs and a few species 

such as Campanula thyrso ides L. resemble dwarf versions of the African giant lobelias 



(Lobelia L.: Lobeliaceae) or the Hawaiian silverswords (Argyroxiphium DC.: Asteraceae). 

The association of rosetted pachycauls or" pachyflors" with alpine regions can be explained 

by the fact that such plants experience small fluctuations in daylength (at least in 

tropicalpine regions) and high irradiance levels. Photosynthesis exceeds respiration so much 

that they can double in dry weight in less than one month. There are a few tropical or 

subtropical weak climbers and twiners. Some members of the family are monocarpic and 

some are evergreen but the majority fruit over several seasons and either lose their leaves in 

an unfavourable season or die back to ground level (cryptophytes and hemicryptophytes). 

Some species such as Wahienbergia cainpanuloides (Delile) Vatke (Fig. 1) are ephemeral in 

areas of shifting sands in Africa and Arabia. Lateral branching may be sympodial or 

monopodial (Schulkina, 1980c). The leaves are of the dilleniid type of Hickey & Wolfe 

(1975) and in most species are alternate with a 2/5 phyllotaxy, but occasionally they are 

opposite or whorled (Ostrowskia Regel and some species of Adenophora Fisch. ). In some 

genera such as Roella L. the leaves are ericoid or densely amplexicaul, while in Edraianthus 

(A.DC.) ADC. they are 

Fig. A. Wahlenbergio canpanuloides (Dellille) Vatke, an eplliiemerall species from areas of slluiflftoiig 
sands in Arabia and Africa. Note the silenuller taproot.  (Natuiirall size, from Collilerniette 59II) 

slender and grasslike. Some species such as Azorina vidalii (Wats.) Feer and Section 

Platysperma Damboldt of Campanula have thick fleshy leaves. Mostly the leaves are simple 



and exstipulate, entire, serrulate to serrate, or lobed. In a few genera such as Campanula 

Sect. Platysperma, Codonopsis Wall. and Platycodon A.DC. the leaves and buds possess a 

fine glaucescent farina. Many species are rather hispid while an even greater number have a 

leaf indumentum to varying degrees. Trichomes are simple and unicellular with perhaps only 

a moderate diversity of form. Bracts are small and bracteoles are frequently absent. Stomata 

are anomocytic. All species so far investigated possess articulating laticifers and a whitish 

latex, the chemistry of which has not been thoroughly investigated. Stem anatomy is 

occasionally anomalous. Some lineages have an elongated storage tap root while in others 

the storage organs are root tubers or corms which may be fusiform to various degrees. 

Chasmophytes have a woody storage caudex which is quite variable in size and form 

depending on the fissuring of the rocks upon which they grow. Ephemerals such as 

Wahienbergia campanuloides have a long tap root, an essential adaptation for life in desert 

sands. More advanced forms have rhizomes as storage organs. Perennating organs are 

frequently stoloniferous or rarely soboliferous. The root system is usually fine and 

ramifying, particularly in chasmophytic species. Nodes are unilacunar or seldom 3-5 lacunar. 

Vessel segments have simple or seldom scalariform perforations. Two types of seedlings 

apparently exist in the family (Schulkina, 1980c): 1. those with a well-developed hypocotyl 

and epicotyl, and elongated internodes. The mature plants of this type have multinodal 

elongated shoots; 2. those with a shortened epicotyl and basal intemodes which form a leaf 

rosette. The mature plants of this type display a diversity of rosette types (Schulkina, 1980c). 

There is a great diversity of seedling form within the Campanulaceae. For example, 

Ostrowskia only produces cotyledons during its first year. The correlation of seedling 

morphology with taxonomic status may be a rewarding avenue for further systematic 

research but at present it is by no means resolved. 

Morphological variation within the Campanulaceae is complex and has led to much 

taxonomic confusion. At the individual level there is direct ontogenetic variation during the 

life-cycle due to the genotype but also ontogenetic contingency which is expressed in the 

form of phenotypic plasticity. Thus, on a seasonal basis one can observe considerable 

variation in leaf size and development, indumentum and floral parts within even-aged 

populations. Phenotypic plasticity is even more pronounced between populations which 



differ in age, elevation, aspect, shading and soil conditions, etc. This confusion is also 

exacerbated by the presence of polyploid complexes in many species, particularly within the 

harebells of the Subsection Heterophylla (Nyman emend.Witasek) Fedorov and the genus 

Adenophora Fisch. Hybridisation and introgression appear to play a lesser role in 

complicating the patterns of variation but intergeneric-hybridisation in particular may have 

led to the evolution of some monotypic taxa such as Hanabusaya Nakai. Apomixis is 

unrecorded in the family. 

In most species of the Campanulaceae the flowers are protandrous but this may be 

incomplete or absent altogether in some species of annuals such as Githopsis tenella Morin 

(Morin, 1983). Precocious development in Campanulaceae flowers may therefore lead to the 

establishment of autogamy. For discussion of pollen presentation see Carolin (1960b) and 

Shetler (1979b). The flowers are mostly conspicuous, 4-whorled, hermaphrodite (rarely 

unisexual) and actinomorphic (3-4)-5-(6-10)-merous. The number of floral parts is 

phenotypically quite plastic and this appears correlated with growing conditions. It is no 

surprise that in some taxa such as Phyteuma tetramerum Schur, Canarina L. and Michauxia 

L'Herit. such departures appear to have become genetically fixed. The calyx, except in 

Cyananthus Wall. and partly in Codonopsis and Craterocapsa Hilliard & Burtt, forms a 

hypanthial tube, the walls of which are connate to the ovary walls. This tube may extend 

above the ovary and be adnate to the corolla, forming a hypanthial cup but usually the calyx 

lobes and the corolla develop at a level approximating to the top end of the ovary. It is only 

Cyananthus which has a strictly superior ovary. In all other taxa the ovary is surrounded to 

various degrees by the adnate hypanthium although the top end may bulge upwards before or 

after fertilisation giving the impression of a semi-superior ovary. The calyx usually has 3-8 

lobes, most of which are free and divided to the base, alternate with the corolla lobes, and 

are persistent. Frequently the calyx lobes are accrescent in fruit and in some species may aid 

dispersal (eg. Campanula: Subgenus Megalocalyx Damboldt). Unlike the lobelias, there is 

no resupination and the odd dorsal lobe (mid) arises from the dorsal portion of the floral 

primordium. Calyx appendages are frequently present and variable in size and 

ornamentation. In Middle-eastern taxa such as Michauxia, Sicyocodon, Zeugandra and in 

Campanula (Sections Rupestres and Quinqueloculares) the appendages are so large that they 



envelop the ovary in a pseudo-capsule. This development appears to give extra protection to 

the ovary from herbivorous insects and dessicating heat. In South Africa a parallel but less 

elaborate development occurs in a few species of Wahienbergia which have protrusions or 

gussets between the calyx lobes. The corolla is often large and showy, gamopetalous and 

more or less divided into 5 (rarely 3-4 or 6-10) lobes which alternate with the calyx lobes. 

The lobes are usually short or about half the length of the corolla or sometimes longer, but 

rarely so divided as to appear free. They are connate to varying degrees forming a tube 

which is so short as to be almost unrecognisable in some taxa such as Wahlenbergia Schrad. 

ex Roth. The corolla is persistent in all but a few genera and even then is only weakly 

caducous. Rarely are two whorls of corolla lobes abnormally present (eg. Michauxia 

tchihatchewii Fisch. & C.A.Mey.). The corolla is most commonly tubular-campanulate, 

infundibular, cylindrical or stellate-rotate but there are some bizarre exceptions (eg. 

Campanula zoysii Wulf. and Merciera A.DC.). Aestivation is strictly valvate although with 

some species displaying a twisting which is reminiscent of a contorted arrangement. Lobes 

are rarely free at anthesis, but compactly united apically before finally separating. In some 

genera (eg. Phyteuma L. ) this separation is delayed until the flower matures while in 

Physoplexis (Endl.) Schur, the corolla lobes are permanently adherent. Corolla colour is 

mostly conspicuous blue in various hues from azure and sky blue to violet and indigo, or 

pink or white but rarely yellow or reddish. Frequently the base of the corolla and/or the 

nectar dome are contrasting whitish or crimson-violet colour forming a conspicuous 

"eyespot" or there are distinct coloured bands in the mid-corolla region. In other taxa the 

lobes have conspicuous veins (eg. Platycodon, Codonopsis) or honeyguides (Legousia Dur.) 

or tesselated with irregular markings (Codonopsis). Campanula Sect. Tulipella Fed. has the 

corolla marked by crimson spots and blotches while Roe/la rhodantha Adamson of South 

Africa has a red corolla with blue spots on the lobes. 

In many taxa of seasonal climates the mature overground parts consist predominantly of 

inflorescences and it is often difficult to distinguish the zones of vegetative branching from 

the floral regions. In some taxa however, the vegetative stem has contracted to form a basal 

rosette and the inflorescence then is clearly demarcated eg. Wahlenbergia androsacea A.DC. 

The inflorescence of the Campanulaceae is usually determinate (Roeper, 1826) and 



described as monotelic (Troll, 1964/1969; Carolin, 1967), ie. the flowering shoot ends in a 

terminal flower. In contrast, most of the Lobeliaceae are polytelic. The underlying uniform 

developmental pattern is essentially cymoid in character but confusing due to the order of 

maturation of flowers on the main axis and on the branches. Solitary flowers appear to 

predate the evolution of floral aggregations although numerous taxa have solitary flowers 

which are secondarily derived. Most commonly the inflorescence in the family is compound 

with several orders of branching. Such a structure is properly termed a synflorescence and 

the repetitive branching structures are partial inflorescences. The inflorescence is often 

bracteolate, branching pattern is usually simple (Weberling, 1989) but, depending on the 

species, may develop as either short dichasia, spikes, panicles, umbels, corymbs or thyrses, 

or may rarely be reduced to solitary flowers, particularly in arctic or alpine habitats where 

apical dominance is pronounced, eg. Wahienbergia saxicola A.DC. of New Zealand or W. 

pusilla A. Rich. of East Africa. Inflorescences are rather plastic and the number of flowers 

produced is often dependent on the stature of the plant which itself may be a function of age, 

vigour, or morphotype. The reproductive zone most commonly has subtending leaves which 

are bracteose rather than foliose but there are occasional exceptions. Flowers may be 

terminal or axillary and may be sessile or pedicellate. When it is condensed to form a 

capitulum as in Jasione L. or Phyteuma, or a glomerule as in Campanula Sect. Jnvolucratae 

(Fomin) Charadze and Edraianthus, the bracts form a subtending involucre. Many genera 

show a trend towards aggregation of flowers in glomerules (eg. Campanula glomerata L., C. 

tymphaea Hausskn., Edraianthus spp., Microcodon glomeratum ADC.) or umbels 

(Physoplexis) and thyrses (Trachelium L. spp., Diosphaera Buser s.s., Campanula Sect. 

Tracheliopsis (Buser) Damboldt). Other genera have achieved the same effect by being 

multi-stemmed and cushion-like (eg. Diosphaera asperuloides (Boiss. & Orph.) Buser, and 

Asyneuma Grisebach & Schenk spp.). The stamens are most commonly free, alternate with 

corolla lobes and are usually of the same number. They are attached at the extreme base of 

corolla close to the nectar disk, or sometimes a little higher in some South African genera 

and are then epipetalous. The anthers are always coherent forming a tube around the style in 

early stages of anthesis but usually separate by the time the corolla has opened. They may 

remain coherent for a little longer as in Campanula fiaccidula Vatke and in Campanula: 

Sect. Symphyandrformes (Fomin) Charadze, permanently at maturity along their full length 



as in Symphyandra A.DC. and Hanabusaya, at the middle only as in Cyananthus, or at the 

base only as in Jasione. The basifixed anthers are two-celled, tetrasporangiate and dehisce 

longitudinally inwards (introrse). The thecae are parallel. There is a complex pollen 

presentation mechanism which is unique to the Campanulaceae. Before anthesis pollen is 

transferred from the introrse anthers which are synchronous in their development to 

specialised collecting hairs or papillae on the outer surface of the stigmas and/or upper style 

(presenter region). Pollen may then be seen adhering in regular lines on the presenter region. 

They are not "swept up" in a brush-like movement as is sometimes stated in the literature. 

Some genera such as .Jasione, Trachelium, Phyteuma and Physoplexis have very short 

presenter regions which have the pollen-collecting hairs pointing forward and forming a cup 

or "pseudo-indusium" which gathers the pollen in a less regular manner. In the latter two 

genera the elongating style could be said to have a piston-like mechanism since it carries the 

pollen through the connivent tips of the corolla lobes. In this respect they almost approach 

the situation to be found in the Lobeliaceae. After pollen transfer, the anthers and upper 

filaments usually then wither and play no further part in pollination. Several hours to days 

after anthesis, the pollen hairs may either wither or invaginate to release the pollen. This 

action may be correlated in some way with the visitations of insects. The stigmatic lobes 

then reflex to reveal the receptive inner surface as the flower enters the female phase. The 

filaments are membranous and free but often dilated at the base and ciliate, and partially 

(rarely completely) fused at their bases to form a nectar dome ("saftdecken") surrounding the 

base of the style. The nectar, in the majority of species in the family, is concealed. 

Pollen grains may be porate, colpate or colporate and variously ornamented. The porate 

grains are almost invariably spinuliferous but the colpate and colporate grains have the 

ornamentation reduced to verrucae. Both binucleate and trinucleate grains have been 

recorded for the Campanulaceae s. 1. (Brewbaker, 1967). Pollen grains are occasionally blue, 

crimson or purple-coloured and this is often correlated with a coloured presenter region 

and/or style. They are often rather sticky and clumped and in one genus (Namacodon 

Thulin) they are dispersed in tetrads instead of monads which is the norm. A nectary disc is 

usually present and may be an inflated ring, continuous or interrupted lobes or a cylinder. 

When no nectar dome is present this is often conspicuously coloured or patterned although 



in this respect some species of Adenophora with their orange-yellow cylindrical nectary 

protected by a dome are an exception. Otherwise it is greenish or colourless. Nectar is 

colourless with one bizarre exception, Nesocodon which has bright scarlet nectar which 

drips like blood from the mouth of the corolla! 

The style is solitary, filiform or thickened, usually straight but occasionally curved and 

sometimes strongly exserted. The stigmatic lobes number 2-5, rarely are multifid, and are 

fihiform to club-shaped or capitate, spreading initially from tip, or sometimes from the 

middle or base. The ovary is inferior, semi-inferior or rarely superior (Cyananthus). Epigyny 

in the Campanulaceae has an appendicular origin (Carolin 1959, 1960b, 1978). The ovary is 

syncarpous and usually 2-(3)-5-locular (6-locular in Canarina; rarely 8-10-locular in 

Michauxia and Ostrows/da by interlocular septa), but sometimes unilocular by failure or 

disintegration of the septa (Merciera, Craterocapsa). Each locule is usually multi-ovulate 

but sometimes the number of ovules is reduced to 1 (Merciera) or 2 (Siphocodon Turcz.). 

Placentation is axile, rarely apical (Siphocodon), basal (Merciera) or sub-parietal 

(Triodanis). Ovules are characteristically anatropous and tenuicellar, with a massive single 

integument and an integumentary tapetum that is often incomplete at the micropylar end. 

Capsules may be erect or nodding, and usually crowned by the persistent sepals and the 

marcescent corolla. Dehiscence is lateral and poricidal, rarely by transverse fissures or 

irregular rupture of capsule wall, or loculicidally by apical valves, or splitting irregularly at 

apex. Rarely is the capsule indehiscent. In some genera (Campanumoea Blume and 

Canarina) a berry is the norm. The majority have dry dehiscent capsules with numerous 

seeds. Some annuals of the desert and semi-desert regions of the Mediterranean and the 

Middle-East such as Roucela Dum. sp. or Campanula sidoniensis Boiss. have capsules 

which are tardily dehiscent or indehiscent but there is also a trend towards indehiscence in 

several independent lineages of Campanula which may be correlated with islands or high 

mountain habitats. Examples are C. sartorii Boiss. & Heldr., C. incurva Aucher ex A. DC., 

C. morettiana Reichenb., C. scoparia (Boiss. & Hausskn.) Damboldt, C. munzurensis Davis 

and C. ptarmicfolia Lam. 



In many respects, fruit formation and capsule dehiscence have very similar parallels in the 

Lobeliaceae. For example, in the Hawaiian endemic genus Trematolobelia A. Zahlbr. ex 

Rock the capsule disintegrates to release the seed. In the Andean genus Lysipomia Kunth 

the capsule dehisces by an operculum whereas in the American genus Downingia Torrey the 

capsule opens by lateral slits. Other lobelioids have baccate fruits or valvate capsules. 

With the exception of Campanula robinsiae Small, Triodanis perfoliata (L.) Nieuwl. and 

Gunnilaea Thulin spp., the seeds of Campanulaceae lack superficial processes. Seeds are 

usually numerous, rarely few, and are small. They are fairly smooth, shiny, occasionally 

with a well-developed reticulate pattern to the testa, sometimes winged and/or with 

conspicuous hilum. The seeds have abundant protein in a fleshy albumen and the 

dicotyledonous embryo is erect and straight. The endosperm is copious and oily (sometimes 

starchy) and development cellular, with or without terminal haustoria. The radicle is near the 

hilum. 

The most common chromosome number in the Campanulaceae is n = 17 and this appears to 

have evolved independently several times in relatively unrelated lineages, eg. in Campanula, 

Nesocodon and in Canarina. 42% of the published chromosome counts have this number 

(Lammers, 1992a). The base number in the family has been suggested to be x = 8 (Böcher, 

1964; Contandriopoulos, 1984) but Raven (1975) suggested that x = 7 is the ancestral 

number. However there are some persuasive arguments to suggest that the ancestral base 

number may be as high as x = 14 (Stace & James, 1996). An ancestral base number of x = 7 

is supported by counts for Cyananthus (Kumar & Chauhan, 1975; Hong & Ma, 1991). This 

genus is usually considered the most basal taxon in the family (Hutchinson, 1969; Carolin, 

1978; Takhtajan, 1980; Dunbar, 1984; Hong & Ma, 1991) although it does possess several 

autapomorphic characters. In almost all large genera in the family, particularly Campanula, 

Adenophora and Wahienbergia there are polyploid series. 

Protein intranuclear inclusions with a fibrillar structure (F-type) are unique to the 

Campanulaceae (Thaler & Gailhoffer-Dengg, 1972; Bigazzi, 1986) and have been found in 

Campanula, Edraianthus, Jasione, Phyteuma and Trachelium. They are absent from 



examined species of Asyneuma, Canarina, Legousia, Petromarula Vent. ex Hedwig, 

Plalycodon and Wahienbergia. They appear to be absent from the Lobeliaceae. 

Campanulaceae generally have S-type sieve-element plastids which lack proteinaceous 

inclusions (Behnke, 1981; Behnke & Barthlott, 1983). 

The Campanulaceae commonly store carbohydrate as inulin, an oligosaccharide consisting 

of straight chain polymers of 1-40 fructose residues linked alpha (1-2) to a terminal sucrose 

molecule. A diversity of species are recorded as producing 14-carbon polyacetylenes (highly 

unsaturated hydrocarbons produced from oleic acid)( Lammers, 1992a). Alkaloids are 

virtually absent in the Campanulaceae (Willaman & Schubert, 1961; Hegnauer, 1973). 

Caffeic acid (a phenolic compound) occurs in Campanulaceae as an ester with quinic acid, 

most notably chiorogenic acid. These are absent from the Lobeliaceae where it is replaced by 

chelidonic acid (Hegnauer, 1966; Molgaard, 1985). Only rarely are the Campanulaceae 

cyanogenic (triglochinin) (Tjon Sie Fat, 1978) or saponiferous (Cronquist, 1981). For 

primary and secondary metabolites, see Gershenzon & Mabry, 1983; Harborne & Turner, 

1984. 



6.1.2 Ecollor 

"It is precisely closely allied forms with very similar ecological habits and much genetic homology in 
common, which are liable in different parts of the earth to slip into related habitats, and converge because 
in them they come under parallel selection pressure. But standard taxonomic practice would regard their 
convergent characters as equally ancestral with those that were genuinely continuous in time' 

A.J. Cain, 1982 

The majority of species are fairly tolerant of a variety of soil types and, although adequate 

drainage and stable mature soils seem to be a prerequisite for most of them, there are 

conspicuous exceptions. A large percentage of species, especially endemic taxa of the 

Eurasian mountains, are confined to areas of limestone. Rather fewer taxa are found in areas 

of serpentine or oligotrophic soils, or on unstable soils such as those found in river beds, 

sand dunes, scree slopes or disturbed/marginal habitats while Brachycodon would appear to 

grow mainly in solonetzic soils (Fedorov, 1957). Most of the tropical species grow in 

humus-rich soils in wet mountain forests. 

Many species are confined to high mountains, some at extremely high elevations where 

climatic conditions are severe. The majority of montane species inhabit crevices and have 

the adaptations typical of chasmophytes, ie. long storage caudices, basal rosettes, short-lived 

perennial or biennial habits and often a monocarpic fruiting mode. Few have adapted to 

sheer vertical cliff-faces in the way that the genus Diosphaera has. Some species prefer 

extremely sunny conditions, eg. Musschia aurea Dum., Azorina vidalii (H.C. Watson) Feer, 

Petromarula pinnata, Campanula merxmuelleri Phitos, C. saxatilis L., etc. Although not 

very succulent, many of these helophytic species of coastal habitats approach the adaptations 

of halophytes to some degree, eg. tough shiny leathery leaves, fibrous suffruticose stems, 

etc., but their levels of salt-tolerance are unknown. It is not known if any member of the 

Campanulaceae is a CAM (Crassulacean Acid Metabolism) plant but genera such as Azorina 

and Musschia might be worth investigating. The leaves of Azorina tend to form dense 

subglobular clusters which resemble those of the recently-described Lobelia vivaldii 

Lammers & Proctor from hot sunny cliffs on the island of Mona between Puerto Rico and 

Hispaniola. Many other species of sunny habitats have varying degrees of indumentum or 

glaucescence, presumably as a protection from solar radiation. The majority of the southern 



African species, and many of those from oceanic islands are small woody shrubs and are 

ericoid in form. Some, such as Mericiera, Prismatocarpus and the "Lightfootia" lineages of 

Wahienbergia, from the fynbos vegetation of Cape Province are adapted to withstand 

periodic fires in their environment. Temperate species are often found in open mesophytic 

woodland or subalpine meadows, while many grow along the banks of streams, but few can 

tolerate very shady woodland. The majority are upright and herbaceous but some are 

prostrate or decumbent. There are a few climbers (Campanumoea, Canarina, Codonopsis), 

but none has any special adaptations for climbing apart from a loose twining habit. None of 

the genera are truly epiphytic but the climbing genera may occasionally be so, or occur on 

rocks. Wahienbergia linfolia is facultatively epiphytic on tree ferns (Cyathea sp.) on St. 

Helena where it maintains a very precarious existence. Many of the Campanulaceae are 

caespitose plants of mountain crevices but true rosette species do occur. A few species such 

as Wahienbergia pusilla Hochst. ex A. Rich., Craterocapsa tarsodes Hilliard & Burn, 

Campanula tridentata Schreb., C. biebersteiniana Roem. & Schult., and C. petrophila Rupr. 

form "carpets", but only a few species of Diosphaera, Asyneuma and Campanula pulvinaris 

Hausskn. & Bornm. in Eurasia, or Wahienbergia pulvillus-gigantis Hilliard & Burtt of the 

Natal Drakensbergs can strictly be termed pulvinate. Musschia wollastoni from Madeira is 

the largest known campanuloid. It is a tall pachycaul plant of the remnant montane laurel 

forests and cloud-saturated high valleys. It is almost arborescent in form, resembling the 

giant Lobelia spp. (Lobeliaceae) and has leaves up to about 75 cm long which appear to be 

adapted for the rapid shedding of raindrops. Heterochaenia spp. on Reunion and the extinct 

Wahienbergia burchelii A.DC. of St. Helena almost approach this pachycaul condition. 

In almost all cases bellflowers are obligate outcrossers (allogamous) (Gadella, 1964) and 

their flowers show modifications for this purpose (eg. protandry, incompatibility and a 

unique pollen-transfer mechanism)(Shetler, 1979b). Autogamy is recorded or suspected in, 

for example Campanula angusilfiora Eastwood and C. grifJmnii Morin (Morin, 1980a) and in 

3 species of Githopsis (Morin, 1983) but many genera probably have the potential to be self-

fertile at least under cultivation. Self-compatibility has been recorded in Campanula 

rotundfolia L., Platycodon grandflorum (Jacq.) ADC. and in Wahienbergia berteroi 

(Hook. & Am.). Most species are usually chasmogamous and only very rarely 



cleistogamous, eg. Githopsis tenella (Morin, 1983), Heterocodon Nutt. (Munz, 1959) and 

Triodanis Raf. (Torrey 1843, McVaugh 1945b). 

The Campanulaceae is predominantly entomophilous, mostly pollinated by bees but also by 

flies (incl. carrion and pollen-eating hover-flies), beetles and wasps. In many species there 

are adaptations which appear to orientate insects to the stigma, eg. coloured pollen and/or 

stigmatic lobes, and stylar glands as in some species of Wahienbergia. In several unrelated 

lineages (eg. Codonopsis cardiophylla and Adenophora forrestii) the inner surfaces of the 

stigmatic lobes are strikingly white in colour and may have some influence on potential 

pollinators. Frequently the nectary and Pars superior (top end of the gynoecium) are the 

same colour or may be patterned in contrasting colours (eg. in Codonopsis). The majority of 

species in the family have nectar domes which effectively exclude most insect visitors from 

the nectary except the "legitimate" pollinators, bees, especially the genus Bombus L. 

(bumblebees). Bumblebees have been seen to take the scarlet nectar of Nesocodon in 

cultivation. Several Aegean species have extremely large cup-shaped flowers which appear 

to have evolved several times independently as an adaptation to pollination by the giant 

violet bees of the genus Xylocopa L. (Hymenoptera-Apioidea) although, in Crete, X 

violacea L. is also a frequent visitor to the open flowers of Petromarula pihnata (L.) ADC. 

Those species without nectar domes are pollinated by wasps, flies or birds. The salverform 

flower of Merciera appears to be adapted to pollination by long-proboscid flies (Diptera: 

Tabanidae; Nemestrinidae; Bombyliidae) or hawkmoths (Lepidoptera: Sphingidae) while the 

evolution of aggregated tubular flowers (as in Feeria and Trachelium) would appear to 

favour butterfly pollination. In Physoplexis and Phyteuma the peculiar flower morphology is 

perhaps an additional adaptation to increase pollinator specificity (Yeo, 1993). Flowers also 

act as refugia for insects which may effect pollination (eg. In Zeugandra, a plant of extreme 

summer temperatures, the flower has lost its nectary and apparently attracts insects by 

providing shelter). 

In tropical regions, birds such as sunbirds (Ayes: Nectariniidae) play a role in pollination 

Ornithophily is not as important for the Campanulaceae as it is for the Lobeliaceae which 

have apparently co-evolved in many parts of the world with hovering birds such as 



hummingbirds (Ayes: Trochilidae) and with less adept hoverers such as sunbirds (eg. 

Lobelia in the high mountains of East Africa) or hawaiian honeycreepers (Ayes: 

Drepaniidae). On the Juan Fernández Islands the small-billed Firecrown Hummingbirds 

(Sephaniodes sp.) may possibly be associated with Wahienbergeria berteroi Hook. & Am. 

but this requires verification. Canarina has many attributes of a bird-pollinated flower but 

more observations in tropical Africa are needed to verify a close association with birds. The 

Canary Island species is visited by Sylvia warblers (Ayes: Sylviidae) but these 

predominantly insectivorous birds are not especially adapted to feed on nectar. It may well 

be that the Canary Islands were inhabited by nectariferous birds in the distant past. On 

Madeira Musschia is visted by lacertid lizards (pers. obs.; see also Elvers, 1978) which lap 

the copious nectar but this may just be a fortuitous habit. In general this genus seems to be 

adapted for fly pollination (as is Azorina) although, as with Canarina, one cannot rule out an 

ornithophilous connection in the past. 

Genera with capitulate inflorescences such as Jasione and Phyteuma show a remarkable 

convergence to Globularia (Globulariaceae) and Scabious (Dipsacaceae) while Trachelium 

and Feeria show considerable resemblance to Valeriana (Valerianaceae). Morphological 

convergence of vegetative parts is even more prevalent, particularly among chasmophytes 

and taxa of higher elevations. Good examples of this phenomenon are Diosphaera 

asperuloides which is remarkably like its namesake Asperula (Rubiaceae) and Campanula 

aizoon which looks very much like a saxifrage (Saxifraga: Saxifragaceae). 

Fruit dispersal in the baccate genera is by birds but observations are lacking for the tropical 

taxa. In the remaining non-baccate genera the capsule usually remains on the plant and it is 

the seeds which are directly dispersed. However, some taxa of and regions have accrescent 

spreading calyx lobes and/or elaborate spines on the capsule and in these cases the whole 

capsule, on maturity, may be dispersed, perhaps by animals. On the whole, the seeds of the 

Carnpanulaceae do not show any adaptations for animal dispersal. Rather, their smooth 

testas facilitate limited dispersal by surface runoff of rainfall, aided by wind and gravity. 

Static-electrical discharge from the seeds probably plays a role in immediate emptying of the 

capsule. Often, all the seeds in a capsule appear to jump out at once upon the slightest touch. 



The seeds of the Campanulaceae show considerable morphological differences, even 

between closely related species, which suggests that they are strongly adapted, probably in 

their storage capacity, dormancy and germination requirements and imbibition. 

6J.3 GeograjpIhiicull BLshibufloEn 

The Campanulaceae s.s. which comprise about 64 genera with about 600-1000 species 

(depending on the author) are to be found on every continent except Antarctica but their 

areas of greatest diversity are Eurasia and southern Africa. Lammers (1992a) recognised 46 

genera, comprising approximately 950 species, 60% of which were native to Eurasia and 

30% to Africa. They are very poorly represented in South America and Oceania, and only a 

little less so in Australasia (in terms of diversity of form), and with only moderate diversity 

in North America. Approximately 9.4% of the genera are more or less confined to islands 

while 35.9% are confined to mountains. Collectively, these two groups represent 43.8% of 

the genera and this figure would be even higher if predominantly montane genera were also 

included. They are neither dominant nor conspicuous elements of tropical or subtropical 

vegetation. The largest concentration of species and greatest diversity is in the 

Mediterranean area and the mountain ranges from the eastern Alps to Iran. In the southern 

hemishere, Campanula is virtually absent. The most widespread genus is Wahienbergia 

which is distributed on all southern continents. All other southern hemisphere genera are 

within a Wahienbergia alliance, the greatest diversity and concentration of which is in 

South Africa, particularly western Cape Province. 

Many taxa are probably very ancient and show extreme disjunction, eg. Canarina in East 

Africa and Macaronesia, while others have relict distribution patterns which are more 

problematical, Musschia in Madeira, and Azorina in the Azores. Many of the endemic taxa 

of Eurasia such as Campanula: Sect. Pterophyllum, and of southern Africa such as 

Craterocapsa have distribution patterns which may reflect the changing palaeoclimatic 

conditions of the past. Others, such as Petromarula which is probably much older than the 

5 million years isolation of Crete from the Greek mainland, may reflect ancient 

paleogeography. It is clear that the numerous lineages of the Campanulaceae have a 



considerable distribution both in time and in space but to date there is no fossil evidence 

which would indicate their age. By inference of the known fossil record of the Asteraceae 

and Goodeniaceae the age of the Campanulaceae must predate the Oligocene of 40 million 

years ago (Muller, 1981). The divergence between what are thought to be tribally related 

genera within the Asteraceae must date back to at least 60 million years (Turner, 1975; 

1977) which suggests a late Cretaceous or early Eocene origin for that family. Turner (1977) 

has suggested that the Asteraceae may be as old as 100 million years and that the 

distribution has been influenced by continental drift. Certainly, by the Oligocene the 

Asteraceae were already well developed. This poses several questions about the age of the 

Campanulaceae since it has generally been botanical orthodoxy for the Campanulaceae to be 

strong candidates as possible ancestors of the Asteraceae. 

The arrival of the genus Wahienbergia on St. Helena is probably from some time in the 

Miocene onwards since the island is of volcanic origin and dates from about 14.5 million 

years ago (Baker, 1973; Croak, 1990). Wahlenbergia pollen is reported from the Pliocene 

of New Zealand (Mildenhall, 1980) while the ancestor of the distinctive group of 

Wahienbergia on the Juan Fernández Islands is postulated to have colonised the islands 

subsequent to the evolution of that archipelago some 5.8 million years ago (Lammers, 

1996). 

Table 2. Genera of the Campanulaceae - percentage distribution worldwide 

1. Mediterranean Basin to temperate south- 	47% 29 1 
-central Asia (excluding Himalaya-, and 

2. 
northeast Asia 
Temperate southern Africa 	 18% 10 1 

3. Himalayas to subtropical Japan, S.E. Asia 1 18% 9 2 
and New Guinea 

4. Macaronesia 	 11 % 2 5 
5. North America 	 10% 5 1 
6. Tropical Africa 	 6% 0 4 
7. Madagascar, Mauritius, Mascarene Is. 	6% 3 1 
8 Fropical South America 	 2% 

'
Australia, 

0 1 
9 Ness Zealand, Pacific Islands 	2% 0 1 
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Mg. 2. GeraileI worlldl distributions of the colpmte and CoDpomte gemeirm of the CsampsammReceae (qHbe IF'll 	oimeie). The 
coilpaite geaera are lowiad1eI by the dashed lliiae. These iiinicbdle Codoopth9  PseMdocodoglopth9  Lepeocodopg 9  OitroM (0)9  
Echhwcodo1ii (JE) and Cyaiia,eIa&is (moild !hilladll). Cdlljporate Semeire are founaid in theme areas bounded by the dotted ilkiem. The disjunct distribution of Cai'aathea in Africa aimrid Macaironiiemkm is indicated by arrows. The Aekmitc and Mallemkmmi colljpoiraite gemuiemra 
are Platycodo,s 9  Caepaiimeoea and Cyclocodoi. 
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M g. 3. GeffrIeralled woilld distidbuflous of the poraite geiffiera of the Campaimuallaceae. Wellll-iarted bllar groiiap are adIcaedI by 
00 	 arrows and lleters. Trlbe WalliilleaLergeae (dashed Rues) : IF = "Fe vwJ,dezio1?8a" groaup; IHI = S1. Eefleaa group; Ma = Mascarene 

geaersi: Nesocodo4'19  Heee'ochaeda and Berenice. Trlibe Cannipaslleae s.L (coinithiwiowis llfliuies) are : A = Azorio; M = Mc1/akj. 
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Fig. 4. Gemeragised distulbuVous of endemic thxa of southern Allñca. The daoi of G&ilkea is 
bounded by the dotted Hoe and extends to Madagascar. The distribution of Noj,ocodop h m  NsamAbig  AS  
Mated by dogooli hatching. The distribution Of the montane genus Crieerocoipa is bounded by the dashed 
Hoes. Ann isolated ipojpnnllationn of C. tarsodes oun Mt. Imnnyanngannii un Zflioubabwe is indicated by "C". The 
distñbuutionn of ]oella in the Cape Region is bounded by the continuous line 9  wilnille that of  Pr riunviuocorpll/Js is 
indicated by horizontal ilnatdilniung. The solid bR,%ck region indicates the distuilbuntiosu of siz sinniallil endemic 
genera: Merciera 9  Microcodon 9  ]AhigiopInylkm, Siphocodo'uu, Tlneilera and Treic/heIkj. 



]Fig. S. 5. Gelled dhoeflibuntRoms Of endemic tao Of the PhygemmVAsymemma alliance in 
the Mllfltenronneao IRoflo. The 'hopibyhllo" group of the germuna Co pooaiido (dwNed lines) 
may be represented ho the I.Aoeoim and Tnnutey to Leoieonn (Elmdicalled by ?) by the Sole 
species CLTmpmaddu qymbaldupia haunt fits rel ationships one as yet unoelleor. P/Aiy.nople.th  han the 
Iopooan Alps is zte1 by the dotted flfluneo and  Peitroaorado in  Crete  by  solid Dallock. 
The dis tinbandom ofr Coaapoeaaak trk/Aoco1ycihiauo Es  indi cated b y  dob and dashes, wllnfille 
Asyuaewaao coaaao4fai'rppae fiollotenll han AllDaoanfta ho hmdicmted by the oirrow. 
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Fig. 6. Gennenollfted1 distmibaughoms of selected endemic t000 in the Meaflfiulennauneonn 300finll. 
The TroclneliaapLui ollilfiununce 69 iboununnileuft by the comthnunouns line. The weoterun Portion is 
Traclneli&aava s.sgr. The ? fianullfiotes unatunnoflfloedl entennshonns to the dilftstrfibuntftoan wllnflculn also 
enteunds to Macaironneoflo. The eastern porthoini is Diospl/noero wllnficlb eotennails to Tiroan. The 
allflstrfiDauntfloun of Edroigjir,uglg&gs is Daounaunlledl by does and nilanoilnes and the ullflotrfiDauntfloun of 
Syaanphyooudro (han port) is tbonaunnllenfl by the llott1eall lines. The dloollriedl lines flimcnllflcunte the 
nIIflSUnoCt disqribunflom of Coaaapoaaedo:Sect.PeeropPcyhllaiioaa. The western  Spec ies  ho 
C.pris'anedefolki and the eooteiran species is C.peregriva. The soilfiull black ranges represent 
Feeria (F) in Morocco and Sicyocodoia (S) gun sonatilnerun Aunotollfto. 
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Fig. 7. Geenllflsed distributions olT sellectexll endemic tao fiui Noirtlln America. The 
distribution olF Triodapik is bounded by dots and dashes. TRellct tamm in southern USA are 
"Campol?u&da" reverchoaii (11E) in cenutroll Teas, "Campanula" floridoi'uii (dotted area) 
auiudl "Ca/?tiupal'uda" (iotci,zuthci) robüiisiae (R) in IF'llothllsi, sinudi the asinnunsill Callfouiiiia group 
(CA). The "Coriispaiiuki" pczoryi group (not shown) off the western nuuouniiutafiuus may be 
allilfiedi to these ta&a. "Asyr've&iiivuo' 9  preivaruthoide.c and "Compasiieek 99  scoederi (not shown) ofl 
the western nunounulitafiuns may be allllãed to "Caaispal?wIa'9  piperi o' the 011ynrrqnãc Mts. (IP), 
"CaiaspaL?Q&da" oioriga (ilnothonutall lluauldlluãnuig) and CapanoIasIrMm (vertãcall llnatdllunug), 
dlfisjununct in the east. The sw.%mp harrebellhls oT it " mparnda" apariiwides allllãaurnce 
(wlluñdlln may Aso 5undllnndle the southern llnarebellllt r

l pamsia" divaricata allllaauuice) 
sire bounded by the couuitfluiiunouns llflnue and are all 	sjunaact 	aflãToriinña (not shown). The 
distribution off Githopsis is bounded by dasilne 	uueiaand 	o11 Heterocodo'n by dotted 
llllnues. 



The following major centres of diversity are described in more detail: 

6.13i1 Mditerr21nean Basin to temperate south-centrall Asia (excluding IR[imallayas) 

and northeast Asia. 

The greatest diversity of taxa is to be found in and around the Mediterranean Basin, the 

European Alps and the mountains from North Africa to the Balkans, from south-central Asia 

in the mountains of the Caucasus region, and from Anatolia to Iran and Afghanistan. Here a 

number of campanuloid lineages have diverged, probably as a result of tectonic processes 

and isolation, although pollinator selection pressure is probably also highly significant 

especially at higher elevations. Many of these lineages are distinct enough to be placed in 

separate sections within the genus Campanula although some authors have recognised a 

number of more or less monotypic genera, eg. Theodorovia Kolak., Sachokiella Kolak, 

Pseudocampanula Kolak., Hemisphaera Kolak., Annaea Kolak., Mzymtella Kolak., 

Hyssaria Kolak., Gadellia Serdyukova & Schulkina, Sergia Fed., Cryptocodon Fed., 

Cylindrocarpa Fed., etc. The last three generally have found greater acceptance, probably 

quite simply because they were published in Flora URSS (1957) which is more widely 

available in its English translation. There is no doubt however that Central and Southern 

Asia has been and is a major centre of campanulaceous evolution. Despite the questionable 

status of some of the forementioned taxa there are some very distinctive genera and forms 

from this region such as Ostrowskia, Michauxia, Zeugandra Davis and the diminutive 

Muehibergella Feer. 

Further west are subcentres of high diversity in the following regions: Carpathians, where 

relict species such as Campanula carpatica Jacq. (Subsect. Rotula Fed.) and Phyteuma 

tetramerum are still to be found on old eroded mountain blocks; the Aegean islands, where 

isolation and unique conditions have given risen to a mosaic of distinctive species such as 

those of Sect. Quinqueloculares (Boiss) Phitos; the Balkan peninsula, where Campanula 

lineages have diverged in a way similar to those of the Caucasus to produce genera such as 

Symphyandra, Edraianthus and Petkovia Stef. as well as many species of Campanula s.s. 

(such as C. papillosa Hal.) which have unique suites of characters; the European Alps, 

where the more ancient "isophylloid" (the "isophylla" group is a well-defined group of taxa 



exemplified by C. portenschlagiana, C.poscharskyana, C.pyramidalis, etc. of the western 

Balkans and Italy) and "asyneumoid" (allied to Asyneuma and species such as Campanula 

trichocalycina) ancestral taxa have led to genera such as Codonosphaera Buser, Phyteuma 

and Physoplexis (and to Petromarula in the south in Crete); and in southern Spain and the 

mountains of North Africa, where ancient "rapunculoid" stock have given way to more 

advanced forms such as the the Campanula arvatica Lag. group, the "Oreocodon" group 

exemplified by C. mollis L., and the subgenus Roucela. Of course, this is a rather simplified 

picture because it is known that many of these ancient lineages once extended far beyond 

their present distribution. For example, the nearest living relative of the rapunculoid C. 

primulfolia Brot. of southern Portugal is C. peregrina L. from Turkey, Cyprus and 

Lebanon. The distribution of the diminutive genus Brachycodon suggests a Tethyan 

association and in general morphology and ecology comes remarkably close to the 

Californian genus Githopsis. Similarly C. cymbalaria Sm. (Sect. Saxicolae (Boiss.) 

Charadze) from western Anatolia may have close connections with the "isophylla" group 

which itself appears to be distantly connected to the cordilleran bellflowers of western North 

America exemplified by C. piperi T.J.Howell. C. prenanthioides Dur. of W. North America 

is remarkably similar to Asyneuma and was placed in that genus by McVaugh (1945a). In 

addition, genera such as the rapunculoid genus Popoviocodonia should be investigated for 

relationships with North American taxa such as Triodanis. 

6.1.3.2 Temperate southern Africa and the Southern Hemisphere 

The highest diversity of Campanulaceae in the Southern Hemisphere is from the elevated 

highlands of the eastern Cape Province west to Cape Peninsula and the Karroo, and north, 

through the Drakensbergs to the Chimanimani Mountains of eastern Zimbabwe and to the 

elevated interior region of Namibia. The dominant vegetation of southern Africa was forest 

in the past and the present shrubby vegetation has become widespread due to the onset of a 

Mediterranean type of climate. The Campanulaceae are most diverse in the western Cape 

and the number of endemic taxa increases to the west within this small subregion. There are 

also some unique taxa such as Craterocapsa in the more moist mountains facing the Indian 

Ocean. Many of the Cape taxa are shrubby perennials and grow on poor sandy soils. They 

frequently have an ericoid appearance with narrow imbricate leaves which reduce 



transpiration. The family has speciated considerably in this region. Many are annuals but 

divergence appears to be the result of selection for more specific pollinators or for changes 

in dehiscence mechanism of the capsule. One of the best examples of this is to be seen in 

Merciera which has an indehiscent capsule, a reduction to a single locule and very few 

ovules. Namacodon from Namibia has unique septicidal dehiscence and appears to be an 

offshoot from Prismatocarpus L'Herit., as does Gunillaea which is found in Madagascar, 

Zambia and Zimbabwe. Mauritius possesses the sole genus Nesocodon which, though 

probably closest to Hererochaenia A.DC. on Reunion, has a flower and form reminiscent of 

Roella and Craterocapsa. It shares a cumin-like smell from the leaves with the latter genus 

but its dehiscence mechanism is similar to Wahienbergia. Heterochaenia and Berenice Tul. 

on Reunion have probably been long isolated from the main line of Wahienbergia evolution 

and probably are not too closely related to one another. Berenice may well be closest to the 

wide-ranging Cephalostigma ADC., which is itself very close to Wahienbergia. In addition 

to the endemic taxa of the Indian Ocean, there are unique taxa on St. Helena in the Atlantic 

Ocean and on Juan Fernandez Islands in the Pacific Ocean off the coast of Chile, all within a 

Wahienbergia alliance, but further investigation may warrant separate generic status for 

them. It is known that the species of Wahienbergia on Juan Fernandez have a chromosome 

count unique within the genus (Sanders & Rodriguez, 1983; Spooner, et al., 1987; Crawford, 

et al., 1990). Their morphology is also a little at odds with the St. Helena group and they 

may be closer to a small group of 3-valvate wahlenbergioids from Peru and Ecuador, or 

possibly with the New Zealand species. 

6.1.3.3 IHilniallayns to subtropical Japan, S. E. Asia and New Guinea 

The diversity of taxa declines further east through the western Himalayan region but there is 

a second subcentre of high diversity in the eastern Himalayas and southwestern China 

(Yunnan) where alpine and subalpine genera such as Codonopsis and Cyancinthus occur. 

Other genera such as Peracarpa J.D.Hooker & T.Thompson, Cyclocodon and 

Campanumoea extend further south through the mountains of Indonesia as far as New 

Guinea. These genera are pivotal in our attempts to understand the history of the 

Campanulaceae in this region and their radiation is no doubt intimately linked to the 

orogenic processes which led to the uplift of the Himalayan mass. Many of the species and 



genera such as Echinocodon Hong and Homocodon Hong are highly localised and/or show 

adaptations for specific pollinators. This subcentre is distantly connected to western North 

America where the related endemic genus Heterocodon occurs. The Himalayan-W.North 

American disjunction can be seen in many other plants and animals. 

MacanollTIesfia 

To the west of the main mass of Eurasian taxa there are outliers in Macaronesia (Cape Verde 

Islands, the Canary Islands, Madeira and the Azores), some of which, such as Azorina, and 

the laurisylvan and cliff-dwelling Musschia, may have even more ancient connections with 

the Tertiary floras of Europe and with southern Africa. Certainly Canarina has far-flung 

connections with tropical Africa and possibly with Asia, a distribution pattern which is 

repeated often by the floral elements of Macaronesia (eg. Erica L. (Ericaceae) and Aeonium 

Webb & Berth. (Crassulaceae). However, with only 11% of the genera occurring here, two 

of which are probably palaeoendemics and the rest widely distributed (and probably recent 

arrivals), Macaronesia displays only a remnant of its former Tertiary flora making it difficult 

to assess its importance in the evolution of the family. Campanulajacobaea C.Smith from 

the Cape Verde Islands is closely related to the 2n = 28 group of North African campanulas 

(ie. "Oreocodon") but is shrubbier and shows considerable insular evolution. 

6.1.3.5 North America 

Most of the taxa occurring in North America are endemic to that continent. Although current 

convention places some of the species in wide-ranging genera such as Campanula, the 

situation is more complex and several rather distinct lineages can be discerned, some of 

which may deserve generic status. There are several relict taxa in southern North America 

while the more recently evolved forms appear to be linked to the evolution of the western 

mountain chains. The best known species is Campanulastrum americanum (L.) Small 

which, on balance, shows features most similar to the "isophylla" group in Europe and to 

some extent also to Asyneuma and the C.piperi group. However, it possesses so many unique 

characters that several authors have maintained it in a distinct genus Campanulastrum. The 

California annual species too cannot be easily fitted into any well-known sections of 

Campanula although they appear to resemble relict taxa of southern United States such as 



Campanula reverchonii and Campanula floridana. Some of the marsh-bellflowers or 

swampbells such as C. aparinoides Michx. resemble Adenophora (some species of which 

have a preference for damp habitats) and it may well be that there is an amphiatlantic link as 

well as an Asia - North American one. This latter group also may be allied to Campanula 

divaricata, as well as the enigmatic C.robinsiae of Florida which has occasionally been 

placed in a separate genus, Rotantha Small. Other taxa such as Triodanis and Githopsis 

Nutt. probably are not as closely related to Legousia as was once thought but evolved from a 

common ancient stock which spread into North America at an early stage in the evolution of 

the family. Triodanis may be related to the Asian Popoviocodonia Fed. which has also 

reputed to show similarities with the North American C. aparinioides Pursh. The widespread 

genus Campanula s.s. is probably the most recent arrival in North America, mostly in 

Alaska and the Arctic regions. The harebells of the Subsect. Heterophylla have spread over 

the continent and radiated to some degree so that many authors prefer to differentiate several 

species of harebells. However, the North American radiation of the harebells in no way 

matches the situation to be found in Europe within that subsection. 



62 Tihie 	ullee in Context 

6.2.1 ClassiI1ation of the IHIlginer 'IFexa 

The Campanulales (sensu Cronquist, 198 1) has had a varied history as far as its 

circumscription is concerned especially since its recognition as an order by Lindley (183 3) 

but there is no doubt that it has its most immediate alliances within the Asteridae (sensu 

Cronquist, 1981; Takhtajan, 1987). Lammers (1992a) has given an extensive review of the 

classification of the Campanulales so only the essential details with respect to the 

Campanulaceae are elaborated here. See also Brummit (1992) for a detailed comparison of 

eight systems of classification. The broadest view of the order is by Wagenitz (1964) who 

included the Campanulaceae (subfamilies Campanuloideae, Cyphioideae, Lobelioideae), 

Sphenocleaceae, Pentaphragmataceae, Goodeniaceae, Brunoniaceae, Stylidiaceae 

(subfamilies Donatioideae, Stylidioideae), Calyceraceae and Asteraceae (subfamilies 

Asteroideae, Cichorioideae). Takhtajan (1980, 1983) removed the Asteraceae and the 

Calyceraceae to the Asterales and Calycerales respectively and united the subsequent three 

orders in his superorder Asteranae within the subclass Asteridae. Brunoniaceae and 

Pentaphragmataceae together with Sphenocleaceae were treated as subfamilies of the 

Goodeniaceae and Campanulaceae respectively but the Donatioideae was raised to family 

rank. These three families were grouped into two suborders, the Goodeniinae 

(Goodeniaceae) and the Campanuliinae (Campanulaceae, Donatiaceae, and Stylidiaceae). 

The Asteraceae and Calyceraceae were removed because of their possession of involucrate 

capitulate inflorescences (but see Jasione, Edraianthus), 1 -loculed ovaries (see Merciera) 

and solitary ovules. In a more recent revision (1987) the subfamilies of Campanulaceae were 

raised to family rank (ie. Pentaphragmataceae, Sphenocleaceae, Campanulaceae, 

Cyphiaceae, Nemacladaceae, Lobeliaceae and Cyphocarpaceae). Cyphioideae S. s. was kept 

within the Lobeliaceae while Brunonioideae was raised to family rank within the order 

Goodeniales. 

Cronquist (1981, 1987), unlike Takhtajan, dissociated the Calycerales and Asterales from 

the Campanulales. Calycerales were considered to be allied to Dipsacales, and Asterales to 



Rubiales. Thorne (1968, 1976, 1977, 1981, 1983) also dissociated the Asteraceae and 

Calyceraceae from the Campanulales. In his scheme Calyceraceae were placed in the 

Dipsacales while the Donatiaceae and Stylidiaceae were considered to be close to 

Saxifragaceae (Rosales) and thus removed from the Campanulales. Dahlgren (1975a, 1977, 

1980, 1983,) and Dahigren et al. (1981) also removed Calyceraceae and Asteraceae to 

Calycerales and Asterales respectively and excluded Donatiaceae and Stylidiaceae to the 

order Stylidiales (Dahigren, G. 1989ab). The Brunoniaceae and Goodeniaceae were also 

removed from the Campanulales to their own order, the Goodeniales and thus Dahigren's 

order Campanulales became equivalent to the arrangement of Schönland (1889, see below). 

These removals were based largely on the distribution of chemical characters, principally the 

absence of iridoid compounds (monoterpenoid cyclo-pentanoid lactones) from the 

Campanulales s. s. (Jensen etal., 1975; Dahlgren, 1977, 1983; Dahlgren etal., 1981). 

Lammers (1 992a) recognised three characters which could be used to separate the 

Campanulales and Asterales. These were: multinucleate tapetal cells, the absence of 

endosperm haustoria, and the mevalonate pathway characterise the Asterales, while 

binucleate tapetal cells, terminal endosperm haustoria, and no mevalonate pathway 

characterise the Campanulales. The inclusion of the Pentaphragmataceae in the Asterales 

based on rbcL data necessitates a revision of this scheme Lammers (1992a) initially 

included twelve families in the Campanulales for his review, viz.: Asteraceae, Brunoniaceae, 

Calyceraceae, Campanulaceae, Cyphiaceae, Donatiaceae, Goodeniaceae, Lobeliaceae, 

Menyanthaceae, Pentaphragmataceae, Sphenocleaceae and Stylidiaceae. He identified a core 

group of the following five families: Campanulaceae, Lobeliaceae, Cyphiaceae, 

Pentaphragmataceae and Sphenocleaceae. He concluded that only nine families should be 

included in the order Campanulales, viz.: Asteraceae, Calyceraceae, Campanulaceae, 

Cyphiaceae, Goodeniaceae (including Brunonia), Lobeliaceae, Menyanthaceae, 

Pentaphragmataceae and Sphenocleaceae. Donatiaceae and Stylidiaceae were assigned 

provisionally to a position in or near the Ericales. The invaginating hairs were recognised 

by Lammers (1992a) as being the only apomorphy which would distinguish the 

Campanulaceae from the other families within the Campanulales complex. He suggested 

that the Campanulales originated near the ancestry of the Aster idae, in the complex of 



families comprising the Cornales and woody Saxifragales (Thorne, 1976; Dahigren, 1980). 

De Candolle (1830) and De Candolle (1839) treated the Campanulaceae as distinct from the 

Lobeliaceae, as did Endlicher (1841), Baillon (1880, 1886), Wettstein (1924), Hutchinson 

(1973), Dahlgren (1983) and Takhtajan (1987). In contrast these two lineages were treated as 

subfamilies of the Campanulaceae by Bentham (1876), Dalla Tone & Harms, 1900-1907, 

Bessey (1915), Wagenitz (1964), Cronquist (198 1) and Thome (1992a1b). 

All families of the Asterales-Campanulales complex with the exception of the Asteraceae: 

Bamadesiinae share a unique 22kb inversion in the chloroplast genome (Jansen & Palmer, 

1988; Palmer, et al., 1988). This suggests that the Barnadesiinae are the most primitive 

members of the complex. Extensive rearrangements of the chloroplast genome distinguish 

Campanulaceae and, to a lesser extent, Lobeliaceae but have not been noted in other taxa 

(Lammers, 1992a). Cladistic analyses (Downie & Palmer, 1992; Olmstead & Palmer, 1992) 

indicate the following: Calyceraceae and Goodeniaceae form a dade that is the sister group 

of the Asteraceae. Menyanthaceae form the sister group of these three families. This is 

supported by rbcL evidence (Michaels et al., 1993; Olmstead et al, 1992, 1993) and by 

restriction site comparisons of the cpDNA inverted repeat . (Downie & Palmer, 1992). 

Collectively these families form what has been termed the "asterad" dade. The 

Campanulaceae and Lobeliaceae (the "campanulads") form a sister dade of the asterads. 

The asterad-campanulad major dade was found to be a sister group to a major dade 

comprising the Apiaceae and Araliaceae ("apiads") and the Adoxaceae, Caprifoliaceae, 

Dipsacaceae, Valerianaceae and Vibumaceae ("dipsacads"). Many smaller families such as 

Pentaphragmataceae and Sphenocleaceae were not included in these analyses. Relationships 

at this level are also supported by restriction site analysis of the cpDNA inverted repeat 

(Downie & Palmer, 1992). Interestingly, the rbcL data placed Corokia A. Cunn. (Cornaceae) 

with the asterads near the Menyanthaceae which would lend some support to Lammers' 

(1992a) contention that the origin of the Campanulales might be near to the Cornales-

Saxifragales (Chase et al., 1993; Michaels et a!, 1993; Olmstead et a!, 1993). However, 

Corokia's placement in the Cornaceae is still in some doubt (Eyde, 1966). Engler (1930) 

included Corokia with Berenice in the tribe Argophylleae (Saxifragaceae: Escallonioideae) 



but this association seems rather erroneous since Berenice seems to be most easily 

accomodated in the Campanulaceae. 

Cosner, Jansen & Lammers (1994) examined the cladistic relationships of the Campanulales 

based on rbcL sequences. The results show very strong support for a dade comprising 

Campanulaceae/CyphiaceaefLobeliaceae. This is in accord with their possession of 

articulated laticifers (Lammers, 1992a). The Cyphiaceae were found to be paraphyletic. 

Most significantly, the Lobeliaceae and the Campanulaceae were not found to be sister taxa. 

The dade comprising the Campanulaceae plus the genus Nemacladus Nutt. were found to be 

• sister group of the Lobeliaceae and collectively these three taxa formed a dade which was 

• sister group of the Cyphocarpaceae. The "Nemacladaceae", particularly the genus 

Parishella A.Gray is palynologically close to the genus Cyananthus of the Campanulaceae 

(Dunbar, 1975a). Despite this, the monophyly of a greater Campanulaceae (include. 

Nemacladus) was not well supported in bootstrap or decay analyses. At the next two levels 

of the cladogram the Cyphiaceae and the Stylidiaceae (basal dade) were found to be the next 

sister groups respectively. Floral development studies of the Stylidiaceae support an 

association in or near the Campanulales (Erbar, 1992; Leins, 1964) and palynologically the 

Stylidiaceae (include. Donatiaceae) show affinities with the Campanulaceae (Erdtman, 

1952). Pentaphragma Wall. ex G.Don was found to be closer to the Asterales and 

Sphenoclea Gaertn. to the Solanales. It was suggested that both be treated as monogeneric 

families. 

Gustafsson & Bremer (1995) also analyzed morphological and chemical data in order to 

establish the relationships of the Asteraceae with those advanced angiosperm families which 

are considered to be most closely related, ie. the Calyceraceae, Campanulaceae and 

Goodeniaceae. Together with the Lobeliaceae, Cyphiaceae, Cyphocaipaceae and 

Nemacladaceae these families constitute the most consistently recognised families of the 

Asterales-Campanulales complex. Also considered in their analysis were the Brunoniaceae, 

Pentaphragmataceae, Sphenocleaceae, Stylidiaceae, and Donatiaceae and other putatively 

related families. The results indicate that there is a monophyletic group of 14 families 

comprising those mentioned above plus the Menyanthaceae, see Fig. 9 below. The inclusion 



of the Menyanthaceae in the Asterales based on rbcL data was well substantiated by this 

data set. 

This ordinal group which was called Asterales by Gustafsson and Bremer is supported by 

four characters, two of which are homoplastic. Within the order there are two major clades. 

Menyanthaceae, Asteraceae, Calyceraceae, Brunoniaceae and Goodeniaceae form one 

comparatively well-supported dade and the other nine families form the other which is less 

well supported and defined by embryological characters. Strongly supported was a dade 

which included the Campanulaceae and its closest allies. The Campanulaceae was shown to 

be a sister group of the subclade which comprised the Nemacladaceae, Cyphiaceae, 

Cyphocarpaceae and Lobeliaceae. The Lobeliaceae was a sister group of the 

Cyphocarpaceae. Collectively, these families, plus the Pentaphragmataceae and 

Sphenocleaceae would have comprised the formerly-recognised Campanulaceae s. 1. but were 

found to be a sister group of a dade which included the Sphenocleaceae, Donatiaceae and 

Stylidiaceae. The Sphenocleaceae as a sister group of the Stylidiaceae and Donatiaceae was 

a surprise and contradicted the rbcL findings of Cosner, Jansen & Lammers (1994). Basal to 

this major dade was the Pentaphragmataceae which formed the next monophyletic group 

and is considered to be rather distant from the Campanulaceae. Thus, from these initial 

cladistic studies, the treatment of the Campanulaceae as a separate family from the 

Lobeliaceae is strengthened. Since the Cyphocarpaceae formed a sister group to the 

Lobeliaceae the Cyphiaceae would, under Gustafsson and Bremer's scheme, be paraphyletic 

if it was included in a broad concept of the Cyphiaceae (as was done by Lammers (1992a) 

on a provisional basis) because it would then not include the Lobeliaceae. In contrast to the 

rbcL studies, Corokia did not nest within the Asterales complex. 

For this study Gustafssort & Bremer's data were reanalysed phenetically and the results are 

given below. The immediate usefulness of Bremer and Gustafsson's study is that it 

highlights certain families which may be useful as outgroups in further cladistic studies. The 

familial relationships of the Campanulaceae are thus now reasonably well established 

although their origin remain obscure. An origin near the the Cornales-Saxifragales has been 

suggested (Hutchinson, 1959; Lammers, 1992a) or perhaps in or near the Cucurbitales 



(Hutchinson, 1973) and there is a remote likelihood of a connection with the Gentianaceae 

(Hutchinson, 1969), Solanales (Cronquist, 1988) or Passiflorales (Hutchinson, 1973). At 

present, the origin of the family is purely conjectural and it will require more molecular 

analyses of both the chioroplast and nuclear genomes to give clues as to the ancestral group 

from which it evolved. 
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Table.3. Selected classifications of the Campanulales (1839-1995) 

:lIIiH lif1iO II' 	Tk.I !'IO( T1Iiiti ,iu fl 
Dc I aiidolk. 1839 Fndcher, 1841  lknth.& I looker, 18 773-76 
Carnpanulaeeae ('ampanulinac Campanales 
(Separate. fritin 1 	hrIiiicrar) Brunoniaccar 't 	hilt at 

(.iudcnia ee (.isaIcnii 	ie,it 

I uhihaceat ( 'amparilareat' 

( arnpanulactat' 

) ni'a tita t 

"t 	lrdt'ae 

Baillon, 1880-1886 Besse, 1915 Wcttstein, 1924 
Carnpanulaeées ( ampanulales S nandrac 
Sr,e dc'. ( a iii part tilt's it iii .)4Jf U Ia i tat' ( a in paji ulacrat' 

Sent (;l(nlaut ( 	 , phiacrar 

s4F;&' tJC 	Lulic 
s 	lidiaceac I.uheliatt"ae 

",t'tit di's Cyphia  
Cal 	eritetite ( 	it tlt'uiat eat 

Serie di's ( 	mihni a 
",tIiiIi U eat 

Hi 11114111141 t'.tt' 
'-'s fit 	tiEs H ru Hr 

'-'4' cit 	i's Ph', hi Ut' 

\Va gen iti. 1964 Hutchinson, 1973 Cro nq uist, 1981  
I anipanufaks ( ampanaks lanipanulaks 

a in pan ul a t'tar Ca 	pa Il u ha tt'ii i' "ph tnt cleat eat' 

"phenut Vat l'itt' I 	ti ltt'lt,i 	t'a I 'iii 1,4 ph raim atacra e 

Pt ii ta phi agni at Itteat' OtIllpallularrat 
( ,uoslenia& tilt' S 	lulttte,tt 

Hi ut 	iii at tat' I )uji ati at t at' 

St -i Itijiiiti, 	it' Itrunotitite eat 

( 	al 	is', at'iat' (oosh'ni.tct at' 

( iUiipi;4 

Uah Igren, 1983 'I'akhtajan, 1987 Thorne, 1992 
('anipanulaks CampanulaleN ( ampanulales 
I'erit,,pItr,tirua!itt at I'eir(,jpltragrustat's'as h&tt',,tiiili,tt 	it' 

( a in pa ii nI .tt& at 'rphs'ni it le,jt'cat I't nntaph r.tg in atat, ta s' 

Is 'Pt I tat, 	,je ( a nupa nula ceac '-ip hs' niit'le',nt'cat' 

C 	phuaceas' C amparuulact'at' 

in at ha ii at, C ,t t' (; 	tile iii 'ut't'a 

I ilteliat i-at 

C 	punt an p U tat- 

Lammers, 1992 Cosner et al., 1994 Gustaf. & Bremer, 1995 
( ampanulaks ( ampanulaks sterales-( 'ampanulaJes 
t It'rat eat I uhehiaccac lt ui'i a lit ha teat t 	) 

a1 	t- crae eat' C aunparl ilattat sit n 	is - cite I 

(.nttdt',,,aceas- C 	i pltnaet-at' I ahctrnitt at 

\ It'u t 	a if It a ceac St lidict'ac C, 'melt' n iii s-tat 	I 
C 	annpiiuuiulaet-.ie Br unnntuatt-,te Ct) 

' phiaccae I'eultahrIlr ,ti2nunaIas t'ae (C 

I uhehaccac Iilitinickace'at' I C 

SpIit'nncls acetic "h Ittli.ti't'ae It 	I 

Pell ta phrag mgt its cite I tint 'a! tat tat 	(C')  

( itiflpantllact'iit (C) 

tat 	(C 

Cyphiaccae (C 

'-it nnuaelad -,tt tat' (C 



6.2.2 Taxoirrioiiiriik IH[istoiry of a Problleinrna& Family 

"One can of course attempt to analyse it, to fit it into this system of thought or that, but by its very nature it 
is bound to cause a diversion in the neatly-fitted jigsaw. In the end the diversion becomes the deviation that 
wrecks the system. No wonder those who create systems fear it like the deviL" 

Neil Gum, 11956 
"The Atom of Delight" 

6.2.2.1 189h and 119th Centuries 

Although a few species of the family Campanulaceae are mentioned in pre-Linnaean 

literature, classification, as with the majority of plant families, really begins with Linnaeus 

(Carl von Linné, 1707-1778). Linnaeus believed that species were uniquely created, so 

evolution did not play a role in his system. Linnaeus's system of classification of plants 

(1 753) was artificial because it was influenced by the essentialistic concept of Aristotelian 

naturalness whereby organisms are placed together in a group only if they embody the 

essence of the group. Essential characters were those considered to be important to the 

function of an organism such as reproductive organs. Thus Linnaeus held a priori 

assumptions of the importance of sexual parts of the flower. The arrangement of Linnaeus's 

sexual system was essentially a dichotomous one based on the principle of logical division 

of Theophrastus (c.370-287 B.C.). However, in fairness, he felt that the existing information 

and understanding of his time were inadequate for the production of a natural system, and 

expected his system to be eventually superseded by one (Cronquist, 1988). Thus we can 

observe that the species recognised in Species Plantarum were also arranged on the basis of 

overall resemblance (phenetic naturalness) but Linnaeus's concept of the genus was a broad 

one (Gadella, 1966; Steam, 1957). In the first edition of 1753 he recognised just 43 species 

of the Campanulaceae which he placed in 4 genera (Campanula, Phyteuma, Roella and 

Trachelium) many of which would today be unanimously considered worthy of separate 

generic status (see Table 4). Genera such as Campanula which were established more than 

two centuries ago for a small number of species have become depositories for the dumping 

of newly discovered species which do not obviously fit within segregate genera. Thus the 

genus Campanula has grown by accretion around its original core. 



Table 4. A comparison of species recognised by Linnaeus (1753) with their modern binomials 

Canipaizulti !'ra/?zinh/o/jrs 1.. Edraianthus gratne;nfaI:u (L.) A.M. 

C. canarit'nsis L. Catarina can ariensis (L.) Vatke 

Cspeculum L. Legousia speculuin-veneris (Ii.) Chaix 

C.peniagonia L. L.pentagonuz (L.) Uruce 

Ccapensis L. iVa/ilenhergia capeusis (L.) A.1)C, 

C. hederacea L. Whetleracea (L.) kelib. 

Ph'tennja coniosu L. P1:op/exis COmOsuiri (L.) Schur 

F.pinnafa L. Pelrwnaru!a pinnata 

Alphonse de Candolle (1806-1893), in his monumental treatise Monographie des 

Campanulées (1830), provided a landmark in the taxonomic treatment of the 

Campanulaceae s.str. which has served as the basis for all subsequent workers on the family, 

despite the fact that he only recognised 334 species in 21 genera (see Table 5). His system 

may be considered as an attempt at a "natural system" based on overall resemblances in 

contrast to the usage by Linnaeus associated with Aristotelian principles and a belief in 

Special Creation (Davis & Heywood, 1963). De Candolle's concept of the genus is 

especially important and cannot be ignored in any study of the Campanulaceae. In the 

delimitation of genera, de Candolle did not recognise such units merely because they could 

be separated by arbitrary characters. To him, a genus was a natural unit, recognisable as such 

by its own ensemble of features (McVaugh, 1948). He was fully aware that the genera of the 

Campanulaceae are interrelated in a reticulate pattern and that the ill-defined genus 

Campanula constitutes the core around which are a number of satellite genera (eg. 

Symphyandra, Legousia, Michauxia, Adenophora) which are all closer to the core genus 

than they are to each other. It was, and still is, easier to define which species do not 

constitute the genus Campanula than those which do. The situation is paralleled by 

Wahienbergia and its satellite genera. De Candolle used morphological characters to classify 

the Campanulaceae and, generally speaking, these served his purpose well. Most of the 

major divisions recognised today, and even to the generic level, are based on criteria 

recognised by De Candolle, and subsequently by Boissier, Schönland, Fedorov and almost 



all students of this family. One morphological character which de Candolle recognised as of 

major significance was the method of capsule dehiscence. Using this character he divided 

the beliflowers into two subtribes, a treatment which was also largely congruent with the 

separation of Northern and Southern Hemisphere groups of genera (see Table 5). 

Table 5. Classification of the Campanulaceae (Dc CandoHe, 1830) 

Capsule is ith apical (valvate) (lehiscencel Capsule with lateral (porate) dehiscence 

( (!?fl/)1lI1tI?flfk'(I (l)crr 	 I .-ltItiophuri 
('a,iari,za (berry)  
( i'pIia/.czigina .!crieru ...DC. (iiidililsceiit) 
(Iv,,oj,sj .1ht/lu1L.ia 
.I(I%i4J11( .IiIsiIziu 

I.i,'/it/..u'f ii, 	I. 	tier. I'eir,i,nar,,Ig, Vut. c 	lhd%. I 
.I1iLl()f)Ji.Ill I'hrztzi,na 

I'Iü1ic,th,ii Specalariti A.D( -. 
I'ri 	l7liflrc'(fl,)i4s 

Roella Trai lieliun; 
Ii (I/lIt'?lI) 	? 	ill 

Certainly such a division is convenient in the delimitation of taxonomic groups but it may 

not reflect an ancient split in the evolution of the family. De Candolle's system does not 

have a structure other than that dictated by overall resemblance. Had he been able to use 

pollen characters, the association of the colpate/colporate Campanumoea, Codonopsis, 

Platycodon, and Canarina with the porate Roella, Wahienbergia and Microcodon, etc. 

would have immediately been thrown into question. Similarly, had he studied the nature of 

poricidal dehiscence and capsule ontogeny, the association between Musschia, Merciera 

and the other genera in this second subgroup would have been deemed unnatural. At a 

lower level in the taxonomic hierarchy De Candolle grouped species of the genus 

Wahienbergia into his Section Nesophylla A.DC. ("island-lovers") based solely on their 

living on remote islands and shrubby habit. Such a grouping can have profound influence 

on biogeographic and evolutionary theories for the family. This section included 

Wahienbergia species of Saint Helena and Ascension, the Juan Fernandez Islands, W. 

ensifolia A.M. (later transferred to the genus Heterochaenia) and several shrubby 



perennial species from South Africa. Similarly, the genus Symphyandra may be 

polyphyletic since it includes species united solely on the possession of connate anthers, a 

character state which appears to have been expressed independently within several lineages 

of the Campanulaceae. Merciera seems closely allied to Roella and Prismatocarpus and is 

clearly out of place within De Candolle's subgroup. It possibly should be with the other 

South African Wahlenbergeae or the endemic Moroccan genus Feeria Buser despite its 

indehiscent capsule and Trachelium-like appearance. In Musschia which is an endemic of 

Madeira, dehiscence is by means of lateral slits, which are probably not homologous with 

the porate dehiscence of all the other genera in Subtribe II. In Jasione, the capsule is valvate 

which is probably the basis for its association with Wahienbergia. However, it its floral 

morphology it approaches some sections of Campanula. Furthermore, the biogeography of 

Jasione suggests a closer alliance with Campanula. Its relationships with Feeria have not 

been clarified nor its relationships with Trachelium. These, then, are just a few of the 

problems raised with De Candolle's classification. Clearly the family displays homoplasy in 

many characters which has led to the erection of paraphyletic and polyphyletic taxa, many 

of which are clearly not justifiable. 

In 1839 a summary of all known species was made in the lProdromwis Systeniniatis 

Natuiralis reginil Vegetabilis (Auguste de Candolle, 1824-1841; completed by Alphonse de 

Candolle, 1841-1873) but the basic subdivision of the family remained largely unchanged 

except for the separation of Merciera into a monotypic subtribe, the Merciereae. The 

compilations of Endlicher (1836-1840), Bentham (1876), and Schönland, (1889-1894; 

1900) follow de Candolle's work without any important changes (McVaugh, 1948). 

Endlicher's "Genera IPlantairuim" followed the Monographie essentially without any 

change in generic concept (Table 6). 

Bentham, (1876) divided the Campanulaceae into three subfamilies, the Campanuloideae, 

Lobelioideae and Cyphiodeae. Although not a thorough subdivision of the bellflowers, the 

Campanuloideae were subdivided as shown in Table 7. Petromarula was submerged in 

Phyteuma by Bentham and by Schönland. The only fully established subdivision of the 

Campanuloideae was that of Schönland (1889-1894) which generally followed Bentham 



and Hooker. SchOnland's system was the one most frequently adopted until the modem 

period. His classification is shown in Table 8. 

Table 6. Classification of the Campanulaceae (Endlicher, 1836-1840) 

l'/:teu,na 1 riei; eli,,,,: 
section 	 ViS Fudi. Adenophora 

I?apluh ii,i 	E nd]. ii. 
Pd 'tr('n,aruIl sect ion l!eltlfloClIliv l ud I. 
1 Iic/u,uxiii •t!I,% 	t/ljI 

Campanula l!erejeri 
t•CiItUI 	•1/('(/j,,,,t .•.l)( 

Itii'iIiiii 	•.l)( 
..Sp' it/aria 

section .lpeiiitla Neck. 
J)snicil;: 	i•:111i. 

.S'rieoli:, liidl. 

Schönland basically followed de Candolle's arrangement but he merged de Candolle's 

subtribes Merciereae and Wahlenbergeae in his subtribe Wahlenberginae. The subtribe 

Campanulinae was defined mainly by laterally dehiscent or indehiscent capsules (rarely 

berries), the Wahlenberginae mainly by apical dehiscence by valves or opercula, rarely 

berries, and the Platycodinae by the carpels which are as many as,and alternate with the 

AR 



calyx lobes. In the other two subtribes, the carpels are usually fewer than the calyx lobes or, 

if isomerous, in an opposite position. The genera within each of Schönland 's three subtribes 

are thus comparatively homogeneous in floral structure but show diversity in fruits and 

dehiscence. There are also noticable anomalies, perhaps because he included indehiscent 

fruits in his definitions of two of the subtribes and that his knowledge of lateral dehiscence 

was scanty. For example, the inclusion of Canarina and Ostrowskia in the subtribe 

Campanulinae. Ostrowskia has lateral dehiscence, albeit of a unique kind, but Canarina has 

baccate fruit and is clearly at odds with the rest of his subtribe. 

Table 7. Classification of the Campanulaceae (Bentham & Hooker, 1876) 

la wne (1 2) RI: i'io'/il/un: hoc Ii 	t. 	1 
ccp/:ah'ih,'nui ( ieril (4) 

I.i/zifoiitit: (40) .',/'Izocei/#: (I 
Ii aIih'nhcry,'it: (0) .S'IztP1ic/eri 	I 

section 	l.draiiu,tha thiss.. lzi, (2) 
( L'ri(:t:(, ¶Iich4ii'.iul (4) 

.SfJ/('ShjU hunk. I !'/zIie:,mu i0j 

'IlcPVC()(/(1fl (4) Section 	'u,)l/?lrI G. I)uii 
I'I(ltFi)df'tI (I n lie iIriiii,itl, ii,,, G. D on 
I!eteroclzw'nia 	I I'adii,,i/s,,s (. Don 
I.ejitocedon (hook. 1)! ciii. (I) Campanula (230) 
(od':iopsi.s (12) ( tunpanula 230) 
( u#n/uInu?noa () section %le/iIlfll 

( aiiizri:u: f Ii 
l'P'r(l( 1,17 1 (1 	I 	I Vj't'tII/(fliU (S I 

Pti:ttij/irt:,',,uz (3) Adt'iiup/:ura I I 	) 

I'hh'IIa I I 0 5vl1iJ'Ifl(iI:i/r(I 

I'ris?iI11zlsIlIpl1s ( I 	) section 	lleIa,zo(s'/1t 
(,jtIu,j,js 	(1) Sericodon 

/nid,cIiiim ()  
Note: Number of species Oven in brackets 



Table 8. Classification of the Campanulaceae (Schönland, 1889-1894) 

'Fribe CAPTIPATIVUE-A-E- 
Subtribe ( anhI)anuhifl.IL Suht rihc\\ :tli len herginic Sn hirihe llat 	c.uI mac 
1. 	l fr iwj;Ii v)rt, 11. ( a#fl/PIJ#i Uflfl).'U 28. .'1icruc,,i/m, 

2. 	(:tnj'i:,iuIi, 12. C 'ep/iaIøsti.,'ina secL.Luirncrocthlon A .DC .  

sect. .kt1iun, [nurn. 13. cudonup.sis sect. ( adot/ZL'egl .•.D( 

sect. Ra;uiwuIu 	Bois. 14. ( vananh/ius Wall, 29. llusse/iia 

3. (unarina 15. Githopsis 30. /'!aIFcodmz 

4. !h'tcrøcodon 16. !h'draeantlzus A.l( 

. 	.IIieIiiiiLk iU 17. II,.t'r('L/i1zL1:ia 

Osn- 't/ia IS. .IilSWfli' 

I'rrucurpa LLptnl.th/w1 

S. 	/'/:;icu,,,i, !.h,'/it/thitia 

sect. 	!iiiIris,j 	RI. 2 1. Ifercierit 

I/'drantI,un, (,.1)un I'risnuiroevirj.u.s 

sect. JLlrmnaru/il N/i i'ipIzIlu,,z 

sect. Pothi nt/i urn Roella 

sect. Si,ui,,rnu 1 25. Sij)hueodon  

'). 	.SrIPl//1i!i/r, Trejel, eliiz 

10. Iru/,e/i:,,n JVahlenbergia  

Before dealing with developments in the 20th Century, mention should be made of 

subdivisions within the large core genus Campanula. De Candolle divided the genus into 

two large sections based on presence or absence of calyx appendages, ie. sect. Eucodon 

(appendages absent); sect. Medium (appendages present). However, Boissier (1875, 1888) 

placed greater reliance on the mode of dehiscence of the capsule, ic whether the pores were 

at the top or apical end of the capsule, the middle (median) or at the base (basal). On 

account of this character, Boissier divided the genus also into two sections: Rapunculus 

(dehiscence apical); Medium (dehiscence basal). Confusion by the literature is possible 

since the valvate dehiscence of the Wahienbergia and Codonopsis alliances are often 

referred to as apical. The pores in Campanula capsules are always lateral, ie. below the 

'TI' 



level of the calyx and these may be positioned apically, medially or basally, but they are 

never above the calyx, on the top end of the capsule as in Wahienbergia or Codonopsis. 

Also, because the pores in some species of Campanula rupture leaving a flap or operculum, 

they are sometimes described as valvate. Although further research is required to determine 

the physiology of dehiscence in many species of Campanula, for convenience and, to 

distinguish them from the strictly valvate dehiscence of Wahienbergia, their dehiscence 

should be termed porate. 

Table 9. Composition and numbers of genera of the Campanulaceae (1753-1997) 

AUTHOR DATEUEI II 4 t1i FSPECIES I 
Linnaeus 1753 	4 43 11 1 
A. de Candolle 1830 	21 311 15 3 
A.P. deCandolle 1839 	1 	24 429 18 5 
Bentham & Hooker 1876 	0 530 18 10 
Dürand 1888 	32 557 17 H 
Schöniand 1889 	30 517 17 10 
Dalla Torre & Harms 1907 	35 555 16 ii 
Eddie (unpublished) ;1997 	c. 64 C. 858 13 25 

Table 9. shows a comparison between the number of species and genera recognised from 

1753 until the present day. From the fairly steady increase in species numbers one can 

assume that the differences are due, at least partly, to more species being discovered but one 

cannot say this also for genera since it is most unlikely that the frequency of discovery of 

distinctive forms, especially monospecific taxa, would actually increase with time. The 

mean number of species per genus can also be misleading due to the skewness in the 

distribution of genus size (Cronk, 1989). It is highly likely that the lower numbers in earlier 

classifications reflect the conservatism of the authors as well as the fact that a phenetic 

(aggregate similarity) approach to classification was used. In addition, taxa were mostly 

widespread, temperate European forms. Little, if any influence would be given to 

biogeographical, cytological or evolutionary aspects in earlier classifications which is not 

the case with the unpublished data (1997). Therefore, with these figures, one cannot make 

simple conclusions about the information content in a classification. Probably there are 

large measures of psychohistorical artifact and biological reality in all of these 

classifications (see Cronk, 1989) and this must be borne in mind in the reclassification 
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process. The statements of Corner (1981) and Anderson (1974) are probably unduly 

pessimistic for the creation of an efficient information system, at least as far as the 

Campanulaceae are concerned. 

6.222 20th Cntuiiry 

Taxonomy of the Campanulaceae in the 20th Century has centred on monographic 

revisions, particularly of individual genera. These have varied in scope and complexity and 

many have only been partial revisions for floral works such as that of Fedorov (1957). 

Other significant works, many of which have keys, include, those of Badré (1976); 

Damboldt & Phitos, in Davis, ed. (1978a,1988); Fedorov & Kovanda (1976); Kao & Devol 

(1978, see also 1974); Moeliono & Tuyn (1960); Pignatti (1982); Quezel (1953); Rechinger 

& Schiman-Czeika (1965); Thulin (1983) and Van Thuan (1969). Taxonomic accounts 

(mostly of a limited number of species) exist for a few genera, eg. Alden (1976); Ayasligil 

(1984); Badré et al.(1972-1975); Carlström (1986); Carolin (1964); Charadze (1949, 1970, 

1976); Contandriopoulos (1964-1984); Contandropoulos et al. (1972-1984); Damboldt 

(1962-1978); Davis (1950-1973); Davis & Sorger (1979); Eddie (1984); Esfandiari (1980); 

Hedberg (1961); Hilliard & Burtt (1973); Hong (1980); Hong & Ma (1991); Lakusic 

(1973); Lobin (1986); McVaugh (1941); Miller & Whitcombe (1983); Morin (1980-1983); 

Nakai (1909); Pamell (1980-1987); Phitos (1963-1966); Rechinger (1980-1984); 

Richardson (1978); Sheller (1979-1982); Skottsberg (1953); Smith (1976-1992); Tan 

(1982); Tan & Yildiz (1988); Thulin (1974-1987); Turrill, (1920); van Royen (1978). 

Somewhat older monographs, keys and miscellaneous taxonomic notes exist for other 

genera, which are no less valuable for future revisions, viz. Adamson (1946-1955); 

Anthony (1926); Buser (1894); Chipp (1908); Erdtman & Metcalfe (1963); Feer (1890); 

Lambinon & Duvigneaud (1961); McVaugh (1945-1948); Nannfeldt (1931); Schmeja 

(1931); Schulz (1904); Stojanov (1926); von Brehmer (1915); von Wettstein (1887); 

After Schönland there were no further major reclassifications of the Campanulaceae s. s. 

until the work of Fedorov (1957) whose system differed considerably from that of 

Schönland. What merits it may have had were weakened by the fact that he only considered 

genera which occurred within the boundaries of the former Soviet Union and that it was not 
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used for his account of the Campanulaceae in Flora Europaea. Fedorov's system is as 

follows: 

Table 10. Classification of the Campanulaceae (Fedorov, 1957) 

TRIBES AN D G EN ERA  
('.%1I.-\NUli:AF IONEAE 7. lllVFl11.•Fl\l: 

ldeiuiiIuiri: .II.l.s,()ne . lVV?h'u??za 

I s1riki, lou 	1&d (rpIo - €/on 

flra hreodon Fed. 4.'%il( 1 I .0 XI F:\F  -- (1iuu/rocarps 
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Fedorov erected 5 new genera and resurrected Sect. Cylindrocarpa Rgl. of Schönland to 

generic status. Certainly these taxa apparently deserve separate status but lack of access to 

living material of many of FedoroVs central Asian genera has prevented any critical 

appraisal. It remains to be seen whether his monotypic genera will be subsequently merged 

with Adenophora, Campanula or Asyneuma or even associated with these genera. Sergia 

regelii (Trautv.) Fed., for example, has basal dehiscence, unlike the majority of species in 

Asyneuma. It is difficult to understand what was achieved by placing Edraianthus, Jasione, 

Michauxia, Ostrowskia and Peracarpa in independent tribes within the Campanulaceae 

other than to highlight their uniqueness, for it broke up the cohesion of more natural 

clusters of genera and made their phylogeny even more difficult to understand. Michauxia 

(certainly) and Peracarpa (doubtfully) are satellite genera of Campanula, as perhaps 

Edraianthus is, while Jasione may be better placed in association with Campanula or 

Wahienbergia, and Ostrowskia with Platycodon. The association of Brachycodon with 

Campanula was laudable but the placing of Legousia with Phyteuma in his tribe 

Phyteumateae Fed, possibly destroyed the cohesion of a closely related assemblage of 

genera. Fedorov's treatment of the genus Campanula is no less problematical. He divided 
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the genus into 2 sections (Sect. Campanula DC. and Sect. Rapunculus Dum.). The former 

was subdivided into 23 subsections based on the morphology of the capsule. Although 

these subsections are all homogeneous in terms of branching pattern and ontogeny, they are 

certainly not so in terms of their life-forms, due to divergent adaptive radiation and 

convergence (Schulkina, 1980c). Furthermore, Gadella (1964) was of the opinion that many 

subsections recognised by Fedorov are unnatural because he was able to hybridise species 

belonging to different subsections, eg. C. trachelium L. (subsect. Eucodon (DC.) Fed.) X C. 

glomerata L.(subsect. Involucratae (Fomin) Fed. ) or with C. alliarifolia Wilid. (subsect. 

Latilimbus Fed.). 

The only complete attempts to revise Schonland's (1889) classification in the latter half of 

the 20th Century are those of Kolakovskii (1987) and Hong (1995). Kolakovskii has 

studied carpology in great detail and there is no doubt that this approach could be extremely 

profitable but it remains to be seen how valid many of his monotypic genera will be. Hong 

based his classification on the distribution patterns of 44 of the recognised genera. 

Students of the Campanulaceae such as De Candolle, Adamson, Charadze, Fedorov, Feer, 

Fomin, Buser and many others who studied the genera in great detail in contrast to students 

of major groupings such as Schönland have made perhaps the most significance progress 

towards an understanding of phylogenetic relations and a more satisfactory classification. 

Ironically many of their findings are still ignored, perhaps because of a reluctance to split 

large genera such as Campanula. De Candolle's monograph of 1830 remains a starting 

point for all students of the family and it is likely that more genera will have to be 

recognised if any progress is to be made. With the advent of molecular systematics the 

challenge to unravel the mysteries of these plants has increased dramatically. 

74 



63 IHIoll©gy 9  Tnmounomic Chzimeteirsand Tiransfoirmnfion Sies 

"Every description exists on a background of biological theory, 10 which it is intimately related - whether 
this relationship is expressed or merely understood" 

Agnes Airber, 1954. 

6.3. THlomollogy 

Some understanding of homology is necessary for the practitioner of biological systematics 

since it forms the basis for the reconstruction of phylogenetic history with morphological 

and molecular methods. The following discussion is an attempt to clarify some of the major 

contributions towards this rather complex topic during the last few decades, and to provide 

a rationale for the methods adopted during the course of this study of the Campanulaceae. 

6.3i1.1 Definitions of Hounollogy 

The relationship between developmental and evolutionary processes was an issue of central 

importance in Roth's (1984) discussion of homology and for her a necessary component of 

homology is the sharing of a common developmental pathway. Wagner (1986) phrased this 

to mean that homology implies the historical acquisition of genetically regulated 

developmental constraints. It may also be considered to be "the possession by two or more 

species of a trait derived, with or without modification, from their common ancestor" 

(Futuyma, 1986) but this begs the question as to what defines ancestry. Van Valen (1982) 

defined homology simply as "resemblance caused by a continuity of information". Much of 

the original literature on homology was contributed by zoologists in the 19th century and, 

in the original meaning of the term from comparative anatomy, homology refers to a 

correspondence between parts of the body, regardless of form or function. The supracellular 

building blocks (of higher animals) are "homologues", ie. the same organ is found in 

different animals under every variety of form and function (Owen, 1848, cited in Mayr, 

1982). Wagner's (1989) thesis was that the evolutionary origin, maintenance and 

modification of these building blocks of "higher" animals is equivalent to the biological 

content of the homology concept. Presumably Wagner's thesis was also meant to include 

such building blocks in plants although nowhere does he explicitly state this. According to 

Wagner, the homology relation has the formal properties of an equivalence relation and 
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defines a class of characters. A homologue is "an intensional concept that corresponds to the class 

of characters among which the homology relation holds and which are thus equivalent in some sense". 

The biological basis of this equivalence is the biological basis of homology. The following 

three biological properties that must be explained by a biological concept of homology 

were recognised by Wagner: 

Conservation. homologues must share certain features which remain conserved in 

spite of changes informfunction. 

lfndividuczlity: individually named parts must be developmentally individualised to 

express their own characteristic features, 

Uniqueness: the origin of an individualised complex of features, must be sufficiently 

rare that the features can characterise monophyletic groups. 

Wagner (1989) concluded that a homologous structure is a "heritable semi-autonomous unit of 

the phenotype that gains its individuality with respect to the rest of the body by its unique developmental 

organization and has been acquired only once in the history of the group (of animals) possessing this 

character". Wagner (1986) listed a number of invariant features which could be used to 

determine historical contingency of characters and their states and thus true homologues, 

but mostly these are conservative features which have limited value in phylogeny 

reconstruction. All vascular plants exhibit a certain homology of organisation which 

transcends systematic boundaries (Wardlaw, 1965). Therefore the concept of homology, to 

be useful in systematics, requires that organisms display a degree of variation or 

"individuality" (Wagner, 1989). There are thus different levels and different degrees of 

homology. Since most taxonomic groups under analysis at any given time usually possess 

the same principal parts it is usually necessary to consider homology between character 

states, eg. in the case of plants, the possession of a campanulate corolla may be due to 

common descent (ie. homologous) or to convergent evolution (ie. analogous). Used in this 

way the term "homology" is more or less synonymous with synapomorphy (Patterson, 

1982) although Patterson (1988) found the distinction between characters and character 
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states neither useful nor necessary in the discussion of homologous features. Also, it should 

be borne in mind that plesiomorphic characters, although usually less suitable for cladistic 

analyses, can also be homologous. 

6.3.11.2 The Detection ofl'Morjplliiollogical and Molecollar Homology 

Meeuse (1984) believed that fruitless theoretical considerations (of homology) do not help 

us much when it comes to practical applications of the concept in morphological, 

systematic and phylogenetic botany. All this may be intellectually stimulating, but how is 

homology detected, especially since it is not necessary for homologues to display 

congruence between phenotype and genotype? Meeuse was in favour of an empirical or 

operational approach to the problem. Only by using a comparative approach and experience 

of the organisms in question may we hope to have a knowledge of homologous relations. 

There are no methodological shortcuts for the determination of homology. The detection of 

homology has been considered most frequently to require heuristic similarity criteria such 

as structure or position (topographic correspondence) (Remane, 1952; Riedl, 1978; Cain, 

1982), coincidence (Remane, 1952), ontogenetic transformation and transitional forms 

(Westheide & Rieger, 1987). In comparative morphology, similarity is the traditional means 

of testing for homology whereas discordance of characters (which is tantamount to 

incongruence) is a test for convergence (Le Quesne, 1972). Cracraft (1981; see also 

Stevens, 1984) has argued that similarity should be regarded merely as a postulate of 

simillairity. It is therefore a weak test of homology due to its "low resolving power" (Bock, 

1977). Where characters have greater complexity and display greater similarity a higher 

level of confidence in homologous relations is inferred (Riedl, 1978). The concept therefore 

is defined operationally (Kaplan, 1984) and provides an a priori postulate of homology 

which can then be tested a posteriori. Tests such as congruence should determine whether 

this postulated similarity is due to genealogical relationships (including "latent homology"; 

see Cain, 1982) or to convergence. Ontogenetic criteria undoubtedly play a major role in 

the detection of homology but, although "there is often a lack of correspondence between 

anatomical, embryological and genetic levels of organization" (Wagner, 1989), not all aspects of 

development have equal importance. Only those aspects of the developmental system that 

have been historically acquired (ie. are unique in the sense of being synapomorphies) and 
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cause a biased or restricted range of phenotypic variation in response to genetic variation 

are important. Development only matters to the extent that it causes developmental 

constraints on the further evolutionary modification of characters, ie. there are highly biased 

patterns of heritable phenotypic variation (Maynard-Smith et al., 1985) although Wagner 

(1989) believed that there is no need to expect homologues to have similar developmental 

pathways (contra Roth, 1984). 

For this study of the Campanulaceae an operational or comparative approach was employed 

as outlined above. Characters were postulated a priori to be homologous purely on the basis 

of homology of organisation before any attempt was made to discriminate them 

phylogenetically. This is equivalent to the term paralogy of Hunter (1964) but should not 

be confused with the use of that term in molecular systematics. A posteriori evaluation of 

the characters ("reciprocal illumination") using some of the tests outlined below was made 

on the basis of provisional results and corrected where necessary by removal or by change 

of coding status. 

Patterson (1982) proposed three tests to determine homology: congruence tests, similarity 

tests and conjunction tests but not all of these can be completed apriori. He concluded that 

the distinction between homology and non-homology (for morphological data) depends 

most decisively on congruence tests (ie. congruence with other homologies). True 

homology will pass on all three tests whereas non-homology (or homoplasy) will fail in at 

least one them. For molecular data the determination of homology depends largely on 

similarity tests. He also recognised paralogy (Fitch,1970a) as the molecular equivalent of 

serial homology which he called homonomy. Conjunction is the test which Patterson 

recommends to disprove homology if the two putative homologues occur in the same 

organism. Obviously homonomy and paralogy would fail this test because they occur as 

copies in a single individual. Parallelisms pass on similarity but fail the congruence test 

whereas convergences usually fail on both. A complement situation, where one of the 

homologies is absent altogether, passes both the congruence test and the conjunction test 

but obviously fails the similarity test. See Patterson (1988) for further discussions on 

parallelism and convergence. - 
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Table 11. Tests to determine relations of morphological and molecular characters (modified 
from Patterson, 1988) 

RELATION TEST 

Homology,  pass pass 	 pass 
Orthology pass pass 	 pass 
Homonornv pass pass 	 fail 
Paralog pass pass 	 fail 
comple"IC111 i 	pass pass 
Parallelism fail pass 	 pass 
Convergence fail fail 	 i 	pass 

The situation regarding homology is a little different in molecular systematics. Fitch (1 966) 

used the term "structural similarity which is greater than might be anticipated by chance" in 

order to detect homology among proteins. Fitch (1970a) also argued that discrimination of 

analogous from homologous similarity between two groups of sequences could be 

accomplished by constructing putative ancestral sequences and asking whether the inferred 

ancestors are more or less similar than the observed descendants. Similarity in sequence data 

may be analysed by statistical methods (Fitch, 1966, 1970b) which would eliminate 

randomness as the cause. However, non-random similarity ("homology" in a broad sense) 

for sequence data must be determined as either orthology or paralogy (Fitch, 1970a). 

Orthology is homology reflecting the descent of species and paralogy is homology reflecting 

the descent of genes (Patterson, 1988). Molecular sequence homology can be detected if the 

sequences can be aligned to give a score for the match as = (or >) 3.0 SDs above the score 

of scrambled versions of the same sequences (Doolittle, 1981). 

Orthology and paralogy may be distinguished theoretically by the conjunction test but 

orthologs are normally present in multiple copy genes and the conjunction test will fail. See 

Patterson (1988) for a possible resolution of this dilemma. One must use 'operationally 

orthologous" sequences without being sure that all are strictly orthologous (Goodman, 

1976). The similarity test is the best means of distinguishing orthology and paralogy from 

the complement situation. Convergence in molecular sequence data has been elusive to 

demonstrate. Woese (1987) has stated that the number of possible functional configurations 

for a given gene are enormous and that similarity at the genotypic level can never reflect 
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convergent evolution. Convergence between sequences are considered too improbable to 

occur which recalls the argument from complexity, that if two structures are complex 

enough and similar in detail, probability dictates that thay must be homologous (Patterson, 

1988). The usual method of determining similarity of molecular sequences has been the 

alignment procedure using several alignment algorithms and the limit between homology 

and non-homology is determined by the statistical procedures used. There are, however, 

alternative methods available such as the MALIGN program (Wheeler & Gladstein, 1992) 

which utilises parsimony. Due to time constraints these have not been used during the course 

of this study. 

6.3.2 Classes of Evidence (Taxonomic Characters) and Transformation Series 

In the early and middle part of the 20th Century, taxonomy declined as biological research 

centred on genetics and population biology, but the application of the new techniques of 

genetics, and equipment such as the scanning electron microscope, to taxonomy enabled 

existing classifications to be tested and refined. The search for new characters which might 

improve existing classifications dominated much taxonomic endeavour. Cain (1982) has 

made useful comments on the influence of natural selection on characters and distinguished 

three classes of characters which need to be recognised in systematic work. Applying his 

concept to plants, it can be argued that these are: 

Those characters which are basic to all plants and vital for the complete functioning 

and well-being of the organism. Examples of such characters in plants must surely 

include those associated with physiological mechanisms' such as photosynthesis, 

respiration, transpiration, etc. The genes which control the development and function of 

these systems must also be highly conserved and thus of limited application in systematics. 

Those which have responded to different evironmental selection pressures and which 

allow us to measure the tempo and mode of evolution. Such characters may include 

flower shape, pollination mechanisms', vegetative adaptations, etc. but, ironically, it is 

those very characters which prove to be most problematical when it comes to 

differentiating between those which are homologous and those which are convergent. 
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Three such characters in particular (chromosome number, pollen and seed-coat 

morphology) have held sway among taxonomists over the last three decades in an attempt 

to improve the existing class jfication of the Campanulaceae. All involved the use of 

laboratory proceedures, two of which extensively employed scanning electron microscopy. 

3. Those characters which do not seem to be under selection pressure and possibly display 

random variation such as parts of the genetic code. Presumably variation at the individual 

level could also be classed here. In such cases frequency of polymorphism is too high to 

be usefulfor systematic studies. 

In this study, data sets which were subjected to cladistic analyses included morphological 

(flowers & fruits; pollen; seeds) and molecular characters. Determination of the relative 

advancement of the former characters could only be achieved by long experience of the 

Campanulaceae and other groups, both in tropical regions and at higher latitudes. For 

molecular characters one has to resort to statistical techniques in the choice of nucleotide 

substitution. There is always the danger of circularity in these approaches and it is for these 

reasons that different data sets, including molecular ones, and other methods of analysis such 

as the use of phenetics were employed. The final arbiter must be congruence of these data 

sets in the determination of the accuracy of phylo genetic reconstructions. After each heading 

there is a short discussion about their use in systematics and possible transformation series. 

6.3.2.11 Floral and fruit tharacters 

Generally speaking, character states which are common in the family are probably primitive 

states and therefore it follows that taxa characterised primarily by such states are considered 

to be relatively primitive. Generally, inflorescence architecture has been considered to be of 

little value in delimiting higher taxa of flowering plants (Stebbins, 1974). In a sense the 

majority of species in the Campanulaceae except the perennial shrubby taxa may be 

considered to consist almost entirely of inflorescence in their mature state. Terminal flowers 

resulting in determinate main and lateral axes are very common features of the 

Campanulaceae (Parkin, 1914; Philpson, 1953; Troll, 1964). Twining genera such as 

Canarina and Campanumoea and those with sprawling growth such as Cyananthus, 
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Codonopsis and some of the rapunculoid species of Campanula have a determinate axis and 

terminal flowers as well as solitary flowers in the axils of the leaves (hapaxanthic). The 

branching system is therefore sympodial. Accrescent or indeterminate inflorescence axes 

appear to be more advanced than determinate inflorescence axes. The loss of the terminal 

flower is evident in Phyteuma and Jasione while a tendency for the axis of the inflorescence 

to continue growing exists in genera such as Jasione and Merciera. Several capitate species 

of Wahienbergia such as W. verbascioides Thulin may also have lost the terminal flower. 

The panicle with acropetal maturation of the terminal flowers is therefore the most primitive 

type of inflorescence in the family, a conclusion also reached by Philipson (1953). 

Sympodial growth in such inflorescences sometimes makes the terminal flower difficult to 

distinguish due to overtopping. However, in the Campanulaceae the boundaries between a 

strictly acropetal maturation of the terminal flowers and basipetal maturation of lateral 

flowers become blurred and there is a tendency towards pleiochasia (Parkin, 1914). The 

thyrse, which shows more pronounced cymoid branching of the partial inflorescences is 

more advanced than the panicle, and the corymb more advanced still. In general, long 

pedicels are more primitive than short pedicels and the sessile flowers forming spikes are 

more advanced. Contraction of partial inflorescences to form spikes is a more advanced 

condition than the panicle or the thyrse. Spikes can also have reductions in the number of 

sessile flowers as in Triodanis and Brachycodon and appear quite frondose. Some spicate 

inflorescences are, in reality, congested, elongated glomerules (eg. Campanula spicata L., C. 

thyrsoides). Arrested intemodes giving rise to fascicled inflorescences is a frequent trend in 

the family although studies of Campanula glomerata have shown that this may be correlated 

with latitude (Gadella, 1964). Glomerules (fore-shortened panicles) appear to be more 

advanced than panicles or thyrses, while umbels (shortened intemodes and pedicellate 

flowers) and capitula (shortened intemodes and sessile flowers) more advanced than 

glomerules. As stated above, the solitary axillary flower is more primitive than the 

inflorescence but care has to be exercised because an inflorescence may be reduced to a 

solitary flower, eg. Wahienbergia pusilla or Campanula oreadum Boiss. & Heldr.). In the 

Campanulaceae primarily solitary flowers are found mainly in genera such as Cyananthus, 

Canarina, Nesocodon, etc. The most common condition is for an inflorescence to be present. 
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Reduced size, especially of flower parts, is a derived character state often associated with 

floral aggregation, and taxa with small flowers are probably derived taxa, unless polyploidy 

has caused a reversal of this trend. Nodding, bell-shaped flowers are probably more 

primitive than upright star-shaped flowers and tend to be associated with cloudier, wetter 

climates whereas the latter are associated with floral aggregation as well as sunnier, drier 

climates. Transformations from the typically campanulate form through cupulate or tubular 

forms to rotate or stellate forms are discernible in many independent lineages. Some floral 

shapes are unique and highly derived, eg. in Campanula excisa Murith or C. zoysii and in 

Phyteuma and Physoplexis. Similarly corolla lobes show trends from being broad and 

rounded and shallowly incised to being narrow and pointed and deeply incised. The most 

derived corolla lobes are either ligulate or very lanceolate and either very reflexed or erect. 

A balloon-shaped or clavate flower bud is probably primitive while a slender or attenuate 

one is derived. Other corolla characters such as awned lobes, inter-lobe sinuses or the 

presence of a domatium are clearly derived. Probably the most primitive flower colours are 

yellows, oranges, reds or greens (often with very distinct vein markings) associated with 

tropical genera, whereas the various blue or violet hues (usually fairly uniform or 

occasionally with "honeyguides" or "eyespots") displayed by the bulk of the temperate 

genera are associated with bee-pollination and represent a more advanced condition. The 

corolla. closing at night in Legousia and a few rapunculoid species of Campanula is a 

uniquely derived condition. The colouration of other floral parts, such as the petaloid calyx 

lobes of Musschia, is clearly integrated with the totality of the flower's attractiveness to 

pollinators. Many different lineages have coloured styles or presenter regions but the 

presence of highly distinctive coloured patterns in the nectary region at the base of the floral 

cup is associated most clearly with those taxa which lack a nectar dome and have broad 

receptacles. The presence of coloured pollen is also clearly a derived state as is the unique 

scarlet nectar of Nesocodon, the stylar glands of Wahienbergia, or the absence altogether of 

a visible nectary in Zeugandra. 

The number of floral parts is commonly five but there are frequent departures from this. 

Stamen number is usually five but occasionally is reduced to four or more commonly 

increased to six as in Canarina or eight or more in Michauxia. Connate anthers (may be 
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connate only at the base as in Jasione) are derived in several independent lineages. The 

ancestral state is probably for the anthers to be separate as is the presence of an appendage 

protruding between the tips of the thecae. The exact function, if any, of this structure is 

unknown. Sessile anthers (as in Petromarula and Sergia) represent an advanced condition 

and the presence of ciliated margins to the filaments is more advanced than the glabrous 

state. There are trends in basal broadening of the filaments, associated with ciliated margins, 

culminating in the development of the nectar dome. This finds its greatest expression in the 

fused dome of Zeugandra and the long tubular dome of Petromarula. The most simple, 

shield-like segments of the nectar-dome are less advanced than the auriculate ones. 

Styles are rather broad, not exserted and the stigmatic lobes thick and short in the most 

primitive taxa and the presenter region during the male phase appears club-shaped. In 

marked contrast, the long slender, exserted styles and thin, fihiform stigmatic lobes are to be 

found in more advanced taxa. There are several deviations or combinations of these trends 

such as the very short, square-shaped stigmatic lobes of Trachelium and Jasione. The 

unfolding sequence of the stigmatic-lobes most primitively begins from the apex but in some 

rapunculoid species of Campanula it begins at the middle or the base. The presence of 

mucilage on the stigmatic lobes (as in Wahienbergia) is considered to be a primitive 

character. This is lacking in the majority of genera which have dry stigmas. The 

Campanulaceae have not been fully investigated for the presence of invaginating stylar hairs. 

It is suspected that some genera such as Phyteuma have collapsing hairs which may 

represent a more ancestral state. 

In the more primitive genera there are clearly apparent transitions from a completely 

superior ovary (Cyananthus) through a intermediate state to an inferior ovary (Codonopsis). 

An inferior ovary is almost the norm for much of the family but there are occasional 

surprises such as the half-inferior ovary of Campanula barbata L. Interpretation of the ovary 

position is confounded by many taxa possessing a conical bulge above the level of the calyx 

lobes. This is particularly prevalent among the southern African species of Wahienbergia 

and allied genera. In some this bulge or cone blends imperceptibly with the base of the style. 

In such cases, however, the ovules are usually below the level of the calyx. The inferior 
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ovary in the Campanulaceae is axillar in origin, ie. it is derived by fusion of axillar 

appendages (calyx lobes) to form a hypanthium which in turn is fused to the ovary wall. In 

Cyananthus the hypanthium is free from the ovary wall and merely forms a partly fused 

globular sack surrounding the superior ovary. In Codonopsis, Campanumoea and 

Cyclocodon W.Griffith various degrees of fusion with the ovary wall can be discerned. In 

most cases the point of origin of the corolla coincides with the top of the inferior ovary 

(completely encased in a fused hypanthium) and the free lobes of the calyx but in some taxa 

the hypanthium grows above the level of the calyx lobes. Protection of the ovary has 

continued in some taxa such as Campanula and Michauxia which possess calyx appendages 

(clearly a derived condition). Here the calyx lobes recurve to completely enclose the ovaries 

in a "pseudo-capsule". This condition is found in those taxa inhabiting seasonally dry 

climates. In other species from dry or Mediterranean climates there is often an elaboration of 

spiny hairs on the capsule and fruit and/or accrescence of the calyx lobes. These features 

may aid dispersal of the whole capsule rather than act as a deterrent to herbivorous animals. 

In any case these features are clearly advanced. Five fused carpels appears to be the most 

primitive condition but the most common number is three or two. The number of carpels 

usually directly affects the shape of the capsule in transverse section although the capsules of 

those genera such as Phyteuma which have densely compact inflorescences show some 

degrees of compression. Rarely (as in Michauxia and Canarina) is this number increased, or 

as in the case of Merciera, reduced to a unilocular ovary by abortion of the septum. 

Consequently, it is difficult to assess the symmetry of the ovules in relation to the calyx 

lobes or the number of veins. Vein number is particularly confusing. In some cases 10 veins 

are clearly symmetrically disposed with five main veins entering the calyx lobes. In other 

cases, the number of veins is reduced to eight or five, some of which bifurcate between the 

calyx lobes. In other cases the number of veins is reduced to three, some of which then 

bifurcate and act as main veins in the five calyx lobes. Placentation is axile in the primitive 

condition and the most primitive arrangement is for numerous ovules to be distributed along 

much of the axis. A more derived condition is where the ovules are confined to the top end 

or, as in Merciera, basally. The partially parietal condition in Triodanis appears to be 

derived. 
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If it is accepted that the ancestors of the Campanulaceae were forest plants of tropical 

regions it is not an unreasonable assumption to hypothesise that animals were both principal 

pollinators of the flowers and vectors of the seeds. From this perspective, a berry should be 

viewed as more primitive than a capsule. Among extant taxa of the Campanulaceae the berry 

is only associated with tropical/subtropical taxa, as is the retention of caducousness of the 

corolla. The evolution of the capsule from berries may have occurred more than once since 

the capsule type in Peracarpa seems rather anomalous. The mode of dehiscence in the 

Campanulaceae shows quite definite trends which appear to be correlated by the evolution of 

the inferior ovary. Basically, the most primitive situation is to be found in those 

platycodonoid and wahlenbergioid taxa which have the capsule opening by five valves at the 

apex of the ovaries above the calyx lobes. This then may be reduced to three or two valves 

or occasionally increased to six. In the wahlenbergioid lineages the valvate arrangement 

appears to be elaborate in several directions. In a few genera such as Gunnilaea the capsule 

is completely indehiscent, the seeds being liberated simply by decay, or, as in Merciera, 

dehiscence is achieved by means of periodic fire in the environment. In Roella, the regular 

valvate arrangement is replaced by a situation where the style is caducous and the tissue at 

the apex of the ovaries breaks down to form a fairly regular hole, whereas in Craterocapsa 

the apical tissue separates as a circumscissile lid or chalice. In Prismatocarpus and-

Heterochaenia, the capsule splits loculicidally into five or three segments respectively, 

whereas in Namacodon the splits are septicidal. 

The temperate campanuloid genera of the Northern Hemisphere are essentially porate but 

this condition is probably derived from an ancestral valvate condition. Genera such as 

Githopsis display indehiscence or irregular rupture of the capsule apex. In this respect they 

are paralleled by a similar mode of dehiscence in Edraianthus but the two taxa do not seem 

particularly close. The most primitive porate dehiscence is probably to be seen in the 

rapunculoid species of Campanula, Brachycodon and Legousia where the pore is at the apex 

of the capsule, but lateral and where the flower is upright in orientation. The pore in the 

middle may also represent the most primitive condition and is to be found in diverse genera 

such as Phyteuma, Physoplexis, the "Isophylla" lineage of Campanula, and in many North 

American taxa. It need not be associated with an upright flower. The most advanced 
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condition appears to be with the pore (often a flap) at the base of the capsule. This is usually 

associated with taxa which have nodding flowers and/or capsules. Changes in the position of 

the lateral pores in Campanula and allied genera appear not to have occurred sequentially, 

ie. apical to mid to basal positions. A change to lateral dehiscence has meant, for many taxa, 

a change in the number, symmetry and disposition of the main veins in the capsule. For 

example, a five- or ten-veined capsule with three pores between the main veins would 

probably display some asymmetry or loss of secondary veins. This is an area of anatomy 

where much more research is needed. 

6.3.2.2 Seed charucteirs 

Netolitzky (1926), who summarised the literature on seed anatomy of angiosperms almost 

70 years ago, noticed that the structure of the seed coat is characteristic of a family in 

general, and it is, therefore, of taxonomic value. Takhtaj an (1991) pointed out that even for 

phylogenetic correlations between families and genera, the structure of the seed coat might 

be important, while, according to Barthlott (1984), seed surface features are little affected by 

environmental conditions and seem to reflect genetic-phylogenetic differences in the plants 

concerned (ITaridasan & Mukherjee, 1987). Seed surface characters in the Campanulaceae 

are complex and clearly many of the characters are highly adaptive for dormancy, dispersal, 

water-uptake, etc. but the adaptive significance of seed-coat sculpturing and ornamentation 

has been little studied. Shetler & Morin (1986) concluded that the seeds of the family 

Campanulaceae in North America show different tendencies of specialisation in the seed-

coat although it was not clear whether these tendencies have evolved in North America in 

response to ecological or other selective factors, or represent tendencies to be found 

elsewhere in the family. Many authors believe that SEM data are useful only to delimit taxa 

at the species level and sometimes as indicators of suprageneric groupings (Behnke & 

Barthlott, 1983, Barthlott, .198 1, 1984,). In his brief summary of seed characteristics in the 

family Campanulaceae, Corner (1976) listed previous literature on seed studies for this 

family, but there has been no systematic study of seed surface morphology in this family as a 

whole. Limited studies of selected species or genera have been surveyed, eg. Gunnilaea, 

Namacodon and Wahienbergia (Thulin, 1974, 1975), 38 species of North American 

Campanulaceae (Shetler & Morin, 1986), and 28 species of the family from India (Haridasan 
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& Mukherjee, 1987). The occurrence of character states is thus rather reticulate, making 

cladistic analysis difficult. Nevertheless, it would appear that rather vague transition series 

can be distinguished. Large dark-coloured or blackish seeds appear to be primitive, small 

whitish or pale coloured seeds being rather advanced. Similarly, shininess appears correlated 

with the annual habit and with dormancy and is clearly a derived character since the surface 

features on such seeds can often be seen very faintly. Symmetry on the long axis appears to 

be regular in primitive seeds and the regularly ovoid or elliptical seed is more primitive than 

the conical, round or turbinate types. In cross-section, the round seed is more primitive than 

the flattened type, and the trigonous and quadrangular types or clearly derived. Also a 

regular tapering hilum is more primitive than the irregular or angular types. Rugose 

ornamentation, surface projections (as in Rotantha, s.s.) or upturned ends of the radial walls 

(as in Campanulastrum) are derived whereas the reticulate pattern is more primitive, 

especially those seeds with isodiametric cells. Polygonal-reticulate patterns are more 

primitive than rectangular-reticulate (the reticulate type could be subdivided into six 

subtypes: polygonal-reticulate, trapezoid-reticulate, irregularly-reticulate, rect-angular-

reticulate with broad areoles, rectangular- reticulate with narrow areoles, and scalariform-

reticulate). Striated arrangements are more advanced than reticulate but in themselves show 

transitions, mainly associated with the length of the cells and the prominence of the walls. 

The longest cells and the narrowest wall are the most advanced. Beaded cell walls are clearly 

derived but are rather primitive in a global context. Secondary ornamentation of the cell wall 

is also a derived character. Seed wings appear to be rather primitive on the whole but appear 

to be - derived independently several times. For example, the large single wing appears to be 

unique to Platycodon while a rounded "winglike" margin is quite characteristic of Azorina. 

6.3.2.3 Pollen characters 

The use of pollen analysis by Scandinavian workers in the early part of the 20th century as 

an instrument for the investigation of Quaternary changes of vegetation and climate 

stimulated its use in the field of taxonomy. In particular the numerous works of Erdtman 

from 1921 onwards promoted pollen analysis as an important taxonomic tool. This use was 

accelerated by the invention of the scanning electron microscope which allowed much 

greater detail of the surface features of pollen grains to be observed. The pollen of the 
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Campanulaceae were surveyed by Erdtman (1952) using light microscopy and by Dunbar, 

(1973). Erdtman's 1971 publication also contains a list of the literature pertaining to all 

previous microscopy studies of the pollen of the family. He examined about 75 species from 

35 genera. A correlation of the pollen morphology with the taxonomy of the Campanulaceae 

s. 1. was made by means of light microscopy by Chapman (1967) who studied 31 species 

from 21 genera and by Avetisjan (1967, 1973). Lines of evolution have proceeded in 

Campanuloideae as indicated by the shape, number and position of the apertures (Avetisjan, 

1967, 1973). Avetisjan (1967) gave a schematic presentation of evolution based on the 

development of apertures from pollen with many colpi to pantoporate pollen grains. 

Avetisjan stated that colpate, colporate and colpate-porate pollen grains are typical of genera 

of the Campanulaceae s. 1. found in tropical zones, and that porate apertures constitute one of 

the most important characters in the new type of pollen of the family distributed in temperate 

zones. Evolution in Campanula pollen can thus be seen in the decrease in length of spinules 

in association with an increase in numbers of pores. By far, the greatest contribution to our 

knowledge of Campanulaceae s.l. pollen has been through the works of Dunbar (1973a,b,c, 

1975a, 1975b, 1976 (with Wallentinus), 1978a,b, 1979, 1981, 1984 ). From these studies 

Dunbar concluded that the family Campanulaceae s. 1. (as traditionally conceived) is very 

heterogeneous. The suggestion by Avetisjan (1967) that tropical colpate/colporate pollen is 

the most primitive, while pollen from temperate zones show more specialised characters is 

supported partially by Dunbar (1984) where a complex exine structure occurs among some 

of the porate pollen. There are, however, other porate pollen with a more simple structure. 

Badré et al. (1972) studied the three species of the endemic genus Heterochaenia and, 

interestingly, concluded that an evolutionary progression in the pollen within the genus 

could be determined. 

6.3.2.4 Cytollogiall characters 

In the search for generic criteria, one would expect chromosomal features to provide very 

strong characters because their evolution is often conservative. However, this conservatism 

limits the usefulness of the most common feature considered, namely the basic chromosome 

number. The possession of a common basic number does not mean that a taxon is primitive. 

Many genera that appear to be dibasic are really monobasic with dysploid reduction in 
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number. Most of the apparently polybasic genera constitute polyploid complexes. The 

taxonomic literature for Astereae tends towards the concept espoused, for example by Love 

(1963) that presumes genera to be monobasic, although LOve does accept the possibility of 

dysploid and alloploid changes of number within a genus. We must look for correlations 

between chromosomal features and gross morphology. Gadella (1964) used the criterion of 

chromosome number to establish the possible relationships which exist between the genera 

of the Campanulaceae, but principally the relationship between species within the genus 

Campanula. He proposed a new classification which took into account chromosome number 

and size, morphological characters (eg. presence/absence of calyx appendages, 

glabrous/hairy styles, carpel number, capsule orientation, apical/basal dehiscence, etc.) and 

the life cycle. Contandriopoulos (1984) continued and refined Gadella's pioneering efforts. 

She published a paper on the differentiation and evolution of the genus Campanula in the 

Mediterranean region but her results have implication for the delimitation of genera in the 

family as a whole. She classified the species by subgenera and sections in relation to 

cytotaxonomy, life cycle and geographic distribution. In all she studied 317 taxa whose 

chromosome numbers were known (about 3/5 of known taxa in the genus Campanula). 

There have been numerous chromosome studies of individual species or sections of the 

genus Campanula (Podlech, 1962, 1965; Podlech & Damboldt, 1964; Bielawska, 1983; 

BOcher, 1964) and a few other genera such as Jasione (Parnell, 1980-1987); Wahienbergia 

(Thulin 1974-1987); Chromosome doubling is reported as having occurred in two species or 

several times in a third species of Githopsis (Morin, 1980-1981; 1983) with associated 

chromosome loss; Musschia (Bramwell et al., 1976); Azorina (Mesquita-Rodrigues, 1954) 

etc. Many of these studies were detailed and exacting and have provided a wealth of data for 

the more generalised studies of Gadella and Contandriopoulos, mentioned above. The 

chromosomal evolution of the genus Campanula is very complex and diverse. It is the most 

studied genus of the family from a cytological viewpoint and may well serve as a more 

generalised model for chromosomal evolution for the family in general. For this reason, the 

diagrams of Gadella (1964) (with modifications) and Contandriopoulos (1984) is reproduced 

below. 
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Tabile 12. Schematic sYstem of  Chromosome evolluiitoini in the genus Campanula s.I. (modified 
from Gadel0a 9  1964 and Cootaadriooimnllos 9  1984). 

Cronqim I. Cnpineda: stinbgoini, Rapitencdiis 

Group II. Campanula: siuibgenii. Rpuncithiis 

Group 1111. Campanula. sunbgenim. Rapunciithiis 

Group IV. Campanula: swibgeini, Rapwnczithas; Gadeiia9  
Cazinpaiiiz&zla: sect. JPeropInyiiuzm; iRoucela 

Group V. Campaizuda: sect. Oreocodoziti, Campaizuda: sect. Medium 

Group W. Cazinpan&da: sect. Oreocodon; Roucela 

Group VJIL Campanula: sect. Campanula, Quinquelociidares, Tiidipeia, etc. 
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i • 

"We unite all things by perceiving the law which pervades them; by perceiving the superficial differences 
and the profound resemblances. But every mental act, - this very perception of identity or oneness, 
recognises the difference of things. Oneness and otherness. It is impossible to speak or to think without 
embracing both." 

Ralph Waldo Emerson,1850 
"Plato; or the Philosopher" 

7J1 Pheunefles Soton 

7.M ifutroductrion 

As an initial procedural step for systematic study and classification there must be group-

making based on overall resemblances (Davis & Heywood, 1963; Heywood, 1964) which 

provide first approximations of relationships within a larger systematic strategy. The 

rigorous idea of equal weighting of characters (isocratic, sensu Burtt, 1964) is rejected as 

unrealistic. The "neo-classical" approach suggested by Heywood (1964), in which those 

characters which are selected (as opposed to potentially available) are given equal weight, is 

adopted in this study. This allows for taxonomic experience of the available evidence and a 

rejection of a priori notions that all characters have the same information content. Phenetic 

methodology as a starting point allows for the greater scrutiny of taxonomic characters and 

their correlation, while phenograms, as well as ordination analysis, give us starting points in 

the assessment of the structure of the data sets. It is not an endorsement of phenetic 

methodology for the reconstruction of phylogeny. 

7.11.2 Construction of the IPhenetic Data Sets 

Data files were initially created for all morphological data sets using the DELTA format 

(Dallwitz, 1980), and these were edited using the "DEDIIT" program of the IPANKIEY 

package (Pankhurst, 1995). DELTA is now accepted as an international standard for 

encoding taxonomic data and the advantages of using it are that it is versatile, has a free 

format and there are no restrictions on the kinds of characters (eg. quantitative or qualitative; 

ordered or unordered, multistate and binary) or the description of variability. Allowance is 

also made for character dependencies (Pankhurst, 1991) and characters may be weighted. 

Table.13 summarises the 14 data sets and subsets which were constructed plus the total 
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number of taxa (items) and characters in each. None of the subsets contains any additional 

characters or taxa. All characters are unweighted. 

Table 13 . Data sets and subsets used in phenetic analyses. 

DATA SET/SUBSET 	 TAXA (ITEMS) 	CHARACTERS 
Asterales (G&B.DATJ 	 23 	 46 

h. J_Campanulales subset 	 13 	 46 

a. Flowers & Fruits (Flowers.DAT) 65 50 
h. Campanuleac subset 38 50 
C. l'Iatycodoncae subset 12 50 
d. Wahknhergeae subset 22 50 

a. Pollen (CanipPaLilAT) 38 
h. Campanuleaesubsct: 21 9 
C. 

(I 
PIat'codoneaesuhset 
Whknbugcacsubstt 

II 1 
15 

9 
9 

a. Seeds (CampSeed.DAT) 53 	 11 
h. Campanuleac subset 43 	 11 
C. 

d 	I 
l'Iateodoneae subset 
NVablenbergeae subset 

6 	 11 
II 	 11 
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Table 14. Characters used in the Asterales (G&B.DAT) data set for phenetic analyses (after 
Gustaffson & Bremer, 1995). State changes are listed below each character. The scoring for 
the full data matrix is given in the Appendix 12.1.1.1-2. 

I .lrkIods 17 . Petal  
I. 

 
present 

33. Carpel 
I. t1/'nt four to ti' to /t7(/IZ 

2. absent 2. present three 

.. IWO 

2 Higher lnulin.s IS Petal d I 	itu lIVeins -  U Stsles 
1. ab.ce,:l 1. (:h'?lr I. Jree  

2. present 2. present 2. /nSed 

3 Laticifers 19 I'tt 	l Lateral Veins  t'Iar Indusuim 
absent I. end subapicall. / 	/'rt'.SePlt 

jtrccent 2. apically cmiJhetii 2. absent 

Resin Cells Lateral 	tins 36. StIe 
I. absent I. free I. glabrous 

2. present 2. fi4sed with adjacent lateral 2. with unicellular hairs 

. Vessel Perforations Stamens Y. Late Sue Elongation 
I. scalariforin I. four to fjt e to n,onv 1. absent 

2. simple 2. two to t/ire, 

6. Helical 
 

Thickenings 
2. present 

2. Anthers 38. 	Placentatlon ................................  
1. present I. ti 'ru/i OIl 1. central 
2. absent 2 hisi/ised 2.panda! 

3.apical 

4. but,,!. 

7. I :ith.Eteniint Pits 23. 	I 'iss tr I'.irt of 	I Iireae 39. Ovuk'. 
h,'riler.l I. free I. few to ??iwi 

sunJ)/e L'. fused .1 	un • ,nn, .1, se 2. one 

. Nodes 24. Anther D ehiscence 40. Parietal Tissue 
I. tn- to niultilucunar hUron,.' I. j)rL'.St'lII 

2. unilizeunar .' s.fror.se  2. absent 

.. latrurse 

9.Sclerench. Idioblasts 2. Anther Fusion 41. JR pustase 
I. ulisc',zl 7 	f•., /absent 

2. present 2. connare present 

1 0. Plants 26. Pollen Presentation 42. Endosperm I)cvelopm 
wood) 7. pmuuni I. collular 

herbaceous 2. from 	apical lore tp,'l/en pump) 2. nuclear 

.s'.framii the stile 

11. Leaves 27. 	I .IIiII lit 	( 	c1I 43. MicropylarHaust. 
I. alternate I. PHU/(iflu, It'll,' I. present 

2. opposite 1 /'uiu. kuic 2 	,,b%,'nt 

12. Stipulec 28. ( .. II No. in Pollen U (. 	hahi,:iI I faust. 
I. absent i. two I. present 

2. ,urese,iI 2. three 2. ubsc,ii 

13. Cnls' 29. 1 Ictum 454Tcrrumnal Cell (Proemb.) 
I. a. (inonuor;u/tic / 	iaii)z.rfuru,.flne p. ,/Jr.ute I. div. by !on,,'iiudim,! wish 

2. zygomorphic(odd sepal dorsal) . 	with (amino 'semileelu.', 2. div. by transverse wall 
zygomorphic(odd sepal ventral' 

(.olumns continued IfldivI(IuaIly on next page 
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Table 14. continued 

14 Corolla 30 Colurnellae 46 Basal Cell 
I act:no,norpluc I unbranch.d I conirib sig,i to tnthrto 

bilabi ate .4 (3+2) 2 bifurcate 2. forming suspensor on/v,  

bilabiate B (1+4) 

4.bilabi ate C (J+/)±3 

15 Corolla Vernation 31 	Spinules or Verruc,ae 
imbricate I, absent 

va/vale 2. present 

16 Petal Fusion 32 O 	irs 
1. choripetu/v I. superior 

2. svmp eta/v 2. iitferiar/ce#ni-inferior 

Table 15. Characters used in the Flowers & Fruits data set (Flowers.DAT) for phenetic 
analyses. State changes are listed below each character. The scoring for the full data matrix is 
given in the Appendix 12.1.1.3-6. 

CHARACTERS USED IN THE FLOWERS AND FRUITS DATA SET 
1. Inflorescence type 7• Corolla Lobe Orientation 1 Corolla Colour could. 
L pnonott4lc ('terminal flower) 1. usually erect, not spreailiti 7. stra i-c Yellow or cream 

2. pa/iielk (no terndnnt fin werj 2, usually spreading 3. .sulphu rs't'llow 

3. s'vncliront'as ilevelopinent 3. usually reflexed 9. golden yellow 

10 greenish or .jauc(scc.nl 2 	S'nf1orisctnii S 	orull Lob* Sbftpt 
I a prtnwri/v solitaryflgwer I tapering and lanceolate 11 orange 

2. a .sitnpk cyine ligulale 12, verinj/io, 

a secon4larII 	solitary flower 3. ovate or rounded /3. brick red 

'l. a panic/i' 4 cucullate /1. brane or capper 

a glomcruk or t,Iointruks 1 15, ,i'wroon or crimson 9 WTi ... 
& a .spThe or verticillaster 1. more or less pointed 16. purple 

7. a thj'rse 2. more or less rounded 17. Colour Distribution 
a corinth I mw's' or less 00)/oral 10. Distinct Mucro at Tip 

4). an uml,c'l I. prevent 2 oale (a lion', darker lobes 

10+ a capituliun 2. absent $ pole 	eiv,spiit"at base 

4 dark 	t 	iii' boo 3 	Inflot t.sienu, Axis 11 Distinct Interlobular Sinus 
/ IILLtt it tot (afler,,Oowerbtg) I present . 	 u/ow s.d b4 tot ar una mold/s 

2 not acres Lni 2 absent 6 tesselaied or it il/i pots hI uh 

4. Floss er Orientation 12. Coronal Hairs/Appendages 18 . Reticulated C orolla-s ems 
1. creel or nodding 1. present /. di.stinci(often a different elour) 

2. pesulent 2. absent 2. indistinct 

6 Flosser Bud Shape 13 corolla Doinatlum 19 Distinct Long Main Veins 
balloon-li/se or c/a iaIs' I. present I. present('moy appear as grooves) 

2 attenuate or tylindrical 2 absent 2 ahis at 

6. Corolla Shape 14. Corolla Lobe Division 21). Corolla Behaviour 
I. rotate I. more or /ec.s divided to base I. sb s-es' at ni/sib! 

infunsfihuhir 2. divided> one third 2. does: not close al night 

campanu/ate (ineLcupuhue) 3. divided < one third 21. Corolla ACC resce n cc 

Columns continued individually (part) on next page 
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Table 15. continued 
4. hvpoeraterifrirs 1 5 Lobe Coheren 4 I, marked 	 . 

5. cylindrical {Ioles incanspk.) 1. free and expand normally 2. not marked 

6. obconiced orfunnel-shaped 2. temporarily coherent at lips 22. Stamen Fusion and 'so. 
7. 

 
stellate 3. permanently coherent at tips 1. apostetnonous and 5 

' 	 uro1ate 2 apostemotwus and  16 coHaColour 
9. unguienlate 1. snowy white (no trace ofpink) 3.pelttlostemonous and S 

10. turbinate 2. whitish,pinkinsh-white or pink 4. apostemo,wus and 4 

11. long tubular texpand lobes, 3. violet 5. uposfrnwnou s 8-10 

12. short tubular(expand. lobes) 4. lilac, lavender or azure 6. aposlemonous and 7 

I.T. tube t,4ohose at base 5. ultramarine, indigo, blue-black 

&genlian blue 

23Anther Appendat4e 33 Disk Shape 40 	St 	It lnscrtion/Fsrtton 
1. present (may he very short) I. d:sAI,he/ annular (no swellings) 1. inserted 

2. absent (often concave at lip,) continuous pen/a-/hexagonal 

continuous, lobed (swollen) 

2. exserted 

24. 	Anthcr Attachment 31. Stsle Accrescciice 
1 ses1ie or extremeir short 4 interrupted(separate arcs/lobes) / present 

2. with r!isee'rnihlefi!antc'nts £ cylindrical or cup-shaped 

6. conical 

2. absent 

25. 	Filament Cilia (At Base) 42. Sts lar Glands/Papillae 
I. present 	 . 7. pubescent 1. present 

2. absent 	 :. club-shaped glands 

two-lobed 

2. uthsen 

26. Base of Filament (Shape) 43. .Stle Base 

/ not dilated (no nectar dome) / ii s'ohd p/u ylnill or ii Ssue len er 34 ø,1c coiow 
2. slightly dilated (weak dO#It') orange or yellow 2. fop of ovary relatively thin 

3_dilated (shield-shaped segnwnts) red a hollow cone íü lop of ovary 

dilated (uuriculatelfenestrate) 3. lime green 

4. purple 

44. Closed Stigma Shape 

I club hoped (broad at to 27. Stamens after Anthesis 

1. teiducous'  5. black or blackish-violet 	 1 2. short and eapitak' 

2. persistent but withered 6. colourless (leaf-green/brown) 3. .clig/itly thicheneti (utot it club) 

3. persistent and turgid 	 : 	 • pinkish maroon 

crimson 

4, slender and ,fillfor,n 

S. short andscarceli ,  developed 28. Necta r I)onie Sit a pe 

1. a distinct turgid cone (coloured) 9. dark green 45. Stiguia Lobes/Presenter 
2 Itt tnt split ret a! (Ioui,ishort) / blue or violet (outer surface) 

2. not distinctly coloured 

35 Dtsk 
I. present 29. Nectar Do rue F us ion  

1. unfused(slightly fused at base') - 2. absent 46. Stigmatic Lobe Number 
2. almost coniplc/e(yju.se'd 36. Nectar Colour .. . 

I. colourless 

I- two to five 

2, six to eight 30. Anthers at NlaturitN 

I. free, usually withering quick/v 2. orange red (scarlet) J. eight to ten 

2coherent along edges: (tUhtJiAt) 37 1ecept1 Width 47 Open Stigm tilt Lobes 
3. coherent at bases only I. broad 1. loin,' and thin ('pc/a/old) 

4. coalescent (not coherent) intermediate 

narrow 

2. moderately thick 

3. very thick- 3 1. Pollen Colour 

1. brig/ti ei:ure blue or lilac 4. short, thick and square-ended 38. Style Shape 	: 

2. purple or purplish -brown 1. straight 5. frtn.s a short connate tithe 

3. orange-brown or brick-red 2. gently curved (usually upwards) 6. short and scarcely dt'rc'lopee! 

4. re/low, cream or white 3. a distinct S-shaped curve '. short and rather thin 

5. violet orpinkish-violer 4. abrupt/v angled at stigma 48. Lobe Opening Sequence 

39 Style Thickness 6 	rims on L from the apex 

7. dull green I. long and filiform (not tapered) 2. from the hose or rn/c/die 

Columns continued individually (part) on next page 
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Table 15. continued 

- 49. Stigmatic Surface 
I. dry with one-celled papi/hie 

2. 13'et, in.ucilaçuutus 

50. ( otleetis c hairs 

I. inva ginate 

2. do not in vagina/c 

Dehiscence contd. 

septicidal (septal processes) 

capsule detaches 
irregular rupture of wall 

3 spIlling papery segments 

apiceilly by a cadu cons f7hig 

rupture of thin pericarp 

70. Valvate Dehiscence 

two valves 

three ealees 

five salves 

valvote but inclehiscenl 

71. Poratc Dehiscence 

I. at apex 

at middle 

at base 
below middle (not at base) 

2, l'orc 

I. regular Jroin initial depre.s sion 

2 with aflap an topside 

- 3, irrealor tear 
4. at base between septa (regalarJ 

Capsule in Fruit 
1, aceresccnt lengthwise 

2. nat aecrescent Ien.gthwlse 

Corolla (post-flowering 

1, weak/t' cat/u cons 

2. persistent 

75. Pollen 
1 Lot/Yak 

2 to/parole 

3. parole • . 

76. Capsule at Upper End 

not constricted 
constricted 

77. Filament Insertion 

1. low and near base 

2 high and near corolla mouth 

32. Disk, 	 2. long, +1- thick (not tapered) 
1. present, usuallv quite distinct 	3. short and fihiform (not tapered)  
2 absent or not 1evelpeil 	4. short and thick (not tapered) 

5. long and tapering 
6 short and taJkrlflr, 

51. Stvlar Protective Hairs 

present 
absent 

52. Top of OvarN before Fert. 

l,flat or con cave 

2 convex orconical 

53. Osar .  Position 

I superior 

2 send-superior 

3. inferior 

54. Carpet Number 

Lone 

2. two 

3, i/tree to Jive 
4. six to eight 

J. eight to ten 

I 	(arpel:Cahx ReLPosition 
I. alternate 	 .1 

2 do not a!ternatt. 
3. mndeterininute 

56. Placentation 

I. it-vile 

basal 

part/ct/It parietal 
pendulous 

57. Ovule Number 

I. nnnwrous in each locule 
2. Jew in each locale 

58. Top of O ar' after Fert. 

/. flat 

2. convex 

59. Fruit 

/. it her, 

2. it capsule 

60. Cal 'x Fusion 

Iobe.s'form a 'lobnlar wc 

lobes free or purtivjiised 
lobes partly fused (free tube) 

61. CAN  Appendages 

I. absent 

minute or vestigial 

sinaIl and simple 

mediuini large, often elaborate 

uccrescent, enthracuig capsule 

lobules in interlobular sinuses 

• 62. Pcta told Calyx Lobes 

• I. present 
2. absent  

Calvx Lobes onIFruit . .:/ 
erect and/or convergent 

stellate patent or accresceiu 

little or no change 

:.i 4. reflexed or recurred 

5. occas. caducous when mature 

64 Calyx Brats 
I. present 
2. absent 

65. Fruit Orientation 

I. upright or nodding 
• pendent 

I. distinctly prismatic 
2.angular but not sulcate 

more or less lerete (+1- ribbed) 
angular, markedly sulcate 

compressed or flattened 

67capsule Veins 
10 veins symmetrical/v disposed 

8 veins asymmetrically disposed 
6 veins asymmetrically disposed 

5 veins symmetrically disposed 
3 veins 
10 veins asymmetrically disp. 

8 veins symmetrically disposed 

elongating in fruit 

not elongating in fruit 

69. 
I. tardy,often by decomposition 
2. irregular rupture of apex 

operculate (lid or chalice) 

apical valves between sepia 
lateral pores between sepia 

lateral vertical slits 
irregular horizontal slits 
loculicidal 

splitting into three hard facets 

short apical slits or pores 
lI.apica! hole 
12.5 vertically splitting segments 
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Table. 16. Characters used in the Pollen data set (CampPai DAT) for phenetic analyses. State 
changes are listed below each character. The scoring for the full data matrix is given in the 
Appendix 12.1.1.7-10. 

I. Shape of Pollen 3 	PIIIILfl Sexine 
I. 	%jPISeriIulcal I. 	riL.: 

jih'rui'I.il oblate 

t•  oblate 

2. ridged but top end bent up 

?. with fingerlike structures 

4. suboblate with protrusions 

'. pryltale reticulate with low relief 

oi. j . r'/w sf;/oeroaIaI O. irregularly ridged 

77. with a perforated lectum .Apernire \ujiiil.r 

/. l2porwetorpantoporate X. pitted 

2. 6 fOrh1f 'I. granulate 

3. 5porote 10. reticulate with high relief 

4. 4 ror,!.. 11. striate 

5. 3 pPratL /2. (eetu,n 	.'nij'lev 

I 	( - Iii odpule 4 . S pinules (orVerrucae) 
7. ç - , cotporate I present eiiIi verrucae 

pri . o'I:t but no verrucae 
()• 4 - 5 eO/jozft absent but verrucae present 

IA to - t parate absent and no verrucae 

S Spinule Shape 

I; bassillp divided 	1: 

2. not basollr divided 
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Table 17. Characters used in the seeds data set (CampSeed.DAT) for phenetic analyses. State 
changes are listed below each character. The scoring for the full data matrix is given in the 
Appendix 12.1.1.11-14. 

I. Degree of Symmetry 

1. high 

2. ffedrurn 

3. Low 

2. Seed Shape (ratio) 
1 elliptieul 1 2. 1 :2 

2 narrow lll/)ticil (6.1'):!) 

3. brow! elliptical (6:5) 

4. trans Ie:se elliptical (2:31:2) 

5. narrow transv.ellipiic. (1:3/1:6) 

6. broad transverse .elliptic. (5:6) 

circular (!:l) 

8. oI'ati' (2:13:2) 

9. narrow tJV1t(' (6:1.3:1) 

10. broad maw (6.5) 

11. transverse (IV(,t' (2:3. ,4:2 

12. broad traits t'.OLatC (1:7/5:6) 

13. o/,vi vale (2:1 L :2) 

14. narrow aba rate (6:113:1) 

15. l'f(UuI iihova!e (6:5) 

16. iran.vver5e. obovate (2:311:2) 

/'.broad iron ohovisti' (1: 1/5:6) 

18. c/zir!driilqI1(gr 

/ 9. Ju sifurm 

20. turhunite 

2/. conical 

.Seed Shape (Cross-Section) 

6'r&'t 

selnitereIc 

1 ovate  

4. itbor ate 

.'. triangular 

6. flatten ad 
7. lenticular 

8. ellipih a! 

9. quadrangular 

4. Seed Colour 

black or hlueAish 

dark brown or <hesmni' 

light brown or pale lawn, 

ert'ain. id/oh or white  

Seed Surface 

1. s/tiny 

2. dull 

1. shallow/i' furrowed 
2. smooth 

3. tuberculate 
4. pebbled 

5. striate 
6. shallowly colliculate 
7. reticulate 
8. rugose 

'7 Stsiatons 
incomplete 
fine 

ribbed 

S 00 ulidl 
1. polygonal 

2 trapezoid 

3. irregular 

4. rectangular with broad areoles 
5. rectangular with narrow areole 
6. scalariform 

12. Discontinuous Thickening 

present 

absent 

) 	13. Beaded l.onitudjnal Walls 

1. present 

2. absent 

14. Second.Orn. Radial Walls 
keeled 

warted 

stippled 

ridged 

channeled 

15. Second. Orn. Tang. Walls 

atveolaie 

ruguiose/i striate 

channeled 

ridged 

stippled 

(i, warted 

7. keeled 

16,Scctl Wings 
s 	1. develop, both sides long -axis 

1 develop. One Side 101:1m,  axis 

vevti°iai 1w!!: sides long axis 

vestigial one side fang axis 

develop./iilum end on/v 

vexlo,ia1 hi/urn ciii! only 

develop.terniinal end on/v 

S. vestigial terminal end aitly 

9. developed and continuous 

/ (I. rectgial and co,ultiuou.s 

/ 1. absent 

17. llilurit 

I. trail cute and flattened In TS 

2. tapered 

3. truncate and round in I  

4. irreq.ilar 

I. fibriform 

oblong 

isodiametric 

irregular 
fusiform 

I. narrow 
medium 

large 
broad 

wide 

11 :1Vii 

thick 

medium 

thin 

variable 
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7.1.3 Character Analyses and Similarity Coefficients 

The characters in these data sets were then investigated for information content in and 

between characters in order to assess their distribution and possible correlation. This was 

done by the "CHANAL" (Character Analysis) program of PANKEY. The information 

statistic H, (Estabrook, 1967), was calculated for each character and the conditional 

information of character a on character b (H(a/b)) and vice-versa (H(b/a)) plus the 

information held by both a and b (H(a.b)) was also calculated. Generally, a high value for H 

corresponds to characters which are fully scored in the data set, have well distributed states 

and which do not vary within species (Pankhurst, 1995). Multi-state characters usually have 

a higher value than binary characters. For further details of this procedure, see Pankhurst 

(1991, 1995). The value S, which is a measure of the correlation between two characters, 

was also calculated for all character-pair permutations. When two characters have S = 1.0 

they are exactly correlated and when S = 0 they are independent. Character pair summaries 

from the output files of CHANAL are given in Tables 18-21. and the results of each analysis 

are discussed below. Matrices of similarity coefficients were then obtained for each data file 

from the program "SC3" of PANKEY. This program reads data in DELTA format and then 

outputs a file with a lower triangular matrix of similarity coefficients. 

7.1.4 Ordination Methods 

Since clustering methods will always find clusters even if they do not actually exist in the 

data, a check was made first on the presence of clusters in each data set by using several 

ordination methods such as principal coordinates analyses and non-metric multidimensional 

scaling (Kruskal, 1964a, 1964b) with the programs "EIGEN" and "MDSCALE" 

respectively, and viewing with the graphics programs "MOD313" and "MXPLOT" of the 

NTSYS v. 1.7 package (Rohlf, 1992). The resultant plots were then visually inspected for 

the presence of clusters. The 3-dimensional plots are best interpreted on a computer screen 

since they can be rotated to reveal the exact position of each point. Pins which connect each 

point to the base have been provided in each text figure in order to help locate their 

positions. The results of these procedures are shown below. The similarity matrix files from 

PANKEY were first double-centred by the program "DCENTER". When the matrices are 

double-centred, the row and column means are subtracted from each element and the grand 
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mean is added on (Rohlf, 1992). This program therefore transforms the symmetric similarity 

matrices to scalar product forms in order to compute eigenvalues and eigenvectors for a 

principal coordinates analysis of each dataset. The ouput file from the DCENTER program 

was then factored by the program EIGEN using the default scaling (SQRT:LAMDA) and the 

elements of the eigenvectors corresponding to positive eigenvalues can be interpreted as the 

coordinates of each point in cartesian space. The data is not normalised, therefore the correct 

relationships among the points are shown. According to Rohlf (1982), when there are 

missing values in the data sets, principal coordinates analysis performs better than principal 

component analysis. In any case principal components analysis was inapplicable in this 

study since it can only be applied to strictly quantitative characters (Pankhurst, 1991). 

Multidimensional scaling can correct for distortion in principal coordinates plotted in 3-

dimensional space because it tends to preserve the interpoint (taxonomic) distances more 

faithfully (Rohif, 1992), ie. greater or lesser distances are preserved. The position of the 

points in k-dimensional space is scaled by using the differences between actual distances and 

the transformed distances ( "stress"). Stress is therefore a measure of the fit of the distances 

in the configuration space to the monotone function of the original distances. In the multi-

dimensional scaling analyses the eigenvectors from the principal coordinates output files 

(.EVE) were used as initial configuration matrices. Final stress values for 3 dimensions 

using a maximum of 40 iterations and the default stress coefficient (2) are given in each 

table. These give a measure of fit of the data to the 3-dimensional plot. A value of 0.00 is a 

perfect fit while values> 0.20 are considered poor. 

7.1.5 Clustering Methods 

A minimum-spanning tree, which simply connects each taxon with the most similar taxon, 

is another way of assessing clusters and, if plotted on to ordinations, is useful in the 

detection of points which may seem close but are actually far apart when other dimensions 

are considered. A minimum spanning-tree for each of the data sets was calculated using the 

program "MST"and these were projected on to the principal coordinates plots. 
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The output files were then converted into phenograms for each of the data files (including 

subsets of each file) by the SAHN clustering programs in NTSYS. It is essential that some 

consideration be given to the characters used because the way in which the similarity 

coefficient is calculated depends on the type of character and the nature and degree of its 

variation (Dunn & Everitt, 1982). Different coefficients estimate different aspects of the 

taxonomic relationship (Sneath & Sokal, 1973). Many characters are presence/absence type 

and scoring them as binary is straightforward. However, many morphological characters 

show a range of states which may be quite subtle whether ordered or unordered. Treating 

such characters as binary is far too crude and would affect the accuracy of the similarity 

measures as well as, ultimately, the phenogram. The Simple Matching Coefficient (Sokal & 

Michener, 1958) which is the ratio of the total number of matches to the total number of 

characters, and the Jaccard Coefficient (Jaccard, 1908) which is the ratio of the number of 

positive matches to the total number of characters minus the number of negative matches, 

may only be used with binary characters which are not variable within the OTUs being 

compared. The SC3 program scores characters in four different ways and uses the Gower 

Coefficient (Gower, 1971) which allows both quantitative and qualitative data with more 

than two states to be used in the same set. Allowances are also made for character variation 

within OTUs and a modified Gower Coefficient is then used. See Pankhurst (1991) and 

Dunn & Everitt (1982) for full details of similarity measures in phenetic analyses. 

Various clustering algorithms were used, eg. Complete/Single/Average Linkage (the latter is 

also known as UPGMA) (Rohlf, 1992; see also Sneath & Sokal, 1973; Dunn & Everitt, 

1982), Single-linkage, Complete Linkage and UPGMA clustering methods were tried in 

order to determine the distinctness of the clusters. If results are similar then the clusters are 

usually distinct ("ball" clusters). Strict Consensus trees were also obtained by the program 

NT-SYS using the program "CONSENSUS". "Ball clusters" can be confirmed particularly 

by the use of strict consensus methods. Consensus indices were obtained for each 

permutation of the three clustering methods (see below for discussion on consensus indices). 

Clustering methods used in this study were agglomerative. For a discussion of these and the 

pros and cons of different linkages methods, see Corniack (1971). In general single linkage 

tends to exaggerate similarity between groups and links groups in a chain-like tree topology 



but it may fail to resolve relatively distinct groups if a number of intermediate OTUs are 

present (Dunn & Everitt, 1982). Complete linkage shows the more cohesive clusters but may 

not capture less obvious cases. Average linkage is a compromise between the other two and 

is generally favoured among phenetic systematists. 

The goodness of fit of the data to the phenograrns produced by the UPGMA clustering 

method of the SAl-IN programs of NTSYS was assessed by means of the Cophenetic 

Correlation Coefficient (Sokal & Rohlf, 1962). This is a measure of the similarity between 

the common nodes linking two taxa in the dendrogram and is used because the dendrogram 

tends to distort the true relation between individual pairs of taxa (Pankhurst, 1991). This 

similarity is often lower than direct similarity between two taxa and the higher the 

correlation, the better is the fit of the data with the phenogram. UPGMA usually gives the 

highest values so only these were calculated for each data set. To obtain these, cophenetic 

matrices were first produced by using the program "COPH" of NTSYS and the cophenetic 

correlation coefficients computed with the program "MXCOMP". Values given by Rohif 

(1992) are as follows: 0.9 = (or <) r ... very good fit; 0.8 = (or <) r < 0.9 ... good fit; 0.7 = (or 

r < 0.8 ... poor fit and r <0.7 ... very poor fit (r = product-moment correlation). Values 

which are > 0.8 are usually sufficient to reject the null hypothesis. 

7.1.5.1 Testing heterogeneity of the rival trees using consensus 

The different clustering methods usually produce different trees from the same data set 

which have varying degrees of agreement of their subsets. If two or more trees which are 

being compared are identical in their subset relations, the resulting consensus tree is fully 

bifurcating (Rohlf, 1992). Otherwise incompatible subset relationships result in 

multifurcating branches. It is necessary to evaluate such heterogeneity in order to determine 

which of the rival phenograms best represent the data set and to identify the most distinct 

clusters. The comparison of phenograms by consensus is thus a method for evaluating 

taxonomic congruence or, in other words, the extent to which independent phenograms for 

the same set of taxa support the same groupings. The most commonly used approach is the 

consensus tree that summarises areas of agreement among the conflicting trees. Consensus 

techniques were originally designed to handle the problem of different data sets rather than 
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the problem of multiple trees from a single data set Carpenter (1988). Consensus indices of 

given trees give a numerical measure how well resolved they are (ie. fully bifurcating or not) 

ie. the amount of structure retained by a consensus tree provides a measure of congruence 

among the conflicting trees. A highly resolved consensus tree = high congruence. 

Conversely, the consensus tree also can provide an index of how each phenogram differed 

(degree of incongruence) from the consensus. In situations where different phenograms are 

produced from different data sets (but with identical taxa) consensus methods give equal 

weight to each data set. Thus the potential for data sets with relatively large numbers of 

characters to swamp data sets with fewer characters is reduced (Kluge, 1983). The Strict 

Consensus is conceptually the simplest (Swofford, 1991) and was defined by Sokal and 

Rohlf (1981) as the unique tree that contains only those groups that appear on all the rival 

trees. Of all the consensus methods the strict consensus is most likely to yield a result that is 

consistent with a tree produced from a combined analysis. However, it has a serious flaw. 

When two trees being compared have identical topology except for one terminal placement, 

the consensus tree is completely unresolved (Swofford, 1991). To overcome this limitation 

and when several trees are being compared, a majority-rule consensus may be preferred. 

Those groups that occur on a predetermined proportion of the conflicting trees are retained, 

eg. more than 50% or more than 75%. Consensus indices for the phenograms are shown in 

Table 24. 

7.1.6 Results 

7.1.6.1 Character Analyses 

Tables 18,21. show the results for a selection of the ten most informative characters in the 

G&B.DAT data set for the Asterales, Flowers.DAT for flowers and fruit characters, 

CampPal.DAT for pollen characters and CampSeed.DAT for seed characters respectively. 

All are selected from output files of the character analysis program CHANAL in the 

PANKEY package. Correlated characters were not subsequently removed from the data set 

because correlation is a continuous variable and removal of certain characters would amount 

to a purely arbitrary process. In addition, it was also desirable to record how such characters 

behaved in the cladistic analyses. 
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Table. 18 Information in characters of the Asterales data set (G&B.DAT), plus character pair 
summaries. (10 highest values). 

Char. -Inf. r 	H(a)  : (b)   : (  : : r -: 

5 0.3557 10 2 0.2134 0.5138 0.0237 0.0316 0.1897 0.7742 
10 05138 19 9 0.1304 0,0791 0.0000 00119 1 0.0237 0.6667 
13 0.4150 20 9 0.1303 0.0632 0.0000 0.0119 0.0237 0.6667 
18 0.3320 20 19 0.0791 0.0632 0.0000 0.0000 0.0632 1.0000 
23 0.3557 37 26 0.4901 0.4743 0.0751 0.0593 0.4150 0.7554 
26 0.4901 43 19 0.0791 0.1423 0.0000 0.0000 0.0395 10000: 
29 0.3557 43 20 1) 0632 0.1423 1 0.0000 0.0000 0.0316 1.0000 
36 0.4427 43 27 1 0.0949 0.1423 1 0.0000 0.0198 0.0593 0.7500 
37 0.4743 :44  43 11 0.1423 0.1383 l 0.0237 0.0198 0.1186 0.7317 
38 0.6482 46 45 [0.1186 0.1186 0.0198 0.0198 0.0988 0,7143 

From Table 18. it can be seen that Character 38 (placentation) has the highest information 

statistic while character 10 (woody versus herbaceous) has the next best score. The S values 

(similarity coefficient) indicate that characters 20 (lateral-vein fusion), 19 (confluence of 

lateral vein-endings) and 43 (micropylar endosperm haustoria) are exactly correlated. 

Characters 19 and 20 also show a moderate degree of correlation with character 9 

(scierenchymous idioblasts) while character 43 also has a high correlation with character 27 

(tapetal cell nuclei) and naturally, character 44 (chalazal endosperm haustoria); character 10 

(woody versus herbaceous) has a high correlation with the presence/absence of higher 

inulins (character 2); character 37 (late style elongation) is highly correlated with character 

26 (pollen presentation mechanism); and character 46 (basal cell contribution to embryo) 

has a high correlation with character 45 (method of division of the terminal cell of the 

proembryo). 
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Table 19. Information in characters of the flowers & fruits data set (Flowers.DAT), plus 
character pair summaries. (10 highest values). 

tChar. -InEStat. Char.Pair ir lip I (  : (  : (  : 

1 0.4587 ' 	 3 2 0.0308 0.0308 0.0000 0.0000 0.0308 1.0000 

7 0.4111 15 2 0.0308 0.0308 11  0.0000 0.0000 0.0308 1.0000 

9 0.4750 1 7 3 0.0308 0.0308 0.0000 0.0000 0.0308 1.0000 

19 0.6327 23 5 0.3058 0.3202 0.0303 0.0447 0.2755 0.7860 

20 0.4269 29 18 0.0010 0.4769 0.0000 0.0005 0.0010 0.6667 

26 0.4813 35 12 0.0293 0.0308 0.0000 0.0014 0.0293 0.9531 
27 0.4663 37 18 10.0010 0.1918 0.0000 0.0000 0.0010 1.0000 

29 0.4769 41 14 0.0880 0.0880 0.0014 0,0013 0.0865 0.9677 

31 0.6183 46 19 0.0010 0.0630 0.0000 0.0000 ().()01() 1.0000 

45 0.4678 48 7 0.4111 0.1226 00303 0.0332 0A0678 0.5165 

From Table 19. it can be seen that character 19 (filament bases) has the highest information 

statistic while character 31 (style/presenter shape) has the next highest score. Characters 2 

(flower symmetry), 3 (presence/absence of resupination) and 15 (presence/absence of fused 

staminal column) are exactly correlated, as are characters 37 (ovule number) and 18 (level of 

filament insertion). Character 18 is exactly correlated with character 46 (mode of apical 

dehiscence) and moderately correlated with character 29 (style accrescence). Characters 41 

(fruit type) and 14 (presence/absence of a weakly caducous corolla), and characters 35 

(placentation) and 12 (presence/absence of distinct main veins) are almost exactly correlated. 

Characters 23 (pollen aperture type) and 5 (flower bud shape) are highly correlated, while 

character 48 (mode of porate dehiscence) is moderately correlated with character 7 

(presence/absence of non-campanulate corollas). 
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Table 20. Information in characters of the pollen data set (CampPal.DAT), plus character pair 

summaries (10 highest values) 

Char. -InEStat. rr r 	:rg : (b)  : (  : r - 

1 0.0526 8 7 0.0085 1  0.0939 0.0028 0.0057 0.0057 0.4000 
2 0.2802 10 4 0.3841 0.0370 0.0071 0.0185 0.0185 J 0,4194 
3 0.0797 10 7 0.0085 0.0370 1 0.0000 0.0014 0.0014 0.5000 
4 0.3841 10 9 0.0384 0.0370 0.0000 0.0199 0.0171 0.4615 
5 0.0725 12 3 0.3841 0.0256 0.0028 0.0085 0.0171 0.6000 
8 0.0939 12 8 0.0939 0.0256 0.0043 0.0100 0.0156 0.5238 
9 0.0384 12 10 0.0370 0.0256 0.0 1 71 1 0.0043 	1 0.0128 0.3750 

10 0.0370 13 4 0.3841 0.0256 0.0100 0.0100 0.0156 0.4400 
12 0.0256 13 7 1 0.0085 1 0.0256 0.0000 0.0014 0.0014 0.5000 
13 0.0256 13 10 0.0370 0.0256 0.0156 0.0043 0.0213 0.5172 

From Table 20. it can be seen that character 4 (aperture type) has the highest information 

statistic and that character 2 (equatorial shape) has the next highest score. No characters 

show exact correlation although characters 12 (division of the footlayer) and 4 (aperture 

type) show a moderate correlation. Character 4 also has a rather weak correlation with 

character 10 (bacula) and character 13 (endexine). Character 12 also has a moderate 

correlation with character 8 (sculpturing) and a weak correlation with character 10, while 

character 8 also has a rather weak correlation with character 7 (number of colpi). Characters 

7, 10 and 13 all have a moderate degree of correlation with each other while 10 has a rather 

weak correlation with character 9 (tectum). 
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Table 21. Information in characters of the seed data set (CampSeed.DAT), plus character pair 
summaries (10 highest values) 

Char. InEStat. mi i r H(a) H(b) Hr : : r 

1 0.2917 8 4 0.4913 0.3099 0.2438 1 0.0624 0.2375 i 0.4469 

2 0.5029 9 2 0.5029 0.6618 0.1546 0.2895 0.3483 0.4396 

3 0.3077 9 4 0.4913 0.6618 0.1611 0.3316 0.3302 0.4012 

4 0.4913 ii 4 0.4913 0.3665 0.2504 0,1255 0.2409 0.4012 

5 0.1067 6 4 1  0.4913 0.3403 0.2583 0.1074 0.2329 03891 

6 0.3403 4 2 0.5029 0.4913 0.2431 0.2032 0.2598 0.3679 

7 0.2954 Ii 6 0.3403 0.3665 0.1662 0.1923 1 0.1742 0.3270 

8 0.3099 4 3 0.3077 0.4913 0.1132 0.2968 0.1945 0.3217 
9 0.6618 ii 8 0.3099 0.3665 0.1466 0.2032 0.1633 10.3182 

10 01509 8 6 03403 0,3099 0 18c8 0 1553 01546 03119 

From Table 21. it can be seen that character 9 (seed wings) has the highest information 

statistic and character 2 (seed shape) the next highest score. No characters show exact 

correlation and most characters are relatively independent. The highest similarity coefficient 

(S) is 0.4469 for characters 8 (secondary ornamentation of radial walls) and 4 (testa surface 

sculpturing) which is rather low. 

7.1.6.2 Ordination analyses 

The transformed variables are shown in Table 22. for the first 3 eigenvectors. The 

cumulative percentage variations are 53.57%, 32.64%, 56.5 8% and 31.68% respectively for 

each data set which means that the plots in Figs. 10-13;14-17 and 18-21 are based on only 

those percentages of the total data in each set. The very low value for the Flowers & Fruits 

and Seed data sets can perhaps be explained by the amount of missing data in the set, the 

large number of taxa and the unevenness of scoring. Nevertheless, even with only about 32% 

of the total data both plots look remarkably congruent with those from the other datasets. 
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Table 22. Eigenvalues (1st three) for the data sets (G&B.DAT, Flowers.DAT, CampPal.DAT 
and CampSeed.DAT) 

DATA 	 - •EigenvaluePercent 	Cumulative  
1 2.74980 	29.92 	29.92 

Asterales 2 1.33221 	14.50 	44.42 
(G&B.DAT) 3 0.84127 	9.15 	53.57 

1 349224 1671 1671 
Flowers & Fruits 2 1.74019 8.33 25.04 
(Flowers.DAT) 3 1.58840 7.60 32.64 

1 5.12421 34.91 	j 34.91 
Pollen 2 1.67833 11.44 46.35 

(CampPal_DAT) 3 10077 1021 
1 3.92407 

- 

12.52 12.52 
Seeds 2 357162 1119 2391 

(CampSeed DAT) 3 2.43699 	j 7.77 M.68 

EIIJ 



Figs. 10-11, 14-15 and 18-19 show the principal coordinates and multi-dimensional scaled 

distances projected in 3-dimensional space respectively, while Figs. 12-13, 16-17, 11-12 and 

20-21 show plots of the new variables I against 2, and 1 against 3 respectively. 

a. The Asterales (G&B.DAT) data sets 

In the MOD3D plot (Fig. 10) there is a loose cluster of the 7 families: Sambucaceae (7), 

Viburnaceae (8), Pittosporaceae (6), Aquifoliaceae (1), Araliaceae (2), and Bruniaceae (3), 

with the Aquifoliaceae, Bruniaceae and Viburnaceae clustering most closely. The 

Pittosporaceae are closest to the Araliaceae while the Sarnbucaceae are closest to the 

Viburnaceae. The best cluster is that formed by the 5 families: Campanulaceae (18), 

Lobeliaceae (22), Cyphiaceae (19), Cyphocarpaceae (20) and Nemacladaceae (23). Within 

this cluster the Lobeliaceae is closer to the Cyphiaceae and Cyphocarpaceae and rather less 

so to the Campanulaceae. The Nemacladaceae are most distant. The Campanulaceae clusters 

most closely with the Lobeliaceae. Collectively this cluster is closest to the Goodeniaceae 

(21) which itself is a little more distant from the Brunomaceae (16). The Calyceraceae (17) 

is closest to the Brunoniaceae and the Asteraceae (15) is next closest. These four families 

form a very loose cluster which also includes the Menyanthaceae (11). Finally, there is a 

rather loose cluster formed by the Stylidiaceae (14) and Sphenocleaceae (13) and more 

distantly with the Donatiaceae (10). Pentaphragmataceae (12) is rather distant from 

Cyphiaceae and closest to Argophyllaceae (9) and Escalloniaceae (4) which are closest to 

each other and collectively a little less so to the Griseliniaceae (5). The MDSCALE (Fig.1 1) 

plot is essentially very similar to the MOD3D plot apart from minor differences in 

interpoint distances. 
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List of Taxa and Numbers for the Asterales (G&B.DAT) data set 

Aquifoliaceae 

Araliaceae 

Bruniaceae 

Escalloniaceae 

Griseliniaceae 

Pittosporaceae 

Sambucaceae 

Viburnaceae 

Argophyllaceae 

Donatiaceae 

Menyanthaceae 

Pentaphragmataceae 

Sphenocleaceae 

Stylidiaceae 

Asteraceae 

Brunoniaceae 

Calyceraceae 

Campanulaceae 

Cyphiaceae 

Cyphocarpaceae 

Goodeniaceae 

Lobeliaceae 

Nemacladaceae 
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stera1es (PLOORDA + MST) 

Fig. 10. Principal coordinates and superimposed minimum-spanning tree for the 
Asterales (G&B.DAT) data set projected in 3-dimensional space. For explanation of the 
point numbers, see opposite. For analysis, see text. 
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List of Taxa and Numbers for the Asterales (G&B.DAT) data set 

Aquifoliaceae 

Araliaceae 

Bruniaceae 

Escalloniaceae 

Griseliniaceae 

Pittosporaceae 

Sam bucaceae 

Viburnaceae 

Argophyllaceae 

Donatiaceae 

Menyanthaceae 

Pentaphragmataceae 

Sphenocleaceae 

Stylidiaceae 

Asteraceae 

Brunoniaceae 

Catyceraceae 

Campanulaceae 

Cyphiaceae 

Cyphocarpaceae 

Goodeniaceae 

Lobeliaceae 

Nemactadaceae 
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I 	 Astera1e (MDSCALE) 	 I 

Fig.] 1. Multi-dimensional scaled taxonomic distances and superimposed minimum-
spanning tree for the Asterales (G&B.DAT) data set projected in 3-dimensional space. 
For explanation of the point numbers, see opposite. For analysis, see text. 
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List of Taxa and Numbers for the Asterales (G&B.DAT) data set 

Aquifoliaceae 

Araliaceae 

Bruniaceae 

Escalloniaceae 

Griseliniaceae 

Pittosporaceae 

Sambucaceae 

Viburnaceae 

Argophyllaceae 

Donatiaceae 

Menyanthaceae 

Pentaphragmataceae 

Sphenocleaceae 

Stylidiaceae 

Asteraceae 

Brunoniaceae 

Calyceraceae 

Campanulaceae 

Cyphiaceae 

Cyphocarpaceae 

Goodeniaceae 

Lobeliaceae 

Nemacladaceae 
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I 	 Asterales (PCOORDA + MST) 	 I 

0.3 

0.0 

ro/ 
..Q 

-0.6 
-0.6 	 -0.3 	 0.0 	 0.3 	 0.6 

Fig. 12. Principal coordinates 1 and 2 for the Asterales (G&B.DAT) data set and 
superimposed minimum-spanning tree. For explanation of the point numbers, see 
opposite. 
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List of Taxa and Numbers for the Asterales (G&B.DAT) data set 

Aquifoliaceae 

Araliaceae 

Bruniaceae 

Escalloniaceae 

Griseliniaceae 

Pittosporaceae 

Sambucaceae 

Viburnaceae 

Argophyllaceae 

Donatiaceae 

Menyanthaceae 

Pentaphragmataceae 

Sphenocteaceae 

Stvlidiaceae 

Asteraceae 

Brunoniaceae 

Calyceraceae 

Campanulaceae 

Cyphiaceae 

Cyphocarpaceae 

Goodeniaceae 

Lobeliaceae 

Nemacladaceae 
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0.2 

isrn 

- U. 

I 	 Asterales (PLOORDA + MST) 	 I 
0.1 

-fJj) 	 -0.3 	 J.0 	 (J.3 
	

0.6 

Fig.13. Principal coordinates 1 and 3 for the Asterales (G&B.DAT) data set and 
superimposed minimum-spanning tree. For explanation of the point numbers, see 
opposite. 
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List of Taxa and Numbers for the Flowers and Fruits (Flowers.DAT) data set 

1. Adenophora 34. Merciera 

2. Aslrocodon 35. Michauxia 

3. Asyneuma 36. Microcodon 

4. Azorina 37. Muehlbergella 

5. 	Berenice 38. Musschia 

6. Brachycodon 39. Namacodon 

7. Campanula 40. Nesocodon 

8. Campanulastrum 41. Ostrowskia 

9. Campanumoea 42. Peracarpa 

10. Canarina 43. Peikovia 

11. Cephalosligma 44. Petromarula 

12. Codonopsis 45. Phyleuma 

13. Cralerocapsa 46. Physoplexis 

14. Cryptocodon 47. Platycodon 

15. Cyananthus 48. Popoviocodonia 

16. Cyclocodon 49. Prismatocarpus 

17. Cylindrocarpa 50. Lobelia 

18. Diosphaera 51. Pseudocodoiwpsis 

19. Echinocodon 52. Rapunculus 

20. Edraianihus 53. Rhigiophyllum 

21. Feeria 54. Roella 

22. Gadellia 55. Roucela 

23. Githopsis 56. Sergia 

24. Gunillaea 57. Sicyocodon 

25. Flanabusaya 58. Siphocodon 

26. Hererochoenia 59. Syinphyandra 

27. 1-leterocodon 60. Theilera 

28. "Himalcodon" (Obconicapsula) 61. Trachelium 

29. Homocodon 62. Treichelia 

30. "Isophylla" group (C.garganica etc.) 63. Triodanis 

31. Jasione 64. Wahlenbergia 

32. Legousia 65. Zeugandra 

33. Leptocodon 
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Flouers & Fruits (PCOORDA+MST) 

Fig.14. Principal coordinates and superimposed minimum-spanning tree for the 
Flowers & Fruits (Flowers.DAT) data set projected in 3-dimensional space. For 
explanation of the point numbers, see opposite. For analysis, see text. 
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List of Taxa and Numbers for the Flowers and Fruits (Flowers.DAT) data set 

1. Adenophora 34. Merciera 

2. Astrocodon 35. Mlchauxia 

3. Asyneuma 36. Microcodon 

4. Azorino 37. Muehlbergella 

5. Berenice 38. Musschia 

6. Brachycodon 39. Namacodon 

7. Campanula 40. Nesocodon 

8. Campanulastrum 41. Oslrowskia 

9. Campanumoea 42. Peracarpa 

10.Canarma 43. Pelkovia 

11. Cephalostigma 44. Petromarula 

12. Codonopsis 45. Phyteuma 

13. Craterocapsa 46. Physoplexis 

14. Cryptocodon 47. Platycodon 

15. Cyananthus 48. Popoviocodonia 

16. Cyclocodon 49. Prismatocarpus 

17. Cylindrocarpa 50. Lobelia 

18. Diosphaera 51. Pseudocodonopsis 

19. Echinocodon 52. Rapunculus 

20. Edraianlhus 53. Rhigiophyllum 

21. Feeria 54. Roella 

22. Gadellia 55. Roucela 

23. Githopsis 56. Sergia 

24. Gunillaea 57. Slcyocodon 

25. Hanabusaya 58. Siphocodon 

26. Helerochaenia 59. Symphyandra 

27. 1-leterocodon 60. Theilera 

28. "Himalcodon" (Obconicapsula) 61. Trachelium 

29. Homocodon 62. Treichelia 

30. "!sophylla" group (C.garganka etc.) 63. Trlodantc 

31. Jasione 64. Wahlenbergia 

32. Legousia 65. Zeugandra 

33. Leplocodon 
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Flowers & Fruits (MDSCALE) 	 I 

Fig.15. Multi-dimensional scaled taxonomic distances and superimposed minimum-
spanning tree for the Flowers & Fruits (Flowers.DAT) data set projected in 3-
dimensional space. For explanation of the point numbers, see opposite. For analysis, 
see text. 
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List of Taxa and Numbers for the Flowers and Fruits (Flowers.DAT) data set 

1. Adenophora 34. Merciero 

2. Astrocodon 35. Michauxia 

3. Asyneuma 36. Microcodon 

4. Azorina 37. Muehlbergella 

5. 	Berenice 38. Musschia 

6. Brachycodon 39. Namacodon 

7. Campanula 40. Nesocodon 

8. Canipanulaslrum 41. Oslrowskia 

9. Campanumoea 42. Peracarpa 

10. Canarina 43. Petkovia 

11. Cephalosligma 44. Petromarula 

12.Codonopsis 45. Phyleuma 

13. Craterocapsa 46. Physoplexis 

14. Cryptocodon 47. Platycodon 

15. Cyananlhus 48. Popoviocodonia 

16. Cyclocodon 49. Prismatocarpus 

17. Cylindrocarpa 50. Lobelia 

18. Diosphaera 51. Pseudocodonopsis 

19. Echinocodon 52. Rapunculus 

20. Edraianthus 53. Rhigiophyllum 

21. Feeria 54. Roeia 

22. GadeIlia 55. Roucela 

23. Githopsis 56. Sergia 

24. Gunilloea 57. Sicyocodon 

25. Hanabusaya 58. Siphocodon 

26. Heterochaenia 59. Symphyandra 

27. Heterocodon 60. Theilera 

28. "Himalcodon" (Obconicapsula) 61. Trachelium 

29. Homocodon 62. Treichelia 

30. "Isophylia" group (C.garganica etc.) 63. Triodanis 

31. Jasione 64. Wahlenbergia 

32. Legousia 65. Zeugandra 

33. Leplocodon 
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List of Taxa and Numbers for the Flowers and Fruits (Flowers.DAT) data set 

1. Adenophora 34. Merciera 

2. Astrocodon 35. Michauxia 

3. Asyneuma 36. Microcodon 

4. Azorina 37. Muehlbergeia 

5. Berenice 38. Musschia 

6. Brachycodon 39. Namacodon 

7. Campanula 40. Nesocodon 

8. Campanulaslruin 41. Osfrowskia 

9. Campanumoea 42. Peracarpa 

10. Canarina 43. Peikovia 

11. Cephalosfigma 44. Petroinarula 

12. Codonopsis 45. Phyteuma 

13. Cralerocapsa 46. Physoplexis 

14. Cryptocodon 47. Platycodon 

15. Cyananthus 48. Popoviocodonia 

16. Cyclocodon 49. Prismatocarpus 

17. Cylindrocarpa 50. Lobelia 

18. Diosphaera 51. PseudocodonopsL 

19. Echinocodon 52. Rapunculus 

20. Edraianthus 53. Rhigiophyllum 

21. Feeria 54. RoelIa 

22. Gadeiia 55. Roucela 

23. Githopsis 56. Sergia 

24. Gunillaea 57. Sicyocodon 

25. Hanabusaya 58. Siphocodon 

26. Heterochaenia 59. Symphyandra 

27. Helerocodon 60. Theilera 

28. "Himalcodon" (Obconicapsula) 61. Tracheliurn 

29. Homocodon 62. Treichelia 

30. "Isophyila" group (C.garganica etc.) 63. Trlodanis 

31. Jasione 64. Wahlenbergia 

32. Legousia 65. Zeugandra 

33. Lepwcodon 
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List of Taxa and Numbers for the Pollen (CampPal.DAT) data set 

1. A den ophora 20. Leptocodon 

2. Asyneuma 21. Michauxia 

3. Campanula 22. Musschia 

4. Campanulastrum 23. Namacodon 

5. Campanumoea 24. Nesocodon 

6. Canarina 25. Ostrowskia 

7. Codonopsis 26. Peracarpa 

8. Cyananthus 27. Phyleuma 

9. Echinocodon 28. Physopkxis 

10. Edraianthus 29. Platycodon 

11. Gadellia 30. Prismatocarpus 

12. Githopsis 31. Pseudocodonopsis 

13. Gunillaea 32. Rapunculus 

14. Hanabusaya 33. Roe/la 

15. Heterochuenia 34. Roucela 

16. Hornocodon 35. Symphyandra 

17. "Isophylla" 36. Trachelium 

18. Jasione 37. Wahienbergia 

19. Legousia 38. Lobelia 
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Pollen (PCOORDA + MST) 

Fig. 18. Principal coordinates and superimposed minimum-spanning tree for the Pollen 
(CamppaLDAT) data set projected in 3-dimensional space. For explanation of the point 
numbers, see opposite. For analysis, see text. 
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List of Taxa and Numbers for the Pollen (CampPal.DAT) data set 

1. Adenophora 20. Leplocodon 

2. Asyneuma 21. Michauxia 

3. Campanula 22. Musschia 

4. Campanulaslrum 23. Namacodon 

5. Campanumeea 24. Nesocodon 

6. Canarina 25. Oslrowskia 

7. Codonopsis 26. Peracarpa 

8. Cyananlhus 27. Phyleuma 

9. Echinocodon 28. Physoplexis 

10. Edraianthus 29. Plalycodon 

11. Gadeiia 30. Prismatocarpus 

12. Githopsis 31. Pseudocodonopsis 

13. Gunillaea 32. Rapunculus 

14. Hanabusaya 33. Roella 

15. Heterochaenia 34. Roucela 

16. Homocodon 35. Symphyandra 

17. "Isophylla" 36. Tracheliu,n 

18. Jasione 37. Wahlenbergia 

19. Legousia 38. Lobelia 
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Pollen (MDSCALE) 

Fig.19. Multi-dimensional scaled taxonomic distances and superimposed minimum-
spanning tree for the Pollen (Camppal.DAT) data set projected in 3-dimensional space. 
For explanation of the point numbers, see opposite. For analysis, see text. 
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List of Taxa and Numbers for the Pollen (CampPal.DAT) data set 

1. Adenophora 20. Leptocodon 

2. Asyneuma 21. Michauxia 

3. Campanula 22. Musschia 

4. Ca,npanulastrum 23. Namacodon 

5. Campanumoea 24. Nesocodon 

6. Canarina 25. Ostrowskia 

7. Codonopsis 26. Peracarpa 

8. Cyananthus 27. Phyteuma 

9. Echinocodon 28. Physoplexis 

10. Edralanthus 29. Platycodon 

11. Gadellia 30. Prismatocarpus 

12. Githopsis 31. Pseudocodonopsis 

13. Gunilaea 32. Rapunculus 

14. Hanabusaya 33. Roe/la 

15. Heterochaenia 34. Roucela 

16. Homocodon 35. Symphyandra 

17. "Isophylla" 36. Trochelium 

18. Jasione 37. Wahlenbergia 

19. Legousia 38. Lobelia 
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.8 

I 	 Pollen (PLOORDA + MST) 
[1W 

Fig.20. Principal coordinates 1 and 2 for the Pollen (Camppai E)AT) data set and 
superimposed minimum spanning tree. For explanation of the point numbers, 
see opposite. 
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List of Taxa and Numbers for the Pollen (CampPaLDAT) data set 

1. Adenophora 20. Leplocodon 

2. Asyneuma 21. Michauxia 

3. Campanula 22. Musschia 

4. Campanulastrum 23. Namacodon 

5. Campanumoea 24. Nesocadon 

6. Canarina 25. Ostrowskia 

7. Codonopsis 26. Peracarpo 

8. Cyananlhus 27. Phyteuma 

9. Echinocodon 28. Physoplexis 

10. Edraianthus 29. Platycodon 

11. Gadellia 30. Prismatocarpus 

12. Githopsis 31. Pseudocodonopsis 

13. Gunillaea 32. Rapunculus 

14. Ilanabusaya 33. Roella 

15. Heterochaenia 34. Roucela 

16. Ho,nocodon 35. Symphyandra 

17. "Isophylla" 36. Trachelium 

18. Jasione 37. Wahlenbergia 

19. Legousla 38. Lobelia 
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Taxa and Numbers for the Seeds (Campseed.DAT) data set 
(data matrix compiled from the species listed in brackets) 

Adenophora (A. bulleyana, A. confusa, A. hakusanensis, A. IiifoIia) 

Asyneuma (A. japonica, A. michauxioides, A. canescens) 

Azorina (A. vidalit) 

Brachycodon (B. fastigiata) 

Campanulastrum (C. americanum) 

"Iberocodon" (C. arvatica) 

Scapflorae  (C. be1lldfoIia) 

Symphyandrformes (C betuIfo1ia,  C. Ira egerae) 

Invo!ucratae (C cervicaria, C spicata) 

Rupeslres (C coriaceae, C. bornmuelleri, C heterophylla, C. calaminthifolia) 

Quinqueloculares (C crispa, C. tomenlosa) 

"Oreocodon" (C moiis, C jacobaea, C edulis, C alsinoides) 

Campanulaformanekiana 

Megalocodon (C incurva) 

Campanula lanata 

Campanula llngulata 

Spinulosae (C mirabills) 

Tulipella (C punctata var. hondensis) 

Campanula sarlorii 

Qdonosphaera (C. thy rsoides) 

Codonopsis (C bu!Ieyana, C clematidea, C pilosula) 

C'raterocapsa (C con gesta) 

Cyananthus (C. lobatus) 

c'ylindrocarpa (C sewertzowii) 

Diosphaera (D. rumelianum) 

Edraianthus (E. gran:infolius, E. serbicus) 

Gadeiia (G. lactj/lora) 
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Githopsis (G. djffusa) 

"Isophylla" (C'. tommasiniana, C. waldsteiniana, C. vets/color, C. zoysii, 
C. fenestrellata) 

Jasione (J. heldreichll, J. hum/its, J. cr/spa ssp. cr/spa, J. Iaevis) 

Legousia (L falcata, L. speculum-veneris) 

Leptocodon (L. graciis) 

Michauxia (M. tchlhatchewll, M. laevigata) 

Musschia (M. jvollastoni, M. aurea) 

Nesocodon (N. mauritianus) 

Peracarpa (P. circaeoides) 

Peikovia (C. orphanidea) 

Petromarula (P. pinnata) 

Phyteuma (P. pyrenaicum) 

Platycodon (P. grandflorum) 

Rapunculus (C. hawkinsiana, C. aizoon, C trichocalycina) 

Melanocalyx (C. unicolor) 

Pterophyllum (C. primuIfolia) 

Roucela (C. drabiolia, C. erinus) 

Roelia (R. moculai'a, R. ciliata) 

Sergia (S. regelii) 

Symphyandra hoffmannii 

"Olocalyx" (S. armena) 

Symphyandra wanneri 

Trachelium (T. caeruleum) 

IJ'ahlenbergia (W. gloriosa, W. androsacea, W. congesta) 

"Helenacodon" (W. angustjfo!ia) 

"Fernandezzocodon" (W. berterol, W. grahamae, W. larrainhl) 
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Seeds (P[DOPDEI t  MSI) 

Fig.22. Principal coordinates and superimposed minimum-spanning tree for the Seed 
(Campseed.DAT) data set projected in 3-dimensional space. For explanation of the 
point numbers, see ooposite. For analysis, see text. 
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Taxa and Numbers for the Seeds (Campseed.DAT) data set 
(data matrix compiled from the species listed in brackets) 

Adenophora (A. bulleyana, A. confusa, A. hakusanensis, A. Iilifo!ia) 

Asyneuma (A. japonica, A. michauxioides, A. canescens) 

Azorina (A. vidalil) 

Brachycodon (B. fastigiala) 

Campanulastrum (C. americanum) 

"Iberocodon" (C. arvatica) 

Scapflorae (C. beiidjfolia) 

Symphyandrformes (C betulqolia, C'. troegerae) 

!nvolucratae (C. cervicaria, C spicata) 

Rupestres (C coriaceae, C bornmuelleri, C heterophyllo, C calaminthjfolia) 

Quinqueloculares (c'. crispa, C. tomentosa) 

"Oreocodon" (t. molils, C jacobaea, C eduli.c, C alsinoides) 

Campanulaformanekiana 

Megalocodon (C. incurva) 

Campanula lanata 

Campanula lingulata 

Spinuiosae (C mirabiis) 

Tulipella (C. punctala var. hondensis) 

Campanula sartoril 

Codonosphaera (C. thy rsoides) 

Codonopsis (C. bulleyana, C. clemalidea, C. piosula) 

Craterocapsa (C congesta) 

Cyananthus (C. lobatus) 

Cylindrocarpa (C. seweriZowi:) 

Diosphaera (D. rumelianum) 

Edralanthus (E. graminfolius, F. serbicus) 

Gadellia (G. Iactfiora) 
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Githopsis (G. dffusa) 

"Isophplla" (C. tommasiniana, C. waidsielniana, C. versicolor, C. zoysii, 
C. fenestrellata) 

Jasione (J. heidreichil, J. humih, J. crispa ssp. crispa, J. Iaevis) 

Legousia (L. falcata, L. speculum-veneris) 

Leptocodon (L. gradiis) 

Michauxia (M. tchihatchewii, M. Iaevigala) 

Musschia (M. wollasioni, M. aurea) 

Nesocodon (N. mauriiianus) 

Peracarpa (P. circaeoides) 

Peikovia (C. orphanidea) 

Petromarula (P. pinnata) 

Phyfeuma (P. pyrenaicum) 

Platycodon (P. grandf7orum) 

Rapunculus (C. hawkinsiana, C aizoon, C irichocalycina) 

Melanocalyx (C. unicolor) 

Pierophyllum (C. primuliolia) 

Roucela (C. drabifolia, C. erinus) 

Roella (R. maculata, R. ciliata) 

Sergia (S. regehi) 

Symphyandra hoffmannii 

'Oiocalyx" (S. armena) 

Symphyandra wanner! 

Trachelium (T. caeruleum) 

Wahienbergia (W. gloriosa, W. androsacea, W. congesta) 

"Ilelenacodon" (W. angustfo!ia) 

"Fernandeziocodon" (W berieroi, W. grahamae, W. larrainti) 
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Seeds (ML]SLLL ' MSI) 

13 

Fig.23. Multi-dimensional scaled taxonomic distances and superimposed minimum-
spanning tree for the Seed (Campseed.DAT) data set projected in 3-dimensional space. 
For explanation of the point numbers, see opposite. For analysis, see text. 
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Taxa and Numbers for the Seeds (Campseed.DAT) data set 
(data matrix compiled from the species listed in brackets) 

Adenophora (A. bulleyana, A. confusa, A. hakusanensis, A. lilufolia) 

Asyneuma (A. japonica, A. michauxioldes, A. canescens) 

Azorina (A. vidalit) 

Brachycodon (B. fastigiata) 

Campanulastrum (C. americanum) 

"Iberocodon" (C. arvalica) 

ScapJ1orae (C beiidjfolia) 

Symphyandrformes (C belul4folla, C troegerue) 

Involucratae (C cervicarla, C spicato) 

Rupeslres (C coriaceae, C borninuellerl, C heterophylia, C caIamin1hfolla) 

Quinqueloculares (C crispa, C tomentosa) 

"Oreocodon" (C mollis, C jacoboea, C edulis, C alsinoides) 

campanulaformanekiana 

Megalocodon (C incurva) 

Campanula lanala 

Campanula lingulata 

Spinulosae (C mirabilis) 

Tulipella (C punctata var. hondensis) 

Campanula sartorii 

C'odonosphaera (C thyrsoides) 

C'odonopsis (C bulleyana, C clematidea, C pilosula) 

C'raterocapsa (C congesta) 

Cyonanthus (C lobatus) 

Cylindrocarpa (C. sewertzowii) 

Diosphaera (D. rumelianum) 

Edraianthus (E. graminolius, E. serbicus) 

Gadellia (G. lactiflora) 
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Gilhopsis (G. djffusa) 

"isophylla" (C. tommasiniana, C. waldsieiniana, C. versicolor, C. zoysii, 
C. fenestrellata) 

Jasione (J. heldreichii, J. humilis, J. crispo ssp. crispa, J. Iaevis) 

Legousia (L. falcala, L. speculum-veneris) 

Leptocodon (L. gradiis) 

Michauxia (M. tchihatchewii, M. Iaevigala) 

Musschia (M. wollasloni, M. aurea) 

Nesocodon (N. mauritianus) 

Peracarpa (P. circaeoides) 

Pelkovia (C. orphanidea) 

Petromarula (P. pinnata) 

Pliyteuma (P. pyrenaicum) 

Platycodon (P. grandglorum) 

Rapunculus (C. hawkinsiaua, C. aizoon, C. irichocalycina) 

Melanocolyx (C. unicolor) 

Pterophyllunz (C. priinultfolia) 

Roucela (C. drabifolia, C. erinus) 

Roe/la (R. maculata, R. diiata) 

Sergia (S. regelii) 

Symphyandra hoffmannii 

"Oloca/yx" (S. armena) 

Symphyandra wanner! 

Trachelium (T. coeruleum) 

Wahienbergia (W. gloriosa, W. androsacea, W. congesta) 

"Helenacodon" (W. angustfo/w) 

"Fernandeziocodon" (W. berteroi, W. grahamae, W. larrainit) 
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Fig.24. Principal coordinates I and 2 for the Seed (Campseed.DAT) data set and 
superimposed minimum spanning tree. For explanation of the point numbers, see 
opposite. 
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Taxa and Numbers for the Seeds (Campseed.DAT) data set 
(data matrix compiled from the species listed in brackets) 

Adenophora (A. bulleyana, A. confusa, A. hakusanensis, A. IiifoIia) 
Asyneuma (A. japonica, A. michauxioides, A. canescens) 
Azorina (A.vidalii) 
Brachycodon (B.fastigiata) 
Campanulastrum (C.americanum) 
"Iberocodon" (C. arvatica) 
Scapjflorae (C bellidfoIia) 
Symphyandr/'ormes (C betuljfolia, C troegerae) 
Involucratae (C cervicaria, C spicata) 

10.Rupestres (C'. coriaceae, C. bornmuelleri, C heterophylla, C. caIaminthfoIia) 
1 1.Quinqueloculares (C crispa, C tomentosa) 
1 2."Oreocodon" (Cmollis, C jacobaea, Cedulis, C.alsinoides) 
1 3.Catnpanulaformanekiana 
14.Megalocodon (C incurva) 
1 5.Campaizula lanata 
1 6.Canipanula lingulata 
1 7Spinulosae (C. mirabilis) 
18. Tulipella (C. punctata var. hondensis) 
1 9.Campanula sartori 
20.Codonosphaera (C thyrsoides) 
21.Codonopsis (Cbulleyana, C. clematidea, C. pilosula) 
22.Craterocapsa (Ccongesta) 
23.Cyananthus (Clobatus) 
24.Cylindrocarpa (Csewertzowü) 
25.Diosphaera (D.rumelianum) 
26.Edraianthus (E.graminjfolius, E. serbicus) 
27.Gadellia (G.Iactj/lora) 
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28.Gilhopsis (G.dffusa) 
29."Isophylla" (C. lommasiniana, C. waldsteiniana, C. versicolor, C. zoysii, C. 
frnestrellata) 
30.Jasione (J. he!dreichii, J. humilis, J. cnspa ssp. crispa, J. Iaevis) 
31 .Legousia (L.falcata, L.speculum-veneris) 
32.Leplocodon (L. gracilis) 
33.Michauxia (M. Ichihatchewii, M. laevigata) 
34.Musschia (M. woiastoni, M.aurea) 
35.Nesocodon (N. mauritianus) 
36.Peracarpa (P. circaeoides) 
37.Petkovia (C.orphanidea) 
38.Petromarula (P.pinnata) 
39.Phyteuma (P.pyrenaicum) 
40.P!atycodon (P. grandjflorum) 
41.Rapunculus (C. hawkinsiana, C. aizoon, C. trichocalycina) 
42.Melanocalyx (C. unicolor) 
43.Pterophyllum (C. primu1fo1ia) 
44.Roucela (C. drabjfolia, C. erinus) 
45.RoeIIa (R. maculata, R. ciliala) 
46.Sergia (S.regelii) 
47.Symphyandra hoff,nannii 
48."Otocalyx" (S. armena) 
49.Symphyandra wanneri 

Trachelium (T.caeruleum) 
Wahlenbergia (W.gloriosa, W. androsacea, W. congesta) 

52."Helenacodon" (W. angustfoIia) 
53. "Fernandeziocodon" (W. berteroi, W. grahamae, W. larrainit) 
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Fig.25. Principal coordinates I and 3 for the Seed (Campseed.DAT) data set and 
superimposed minimum-spanning tree. For explanation of the point numbers, see 
opposite. 
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b. The Flowers & Fruits (Flowers.DAT) data sets 

From Fig. 14 showing the results of principal coordinate analysis for flower and fruit data 

(FLOWERS.DAT) projected in 3-dimensional space and with a mininum spanning tree 

superimposed, it can be seen that there is some structure to the scatter of points. There is one 

large rather tight cluster comprising two tight subclusters which include most of the genera 

in both campanuloid and wahlenbergioid alliances. This is about three times larger than the 

smaller loose cluster which comprises most of the genera in the platycodonoid alliance plus 

some wahlenbergioids. Within this smaller loose cluster are also a number of subcluster 

comprising one or two genera, eg. Cyclocodon (16), Campanumoea (9) and Codonopsis (12) 

are extremely close and only a little less so to "Himalcodon" (28) and Canarina (10). 

Ostrowskia (41) and Platycodon (47) are next closest to this subcluster but both are 

somewhat isolated. Leptocodon (33) is also rather distant from Codonopsis and only a little 

closer to Cyananthus (15), while Echinocodon (19) is very remote from all but Cyananthus. 

Pseudocodonopsis (50) is rather distant from "Himalcodon". Some of these platycodonoid 

genera connect with taxa which appear somewhat intermediate between the two clusters. For 

example, the genera Nesocodon (40), Heterochaenia (26), Azorina (4), Roella (53) and 

Craterocapsa (13) all show a fairly close association, with a more distant link with Berenice 

(5), Wahienbergia (63) and Cephalostigma (11) and Adenophora (1) and Musschia (38). 

Within the large cluster there is a subcluster formed by genera such as Edraianrhus (20) 

which also links to Roella (53). Other genera include Hanabusaya (25), Sicyocodon (56), 

Petkovia (43), Symphyandra (58) and Cryptocodon (14). These cluster fairly close to 

Campanula (7), Zeugandra (64) and Michauxia, and more distantly with Muehibergella 

(37). Another subcluster is formed by Roucela (54), Astrocodon (2), "Isophylla" (30), 

Petromarula (44), Rapunculus (51) and Gadellia (22). This cluster then links with the 

subclusters formed by Sergia (55), Phyteuma (45), Physoplexis (46), Triodanis (62) and by 

Popoviocodonia (48), Campanulastrum (8) and Asyneuma (3). Slightly more remote from 

the latter subcluster is Cylindrocarpa (17). Homocodon (29) is very close to Heterocodon 

(27). Finally, there is a very tight subcluster of South African wahlenbergioid genera with 

taxa such as Jasione (31) and Feeria (21) peripheral to this massing. Relationships within 
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this subcluster are rather difficult to entangle but included here are campanuloids such as 

Trachelium (60) and Legousia (32), as well as lobelioids such as Lobelia (65). 

The Pollen (CampPaLDAT) data sets 

Figs. 18-19 show even more the polarisation between one large tight cluster composed of 

wahlenbergioid and campanuloid genera and a smaller loose cluster composed of 

platycodonoid taxa. Within the smaller cluster the tightest subcluster is formed by the three 

genera. Hornocodon ( 16), Peracarpa (26) and Physoplexis (28). All the other genera are 

rather distant from each other although Canarina (6) with Plalycodon (29) and Codonopsis 

(7) with Leptocodon (20) show a somewhat closer alliance. The MDSCALE plot brings the 

genera, Ostrowskia (25), Cyananthus (8), Echinocodon (9), Lobelia (38), Codonopsis (7), 

Canarina (6), Leptocodon (20), Platycodon (29), Pseudocodonopsis (3 1) and Campanumoea 

(5) into a much tighter cluster, with Ostrowskia and Campanumoea most peripheral. The 

larger cluster comprises a number of small subclusters of 2-4 genera, eg. Heterochaenia 

(15), Symphyandra (35),Roucela ( 34) and Gadellia (11), or Gunnillaea (13), Roella (33); 

Phyleuma (27) and Rapunculus (32). Adenophora (1). Hanabusaya (14) and Jasione (18) are 

rather peripheral. Edraianthus (10) shows a close alliance with Michauxia (21) while 

Legousia (19) is allied with Githopsis (12), and Asyneuma (2) and Campanula (3) with 

Wahienbergia (37). In marked contrast to the MDSCALE, the principal coordinates plot 

actually makes this large cluster much tighter. Otherwise both plots are essentially similar. 

The Seeds (CampSeed.DAT) data sets 

In the MOD3D plot (Fig.22) the separation of distinct clusters is much less clear but there is 

a loose minor cluster formed by "Iberocodon (6), Roella (45), Craterocapsa (22) and 

Edraianthus (26) and by C. lingulata (16), Nesocodon (3 5) and "Helenacodon" (52). These 

contrast with the main mass of genera. Within this main mass there are a few minor clusters 

discernible. These are formed by Symphyandrformes (8), C. Jormanekiana (13), 

Megalocodon (14), Petromarula (38) and Symphyandra wanneri (49); by Cyananthus (23), 

Githopsis (28), Michauxia (33) and Peracarpa (36); and by Jasione (30), Sergia (46) and 

Roucela (44). The MDSCALE plot (Fig.23) clarifies the situation and several other minor 
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clusterings are to be seen. For example Trachelium (50) and Pterophyllurn (43); Legousia 

(31), Rapunculus (4 1) and Melanocalyx (42); "Oreocodon" (12) and Cylindrocarpa (24). 

Although one has to interpret these results with some caution (Pankhurst, 1991), they 

nevertheless confirm that clusters are present within the data sets and that the composition of 

these clusters obtained by the various permutations of the new variables plus that of the 3-

dimensional plots are fairly consistent. One can therefore proceed with the cluster analyses 

with some degree of confidence that clusters do exist and that their composition seems 

reasonably correct. 

7.1.6.3 Cluster Analyses 

a. The Asterales (G&B.DAT) data sets 

(1). The Asterales full dataset. 

Fig. 26 shows the phenogram for the Asterales full data set (G&B.DAT) using the UPGMA 

clustering method. From Table 23. it can be seen that the Cophenetic Correlation Coefficient 

is 0.82932 which indicates a very close fit of the clustering to the data set. Although there is 

no satisfactory statistical test for significance of the correlation, a value of 0.8 or more is 

considered acceptable (Pankhurst, 1991). The phenogram is well balanced (ie. in the number 

of clusters which merge at each step) and comprises two major clusters which diverge at the 

- 0.1 phenon level.. Each of the two major clusters in turn comprise two major subclusters 

which diverge at about the 0.00 level. The first of these subclusters comprises the 

Aquifoliaceae, Araliaceae, Bruniaceae, Griseliniaceae, Viburnaceae, Sambucaceae, 

Escallonjaceae, Argophyllaceae and Pittosporaceae, while the second subcluster comprises 

the Donatiaceae, Stylidiaceae, Sphenocleaceae and Pentaphragmataceae. The third 

subcluster comprises the Menyanthaceae, Asteraceae, Brunoniaceae, Calyceraceae and 

Goodeniaceae, while the fourth subcluster comprises the Campanulaceae, Cyphocarpaceae, 

Lobeliaceae, Cyphiaceae and Nemacladaceae. 

The Brunoniaceae and Calyceraceae are closest to each other and cluster at about the 0.3 

phenon level. The Cyphocarpaceae and Lobeliaceae and the Cyphiaceae and Nemacladaceae 

respectively are the next closest to each other. Both groups clusters at about the 0.28 phenon 
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level. The most similar family to the Brunoniaceae and Calyceraceae collectively is the 

Asteraceae and the most similar family to the collective group formed by the 

Cyphocarpaceae, Lobeliaceae, Cyphiaceae and Nemacladaceae is the Campanulaceae which 

clusters at about the 0.18 phenon level. The collective group formed by the Asteraceae, 

Calyceraceae and Brunoniaceae also cluster with the Goodeniaceae at the 0.18 level. The 

Menyanthaceae are more dissimilar to the last-mentioned group and cluster at the 0.16 

phenon level. 

A comparison was then made with the results obtained by the Single and Complete Linkage 

clustering methods. The single linkage method produced similar results for the third 

subcluster but clustered more closely with the fourth subcluster instead of with the 

Menyanthaceae. The fourth subcluster produced a closer linkage with Cyphiaceae and 

Nemacladaceae and with Lobeliaceae and Cyphocarpaceae respectively, while the 

Campanulaceae diverged at a more distant level. Also the resolution of four subclusters 

collapsed to just three with subclusters 3 and 4 united and with the Pentaphragmataceae 

isolated. The complete linkage method restored 4 subclusters but the composition of each 

had changed. The third subcluster was now united with the first, while the second was united 

with the fourth. However, within each subcluster, the clustering of families remained 

similar. This was especially the case for the families in the fourth subcluster. Strict 

consensus trees of the UPGMA and single linkage methods and of the UPGMA and 

complete linkage methods were then obtained in order to discover the most distinct clusters 

among the closest allies of the Campanulaceae. For the strict consensus tree of the UPGMA 

and Single-linkage, the most distinct cluster was formed by the Campanulaceae and 

Goodeniaceae. The Um index for this consensus tree is 0.3 which is rather poor. For the 

strict consensus tree of the UPGMA and Complete-linkage the Um index is even poorer at 

0.01. The only distinct cluster in the Campanulaceae alliance was formed by the Cyphiaceae 

and Lobeliaceae. See Table 24. for consensus indices. 

(ii). The Campanulales subset. 

It is known that the ratio of the number of characters to the number of taxa in a data set can 

substantially affect the topology of the resultant phenogram. In order to resolve the 
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conflicting results obtained for the Campanulaceae alliance, a subset (Campanulales) of the 

original data was then analysed by UPGMA procedures (Fig.29). The Cophenetic 

Correlation Coefficient was 0.855 19. The topology of the subcluster containing the 

Campanulaceae alliance was very similar to that obtained in the full data set analysis. 
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Fig.26. Phenogram for the Asterales full data set (G&B.DAT): UPGMA Method 
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lb. The Filoweirs & Fruits (Fllowers,DAT) data sets. 

(i). The Mowers & ]Fruiiits full data set 

Fig.30 shows the phenogram for the Flowers & Fruits full data set (Flowers.DAT) using the 

UPGMA clustering method. From Table 23. it can be seen that the Cophenetic Correlation 

Coefficient is 0.50576 which is a very poor fit of the clustering to the data set. The 

phenogram is reasonably well balanced and there are two major clusters which diverge at the 

-0.05 phenon level. The smaller of the two clusters comprise all the colpate and colpate 

genera plus the porate Azorina and Berenice. The porate genera Nesocodon, Heterochaenia, 

Roella and Craterocapsa form the other cohesive subcluster. Nesocodon clusters most 

closely with Heterochaenia at the 0.16 phenon level, while Roella with Craterocapsa and 

Azorina with Berenice at about the 0.15 level. Campanumoea and Cyclocodon are very 

close, clustering at 0.48 (maximum value) and diverging from Canarina at about 0.35. 

Within the colpate subcluster Codonopsis is most close to Himalcodon, Cyananthus with 

Leptocodon and Echinocodon with Pseudocodonopsis. Rather surprisingly, Platycodon 

clustered most closely with Ostrowskia. 

Within the larger cluster several traditionally close associations can be observed although 

much of the topology remains in conflict with conventional classifications. Cephalostigma is 

most close to Wahienbergia and there is a cohesive cluster formed by the endemic Cape 

genera such as Theilera, Microcodon, Rhigiophyllum, Siphocodon and Treichelia. The genus 

Asyneuma seems to be correctly clustered with Cylindrocarpa, Campanulastrum, Triodanis, 

Popoviocodonia and Sergia and fairly close to Rapunculus, Gadellia and Isophylla. Also 

within this grouping are subcluster formed by Phyteuma, Physoplexis and Petromarula. 

Jasione is, rather surprisingly, also included here. The composition of the cluster which 

includes Campanula s.str. is much in accord with conventional classifications. The position 

of Sicyocodon with Zeugandra and Michaxia is interesting. The clustering of Homocodon, 

Heterocodon and Peracarpa seems reasonable but their association with Muehibergella and 

Astrocodon is problematical. Brachycodon is most closely clustered with Legousia and 

collectively with Githopsis. At a lower level this trio unites with the African genera 

Gunillaea, Namacodon and Prismatocarpus. Feeria clusters most closely with Trachelium 

and collectively both of these unite with Diosphaera, while at a lower level they join with 

153 



Merciera. Finally, this grouping diverges at about the 0.04 phenon level with a cluster 

which, oddly, comprises Musschia and Lobelia. There is thus a mixture of expected and 

unexpected results. Much of this is probably due to the unevenness of the scoring, the size of 

the data set and the ratio of characters to taxa. Single-linkage, Complete-linkage methods 

were therefore tried to help resolve these ambiguities. 

Fig.3 1 shows the phenogram obtained from the Complete-linkage method. The topology at 

the lower level has substantially changed but the clustering at the higher level is remarkably 

consistent with the UPGMA results. Again there are two major clusters. For the smaller 

cluster Azorina and Berenice more logically unite with the porate subcluster separate from 

the colpate and colporate genera. In the phenogram for the Single-linkage method (Fig.32) 

Adenophora diverges at a very low level from all other taxa. There are then two major 

subclusters at a slightly higher level but the composition of these is radically different from 

that obtained by the UPGMA and Complete-linkage methods. The colpate and colporate 

genera nest within a very heterogeneous subcluster containing both campanuloid and 

wahlenbergioid elements and the overall topology of the phenogram seemed very 

unacceptable. 

A strict consensus tree (Fig.33) of the UPGMA and complete-linkage trees gave a Um index 

of 0.03 which is very poor indeed. The most distinct clusters on this tree were a strange 

alliance of Adenophora with Cephalostigma and Asyneuma with Wahienbergia. More 

acceptable were the clusters formed by Canarina with Codonopsis, Heterochaenia with 

Roella, Heterocodon with Roucela and Himalcodon with Ostrowskia. The data was therefore 

divided into subsets comprising the traditionally circumscribed tribes, Campanuleae, 

Wahlenbergeae and Platycodoneae and were then reanalysed with UPGMA methods. 

(ii) The Caunipanuiileae  subset 

From the phenogram of the Campanuleae data subset using the UPGMA method (Fig.34) it 

can be seen that the topology has a much better balance than the trees from the full data set. 

The Cophenetic Correlation Coefficient is 0.72468 which, while still a poor fit, is a 

substantial improvement over the values obtained from the full dataset. There are two major 
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clusters at the -0.03 phenon level. The smaller cluster is more homogeneous than the larger 

cluster and comprises those genera in a "rapunculoid" alliance such as Asyneuma, 

Campanulastrum, Rapunculus, Phyteuma and Isophylla, etc. Jasione is also included in this 

cluster and diverges from Petromarula, Phyteuma and Physoplexis at the 0.07 phenon level. 

Cylindrocarpa is closest to Asyneuma, and Triodanis is closest to Campanulastrum, while 

Popoviocodonia is closest to Sergia. Gadellia is closest to Rapunculus and Phyteuma is 

closest to Physoplexis. All these results are not discordant with traditional classifications 

except for the position of Jasione which traditionally has been associated with the 

Wahlenbergeae. 

The second cluster is more heterogeneous and contains two subclusters which diverge at the 

0.02 phenon level. Again, one is smaller and more homogeneous and comprises those genera 

typically associated with the genus Campanula s.str. Hanabusaya is most close to 

Symphyandra s. 1. and collectively they are closest to Campanula. Edraianthus is closest to 

Petkovia and collectively they are closest to Cryptocodon. Sicyocodon is closest to 

Zeugandra and collectively they are closest to Michauxia. Finally, Roucela, alone, diverges 

at a low level of 0.02 from all these genera. The larger more heterogeneous subcluster has a 

further two subclusters. The smaller is formed by Heterocodon and Homocodon which are 

most similar and at a lower level with Peracarpa. At an even lower level they unite with 

Muehibergella, which is an interesting result. Finally, the last subcluster again is rather 

heterogeneous but contains taxa which seem related, eg. Trachelium, Feeria with 

Diosphaera and Brachycodon and Legousia with Githopsis and Prismatocarpus 

(Wahlenbergeae, but added as an outgroup). Adenophora clusters with Azorina and 

collectively they cluster with Musschia which does seem a little odd. 

(ill) The Pilatycodlenesie subset 

From the phenogram of the Platycodoneae subset using UPGMA methods (Fig.35) two main 

clusters are evident. The phenogram is well balanced overall and within the two main 

clusters. The Cophenetic Correlation Coefficient is 0.84131 which is a good fit. The larger 

of the two containing seven taxa shows that Campanumoea and Cyclocodon are closest to 

each other at the 0.16 phenon level and collectively with Canarina at the 0.09 level. 
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Codonopsis is closest to Himalcodon at about the 0.07 level and joins the 

Campanumoea/Cyclocodon/Canarina cluster at the 0.04 level. Finally within this main 

cluster Ostrowskia and Platycodon cluster together at about 0.06 and join the remaining taxa 

at 0.00 level. The main cluster containing five taxa is slightly surprising since it contains the 

outgroup Lobelia nested within the subcluster comprising Cyananthus and Leptocodon. The 

latter two genera are closest at the 0.10 level. Echinocodon and Pseudocodonopsis cluster at 

the 0.08 level and join the other subcluster at about the 0.03 phenon level. Apart from the 

placement of Lobelia and the levels of the nodes, the topology of the phenogram in the 

subset is virtually identical to that obtained from the full set. 

(iv) The Wahlenbergeae subset. 

From the phenogram obtained for the Wahlenbergeae subset (Fig.36) it can be seen that the 

tree is reasonably well balanced and that there are two major clusters, each with two major 

subclusters. The Cophenetic Correlation Coefficient is 0.78550 which is not too bad a fit. 

The larger cluster contains 12 taxa including Feeria and Musschia which were included as 

putative outgroups, while the smaller contains 10 taxa including Lobelia as an outgroup and 

three other putative outgroups, Legousia, Githopsis and Jasione. In the larger cluster 

Craterocapsa and Roella cluster most closely at the 0.14 phenon level and Heterochaenia 

and Nesocodon at the 0.16 level. Both groups unite at the 0.08 level and collectively with 

Musschia at about the 0.03 phenon level. Rhigiophyllum clusters most closely with 

Siphocodon at the 0.16 level, both genera nesting within a subcluster formed by other Cape 

genera such as Microcodon, Treichelia and Theilera. This subcluster unites with the cluster 

formed by Feeria and Merciera at the 0.00 level. In the smaller main cluster Wahienbergia, 

Cephalostigma and Berenice form a cluster which joins Jasione and Lobelia at the 0.00 

level. At about the -0.02 level this subcluster, in turn, joins the remaining subcluster which 

shows Namacodon as closest to Gunillaea at the 0.15 level. Collectively these two taxa join 

Prismatocarpus at about the 0.09 level. This subcluster then joins the putative outgroups 

Githopsis and Legousia at the 0.08 level. Altogether, this tree is very much in accord with 

conventional classifications and presents a clearer picture of relationships within the 

Wahlenbergeae than the full data set. 
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c. The Pollen (c pPall.DAT) data sets 

(i). The IPoillen full data set 

Analysis of the pollen full data set produced using the UPGMA method yielded 2 tied trees 

which were then used to produce a strict consensus tree (Fig.3 7). The fit of this consensus 

tree was naturally very poor, the Cophenetic Correlation Coefficient being just 0.53206. The 

CIm index for this tree is 0.22807. This consensus tree is relatively unbalanced with one 

small and one large major cluster. The smaller cluster is well balanced and contains 

traditionally allied genera as well as the outgroup Lobelia. Cyananthus and Echinocodon 

cluster most closely at the 0.60 phenon level and collectively with Leptocodon at the 0.70 

level. This subcluster joins Pseudocodonopsis and Lobelia at about the 0.80 level. The other 

main cluster has a lack of resolution at midlevels and contains several subclusters. The first 

of these to diverge at the 0.80 level is the small cluster formed by Codonopsis and 

Plalycodon. This is followed at the 0.70 level by Canarina alone. There is a well resolved 

subcluster containing wahlenbergioid and campanuloid genera although the cluster formed 

by Phyteuma and Roella and Hanabusaya with Prismatocarpus are odd results. 

The Single-linkage method also yielded two tied trees and from these a strict consensus tree 

was obtained .(Fig.38). The Um index is 0.53 509. This is a slightly better balanced tree than 

the UPGMA strict consensus tree and was more resolved but the colpate and colporate 

genera such as Codonopsis and Canarina were nested more within subclusters. The 

following minor clusters were noteworthy: Adenophora with Asyneuma; Campanulastrum 

with Legousia; Codonopsis with Platycodon; Cyananthus with Echinocodon; Edraianthus 

with Namacodon; Gunillaea with Nesocodon, and Heterochaenia with Musschia and 

Trachelium. 

The Complete-linkage method again yielded two tied trees from which a strict consensus 

tree was obtained (Fig.39). The CIm index is 0.31579. Again, this tree is fairly unbalanced 

and shows a relative lack of resolution at higher levels. Like the UPGMA method, the 

colpate and colporate genera diverge at low levels. The tree is on the whole remarkably 

similar to the UPGMA tree but is marginally more resolved at the higher levels. It does 

conflict with the UPGMA tree in some of the minor clusters. In order to resolve the 
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ambiguities between the three methods, strict consensus trees were then obtained of several 

permutations and from them it was hoped to identify the most distinct clusters. The results 

are shown in Figs.40-42. The minor clusters which consistently appear to be most distinct 

are Adenophora with Asyneuma; Codonopsis with Platycodon; Cyananthus with 

Echinocodon and Leptocodon; Pseudocodonopsis with the outgroup Lobelia, and Legousia 

with Rapunculus. These results are much in accord with published studies of Campanulaceae 

pollen. Other minor clusters which appear consistently distinct but which are more difficult 

to interpret are : Phyteuma with Roella; Campanumoea with Physoplexis and Ostrowskia 

with Peracarpa; and Musschia with Namacodon. Therefore, as with the Flowers and Fruits 

data set, the Pollen data set was divided into three subsets comprising the traditionally 

circumscribed tribes and then reanalysed in the same manner. 

(ii) The Ca panulleae subset 

Two tied trees were found for the UPGMA method applied to the Campanuleae subset. Both 

of these trees are shown in Fig. 43 and the strict consensus of these is shown in Fig.44. The 

Cophenetic Correlation Coefficient for the two trees is marginally poor at 0.77290, while the 

CIm index is 0.28000. Both trees are rather similar and well balanced. They each have two 

main clusters, the larger of the two being identical for the two trees. Asyneuma and 

Campanula cluster most closely and collectively with Adenophora and Rapunculus at the 

0.2 phenon level. The next level at about 0.05 unites this subcluster with Campanulastrum, 

Githopsis and Legousia. They finally link up at the -0.05 level with Edraianthus, Isophylla, 

Jasione and Hanabusaya with Michauxia. This main cluster accords well with traditional 

studies of pollen relationships. The smaller main cluster differs considerably in topology at 

lower levels in both trees and consequently is unresolved in the strict consensus tree. The 

subclusters formed by Homocodon, Peracarpa and Physoplexis and by Musschia and 

Phyteuma are consistent in both trees. The cluster formed by Gadellia, Symphyandra, 

Roucela and Trachelium show minor shifts in the relative position of the taxa. In the strict 

consensus tree where there is resolution there are some realignments. Adenophora clusters 

most closely with Asyneuma, Campanulastrum with Rapunculus, Edraianthus with 

Legousia and Githopsis. Apart from Jasione clustering with Hanabusaya, these groupings in 

the consensus tree do again do not depart radically from traditional arrangements. 
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(iii) The lPllatycollcinieae subset 

The phenogram shown in Fig.45 for the Platycodoneae using UPGMA methods is 

reasonably well balanced, forms two major clusters and is fully resolved. The Cophenetic 

Correlation Coefficient is 0.76705. There are a few surprises, eg. Campanumoea, a colporate 

genus, clusters with the colpate Pseudocodonopsis at about the 0.18 phenon level. Canarina 

clusters most closely with Plazycodon, which is not unexpected. There is a slightly odd 

alliance formed by the outgroup Nesocodon and Ostrowskia, with Leptocodon joining at a 

lower level. In the smaller main cluster Codonopsis aligns most closely with Cyananthus, 

while the outgroup Lobelia nests within a larger subcluster which also includes 

Echinocodon. Overall, the tree doesn't depart too radically from traditional arrangements but 

some alliances are difficult to interpret. 

(iiv) The Wahllenbergee subset 

The phenogram shown in Fig.46 for the Wahlenbergeae using the UPGMA method is well 

balanced if one ignores the early branching of the two outgroups, Canarina and Lobelia. The 

tree is also fully resolved and, apart from the outgroup cluster, forms two major clusters. The 

Cophenetic Correlation Coefficient is 0.69685. The smaller of the two contains just four 

genera, Gunillaea with Namacodon at about the 0.30 phenon level and. Musschia with 

Nesocodon at the 0.20 level. Musschia was added as an outgroup. In the larger cluster, the 

two outgroups, Jasione and Edraianthus cluster most closely while a fourth outgroup, 

Trachelium clusters with Prismatocarpus. The final two outgroups, Legousia and Githopsis 

cluster with Wahienbergia and collectively this subcluster unites at the 0.005 level with 

Heterochaenia and Roella. As with the Platycodoneae, some alliances are difficult to 

interpret but the broader associations do not seem to be too unreasonable. 
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Pllrieuiiogrraaui for the Pollileim TuDI dgatz se (ConinnpPafl.1IJAT): Strict Consensus oil' the 
cofiniiefl UPGMA aurid S ~ ngk UmEmge Methods  
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IFfig.4fl1. ]Pllueniiograuiiri Iron' the Pollllenn Irnnllll J1aa set (C2mpPull.E])AT): Strict Connseoiisnns 1 of 2 
tüeill trees (combined UIPGMA znniil Counnllee Lfillnllzge Methods) 
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Pollen(St0Lonsensus 2: UPGMA+LOMPLETE) 
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!Fãg.42. Phenogram Tor the Polllln lFwillll data tt ( iniqiilP'all.1JJAT): Strict Consensus 2 of 2 
tied trees (combined UPGMA and CompWe Loli2ige Methods) 
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Fãg.43. Phenogirmms ffor the dlllleu dlta subset (C1 	IP21ll.11JAT), "C2mpanDullee" anud 
putative o1ntgronn. 2 itfid tire: UIPGMA Methods 

173 



Pollen (Lampanuleae):St0Consensus 
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Fig-44. lPheniiograniiii flbr the Poilileim data subset (CimoqPall.AT), "Compauiiimlleae 9' and 
putative ouutgroumps. Strict Consensus o2 tied frees: UF'GMA Methods 
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Pollen (Platcodoneae):LJPGMA 
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IFfig.45. Pheunogram Tor itllrie IPollllmi data unlht (C qIPallJflAT) 9  'Pllcniiee" mund 
putative tgn©nn: UIPGMA Mtllx1L 
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Fflg.46. Phenogram for the Pollllenii data subset (CamIPll.BAT), "Walllleobergeic" and 
putative outgiroiuips: UPGMA Methods 
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d. The Seeds (CampSeeiLDAT) disita sets 

(i). The Seeds fall dntz set 

Analysis of the full dataset using the UPGMA method yielded a single tree (Fig.47). The 

Cophenetic Correlation Coefficient is 0.71253. The tree is well balanced and most of the 

major bifurcations occur at lower phenon levels. There are two major clusters each of which 

have two subclusters and several minor clusters. On the whole the tree is extremely difficult 

to interpret and appears exceedingly unsatisfactory. One subcluster however, comprising 

Symphyandra and numerous sections of Campanula s.str. seems fairly homogeneous. It 

represents those taxa with seeds which have high surface relief and well-marked striations of 

the testa. Several 2-4 taxa-clusters appear to reflect traditional alignments more accurately. 

These include: "Oreocodon" with Cylindrocarpa and collectively with Legousia, 

Rapunculus and Melanocalyx; Asyneuma with Campanulastrum, Phyteuma and Jasione; 

Leptocodon with Platycodon; Diosphaera with Trachelium; and Craterocapsa with Roella 

and Edraianthus. Many of the minor clusters appear completely nonsensical. This can 

probably be explained by the high levels of homoplasy in seed characters due to intense 

selection pressures in what must be an exceedingly narrow adaptive landscape. 

The Single-linkage and Complete-linkage methods (Figs.48-49) were equally poor, 

particularly the single-linkage where there was an even greater loss of resolution. Consensus 

trees of UPGMA/Single (Fig.50) (CIm index = 0.03994) and UPGMA/Complete (Fig.51) 

(Um index = 0.04734) yielded several more distinct minor clusters. The most resolved 

include clusters formed by Megalocodon and Petromarula; Cylindrocarpa with Legousia; 

and Adenophora with "Oreocodon", Wahienbergia, Cylindrocarpa, Legousia and 

Rapunculus. Wahienbergia appears out of place in this cluster. Less resolved clusters 

include Quinqueloculares with Tulipella and C.sartorii; and C.lingulata with Petkovia, 

Craterocapsa, Edraianthus, Isophylla, Nesocodon and "Helenacodon". The analyses were 

then repeated with subsets of the full data set. 

(ii) The Campanuiillese subset 

The phenogram shown in Fig.52 is well balanced and has a Cophenetic Correlation 

Coefficient of 0.743 86. As in the full data set, it forms two main clusters and has several 
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subclusters branching at the lower phenon levels. The subclustering is essentially identical to 

that of the main set. 

The JPlatycotthoneae subset 

This small phenogram (Fig.53) is unbalanced but is fully resolved. The Cophenetic 

Correlation Coefficient is 0.84818 which is much more satisfactory. Several traditional 

alliances are picked up in this tree. Codonopsis clusters most closely with Cyananthus at 

about the 0.03 phenon level, while Leptocodon and Platycodon are extremely close at almost 

the 0.24 level. The outgroups formed by the genera Nesocodon and Roella cluster together at 

about 0.00 level and nest within the first-mentioned subcluster. This is a fairly acceptable 

result. 

The Wahlenbergesie subset 

The phenogram shown in Fig.54 has a Cophenetic Correlation Coefficient of 0.77952, is 

quite well balanced, and fully resolved. There are two main clusters, each with two 

subclusters and several minor clusters. The outgroup Azorina clusters with the outgroup 

Githopsis, which is not too surprising, but they unite at about the 0.10 level with 

"Fernadeziana" which is a bit odd. Jasione clusters closely with Wahienbergia and 

collectively, they unite with the outgroups Legousia and Trachelium at the 0.05 phenon 

level. In the second major cluster Nesocodon clusters most closely with "Helenacodon" 

which is not unexpected and together they join Musschia at the 0.03 level, which is 

interesting. Edraianthus clusters extremely closely with Roella which is exceedingly 

interesting, if not a little surprising, while they both join Craterocapsa at the 0.12 level. This 

is also a fairly satisfactory result but still with several tantalising anomalies. 
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Seeds (UPGMA) 
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IFfig.47. 	ogciuhiii lTor the Seeds flunllll tilleta set (c 	Seeth.IDAT): UIPGMA Method 
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Seeds (Single Linkage) 
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IPlleu1iogn2iuu Thir the Seeds IThnllll data set (CrnSeeiLIDAT): Sãiitiglle Linkage 
Metlliioifl 
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Seeds (Complete Linkage) 
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lFg.49. Pheanogiram Ton the Ss Irtinilhi data se (C 	Sell.Tl)IAT): Coiinipllee Lnnll21ge 
Method 
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Seeds (St 0 Consensus: UPGME + Single) 
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Fãg.50. Phenogram for the Seeds ITniillll data set (C 	SeedJUAT): Consensus tree of the 
conhrBhfiulled UPGMA and Snnglle LfinhIkge Methods 

181 



Seeds (St r0 Consensus: UPGMA + Complete) 
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Ffig.51. Pheiruogira for the Seeds fIiIIIIII data set (CanaipSeed.DAT): Consensus tree of the 
coathflniied UIPGMA and Coitunpilete Lallge Methods 
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IFg.52. Aenogirmm flbr itlliie Seeds data subset (c 	SeeIIJIIIAT), "Camioiiuileae" iiuudI 
putative oiintgirouiups: U111'GMA Meitlliiottfl 
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Seeds (P1atcodoneae):UP9MA 
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Fflg.54. IPllenognam IToir the Seeds data stinbei1 (CanSefl.DAT), "Wolliilleobergeae°' aniitll 
Putative onntgrounps: UIPGMA Method 
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Table 23. Cophenetic correlation coefficients for IJPGMA methods. 

DATA SETS  Correlation Coefficient 
La. ;StCf1lCS full set (G& RI) \ I) 0,82932 

Campanulales subset 0.85519 

2.a. Flowers & Fruits full set (Flowers.DAT) 0.50576 
b.Campanuleae subset 0.72468 

Platycodoneae subset 0.84131 
Wahlenbergeae subset 0.78550 

3.a. Pollen full set(CampPal DAT) 0.53206 
b Campanuleae subset 0.77290 
c Platycodoneae subset 0.76705 
d. Wahlenbergeae subset 0.69685 

4.a. Seeds full set (CampSeed.DAT) 0.71253 
b Campanuleae subset 0.74386 

Platycodoneae subset 0.84818 
Wahlenbergeae subset 0.77952 

Table 24. Consensus indices for Strict Consensus Trees of G&B.DAT, Flowers.DAT, 
CampPaLDAT and CampSeed.DAT. 

DATA 
.st&ralt.. data 	( ;& U.l).F) 

- 

0,42857 	0.3140S 	9 311 I. 	11'C\l. 	iuJe Linkage 	full set) 
1 l\l. 	Complete  Linkage (lull set) 0.09524 10.016i3 	2 2 

Flowers .. 	Fruits data sets (l low ers.DA1) 
0.15873 01031 2 10 1558 1 PMA ± .ompIete linkage (full set) 

Pollen data sets (( a iii p Pal. l).\T) 
0.9444 0.22807 25 1935 1 P( • \l.\ 	2 lied trees (full set) 

. Single linkage: 2 tied trees (lull set ) 0.97222 0.53509 35 1404 
6 	Complete linkage 	2 tied trees (full set) 4L7778 0.31579 28 2240 

1 i'( ;M.. 	+ Single Linkage 	full set 0.13889 0.01754 5 7 
1 P( ;\IA + Complete Linkage: tree I 	full set) 0141667 0.13743 IS 1833 
1 P1 	\1 	Complete Linkage: tree 2 tItill set 0.44444 0.13035 16 1834 
1 P1 "I 	: 2 tied trees 	( ampa tiukae subset 0.47368 11.28000 9 89 

Seeds data set i( ampSe&d I) \ I 

0.19608 0.03994 10 66 I I . I N ; \I. 	f Single Linkage Lage (ILl II set) 
12. U N MN F Complete Lin 	(iii II set_) 0.31373 0.04734 1,61 69 
( k = Consensus lurl- Index 	( Fn = \lii IuIuIIs Index 	\ 	\. of 5ti 	in Consensus nus I re 
( 1sf - Schuh-Farris Levels Sum Index 
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7.2 Cladistics Section 

"Neither lumping nor splitting leads consistently to well-defined, conceptually useful genera, and the fruits 
of a determined pursuit of absolute monophylesis are equally poisonous." 

A. Cronquist, 1985 

The phenetic analyses of the previous section has shown that a series of similar patterns in 

the similarity relations of the taxa is beginning to emerge. The overall picture is still very 

blurred but it does provide useful reference points for the construction of classifications 

albeit with very poorly substantiated evidence for phylogenetic relations. A more refined 

analysis is required which will take into account hypotheses concerning the evolutionary 

transformation of characters and algorithms which will impose a hierarchical relationship on 

the existing phenetic relations. The use of cladistic methods in this study does not imply that 

a cladogram represents actual or hypothetical genealogy or is the best method to represent 

relationships between taxa. Because of autapomorphies and heterochrony, it is not always 

possible to assign taxa to monophyletic groups. The transformation of character states rarely 

presents a simple pattern and is frequently confounded by hybridisation events as well as 

parallel and convergent evolution. In addition, the heuristic algorithms usually cannot find 

the most parsimonious tree in large data sets. Cladistic analyses therefore represent another 

way of looking at evolutionary problems but should not, in themselves, be considered 

superior. Nevertheless, it is worth quoting in full the following three guiding principles 

behind the cladistic methodology adopted in this study of the Campanulaceae (see Wiley, 

1981): 

Natural supraspecjfic taxa are genealogical entities and they are historically unique. 

Observed or inferred genealogy is both necessary and sufficient to include an entity in a 

group. Certain characters (apomorphies) are biologically connected to the concept of 

genealogy and thus can provide justification for the group in the absence of directly 

observed genealogy. 

Characters hypothesised to justify  unique genealogical groups must be those which 

indicate that the descendant members of the group share a common ancestral species not 
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shared with another taxon. The only characters that justify such groups are 

synapomorphies employed at their correct level of universality. 

3. Unique genealogical groups corroborated by synapomorphies are monophyletic groups. 

If natural taxa exhibited Aristotelean essences, then characters alone could be used to place 

them in a hierarchy. Because of descent with modification, such criteria are often 

inadequate. For example, "secondary pollen presentation mechanism present" would exclude 

Pentaphrag,na and Sphenoclea from the Campanulaceae s.l., yet it may be possible to 

discover that these two taxa are united with the Campanulaceae on other characters. 

Therefore, characters alone are insufficient to define natural taxa. Such taxa have to be 

viewed in a relative manner, their known genealogies and their cladistic patterns compared 

with those of other taxa. Characters cannot be divorced from evolutionary principles that tie 

characters to genealogy. For these reasons then it is desirable to use data sets of characters in 

a cladistic analysis and observe how the resultant cladograms compare with the results 

obtained by aggregate similarity methods (phenetics) and then integrate known data on well-

established relationships (eg. as obtained by cytological methods or breeding experiments). 

7.2.1 Construction of the Cladistic Data Sets 

All types of characters were used and multistate characters were both ordered and unordered, 

additive and non-additive. They are more or less identical to those used in three of the four 

phenetics data sets and subsets (G&B.DAT was omitted because a cladistic analysis has 

already been done by Gustafsson & Bremer, 1995) but were modified to reflect polarity of 

the character states and their suitability for cladistic analyses (see Appendices). The 

characters were polarised according to the outgroup comparison methods of Watrous & 

Wheeler (1981); Stevens (1980) and Maddison, Donoghue and Maddison (1984). This is 

tantamount to statements about the evolutionary pathways of the various characters but is 

not necessarily an endorsement of the view that evolution always proceeds most 

parsimoniously. A discussion of character polarity and tranformation series is given above in 

Sect. 6.3.2. A summary of the transformation series is given below. Most ordered multistate 

characters were straightforward niorphoclines. Inapplicable data was treated as missing and 
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represented by a "-", while characters found to be highly homoplastic in baseline runs were 

excluded in the later phylogenetic reconstructions. The cladistics programs MacCLADE (v-

3.06; Maddison & Maddison, 1992) and PAUP (v. 3.1.1; Swofford, 1993) both allow for 

parallelisms and reversals (homoplasy), and provide an option for encoding missing data. 

7.2.2 A SUMMARY OF THE FNOLUTI[ONARY TRANSFORMAT]ION 
OF CHARACTERS TIN THE CAMIPANULACIEAE 

A. Genrall (DIbseirv.%floims  

. (Character states which commonly occur throughout the family are probably primitive 
stages. 

Taxa characterised mostly by primitive states are probably primitive taxa. 

Polyploidy is a derived state (apomorpl/üc) aiiidpolyploid taxa are derived taxa. Ancient 
polyploidy must be taken into account. 

Reduced site, especially offlower parts, is a derived character state and taxa with small 
flowers are usually derived taxa, unless polyploidy has caused a reversal of this trend. 

The basic chromosome numbers have changedfrom 7 to 8 or 9, from which the groups 
with x = 17 are derived, 

T. Vegetative Characters and Habits 

A . Within certain limitations, arborescence and the presence of woody stems and caudices 
suggest primitiveness. Shrubs, therefore, are probably more primitive than herbs. 

Tropical climbers are possibly more primitive than woody shrubs of marked seasonal 
climates but may not be more primitive than tropical shrubs. 

Perennials are more primitive than biennials, and annuals have been derived from 
both. 

Among perennials and biennials, absence of a taproot is a derived condition. Rhizomes 
or storage caiiadices are more advanced conditions. 

Succulence is a specialisation. 

Spininess, hairiness or an elaborate indumentum are specialisations. Glabrousness is 
more primitive. 
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7. A waxy shiny cuticle is a highly derived condition from a primitive "normal" cuticle. 

C. JIuffllorsceinice 

. The solitary flower is primarily more primitive than the inflorescence (which may be 
reduced to a solitary flower). In most cases a solitary flower is highly derived. This can 
often be deduced by comparison with congeners. 

Glomerules are more advanced than panicles and thyrses while umbels and capitulai 
are more advanced than glomerules. 

Long pedicels are usually more primitive than short pedicels. 

An indeterminate flowering axis is more advanced than a determinate one. 

D. Fhwers 

Actinomorphy is more primitive than zygomorphy. 

Clavate flower buds are more primitive than attenuate ones. 

Pendant flowers are more primitive than upright or noddingflowers 

Broad corolla lobes are more primitive than narrow ligulate ones and departures in the 
number offloralparts from the most common number offive are derived. 

The campcznulate corolla is more primitive than a non-campanulate corolla. 

Patterned corollas, especially those showing pronounced reticulate patterns and/or 
eyespots are more primitive than unpatterned corollas. 

Corollas closing at night or in cloudy conditions are clearly highly derived. 

. Separate stamens are more primitive than connate stamens and presence of an anther 
appendage is more primitive than the absence. 

9. Glabrous filaments and unexpanded filament bases (no nectar dome) are more 
primitive than ciliatedfilaments and expanded bases (nectar dome). 

111. Epipetaly is a derived condition. High placement in the corolla tube is the most 
derived condition. 

H. Broad, colourless and/or inserted presenters are more primitive than filjform, 
coloured and/or exserted ones. 
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Glands on the presenter region are probably primitive. 

Synchronous pollen transfer is more primitive than asynchronous or pseudo-indusial 
types. 

A broad receptacle is more primitive than a narrow one. 

A open patterned nectary region is more primitive than a concealed unpatterned one. 

Colourless nectar and yellow pollen are more primitive than scarlet nectar and 
blue/purple pollen respectively. 

Pollen grains have evolved from long-multicolpal to short-multicolpal, then to 
multiporate. 

E. Yiruks and Seeds 

Hypogyny is the primitive condition, and from it perigyny and epigyny have been 
derived. 

An unfused hypanthium is more primitive than a partially or completely fused 
hypanthiuin. 

Polycarpy is more primitive than oligocarpy 

Axile placentation is primitive while partially parietal conditions are derived. 

The ovules at or above the middle of the ovaries are primitive while pendant or basal 
positions are most derived. 

A five loculed ovary is the most primitive condition. Departures from this number are 
derived. 

Capsules and bracts united as dispersal units is a derived condition. 

. Calyx appendages are more derived than their absence and the presence of an elaborate 
pseudo-capsule is the most derived condition of all. 

A berry is more primitive than the dehiscent capsule. 

Apical valvate dehiscence is the most primitive mode of capsule dehiscence while 
irregular rupturing and chalice-type modes are more advanced. 1[ndehiscent and lateral 
porate modes are also more advanced. 

Among the porate modes of dehiscence, the upper and medially-placed pores are more 
primitive than the basal pores. 
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12. Seeds which are regular in symmetry, lack wings and have pronounced reticiidations 
with high relief are more primitive than those more irregular seeds which are rather 
smooth or striated and possess wings. 

In the main data sets a hypothesised outgroup and/or Lobelia were used but for the subsets 

putative outgroups from within the main data sets were used. Lobelia was chosen because 

the Lobeliaceae was one of four terminal taxa which formed a sister group to the 

Campanulaceae in the cladistic analyses of Gustafsson & Bremer (1995). In certain cases 

some putative outgroups were used in several subsets. For the Flowers & Fruits full data set 

(Flowers.DAT), 66 terminal taxa were used, including Lobelia and the hypothetical 

outgroup "HYPOTH._EUDICOT" and 50 characters were used. This was then broken into 

three subsets restricted to Campanuleae (38 taxa), Platycodoneae (12 taxa), and 

Wahlenbergeae (22 taxa) (all in their approximate traditional circumscription) using the 

same character set. This procedure was repeated for the Pollen full data set (CampPal.DAT) 

with 38 terminal taxa and 14 characters, and for the Seeds full data set CampSeed.DAT) 

with 53 terminal taxa and 11 characters. The Pollen data subsets were Campanuleae (21 

taxa), Platycodoneae (11 taxa) and Wahlenbergeae (15 taxa). The Seeds data subsets were 

Campanuleae (43 taxa), Platycodoncae (6 taxa) and Wahlenbergeae (13 taxa). 

These twelve data sets were converted to NEXUS format and constructed in the data editor 

of the MacClade program on a Macintosh Quadra 610. They were initially evaluated and 

uninformative characters were excluded. The characters were given equal weight using 

procedures suggested in Maddison & Maddison (1992) and Swofford (1993). Thus, in the 

character lists, the different weights accorded to each character correlate to the number of 

states in each character. The most parsimonious topology for each tree was then found by 

invoking the "full-search above" strategy of MacClade. Various statistics and indices were 

also computed from the shortest trees and character distribution on the cladogram was 

observed using the "Trace Character" option. This data was later used for the phylogenetic 

reconstructions. The data sets were then transferred to the program PAUP and rooted by 

outgroup which was treated as a monophyletic sister group of the ingroup (except where 

indicated). The ingroup was considered to be monophyletic. Multiple states were interpreted 
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as polymorphisms. For phylogenetic analyses, the ordered (Wagner) and unordered (Fitch) 

characters were optimised by selecting both the ACCTRAN and DELTRAN options (the 

former favours single origin followed by reversal, while the latter favours parallelisms). 

MAXTREES was set at 100-550 depending on the size of the dataset and the computing 

time required. Topological searches for the most parsimonious trees were invoked by using 

heuristic search algorithms. For the initial searches several options were tried in order to 

avoid local optima or "islands" of suboptimal topologies (Maddison, 1991; Page, 1993). 

The search strategies used were essentially those given in Appendix 1. of Olmstead & 

Palmer (1994). As a general procedure the "keep minimal trees only" option was selected, 

the ancestral states option set for the outgroup "on", and the "collapse zero-length branches" 

off. The latter option was selected in order to maximise the number of trees found on each 

local optimum. For each initial heuristic search branch swapping was initiated on the starting 

trees which were imported from MaClade, the NNI (nearest-neighbour interchange) option 

was selected with MULPARS "off' and STEEPEST DESCENT "on". For each data set 5 

independent runs using 1000 addition sequence replications were made with the Random 

Addition option selected. During each of the 5 runs no more than 5 MPRs (most 

parsimonious reconstructions) were retained and these were used as the seed for each 

subsequent run. The shortest tree from the five runs was then used as the starting tree for a 

full search using the TBR (tree-bisection-reconnection) option and MULPARS and 

COLLAPSE options "on". In some cases multiple trees were found and in these instances 

consensus trees were constructed. Where a large number of most-parsimonious trees were 

found an arbitrary choice based on the best apparent fit was made. The trees in these 

subjective subsets differed only by 1-2 symmetric-difference units from each other. For all 

trees found, tree lengths and consistency indices were obtained, while, for the consensus 

trees consensus indices were also obtained. See Tables 25. and 26. Bootstrap values (the 

bootstrap p-value; Felsenstein, 1985) were calculated from PAUP for all baseline subsets 

using 2000 replicates (Hedges, 1992), and bootstrap consensus trees (Figs. 59;65;70;73 and 

78 ) constructed for groups compatible with the 50% majority-rule consensus. Due to 

computational cost, only pruned subsets lacking putative outgroups and taxa which have 

much missing data were used. For subsets less than or = 10 taxa the Branch and Bound 

search option was used but for all other subsets the Heuristic search option was employed. 
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Only included and informative characters were used in the Bootstrap analyses. The 

swapping algorithm was the TBR and the addition sequence was Simple (ie. corresponding 

the the "advancement index" of Farris, 1970). For a discussion on the use of the Bootstrap 

see below. 

7.2.3 Cllustethiig allgoñthms 

Under parsimony, the optimality criterion is to minimise tree length (ie. the number of 

character steps required) which is considered to represent an historical reconstruction with 

the minimum number of evolutionary changes. However, we do not know if and when 

evolution proceeds parsimoniously. The strongest argument for using parsimony is that it is 

the method which explains the data to the greatest degree while minimising ad hoc (eg. 

evolutionary) assumptions (Farris, 1983). Parsimony analysis assumes that characters are 

independent of each other and this allows for independent models of evolution for each 

character. Such an approach (which also parallels the maximum-likelihood method) would 

then be to find the tree(s) for which the length summed over all the data sets is a minimum. 

Under simple parsimony, length is computed for each character independently and in the 

same manner for all characters. The tree that minimises the sum of lengths of two data sets is 

also the tree with minimum length for the combined data set. This approach does not 

account for different stochastic processes affecting the characters. When these differ, it is 

doubtful whether simple addition of tree lengths is appropriate. A reasonable solution to this 

problem is differential character weighting but in this study it is too premature to give 

differential weights to characters. In the phylogenetic reconstruction some experimentation 

with character weighting was made, principally the implied weighting (Goloboff, 1993) 

procedure using the programs SPA and PIWE but have not been implemented in this study. 

7.2.4 Masuns of fit 

7.2.4.1 Tree Lengths 

Tree length (s) is a statistic that gives an indication of how well the tree fits the data Camin 

& Sokal (1965). The longer the tree length, the worse the fit. Tree length is simply the 

weighted sum, over all the characters, of the number of evolutionary steps in each character 

of the tree but it is also dependent on the number of states. As these variables increase, so 
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too does the length. Tree length is also a measure of the amount of evolutionary change 

required by a tree, therefore indicating the amount of convergence and reversal. The actual 

value depends on whether the characters are weighted or not, and the models of character 

evolution (and hence the cost of the reconstruction) which are invoked. The most 

parsimonious reconstruction of ancestral states implies a minimum number of steps in each 

character of the tree. For the formulae used in the calculation of tree lengths and for 

consistency indices, see Maddison & Maddison (1992). 

7.2,4.2 Consistency, Retention and Homopilasy Iludices 

The Consistency Index (Cl) indicates how well a tree fits a data set and is derived by scaling 

the number of steps (s) required by a tree by the minimum rn (the minimal amount of change 

that the character may show on any conceivable tree) and/or maximum (g) conceivable 

number of steps the character could have in any possible tree (Kluge & Farris, 1969; 

Maddison & Maddison, 1992), ie. CI = rn/s. More simply, it can be viewed as the minimum 

possible tree length divided by the observed tree length. The CI can be calculated in PAUP 

and in MacCLADE for individual characters and for the whole tree (the "ensemble" index) 

and is appropriate, only for the included characters in any given analysis. However, 

autapomorphies may be included in the CI if so desired. For all of the baseline analyses used 

in this study uninformative characters were excluded. The CI is a reliable estimate of 

phylogeny if homoplasy is low. If the characters in the data set are perfectly congruent and 

there is no homoplasy, then the CI = 1. As homoplasy and the number of steps increases, so 

the value of the CI approaches but never reaches zero. CI has also been used to measure 

homoplasy since s will exceed by the amount of extra steps or homoplasy in order to account 

for the character on the tree but it does not always increase as homoplasy decreases. A high 

value for the CI is considered desirable but it can be negatively correlated with the number 

of taxa and characters in the data set. Autapomorphies and symplesiomorphies also cause the 

CI to increase without providing extra support for groupings of taxa. The Rescaled 

Consistency Index (RC) (Farris, 1988), which is essentially a refinement of the CI, achieves 

a value of zero and is calculated by multiplying the values of the Consistency Index and 

Retention Index. It suffers from similar weaknesses as the CI. See Siebert (1992) for futher 

details. 
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The Retention Index (RI) (Archie, 1989) is derived in the same way as the Consistency 

Index and as with that index, it provides a reliable estimate of phylogeny when homoplasy is 

low. When a character fits the tree as poorly as possible, its retention index = 0 (Swofford, 

1991). However, it is designed to express the amount of synapomorphy by examining the 

actual amount of homoplasy as a fraction of the maximim possible homoplasy. In this 

respect it may be considered a better measure of support for groupings than the Consistency 

Index. The RI is high when state changes occur predominantly on internal nodes and low 

when changes occur mainly on terminal branches. The formula for the calculation of this 

index may be found in Maddison & Maddison (1992). 

The Homoplasy Index (HI) is calculated by the formula 1-CI and is a measure of the 

amount of homoplasy in individual characters and, as a summation, for the whole tree. For 

multistate taxa which are considered polymorphic (as in this study) the HI will have a 

different value from multistate taxa which are "uncertain" (Swofford, 1991). 

7.2.43 The lootstriip 

This procedure is designed to give measures of confidence to a clado gram or a phylogenetic 

reconstruction. The bootstrap method (Felsenstein, 1985) involves sampling the original data 

set with replacement, thus constructing a series of replicates of the same size. The variation 

among these replicates is regarded as a measure of the error when estimates are made from 

the original data set. The taxa are held constant in the resampling but the characters are 

sampled with replacement to build a series of new replicates (the bootstrap replicates). These 

are then subject to the same search strategies as for the original data set and a majority-rule 

consensus tree is constructed showing the percentage of occurrences of a particular 

component among the trees (the bootstrap value). It is considered that for a data set to have 

95% (or greater) confidence in the bootstrap values, at least 2,000 replicatesare required 

(Hedges, 1992). For this study, bootstrap analyses were conducted on pruned, unrooted trees 

using included characters only, 2000 bootstrap replicates, simple weighting and simple 

addition sequence. Depending on the size of the data set, the search option was either branch 

and bound or heuristic. 
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7.2.5 Consensus Methods 

Details of consensus methods can be found in Section 7.1.5.1. The following two methods 

were used only with the cladistic analyses: 

Adams-2 Consensus 

This predates all other consensus methods (Adams 1972). This method often preserves 

more structure than the strict consensus. Any taxonomic statement shared by the trees being 

compared are included in the consensus, regardless of whether they constitute completely 

uncontradicted components. Adams (1972) stated that the Adams-2 consensus tree satisfies 

the following conditions: 1) any nesting found in all of the rival trees must also occur in the 

consensus tree; and 2) any nesting that reflects clusters of the consensus tree (ie. a nesting 

involving the inclusion of one within a larger group) must be found in all of the rival trees. 

This method may produce consensus trees containing clusters not found on any of the rival 

trees. It may be valuable in pin-pointing taxa that are responsible for incongruence (Funk, 

1985; Hillis, 1987). 

Combinable-component (Semi-strict consensus) 

Hillis devised a consensus method, formalised by Bremer (1990) as the "combinable 

component consensus" or "semi-strict consensus". When one or more of the rival trees is not 

fully dichotomous, groups that are never contradicted may occur on some, but not all, of the 

trees. Two groups are combinable (Nelson, 1979) if either i) they have no taxa in common 

("exclusion") or ii) they are identical ("replication"); or iii) one group is a proper subset 

("further resolution") of the other ("inclusion"). The combinable-component consensus is 

defined by the set of all combinable groups (ie. each group retained in the consensus is equal 

to or combinable with all groups of every rival tree). When all rival trees are fully 

dichotomous, the strict and combinable-component consensus methods. 

7.2.5.1 Consensus I[ndices ... measunres of heterogeneity of rival diladograms. 

Consensus methods provide less parsimonious explanations of the character data but they 

are most useful when used in congruence testing. In cladistic studies, the use of consensus 

methods applies mainly to independent cladograms produced in the same cladistic analysis. 
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In phylogenetic reconstruction, the use of consensus methods can be used to determine 

congruence between trees produced from different data sets and different methods (but with 

the same terminal taxa). Consensus trees are not estimates of phylogeny but are simply 

statements about areas of agreement among trees (Swofford, 1991). A consensus index 

provides a quantitive measure of congruence. In Table 26. only the Us which which strictly 

measure agreement between trees are shown. Consensus indices usually vary between 0 

(implying no agreement among rivals) and 1 (maximum agreement). This means that if an 

index has a value of 0.8 the rival trees share 80% as much information on relationships as 

does a set of identical, maximally asymmetrical trees but there are problems of interpretation 

as to what this actually means. It may be useful to test, using Monte Carlo methods, whether 

a given consensus index is greater than that expected for a set of randomly chosen trees 

(Simberloff, 1987). 

The various indices which are briefly described below are generated by the program PAUP. 

The simplest consensus index is the Component Information of Nelson (1979) which is the 

number of informative (ie. non-trivial groups which comprise at least two terminal taxa) 

clusters present on the tree. The Schuh-Farris Levels Sum (Schuh & Farris, 1981) is a 

measure of the number of times distinct pairs of terminal taxa occur together on the same 

informative cluster. The resolution of the consensus tree can be further quantified by the CIc 

or Colless Consensus Fork Index (Colless, 1980) which is the component information 

divided by the maximum possible such number (t - 2, where t = number of terminal taxa). 

The degree of resolution of a tree does not necessarily reflect the amount of information it 

contains (Swofford, 1991). The most favourable consensus index which combines 

information content and congruence is the Mickevich index, Um, (Rohlf, 1982; Mickevich, 

1978). A property of these indices is that they are sensitive to tree symmetry or balance 

(Swofford, 1991) and that the normalised total-information measure and the levels sum can 

achieve their maximum value only when the consensus tree is fully resolved and maximally 

asymmetrical. Asymmetry bias in a consensus index can result in two different asymmetrical 

trees achieving a higher score than two identical symmetrical trees. The Chn however, can 

achieve its maximum value on a tree that is maximally symmetrical (Swofford, 1991). 
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Therefore, where it is desirable to reflect only agreement it would be preferable to use the 

CIm. 

Indices which are not sensitive to excessive asymmetry bias are Rohlfs CI(1) and CI(2). 

The CI(1) (Rohif, 1982) always has a maximum value of 1 (ie. fully resolved) and reflects 

both information content and resolution. The CI(2) (Rohif, 1982) is the proportion of all 

possible binary trees that contain the clusters found in the consensus tree. 

A legitimate criticism of these "one-dimensional" (Swofford, 1991) consensus indices is that 

they depend only on the consensus tree; once this tree has been calculated, all contact with 

the original rival trees is abandoned. Thus, for example, it is not possible to determine 

whether a consensus index is low because there was substantial disagreement among a set of 

well resolved trees or because there was substantial disagreement among a set of poorly-

resolved trees. 

7.2.6 Results of the Iaseliinie Cladlistic Analyses 

The results of the baseline cladistic analyses are given in Figs. 55-78 and the consistency 

and consensus indices are shown in Tables 25. and 26. 

7.2.6.1 The Campainuuiflaceae full data set 

The Flowers and Fruits full data set for the Campanulaceae yielded a single tree (Fig.55) 

with a length of 5576 and a CI of 0.602. This was constructed from 40 characters (8 

characters were excluded), 6 of which were unordered. 25% of the characters had a CI )( 

0.750 while 15% (No.s 12, 13, 15, 37, 38 and 39) had a CI= 1.000. The tree is fully resolved 

apart for a major trichotomy at about mid level and a minor one comprising three small 

clades characterised by genera such as Asyneuma, Legousia, Gadellia and Rapunculus. The 

greatest weakness of the tree is the fact that the colporate and colpate genera do not form a 

single monophyletic group but branch off singly forming a chain of sister groups or minor 

clades such as those formed by Campanumoea, Cyclocodon and Canarina and by 

Plalycodon and Ostrowskia which are nevertheless very plausible groupings. Heterochaenia, 

Nesocodon and, rather surprisingly, Azorina are basal to all other genera which comprise the 
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largest single dade. Within this large dade Adenophora is basal and a sister group of all 

other taxa. There are many minor clades which appear to support traditional groupings such 

as the dade formed by Asyneuma, Phyteuma, Petromarula and Physoplexis. Most 

interestingly, this dade also included Campanulastrum, Sergia, Popoviocodonia and 

Triodanis. Another such dade included genera such as Brachycodon, Legousia, 

Prismatocarpus, Gunillaea, Namacodon and Cylindrocarpa. Most of the South African 

endemic genera grouped in expected places but the presence of Githopsis with Roella and 

Craterocapsa seemed anomalous as did Leptocodon and Cyananthus with Musschia. 

Although the majority of the Campanuleae form clades separate from the Wahlenbergeae 

there are interpolations of taxa such as Legousia and Trachelium into two largely separate 

groups of the Wahlenbergeae which suggests that both tribes are less homogeneous entities 

than previously thought. Because of the size of this data set no attempt was made to obtain 

bootstrap values. 

The Pollen full data set for the Campanulaceae also yielded a single tree (Fig.56) with a 

length of 1260 and a CI =  0.8 52. This was constructed from 13 characters (4 excluded), 3 of 

which were unordered and 2 were irreversible. 69% had a CI 1 0.750 while 38% had a CI = 

1.000. The tree is unbalanced and poorly resolved which is not surprising given the small 

number of characters. One or two interesting features can be seen however. The colpate and 

colporate genera are basal to the porate genera. Asyneuma again forms a dade with 

Phyteuma although Physoplexis now unites with Jasione and Campanulastrum on a separate 

dade. Roella, Nesocodon, Musschia and Craterocapsa unite on an unresolved dade as do 

Legousia, Prismatocarpus and Githopsis. 

The Seeds full data set for the Campanulaceae yielded a single tree (Fig.57) with a length of 

4622 and a CI = 0.886. This was constructed from a mere 12 characters (none !  excluded), 4 

of which were unordered. 83% had a CI 1X 0.750 while 8% (no. 4) had a CI= 1.000. It is a 

moderately resolved tree and quite well balanced but there are several polytomies at lower 

levels. This tree conflicts in many ways with those obtained for flowers & fruits and for 

pollen although it is not strictly comparable because of a very different suite of taxa. The 

colporate and colpate genera do not group basally to the porate genera. Instead genera such 
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as "Helenacodon", Musschia, Craterocapsa and Roella are basal. The inclusion of 

C. lingulata with the latter genera is quite anomalous. There seems to be a fairly acceptable 

grouping of taxa in the campanuloid dade comprising Symphyandrformes, 

Quinqueloculares, Michauxia, etc. Other minor clades do not appear to conflict with the 

other data sets. For example, Campanulastrum groups with Phyteuma and Jasione with 

Trachelium. However, overall these results are remarkably confusing and this is 

compounded by the nesting of genera such as Platycodon and Cyananthus, etc. within 

campanuloid or wahlenbergioid lineages. 
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Adeizophora 
Astrocodon 
Mic/zaga,a 
Sicyocodon 
Zeugadra 
Asyneuma 
Phytewna 
Physopkds - 
Campaiw/astrwn 
Peiromarula 
Sergia 
Popoviocodorna 
Trioda,w 
Brachycodon 
Legousia 
Pmma!ocarpus 
Guni/laea 
Narizacodon 
Cylindrocarpa 
Code//ia 
Rapwzcithes s.L 
Isophylla 
Cryptocodon 
Berenice 
Cepha/osnma 
Wahknbergia 
Cyananthi&c 
Leptocodon 
M&csschia 
Trache/àan 
Jasione 
Feeria 
Theilera 
Micracodon 
RhiqiophyI1wn 
Sqilwcodon 
Echinocodon 
Pseudocodonopsis 
Diosphaera 
Merciera 
Treichelia 
Peracarpa 
HetErocodon 
Homocot/on 
Muehibergella 
Ca,nparnq/a s. s. 
Roucela 
Craterocapsa 
Githops,s 
Roe/la 
Edraianthus 
Peiko via 
llanabusaya 
Symphyandra 
Azorma 
Heleroc/zaenia 
Nesocodon 
Ostrowskia 
P/aycodon 
Himalcodon 
Codonopsis s.s. 
Camparnimoea s. . 
Canarina 
Cyc/ocodon 
IIYPOTH. EUD/COT 

IF5g.55. Basellniie dllattllograsnì ofT the CompanuOmeeze (IFilowers & IFrunflts fiiiillll set). A sagIIe tree 
was obtained. 
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Adenop/zera 

Asyneuma 

Phyteuma 

Azoràza 

Campanula 

Heterochaenjd 

Musschia 

Nesocodon 

Roe/la 

RapwzcuI,c 

With/enbergia 

Campanu/a.sirum 

laslone 

Physopkx,c 

Nomocodon 

Peracarpa 

Githopth 

Legousia 

Prismatocarpus 

Trache/jum 

Gadeiia 

Rouce/a 

Symphyandra 

Isophy/la 

Gwzil/aea 

Micizauxia 

Namacodon 

Edraianthus 

Ilanabusaya 

Campanumoea 

Pseudoccdonopsis 

Echinocodon 

P/aycodon 

Ostrowskia 

Leptocodon 

Canaruza 

Codonoriv,s 

Cyananthus 

HYPOTII. EUD/COT 

/ 

PA 

IFig.56. Baseline dllallogrom of the Comounolloce (Iollh1euri Tullset). A sfioT!glle tree was  obtained. 
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Adenophora 
"Iberocodon" 
Peiko via 
Asyneuma 
Wahknbergia 
Leptocodon 
Rapwzczthsc 
Me/aiwcalj'x 
Sergia 
Brachycodon 
Claizata 
Campanulasiruin 
Phtewna 
InvoI,cratae 
Codonosphaera 
Edraiajuh,&c 
Jas/one 
Trachelàan 
Diosphaera 
Lego&a 
Scapflorae 
Roucela 
Cylindrocarpa 
"Oreocodon" 
Plerophyllum 
"Ferna,u/czigma" 
Csartori 
Peracarpa 
Cyaaaizthzsc 
Codo,wpsu 
Azorma 
Githopsis 
Plaiycodon 
Symphyandrjformes 
Cformanekiaza 
Spmulosae 
Gadeiia 
Peiromarula 
S. wai'rneri 
Rupestres 
Quinqueloculares 
Megalocodon 
Michauxia 
S. hoffinannii 
Otocalyx 
Tulipella 
Nesocodon 
Isophylla 
Musschia 
Clmguiata 
Craterocapsa 
Rod/a 
"Heknacodon" 
HYPOTFI. E(JDICOT 

Ffig.57. l3asellfiae dlladlogiranrni of the Ca 	aaallaceae (Seeds fall set). A siungile tnee was 
obtafinned. 	 - 
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In order to obtain better resolution, cladograms based on subsets comprising the traditional 

tribal groupings of Campanuleae, Platycodoneae and Wahlenbergeae were obtained. 

7.2.6.2 The Campinuiilleae subset 

The Flowers and Fruits subset for the Campanuleae yielded a single tree (Fig.58) with a 

length of 3288 and a CI of 0.662. This was constructed from 30 characters (18 characters 

were excluded), 5 of which were unordered. 43% had a CI rX 0.750 while 13% (No.s 4, 18, 

37 and 43) had a CI = 1.000. It is fairly well resolved apart from a trichotomy within the 

"rapunculoid" dade and another within the "campanuloid" dade. This subtree is naturally 

very similar to major portions of the tree obtained with the full data set. Azorina and 

Adenophora are basal with the latter being the sister group of all other taxa. Hanabusaya and 

Symphyandra both diverge early as does the minor dade comprising Edraianthus, Petkovia, 

Roucela and Githopsis. The remainder of the taxa form two large subclades, the first 

comprising what might be losely called a "rapunculoidllegousioid" dade (including genera 

such as Petromarula, Phyteuma and Campanulastrum, etc.), while the second forms what 

might be losely called a "campanuloidltrachelioid" dade (including genera such as 

Musschia, Feeria, .Jasione, etc.). An unrooted bootstrap consensus tree (Fig.59) gave weak 

or very modest support for the monophyly of some of the minor clades. The strongest 

support was for the dade No. 1 which had a p-value = 68% while the subclade of this (No. 

2) had ap-value = 55%. Clade No.3 had ap-value = 60% and dade No. 4 had ap-value = 

54%. 

The Pollen subset of the Campanuleae yielded 6 trees, 4 of which were saved (Fig.60). 

These were chosen arbitrarily and were < (or = ) 20 symmetric-difference unitsfrom tree 

No. 1. The length of these trees was 642 and the CI = 0.903. This was constructed from 8 

characters (9 excluded), 3 of which were unordered and 1 irreversible. 86% hada CI> (or = 

) 0.750 while 50% had CI =  1.000. The 4 trees are poorly resolved and not very symmetrical. 

There are a few interesting, though unresolved clusters formed by Adenophora, Azorina and 

Campanula, and by Asyneuma, Phyteuma and Physoplexis,etc. Consensus trees (Fig.61) 

were then obtained in order to ascertain the best-supported groups (see also Consensus 

Indices in Table 26.). The Strict Consensus shows an unresolved minor dade comprising 
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Githopsis, Hanabusaya and Legousia and this is confirmed by the Semistrict Consensus 

which gives a value = 100%. The branch with Prismatocarpus joins this dade with a value 

of 25%. This minor dade then forms part of a larger, also unresolved, polytomy which 

includes Homocodon, Peracarpa and Prismatocarpus which has a value = 100%. The 

remainder of the cladogram for Strict and Semistrict Consensus is completely unresolved. In 

the Majority Rule Consensus the genera Adenophora, Azorina and Campanula form a 

subclade in 3 out of 4 trees (75%) as do Homocodon and Peracarpa. The subclade formed 

by Githopsis, Hanabusaya and Legousia are found in all trees. Both subclades form a single 

larger dade in all 4 trees (100%). A bootstrap consensus tree (not shown) yielded no support 

for any of these clades (the highest p-value obtained was 40% for Homocodon with 

Peracarpa). 

The Seeds subset of the Campanuleae yielded a single tree (Fig.62) with a length of 3949 

and a CI = 0.877. This was constructed from 11 characters (1 excluded), 2 of which are 

unordered. All characters had a CI> (or =) 0.750 while 9% had a CI = 1.00. This is a 

moderately well-resolved tree although it is not very symmetrical. Similar groupings to 

those in the full data set are present and Musschia (and the anomalous C. lingulata) is basal 

to all other taxa. The "Isophylla" group also is low on the cladogram. As with the full data 

set, many of the groups are difficult to reconcile with traditional arrangements or with the 

other two data sets. A bootstrap consensus (not shown) yielded no support for any of these 

clades (the highest p-value obtained was 37% for Azorina with C. lanata), 3 of which were 

unordered. 
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Fig-58. BmsePhne clsdogiram of the Campmunugeme (Fllowers & Fruits subset). A süiiglle frn 
was obtained. 	 - 
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Physopkxis 
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Jaslone 

JWusschia 

Feerla 

TratheIäm 

Fleterocodon 

Homocodon 

Peracarpa 
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Fãg.59. Bootstrap consensus iliree Tor the C ipzniiunllãie subset (Flloweirs & Fruits data). 
Groups couopaitãlllle with the 50% Mzoirflty 1Rinlle consensus are ailso shown. Naoiillere 
tolainigiles reller to the aoctlles wllnfidllTi are oneontfioaell in the tent. 
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2 
Adenop/wra 
Azorim., 
Campanula 
Asyneuma 
Rapunculus 
Jasione 
Campanulastrum 
Phytewna 
Physoplexir 
Githopth 
Hanabwaya 
Legoisia 
Homocodon 
Peracarpa 
Prismatocarpus 
Edraianthgss 
IWichauxia 
Isophylla 
Symphyemdra 
iWusschia 
RogceIa 
Gadell,a 
Trachelium 
HYPOTH.EUDICOT 

Adenophora 
Azorina 
Campanula 
Asynewna 
Rapw,c,th&c 
Edraianih,ss 
Jasurne 
Phytewna 
Camparndastrwn 
Physopkxis 
Gadeiia 
Ro&!ce/a 
Swnphyandra 
Githopsis 
Hanabusaya 
Legousia 
Hoinocodon 
Peracarpa 
Pricinatocarpiis 
JW&isschia 
Trachelàsm 
Isophylia 
Michagaja 
HYPOTH.E(JD/COT 

3 4 
Adenophora 
Azorina 
Campanula 
Asyneuma 
Physopkxis 
Phyteuma 
Rapunculus 
Jas/one 
Campanulastrum 
Githopsis 
Hanabusaya 
Legousia 
Homocodon 
Peracarpa 
Prismatocarpus 
Gadellia 
Musschia 
Roucela 
Symphyandra 
Isophylla 
Mithauthi 
Edraianthus 
Tracheijum 
HYPOTH.E(1DJCOT 

Adenophora 
Aorma• 
Campanula 
Mithauxia 
Asyneuma 
Rapuncidus 
Jas/one 
Campanulastrum 
Edraianthus 
Isophylla 
Phyteuma 
Physopkxc 
Githopsis 
Hanabusaya 
Legousia 
Prismatocarpus 
Peracarpa 
Hornocodo, 
Svmphyandra 
Gadeiia 
Roucela 
Tracheijum 
Musschja 
HYPOTII ELID/COT 

HFg.60. TsiseIfloe dilodlogroms oil the Companuunlleoe (IPollllenii subset). 4 frees wllnfldllri were < (or = 
) 2 symmetric-difference nnnutrroniui Tree NoJ were saved from 6 trees. 
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Strict Semistrict 
Adewphora Adenophora 
Asyneuma 75 	

Azorino 
Azorma Campanuin 
Campanula Asyneuma 
Camparnilastrum Camparnilastrum 
EdraiapzthlLc Edraianthus 
Gadeiia Gadellia 
GiI/wps,s Githopsic 

FE Hanabiscaya 10 	
Nanabusaya 

Legousia 25 	
Lego&csia 

Homocodon 10 	 Prismatocarpus 
Peracarpa 	 loc Honiocodon 
Prismatocarpus Peracarpa 
Isophylla Isophylla 
laslone Jasione 
Micha&uia Michawria 
Miscschia lWussc/ua 
Phyte&cma Phyte&cma 
Physopkxsis Physoplexis 
Rapwscithsc Rapuiscithsc 
Roucela Roucela 
Symphyandra Symphywidra 
Trachelàvn Tracheli,s,'n 
HYPOTH EUDIOT HYPOTH.EUDIC'OT 

Majority rule 	 Adams 
Adenop/wra 	 Adenophora 

75 	
A.zorina 	 Azorina 
Campanula 	 Campanula 
Asyneuma 	. 	 Asyneuma 
Camparudastrum 	 Rapun cu/ui. 
Edraianthus 	 Jaswne 
Gadeiia 	 Campanu/astrum 
Githopsis 	 Phyteuma . 

100 	
Hanahusaya 	 . 	 Physoplexis 
Legousia 	 r- Githopsis 

100 	 I 75 	iiomocodon 	 -- Hanabusaya 
100 Peracarpa 	 L. Legousia 

Prismatocarpus 	 Homocodon 
Isophylla 	 Peracarpa 
Jaswne 	 Prismatocarpus 
Mkhazaia 	 Symphyandra 
Musschia 	 Edra/anthus 
Phyteuma 	 Gade/lia 
Physop/exis 	 Isop/iylla 
Rapunculus 	 Roucela 
Roucela 	 Michauria 
Symphvandra 	 Musschia 
Trache/iwn 	 Trachellum 
HYPOTHEUDICOT 	 HYPOTH El/fl/cOT 

Ffig.61. 1asellãoe dlladognams off the C uiuparrnimlleae (Poll.Reasubset). Consensus trees from 4 
saved trees. 
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IFfig.62. BaseRine eBadogiram oil the CampanuReae (Seeds 	et). A sünnglle hee was obtained. 
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7.2.6.3 The Pllaycodoniieae subset 

The Flowers and Fruits subset for the Platycodoneae yielded 13 trees (Fig. 63), 4 of which 

were saved. These were chosen arbitrarily and were < (or =) 2 symmetric-difference units 

from tree No. 11. The 4 trees had a length of 1356 and a CI = 0.617. The data set was 

constructed from 23 characters (25 excluded), 3 of which were unordered. 35% had a CI> ( 

or = ) 0.750, while 26% (No.s 4, 5, 7, 12, 38 and 47) had a C1 = 1.000. The trees are all fully 

resolved and very symmetrical. The colporate genera Campanumoea, Cyclocodon and 

Canarina form a dade in all four trees and are basal. Cyananthus forms a dade with 

Leptocodon in all 4 trees as does Musschia with Plalycodon. Consensus trees were obtained 

and are shown in Fig. 64. (see also Consensus Indices in Table 26.). Both Strict and 

Semistrict are completely unresolved except for the dade comprising Cyananthus and 

Leptocodon (100%). In the Majority Rule Consensus Campanumoea, Canarina and 

Cyclocodon have a value of 62% while the dade formed by all other taxa occur in 100% of 

the trees. Within this dade Musschia and Plalycodon have a value of 85%. An unrooted 

bootstrap consensus (Fig.65) gave strong support (70%) for the dade (No. 2) formed by 

Codonopsis, Cyananthus, Leptocodon, Echinocodon, Pseudocodonopsis, Plalycodon and 

Ostrowskia. Rather weaker support (56%) was given to an enlarged dade (No. 1) which had 

Canarina as basal to the above-mentioned taxa, and to the subclade (No.3) which comprised 

Cyananthus and Leptocodon. 

The Pollen subset for the Platycodoneae yielded 38 trees, 4 of which were saved (Fig.66). 

These were chosen arbitrarily and were < (or =) 3 symmetric-difference units from tree 

No.38. The 4 trees had a length of 432 and a CI = 0.875. The data set was constructed from 

just 6 characters (11 excluded), 2 of which were unordered and 2 were irreversible. 83% of 

the characters had a CI> (or =) 0.750 while 50% (No.s 4, 14 and 15) had a CI= 1.00. The 

trees are fully resolved but not very symmetrical. Cyananthus and Leptocodon are basal in 

all 4 trees while the latter form a sister group to all other taxa. Canarina forms a dade with 

Codonopsis in all 4 trees, as does Musschia with Platycodon. Pseudocodonopsis consistently 

separates from Codonopsis. Consensus trees were obtained (Fig. 67) which supports these 

results (see also Consensus Indices in Table 26.). The Strict Consensus shows Musschia 

with Platycodon and Canarina with Codonopsis. This is confirmed by the Majority Rule 
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Consensus which also gives 100% support to the dade comprising Echinocodon, Musschia, 

Platycodon, Ostrowskia and Pseudocodonopsis. Despite these results an unrooted bootstrap 

consensus (not shown) failed to provide any strong support for these clades. The highest 

values obtained were 52% for C lade No.1(40% support for Echinocodon with Plalycodon, 

and 40% for Canarina with Codonopsis). 

The Seeds subset for the Platycodoneae yielded 3 trees (Fig.68) with a length of 660 and a 

CI = 0.864. It was constructed from 9 characters (3 excluded), 1 of which was unordered. 

78% of the characters had a CI =1.000 (4,6,7,8,9,11 and 12). All 3 trees are fully resolved 

but considerably asymmetrical. Roella was consistently basal in all 3 trees while Cyananthus 

formed a dade with Codonopsis in 2 of the trees. A Strict Consensus (Fig.69) (see also 

Consensus Indices in Table 26) showed Roella to be basal to all other taxa but the remainder 

formed an unresolved polytomy. In the Majority Rule Consensus, Roella, as a basal taxon 

and sister taxon of the others, has a value of 100%. Likewise, at a higher level Platycodon is 

the sister taxon of Cyananthus, Codonopsis, Nesocodon and Leptocodon. An unrooted 

bootstrap consensus (Fig.70) gave 100% support for the dade formed by Platycodon and 

Leptocodon. 
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Campanumoea s..s. 

Canar/na 

Cyclocodon 

Codonopsis s. s. 

Cynonoilusc 

Leptocodon 
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IF5g.63. Bosellnne cOmdogirams oIl the Pllotycmflouneae (IFilowers & Fruits subset). 4 trees wQiiãdllii 
weire < (or = ) 2 syn 	trc-llfiiTeIreoce units fflirouiin tree No.1111 were saved from 113 trees. 
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Cyananthus 

Leptocodon 

Echmocodon 

P/atycodon 

Pseudocodonopsis 

Microcodon 

Musschia 

Ostrows k/a 

Microcodon 	 Himalcodon 

Ostrowskia 	 Cyclo(odon 

IJYPOTI!. EUD/COT 
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Ffig.64. 1aselliee dllaiilogrsinTris olF the Pllatycottlloneae (I?llowers & Fruits subset). Consensus 
trees from 4 saved trees. 
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Bootstrap 
Canarina 

Codonopss.s. 
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Leptocodoii 

Echinocodon 

PseudocodonopsLc 

Plalycodon 

Ostrowskia 

Cyclocodon 

Campanumoea s.s. 

IFüg.65. Bootstrap consensus ue ilbr the Plltyco1oniiee (IFDowers & Frwãts subset). Groups 
compatãllille with the 50% Majoa-ty Rwille consensus are afiso shown. Numbered traaglles 
refer to nodes wllri5clhi are niinennitoniiell in the text. 
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2/ 22 
Campanumoea Campanumoea 

Echmocodon Echthocodo 

Musschia Musschw 

P/at coda,, PlaIycodon 

Pseudocodonopsis Ostrows/da 

Ostrows/da Pseudocodonopsis 
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Leptocodon Leptocodon 

Cyanantlius 
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Cyananthus 
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36 38 
Camparnimoea Campanumoea 
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Pseudocodonopsis  

C'odonops,s Leptocodon 
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HYPOTH.E(JDICOT 	 HYPOTFI.EUDIC'OT 

I'flg.66. IBsisellinTle dllllogrsinuus off the PllaycoTlilonnee (lPorlleo snnllset). 4 trees which were < (or 
= ) 3 sy 	etrflc-dfireoe ununãts Itroimu tree No.38 were saved Troun 38 trees. 
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Echinocodon Echinocodon 

10 	10 

Miwchia Musschia 
0 

Platycodon Platycodon 0 

Ostrowskja Ostrowskia 
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Musschia 

Piatycodon 
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Pseudocodonopsis 

Canarina 

Codon ops  is 

Leptocodon 

Cyananthu.c 

u/YPOTH. EUDICOT 

TFflg.67. JBaseilune dllollogirams of the Thyxllouieae (Pollhleun subset).. Consensus trees of 4 
saved itaees. 
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Cyananihus 

Leptocodon 

Plaiycodon 

Nesocodon 

Roe//a 

IJYPOTH. EUDICOT 
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Codonopsis 

Cyananthus 

Nesocodon 

Leplocodon 
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Roe/la 

HYPOTH. EUDICOT 

3 	- 
Codonopsis 

Nesocodon 

Cyananthus 

Leplocodon 

Plalycodon 

Rod/a 

HYPOTH EUDICOT 

lFig.68. IBaselluinie efladograuns oil the Pliailycollo eoe(Seells subset). 3 trees were obtained. 
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Codonopsis 

Cyanan.rhus 

Leptocodon 

Nesocodon 

Platycodon 

Roella 

HYPOTH. EUDICOT 

Codonopth 

Cyananthus 

Nesocodon 

Leptocodon 

Platycodon 

Roe/la 

HYPOTH. EUD1COT 

Codonopsii' 

Cvananthu, 

Leptocodon 
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Platycodon 

Roe/la 

HYPOTH EtIDICVT 

lFãg.69. IBosellflune cRadogroms of the Plloycodooneoe (,Seeds subset). Consensus trees of 3 
sovefl trees. 
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Boazcirap 

lFfig.70. Bootstrap Consensus te Thir the Pllacll©gn 	(Seeds subset). Groups colllle 
with the 50% Majority I1nnlle consensusmire moso shown . 
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7.2.6.4 The WahRenbeirgene subset 

The Flowers & Fruits data subset for the Wahlenbergeae yielded 2 trees (Fig.71) with a 

length of 2262 and a CI = 0.698. It was constructed from 38 characters (20 excluded),4 of 

which were unordered. 34% had a CI> (or =) 0.750 while 16% (No.s 2, 11, 13, 15, 29 and 

39) had a CI = 1.000. Both trees are well resolved and highly symmetrical. Nesocodon and 

Heterochaenia are both basal and the latter genus is sister taxon of all the remainder. There 

are two major clades in each tree, one comprising Roella, Prismatocarpus and closely 

related South African endemic genera plus the putative outgroups such as Legousia, 

Githopsis and Edraianthus. The other dade comprises Wahienbergia , Berenice and other 

South African endemic genera such as Microcodon, Merciera, etc., plus putative outgroups 

such as Trachelium, Feeria, Jasione and Musschia. The two trees differ mainly in the 

arrangement of groups within the latter dade. The Strict and Semistrict Consensus trees 

(Fig.72) (see also Consensus Indices in Table 26.) hardly improve the situation by each 

producing producing a polytomy within which the grouping of Feeria, Merciera and 

Theilera remains unresolved. A pruned bootstrap consensus tree (with putative outgroups 

removed) is shown in Fig.73. Bootstrap p-values of 53% were found for dade No. 1, 62% for 

dade No.2, 74% for dade No.3, 64 6/o for dade No.4 and 87% for dade No.5. 

The Pollen data subset for the Wahlenbergeae yielded 372 trees, 4 of which were saved 

(Fig.74). These were chosen arbitrarily and each was <(or =) 4 symmetric-difference units 

from tree No. I. The length of the 4 trees was 328 and the CI = 0.963. The dataset was 

constructed from only 5 characters (12 excluded), 2 of which were unordered and 1 was 

irreversible. All characters had a CI> 0.750 while 80% (No.s 5, 6, 10 and 16) had a CI = 

1.000. The 4 trees are well balanced but contain a few polytomies, particularly the dade 

comprising Heterochaenia, Musschia, Nesocodon, Prismatocarpus and Roella. Githopsis 

and Legousia consistently formed a single dade while a basal position varied between the 

bulk of the genera and Edraianthus (tree 1 and 147), Trachelium (tree 138) or Gunillaea 

(tree 280). Semistrict and Majority Rule Consensus trees (Fig.75) (see also Consensus 

Indices in Table 26.) gave a support value of 75% for the dade comprising Githopsis, 

Legousia, Ifeterochaenia, Musschia, Nesocodon, Prismatocarpus, Roella, Wahienbergia 
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and Jasione. A pruned bootstrap consensus tree (not shown) failed to provide any support 

for these clades. 

The Seeds data subset for the Wahlenbergeae yielded 32 trees, 5 of which were saved 

(Fig.76). These were chosen arbitrarily and each was <(or =) 3 symmetric-difference units 

from tree No. 15. The length of the trees was 1260 and the CI = 0.88 1. The data set was 

constructed from 9 characters (3 excluded), all of which were ordered. 89% had a CI> (or = 

) 0.750 while 44% (No.s 4, 6, 7 and 11) had a CI = 1.000. The trees are not well balanced 

and 2 (No.s 6 and 10) have minor polytomies. Craterocapsa and Roella are most 

consistently basal, while Musschia and "Helenacodon" also remain close to the outgroup 

(HYPOTH-EUDICOT). Edraianthus forms a a dade with Trachelium in all 5 trees. The 

consensus trees (Fig.77) (see also Consensus Indices in Table 26.) show 100% support for 

the dade formed by Roella and Craterocapsa and by Edraianthus and Trachelium. A pruned 

bootstrap consensus tree (Fig.78) gave considerable support for several of these minor 

clades. Clade No.1 had a p-value of 81% while dade No.2 had a p-value of 74%. 

These baseline cladograms have yielded a series of descent patterns based on the hierarchic 

distribution of characters in the three data sets. These patterns show varying degrees of 

concordance with the patterns obtained in the phenetic analysis. Some of the groupings 

obtained by cladistic means show striking similarities with phenetic results while others are 

rather poor, particularly those obtained from the Pollen and Seeds data sets. This is not 

surprising given the very low numbers of characters used in the construction of the 

cladograms. By analysing subsets of data based on the three traditional tribal groupings a 

somewhat improved resolution was obtained but the problem of a high taxa:character ratio 

remained. Pruning these data sets still further for bootstrap consensus trees only marginally 

improved the situation. In conclusion of this section, these baseline studies have provided 

data which will be integrated with the results from molecular studies and component 

analysis. Further manipulation and testing of the data and results (such a iterative weighting, 

T-PTP tests and selective removal of poorly scored taxa) could possibly provide further 

support for selected clades in a phylogenetic construction. In addition the combining of 

datasets could provide better phylogenetic signal. 
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Beren ice 
CephaIosnc'ma 
Wahknberg/a 
Peer/a 
Jas/one 
Musschia 
Trachelium 
Merciera 
The//era 
iWicrocodon 
Rhigiophylluni 
Sq'/wcodon 
Cralerocapsa 
Edraiimth&s 
Githopsis 
Legousia 
Guni/aea 
Nawdacodon 
PrismaJocarp&s 
Treichelia 
Roella 
Heteroc/wen/a 
Nesocodon 
HYPOTFI. EUDICOT 

Beren/ce 
CephaIosiima 
Wahknbergia 
Feer/a 
Mere/era 
Jas/one 
Mussthia 
Trachel/um 
Theilera 
M/crocodon 
RhiqiophyUum 
Siphocodon 
Craterocapsa 
Edra/anthus 
Githopsis 
Legousià 
Gun i/Iaea 
Namacodon 
Pncmatocarpus 
Tre/chelia 
Roe/la 
Heteroc/iaenia 
Ne.vocodon 
HYPOTI-I. EUD/COT 

IFfig.71. 1Basellgrie dllaflogirainiiis ofl the W nil ili'engeae (1FilWeirs & Fruits subset). 2 frees weire 
olbtaflirnenil. 
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Strict 
Berenice 
CephoIo.ctima 
Wahknberg Ia 
Feerw 
Jas/one 
/Wussch/a 
Trachelusm 
Merciera 
Theikra 
Microcodon 
Rhi'iophyllwn 
Sqhocodon 
Craterocapsa 
Edraianm,ss 
Githopth 
Legousia 
Gunillaea 
Namacodon 
Prismatocarpus 
Treichelia 
Roella 
Heteroc/,aenja 
Nesocodon 
HYPOTH. EUDICOT 

Semistrict 
Berenice 
Cephalos/igma 
Wahknberg/a 
Peer/a 
las lone 
Musschla 
Trachelium 
Merciera 
Theilera 
Microcodon 
Rhigiophyllum 
Siphocodon 
Craterocapsa 
Edra/ant/rus 
Giihopsiv 
Legousia 
Gunil/aea 
Namacodon 
Prismarocorpus 
Tre/che/ja 
Roella 
Heteroc/,aen,à 
Nesocodon 
IIYPOTH. EUD/COT 

lFñg.72. 3aselle enadogirams o1! the Willllennllefrg2e .(IFlloweirs & Fruits subset). Consensus 
trrees from 2 saved trees. 
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Beren ice 

Microcodon 

Rhiqiophyllum 

Saphocodon 

Merciera 

Theilera 

Prismatocarpus 

Nwnacodon 

Treichelia 

Gwzi&gea 

Roe/la 

Nesocodon 

Fleierochaenia 

Wahkabergia 

Craterocapsa 
Bootstrap 

IF'fig.73. Bootstrap consensus free flou the Waftnlleiinlleirgec (Mowers & Franks subset). Groins 
coniiqatãthlle with the 50% Mcjorãily I1unllc cc ecsuiis are Aso shown. Ninon[beiretll tiriasiglles 
refer to nodes mentioned in llne text. 
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Edraürnthuj. 

Giihop.ic 

Legousui 

I-Ieierochaerna 

Musschia 

Nesocodon 
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Roe/la 
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Jas/one 
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Edra/anthus 
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Legousia 

Gunillaea 
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Musschia 
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Roella 

Wahienbergia 

Jac/one 
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Trachelium 

FIYPOTH.EUDICOT 

/38 

280 147 
Edra/anthus 

Githopsis 

Legousia 

Helerochaen ía 

lWussch,à 

Nesocodon 

Pri:cmatocarpus 

Roeia 

Wahienhergia 

Jasione 

Trache/jum 

Gunilaea 

Namacod(rn 

HYPOTH. EUDICOT 

Edraianthus 

Githops/s 

Legousia 

Heterochoenja 

klusschia 

Nesocodon 

Prismaiocarpu.s 

Roe/k 

Wahien berg/a 

Jaswne 

Namacodon 

Trache/jum 

Guni/aec 

HYPOTII. EUD/COT 

Fflg.74. Basellürie diladogirams of the Wzlluillennllergeae (IP'oJllea subset). 4 trees wllnfidlli were < (or 
=) 4  symmetric-difference units from Tree Neil were saved from 372 trees. 
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Strict 
Edra/anthu. 

Githopsis 

LegolLthJ 

Gunillaea 
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75 
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Githopth 

Iegousia 
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10 	
Nesocodon 
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Prismatocarpus 	 Roe/la 

Roe/la 	 Wahienbergia 

Wahknberg/a 	 Jag/one 
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Trachelium 	 Trachelium 

HYPOTifEUDICOT 	 HYPOTH.EUDICOT 

Majority rule Adams 
Edra/anthus 

Githopsis 

Legousia 
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Muss chia 

Nesocodon 

Prismarocarpus 

Roe/la 
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Jas/one 

Gun/I/aea 

Namacod-rn 

Trachelium 

HYPOTH. EUD/COT 

Edra/anthus 
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Legousia 

Heterochaen/a 

Mussch/a 

Nesocodon 

Pricmatocarpus 

Roe/la 

Wah/enberg/a 

Jas/one 

Namacodrrn 

Guni/aea 

Trache/à,m 

IIYPOTH EUDICOT 
11 

Fg.75. 	Baseilfirnie dlladogrnis olT the Wallnllerinbeirgeae (ll 1'olllleun subset). Coanseimsiuis trees ot 4 saved trees. 
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6 
{ 	,4zoruza 

Edraianthi 

Tracheliwn 

V/ahk,iberg/a 

Legoz&cia 

"Fen'zandez&ma" 

Githopsas 

Jas/one 

Nesocodon 

Miesschia 

"Heknacodon" 

Craterocapsa 

L Roe/la 

HYPOTH. EUDICOT 

/0 
Azor/na 

Edra/anthus 

Trachelium 

Legowsia 

Wahienberg/a 

"Ferna,uleziana" 

Jas/one 

Githops/a 

Nesocodon 

Musschia 

Craterocapsa 

Roe/la 
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HYPOTH. EUDICOT 
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[1 	

Azortha 

Edra/anthiss 

Trachehwn 

Legousia 

Wahienbergia 

"Fernandeziana" 

Jas/one 

Githopsis 

Nesocodon 

Musschia 

"Helenacodon" 

r Craterocapsa 

L Roe/la 

HYPOTH EUDIOT 

15 
Azorina 

Edra/anthus 

Trachelium 

Legousia 

Wahienbergia 

"Fernandeziana" 

Jasione 

Githopsis 

Nesocodon 

Muss chia 

"I-lelenacodon" 

Crateroçapsa 

Roe/la 

HYPOTH. EUDICOT 

IFflg.76. Baseline cEmdogirmms oT the Wallnllealbeirgeae (Seeds subset). 5 trees wllidlln were < (or 
= ) 3 symmetric-dllffllèrersce oats from Tree No.115 were saved from 32 trees. 
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Azorma 

Edrawnihus 

Tracheliuni 

Legoz4sia 

Wahknbergia 

"Fernandeziana" 
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Nesocodon 

iWusschia 
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Craterocapsa 
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Sine! 
4zorma 
Edraianthus 
Trachelium 
Legousia 
Wahknbergia 
"Fernaj'zdezia,,a' 
Githopses 
Jasione 
Nesocodon 
M&csschia 
Craterocapsa 
Roe/la 
"Ilelenacodon" 
HYPOTH. EUDICOT 

Semistrici 
Azorina 
Edraianthus 
Trachelium 
Legousia 
Wahknbergia 
"Fernandeziana" 
Jasione 
Githopsis 
Nesocodon 
Musschia 
Craterocapsa 
Roe/la 
"Hekaacodon" 
HYPOTH. EUDICOT 

Majority rule 
Azorina 
Edraianthus 
Trachelium 
Legousia. 
Wahknbergia 
"FernandEziana" 
Jasione 
Githopsis 
iVesocodon 
Musschia 
"I-le/enacodon" 
Craterocapsa 
Roe/la 
FIYPOTH. EUDICOT 

Fflg.77. Iasellae diladograirns oil' the Walllleunbergeae (Seeds subset). Consensus trees off 5 
saved trees. 
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Craterocapsa 

Roe/Ia 

"Heknacodon" 

Wahknhergia 

Nesocodon 

"Fernanrleziima" 

Boo/strap 

TFg.78. Bootstrap consensus tree Tor the Wallnlletmbe!rgeae (Seeds subset). Groups compotblle 
wãtllui the 50% Majority Ruiille consensus mire Aso shown. Numbered trfiaunglles refer to the 
oodles mentioned in the text. 
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Table 25. Tree lengths and consistency indices (Baseline Analyses) 

____ 
Flowers and Fruits - full set 5576 	0.602 	0.831 	0.682 	0.410 
(Campanulaceae)  

Flowers and Fruits - subset 1 3288 0.662 0.775 1 0.655 0.434 
(Campanuleae)  

Flowers and Fruits - subset 2 1356 0.617 0.586 0.640 0.395 
(Plat  ycodoneae)  

Flowers and Fruits - subset 3 2262 0.698 0.718 0.639 	1 0.446 
(Wahlenbergeae)  

Pollen - full set 1260 0.852 0,768 0880 0.7-50 
(Campanulaceae)  

Pollen - subset 1 642 0.903 0.695 0.956 0.863 
(Cam pan uieae)  

Pollen - subset 2 432 0.875 0.694 1 0.795 0.696 
(Platycodoneae) 

Pollen - - subset 3 328 0.963 0,646 0.983 0.947 
(Wah lenbergeae)  

Seeds - full set 4622 0.886 10.924 	1 0.788 0.698 
(Campanulaceae)  

Seeds - subset 1 3949 	1  0.877 0.99 	1 0.762 	1 0.668 
(Campanuleae)  

Seeds - subset 2 660 0.864 0.545 0.793 	0.685 
(Platycodoneae)  

Seeds - subset 3 1260 o.881 0,793 0.801 	0.705 
(Wahlenbergeae)  
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Table 26. Consensus Indices (Baseline Analyses) 

I!Ii' SET rNr 	Uns 	kji 	 W 	ilW  
F.&F.(subset P) S 0.333 	0.286 	0.367 	0.418 	0.372 	1 16.643 
F.&F.(subset P) MR 0.833 	0.690 	0.622 	0.533 	0.939 	27.501 
F.&F.(subset P) A 0.500 	0.429 	0.465 	JO.453 	0.473 	22.596 
F.&F.(subset W) S 0.909 	1 0.561 	1 0.549 	0.465 0.949 	62.695 
F.&F.(subset W) A 0.955 	0.583 	0.564 	0.468 0.971 	64.305 

Pollen (subset C) S 0.136 10.061 10.116 0.134 0.115 	18.305 
Pollen (subset C) MR 0.227 0.083 0.135 1 0.136 0.133 	25.746 
Pollen (subset C) A 0.409 1 0.295 0.331 0.319 0.385 	48.231 
Pollen (subset C) CC 0.227 1  0.098 0.142 0.138 0.140 	25.746 
Pollen (subset P) S 0.778 10.640 0.685 0.673 0.750 18.103 
Pollen (subset P) MR 0.889 0.760 0.833 0.842 0.925 19.201 
Pollen (subsetW)S 0.333 0.262 0.289 0.286 0.301 15.796 
Pollen (subset W) A 0.417 0.357 0.400 0.409 0.425 19.629 
Pollen (subset W) C( 0.417 10.381 0.389 0385 [()411 19 .292 

Seeds (subset P) S 0.400 0.333 0.550 0.7 14  0600 	4 95 
Seeds (subset P) MR 1.000 1.000 1.00o 1,0o0 1 000 	9.249 
Seeds (subset P) A 0.800 0,667 0.800 0 .829 0.800 	8 . 1 50 
Seeds (subset W)S 0.667 0.643 0.611 0.588 0.681 	24.793 
Seeds (subset W)MR 0.917 0 929 	1  0.856 0.813 0.971 	28.600 
Seeds (subset W) CC 0 750 0.786 0.689 0.646 0.768 	25.892 
S =Strict Consensus 	MR = Majority-Rule 	A 	Adams 2 	CC 	Combinable Component 
(Ic = Consensus Fork Index 	Om 	Mickevich's Index 	Pm = Colless weighted consensus fork 
(1sf = Schuh-Farris Levels Sum Index 	(1(1) & (1(2) = Rohlfs Consensus Indices, I & 2 
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7.2.7 Combined Cliidistic Anallysis 

The data sets for Flowers & Fruits, Pollen and Seeds were combined into a grand data set 

(Combined.DAT) using a reduced set of 49 taxa and a total of 67 characters. Uninformative 

characters were excluded and all characters were unweighted. The parameters used for the 

baseline searches were again used for the combined sets. Subsets of the Campanuleae, 

Platycodoneae and Wahlenbergeae were also constructed using this combined character set. 

The results for the combined data set of the Campanulaceae (Fig.79) agree with the baseline 

cladogram of the flower & fruits data in that it yields a small basal monophyletic dade 

consisting of Canarina, Cyclocodon and Campanumoea. There is more resolution among 

the taxa of the Platycodoneae compared to the baseline cladogram and the taxa are closer to 

each other. However the Platycodoneae do not form a single monophyletic group. 

Cyananthus and Leptocodon form a minor dade as do Platycodon, Pseudocodonopsis and 

Echinocodon. Unlike the baseline cladogram, Ostrowskia does not link up with Plalycodon. 

The clades formed by Canarina, Campanumoea and Cyclocodon, and Echinocodon, 

Platycodon and Pseudocodonopsis were confirmed by the results of the subset searches 

(Figs.81-82). Codonopsis and Cyananthus were, sequentially, sister groups to all other taxa 

(other than the dade which included Canarina). Ostrowskia was the sister group of the dade 

which included Echinocodon, Plalycodon and Pseudocodonopsis, while Leptocodon, 

surprisingly did not link with Codonopsis but formed a dade with the outgroups Musschia 

and Microcodon. 

The Wahlenbergeae show more resolution in the combined analysis and their position on the 

cladograms (Figs.83-84) as well as the minor clades formed by the taxa agree much more 

closely with traditional arrangements in comparison with the baseline analysis. Nesocodon 

forms a minor dade with Roella and Craterocapsa and this is the most basal, dade for the 

Wahlenbergeae. Wahienbergia is the sister group of all the remaining taxa which show a 

mixing of traditionally "wahlenbergioid" taxa with "campanuloid" taxa. The remaining taxa 

are largely divided into two major clades. In the smaller dade Microcodon, Rhigiophyllum 

and Siphocodon form a sister group of the remaining taxa. Berenice forms a a dade with 

Heterochaenia (and surprisingly with Peracarpa), while Merciera and The ilera collectively 

form the sister group of Feeria, Legousia, Trachelium, Jasione and Musschia. In the larger 
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dade Adenophora and Azorina form the sister group of the remaining taxa. Githopsis, 

Gunillaea, Namacodon and Prismatocarpus form the next sister group of the residue of 

"campanuloid" taxa and the lone "wahlenbergioid" genus Treichelia which also forms a 

minor dade with Triodanis. The Campanuleae in the combined analysis (Fig.80) are 

divided into two broad groupings which is much in accord with the baseline analysis as well 

as the phenetic analysis. The dade which includes Musschia, Jasione, Feeria, Legousia, 

Peracarpa and Trachelium is the sister group of the larger dade which includes Campanula 

and its closest allies. The most basal dade is that formed by Azorina and Adenophora and 

this is the sister group of all remaining taxa in the larger dade. Not surprisingly 

Petromarula, Asyneuma, Phyteuma and Physoplexis form a monophyletic group (with 

Rapunculus as the sister group) as do Hanabusaya, Symphyandra, Michauxia and 

Zeugandra, and Heterocodon with Homocodon. 
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Berenice 
Edraianthu., 
Feeria 
las lone 
Trachelium 
Merciera 
The//era 
Gil/zaps is 
Legousia 
Guniliaea 
Namacodon 
Prismatocarpus 
Treichelia 
Microcodon 
Rhiçiophyllum 
Sq,hocodon 
Wa/ilenbergia 
M,scschia 
Platycodo,z 
Craterocapsa 
Roe//a 
Heterochaenia 
Nesocodon 
HYPOTFI. EUDICOT 

Beren ice 
Edraianthus 
Feeria 
Jas/one 
Trac/,elàqm 
Merciera 
The//era 
GithopsLc 
Legousia 
Gunillaea 
Namacodon 
Prisrnatocarpus 
Treicliel/a 
Microcodon 
Rhigiophyllum 
S40/wcodon 
Musschia 
Plaiycodoz 
Craterocapsa 
Roe//a 
Fleterochaenia 
Nesocodon 
Wahienbergia 
HYPOTH. EUDICOT 

3 
Berenice 
Musschia 
Heteroc/zaenja 
Microcot/on 
Rhigiophy//um 
Siphoc odon 
IVe.wcodon 
Wah/en berg ía 
Craterocapsa 
Rhella 
Edraitrnihu. 
Feeria 
Jasii-rne 
Trachelium 
Merciera 
The//era 
Githopsis 
Legousia 
Gunillaea 
Namacodon 
Prismatocarpus 
Treichelia 
P/alycodon 
IIYPOTH. EUDICOT 

Berenice 
Edra/anthus 
Feeria 
Jas/one 
Trachelium 
Mere/era 
The//era 
Githopsis 
Legousia 
Gu,zi/laea 
Namacodon 
Prismatocarpus 
Treichelia 
Microcodon 
Rhigiophyllum 
Siphocodon 
Wahienhergia 
Muischia 
Plalycodon 
Cralerocapsa 
Roe//a 
Nesocodon 
Heteroc/zaenia 
HYPOTH EUDICOT 

IFãg.3. Combined d2zdograms ffbr the W2llhl0eathergeae (subset). 4 trees were obtained. 
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Sir/ct 
Berenice 
Craterocapsa 
Rae//a 
Edra/anthus 
Feeria 
Jasione 
Tracheliwn 
Merciera 
Theilera 
Githopsis 
Legousia 
Gunil/aea 
Namacodon 
Prismatocarpus 
Treichelia 
Neterochaenia 
Microcodon 
Rh:gsophylhtni 
Sq,Iwcodon 
Musschia 
Nesocodon 
Plalycodon 
Wa]ile,zbergia 
HYPOTH. Et'DICOT 

Majority rule 
Berenice 
Edra/anthus 
Feeria 
Jas/one 
Trac/je/him 
Merciera 
The//era 
Githopsis 
Legousia 
Gunilaea 
Namacodon 
Prismatocarpus 
Tre/che/ja 
Microcodon 
Rhigiophyllum 
Siphocodon 
Craterocapsa 
Reel/a 
Hei'erochaen Ia 
Nesocadon 
Muschia 
P/atycodon 
Wahienhergia 
HYPOTH. EUDICOT 

Fig-04. Combined ckdogrzms ffbr the Willnllenibergea (subset). Consensus trees oil 4 saved 
trees. 	 - 
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7.3 MoRecukir Stin 

"Detailed understanding of an organism will only be achieved when every gene has been identified and its 
transcript and the timing of transcript synthesis known." 

"An understanding of evolution will require comparative analysis of entire genomes rather than individual 
genes." 

S. B. Primrose, 11995 

7.3.1 IntTodliinctflon 

Many of the taxa used in this study could, by orthodox opinion, be considered as valid 

genera. At most, some of the taxa would probably be more acceptable as subgenera or 

sections of genera. However, there is little or no evidence of equivalency between these taxa 

and the criteria used to establish rank cannot be applied generally. There are neither generic 

exemplars within the Campanulaceae nor known rates of evolution within different lineages. 

In the selection of a gene which will display sufficient polymorphism between taxa and 

generate useful phylogenetic signal it is necessary to select one which is not too conservative 

in its evolution and which will allow the discrimination of taxa at the lower levels of the 

taxonomic hierarchy. The rbcL gene was considered and rejected as too conservative. It was 

also rather large for manual sequencing techniques which were, by necessity, the only 

methods available when this study commenced. RbcL sequences for a small number of taxa 

have already been obtained for the Campanulaceae (Cosner et al., 1994 ) and it is to be 

hoped that the number of such sequences will increase. This will be most desirable in 

elucidating the relationships of the higher taxa, particularly at the tribal level, and will be 

useful in congruence studies with other genes or spacers such as ITS. There is some 

evidence to suggest that there is conflict between cpDNA and other lines of evidence 

(Rieseberg & Soltis, 1991). 

For the genera of the Campanulaceae, a gene, or region of DNA which is easily amplifiable, 

rapidly evolving and unambiguously alignable was required. Examination of the results of 

Baldwin (1992, 1993a, 1993b, 1994) suggested that the most suitable region of DNA could 

be the internal transcribed spacers (ITS) of the 18S-26S nuclear ribosomal DNA (nrDNA). 

The ITS region comprises the ITS1 spacer, the 5.8S subunit and the ITS2 spacer (See Fig. 

85). This region forms part of the transcriptional unit of nrDNA but the spacers are not 

incorporated into the mature ribosomes. The mature cytoplasmic 18S, 5.8S and 26S rRNAs 
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are cleaved from a larger precursor, the 37S45S nRNA (Venkateswarlu & Nazar, 1991). 

The spacer regions appear to partly function in the maturation of nrRNAs. Vedman el al. 

(1980; 1981) have shown that the deletion of the spacer regions can prevent the 

accumulation of mature ribosomal RNAs, while the studies of Nazar et al. (1987) suggest 

they maintain processed sites in close proximity. Therefore, although the ITS region is less 

conservative that its flanking coding regions, it is not without some evolutionary constraints. 

For extensive discussion of the utility of the ITS region in the reconstruction of angiosperm 

phylogeny, see Baldwin et al. (1995). 

ITS5 Primer 

18S 	 ITS 	 5.8S 	 ITS 	 26S 
Nuclear 	 1 	Nuclear 	 2 	Nuclear 
rJY ' 	 rDNA 	 rDNA 

11S4 Primer 

ITS Region 

Fig. 85. Diagram of the ITS region of nuclear ribosomal 18S-26S DNA tandem repeat units. 
The small arrows indicate the primer sites. 

The ITS region possesses several important properties which make it favourable for use in 

molecular systematic studies. It is highly repeated within the nuclear genome at multiple loci 

(Rogers & Bendich, 1987) and thus facilitates easier amplification and sequencing. The 

small size of the ITS region (< 654 bp in the Campanulaceae) and the highly conserved 

flanking subunits makes it relatively easy to amplify and for many angiosperm families even 

herbarium material can be used (although the Campanulaceae are recalcitrant in this latter 

respect). Most importantly, this multigene family is subject to concerted evolution via 

unequal crossing-over at meiosis and thus undergoes a homogenisation process. This is vital 

if these tandem repeats are to be useful in the reconstruction of phylogenetic relationships. It 

is considered that the homogenisation is so complete and so rapid that pooled DNA from 

several independent samples can be used (Baldwin et al., 1995) and that intrapopulation 

sampling may be minimised. The possibility that divergent paralogues (ie. those ITS 

regions at different chromosomal loci) remain should not be overlooked (Sanderson & 



Doyle, 1992). Usually this kind of intragenomic variation or misreplication (usually one 

indel) can be detected fairly rapidly in direct sequences and can be seen clearly on automated 

sequencer electropherograms. For this study of ITS variation in the Campanulaceae the 

presence of paralogues was not considered to be a major problem although the small sample 

sizes and the possibility of such products being sampled must be borne in mind. The Tbr 

polymerase used in the amplification reactions has a very low error rate and thus the signal 

for the correctly replicated sequences will predominate (see Baldwin, et al., 1995). 

7.3.2 Genoitnic DNA extraction and ipuriffication. 

Fresh leaf tissue was obtained from living plants cultivated at ICMB (University of 

Edinburgh) or the Royal Botanic Garden Edinburgh (RBGE). Identification to the generic 

level was straightforward but, in a few instances, identification to the species level proved 

more problematical and the sample was then labelled with the specific epithet "sp." Voucher 

specimens were prepared for all the material analysed (see Appendices). Where possible, 1-3 

g of fresh leaves from each sample were used in preference to dried herbarium or field 

collected material since it was determined empirically that these yielded qualitatively better 

DNA. For some samples, material collected in the field and stored on silica gel (Chase & 

Hills, 1991) was used. Ideally, the leaves were undamaged, free from fungal attack and 

relatively young since, in this condition, the highest yield of genomic DNA was usually 

obtained. The leaves were gently washed with sterile water and dried on lint-free tissue and 

the weight assessed on a bench balance. They were then placed in aluminium foil and 

plunged into liquid nitrogen for about 15 minutes before being ground in a mortar. The 

grinding process was aided by a pinch of fine acid-washed sand and the sample was kept 

frozen by the addition of small quantities of liquid nitrogen. The mortar was previously 

cooled by placing it in a -20°C freezer for about 30 minutes before use in order to prevent it 

cracking when the liquid nitrogen is added. Also, prior to the grinding, 1-several (depending 

on the number of samples) labelled 50m1 centrifuge tubes containing 25m1 of Doyle & 

Doyle 2xCTAB Isolation Buffer (Doyle & Doyle, 1987) and 50tl of 2-mercaptoethanol 

were placed in an incubator at 65°C for about 30 minutes. Depending on the sample, various 

modifications to the basic D. & D. formula were used. The Campanulaceae proved to be 

particularly troublesome as far as contaminants such as polysaccharides were concerned. 
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Usually 14% PVP-40 was added to the isolation buffer and occasionally the CTAB was 

increased to 3%. Often these methods still proved ineffective and experiments on the purity 

of DNA extractions are still continuing. It is to be hoped that methods involving the use of 

diatomaceous earth and alcohol-free CTAB precipitation may prove more successful (see 

Murray & Thompson, 1980). Caesium chloride centrifugation was tried but proved to be 

ineffective as well as hazardous and time-consuming. As a routine method it was quickly 

abandoned. 

When the samples were finely ground they were quickly tranferred to the centrifuge tubes, 

sealed and gently agitated for about 20-30 seconds before being placed in the incubator at 

65°C for another 30 minutes. After this time 25ml of SEVAG (Iso-amyl alcohol: Chloroform 

in the ratio 1:24) was added to each sample. The tubes were gently agitated to ensure 

adequate mixing and placed on a rotary agitator at room temperature for 30 minutes after 

which they were centrifuged in a Mistral 2000 benchtop centrifuge at 3600 rpm for 5 

minutes. The supernatant aqueous layer was removed using a wide-bore pipette and the 

contents placed in a new labelled sterile 50 ml centrifuge tube. Usually the yield at this stage 

was about 20-25 ml. Care was taken to ensure that no contaminating fragments of the 

sample were transferred with the supernatant. To each sample 1 volume of 100% 

isopropano! (kept at -20°C) was added and the contents gently mixed. At this stage long 

threads of precipitated DNA were usually visible. However, not infrequently the precipitate 

was finely particulate or not visible and the tube had to be placed in a freezer at -20°C to aid 

precipitation. The samples were then centrifuged again at 1000 rpm for 3 minutes and the 

excess liquid poured off. Each tube was inverted over dry lint-free tissue and allowed to 

drain for 1 hour-overnight and care was taken to ensure that the DNA pellets remained at the 

base of the inverted tubes. This latter stage was substituted by the use of a vacuum drier 

which dried the DNA pellets more rapidly and efficiently (1000 rpm at 25°C for 30 mm.). 

The DNA pellets were then transferred to a wash buffer (76% EtOH) for approximately 1 

hour and again drained and vacuum dried. They were then redissolved in sterile distilled 

water and placed in a refrigerator at -20°C until used. Initially the samples were stored in 
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1xTE and stored at 4°C but this may have contributed to amplification problems 

encountered during the PCR stage. 20p1 aliquots of each sample were diluted to 1.0 ml with 

distilled water and analysed by UV spectrophotometry using a Beckmann DU-64 

Spectrophotometer in order to obtain a crude measure of the total DNA concentation and 

quality. This can be assessed by the peak wavelength obtained (which should be A260) and 

the quality of the graph. The following formula was used to find the concentration of DNA 

in the stock solutions: 

DNA Canctratioini = 	2 x (A260 - A280) x 1000 
(i.tg/jll) 	 20 

At this stage a check was occasionally made for the presence of polysaccharide contaminants 

in the genomic DNA. 5M stock of NaCl was added to the samples to give a final 

concentration of 2M. Using a UV scan of A230-A320 the ratio of the values for A260/A230 

should be equal to or> 2.0 if polysaccharides are in low concentration. 

Ribonuclease A (RNA5e: Sigma Chemical Co.) was then added to each sample (10 mg/ml) 

and incubated for 30 minutes at 37°C. The samples were then diluted with 2 volumes of 

sterile distilled water and 7.5M ammonium acetate added to a final concentration of 2.5M. 

2.5 volumes of cold absolute EtOH were then added and gently mixed to precipitate the 

DNA. The samples were then spun again at 1000 rpm for 3 minutes and the EtOH poured 

off. They were then washed twice in 76% EtOH wash buffer and finally vacuum dried 

before being resuspended in sterile distilled water (usually 200tl-1ml). All samples 

redissolved in this manner were stored in a freezer at -20°C. When required, small aliquots 

(usually 5-10 .xl) of the samples were tested by electrophoresis using 1% agarose mini-gels 

and lx TAE buffer. 30-45 minutes at 80 V for a 1.5 litre electrophoresis tank was sufficient 

to obtain good mobility of the DNA across the gel. A standard DNA marker was also 

incorporated to assess to size of the DNA or any fragments. The gel was stained in ethidium 

bromide and examined under UV light. The performance of the RNAse could also be 

assessed at this stage. 
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7.3.3 Amplification and PCR (Polymerase Chain Reaction). 

The complete ITS region was required for analysis. The purity of the genomic DNA 

template often affects the ability of the target sequence to be amplified. Usually the 

concentration of DNA in the genomic template was between 50-250 p.gljil but for 

amplification of some samples the concentration of the template was determined empirically 

by a dilution series. Some samples required a concentration as low as 5-10 .ig/jil. A 50.0 jtl 

PCR mix was prepared for each sample. This mix was usually very close to the following 

formula but sometimes had to be varied depending on the sample: 

Table 27. Formula for PCR Mix used in the sequencing analyses 

I. Sterile distilled water 3 5. 55 
 lOx buffer (3mM) 5.0 
 dNTPs (10mM) 1.0 
 Forward primer (ITS5) 2.5 
 Reverse primer (ITS4) 2.5 
 Polythermase enzyme (Tbr *) 0.5 
 Cenomk template 3.0 

TOTAL 50.0 
TIi erin us broclt hill 115 

The thermal profile for each PCR run was usually determined empirically and rerun if 

necessary. Usually the optimal settings were as follows: 

Table 28. Thermal profile for PCR 

STEP  TEMP. OC SECONDS 	CYCLE 
Initial Denaturation 94.0 

1 )enatu ration 94.0 2 
Annealing 48.0 2 x 35 
Extension 72.0 20 __________ 

. 

5.FlEtc nsjon 72.0 	I 120 X I 

The amplifications were all completed on an Idaho RAPIDCYCLER (Idaho technologies) 

using manufactured oligonucleotides obtained from Oswell DNA Service and from Applied 
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Biosystems Division of Perkin-Elmer. The primer sequences were those of White et al. 

(1990) and are as follows: 

ITSS (foirwairdi): 5' GGAAGTAAAAGTCGTAACAAGG 3' (22) 

rll'S4 (revere): 5' TCCTCCGCTTATTGATATGC 3' 	(20) 

Several modifications (Yokota etal., 1989) to these basic ITS primers were kindly suggested 

by Dr. M. Möller (Royal Botanic Garden, Edinburgh) and were used successfully on some 

recalcitrant samples. These were as follows: 

IITSSTP (forward): 5' GGAAGGAGAAGTCGTAACAAGG 3' (22) 

ITS1? (rreveraa): 5' CACGCTTCTCCAGACTACA 3' 	(19) 

When each run was completed a small aliquot of each double-stranded amplicand was tested 

electrophoretically in the manner described above. A PCR marker (Sigma BioSciences) 

whose ranges included the size of the target sequence was included. If the band of DNA was 

the correct size (ie. in terms of the number Of base pairs and hence its migration on the gel) it 

was excised from the gel using sterile scalpels and placed in a fresh Eppendorf tube. Each 

sample was then cleaned using either Promega Wizard PCR Preps DNA Purification System 

(Promega Corporation) or the similar QlAquick gel extraction kits (Qiagen Ltd.) kits, eluted 

with sterile distilled water, and the final recovery concentration estimated using a GibcoBRL 

Low DNA Mass Ladder (Life Technologies). Ideally this was about 20-50 ng/pJ but 

frequently was as low as 5ng. This problem could often be alleviated by increasing the pH of 

the distilled water by using a small amount of 1xTE. The samples were then ready for the 

cycle-sequencing reactions. 
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7.3.4 Cycle-Sequencing 

For the cycle-sequencing reactions the ABI Prism Dye Terminator Cycle Sequencing Kit 

with AmpliTaq DNA Polymerase (Applied Biosystems Division of Perkin Elmer) was used 

and the amplifications were again carried out on the Idaho RAPIDCYCLER. 

Table 29. Formula and reaction conditions for cycle sequencing 

11fl1WIlIit llhIIflr .  

1 cumin atur Reath Reaction \ lix 6.0 jiL 
2 lCR product (10-30 nWp I.) 3.0-6.0 iL 

 Primer (3.2 pmoLi I . m ) 1.0 j_tL 
 dll:() as appropriate 

Total Iciutiiin '. oliimc 20.0 uL 

Reaction• 	Conditions  I 
Tinic 	 Temperatu re T 	C 

 30 seco n ds 96 0 C  
 15 seconds 50°C x 25 
 4 minutes 60°C 1 

4 Huh) 4°C 

Each reaction was then subjected to ethanol precipitation. The entire 20 PL contents of each 

Eppendorf tube from the cycle-sequencing stage were transferred to a fresh 0.75 mL tube 

containing 2 pL of 3M Sodium acetate (pH 4.6) and 50 tL of 95% ethanol. This was briefly 

vortexed and placed on ice for 10 minutes before being centrifuged at 13000 rpm for 20-30 

minutes. The ethanol solution was then carefully aspirated with a micropipette and the pellet 

was rinsed with 250 1iL of 70% ethanol. This solution was again carefully aspirated to 

remove as much as possible before the pellet was dried in a vacuum centrifuge for about 10 

minutes. The dried pellet was then supplied to the automated sequencer technician for the 

sequencing runs. The machine used was the ABI 377 Prism Automatic DNA Sequencer 

Perkin Elmer, Applied Biosystems Division). For each taxon, forward and reverse reactions 

were obtained. The sequencing primers were those used in the PCR amplification reactions. 

The results were saved to floppy disks both as text files and as electropherograms which 

could be viewed and edited using the Apple Mackintosh programs such as ABI PRISM and 

SEQUENCE NAVIGATOR. 
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7.3.5 Alignment and homology. 

The underlying assumption when two or more sequences are being compared is that they are 

homologous. If they are not homologous then it is not legitimate to try to extrapolate 

phylogenetic signal from them. If they are homologous they must first be aligned in order to 

maximise their homology and before any differences in the compared sequences can be 

scored. The resultant trees obtained from sequence data are only as good as the alignment. It 

is therefore crucial that the best alignment possible be obtained. To align a pair of sequences 

one must firstly know the boundaries of the sequences to be aligned and secondly have some 

criterion of optimality with which to evaluate the alignment. There are complete ITS 

sequences published for more than twenty angiosperm families (Baldwin, et al. 1995) but 

none for the Campanulaceae or its most closely allied families. The boundaries for the ITS 

region were obtained by comparison with published ITS sequences of Nicotiana rustica: 

Solanaceae (Venkateswarlu & Nazar, 1991), Krigia: Asteraceae (Kim & Jansen, 1994), 

Madiinae :Asteraceae (Baldwin, 1992) and Gentiana: Gentianaceae (Yuan, et al.,1996). 

There are several alignment computer programs available and many of them use the 

dynamic programming algorithm of Needleman & Wunsch (1970). The majority of these 

programs however suffer from both theoretical and practical limitations and only the 

simplest of data sets can be aligned in this way (Wheeler & Gladstein, 1994). Therefore, all 

multiple alignment approaches make use of heuristic algorithms. In each case a distance 

measure is calculated from pairwise alignments (Feng & Doolittle, 1987; 1990; Higgins and 

Sharp, 1989) and a Fitch-Margoliash tree (Fitch & Margoliash, 1967) or a Neighbour-

Joining tree (Saitou & Nei, 1987) is determined for these distances. This "alignment tree" or 

"guide tree" is specified in order to allow the ordered accumulation of aligned sequences 

into a multiple alignment. The topology of the guide tree determines the order of 

construction and the multiple alignment is built up progressively by a series of pairwise 

alignments. This is essentially the method used in the PILEUP program of the GCG package 

and CLUSTALW. However, as Wheeler & Gladstein (1994) point out, all these algorithms 

simply produce a result or have a stopping rule but lack a criterion of optimality. All the 

problems of using distance measures are inherent in these methods (Swofford, 1981). One 

solution to the problem of optimality is to use parsimony in the alignment of sequences. 

Wheeler & Gladstein (1994) used this method in their alignment program MALIGN which 
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minimises cost instead of maximising benefit and which uses the minimum number of steps 

required to explain the observed variation among the sequences. The best alignment is that 

which yields the most parsimonious cladogram. This option was considered but not used due 

to the time constraints imposed on this study. It may yield results which differ from 

distance-based alignment procedures and should be borne in mind for future studies. 

All the above-mentioned programs also suffer from the difficulties in determining 

parameters for the alignment. This problem was considered by Thompson et al. (1994) to be 

at least as serious as the local minimum problem. When the data set consists of very similar 

sequences almost any weight matrix will produce an approximation to the correct alignment. 

When there are very divergent sequences present the weights given can be critical and more 

mismatches will be produced. Different weight matrices are optimal for different 

evolutionary distances. The range of gap penalties that will find the best alignment can be 

wide for similar sequences (Thompson et al., 1994). Again, as more divergent sequences are 

used the exact values of gap penalties become critical for success. An equally serious 

problem is the selection of a model of nucleotide substitution. 

Multiple sequence alignments obtained by distance methods are far from robust. New data 

added to the alignment procedure are not allowed to modify the previously-generated 

incomplete alignment. Since the optimality criterion is purely mathematical and not 

biological the subsequent analyses often produces a tree with a topology identical to the 

topology of the guide tree. In practice, with the programs which use distance-based 

progressive pairwise methods and in cases where sequences are closely related the quality of 

the alignment apparently is surprisingly excellent (Thompson, et al., 1994) while in more 

difficult cases (ie. < 25-30% identity) the alignment can be the starting point for manual 

refinement. Manual alignment is based on subjective (aesthetic) criteria and carries the risk 

that the result is incorrect. Throughout this study final manual alignment was avoided where 

possible. The program GeneDOC provides a combination of alignment editing and analyses 

using sum-of-pairs scoring and weighted parsimony scoring. For this study it was necessary 

to refine alignments using several methods as shown in Fig. 30. 
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Table 30. Diagrammatic representation of the alignment, refinement and plliiyllogeiniy 
reconstruction strategies used for the molecular data. 

The multiple alignment used in this study was created by CLUSTALW, ver. 1.6, in several 

stages using the Slow/Accurate dynamic programming option. The major block of taxa 

comprising the Campanuleae s.s. was first aligned and then manually adjusted several times. 

The gap penalty was set at 10.0 (default) and gap extension penalty was 5.0 (default). 

Divergent sequences > 40% were delayed in the alignment procedure. The scoring matrix 

used in ver. 1.6 of ClustaiW is shown below (a modification of this is now used in ver. 1.7 

but was not available when the alignments were made). 

A C G T 

A 	3 0 1 0 

CO 30 1 

G   03 0 

TO 10 3 

Fig. 86. Scoring Matrix for CILIUSTALW, ver. 1.6 as used in the Multiple Alignment 

To the first multiple alignment was added sequentially the sequences for Jasione crispa and 

Craterocapsa congesta and the subsequent multiple alignments were again manually 
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adjusted. The Platycodoneae s.s. was also aligned and adjusted in a similar manner and a 

profile alignment was then carried out to align both aligned groups. The final grand multiple 

alignment was manually adjusted and rerun several times using the same guide tree 

(produced by the neighbour-joining algorithm of Saitou & Nei, 1987) until a consistent 

result was obtained. The aligned sequences for all the taxa are shown in Fig. 87. 
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TAXON 	 RTSI 

15 	10 	20 	30 	40 	50 	 60 
Adenopliora divarjcata TCGAA- CCCTG-CA-TA-GCA-TAACAACCCGAA-CACATTGA 	AACACA- -TT -TO 
Petromar].a pinnata TCGAATTCCGG-CA- TA-GCAG-AACAACCCGGGGA-CACGTTGAAAAACACAT -TTATG 
Campanula barbata TCGAA-CCCGG-CACTAT-CAG-AACGACCCACGAA-CACGTTGAAAAACACA- -TTC-G 
Campanula petraea TCGAA- -CCTG-CA-CA-GCAG-AACGACCCGCGA-CACGTTGi 	ACACA- -TTC-G 
DjoBphaera rumelianum TCGAA- -CCTG-CA-CA-GCAG-AACGACCCGCGAA-CACGTTG 	CACA- -TTC-G 
Campanulas tram ajnerjcanum TCQAAACCCTG- CA- TATGCA-TAACAACCCGGGAAACACGTTGAAAAACACAAAT -A- G 
Legousia falcata TCGAA-CCCTG-CA-TA-GCAG-AACAACCCGCGAA-CACGTTGAAAAACACA-ATT -TG 
Phyteuma spicatum TCGAA- CCCTG - CA- TA- GCAG-AACAACCCGGGAA- CACGTTGAAAAACACAT - TTCTG 
Campanula lanata TAAAAA-CCTG-CACTAT - CAG-AACGACCCGCGAA- CACGTTGAAAAACACA- - TT -TO 
Mua schi a aurea TCGAA- - CCTGGCA- TA- GCA- TAP.CGACCCGCGAA - CACGTTGAAAAACACA - - TTC - G 
Hanabusaya asiatica -TT-TG 
Physoplexis COE1OGU8 TCGAA-CCCTG-CA-TATGCAG-AACAACC-GGG-CAcGTTGAACACA- -TTATG 
Roucela erinus TCGAA- -CCTG-CA-CA-GCAG-AACGACCCGCGAA-CACGTTG 	ACACA- -TTC-G 
Campanula punc tate TCGAA- - CCTG- CA- TAT - CAG-AACGACCCGCGAA-CACGTTGAAAAACACA- - TTC -0 
Gadellia lacti flora TCGAA-CCCTG-CA-TATGCA-TCACGACCCGGGWTACATTGAAAACACA- -TTC-G 
Campanula persici folia TCGAA-CCCTG-CA-TATGCA-TAAC-ACGCCAGGAACACATTGAAAA-CACATATTTTG 
Azorina vidalii TCGAA- -CCTG-CA-TA-GCAG-AJCGACCAGCGAA-CACGTTGACACA- -TT-TG 
Hichauxia tchjhatcheujj TCGAA- -CCTG-CA-TA-GCAG-AACGACCCGCGAA-CACGTTGAACACA- -TCC-G 
Campanula pyramidal is TCGAA - - CCTG - CA- TA - GCAG-AACAACCCGCGAA- CACGTTGAACAACACA- - TT - TO 
Legousia speculum-venerjs TCGAA-CCCTG-CAITA-GCAG-AAACCCGCGAA-CACGTTGAAAAACACA-ATT-TG 
Campanula thyrsoidea TCGAA- -CCTG-CA-CA-GCAG-AACGACCCGCGAA-CACGTTGAAACACA- -TTC-G 
Jasione crispa TCGAA--CCTG-CA-TA-GCAG-AACGACCCGCGAA-CACGTTT- -CA-AAAT-C-G 
Craterocapsa congesta TCGAA- -CCTG-CA-CATGCAGTAACGACCCGCGAA-CACGTTGAAAAACAC- -ATTCTG 
Codonopsis lanceolata TGGAAA-CCTG-CAC-A-GC-A-G-TAAC - -- -GA- - - CCGG-GAAAA-AA-G- -T- -GA 
Leptocodon gracilis TCGAAA-CCTG--AC-A-GC-A-G--AG ----- GA --- CCGGCGGAAA-AG-G--G--GA 
Cyanamthus sp. TCGA-CCTG-CAC-A-GC-A-G-TC ---- GA--CCC ---- GCAC-ACG--TC- 
Canarina canarjensjs TCGAAA-CCTG-CAC-A-GC-A-G- -AAC- - - -GA- -CCC- - - GCGAAC-AC - - -GT-AA 
Platycodon grandiflorum 
Codonopsjs dicentri folia TGGAAAACCTGG-AT-AAGCC?J&G-AACG-GA- -CCCCGGGGAAACAATG- -GT-AA 
Nicotiana rustics TCGAAA-CCTG-CA- -AAGC- -AG- -AA- -CG- -A- -CCC-GC-GAA-C- -TTG-TTTAA 

70 	80 	90 	100 	110 	120 
Adenophora divaricata GGGG- -ATGCGTGCAC-GGGACAA-GG-CGACAGCCCCCC-GT-G- -CATGCGGCCCC-T 
Petromarula pinnate GGGGG-ATGTGTGTTTCGGAATTA-GG-CAATA-CCCCCCCGT-G- -CACGCAGCCC- -T 
Campanula barbata GG000-ACGT000TTT-GGGATAA-GGGTGAAAGCCCCCC- -T-GCCCATG- -GCCCC-T 
Campanula petraea GGGGG-ACGTGGGTTT-GGGATAA-GGGCGATAGCCCCCC- -T-GCCCATG- -GCCCC-T 
Diosphaera rumelianum GGGGG-ACGTGGGTTT-GGGATAATGG-CGAAAGCCCCC - - -T-GCCCATGT- -CCCC-T 
Campanulastrum americanum GGG --- ATGTGTGCTT-000ATAA-GG-TGAAAGCCCCCC-GT-G--CAT-CAGCCCC-T 
Legousia falcata GGGG- -ACGTGTGCTC-GGGACAA-GG-CGTCAGCCCCCC-GT-G- -CATGCAGCCCC-T 
Phyteuma spicatun GG --- TATGTGTGTTTCGGGATTA-GG-CGATAGCCCCCC-GT-G- -TACGCAGCCCC- - 
Campanula lanata GGGGG-ATGTGGGTTC-GGGATAA--GGGCGACAGCCCCCC- -T-GCCCATGGTGCCC- -T 
Musschja aurea GGGGGGACGCGTGCGA-GGGACAA-GGGC-AT-GCCCCCC- -T- -CCCGCGG- -CCCC-T 
Hanabusaya asiatica GGGG--ATGCGTGCAC-GGGACAA-GG-CGACAGCCCCCC-GT-G- -CATGCGACCCC-T 
Physoplexis comosus GGG- -TATGTGAGTTC-GGGACTA-GG-CAATAGCCCCCCC-TTG- -CACGCAGCCCC- - 
Roucela erinus GGGGGT-CGTGGGCTC-GGGATAA-GGGCGAGAGCTCCCCC-T-GCCCATGT- -CCCC-T 
Campanula punctata GGGGG-ACGTGGGTTT-GGGATAA-GGGCGACAGCCCCCC- -T-GCCCATGGA-CCC- -T 
Gadellia lactiflora GGGGG-ACGTGTGCGA-GGGACAA-GGGC-AT-GCCCCCCC-T- -CCCGCGG- -CCCC-T 
Campanula persicifolia AGGGGTATGTGTGCTC-GAGACAA-GG-TGAAAGCCCCCC-GT-G- -CATGCAACCCC-T 
Azorina vidalii G0000T-CGTGGGTTT-GGGATAA-GGGCGACAGCCCTCC- -T-GCCCATGG- -CCCCTT 
Michauxia tchihatchewij. GGGGG-ACGT000TTT-GGGATAA-GGGCGATAGCCCCCCCG- -GCCCATGGG-CCC- -T 
Campanula pyraxnidalis AGGGG-ACGTTTGTAT-GGGACAA-GGCTTAT- -CCCCCCCGT-A- -CATTCGACCCC- - 
Legousia speculum-veneris GGGG- -ATGTGTGCT- -GGGACAA-GG-CGAAAGCCCCCCC-T-G- -CATGCAGCCCC-C 
Campanula thyrsoides GGGGG-ACGTGGGTTT-GGGATAA-GGGCGTCAGCCCCCC- -T-GCCCATGG- -CCCC-T 
Jasione crispa GGGGG- -CGC-TGCAGCGGGAGAA-GGGCGWGCCCCC- -A-AACCCCTGCACTCTCCC 
Craterocapda congesta ------------------------------------ CCC --------------- ------ 
Codonopsis lanceolata A-AACTCCGGGGACCGCGGGCT- -TG-CCCGTGGCCCCTTG-----CCGTCGGACCGC- - 
Leptocodon gracilis ACAACACCGGGGGGAGC-GGCT- -TG-CCCGTGGCCCTTT------TTGT-GGG-CGC- - 
Cyananthus sp. GGAACACTGGGAAA-AC-GGGC-ATG-CCCGT-CGCCCCT ------ TG-T-CGGTG-C- - 
Canarina canariensis -AAACATCGAAGGA-TCGGGGT- -TGTCGCG-GGCCTCCT------CCGT-CGG-AGC- - 
Platycodon grandiflorum ------------ GG-TT-GGG --- CG-CAC- - - GCTTCTT ------ CC - - -COG-A- - - - 
Codonopgjs dicentri folia GGAACAAGGGGGGACGCGGGGCAATGCCCCGTGGGTTCAT ------ TG-T-TGA-A-C- -  
Nicotiana rustica ACA-C-T- -GGGGAGT-GGCGCGGC- -CGGGGTGC-TTCG------GCCTCCGCCCGTG- 

Fig. 87. Sequence data matrix of aligned ITS region of nuclear ribosomal DNA from 29 taxa of the 
Campanulaceae and 1 taxon (outgroup) of the Solanaceae. Input order is partly randomised. The 
sequences are in 5' to 3' orientation and in RUPAC code. The IITSII region spans sites 11-313, the 5.8S 
coding region spans sites 314-478, and the IITS2 region spans sites 479-722. Alignment gaps are indicated 
by hyphens. The numbers in square brackets at the end of the matrix indicate the total length of IITSI, 
5.8 subunit and IITS2, minus alignment gaps. Continues overleaf. 
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Fig. 87. continued 
130 	140 	150 160 	170 	180 

Adenophora divaricata T -CCTTGTGGTGTCGGAGCAATCGAGCGAAAGC-----GCGTGAGCTTCGG- CC - -CC - - 
Petromarula pinnata AGCCTTGTGGTGTCTTAGCGAGCGATCGAAAGC ----- CCGTGAGCTTAGG-CC- -CCC- 
Campanula barbata TGC-TTG-GGTGCCGAAGCGAGTGAGCGAAAGC ----- GACCTAACTCCAG-C-G-CC- -  
Campanula petraea TGC-TTG-GGCGCCGAAGTQAGGGAGCGAAAGC ----- GACCTAACTCCGG-C-G-CG- - 
Diospliasra rumelianum TGC-TTGTGGCGCCGQAGTGAGGGAGCGAAAGC ----- GAGCGAGCTTCGG-C-G-CC- - 
Campanul as trum arnericanum - GCCTTGTGGTGTCGCAGCAAGCAAGCGAA.AGC-----GCGTGAGCTCTGG - CC - - CC-A 
Legous ia falcata - GCATTGTGGTGCCGCAGCGAGCAAGCGAAAGC-----ACGTGAGCTTCGG- CC - - CC-A 
Phyteuma spicatum AGCCTTGTGGTGCCGTAGCGAGCGAGCGAAAGC ----- CCGTGAGCTCTGG-C - - -CC- - 
Campanula lanata TGC-TTG-GGCGTCGAAGCGAGGTAGCGAAAGC ----- GACCCAACTCCGG-C-G-CC- -  
Musachia aurea T -CCTTGCGGCGTCGGTGCGAGCTCGCGAATGC-----GAGTGCGTGCCGGA- -G- CC - - 
Hanabusaya asiatica T-CCTTGTGGTGCCGGAGCAATCGAGCGWGC ----- GCGTGAGCTTCGG-CC- -CC- - 
Physoplexis comosus ATCCTTGTGGTGCCGTAGCGAGCGAGCGAAAGC ----- GCGTGAGCTCCG--TC--CC- -  
Roucela erinus TGC-TTGGGGCGCCGAAG-GAGGGAGCGTGAGC ----- GAACCGGCTCCGG-C--ACC- -  
Campanula punctata TGC-TTGG-GCGCCGAAQCQAGGGAGCGAAAGC ----- GACCTAACTCCGG-T-G-C- -G 
Gadellia lactiflora TGC-TTGCGGCATCGGTGTGCGCTCGCAATGC ----- AATTGCGTTTCGGA- -G-CC- - 
Campanula persicifolia T-CCTTGTAGTGTCAA.AGCAAGCAAGTGAATGC ----- CTGTGAGCTTTGG-C --- CC-A 
Azorina vidalii TGC-TTGCGGTGCTGAAGTGAGCGAGCAAAAGC ----- GAACAAACTCTGG-CT--CC- -  
Michauxia tchihatchewii TGC-TTG-GGGGCCGAAACGAGGGAGCQAAAGC ----- GACCCAACTCCGG-C-G-CC- - 
Campanula pyramidal is TTCCTTGTTGTGTTGAAGCAAGCAAGCGAGAGC ----- TCGTGAGCTTCGG-C --- CC-G 
Legousia speculum-veneris - GCCTTGTGGGGTCGTAGCAAGCGAGCGAAAGC-----GCGCGAGCTTTGG-CT - -CC-A 
Campanula thyrsoides TGC-TTGT-GCGCCGAAGCGAGGGAACGAAAGC ----- GACCTAACTCCGG-C-G-CC- - 
Jasione crispa TTCCTTGCGGTTTCGGTGCGAGCGAGCGTAAGC ----- GAGC-AACTGCCG--TGACC- -  
Craterocapsa congesta GCGGCGCCGGTGCCCGC - - -C-T- - - C - -C-GG-TGCC- -CCGG--------- 
Codonopsis lanceolata - - - -GCG-CCCGCCCAA-CCA-CTC-T-GGTGGCA- -GGG-G-A- -GCG- -T-G- -C-G 
Leptocodon gracilis - - - -GGG-CCTGCCCGG-CCATTTTGTGGGAGGGA--- GGGTGCG-TGCGT-TCGTTTGG  
Cyananthus sp. - - - -GTG-CGC-CCT-- --T------T-GG-------- GAGTGC- - - GCG- -T- -- -CGG 
Canarina canariensis - - - -GCG-CCT-CCGAATCGATTCT-TGGGC- -C- - -GGACGT- -CGCG- -T- - - -CAA 
Platycodon grandiflorum - - - -AT- -TTT-CCG- - - -G------- GGG-------- GGGTGT- - - GCG- -C- - - -CGG 
Codonopsjs dicentrifolia - - - -GCG-GGC-CCT- - - -T------TGGG-------- GAGTGC- - - GCG- -T- - - -CGG 
Nicotiana rustica CGCTCTCTCCTA-TCCCCGG-C -GCGCGCGTCGGCTGGCTGCTG-------G-G 

190 	200 	210 	220 	230 	240 
Adenophora divaricata CAAGAAAC -AAACCCCGGCGCAA- -TTCGCGCCAAGGAAAT - CTTTAAACT - CAAGGGCG 
Petromarula pinnata CAAGTAAC-TAACCCCGGCGCAA- -TTCGCGCCAAGG-AAAACTTTAAACT-CAAGGGTG 
Campanula barbata CAAGAAAC - GAACCCCGACGCAA - - TCCGCGTCAAGG -AAAACATTTAACT - CGAGGGCG 
Campanula petraea CAAGAAAC - GAACCCCGACGCAA- - TCCGCGTCAAGG -AAAACATTTAACT - CGAGGGCG 
Diosphaera rumelianum CAAGAAAC-GAACCCCGACGCAA- -TCCGCGTCAAGG-AAAACATACAACT-CGAGGGCG 
Campanulas trum americanuin CAATTAAC - CAACCCCGGCGCAA- - TTCGCGCCAAGG -AGAACTTTAAACT - CAAGGGTG 
Legous i a faic ata CAATTAAC - TAACCCCGGCGCAA- - TTCGCGCCAAGG -AAAACATTAAACT - CAAGGGCG 
Phyteuma epic atuin CAAGTAAC - TAACCCCGGCGCAA- - TTCGCGCCAAGG -AAAAATTTAAACT - CAAGGGCA 
Campanula lanata CGAGAAAC-AAACCCCGACGCAA- -TCCGCGTCAAGG-AAAACATTTAACT-CGAGGGCG 
Musschia aurea CGAGAAAC-GAACCCCGGCGCAA- -TCTGCGCCAAGG-AAAACTTTAAACT-CGAGGGCG 
Hanabusaya asiatic a CAAGAAACAAAACCCCGGCGCAA - - TTCGCGTCAAGGGAATACATTAAACT - CAAGGGCG 
Physoplexis comosus CAAGTAAC-TAACCCCGGCQCAA- -TTCGCGCCAAGGGAAAAATTTAAACT-CAAGGGCG 
Rouce 1 a erinus CAAGAAAC - GAACCCCGACGCAA- - CCCGCGTCAAGGGAAAACATTTAACT - CGAGGGCG 
Campanula punc tata CAAGAAAC - GAACCCCGACGCAA- - TCCGCGTCAAGG -AAAACATTTAACT - CGAGGGCG 
Gadellia lacti flora CAAGAAAC-AAACCCCGGCGCAA- -TCTGCGCCAAGG-AAA.ACATTAAACT-CAAGGGCG 
Campanula pera ici fol i a CAAGAAAC - TAACCCCGGCGCAA- - TTCGCGCCAAGGGAAAACATTAAACT - TAAGGGTG 
Azorina vidalii CAAGAA.AC-GAACCCCGACGCAA- -TTCGCGTCAAGG-AAAACATTTAACT-CGAGAGCG 
Michauxia tchihatchewii CATGAAAC-GAACCCCGACGCAT- -TCCGCGTCAAGG-AAAACATTTAACT-CGAGGGCG 
Campanula pyramidal is CAAGAAAC - TAACCCCGGCGCAA- - TTCGCGTCAAGGAAAA- CTTTAAACT - CAAGGGTG 
Legous ia speculum-veneris CAATTAAC -TAACCCCGACGCAA- -TTCGCGTCAAGG-AAAACTTTAAACT -CAAGGGTG 
Campanula thyrsoides CAAGAAAC - GAACCCCGACGCAA- - TCCGCGTCAAGG-AAAACAATTAACT - CGAGGGCG 
Jasione crispa CAAGAAAC-GAACCCCGGCGCAAAATCCGCGCCAAGG-AAAACTTTAAACT-TGAGAGCG 
Craterocapsa congesta - - -GAAAC-GAACCCCGGCGCGAA- -CCGCGCCAAGGGAAAACTCCAAACT-CGAGGGCG 
Codonopsis lanceolata TGCCAAAC-GAACCCCGGCGCGA- -TCCGCGCCAAGG-AAAACTTAACTC- -AAAGAGCG 
Leptocodon gracilis CGCCAAAC-GAACCCCGGCGCGA- -TCCGCGCCAAGG- -AAACATAACT- - - GAAGGGCA  
Cyananthus sp. CA- CAAAC - GAACCCCGGCGCGG - - TCTGCGCCAAGG -AAAACATAACTC - A- AAGAGCG 
Canarina canariensie TGCCAAACGGAACCCCGGCGCGA- -TCCGCGCCAAGG-AAAACATAACTCT - -AA-AGCA 
Platycodon grandiflorum CGCAAAAC-GAACCCCGGCGCGA- -TCCGCGCCAAGG-AAAACATAACTCTAGAAGAGCG 
Codonopsis dicentri folia CACCAAAC-GAACCCCGGCGCGA- -TCCGCGCCAAGG-AAAACCTAACTC- - - GAGAGCG  
Nicotiana rustica TGATTAAC-GAA-CCCGGCGTGGA- -AAGCGCCAAGG- - - AATACTAAATT- -GAAAGCC 
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Fig. 87. coiiflniiuied1 
250 	260 	270 	280 	290 	300 

Adenophora divan cata TGCTCTCCTCACGTTGCCCCCGTTTGCGGGTGCGCGACTGGGTG ---  TTTGCCCGCTCCT 
Pet romarul a pinnate TGTTATCTCCTTGTTGCCCCCGTTTTCGGGTGTGTGACTGGGTG ---  T!TGCCCGCTCCT 
Campanula barbata TGCTGTCGTCCCGTCGCCCCCGTTCGCGGGTTGGCGCGCGGGCT ---  GACGGCCGCTTCT 
Campanula petraea TGCTGTCGTCCCGTCGCCCCCGTTCGCGGGTTGGCGCGCGGGCT ---  GACGGTCGCTTCT 
Diosphaera ruinelianum TACTGTCGTCCCGTCGCCCCCGTTCGCGGGTGTGCGCGCGGGCT --- GACGGCCGCTTCT  
Cainpanul as trtun ainericanum TGCCATCATCCCGTCGCCCCCGTTCGCGGGTGCTCGATTGGGTG ---  TTTGGTCGCTTCT 
Legous ia falcata TGCCGTCATCCCGTTGCCCCCGTTAGCGGGTGCGCGATTGGGTG ---  TTTGGCCGCTTCT 
Phyteuina spicatun TGCTATCCTCTTGTTGCCCCCGTTTTCGGGTGTGTGACTGGGTG ---  TATGGCAGCTTCT 
Campanula lanata TGTTGTCGTCCCGTCGCCCCCGTTCGCGGGTTGGCGCGCGGGCT ---  GACGGCCGCTTCT 
Musschia aurea CGCTGTCATCCCGTCGCCACCGTTCGCGGATGCGTGTGCGGGTT --- GTCG-CCGCTTCT  
Hanabusaya as i atica TGCTCTCCTCACGTTGCCCCCGTTTGCGGGTGCGCGACTGGGTG ---  TTTGCCTGCTCCT 
Physoplexis comosus TGCTATCCTCTTGTTCCCCCCGTTTTCGGGTGTGTGACTGGGTG --- TTTGGCCGCTTCT 
Roucel a erinus TGTTGTCGTCCCCTCGCCCCCGTCCGCGGGTGAGCGCG - GGGCC ---  GACGGCCGCTTCT 
Campanula punctata TGCTGTTGTCCCGTCGCCCCCGTTCGCGGGTTGGCGCGCGGACT --- GACGACCGCTTCT  
Gadellia lacti flora CGCTGTCATCCCGTCGCCGCCGTTCGCGGATGCTTGTGCGGGCT - - -GTCC-CCGCTTCT 
Campanula persicifolia TGCTATCCTCATGTTGCCCCCGTTTGCGGGTGCGTGACTGGGTG - - -TTTGGCCGCTCCT 
Azorina vidalii TGCTGTAGCCTTGTCGCCCCCGTTCGCGGGTGAGCGCACAGGCT ---  GATGGCCGCTTCT 
Michauxia tchihatchewi i CGCTGTCATCCCTCCGCCCCCGTTCGCAGGTTGGCGCGCGGGCT ---  GACCGCCGCTTCT 
Campanula pyramidalis TACCATTTCCATGTTGACCCCGTTTGCGGGTGCGCGACTGG-TG - - -ATTGATCGCTCCT 
Legous ia speculum-venenis TGCCATCACAAGGTTTCCCCCGTTAGCGGGTGTGTGATCCGGTG - - -CTTGGCCGCTTCT 
Campanula thyrsoideg TGTTGTTGTCCCGTCGCCCCCGTTCGCGGGTTGGCGCGCGGGCT ---  GACGGACGCTTCT 
Jasione cniepa TGCTGCCGGCCCATCGCCCCCGTTCGCGGGTGCGCGTT-GGGTG --- GCTG-CCGCTTCT 
Craterocapsa congesta AACCGTACTCCCGCCGCCCCCGTCCGCGGGTGCGCGCGCGGGAT - - -GCCGGCCGCCTCT 
Codonopsis lanceolata CCCCGTCCTCCCGTCGCC-CCGTTCGCGG-TGTGCGCA-GGTT- -G-GGCGGTCGCTTCT 
Leptocodon gracilis GTACGTCC-ACCGTCGCC-CCGTTCGCGG-TGCGCGCGCGGTT- -G-GGCTGTTGCTTCT 
Cyananthus sp. CCTCG-CCTGCTGTCACC-CCGTTCGCGG-TGCGTGCATGGTC - -- -AAC-GTCGCCTCT 
Canarina canariensis TCTCACCCTCCCGTCGCC-CCGTTCGCGQ-TGTGC-C-CGGTT- -G-GGTGGCCGCTTCT 
Platycodon grandi florum CCCCGTCCTCCCGTCGCC-CCGTCCGCGG-TGCGCGTGCGGCTGGGCGGTGGCCGCTTCT 
Codonopsis dicentrifolia CCTCGTCCTGCCGTCGCC-TCGTTCGCGG-TGCGCGCGCGGTT- -G-GACGGTCGCTTCT 
Nicotiana rustics TGCC ----- CCTCGCGCC-CCGTTCGCGG-TGCGCGCGTGG ---- G-GACTTGTGCTTCT 

5.8s 

310 	1& 	 330 	340 	350 	360 
Adenophora divaricata TAGTGAAAA- - CACAAA- CGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAG 
Petromarula pinnata TAGTGAAAA- -CACAAA-TGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAG 
Campanula barbata TAGTGAAAAAACA-AACGACTCTCGGCAACGGATATCTTGGCTCTCGCATCGATGAG 
Campanula petraea TAGTGAAAAA-CA-AAAACGACTCTCGGCAACGGATATCTTGGCTCTCGCATCGATGAAG 
Diosphaera rumel ianum TAGTGAAAAA- CA-AAAACGACTCTCGQCAACGGATATCTTGGCTCTCGCATCGATGAAG 
Campanulas trum americanum TAGTGAAAA- -CACAAAACGACTCTCGGCAACGGATATCTCGGCTCTCGQATCGATGAAG 
Legous ia falcata TAGTGAAAA- - CACAAAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAG 
Phyteuma spicatum TAGTGAAAA- - CACAAAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAG 
Campanula lanata TAGTGAAAAA- CACAAA- CGACTCTCGGCAACGGATATCTTGGCTCTCGCATCGATGAAG 
Mug schi a aurea TAGTGTAAAAACACAAA- CGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAG 
Hanabusaya asiatica TAGTGAAAA- -CACAAA-CGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAG 
Physoplexi a comosus TATTGAAAA- - CACAAAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAG 
Rouce 1 a eninus TAGTGAAAAA- CA-AAAACGACTCTCGGCAACGGATATCTTGGCTCTCGCATCGATGAAG 
Campanula punc tata TAGTGAAAAA- CA-AAAACGACTCTCGGCAACGGATATCTTGGCTCTCGCATCGATGAAG 
Gadellia lacti flora TATTGTAAAAACA-AAAACCACTCTCGGCAACGGATATCTCGGCTCTCGCATCAATG 
Campanula persicifolia TAGTGAAAA- -TACAAA-CGACTCTCGGCAACGGATATCTTGGCTCTCGCATCGATGAAG 
Azorina vidalii TAGTGAAAAA-CATAAA-CGACTCTCGGCAACGGATATCTTGGCTCTCGCATCGATG3 
Michauxia tchihatchewii TAGTGAGAAA-CA-AAAACGACTCTCGGCAACGGATATCTTGGCTCTCGCATCGATGAAG 
Campanula pyramidal is TAGTGAAAA- - CA-AAAACGACTCTCGGCAACGGATATCTTGGCTCTCGCATCGATGAAG 
Legous ia speculum-veneris TAGTGAAAA- - CACAAAACGACTCTCGGCAACGGATATCTCGCCTCTCGCATCGATGAAG 
Campanula thyrsoides TAGTGAAAAA-CAAAAA- CGACTCTCGGCAACGGATATCTTGGCTCTCGCATCGATGM.G 
Jasione crispa TAGTGAAAA- -CACAAA-CGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAG 
Craterocapsa congesta TAGTGAAAA- -CACAAA-CGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGTGAAG 
Codonopsis lanceolata TAGTGAAAAA-CACAAA-CGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAG 
Leptocodon gracilis TAGTGAAAAA-CACAAA-CGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAG 
Cyananthus sp. TAGTGAAAAA- CACAAA- CGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATG?AG 
Cananina cananiensis TAGTG-AAAA-CACAAA-CGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAG 
Platycodon grandiflorum CGGTG-AAA-CACAAA-CGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAG 
Codonopsis dicentni folia TAGTGAAAAA-CACAAA-CGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAG 
Nicotiana nustica T-TTG-AAA- -CATAAA-CGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAG 
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Fag. 87. continued 
370 	380 	390 	400 	410 	420 

Adenophora divaricata AACGTAGCGAAATGCGATACTTGGTGTAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Pe tromarula pinnata AACGTAGCGAAATGCGATACTTGGTGTGAATTGC3GAATCCCGTGAACCATCGAGTCTTT 
Campanula barba ta AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCQTQAACCATCGAGTCTTT 
Campanula petraea AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Diosphaera rumel ianum AACGTATCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Cainpanulas trum anericanum AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTC3AACCATCGAGTCTTT 
Legous ia falcata AACGTAGCGAAATGCGATACTTGCTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Phyteuma spicatum AACGTAGCGAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Campanula lanata AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Mus schi a aurea AACGTAGCGAAATGCGATACTTGGTGTCAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Hanabusaya as i atica AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Physopi exi 5 comosus AACGTACCGAAATGCGATACTTGGTGTQAATTGCAQAATCCCGTGAACCATCGAGTCTTT 
Roucel a erinus AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Campanula punc tata AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Gadel 1 ia 1 ac ti flora AACGTACCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Campanula pers i ci fo 1 ia AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAG'rCTTT 
Azorina vidal ii AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Mi chauxi a tchihatchewi i AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Campanula pyramidal is AACGTAGCGAAATGCGATACTrGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTI'T 
Legous i a speculum-veneri s AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Campanula thyrsoides AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Jas jone c rispa AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Craterocapsa conges ta AACGTAGCGAATGCQATACTTGGTGTGAATTGCAGAATCCCGTGAJCCATCGAGTCTTT 
Codonops is lanceol ata AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Lep tocodon grac ii is AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Cyananthus sp. AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Canarina canari ens is AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Platycodon grandi florum AACGTAGCGAAATGCGATACTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Codonops is dic entri fol ia AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 
Ni coti ana rust ica AACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCGCGTGAACCATCGAGTCTTT 

ITS2 

430 	440 	450 	460 	470 
Adenophora divaricata GAACGCAAGTTGCGCCCGAAGCCTTTAGGCCAAGGGCACGTCTGCATGGGCGTCACGCAT 
Petromarula pinnata GAACGCAAGTTGCGCCCGAAGCTTTTAGACCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Campanula barbata GAACGCAAGTTGCGCCCGAAGCCTTTAGGCTGAGGGCACGTCTGCATGGGCGTCACGCAT 
Campanula petraea GAACGCAAGTTGCGCCCGAAGCCTTTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Diosphaera rune ii anum GAACGCAAGTTGCGCCCGAAGCCTTTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Campanul as trum ainericanum GAACGCAAGTTGCGCCCGAAGCCTTTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Legous i a falcata GAACGCAAGTTGCGCCCGAAGCCTTTAGGCCTAGGGCACGTCTGCATGGGCGTCACGCAT 
Phyteuma spic atuni GAACGCAAGTTGCGCCCGAAGCCTTTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Campanula lanata GAACGCAAGTTGCGCCCGAAGCCTTTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Musschi a aurea GAACGCAAGTTGCGCCCGAAGCCTTTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Hanabusaya as i atica GAACGCAAGTTGCGCCCGAAGCCTTTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Physoplexia comosus GAACGCAAGTTGCGCCCGAAGCCTTTAGGCCGAGGGCACGTCTCCATGGGCGTCACGCA 
Roucela erinus GAACGCAAGTTGCGCCCGAAGCCTTTAGGCCGAGGGCACGTCTGCATGGGCCTCACGCAT 
Campanula punc tata GAACGCAAGTTGCGCCCGAAGCCTTTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Gadellia lactiflora GAACGCAAGTTGCGCCCGAAGCCTTTAGGCCGAGGGCACGTCTGCATGGGCGTCACCCAT 
Campanula pers i ci fol ia GAACGCAAGTTGCGCCCGAAGCCTTTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Azorina vidal ii GAACGCAAGTTGCGCCCGAAGCCTTTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Mi chauxi a tchihatchewi i GAACGCAAGTTGCGCCCGAAGCCTTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Campanula pyramidal is GAACGCAAGTTGCGCCTGAAGCCTTTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Legous ia speculum-veneris GAACGCAAGTTGCGCCCGAAGCCTTTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Campanula thyrsoides GAACGCAAGTTGCGCCCGAPLGCCTTTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Jas ione C rispa GAACGCAAGTTGCGCCCGAAGCCTTTAGGTTGAGGGCACGTCTGCATGGGCGTCACGCAT 
Craterocapsa congesta GAACGCAAGTTGCGCCCGAAGCCTTTAGGCCGAGGGCACGTCTGCATGGGCGTCCGCAT 
Codonops is lanceolata GAACGCAAGTTGCGCCCGAAGCCGTTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Leptocodon grac i 1 is GAACGCAAGTTGCGCCCGAAGCCGTTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Cyananthus sp. GAACGCAAGTTGCGCCCGAAGCCATTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Canarina canari ens is GAACGCAAGTTGCGCCCGAAGCCATTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Platycodon grandi floruni GAACGCAAGTTGCGCCCGAAGCCATTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Codonopsis dicentri folia GAACGCAAGTTGCGCCCGAAGCCATTAGGCCGAGGGCACGTCTGCATGGGCGTCACGCAT 
Nicotiana rus tica GAACGCAAGTTGCGCCGGAAGCCATTAGGCCGAGGGCACGTCTGCCTGGGCGTCACGCAT 
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lFãg.87. continued 
490 	500 	510 	520 	530 	540 

Adenophora divaricata CG-CATCGCCCCCCC-AA- -G-CAT-CTT-GCACCTCCAAGTGCCTGCTTG-CTTGG-T- 
Petromarii1a pinnata CG-CGTCGCCTCCC--A-A-CAT-CAT-GCACTTTCCAGTGCTTGCTTGCTTGAT 
Campanula barbata CG-CGTCGCCCCCCCCAAA - - -CAC-TGA-ACCCCCCAAATTGCTCTTTGG-CTTCG-T- 
Campanula petraea CG-CGTCGCCCCCCC-AAA --- CAC-TGA-GCACCT-AAAGTGCTCTCTGG-CTTGG-T- 
lDioaphaera rue1ianum CG-CGTCGCCCCCCC-AAAA--CAT-TTG-GC-CCTTACATTGCCCCCTGG..CTTGGG. 
Campanulee trum americanum CG-CGTCGCCTCCC- -AAA-G-CAT-CTTT-CACTTCCAAGTGCTTTGTGC.TTTGA-T.. 
Legousia falcata CG-CGTCGCCTCCC- -AAA-G-CAT-CTC-GCACCTCCGAGTGCTTGCTTG-CTGA-C- 
Phyteuina apicatum CG-CGTCGCCCCC - - -AAAAAACAT-CTT-GCACTTCCATGTGCTTGCTTG-CTTGAT 
Campanula lanata CG-CGTCGCCCCCC- -AAA- - - CAC-TTA-GCACCCAAAAGTGCTATCTAG-CTTGG-T- 
Musschia  aurea CG-CGTCGCCCCCCC-AA- -CAACGA- -GCACCTCAAAGTTCTCGGTTG-CTTCG-C- 
Hanabuoaya aaiatica CG-CGTCGCCCCCCC-AA- -G-C1T-CTT-CACCTCCAAGTGCCTGCTTG-CTTGG-T- 
Physoplexja conosus CG-CGTCGCCCCC - - -AAAAA-CTT-CTT-GCACTTCCATGTGCTTGCTTG-CTTGA-T- 
Roucela erinus CG-CGTCGCCCCCCCCAAA - - -CAA-TGC-GTACCTAACGGTGCTCCAGG-CTTGG-T- 
Campanula punctata CG-CGTCGCCCCCCC-AA-A- - CAC-TGA-GCACC -CACAGTGCTCTCTGG-CTTGG-T- 
Gadellia lactiflora CG-CGTCCCCCCCCC-AAAA- -CAA.AAA- -GCACCTCAAAGTGCTCTGTTG-CTTGG-C- 
Campanula peraicifolia CG-CGTCGCCCCCC--AA--G-CA--CTTGCACTTCCGTGCTCGCTTGCTTGA..T.. 
Azorina vidalii CG-CGTCGCCCCCC- -AAA- - - CA- -TTGTGCACCTAG-AGTGCTCTCTTG-CTTGG-T- 
Campanula pyramidalis CG-CGTCGCCCCCC--AAAAGAAGC-TTGC ----- T ------------ TT- -CTTGG-T- 
Legousia speculum-vaneris CO-CGTCGCCTCCT- -AAAAG-CA- -TCCCGCACTTCCGAGTGCCGGCTTG-CTTGA-T- 
Cainpanula thyrsoides CG-CGTCGCCCCCCC-AA-A--CAC-TGA-ACACC-CCAATTCTCTCTGGCTTGGT 
Michauxia tchihatcheui i CG - CGTCGCCCCCCCCA 	AATTAAACTC - - - - CCCATAATTCTCTCCTTGCCTTGGGTG 
Jasione crispa CG-CGTCGCCCCC ----- AACTTAAATCGTGCACCC- -AGTGCACTGCT- -TTTGG-T- 
Craterocapsa congesta CG-CGTCGCCCCC ------ A--CAA--C - - -CACC- - - A ----- ACGG ----- TTGG-C- 
Codonopsis  lanceolata CG-CGTCGCCCCCCTCAACTTA - - -ATTGTTTACA- -AAA-CAAGTCAAGG-AMG- - - - 
Leptocodon gracilis CGTCGTCGCCTCCCTTAACCTA- - -ATTGTTTGA- -AAAACGA-TGGGGG-AAAG- - - - 
Cyananthus op. CG-CGTCGCCCCCCCCTTCCCG---AC ----- AC --- AAAACAAGGGAAA-GGGG---G 
Canarina canarienais CG-CGTCGCCCCCCCAAACAAC - - -ACAGAGCAAA- -GAAAC-TTTGGCTG-GTTG- - - - 
Platycodon grandiflorum CG-CGTCQCCCCCCCAAACAAACAAACAAACA.c- -CAAACGTTTG-TCG-GTTGTTCA 
Codonopsis dicentrifolia CG-CGTCGCCCCCCTTACCAAA ---AC----------AAAAC----------- AAG- - - - 
Nicotiana rustica CG-CGTCGCCCCCG -------- CACAC- -CGCGCCC- -ATTCTCATGATTGCGGTGGTGT 

550 	560 	570 	580 	590 	600 
Adenophora divaric ate GGGGAG-CGTACATTGGCTTCCC- -GTGCCTCGCAG- -TTCGGTT -GGCTCAAAA-TGGA 
Petromarula pinnata GTGGAG-CGTACATTGGCCTCCC- -GTCCCTTGTCG- -TACGGCA-GGCTCAAAA-TOGA 
Campanula barbata GGGAA- -CGAATATTGGCCCCCC- -GTGCCTTCCGG- -CCCGGTT-GGTTCAAAC-TTAA 
Campanula petraea GGGGGAACGGATATTGGCCTCCC- -GTGCCTTTCAG- - TGCGGCT- GGCTCAAAC -TTGA 
Diosphaera rumelianuin GGGAA-CCGAATATTGGCCCCCC- -TTCCCTTCGGG- -C-CGG-T-GGCCCAI4AC-TTAA 
Canipanulastrum americanum GGGGAA-CGTACATTGGCCTCCC- -GTGCCTTTTCC- -C-CGGTT-GGTTTAAAA-TGGA 
Legousia falcata GGGCAG-CGTACATTCGCCTCCC- -GTGCCTAACCG- -TGCGGCT-GGTTTAAAA-TGGA 
Phyteuma spicatuni GGGGAG-CGTACATTGGCCTCCC- -GTGCCTCTCCG- -TGCGGCT-GGCTCAAAA-TGGA 
Campanula lanata GGGGAG-CGGATATTGGCCTCCC- -GTGCCTTTCGG- -CGCGGCT-GGCTTAAAC-TTGA 
Musschia aurea GGGGAAACGGATATTGGCCTCCC- -GTGCCTTGTCGC-CTCGGCTTGGCT.-TGGA 
Hanabusaya asiatica GGGGAG-CGTACATTGGCCTCCC- -GTGCCTCGCAG- -TTCGGTT-GGCTCAAAA-TGGA 
Physoplexia comosus GGGGAAGCGTACATTGGCCCCCC- -GTGCCTCGCCG- -TGCGGTT-GGCTCAAAA-TGGA 
Roucela erinus GGGGAG-CGGATATTGGCCTCCC- -GTGCCTCGCGG- -CGCGGCT-GGCTCAAAC-TTGA 
Campanula punctata GGGGAA-CGGACATTGGCCTCCC- -GTGCCTTTCGG- -CGCGGCT-GGCTCAAAC-T'rCA 
Gadellia lactif lore GGGGAAACGGATAATGGCCTCCC- -GTGCCTTGCG- - - CGCGGCT-GGCTCAAAA-TGGA  
Cainppanula persicifolia GGGGAG-CGTATATTGGCCTCCC- -GTGCCTTGCCG- -CGCGGTT-GGCTCAAAA-TGGA 
Azorina vidalii GGGGAG-CGGATATTGGCCTCCC- -GTGCCTTGCGG- -CGTGGTT-GGCTCAAAC-TAGA 
Campanula pyramidalis GGGGAG-CGTACATTGGCCTCCC- -GTGCCTAACCG- -TGCGGCT-GGCTCAAAA-TAGA 
Legousia speculum-veneris GGGGAG-CGGACATTGGCCTCCC- -GCGCCTTGCAG- -TGCGGCT-GGTTTAAA-TGGA 
Campanula thyrsoides GGGGAA-CGGATATTGGCCTCCC - -GTGCCTTTCGG- - - GCGGTT-GGCTCAAAC -TTGA 
Michauxi a tchihatchewi i GGGGAACCGCATTTTTGCCTCCCCTTGCCTTTTGGGCCCCGGGTGGGTCCCTTCA 
Jasione criepa GGGGA- -CGGATATTGGCCTCCC- -GTGCCTCCTGG- -TGCGGGT-GGCTGAAA-TGGA 
Craterocapsa congesta GGGGAG-CGGACATTGGCCTCCC- -GCGCCTCGCGG- -CGCGGCT-GGCTCAAAA-TGGA 
Codonopais lanceolata -GGGGAGCGGATACTGGCCTCCC- -GTGCCTTGCGQ- -CGCGGCT-GGCTCAAAA-CGGA 
Leptocodon gracilis -GGGGAGCGGATAGTGGCCTCCC- -GTGCCTTGCGG- -CGCGGAT-GGCTGAAAA-CGGA 
Cyananthus op. GAGAGTACOTATATTGGCCTCCC- -GTGCCTCGTGG- -TGCGGGT-GGCTAkAAA-AGGA 
Canarina canarienais -GGGGAGCGQAT- - -GGCCTCCC- -GTGCCTCACGG- -TGCGG-T-GGCTCAAAA-CAGA 
Platycodon grandi floruni GGGGGAGCGGATACTGGCCTCCC- -GTGCCTCGCGG- -CGCGGCT-GGCTCAAAA-CGGA 
Codonopsis dicentrifolia -GGGGAGCGGATACTGGCCTCCC- -GTGCCTCGCGG- -CGCGGCT-GGCTCW.A-CGGA 
Nicotiana ruatica CGTGGGACGGATACTGGCCTCCCGTGTGCCTCGAGCG-TGCGGTTGGCCTWTGCGA 

Continues oveirlleaf 
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Fig. 07. continued 
610 	620 	630 	640 	650 	660 

Adenophora divaricata G-TCCCC-TG- -T-GA-AGGACGCACGACAAGTGGTGG-TTTA-TAATA- -GGCCCTCG- 
Petromarula pinnata G-TCCCC-GG- -T-GA-AGGACGCACGACAAGTGATGG-TTGAATAATAACGGCCCTCG- 
Campanula barbata - -TTCCCCTG-CTTGG-AACCC-CACAAAAAGTGGTGG-TTAA-TAACAAAGGCCCCCCC 
Campanula petraea A-TCCCC-TC-C--GT-AGGACGCACQACAAGTGGTGG-TTQA-TAACAA-AGGCCTCG- 
Diosphanra rumelianum - -TTCCCCTG-C- -TA-AGGACCCCCAAAAATTGGTGG-TGAA-TAACAA-GGCCCCC- - 
Campanulas trum anericanuin G - TCCAC - CG - - TTGA-ACGACGCACGACAAGTGGTGG -TTGA - TAATAAGGGCCTCC - - 
tegousia falcata G-TCCCC-TG-C--GA-AGGACGCACGACAAGTGGTGG-TTGA-TAACAA-GGCCCTCG- 
Phyteuma spicatum G-TCCCT-CG- -T-GA-AGGACGCACGACAAGTGGTGG-TTGA-TAATAA-GGCCCTCG- 
Campanula lanata G-TCCCC-TG-C- -GT-AGGACGCACGACAAGTGGTGG-TTGA- -AACAA-GGCCCTCG- 
Muenchia aurea - -TCCCCCTG-C- -GA-AAGACGCACGACAAGTGGTGG-TTGAATAAACAAGGCCCTCG- 
Hanabusaya aaiatica G-TCCCC-TG--T-GA-AGGACGCACGACAAGTGGTGG-TTQA-TAATAA-GGCCCTCG- 
Physoplexia comogus G-TCCCC-CC- -TTGA-AGGACGCACGACAACTGGTGG-TTGAACAACGAGGGCCCTCGC 
Roucela erinus G-TCCCC-TG-C - -GT-AGGACGCACGACAAGTGGTGG-TTGA-TAACAA-GGCCTTCG- 
Campanu].a punc tata A- TCCCCCTG - C - - GT -AGGACGCACGACAAGTGGTGG - TTGAATAACAAGGGCCCTCG - 
Gadellia lactiflora C-TCCCC-TG-CC-GA-AGGACGCACGACAAGTGGTG3-TTGA-ThACGG-CCCTCG- 
Campanula persicifolia G-TCCC- -TG- -T-GA-AGGACGCCCGACAAGTGGTGG-TTGA-TAA- - - -GGCCCTCG- 
Azorina vidalii G-TCCCC-TG-C- -GTTAGGACGCACGACAAGTGGTGG-TTGA-TAACAA-GGCCTTCG- 
Campanula pyramidalis G-TCCGC-TG- -TTGA-AGGACGCAGGACAAGTGGTGG-TTGA-AAATAA-GGGCCTCG- 
Legousia speculum-veneris G-TCCCC-CG--T-GA-AGGACGCACGACAAGTGGTGG-TTGA-TAATAA-GGCCCTCG- 
Campanula thyrsoides A-TCCCC-TG-C--GTT-GGACGCCCGACAAGTGGTGG-TTGA-TAACAA-AGGCCTCC- 
Michauxia tcbihatchewii AGTCCCCCTG - -- -GCC- - - -T-TT-GGCAAA-G-----CC------CAAAACTTTTTG- 
Jasione crispa G-ACCCC-TGGC- -GA-AGGATGCACGACAAGTGGTGG-TTGA-TAATAA-GGGCCTCG- 
Craterocapsa conges ta G-TCCCC-TG-C- -GA-AGGACGCACGGCAAGTGGTGG-TTGA-TAAAAA-GGCCCTCG- 
Codonopsis lanceolata GTCCCCCGCG - -- -AA- -GGACGCACGACAAGTGGTGG-TTGA-TAACAA-GGCCCTCG- 
Leptocodon gracilis GTCCCCTGCG - -- -AA- -GGACGCACGACAAGTGGTGG-TTGA-TAACAA-GGCCCTCG- 
Cyananthus op. CTCCCCTGTG - -- -AA- -GGACCCACTACTAGTGGTGG-TTGA-CAACGA-GGCCCTCG- 
Canarina canariensis GTCCCCCGCG - -- -GA- -GGACGCACGACAAGTGGTGGGTTGA-TAACAA-GGCCCTCG- 
Platycodon grandiflorum GTCCCCCGCG - -- -AA- -GGACGCACGGCAAGTGGTGG-TTGA-TAACAA-GGCCCTCG- 
Codonopsis dicentri folia GTCCCCCGCG - -- -AA- -GGACGCACGAcAGTGGTGG-TTGA-TAACAA-GGCCCTCG- 
Nicotiana rustics, GTCC-ACGGC - -- -GACGGACGTCACGACAAGTGGTGG-TTGAAACTCAA-----CTC- - 

670 	680 	690 	700 	710 	720 
Adenophora divaricata -CGTTCT-G- -TC-GTGC-TTGAGTCCTTTGC- -CGG- - - TTTTGG - - - -CTCT-TC-G- 
Petromarula pinnata CCGTTTTCG- -TCCGTGCGGGTCAACCCCTCT- -CGAGGAATTTGGG- - - CCCC-CCCA- 
Campanula  barbata CC-TTCCCCGTTCCT-GGGGGAAA'rCCCTTGCGG-GGAAATT- -GGG- - - CCCT-CTCAC  
Campanula petraea 	- -C-TTCCCG--TCCTTGCGGGAA-TCCTCCTTG--GGAA-TTT-GGG --- CTC-GTTTAC 
Diosphaera rumelianum CC-TTCCCG-TTCTT-GCGGGAATCCCTCCTT --- GGGAATTT-GG - -- - CTCT-TC-A- 
Campanulastruin ainericanuin CCGTTTT-G- -TCGTTGTGGGTACCCCTT- - - G-CGGAA-TTT-GG - - - -CTC-GTTTA- 
I..egousia falcata -CGTTAT-G- -TC-TTGC-GGTAATCCTTC- -G-CGGGA-TTT-GG- - - -CTC-GTT-G- 
Phyteuma spicatum -CGTTTT-G- -TCGTC-C-GGTAATCCTTT- -G-CGGGA-TTT-GA- - - -CTC-GTT-G- 
Campanula lanata -CGTCCC-G- -TCGT-GC-GGCAATCCTTC- -G-CGGGA-TTT-GC- - - -CTC-GTC- - - 
Musschia aurea CCGTCCC-G- -TCCT-GCCGTCAATAATCTCCG-TGGGGATCT-GG- - - -CTCCGTCCAC 
Hanabusaya asiatica -CGTTCT-G- -TCGT-GC-TTGAATCCTTTGC- - - GGG- -TTTTGG- - - -CTCT-TC-G- 
Physoplexis comosus CT-TTTCTGG-CCCTC-CGGGTAATCCCTC-CG-CGGAGGAAT--A -- - - C-C-ACCCG- 
Rouce].a erinus -CGTCCC-G- -TCGT-GC-GGCAATCCTCCG- - - TGGG- -TTT-GG- - - -CTC-GTC-- - 
Campanula punctata CC-TCCC-G- -TCTT-GC-CGCAATCCCTCC-Gc3CGGGA-TTT-GGG- - - CTCC-TCC- - 
Gadellia lactiflora CC-TCCCCG- -TTGT-GT-GTCAATA- -CTCCG-CGGGGATCT-GG- - - -CTCC-CCCAC 
Campanula persicifolia -CATTAT-G- -TCAT-GCCGGAAATCCTTTAC-ATGA- - - TTT-GA - - - -CTC-AT- -G- 
Azorina vidalii -CGTCCC-G- -TCGT-GC-GAATATCCTTCG- - - TGGGA-TTT-GGG - - -CTC-GTC- - - 
Campanula pyrainidalis -CGTTTT-G- -TTGT-GCCGAAAAATGGTTT--ATGGGA-TTT-GGGGc3GTTC-ATTTA- 
Legousia speculum-veneris -CGTTTT-G- -TCGT-GC-GATAATCCTCTGC- - - GGGA-TTTTGA - - - -CTC-GTTCA- 
Campanula thyrsoides -CGTTCC-G- -TCCTTGC-GGGAATCCTTTGC- -TGGA- -TTT-GGG- - - TCCT-CCCA- 
Michauxia  tchihatchewij --- TT - - -GG------GTCGGAAAAAA- - - -C- -CAAG------ GGG- - - CCCT-CCTTC  
Jasione crispa -CGTCCC-G--TCGT-GTGGCAAATCCCTTT-G-CGGAGG ---- GG ----- TCT ----- C 
Craterocapsa congesta -CCTCCC-G- -CCGT-GCGGCAA-TCC-TCC-G-CGGCA-TCC-GG- - - -CTCT.-CCCAC 
Codonopsis lanceolata --CGT-CCCGT-TCGT-GCGCACG-TCCTGCGC- -TGGG- -TT- -GG- - - -CTCT-CT- - - 
Leptocodon gracilis -CGT-CCCG- -TCGT-GCGCACG-TCCTGCGC- -TGGG- - - CC-GG - - - -CTCA-C- -GT 
Cyananthus sp. -CAT-CTTG- -TGGT-GCGCTCG-TCCCTTA-G-TGGGA-T- - - GGG - --CTCT-C- -AC 
Canarina canariensis -CGT-CATG- -TCGT-GTGCACG-TCCTGCGC- -TGGAG-T- - - AGG - - -CTCT-C- -GT 
Platycodon granditlorum -CGTACCCG- -TCGT-GCGCAAG-TCCTGAGCGATGGTG- -C- -AGG- - - CTCT-C- -GT 
Codonopsis dicentrifolia -CGT-CCCGT-CTGC-GCATGT- -TCCTTG-CGCTGGGG-TT- -GGG- - - -TCT- - - -AT 
Nicotiana rustica TC-GTAATGTG ----- GC-TACAACCCGTCGCA-TG - -- - TTT-GGGC- - - TCC-CC-G- 

Continues  overrlleaf 

258 



Fig. 87. continued 
722 ITS]. 5.8S ITS2 

Adenophora divarjcata -A 1 273 + 166 + 197 = 636 
Petromarula pinnata -A 1 279 + 166 + 209 = 654 
Campanula barbata -A 1 276 + 166 + 210 = 652 
Campanula petraea AA 1 273 + 166 + 204 = 643 
Diosphaera rumelianum -A 1 273 + 166 + 199 = 638 
Campanulaetruin americanum -A 1 276 + 167 + 201 = 644 
Legousia falcata -A 1 275 + 167 + 198 = 640 
Phyteuma spicatuin - - 1 274 + 167 + 198 = 639 
Campanula lanata -A 1 276 + 166 + 195 = 637 
Musechia aurea AA C 273 + 166 + 213 = 652 
Hanahusaya aBiatica -A C 275 + 166 + 198 639 
Physoplexis comosus - - C 275 + 167 + 206 = 648 
Roucela erinus -A C 274 + 166 + 197 = 637 
Campanula punctata -A ( 273 + 166 + 203 = 642 
Gadellia lactiflora -A ( 275 + 166 + 204 = 645 
Campanula persicifolia -A 1 279 + 166 + 193 = 638 
Azorina vidalii -A 1 275 + 166 + 197 = 638 
Campanula pyramidalis AA 1 272 + 166 + 192 = 630 
Legousia speculum-veneris GA 1 275 + 167 + 202 = 644 
Campanula thyrsoides -A 1 	273 + 166 + 199 = 638 
Michauxia tchihatchewii -- 1 	275 + 166 + 186 = 627 
Jasione criapa AA 1 274 + 166 + 194 = 634 
Craterocapsa congeata GA 1 208 + 166 + 182 = 556 
Codonopsis lanceolata -A 1 246 + 166 + 195 = 607 
Leptocodon gracilis GA 1 249 + 166 + 197 = 612 
Cyananthus sp. -A 1 226 + 167 + 193 = 586 
Canarina caneriensis GA 1 240 + 166 + 194 = 600 
Platycodon grandifloruni GA ( 	176+ 166 + 208 = 550 
Codonopsie dicentrifolia -A 1 	246 + 166 + 179 = 591 
Nicotiana rustica -A C 236 + 164 + 195 = 595 

= incomplete 
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7.3.6 Results of the Molecular Analyses 

7.3.6.1 Sequence Analysis 

Basic statistics for the aligned sequences were calculated using MacCLADE, MEGA and by 

visual inspection and the results are given in Table 31. below. 

Table 31. Sequence parameters for the ITSI and ITS2 spacer regions and the 
5.8S subunit of ribosomal DNA. 

Aligned Length 313 165 244 557 
Invariant Sites 80 148 59 139 
Variable Sites 233 17 185 418 
Hp Length (mm. - max.) 208 - 279 * 164 - 165 179 - 213 390 - 488 * 

Mean length (bp) 265.3 * 164.2 197.9 462.9 * 

G+ C content (%) 50.5 - 67.3 * 53.0 - 55.5 51.8 - 68.2 52.0 - 67.7 
Mean C + C content (%) 59.1 * 54.2 58.8 58.9 * 

iransitions (min.-max) 370 - 405 15 - 15 340 - 369 717 - 786 
fransversions (min.-max 287 - 322 11 - 11 252 - 281 550 - 619 
Unambig. Transitions 279 13 240 503 
Unambig. Fransversions 157 7 152 295 
Ts/Tv ratio 1.8 1.9 1.6 1.7 
Number of indels 20-44 * 0-1 18-35 18-44 * 

Mean No. of inde!s 28.2 * 0.87 29.2 28.8 * 

Size of indels 1 - 8 ** 1 1 - 12  1 - 12 ** 

Informative sites 177 5 136 313 
Sctj.diverg.(C) (%)Ts+Tv 0.95 - 85.36 0.00 - 5.97 2.27 - 76.85 3.18 - 66.05 
Seq.diverg.(C)(%) 	Tv,  0.00 - 37.70 0.00 - 4.70 0.00 - 42.00 0.51 	- 24.81 
Scq.diverg.(PW)(%) 	Tvj 3.70 - 52.34 1 	0.00-4.70 	1 LOS - 66.18 0.65 - 45.41 
C = Complete deletion 	P\V = l'airwise deletion 	l's = Transitions Tv 	Transversions 

* n =29 (not including Platodon) 	29 (not including (rateroapsa) 

The multiple alignment of the 30 taxa produced a data matrix of the complete ITS region 

consisting of 722-bp (see Fig.87). Removal of alignment gaps gives a mean value of 265.3-

bp for ITS!, 164.2-bp for 5.8S subunit and 197.9-bp for ITS2. The alignment required a 

maximum of 44 gaps for ITS 1 ranging in size from 1-8 bp (Craterocapsa not included in 

size range), I gap for the 5.8S subunit of size 1-bp, and 35 gaps for ITS2 ranging in size 

from 1-12 bp.. The ITS! sequence for Plalycodon was not included in the statistical 

calculations since it was incomplete. Craterocapsa had a massive deletion of 63-bp 

(interrupted at position 97 by the ClustalW alignment of three cytosines). From a total of 
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318, the number of variable sites for ITS1 was 233, of which 177 were potentially 

parsimoniously informative; for the 5.8S subunit the number of variable sites was 17, of 

which 5 were potentially parsimoniously informative; and for ITS2 the number of variable 

sites was 185 of which 136 were potentially parsimoniously informative. ITS 1 had about 23 

% more parsimoniously informative sites than ITS2. Base pair lengths and G + C content for 

ITS1 and ITS2 are very similar to the figures given for other angiosperm families by 

Baldwin et al. (1995). It has been suggested by Baldwin et al. that the similarity in G + C 

content in ITS  and ITS2 reflects the co-evolution of both spacer regions. 

Reconstruction of molecular phylogeny depends on some knowledge of the evolutionary 

distance between a pair of sequences which is usually measured by the number of nucleotide 

substitutions per site (d) between them (Kumar, Tamura and Nei, 1993). Pairwise distances 

are calculated for each combination of taxa pairs and a distance matrix is built up. The actual 

method used to calculate such distance depends on the pattern of nucleotide substitution and 

subsequently the model used. If the rate of all evolutionary lineages was the same then the 

simple proportion (p) of nucleotide sites at which two sequences differ would probably 

suffice. This, however, is rarely what we find or should expect in natural circumstances. The 

choice of a substitution model is exceedingly difficult. Statistical criteria should theoretically 

aid the choice of the appropriate model for a given data set (Bulmer, 1991; Goldman, 1993; 

Tamura, 1994). Kumar, Tamura & Nei (1993) have supplied some guidelines for choosing 

distance measures which were used in the choice of substitution model for this study. As a 

baseline measure, the Jukes-Cantor model was used and the range found for the combined 

ITS 1 and ITS2 data set with gap sites and missing information removed (complete deletion) 

was 0.0308 <d < 0.4561. The range found for the same data set with pairwise deletion was 

0.0284 <d < 0.6526. The pairwise values predominantly gave d> 0.05, thus suggesting the 

choice of a different model. For the ITS 1 data set the range found for complete deletion was 

0.0094 <d < 0.5364 and for pairwise deletion 0.0300 <d < 0.7647. For the ITS2 data set 

the range found for complete deletion was 0.0221 < d < 0.5532 and for pairwise deletion 

0.0261 <d < 0.7346. The transitionitransversion ratio was also calculated for the same 

combined data set and found to be both wide ranging and high (0.3750 - 7.000 for complete 

deletion and 0.6623 - 4.200 for pairwise deletion). With 557 nucleotides in the combined 
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ITS data set, 313 or 244 in the ITS 1 or ITS2 data sets respectively, the suggested option was 

the Kimura 2-parameter model (K2P). It seems reasonable to assume that the rate of 

nucleotide substitution differs for each nucleotide site and therefore the gamma distances 

were also used in conjunction with the K2P model (Uzzell & Corbin, 1971; Tamura & Nei, 

1993; Wakeley,1993). For pairwise distances for the combined ITS  and ITS2 data using the 

K2P model and gamma distribution, see Fig.88. The gamma distribution can be specified by 

the parameter a which is the inverse of the coefficient of variation of the substitution rate (e). 

With the K-2 model the program MEGA gives a default value of a = 1.0. 
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Taxa 	1 	2 
1 	 0.1586 
2 0.0352 
3 0.0665 0.0779 
4 0.0523 0.0641 
5 0.0754 0.0797 
6 0.0435 0.0408 
7 0.0320 0.0336 
8 0.0354 0.0278 
9 0.0488 0.0572 
10 0.0398 0.0452 
11 0.0135 0.0376 
12 0.0341 0.0298 
13 0.0511 0.0617 
14 0.0476 0.0586 
15 0.0414 0.0513 
16 0.0306 0.0286 
17 0.0573 0.0603 
18 0.1055 0.1086 
19 0.0336 0.0388 
20 0.0425 0.0401 
21 0.0531 0.0612 
22 0.0435 0.0544 
23 0.0534 0.0729 
24 0.0610 0.0761 
25 0.0709 0.0854 
26 0.0845 0.0854 
27 0.0636 0.0771 
28 0.0609 0.0831 
29 0.0671 0.0837 
30 0.0930 0.1118 

3 
0.3363 
0.4107 

0.0277 
0.0296 
0.0647 
0.0544 
0.0647 
0.0291 
0.0452 
0.0583 
0.0620 
0.0319 
0.0261 
0.0517 
0.0665 
0.0417 
0.0481 
0.0766 
0.0761 
0.0283 
0.0452 
0.0573 
0.0677 
0.0779 
0.0876 
0.0627 
0.0756 
0.0693 
0.1107 

4 
0.2609 
0.3377 
0.1055 

0.0384 
0.0569 
0.0480 
0.0513 
0.0172 
0.0329 
0.0460 
0.0523 
0.0214 
0.0145 
0.0406 
0.0542 
0.0324 
0.0431 
0.0582 
0.0605 
0.0156 
0.0410 
0.0430 
0.0461 
0.0564 
0.0673 
0.0511 
0.0565 
0.0474 
0.0797 

5 	6 
0.3907 0.2021 
0.4302 0.1857 
0.1230 0.3323 
0.1754 0.2892 

0.4131 
0.0789 
0.0662 0.0300 
0.0761 0.0463 
0.0399 0.0542 
0.0500 0.0470 
0.0662 0.0464 
0.0718 0.0504 
0.0395 0.0618 
0.0367 0.0555 
0.0569 0.0524 
0.0722 0.0466 
0.0540 0.0627 
0.0549 0.0837 
0.0779 0.0459 
0.0864 0.0403 
0.0370 0.0596 
0.0555 0.0481 
0.0583 0.0633 
0.0662 0.0686 
0.0845 0.0718 
0.0854 0.0923 
0.0733 0.0745 
0.0821 0.0749 
0.0702 0.0783 
0.1158 0.0797 

7 
0.1373 
0.1453 
0.2776 
0.2398 
0.3493 
0.1191 

0.0313 
0.0456 
0.0435 
0.0298 
0.0326 
0.0493 
0.0438 
0.0421 
0.0362 
0.0556 
0.0837 
0.0363 
0.0339 
0.0491 
0.0441 
0.0505 
0.0596 
0.0601 
0.0789 
0.0549 
0.0536 
0.0632 
0.0856 

8 	9 
0.1589 0.2414 
0.1102 0.2962 
0.3323 0.1126 
0.2587 0.0488 
0.3995 0.183 
0.2081 0.271C 
0.1310 0.223C 

0.2605 
0.0523 
0.0458 0.0308 
0.0340 0.046C 
0.0189 0.0558 
0.0518 0.0182 
0.0468 0.0135 
0.0518 0.0343 
0.0313 0.0523 
0.0488 0.0335 
0.0976 0.0448 
0.0446 0.0603 
0.0417 0.0558 
0.0523 0.0144 
0.0505 0.0381 
0.0569 0.0446 
0.0693 0.0513 
0.0779 0.0591 
0.0864 0.0685 
0.0624 0.0505 
0.0695 0.0633 
0.0761 0.0509 
0.0874 0.0761 

Fig. 8. IPairwse distances for the combined IITSII and ffTS2 sequence data sets (557 
inunidileothiles). Gamma distances are used wãtllui the Kinrnara 2-parameter modell (a = 1). Gap sites 
and missing fluulfornhlatfioun were removed from the subset data (Compilete delletoiin option). 
Distances are in the upper-right matrix. Standard Errors are in the Rower-Deft matrix. Taxa 
ilabells are as foilliows: 

1 .Adenophora divaricata 	11 .Hanabusaya asiatica 
2.Petromarula pinnata 12.Physoplexis comosus 
3.Campanula barbata 13.Roucela erinus 
4.Campanula petraea 14.Campanula punctata 
5.Diosphaera rumelianum 15.Gadellia lactiflora 
6 .Campanulastrum americanurn16 .Campanula persicifolia 
7.Legousia falcata 17.Azorina vidalii 
8.Phyteuma spiCatum 18.Michauxia tchihatchewii 
9.Campanula lanata 19.Campanula pyramidalis 
10.Musschia aurea 20.Legousia speculum-veneris 

Continued overileaf 

21 .Campanula thyrsoides 
22.Jasione crispa 
23 .Craterocapsa congesta 
24 .Codonopsis lanceolata 
25 .Leptocodon gracilis 
26.Cyananthus sp. 
27 .Canarina canariensis 
28 .Platycodon grandiflorum 
29 .Obconjcapsula dicentrifolia 
30.Nicotiana rustica 
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Fag. 8. continued  

Taxa 	10 	11 
1 0.1783 0.0318 
2 0.2167 0.1737 
3 0.2167 0.2923 
4 0.1440 0.2238 
5 0.2500 0.3423 
6 0.2205 0.2191 
7 0.2021 0.1233 
8 0.2178 0.1511 
9 0.1301 0.2238 

10 	 0.1944 
11 0.0425 
12 0.0441 0.0340 
13 0.0323 0.0448 
14 0.0307 0.0417 
15 0.0191 0.0419 
16 0.0419 0.0310 
17 0.0448 0.0500 
18 0.0549 0.0914 
19 0.0540 0.0333 
20 0.0536 0.0421 
21 0.0339 0.0468 
22 0.0293 0.0464 
23 0.0380 0.0525 
24 0.0417 0.0603 
25 0.0544 0.0626 
26 0.0526 0.0795 
27 0.0561 0.0600 
28 0.0481 0.0573 
29 0.0476 0.0639 
30 0.0709 0.0876 

12 
0.1514 
0.1233 
0.3264 
0.2668 
0.3828 
0.2336 
0.1384 
0.0597 
0.2868 
0.2087 
0.1511 

0.0526 
0.0504 
0.0493 
0.0346 
0.0531 
0.0988 
0.0452 
0.0425 
0.0562 
0.0513 
0.0569 
0.0678 
0.0845 
0.0845 
0.0677 
0.0677 
0.0769 
0.0974 

13 
0.2522 
0.3191 
0.1323 
0.0722 
0.1829 
0.3128 
0.2425 
0.2597 
0.0545 
0.1378 
0.2157 
0.2676 

0.0180 
0.0388 

0.0569 
0.0286 
0.0459 
0.0656 
0.0647 
0.0189 
0.0378 
0.0374 
0.0500 
0.0596 
0.0647 
0.0475 
0.0531 
0.0465 
0.0766 

14 	15 
0.2330 0.1922 
0.3057 0.2587 
0.0979 0.2536 
0.0370 0.1905 
0.1667 0.2892 
0.2800 0.2551 
0.2136 0.1990 
0.2313 0.2597 
0.0318 0.1518 
0.1298 0.0599 
0.1982 0.1932 
0.2567 0.2425 
0.0542 0.1762 

0.1667 
0.0367 

0.0536 0.0421 
0.0305 0.0536 
0.0408 0.0647 
0.0577 0.0562 
0.0572 0.0575 
0.0144 0.0401 
0.0392 0.0363 
0.0381 0.0482 
0.0453 0.0468 
0.0558 0.0577 
0.0669 0.0596 
0.0475 0.0552 
0.0552 0.0512 
0.0496 0.0549 
0.0801 0.0831 

16 
0.1249 
0.1164 
0.3363 
0.2710 
0.3693 
0.2141 
0.1556 
0.1310 
0.2609 
0.1932 
0.1256 
0.1523 
0.2831 
0.2697 
0.1990 

0.0512 
0.1054 
0.0353 
0.0395 
0.0542 
0.0499 
0.0655 
0.0669 
0.0743 
0.0826 
0.0745 
0.0687 
0.0761 
0.0938 

17 	18 
0.2780 0.5271 
0.3094 0.5596 
0.1823 0.2285 
0.1285 0.1957 
0.2586 0.2725 
0.3148 0.4389 
0.2742 0.4389 
0.2414 0.5013 
0.1363 0.2048 
0.2048 0.2787 
0.2383 0.4636 
0.2686 0.5208 
0.1072 0.2126 
0.1199 0.1857 
0.2521 0.3323 
0.2466 0.5186 

0.2938 
0.0617 
0.0549 0.1126 
0.0569 0.1111 
0.0328 0.0431 
0.0435 0.0596 
0.0579 0.0695 
0.0604 0.0917 
0.0695 0.1144 
0.0878 0.1241 
0.0561 0.0955 
0.0628 0.0991 
0.0665 0.0938 
0.0754 0.1294 

Taxa 	19 	20 	21 	22 	23 	24 	25 	26 	27 
1 0.1453 0.1999 0.2686 0.2021 0.2459 0.3110 0.3736 0.4329 0.3169 
2 0.1762 0.1893 0.3247 0.2776 0.3642 0.3995 0.4583 0.4583 0.4018 
3 0.3933 0.3995 0.1112 0.2167 0.2780 0.3525 0.4107 0.4631 0.3148 
4 0.2985 0.3165 0.0426 0.1913 0.2009 0.2299 0.2946 0.3585 0.2522 
5 0.4107 0.4606 0.1673 0.2800 0.2923 0.3493 0.4483 0.4583 0.3718 
6 0.2126 0.1846 0.3080 0.2341 0.3098 0.3544 0.3828 0.4815 0.3746 
7 0.1608 0.1459 0.2478 0.2142 0.2451 0.3080 0.3155 0.4131 0.2725 
8 0.2099 0.1982 0.2668 0.2510 0.2831 0.3629 0.4184 0.4606 0.3207 
9 0.3094 0.2868 0.0369 0.1747 0.2099 0.2587 0.3068 0.3612 0.2451 

10 0.2586 0.2637 0.1509 0.1177 0.1593 0.1982 0.2776 0.2676 0.2692 
11 0.1447 0.1990 0.2313 0.2191 0.2438 0.3094 0.3276 0.4071 0.2960 
12 0.2167 0.1999 0.2941 0.2587 0.2831 0.3598 0.4564 0.4564 0.3525 
13 0.3342 0.3323 0.0597 0.1741 0.1680 0.2500 0.3080 0.3390 0.2271 
14 0.2972 0.2962 0.0369 0.1822 0.1747 0.2223 0.2868 0.3508 0.2271 
15 0.2815 0.2906 0.1893 0.1608 0.2177 0.2313 0.2972 0.3080 0.2672 
16 0.1487 0.1829 0.2710 0.2437 0.3149 0.3508 0.3955 0.4363 0.3746 
17 0.2725 0.2892 0.1341 0.2021 0.2674 0.3033 0.3566 0.4480 0.2692 
18 0.5594 0.5739 0.1957 0.3080 0.3566 0.4884 0.5996 0.6394 0.4884 
19 	 0.2148 0.3290 0.2831 0.3005 0.3612 0.4302 0.4884 0.3544 
20 0.0444 	 0.3366 0.3224 0.3289 0.3755 0.4223 0.5415 0.4246 
21 0.0632 0.0636 	 0.1982 0.1990 0.2563 0.3141 0.3682 0.2500 
22 0.0569 0.0632 0.0417 	 0.1823 0.2510 0.2985 0.3442 0.2077 
23 0.0619 0.0661 0.0421 0.0417 	 0.1905 0.2609 0.3224 0.2466 
24 0.0685 0.0718 0.0502 0.0505 0.0406 	 0.0786 0.1972 0.1126 
25 0.0797 0.0797 0.0594 0.0582 0.0523 0.0226 	 0.2481 0.1399 
26 0.0917 0.1044 0.0685 0.0671 0.0632 0.0437 0.0544 	 0.2400 
27 0.0686 0.0841 0.0500 0.0436 0.0512 0.0291 0.0333 0.0508 
28 0.0733 0.0813 0.0613 0.0430 0.0403 0.0283 0.0353 0.0512 0.0263 
29 0.0837 0.0951 0.0488 0.0500 0.0464 0.0286 0.0374 0.0362 0.0362 
30 0.1075 0.1050 0.0826 0.0664 0.0693 0.0647 0.0586 0.0787 0.0639 

Continued overileaf 
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Fig. as. continued. 

Taxa 	28 	29 	30 
1 0.2982 0.3442 0.4912 
2 0.4299 0.4389 0.5845 
3 0.3702 0.3629 0.5639 
4 0.2760 0.2385 0.4223 
5 0.4056 0.3719 0.5931 
6 0.3825 0.4043 0.4223 
7 0.2697 0.3290 0.4509 
8 0.3566 0.3995 0.4709 
9 0.3098 0.2579 0.3995 

10 0.2285 0.2330 0.3736 
11 0.2780 0.3305 0.4631 
12 0.3525 0.4087 0.5177 
13 0.2568 0.2307 0.3933 
14 0.2672 0.2491 0.4156 
15 0.2466 0.2787 0.4299 
16 0.3412 0.3995 0.5015 
17 0.2965 0.3363 0.3907 
18 0.4965 0.5015 0.6605 
19 0.3718 0.4389 0.5661 
20 0.4184 0.4797 0.5518 
21 0.3053 0.2472 0.4363 
22 0.2009 0.2500 0.3566 
23 0.1846 0.2248 0.3629 
24 0.1112 0.1072 0.3323 
25 0.1537 0.1580 0.3057 
26 0.2466 0.1556 0.4202 
27 0.0939 0.1556 0.3305 
28 	 0.1459 0.3508 
29 0.0339 	 0.3508 
30 0.0669 0.0669 
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Fig-89 shows the distribution of changes at each site across the entire ITS region. Pairwise 

sequence divergence (with the KTP model) using the complete deletion option varied within 

ITS  from 0.95 - 85.36 % and from 2.27 - 76.85 % in ITS2 (see Table.31). Thus ITS2 was 

slightly less variable (but see data for transversion-only events). The highly conserved 5.8S 

subunit diverged from 0.00 - 5.97 % . For the combined data sets, the smallest sequence 

divergence was 3.18 % (0.65 % ) between Adenophora and Hanabusaya and between 

Campanula punctata and Campanula lanata (1.11 % * between Campanula punctata and 

Campanula petraea in the transversion-only with pairwise-deletion data), whereas the 

greatest divergence was 66.05 % (45.41 % ) between Michauxia tchihatchewii and the 

outgroup, Nicotiana rustica. Within the Campanuleae s.s. (including Jasione) the sequence 

divergence ranged from 3.18% (0.065 % *) among the taxa mentioned above to 57.39 % 

between Michauxia tchihatchewii and Legousia speculum-veneris (20.92 % * between 

Petromarula and Michauxia in the transversion-only with the pairwise-deletion data), with a 

mean divergence of 26.7 % (9.93 % ). Sequence divergence between Michauxia and the 

rest of the Campanuleae was 19.57- 57.39 %; mean = 37.2 % (7.12 - 20.92 %; mean = 13.24 

% 'p). Sequence divergence between Jasione and the rest of the Campanuleae was 11.8 - 

32.2 % (9.41 - 17.10 %; mean = 12.09 % *). Between Jasione and Craterocapsa sequence 

divergence was 18.23 % (6.77 % *). Between Jasione and the Platycodoneae s.s. sequence 

divergence was 20.10 - 34.4 %; mean = 25.87 % (19.44 - 28.85; mean = 22.98 % *). Within 

the Platycodoneae the sequence divergence ranged from 7.86 - 24.81 % with a mean 

divergence of 15.62 % (2.96 - 14.13 %; mean = 8.30 % *). Finally, the sequence divergence 

between the outgroup Nicotiana and the ingroup was 30.6 - 66.1 %; mean = 44.51 % (22.37 

- 45.41 %; mean = 34.41 % *). These sequence divergence values are higher than those 

given for a selection of angiosperm families by Baldwin, et al. (1995), in many cases more 

than double the highest values recorded. By 1995 the family-wide analysis of the 

Polemoniaceae by Porter (1993) held the record for taking the use of ITS for phylogenetic 

reconstruction to its limits. The very high divergence values obtained for the Campanulaceae 

are probably a direct consequence of the phylogenetic distances of the taxa used in this 

study. In many investigations which have used the ITS region to reconstruct phylogeny, the 

taxa used have usually been more closely related, often with species within a single genus. 

However, if the amount of divergence is high combined with a high transitionitransversion 
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ratio, the sequences could be saturated with transition differences which have the effect 

creating "noise" (Goldstein & Pollock, 1994) and inflating the variance of evolutionary 

distance estimates. This appears to be the situation with the data obtained for the 

Campanulaceae. For this reason, pairwise distances and percentage sequence divergences 

were recalculated for transversion events only but otherwise retaining the same parameters 

as for the original distance matrix. Pairwise distances were also recalculated for transversion 

events only but with pairwise deletion (not shown). Greater relaxation of contraints on the 

information content of the data set combined with the elimination of transition bias might 

yield a compromise (and more realistic) set of sequence divergence values. This set of 

parameters gave values which were much closer to those calculated for Polemoniaceae 

(Baldwin et al., 1995). The recalculated sequence divergences based on transversion events 

only for the examples given above but with relaxed pairwise-deletion have been re-entered 

in brackets (see above *). It should be noted, however, that average pairwise distance values 

may not be an adequate measure of relative evolutionary rates (Baldwin, et al.,1995) and 

that the relative rate tests of Muse & Weir (1992) should be used instead. Furthermore, 

within subregions of both ITS 1 and ITS2 there is a possibility of rate heterogeneity which 

complicates a simple model of evolutionary rates based on pairwise sequence divergence 

values (Gaut & Weir, 1994). 
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1.1351 
0.7439 
1.9384 
1.0321 
1.2266 
1.1700 
0.7461 
0.8795 
0.7632 
0.5754 
0.9600 
0.6628 
0.5773 
0.3953 
0.8377 
1.4544 
3.1781 
2.5034 
1.1882 
0.9028 

1.9469 
1.0753 
1.4412 
1.3361 
1.3728 
1.4435 
0.9393 
1.2731 
1.1338 
1.6916 
1.9154 
1.0566 
0.9618 
1.0528 
1.5877 
1.5437 
1.9469 
1.1700 
1.7481 
1.5634 
1.0690 

Taxa 	1 	2 	3 	4 	5 	6 	7 	8 	9 

	

1 	 0.7866 1.8501 1.3625 1.5993 1.9469 1.0025 0.9414 1.1862 

	

2 	 1.3223 1.0126 0.9934 1.9877 1.3375 1.2154 0.9702 

	

3 	 2.9875 0.7944 1.4841 1.0753 1.4841 3.2572 

	

4 	 1.3341 1.2989 0.9061 1.0566 3.7623 

	

5 	 1.4618 1.0817 1.3808 1.4443 

	

6 	 2.7111 3.7595 1.4544 

	

7 	 1.3442 1.0194 

	

8 	 1.3625 
9 

Taxa 	10 	11 	12 	13 	14 	15 	16 	17 	18 
1 2.1909 5.2633 0.8488 1.4480 1.2617 1.5574 1.8568 2.3952 2.3163 
2 1.4412 0.8129 0.9846 1.2481 0.9237 1.0566 0.8725 1.3133 1.7207 
3 1.4412 1.6465 0.9455 2.0261 2.0517 1.6467 1.8501 3.8167 2.0414 
4 0.7584 1.1723 0.8795 1.7298 1.3821 1.1461 1.4544 5.1351 2.5034 
5 1.1182 1.4116 1.0557 1.2336 1.0364 1.2989 1.7609 2.4412 1.6451 
6 2.2155 1.9154 3.1816 1.6505 1.3728 1.8740 2.8331 1.8503 1.4813 
7 1.9469 0.9846 1.4767 1.3536 0.8101 1.2419 2.5597 1.8618 1.4813 
8 1.6603 0.7022 0.3655 1.2007 0.9600 1.2007 1.3442 1.1862 1.8342 
9 0.8972 1.1723 1.0206 2.5046 5.2633 1.0197 1.3625 5.5063 2.6660 

	

10 	 2.1282 1.5494 1.2170 0.7278 1.2654 1.8179 2.6660 1.2158 

	

11 	 0.7022 1.2513 1.0690 1.8179 2.3201 2.1709 2.0837 

	

12 	 1.0005 0.7074 1.3536 1.2210 1.1351 1.4128 

	

13 	 1.5874 1.5699 1.7481 5.8946 2.4206 

	

14 	 1.0364 1.2855 3.5335 1.9877 

	

15 	 1.2419 3.0563 1.4841 

	

16 	 2.0122 2.6537 

	

17 	 3.2850 
18 

Tama 	19 	20 	21 	22 	23 	24 	25 	26 	27 
1 1.3375 1.4413 
2 1.5699 0.8377 
3 1.7708 1.3808 
4 1.2316 0.9914 
5 1.3223 1.2394 
6 2.4206 1.6923 
7 1.5877 1.6124 
8 1.7929 1.0690 
9 1.3133 1.0206 

10 2.4412 1.7527 
11 1.1104 1.2419 
12 1.4412 1.4413 
13 1.6570 1.4841 
14 1.0942 0.9702 
15 1.5491 1.4627 
16 2.9290 1.2336 
17 1.6451 1.2989 
18 2.3339 1.6592 
19 	 1.0853 
20 
21 
22 
23 
24 
25 
26 
27 

3.9448 1.4726 
2.2977 1.3808 
2.3952 1.3449 
1.6736 0.6198 
1.6465 1.0817 
2.4900 1.4971 
1.7613 1.1700 
1.7481 1.2835 
1.7929 1.0566 
5.0227 1.0690 
3.3633 1.3133 
1.7481 1.0340 
1.4506 1.1182 
1.1338 0.8840 
3.9790 0.9600 
3.1908 1.2070 
4.3777 1.7469 
1.6657 1.2631 
2.6701 1.1530 
2.1919 1.3623 
1.2419 0.6128 
3.8167 1.2731 

1.1461 

1.2265 
1.1236 
1.3223 
0.7559 
1.2897 
1.0557 
0.8804 
1.0343 
1.0408 
1.0753 
1.0611 
1.0168 
1.1700 
1.0206 
1.0942 
1.1241 
1.6657 
1.4164 
0.9934 
1.2677 

0.6869 
1.2316 
1.3625 
1.9699 

1.8799 2.0758 
1.1236 1.5279 
1.3652 1.8503 
0.9252 1.4480 
1.1236 1.9561 
1.5858 2.1741 
1.4618 1.6451 

1.2394 1.3974 
1.1530 1.7613 
1.0005 2.5823 
1.8682 2.0898 
1.0168 1.3449 
1.1330 1.7744 
1.2070 1.7744 
1.1700 2.2638 
1.3432 2.1741 
1.9800 2.5823 
1.5768 1.9111 
1.2631 1.4971 
1.6329 2.1747 
0.7903 1.1182 
1.5735 1.3402 
1.5634 2.0122 
2.9651 3.2572 
4.6761 2.1995 

2.4994 

Fig. 9. 1Parwse distance matrix calicrinflated from traniisftioun/traunsversionii ratios for the 
combined ITS! and IITS2 sequence data sets (557 ninidileotides). Gap sites and missing 
information were removed from the subset data. Gamma distances were used with the 
Kimura 2-par2meter modell (a = 11.0). See Fig. 8$. for an expilanatioun of the taxa numbers. 
Continued overleaf. 
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Fig. 90.cooiitrniied1 

Tama 	28 	29 	30 

1 2.3593 1.5735 1.3884 

2 1.7048 1.4813 1.4660 

3 2.8642 1.2835 1.8800 

4 2.1096 0.5865 1.2677 

5 2.6733 1.1027 1.7479 

6 1.8593 1.6897 1.2677 

7 1.2855 1.1882 1.4213 

8 1.6657 1.3808 1.0811 

9 2.4900 0.9277 1.3808 

10 2.0414 1.2617 1.2265 

11 2.3952 1.3286 1.3652 

12 1.3449 1.1947 1.2878 

13 2.1362 0.8339 1.7708 

14 2.2638 0.9803 1.6148 

15 2.0122 1.2158 1.7048 

16 2.3116 1.3808 1.2164 

17 3.7703 1.8501 1.5993 

18 2.3025 1.2164 1.6621 

19 1.9561 1.4813 1.3884 

20 1.7832 2.1911 1.4387 

21 1.9632 0.4735 1.3432 

22 1.6736 1.1182 0.7339 

23 1.6923 1.3461 1.2835 

24 1.9384 5.8946 1.4841 

25 1.7516 3.9237 0.9237 

26 2.0122 2.5597 1.1461 

27 8.1538 2.5597 1.3286 

28 	 1.6124 1.2070 

29 	 1.2070 

30 

269 



7.3.62 Mollecullar IPhyllogenctic Analysis 

Studies by Baldwin et al. (1995) have shown that there is considerable complimentarity 

between the ITS 1 and ITS2 regions and that better (more robust) resolutions are obtained 

when both data sets are combined. The use of each individual data set may be justified under 

certain conditions where there is a lack of resolution in some branches of a combined tree. 

L Neighbour-Joining Methods 

The use of methods which cluster taxa that are most similar has a strong intuitive appeal but 

such methods cannot join two taxa unless at least one pairwise distance links them. For this 

reason, missing data can force taxa out of their natural groups. The neighbour-joining 

method (Saitou & Nei, 1987) is a distance method which does not require the data to be 

ultrametric and does not assume equal amounts of divergence in all lineages (Swofford et 

al., 1996). It constructs a single tree but there is no criterion of optimality written in to the 

algorithm. In general the branch length estimates from this method do not satisfy the 

minimum evolution (Rzhetsky & Nei, 1992) criterion (ME). Swofford, et al.(1996) suggest 

that the neighbour-joining method should be used to obtain a starting tree but not for the 

choice of the final tree. Fig.91 shows a phylogram produced by the program TREEVIEW 

(Page, 1996) of a bootstrapped neighbour-joining tree (Saitou & Nei, 1987) using the 

combined ITS  and ITS2 data sets. Neighbor-joining methods are claimed to yield more 

accurate trees (in the sense of being closer to the true phylogenetic tree) than either UPGMA 

or parsimony (Rohlf, 1992). The algorithm used to find NJ trees is similar to that of the 

distance Wagner procedure (Farris, 1972) but trees are constructed by linking two OTUs that 

are closest mutual neighbors whereas the distance Wagner algorithm differs in the definition 

of "closest" and in the way the distance between a new node and the existing nodes is 

computed (see Studier & Keppler, 1988). 

The input file was produced by CLUSTALW with gaps and missing data excluded. The data 

was corrected for multiple substitutions and 2000 replicates were used for the bootstrap 

analysis. The outgroup is Nicotiana rustica (Nicr). The cluster of taxa which comprise the 

Platycodoneae s.s. has a bootstrap value of 92.4 % which indicates very strong support. 

Within this cluster there is strong support (76.3 %) for two major subclusters which are 
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coincident with the division of the Platycodoneae s.s. into colpate ie. Codonopsis (Codi), 

Leptocodon (Lepg), Obconicapsula (Obcd) and Cyanathus (Cyasp) and colporate ie. 

Canarina (Canc) and Plalycodon (Plag) taxa. However the separation of minor clusters 

within the colpate taxa is poorly supported (43.9 %). The strongest support for minor 

clusters is obtained for those comprising Cyananthus and Obconicapsula (91.0 %), 

Codonopsis and Leptocodon (84.5 %), Canarina and Platycodon (69.1 %). The separation 

of the remaining taxa from Craterocapsa (Crac) is strongly supported by a bootstrap value 

of 92.4 % whereas the separation of Jasione (Jasc) is supported slightly less at 71.1%. The 

remaining taxa comprise the Campanuleae s.s. and these divide into two major subclusters. 

This division is very weakly supported at 37.5 % as is the division of the larger of the two 

subclusters (39.8 %). However the association of Musschia (Musa) with Gadellia (Gad!) 

within this latter subcluster is very strongly supported by a bootstrap value of 93.6 %. The 

two species of Legousia (Legf & Legs) plus Campanulastrum (Cama) diverge from the 

other taxa of this subcluster and are very strongly supported (98.9%). Other minor clusters 

within the larger subcluster which receive strong support are Adenophora (Aded) with 

Hanabusaya (Hana) (99.0 %), Phyteuma (Phys) with Physoplexis (Phyc) (92.1 %) and the 

latter two taxa much more weakly with Petromarula (Petp) (54.3 %). Within the smaller 

subcluster the strongest support (92.7 %) is for the separation of Azorina (Azov) from the 

remainder of the taxa. The separation of Roucela (Roue) from the remaining taxa is 

supported by a bootstrap value of 62.8 %. The remainder split into minor clusters with 

Michauxia (Mict) showing great divergence (branch length) and bootstrap support of 88.6 % 

while Campanula barbata (Camb) and Diosphaera (Dior) have a support value of 81.9 %. 

Collectively, these three taxa separate from the remaining Campanu!eae with a support 

value of 67 %. 

A second neighbour-joining tree (Fig.92) was produced by the same method but with gaps 

and missing data included. The overall topology is very similar to the first tree but with 

differences principally in branch length. Bootstrap values of 100 % are given for the 

separation of Craterocapsa, for Musschia with Gadellia, for Adenophora with Hanabusaya, 

for the separation of Legousia and Campanulastrum, and for the separation of Azorina. The 

topology of the Platycodoneae branch is slightly different, with Cyananthus branching off 
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from a minor cluster formed by the remaining colpate genera. Support for Codonopsis with 

Leptocodon is increased (94.7 %) but support for Platycodon with Canarina is decreased 

(67.6%). Support for the early separation of Jasione is increased to 99.6 %. Musschia and 

Gadellia branch off together before the two main subclusters of the Campanuleae instead of 

being included with them. This has a support value of 55.4 % which is weak Support for the 

association of Phyteuma with Physoplexis is weakened to 64.1 % while the collective 

grouping which includes Petromarula has increased support (97.9%). Support for the 

separation of Roucela has dropped to 64.1 % while Campanula lanata (Cam!) and 

Campanula punctata (Campu) separate out from the residue of taxa with support values of 

71.3 % and 52.8 % respectively. 

The inclusion of gaps and missing data can quite profoundly alter the topology of the tree 

and branch lengths. On the one hand an increase in bootstrap support values suggests that 

the extra data is probably accurate while on the other hand a decrease in bootstrap values 

suggests that such data merely increases "noise". Unfortunately there is no easy way to 

discriminate between good and bad data without empirical approaches. Leaving out the gaps 

may have the effect of throwing away valuable data. This situation can be somewhat 

alleviated by the use of the pairwise-deletion option which can be implemented on the 

MEGA program and by the parsimony methods of the PAUP program (see Section. below). 

Figs.93-95 show three bootstrapped neighbour-joining trees produced by the program 

MEGA using a combination of different parameters not available with the tree-building 

program of CLUSTALW. All use the gamma distances with the K21? model (gamma value = 

1.0) and with either complete deletion or pairwise deletion. Pairwise distances based on 

transversions only were also included in these analyses and 2000 replicates were used for 

bootstrapping. With the complete deletion option using transitions and transversions (Fig.93) 

the greatest support (98 %) was obtained for the separation of Campanulastrum and 

Legousia from the remaining genera within the larger subcluster of the Campanuleae s.s. A 

very high value of 97 % was obtained for Adenophora with Hanabusaya while a slightly 

lower value of 91 % supported the basal separation of Azorina from the remainder of the 

smaller subcluster of the Campanuleae. The minor clusters formed by Musschia and 
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Gadellia and Physoplexis with Phyteuma had support values of 89%. Support of 92 % was 

obtained for Obconicapsula with Cyananthus and for the major divergence of Craterocapsa 

from the Campanuleae s.s. The topology of the Platycodoneae is identical to that obtained 

with the CLUSTALW tree using the complete exclusion option but the bootstrap values are 

all slightly lower. At the higher levels the topology of the CLUSTALW and MEGA trees are 

very similar. Only the minor clusters differ to any extent. Musschia and Gadellia are clearly 

with the larger subgroup of the Campanuleae but branch off early. In the MEGA tree, the 

smaller subcluster has less resolution among taxa represented by Campanula lanata, C. 

puncrata, C. thyrsoides and C. petraea. 

With the pairwise deletion option and with transitions and transversions (Fig.94) support for 

a number of groupings has increased to 100 %. These include the early separation of 

Craterocapsa from the Campanuleae s.s. and the separation of Gadellia and Musschia from 

the remainder of the Campanuleae. Jasione is nested between these two clusters although its 

position is only weakly supported (45 %). Adenophora with Hanabusaya and the division of 

the larger subgroup of the Campanuleae have 100 % support while Azorina from the smaller 

Campanuleae subgroup and the trichotomy formed by Physoplexis, Petromarula and 

Phyteuma have support of 99 % and 98 % respectively. The topology of this tree differs 

considerably. Canarina branches off early from the Platycodoneae and is no longer in close 

association with Plalycodon, while Cyananthus is not so closely associated with 

Obconicapsula. However, within the Platycodoneae, the only strongly supported group is 

that formed by Codonopsis and Leptocodon (82%). Within the larger Campanuleae 

subgroup, Campanula pyramidalis clusters with Campanula persicifolia but without much 

support (40 %). 

Finally, with the pairwise-deletion option but using transversion data only (Fig.95) the 

Platycodoneae again form a single cluster with moderate support for major branching at 72 

%. Canarina rejoins Platycodon, albeit weakly at 54 % and Obconicapsula separates from 

the remaining taxa with 89 % support. Support values for the remaining minor clusters are 

only weakly supported. Craterocapsa again consistently separates early with high support 
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of 86 % followed by Musschia and Gadellia at 93 %. Collectively the two latter taxa have a 

support value of 98 %. Jasione again is nested within the Campanuleae proper but with only 

51 % support. Azorina branches early within the smaller Campanuleae subcluster (99 %) and 

the major split within the larger subcluster has 95 % support. There are a few minor 

surprises within the subclusters although none is very strongly supported. Petromarula 

associates closely with Physoplexis (64 %) and this cluster together with Phyteuma, 

Legousia and Campanulastrum are largely unresolved. 

The final strategy with neighbour-joining trees was to obtain pairwise distances from MEGA 

using gamma and the K2P model, pairwise deletion and transversion data only, and use 

these with the program BIONJ (Gascuel, 1997). This program is a modification of the basic 

NJ algorithm and takes into account the fact that high evolutionary distances present a 

higher variance than do short distances. It also uses a simple model of the sampling noise of 

evolutionary distances as well as coevolutionary distances. For greater details of this new 

algorithm, see Gascuel, 1997. Figs. 96-98 show the BIONJ trees obtained using pair-wise 

deletion and the Kimura-2-parameter model with gamma distances. The bootstrapping 

option is not available in the BIONJ program so these phylograms should be interpreted for 

their topology and relative branch lengths only. In Fig.96 with the complete-deletion option 

for both transitions and transversions the topology of the tree is very similar to the standard 

NJ tree obtained from MEGA (Fig.93). The major differences occur within the two large 

subclusters of the Campanuleae. In the BIONJ tree Adenophora and Hanabusaya branch off 

basally from the remaining taxa of the subcluster whereas in the NJ tree they are nested 

within the subcluster. There are also several other minor rearrangements of the taxa, eg. 

Campanula persicfolia joins a minor subcluster with Campanula pyramidalis. In the other 

large subcluster of the Campanuleae, the taxa are more resolved in comparison with the NJ 

tree. In Fig.97 with the pairwise-deletion option for transitions and transversions the 

topology of the BIONJ tree differs more strikingly from the standard NJ tree obtained from 

MEGA (Fig.94). Cyananthus clusters with Obconicapsula while Platycodon branches off 

independently before the remainder of the Platycodoneae. Jasione also branches off from the 

rest of the Campanuleae and before the minor subcluster formed by Musschia and Gadellia. 

Hanabusaya and Adenophora again branch off early from the remainder of the larger 
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subclusters while Legousia falcata also branches off independently and basally to the 

remaining taxa. In the other large subcluster Azorina vidalii, Roucela erinus and the 

remaining group of taxa collectively form an unresolved cluster. Finally, Fig.98 shows the 

pairwise-deletion option with transversions only. In the BIONJ tree Obconicapsula again 

links with Cyananthus. Craterocapsa again branches off early but Musschia and Gadellia 

again branch off next before Jasione. Hanabusaya and Adenophora branch off early and are 

basal to all the remaining taxa of the larger major subcluster of the Campanuleae. Within 

this subcluster the two species of Legousia unite to form a minor subcluster while all the 

other taxa display greater resolution in comparison with standard NJ tree from MEGA (Fig. 

95). The other large subcluster shows only minor rearrangements. 
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2. Parsimony methods 

Parsimony is used for judging the phylogenetic tree(s) obtained and for reconstructing the 

history of character change. Parsimony methods do not require an explicit evolutionary 

model of nucleotide substitution. They assume independence of characters and allow for 

independent models for each character but implicit in parsimony methods are assumptions 

about the history of character change. This is both its strength and weakness. If a certain 

group is very well known it is likely that correct assumptions will be made about characters 

and that accurate phylogenies will be recovered. However, as stated by Maddison & 

Maddison (1993), the models of evolution investigated to date are overly simplistic and 

unrealistic and there are certain situations where parsimony as a methodological principle 

can be positively misleading (Felsenstein, 1978). Parsimony methods are routinely favoured 

by many systematists because of the individual assessment of each character and also 

because it can produce a number of conflicting hypothesis which, in itself, can have the 

benefit of actually aiding the final choice of phylogenetic tree. This is particularly the case 

where certain classes of characters are statistically highly inconsistent across a particular 

range of taxa (Maddison & Maddison, 1993). For these reasons, parsimony methods were 

considered to be an alternative and valid approach to the reconstruction of Campanulaceae 

phylogeny for both morphological and molecular characters. 

The aligned sequences for the ITS 1 and ITS2 regions obtained from CLUSTALW, ver. 1.6 

were imported into the program MacCLADE (Maddison & Maddison, 1993). Basic 

statistical characters of the aligned sequences were calculated and are shown in Table 32. 

The data matrix was then imported into PAUP, ver. 3.1 (Swofford, 1993) and a search for 

the most parsimonious tree was initiated. The basic strategy for choice of search parameters 

was similar to that used for the morphological characters and for the first run 315 

informative characters were used. Characters were all given equal weight and were 

unordered. An heuristic search algorithm was chosen and the "keep minimal trees" and 

"collapse zero-length branches" were invoked. The starting trees (Start Tree Length = 1201; 

Cl = 0.467; RI = 0.575) for branch-swapping was imported from MacCLADE. This was 

subjected to 1000 random-edition replicates with no swapping, followed by TBR (Tree 

bisection-reconnection) swapping on the trees obtained. The MULPARS and "steepest 
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descent" options were selected. Four trees were obtained by these methods and consensus 

trees (Strict, Semistnct and 50% Majority-Rule) were computed (Figs.). The consensus 

indices are shown below in Table 32. 

Table 32. Consensus indices for consensus trees obtained from four most-parsimonious trees 
from the combined ITS1 and ITS2 data sets of the the Campanulaceae. 315 informative 
characters were used 

[IXII11uIl,]*:. STRICT—  ISEMISTRICT MAJ.-RULE  
Component Inlormation 18 18 26 
(consensus fork) (norm.= 0.643) (norm. 	0.643) (norm. 	0.929) 
Nelson-Platnick term information 103 103 152 
Nelson-Platnick total information 121 121 178 

1jekevjch's consensus inforniat. 0.290 0.290 0.462 
Colless weighted consensus fork 0.279 0.279 0.410 
(proportion max. information) 
Schuh-Farris levels sum 833 833 1154 

(norm.= 0.205) (norm.= 0.205) (norn. 	0.284) 
Rohlf'sCl(l) 0.526 0.526 0.800 
Rohlf's -In (1(2) 73.786 73.786 86.390 
C 1 (2) 9 02e-33 9.02e-33 3.03e-3 

A bootstrap analysis was then done on the four most-parsimonious trees using the heuristic 

algorithm of PAUP, simple addition-sequence, TBR swapping, COLLAPSE, MULPARS 

and STEEPEST in effect, and 1000 bootstrap replicates. The bootstrap consensus tree is 

shown in Fig. 99. 

Very high support values (100 %) were found for the basal dade formed by the outgroup 

Nicotiana rustica, for the clades formed by Platycodon and the remainder of the 

Platycodoneae, and within that latter group, the dade formed by the dade minus Platycodon 

(70 %), for Codonopsis and Leptocodon (100 %) and for Cyananthus with Obconicapsula 

(93 %). The sequential separation of Craterocapsa and Jasione as basal taxa to the 

remainder of the Campanuleae received 100 % support as did the subclusters formed by 

Musschia with Gadellia and Adenophora with Hanabusaya. The actual separation of 

Musschia and Gadellia jointly from the remainder of the Carnpanuleae had 88 % support 

while the separation of the Campanuleae into two major blocks of taxa had 82 % support. 

The two major blocks of taxa were more poorly supported and lacked complete resolution 
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although Adenophora with Hanabusaya and the minor dade formed by Petromarula, 

Physoplexis and Phyteuma (89 %) had strong support. The separation of Legousia speculum-

veneris from the other taxa within one of the blocks and from Legousia falcata was very 

strongly supported (99 %). Legousia falcata formed a dade with Campanulastrum 

americanum although this was not strongly supported. The other block had a support value 

of 92% but was largely unresolved except for the weak support for Campanula barbara with 

Diosphaera rumelianum and Azorina vidalii with Roucela erinus. The Strict and Semistrict 

Consensus trees were identical. Only the Semistrict is shown in Fig. 100. Strict Consensus 

and 50 % Majority-Rule Consensus trees both show similar topology. The Platycodoneae in 

both are isolated as a monophyletic group and in both trees have identical branch topology 

(with 100 % for all minor clades with the Majority-Rule tree). The main block of the 

Campanuleae is slightly less resolved because of the minor dade formed by Musschia and 

Gadellia, and by Jasione and Craterocapsa. In the Majority-Rule tree Craterocapsa (57 %) 

actually separates off as basal to the remainder of the Campanuleae. With all the consensus 

trees there is a consistent formation of two major clades of taxa within the Campanuleae. 

Michauxia tchihatchewii is consistently basal within one of the clades while Azorina only 

reveals this basal tendency in the Majority-Rule tree. This is also seen with Legousia 

speculum-veneris in the other block of taxa. Although there is lack of resolution in both of 

these blocks, certain minor clades appear to be consistent eg. Adenophora with Hanabusaya, 

Petromarula with Physoplexis and Phyteuma, and Campanula persicfolia  with Campanula 

pyramidalis. 

The MacCLADE data matrix was then recoded to include informative gaps following the 

methods of Bruns et al. (1992) and a second search was initiated using identical parameters 

as the first search but with 397 informative characters (Start Tree Length = 2057; Cl = 0.47; 

RI = 0.56; RC = 0.26). A single most-parsimonious tree was found (Fig.101) with a Length 

= 2050 (CI = 0.467; HI = 0.535; RI = 0.559; RC = 0.261). The skewness index or gi statistic 

was calculated to assess the amount of phylogenetic signal in the data set (Hillis & 

Huelsenbeck, 1992). This was obtained by invoking the RANDOM trees option of PAUP 

and generating 10000 random strees. The value found was -0.835883 which is indicative of 

very significant skewness. This was confirmed by the histogram which was simultaneously 
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produced by the program (not shown). Thus the data sets do carry a strong phylogenetic 

signal. The single most-parsimonious tree was then used in a bootstrap analysis using 1000 

replicates. Fig. 101 shows the bootstrap values superimposed on the single phylogram 

obtained for ITS 1 and ITS2 using the modified data matrix. 

For additional corroboration of support for the groups which consistently appear to be 

monophyletic in all the above analyses, the combined ITS 1 and ITS2 aligned sequences 

matrix was subjected to a parsimony jack-knife analysis (Farris, et al., 1996) using the 

program JAC (Farris, 1995). This method is an independent-removal jack-knife in which 

each replicate is formed by deleting characters randomly and independently from the 

original matrix. 10000 replicates were used for the analysis and the default cutoff level of 50 

% for the jack-knife frequency G was selected. The results are shown in Fig. 102. The jack-

knife tree was reconstructed by the TREE VIEW program in order to improve clarity. The G 

values are shown on the most strongly supported branches. Although there is much lack of 

resolution several groups of taxa appear to be well supported and the overall topology is 

similar to that obtained by the parsimony program of PAUP. The Platycodoneae form a 

monophyletic group with G = 0.8129 and which is basal to all other taxa, although 

subdivision of this dade lacks resolution. The minor clades formed by Codonopsis and 

Leptocodon (G = 0.9074), Cyananthus and Obconicapsula (G = 0.6872) and Canarina and 

Platycodon (G = 0.7099) all have high support values. The major block formed by the 

remaining taxa is unresolved but does show a familiar pattern with Craterocapsa and 

Jasione branching independently and the dade formed by Musschia and Gadellia (G = 

0.9984). The residues of this major dade are the two major blocks of the Campanuleae 

which completely lack resolution in the smaller of the two. The larger block has two minor 

clades. One is formed by Petromarula with Physoplexis and Phyteuma (G = 0.9553) and the 

other is formed by Hanabusaya with Adenophora (G = 0.9986). 
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3. Maximum-llikellilliioodl methods 

The third and final method used in this study for evaluating the sequence data was 

Maximum-likelihood method. This method often gives results which are least affected by 

sampling errors and is relatively robust to assumptions about sequence evolution. Maximum 

-likelihood methods tend to outperform parsimony methods when simulated over a range of 

sequence-evolution models (Hasegawa & Fujiwara, 1993). The essence of the method is that 

it evaluates hypotheses about evolutionary history in terms of the probability that a proposed 

model of evolutionary history and of the hypothesised history would give rise to the 

observed data. (Swofford, et al., 1996). 

The aligned sequences of 30 taxa and 557 characters (sites) for the combined ITS 1 and ITS2 

data sets were imported into the program DNAML of the PHYLIP package, ver. 3.5 

(Felsenstein, 1993). The transitionitransversion ratio was selected at 1.7000 and empirical 

base frequences were used (A = 0.21297; C = 0.30317; G = 0.28533; T = 0.19854). "One 

category of substitution rates" was selected but the "jumble" option for input order and the 

"global rearrangements" option were not selected due to computing costs. The likelihood for 

each nucleotide site was calculated separately under the homogeneous Markov model which 

assumes that the site evolves independently, that the probability of change at a given site 

does not depend on the history of the site and that the substitution probabilities do not 

change in different parts of the tree. The combined values for each likelihood is summed to 

give a total likelihood value which is the probability that the tree and the model are 

congruent at all sites. In practice, the log of the likelihood is used and the probabilities are 

accumulated as the sum of the logs of the single-site likelihoods. Fig. 103 shows the 

likelihood values and confidence limits obtained, while Fig. 104 shows the Maximum-

likelihood tree. The overall topology is very similar to the trees obtained by the other two 

methods but with one or two striking exceptions. Gadellia and Musschia are firmly nested 

with one of the larger subgroups of the Campanuleae and most closely linked to Diosphaera 

rumelianum. Jasione crispa forms a cluster with Craterocapsa congesta which is both 

independent of and basal to all the Campanuleae. Within the other large subcluster of the 

Campanuleae Adenophora and Hanabusaya are joined to Campanula pyramidalis as a basal 

group to the remaining taxa in this subcluster. Apart from minor topological rearrangements, 
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the tree is remarkably congruent with NJ trees and parsimony trees. The Platycodoneae 

again form a consistently isolated group. 
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(Transition/transversion parameter = 	1.256793) 
Ln Likelihood = -6677.30078 
Examined 1802 trees 

Between 	And Length Approx. Confidence Limits 
28 26 0.07673 ( 0.03220, 0.12163) 
26 25 0.02852 ( 0.00193, 0.05503) 
25 Plag 0.08332 ( 0.04915, 0.11785) 
25 Canc 0.07184 ( 0.04079, 0.10326) 
26 24 0.05788 ( 0.02571, 0.08996) 
24 27 0.04765 ( 0.01901, 0.07651) 
27 Obcd 0.06474 ( 0.03435, 0.09517) 
27 Cyasp 0.16730 ( 0.12097, 0.21458) 
24 23 0.03563 ( 0.01124, 0.06012) 
23 Lepg 0.08952 ( 0.05662, 0.12251) 
23 Codl 0.04648 ( 0.02165, 0.07174) 
28 21 0.19731 ( 0.13976, 0.25588) 
21 22 0.03407 ( 0.00689, 0.06139) 
22 Crac 0.08238 ( 0.04929, 0.11581) 
22 Jasc 0.11513 ( 0.07685, 0.15341) 
21 20 0.02938 ( 0.00287, 0.05586) 
20 15 0.02985 ( 0.01029, 0.04941) 
15 Azov 0.06833 ( 0.04256, 0.09460) 
15 16 0.01212 ( zero, 0.02520) 
16 Mict 0.07117 ( 0.04466, 0.09809) 
16 8 0.03597 ( 0.01665, 0.05544) 

8 7 0.00925 C zero, 0.02180) 
7 19 0.00918 ( zero, 0.02072) 

19 Cant 0.04505 ( 0.02480, 0.06552) 
19 12 0.01468 ( 0.00188, 0.02743) 
12 Campu 0.02498 ( 0.00938, 0.04069) 
12 Canpet 0.01745 ( 0.00406, 0.03085) 

7 3 0.03731 ( 0.01818, 0.05686) 
3 2 0.05945 ( 0.03407, 0.08505) 
2 Dior 0.01882 ( 0.00211, 0.03555) 
2 13 0.10314 ( 0.07049, 0.13701) 

13 Gadi 0.04182 ( 0.01944, 0.06443) 
13 Musa 0.11519 ( 0.07958, 0.15081) 

3 11 0.02107 ( 0.00590, 0.03644) 
11 Roue 0.04836 ( 0.02668, 0.07029) 
11 Caith 0.03631 ( 0.01772, 0.05490) 

8 Cani 0.03933 ( 0.02026, 0.05840) 
20 1 0.05149 ( 0.02751, 0.07562) 

1 17 0.01022 C zero, 0.02430) 
17 9 0.04787 ( 0.02550, 0.07043) 

9 Aded 0.01403 ( 0.00258, 0.02547) 
9 Hana 0.00753 ( zero, 0.01641) 

17 Campy 0.14658 ( 0.10745, 0.18675) 
1 5 0.01511 C 0.00020, 0.03003) 
5 4 0.01810 C 0.00258, 0.03370) 
4 18 0.02203 ( 0.00659, 0.03769) 

18 Legs 0.08305 C 0.05390, 0.11212) 
18 14 0.04461 C 0.02236, 0.06687) 
14 Camper 0.08532 C 0.05660, 0.11396) 
14 Cama 0.02919 C 0.01121, 0.04724) 

4 Legf 0.04088 C 0.02016, 0.06154) 
5 6 0.04154 C 0.01997, 0.06308) 
6 Phys 0.02358 C 0.00699, 0.04021) 
6 10 0.04769 C 0.02561, 0.06982) 

10 Phyc 0.03484 ( 0.01606, 0.05397) 
10 Petp 0.05697 ( 0.03351, 0.08086) 
28 Nicr 0.33594 C 0.25850, 0.41606) 

* = significantly positive, P < 0.05 
= significantly positive, P < 0.01 

Fig. 103 Maximum-likelihood values and confidence limits for the aligned ITSI and RTS2 combined 
sequences of 29 taxa of the Campanulaceae and the outgroup Nicotiana rustica from the program 
ItDNAML. 557 sites were examined. Numbers refer to internal nodes. 
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Fig-104. 	Maxürnnm-llãllellüllnood pthiyllogr2lm Tor the allgnell IITSII and IITS2 combined 
sequences off 29 taa o11 the Cnpannunkicee and the oaatgnounp Nicolkana rustica obtained by 
the PII-IIYLIIP program TDNAML. 57 sites were used. The numbers on the tree are the nodes 
for wOnkOn the maxfimnnm-Oñlkellühoods are callcunOviited. See Fflg.103 opposite. 
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"Faced with the excessive development of rationality one must return to the nameless simplicity (non-
conceptual), to the condition in which one lets Tao take its harmless course, without attracting names to it 

Lao Tzu 
"The Phenomenal World" 

0.1 IDflscuHsshullh1 

The phenetic, cladistic and molecular analyses have to be evaluated jointly in order to 

ascertain areas of congruence before any firm conclusions and any phylogenetic hypothesis 

can be made. As far as the position of the Campanulaceae is concerned the phenetic analysis 

of the Asterales based on the data matrix of Gustaffson & Bremer (1995) and the 

Campanulales subset supports the inclusion of the Campanulaceae, Cyphocarpaceae, 

Lobeliaceae, Cyphiaceae and Nemacladaceae within a single group. This was consistent 

with UPGMA, Single-linkage and Complete-linkage methods and in all three the 

Campanulaceae was basal to the other four families. The Cyphocarpaceae was consistently 

most close to the Lobeliaceae while the Cyphiaceae was consistently most close to the 

Nemacladaceae. This is slightly contradicted by the parsimony analysis of Gustaffson & 

Bremer which showed the relationship of the Nemacladaceae and Cyphiaceae as either 

unresolved or the Cyphiaceae as a sister group of the dade formed by the Lobeliaceae and 

Cyphocarpaceae. The UPGMA analysis found that the next most similar cluster was that 

formed by the Menyanthaceae, Goodeniaceae, Asteraceae, Calyceraceae and Brunoniaceae 

whereas the cladistic analysis of Gustaffson & Bremer (1995) found the sister group of the 

Campanulaceae and related families to comprise the Pentaphragmataceae, Sphenocleaceae, 

Donatiaceae and Stylidiaceae. This result differed slightly for the Single-linkage method 

which showed the Menyanthaceae branching off basally to the cluster formed by Asteraceae, 

Goodeniaceae, etc. and strikingly for the Complete-linkage method which was more similar 

to the results obtained by Gustaffson & Bremer (1995). Strict Consensus trees of these 

clustering methods showed that the Asteraceae/Goodeniaceae cluster and the 

Campanulaceae/Lobeliaceae cluster form a grand single cluster with the UPGMA + Single-

linkage consensus. With the UPGMA Complete-linkage consensus there is little resolution 

except for the minor cluster formed by the Cyphocarpaceae and the Lobeliaceae. The 

296 



UPGMA analysis of the Campanulales subset is interesting in that the cluster formed by the 

Campanulaceae and most closely-related families forms the next largest cluster with the 

Pentaphragmataceae, Sphenocleaceae, Donatiaceae and Stylidiaceae. It therefore comes 

closest to the analysis by the Complete-linkage method. 

These results partially support the conclusions of Cosner et al. (1994) which place the 

Lobeliaceae as the sister group of the Campanulaceae and the Cyphocarpaceae and 

Cyphiaceae branching off sequentially and earlier as individual monophyletic clades. Also, 

these results do not support the inclusion of the Nemacladaceae as the immediate sister 

group of the Campanulaceae s.s. It does however support the conclusions of Lammers 1992 

that the Campanulaceae and Lobeliaceae should be accorded family rank. Whether the 

Cyphocarpaceae, Cyphiaceae and Nemacladaceae should be treated as subfamilies of the 

Lobeliaceae or given family status must await further studies. The phylogenetic position of 

these families within the Asterales as a whole still remains a contentious issue. 

The relationships of the genera within the Campanulaceae are more difficult problems to 

resolve. Sequence data from the rbcL gene of chloroplast DNA (Cosner, Jansen & Lammers, 

1994) has indicated that within Campanulaceae there are two major clades, one formed by 

Cyananthus/Codonopsis and the other by Campanula/Trachelium but the sample sizes are 

small and taxa examined very few. The following discussion is structured around the 

traditional division of the family into three tribes. Firstly the genera of the Platycodoneae are 

discussed, followed by the Wahlenbergeae and then the Campanuleae. 

.1.1.The Platycodoneae 

The UPGMA phenetic analysis of the Flowers & Fruits data set (Flowers.DAT) shows that 

the colpate and colporate genera traditionally associated within the Platycodoneae (ie. 

Platycodon, Codonopsis, etc.) do indeed cluster most closely with one another and that this 

group collectively clusters with "wahlenbergioid" genera such as Nesocodon, 

Heterochaenia, Roella, Craterocapsa and Berenice, and with the "campanuloid" genus 

Azorina. Within the "platycodonoid" clusters, the subclusters do not appear to be too deviant 

from traditional arrangements, eg. Campanumoea and Cyclocodon are closest and cluster 
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with Canarina. Codonopsis clusters with "Himalcodon" (Obconicapsula). There are some 

minor clusters which appear to contradict traditional arrangements, eg. Leptocodon with 

Cyananthus and Echinocodon with Pseudocodonopsis. This result is confirmed by the 

Complete-linkage method which also clusters the "wahlenbergioids" and "campanuloids" in 

a single more aggregate cluster. With the Single-linkage method this topology breaks down 

and, although the homogeneity of the "platycodonoids" is maintained, the group is thrown 

into more obscure relationships with a larger number of "wahlenbergioid" and 

"campanuloid" genera. Strict Consensus of the UPGMA and Complete-linkage only reveals 

the strong similarity between Codonopsis and Ostrowskia, and between Canarina and 

"Himalcodon" (Obconicapsula) among the "platycodonoids". The phenetic data subset for 

the Platycodoneae does not substantially reveal any new topology, although the clustering of 

the outgroup Lobelia with Cyananthus and Leptocodon in intriguing. This suggests that 

floral and fruit morphology within the "platycodonoids" is relatively conservative. 

The Strict Consensus of 2 tied trees from the UPGMA phenetic analysis for the pollen data 

set (CampPal.DAT) has shown clearly that the colpate and colporate "platycodonoid" genera 

do stand apart from all other porate campanulaceous genera. However the topology of this 

tree does not group these genera into a single homogeneous cluster. Cyananthus with 

Echinocodon and Leptocodon, and Pseudocodonopsis with the outgroup Lobelia branch off 

basally as the first cluster. This is then followed by Platycodon with Codonopsis, and finally 

with Canarina on its own. This topology is repeated with the Complete-linkage method. 

However, with the Single-linkage methods the homogeneity of the "platycodonoids" breaks 

down, the genera are dispersed throughout the Campanulaceae and link with disparate 

"wahlenbergioid" or "campanuloid" genera. Strict Consensus trees merely emphasise the 

strong similarity of Cyananthus with Echinocodon and Leptocodon (UPGMA + Single-

linkage) or even produce very odd results such as Ostrowskia with Peracarpa (UPGMA + 

Complete-linkage). The pollen data subset for the Platycodoneae reveals two major clusters, 

one of which essentially groups the colporate genera but also includes Leptocodon and 

Ostrowskia, plus the outgroup Nesocodon. The other cluster includes the colpate genera 

Codonopsis, Cyananthus, Echinocodon and the outgroup Lobelia. Pollen morphology within 

the "platycodonoids" is therefore less conservative than flower or fruit morphology. - 
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The UPGMA phenetic analysis for the seeds data set (Campseed.DAT) reveals a 

depressingly confusing picture, although the samples used in the analysis are admittedly 

very biased towards the Campanuleae. The "platycodonoids" do not cluster with each other, 

except in the case of Leptocodon with Platycodon which then breaks down in the Strict 

Consensus trees. The seeds data subset for the four "platycodonoid" genera reveals a 

dichotomy. Plalycodon clusters with Leptocodon while Codonopsis clusters with 

Cyananthus and to the outgroups, Nesocodon and Roella. It is clear that seed characters are 

poor at showing similarity relations which are congruent with those from flower and fruit 

characters or with traditional arrangements. This strongly suggests that seeds are highly 

adaptive and are under intense selection pressure, a conclusion which is supported by the 

frequent observations that two or more closely related species within the Campanulaceae 

often possess radically different seed morphologies. 

The baseline cladistic analysis using parsimony for the Flowers & Fruits data set and rooted 

through the hypothetical "HYPOTH. EUDICOT" showed that the "platycodonoid" genera 

were mostly basal to all other campanulaceous genera but there were anomalies such as the 

grouping of Cyananthus and Leptocodon with Musschia. The basal genera did not form a 

single monophyletic dade but instead branched off sequentially as minor clades of 2-3 

genera or as monotypic clades. Perhaps most surprising was the basal position of colporate 

genera such as Canarina, Campanumoea and Cyclocodon and the dade formed by 

Ostrowskia and Platycodon. Several of these anomalies, especially the grouping of 

Leptocodon and Cyananthus elsewhere in the tree is probably the result of homoplasy within 

the data matrix. The baseline cladogram for the pollen data reveals a more traditional 

arrangement and one that is more congruent with the phenetic analysis. Here, Cyananthus is 

basal and Canarina forms a monophyletic dade with Codonopsis. Campanumciea does not 

come close to Codonopsis, an arrangement which is probably decidedly anomalous. The 

baseline cladogram for the seeds data set is utterly confusing and little sense can be made of 

the associations of the "platycodonoids" with the other campanulaceous genera. The 

consensus trees of the baseline cladograms for the Platycodoneae subset show the colporate 

genera, Canarina, Campanumoea and Cyclocodon to be basal to the rest with Codonopsis 
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and Himalcodon (Obconicapsula) as the next derived genera. Cyananthus consistenly forms 

a monophyletic dade with Leptocodon, whereas Pseudocodonopsis is often more closely 

associated with Platycodon. A bootstrap consensus tree gave very little support for any of 

the clades. The greatest support (70%) was found for the clades formed by Node 2, ie. 

Codonopsis as a sister group to Ostrowskia which in turn is a sister group to Cyananthus 

with Leptocodon, Echinocodon with Pseudocodonopsis and Platycodon. A Strict Consensus 

tree of the pollen data for the Platycodoneae shows Cyananthus as the basal taxon and 

Canarina with Codonopsis forming a monophyletic group. Most interesting is the 

monophyletic group formed by the outgroup Musschia and Plalycodon, an association which 

can be found in the classification of Schönland (1889). The Consensus trees for the seeds 

data of the Platycodoneae generally showed some support for a monophyletic group formed 

by Codonopsis and Cyananthus but the Strict Consensus showed the Platycodoneae as an 

unresolved group which also included the outgroup Nesocodon. A bootstrap consensus tree 

for the Platycodoneae gave a bootstrap value of 100 % for a monophyletic group formed by 

Plalycodon and Leptocodon. The combined cladistic analysis for the three data sets had 49 

taxa and 76 informative characters. 

The combined ITS 1 and ITS2 molecular data sets for 29 taxa of the Campanulaceae plus the 

outgroup Nicotiana rustica was analysed using Neighbour-joining, Parsimony and 

Maximum-likelihood methods. Trees were constructed using a variety of parameters and 

bootstrap and jackknife values obtained in addition to consistency and consensus indices and 

other measures of confidence. In all of the methods used the Platycodoneae emerged as a 

relatively homogeneous and isolated group which is basal to and forms a sister group with 

all other campanulaceous taxa. In the Neighbour-joining trees the inclusion of gaps and 

missing data caused Cyananthus to branch off basally to the other taxa in one of the 

subclusters wheareas when such sites were excluded Cyananthus clUstered with 

Obconicapsula. Canarina and Platycodon consistently formed a cluster independently of the 

other taxa, while Codonopsis and Leptocodon consistently clustered together. When the 

Gamma distances with the Kimura-2-parameter model and pairwise-deletion option chosen 

for transitions and transversions, the homogeneity of the Platycodoneae broke down. 
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Canarina then branched off basally, the majority of the "platycodonoid" genera then formed 

a single cluster which was followed by the independent branching off of Platycodon. 

This topology was not supported by bootstrap analyses and probably is an artifact of 

transition bias in the data. These results were confirmed by the parsimony analyses and to a 

lesser extent by the jackknife analyses. The latter gave an unresolved cluster of three 

subclusters with high G values for Codonopsis and Leptocodon and moderate values for 

Cyananthus with Obconicapsula, and Canarina with Platycodon. Finally, this topology for 

the Platycodoneae was confirmed by the Maximum-likelihood analysis. It would appear that 

transversion data alone produce tree topologies which are more congruent with the 

topologies obtained from the other methods of analysis than with a combination of 

transitions and transversions. This is true also for pairwise-deletion, as opposed to complete 

inclusion or complete exclusion, of sites containing missing data or gaps. 

.11.2. The Wahllenibergeae 

The UPGMA phenetic analysis of the flowers and fruits data set for the Campanulaceae 

(Flowers.DAT) produced a phenogram with three major clusters or blocks of taxa. One of 

these major clusters mainly comprised the Platycodoneae as discussed above but it also 

included Berenice, Nesocodon, Heterochaenia, Roella and Craterocapsa (as well as Azorina 

of the Campanuleae) from the Wahlenbergeae. The remainder of the Wahlenbergeae were 

divided among the other two major clusters, eg. Cephalostigma with Wahienbergia in one 

block with the rest of the South African taxa in the other. The latter formed subclusters as 

follows: Rhigiophyllum with Siphocodon, then with Microcodon, Treichelia and Theilera; 

Gunillaea with Namacodon, then with Prismatocarpus and Githopsis, Legousia and 

Brachycodon (latter 3 taxa in the Campanuleae); Merciera with Trachelium, Feeria and 

Diosphaera (latter 3 taxa in the Campanuleae). The Complete-linkage method brings these 

taxa into a single subcluster and also emphasises the isolation of the Platycodoneae but it 

also confounds the topology found for the UPGMA analysis (eg. Muehibergella clusters 

with Prismatocarpus and Merciera with Peracarpa, etc.). The Single-linkage method 

obscures even further any meaningful groupings of the taxa whereas a Strict Consensus for 

the UPGMA + Complete-linkage merely confirmed the great similarity between 
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Heterochaenia and Roella. It also produced some odd groupings such as Asyneuma with 

Wahienbergia or Adenophora with Cephalostigma. The UPGMA phenetic analysis of the 

flowers and fruits data subset for the Wahlenbergeae (Flowers.DAT) produced a phenogram 

with two major clusters, each of which had several minor clusters. The first major cluster 

contained the outgroups Legousia, Githopsis, Jasione and Lobelia, while the second major 

cluster contained the outgroups Musschia and Feeria. Thus, from flower and fruit data, the 

integrity of the Wahlenbergeae and the Campanuleae as discrete entities breaks down. The 

genera of the Wahlenbergeae would appear to have affinities with several other groups 

within the Campanuleae or, more distantly, with the Platycodoneae. 

The UPGMA phenetic analysis of the pollen data set (CampPal.DAT) for the 

Campanulaceae clustered all the porate genera into one major cluster. Within this cluster 

there was considerable lack of resolution and some unexpeôted groupings. For example, 

Phyteuma (in the Campanuleae) clustered with Roella and collectively both of these taxa 

clustered with Wahienbergia. Prismatocarpus clustered with Hanabusaya (in the 

Campanuleae) and collectively both of these taxa clustered with Jasione. Namacodon 

clustered with Musschia, while the similarity relations of Gunnillaea, Heterochaenia, and 

Nesocodon were unresolved. The topology of the trees became more resolved in the Strict 

Consensus of 2 tied trees using the Single-linkage method but the actual clusters produced 

remained problematical. For example, Wahlenbergia clusters with Legousia, 

Prismatocarpus with Githopsis, Edraianthus with Namacodon, Roella with Phyteuma, 

Gunnillaea with Nesocodon and Heterochaenia with Musschia. The Strict Consensus of 2 

tied trees using the Complete-linkage method confuses the picture even further. Here we see 

Prismatocarpus with Trachelium, .Gunillaea with Michauxia, Nesocodon with Homocodon, 

and Musschia with Namacodon. The UPGMA phenetic analysis of the pollen data subset for 

the Wahlenbergeae (CampPal.DAT) clustered Prismatocarpus with the outgroup 

Trachelium, Wahien-bergia with the outgroups Legousia and Githopsis, Heterochaenia with 

Roella, Gunillaea with Namacodon, and Musschia with Nesocodon. Although the subset 

data (which included at least 8 outgroups) produced results which appear to be more 

congruent with the other methods of analysis, the conclusion is inescapable that a phenetic 

analysis of pollen morphology alone fails to reveal the true relations of the taxa. 
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The UPGMA phenetic analysis of the seeds data set for the Campanulaceae 

(CampSeed.DAT) yielded very confusing results. Apart from the clusters which comprised 

Edraianthus with Roella, and both these genera collectively with Craterocapsa, very little 

sense can be made of the topology obtained. This is also the case for the Single-linkage and 

Complete-linkage methods and the Strict Consensus trees obtained from several 

permutations of methods. The UPGMA phenetic analysis of the seeds data subset for the 

Wahlenbergeae yielded more interesting results. Nesocodon formed a minor cluster with 

"Fernandeziocodon" ( = Wahienbergiafernandeziana and allies) and collectively both taxa 

clustered with Musschia. The outgroup Edraianthus again clustered with Roella and 

Craterocapsa, while Wahienbergia clustered with the outgroup Jasione. 

The baseline cladistic analysis using parsimony for the Flowers & Fruits data set for the 

Campanulaceae and rooted through the hypothetical "HYPOTH. EUDICOT" showed that 

the Wahlenbergeae are widely dispersed over the cladogram with Nesocodon and 

Heterochaenia as the most basal taxa. Roella forms a monophyletic group with Githopsis 

and Craterocapsa, and at a higher level with Edraianthus and Petkovia. Treichelia and 

Merciera for a monophyletic group with Diosphaera and Peracarpa. Rhigiophyllum and 

Siphocodon form a monophyletic group with Microcodon whereas Theilera branches off 

with Feeria, Jasione, Trachelium, etc. Basal to these clades is a monophyletic group formed 

by Berenice, Cephalostigma and Wahienbergia. Namacodon and Gunillaea form a 

monophyletic group which forms the sister group of a dade formed by Prismatocarpus, 

Legousia and Brachycodon. These latter taxa are therefore on a larger dade which is quite 

isolated from the other "wahlenbergioid" taxa. 

The Strict Consensus tree obtained from the baseline cladistic analysis using parsimony for 

the Flowers & Fruits data subset for the Wahlenbergeae again showed Nesocodon and 

Heterochaenia to be basal, followed by a major dichotomy comprising two relatively 

symmetrical large blocks of taxa. In the smaller of these two clades, Craterocapsa is basal 

followed by Roella and then by the outgroup Edraianthus. This is then followed by 

Treichelia and Prismatocarpus, the clades formed by the outgroups Githopsis and Legousia, 

and by Gunillaea and Namacodon. The larger dade has the monophyletic group formed by 
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Berenice, Cephalostigma and Wahienbergia as basal followed by the dade formed by 

Microcodon, Rhigiophyllum and Siphocodon. The sister group of this latter dade is not fully 

resolved but comprises Theilera, Merciera and the outgroups Feeria, Jasione, Musschia and 

Trachelium. 

The Strict Consensus tree obtained from the baseline cladistic analysis using parsimony for 

the pollen data subset for the Wahlenbergeae was considerably unresolved. There was, 

however, a minor dade comprising Heterochaenia, Nesocodon, Prismatocarpus, Roella and 

the outgroup Musschia. The sister group of this dade was Wahienbergia. The baseline 

cladistic analysis for the seeds data set for the Campanulaceae and the Strict Consensus tree 

from the subset for the Wahlenbergeae yielded only a few interesting groups. The 

W. angustflora group ("Helenacodon") and Craterocapsa with Roella formed an unresolved 

dade with the rest of the taxa. Musschia was a sister group to a monophyletic group 

comprising Nesocodon, Wahienbergia, the W. berteroi group ("Fenandeziana") and the 

outgroups Jasione, Githopsis, Azorina, Edraianthus, Trachelium and Legousia. 

Since only one genus was available for molecular analysis discussion of the results is 

relatively straightforward. However, some degree of caution should be observed with such a 

low sample. This is particularly poignant if one considers the problematic position of genera 

such as Jasione or even Legousia or Musschia which, for the purposes of this discussion are 

included in the Campanuleae. In almost all of the trees found by Neighbour-joining, 

Parsimony and Maximum-likelihood methods Craterocapsa branched off basally after the 

colpate and colporate taxa to form a monophyletic group on its own. In the Parsimony 

analysis it formed part of an unresolved dade with the remainder of the porate taxa when 

subjected to a Semistrict Consensus using 315 informative sites, and with the Parsimony 

Jackknife analysis. In the Maximum-likelihood analysis it formed a monophyletic group 

with Jasione, using 557 sites. 

.1.3. The Cannpanuileae 

The UPGMA phenetic analysis of the flowers and fruits data set for the Campanulaceae 

(Flowers.DAT) produced a phenogram which, with the exception of Azorina, divides the 
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Campanuleae over two major subclusters. These are subsequently divided, more or less 

symmetrically into numerous minor clusters. Some of the clustering appears congruent with 

traditional arrangements, eg. Asyneuma with Cylindrocarpa, Campanulastrum with 

Triodanis, Petromarula with Phyteuma and Physoplexis, Gadellia with Rapunculus, 

Campanula with Hanabusaya and Symphyandra, Edraianthus with Petkovia, Heterocodon 

with Homocodon and Peracarpa, Brachycodon with Legousia and Githopsis, and Feeria 

with Trachelium and Diosphaera. There are some rather odd clusters such as Musschia with 

Lobelia and Adenophora with Wahienbergia. The UPGMA phenetic analysis of the flowers 

and fruits data subset for the Campanuleae (Flowers.DAT) produced a phenogram which has 

two large subclusters of taxa and which is essentially similar to the full data set. The 

UPGMA phenetic analysis of the pollen data set (CampPal.DAT) gave a Strict Consensus 

tree with considerable lack of resolution. It had some rather odd clusters, eg. Musschia with 

Namacodon. A Strict Consensus of 2 tied trees for the pollen data subset for the 

Campanuleae was considerably unresolved. There were some clusters, eg. Adenophora with 

Asyneuma, Campanulastrum with Rapunculus, Edraianthus with Legousia and Githopsis, 

and Hanabusaya with Jasione and "Isophylla" (eg. C.garganica group). The UPGMA 

phenetic analysis for the seeds data set (CampSeed.DAT) for the Campanulaceae was again 

difficult to interpret. Some clusters were found which have a degree of congruence with 

traditional arrangements, eg. Rapunculus with Melanocalyx and Legousia, Symphyandra 

with C.formanekiana, Megalocodon, and Rupestres with Tulipella, Quinqueloculares, 

C.sartorii, Otocalyx and Symphyandra. The seeds data subset for the Campanuleae gave 

similar results to the full data set. 

The baseline cladistic analysis using parsimony for the Flowers & Fruits data set for the 

Campanulaceae and rooted through the hypothetical "HYPOTH. EUDICOT" showed that 

Azorina is basal to and the sister group of all the remaining taxa which also includes the 

majority of the Wahlenbergeae. Adenophora branches off next followed by a monophyletic 

group formed by Symphyandra and Hanabusaya. Many of the clades are not unexpected, eg. 

Legousia and Brachycodon, Asyneuma and Phyteuma, or Campanula s.s. with Michauxia, 

Sicyocodon and Zeugandra, etc., while others suggest possible relationships, eg. 

Popoviocodonia with Triodanis. Much of the parsimony analysis for the pollen data subset 
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yielded largely unresolved cladograms although some plausible minor clades were found, 

eg. Asyneuma with Phyteuma and Heterochaenia with Musschia, Nesocodon and Roella. 

The parsimony analysis of the seeds data subset for the Campanuleae also yielded a few 

plausible groupings, eg. Quinqueloculares with Tulipella, Symphyandra hoffinannii with 

Otocalyx and Symphyandrformes with C.formanekiana and Megalocodon. 

The bootstrapped Neighbour-joining analysis of the molecular data with gaps and missing 

information included yielded a topology which divides the Campanuleae into two major 

blocks with Jasione as the basal cluster followed by the independent cluster of Musschia 

with Gadellia. The larger of the two major clusters is unevenly divided into two subclusters, 

the smaller of the two comprising Legousia falcata as basal to the minor cluster formed by 

Campanulastrum and Legousia speculum-veneris. The other subcluster has Adenophora and 

Hanabusaya as a basal cluster followed sequentially by the independent branching off of 

Campanula pyramidalis ("Isophylla"), Campanula persicfolia,  and the minor cluster 

formed by Petromarula, Physoplexis and Phyteuma. The smaller of the two major clusters 

has Azorina as the basal taxon, followed sequentially by the independent branching of 

Roucela, Campanula lanata, Campanula punctata and a subcluster which is divided into 

several minor clusters. One of these is formed by Campanula thyrsoides with Campanula 

petraea while the other is formed by Michauxia clustering with Campanula barbata and 

Diosphaera. When the gaps and missing information are excluded Jasione remains the basal 

taxon but the cluster formed by Musschia and Gadellia is joined to the larger of the two 

major blocks of taxa. There are also minor rearrangements in the topology of the smaller 

block of taxa, eg. Campanula lanata clusters with Campanula thyrsoides. Using the Gamma 

distances with the Kimura-2-parameter model for transversions and transitions and with the 

complete deletion option a similar topology was obtained apart from minor rearrangements 

of some taxa. With the pairwise-deletion option the cluster formed by Musschia and 

Gadellia was the most basal grouping, followed by Jasione and then the two large blocks of 

taxa. The larger block had a more altered topology. Adenophora and Hanabusaya clustered 

with Campanula pyramidalis and Campanula persicfolia while' the relationships of the 

remaining taxa were more unresolved. When the analysis was then made using transversion 

data only Musschia and Gadellia still remained basal followed by Jasione but the resolution 
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of the two major blocks of taxa improved. This topology improved even further when an 

analysis using the same parameter was run with the BIONJ program. Both species of 

Legousia then clustered, followed by Campanulastrum which was basal to the group formed 

by Phyteuma, Physoplexis and Petromarula. Hanabusaya and Adenophora were basal to this 

block followed by Campanula persicfolia with Campanula pyramidalis. Azorina was basal 

to all the remaining taxa in the other block. 

The parsimony analysis of the molecular data using 315 sites again placed Jasione as the 

basal dade followed by the dade formed by Musschia and Gadellia. The remaining taxa 

again formed two major clades but with considerable lack of resolution. The larger of the 

two clades had Legousia speculum-veneris as the sister group of the remaining taxa. Of 

these, minor clades were formed by Adenophora with Hanabusaya, Petromarula with 

Physoplexis and Phyteuma, and Campanulastrum with Legousia falcata. In the smaller of 

the two major clades the only resolution was formed by the clades Campanula barbata with 

Diosphaera, and Roucela with Azorina. When sites with informative gaps were used (ie. 397 

sites) the topology of both major clades changed considerably. In the larger of the two 

clades, Legousia speculum-veneris was then the basal dade and sister group of the rest, 

while in the smaller dade Michauxia was the basal taxon. There were also rearrangements in 

the topology of the minor clades. The Jackknife Parsimony analysis showed no resolution 

for the smaller of the two clades and little resolution for the larger. However the minor 

clades formed by Petromarula, Physoplexis and Phyteuma, and by Hanabusaya and 

Adenophora had G values of 0.9553 and 0.9986 respectively. The small dade formed by 

Musschia and Gadellia had a G value of 0.9984. 

The Maximum-likelihood analysis yielded a topology which was strikingly different from 

both Neighbour-joining and Parsimony methods. Jasione clustered with Craterocapsa 

forming a group basal to all remaining taxa which were again divided into two major blocks. 

Gadellia and Musschia form a dade which is nested within the block which has Azorina as 

the basal taxon and which has Diosphaera as the sister group. The other major dade has a 

major dichotomy with Campanula pyramidalis, Adenophora and Hanabusaya in one dade 

and the "legousioidlphyteumoid" taxa in the other. 
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0.2 Clluiai©inn 

Much of this study has been an exercise in data exploration and, although the results 

obtained in this study could be optimised and analysed further, satisfies one of its principal 

aims. From the disparity of results obtained from phenetic, cladistic and molecular 

approaches using different data sets or subsets it is strikingly clear that there is no single 

method of analysis which will produce a demonstrably optimal phylogenetic reconstruction 

of the Campanulaceae. There can be no single-character taxonomy of the Campanulaceae 

and this illustrates how ludicrous it is to present a molecular hypothesis alone as the nearest 

approximation to the true phylogeny. It is also evident that the implementation of a 

phylogenetic nomenclatural system to replace the Linnaean binomial system would be 

disasterous for botany. 

Phenetic analysis has not proved to be be superior to cladistic analysis in this study and in 

several instances has produced very erroneous results (eg. with pollen and seed data). 

Combining these data sets in a phenetic analysis may have produced better results but the 

level of incongruence between them and the flower data set was so high that combining the 

data set was discounted. Where the scoring of the data is highly accurate and there are few 

missing data the phenetic approach may yield accurate results, but there is still the problem 

of homoplasy. In the Campanulaceae this would appear to be considerable, especially with 

respect to flower and seed morphology. In a cladistic approach using parsimony with certain 

evolutionary assumptions, the topologies produced by the different data sets are more 

congruent and therefore the combination approach was tried and produced reasonable 

results. The use of the ITS region in a molecular analysis, although not without problems 

such as those of multiple alignment, has produced results which have proved to be 

remarkably congruent with Neighbour-joining, Parsimony, and Maximum-likelihood 

methods. This is due most likely to the high phylogenetic signal from the data set but there 

may also be a trade-off in the accuracy of the results due to alignment problems and the 

models of nucleotide substitution used. With ITS being used at the generic level it is rather 

unlikely that inaccuracies will arise due to sampling problems. This may not be so when the 

ITS region is used at the species or population level. Of the three methods, Parsimony and 
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the modified BIONJ Neighbour-joining methods give the most congruent results. The 

assumptions of the model used in Maximum-likelihood may have to be tested empirically 

before the results compare favourably with the other methods. At present, with the DNAML 

program of the PHYLIP package this is very costly in computing terms. As a method of 

choice for large data sets maximum-likelihood in not attractive. The Neighbour-joining 

method has the disadvantage that it only produces a single tree which is not guaranteed to be 

optimal, although for molecular data the practicality of this method and the relative accuracy 

of the results should ensure that it is used in conjunction with parsimony methods. At 

present the use of heuristic algorithms with parsimony analyses does theoretically limit the 

accuracy of the results. However, with judicious use and with the comparison of results with 

other methods such as Neighbour-joining these problems should be minimalised. 

Personal experience of the subject matter still has a strong influence on the plausibility of the 

results. However, in terms of providing as extensive an exploration of the available data as 

possible, a multiple or eclectic approach is superior to a one-dimensional intuitional 

approach or even an approach using just one or two of these methods. The trade-off, of 

course, is one of time and cost. The combination of an eclectic approach and intuitive 

evaluation of the results would seem the most logical way to progress with systematics. 

Without advanced techniques of analysis, no progress in the reconstruction of phylogeny in 

the Campanulaceae can be made but in so doing we are in danger of dismissing altogether 

the value of intuitive thought in synthesising the disparate facets of our knowledge. This 

ability to comprehend total structure rather than the analysis of detail is what Ehrenzweig 

(1970) called "syncretistic vision" in "The Hidden Order of Art". His comment (p.21) 

states: 

The scientist has to face the fragmentation of physical facts with courage. He has to scan a multitude of 
possible links that could make sense out of apparent chaos. I would maintain that he needs the more 
dispersed (undifferentiated) structure of low-level vision in order to project the missing order into reality ". 

The strong subjective input in both the analytic and synthetic aspects of phylogenetic 

reconstruction and classification would suggest that systematics is still very far from being 

an objective, repeatable science. 
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0.3 A Phyllogenethc Hypothesis of the CmpHnllceie 

"It is highly likely, in fact, that virtually every phylogenetic tree found in the literature is wrong in one way 
or another." 

M. J. Donoghue & D. D. Ackerly, 1997 
"Plant Life Histories" 

For the reconstruction of phylogeny consideration must be given to all the relevant results 

and reconciliation of conflicting data obtained. Ideally, the pursuit of maximum congruence 

between the multiple data sets is the major goal. There are several schools of thought as to 

the handling of multiple data sets and a discussion is given above in section 4.2.1. The 

conclusions must be reconciled with biogeographic hypotheses and with other independent 

data sets. For this reason the phylogenetic hypothesis of the Campanulaceae presented here 

and based on the data analyses performed in this study was compared with the distribution of 

chromosome numbers and area cladograms in Fig. 107. 

No single extant genus can be regarded as ancestral to the others. Some have retained more 

primitive characters than others but that, in itself, doesn't qualify a particular genus for the 

status of ancestor. For example, Cyananthus with its superior 5-loculed ovary and low 

chromosome base number has been considered by many authors as the archetype. However 

it also displays many "advanced" features associated with adaptation to high altitudes in the 

alpine regions of the Himalayas and S.W.China. 

It is likely that the ancestral campanuloids evolved in a fragmenting eastern Gondwanaland, 

probably sometime in the early Tertiary period. Some of these early progenitors of the 

Campanulaceae, as exemplified by putative direct descendants such as the genus Canarina, 

had already advanced from a primitive colpate condition of the pollen to a colporate 

condition. The colporate lineages are represented in Africa only by Canarina which has a 

relict distribution between tropical East Africa and Macaronesia. From southeast Asia to 

New Guinea they are represented by the genus Campanumoea s.1. (includes Cyclocodon) 

and in east Asia by Platycodon. The colpate genera (such as Codonopsis and Cyananthus) 

are now entirely confined to the Himalayan region, east and southeast Asia and all have 

valvate capsules except for Ostrowskia which has unique vertical medial slits (see Fig. 105). 
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However, it is likely that the capsule evolved from colpate taxa which possessed berries 

which are now only to be found in the two col porate taxa mentioned above. 

The nectar dome concealing the nectary region had already appeared in the colpate taxa (eg. 

in Pseudocodonopsis) and this feature probably evolved only once in the family as a whole. 

From the colporate group the porate lineages probably evolved. The most primitive porate 

taxa appear to be the genus Nesocodon from Mauritius and Heterochaenia and Berenice 

from Reunion, all of which have a close alliance with the genus Wahienbergia s.1. (including 

Cephalostigma). From this ancestral wahlenbergioid stock the family rapidly spread over 

much of the southern hemisphere. Probably the most primitive extant members of the genus 

Wahienbergia s.1. are those found in the Juan Fernandez Islands, St. Helena, New Guinea 

and New Zealand, together with certain lineages of the genus in continental Africa and the 

Andes of South America. 

There appears to have been several parallel lineages of capsule evolution in the 

wahlenbergioids of southern Africa and in the campanuloids of Eurasia (see Fig. 105). 

Within southern Africa primitive valvate stock gave rise to chaliced taxa such as 

Craterocapsa and those with apical pores such as Roella. Indehiscent taxa include genera 

such as Mericiera and Gunillaea, while those with laterally splitting prismatic capsules 

include genera such as Prismatocarpus and Namacodon. This was probably related in some 

measure to changing climatic conditions in southern Africa as well as the general trend 

within the Campanulaceae of increasing fusion of the hypanthium to the ovary wall to 

produce an inferior ovary. This may have been in response to predation of the flower-bud. 

Radiation of different floral morphologies due to pollinator selection pressure and ecological 

conditions such as fire-tolerance have probably been of profound importance in the 

subsequent evolution of Campanulaceae within southern Africa. Other taxa have evolved 

aggregated inflorescences and tubular flowers, often accompanied by floral modifications 

such as epipetaly. This radiation of the Campanulaceae within Africa must surely have been 

more widespread than the present-day distribution and given rise in the north to another 

massive wave of campanuloid evolution which spread eventually into Eurasia and North 

America. Jasione occupies a somewhat intermediate position between true wahlenbergioids 
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and campanuloids and does not appear to have any close extant relatives. If Feeria is 

correctly placed within the campanuloids then it is the only genus within that group which 

possesses a valvate capsule. It may be the most primitive genus of the true campanuloids 

although there are other contenders such as Legousia, Musschia and Trachelium. These basal 

genera are today to be found in the Mediterranean Basin and Macaronesia and it is from this 

ancient campanuloid stock that the rapunculoid group exemplified by Rapunculus, Gadellia, 

and the "isophylloid" group arose. 

The morphology of the capsule is almost as diverse in the campanuloids as in the 

wahlenbergioids. The valvate capsule of Feeria probably represents a plesiomorphy while 

the unique horizontal fissures of Musschia are clearly apomorphic. The bulk of campanuloid 

taxa have a dehiscent capsule. In Legousia this, in no small measure, recalls the splitting 

capsule of Prismatocarpus, while in other taxa such as Roucela and Trachelium the capsule 

can be disk-like or globular respectively. There are taxa such as the "isophylla" group in 

which the breakdown of the capsule wall is irregular while in others such as Rapunculus and 

Campanula s. str. the breakdown occurs in definite regions of the capsule wall (either apical 

or basal pores respectively). Several lineages of the genus Campanula str. have indehiscent 

capsules and this may be correlated with isolation on islands or mountain tops. Other genera 

such as Edraianthus and Petkovia have irregular breakdown of the capsule apex and this also 

may be correlated either with montane isolation or the aggregation of flowers into 

inflorescences. There can be little doubt that much of the subsequent evolution of the 

campanuloids is linked to the alpine orogenic processes of the Tertiary Period in Eurasia and 

North Africa. There appears to be two major groupings of campanuloids in Eurasia. Genera 

such as Azorina, Roucela and Adenophora are likely to be the most ancient, leading to the 

bulk of taxa which have usually been incorporated within the genus Campanula. It was the 

"legousioid/rapunculoid" lineage which spread westward into North America with the 

"adenophoroids" possibly entering that continent from eastern Asia. Four genera of 

Campanulaceae are native to North America but very little is known about them. It seems 

likely that these taxa have subsequently evolved independently of taxa in the Old World 

(Morin, 1983). Campanulaceae in North America are probably not monophyletic and, as 

McVaugh (1945) pointed out, "the relationship between genera... is probably not to be thought of as a 
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simple linear one, but as a series of links between groups of species" (Morin, 1983). The distribution 

of Githopsis is very closely associated with scierophyllous vegetation and its history 

probably parallels the history of the Madro-Tertiary Geoflora (Morin, 1983). This vegetation 

had assumed dominance in southern California by the Miocene and is reported from the west 

Sierran slope by late Miocene. It became dominant in west-central California by the Middle 

Pliocene (Raven & Axelrod, 1978). Morin (1983) has given a detailed scenario for the 

evolution of extant species of the genus Githopsis and suggests that ancestral diploid 

Githopsis puichella could have migrated to southern California or the central Sierra Nevada 

range in late Pliocene. At some point the tetraploid taxa evolved both in the Coast Ranges 

and in the Sierra Nevada. As the climate became warmer and drier towards the end of the 

Pleistocene, the tetraploid taxa began to spread further north. Colonization of Oregon and 

Washington by G. specularioides was probably a post-Pleistocene event (Morin, 1983). 

There is no evidence for evolutionary processes acting above the level of the individual or 

population, nor is there any evidence of macromutational processes in the sense of 

Goldschmidt's "hopeful-monster" (Goldschmidt, 1940). The most parsimonious process is 

probably for a genus to evolve from a single progenitor population but it may well be that a 

mosaic of sibling species (sensu Mayr, 1942) undergoes a homogenisation process due to 

parallel selective pressure and that the essential characters of the genus derive from more 

than a single population. Those genera which are most divergent are mostly isolated on 

islands (eg. Musschia, Azorina, Petromarula, Heterochaenia, Nesocodon, etc.), or 

mountains (eg. Physoplexis, Ostrowskia, Feeria, Muehibergella, Craterocapsa, etc.). Taxa 

which have a more continental distribution, whether it be Eurasia, North America or 

southern Africa tend to resemble one another more, even though the taxa of each continent 

are equally isolated from one another. This would suggest that for the Campanulaceae strong 

disruptional selection on founding populations has played an important role in the evolution 

of island endemics in much the same way as it is believed to have done for numerous other 

angiosperm families. In contrast, continental taxa seem more constrained by the available 

niches and have fewer opportunities available to them for evolutionary radiation. They 

display a mosaic of parallel vegetative parameters which fall within a limited range of types, 

of which the herbacious perennial or biennial is the dominant form over much of Eurasia and 
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North America. The shrubby life-form is dominant in southern Africa but this is surprisingly 

absent from the Mediterranean regions of Eurasia. In addition, the phenomena of ontogenetic 

contingency and the Baldwin Effect have probably given the Campanulaceae considerable 

evolutionary amplitude. In general, however, the Campanulaceae do not dominate any 

particular niche and appear to be largely outcompeted by other angiosperm families 

wherever they occur. They do appear to have competitive advantages as chasmophytes and 

on dry limestone cliffs in general, probably because of their developmental plasticity, 

storage caudices and fine ramifying root systems. Many taxa therefore appear to be relicts 

within their ranges and occupy tiny geographical areas which only exacerbates efforts to 

conserve them. They have not invaded tropical forests to any extent and the few taxa found 

there are climbers and confined to more open areas of high mountains (eg. Canarina). Such 

taxa are therefore most likely to be closer to the original ancestors of the family (see Plate 

1.). The Campanulaceae have an equally diverse mosaic of floral types but again this is but 

a variation of the highly-conserved insect-pollination "bauplan". 

The great diversity of species numbers within the major lineages of the Campanulaceae, not 

only on the mountain chains of Eurasia, but also on a much smaller scale in the fynbos, 

regions of South Africa and on numerous continental and oceanic islands certainly suggests 

that the evolutionary rates of these lineages vary dramatically. This is in accord with the 

punctuated-equilibrium hypothesis of Gould and Eldredge (1977). The differences between 

taxa have also been accentuated by extinctions, particularly in the Mediterranean areas, 

central Asia, Africa and perhaps also in North America. 
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"Is it really a paramount consideration that Wahlenbergia and Lightfootia be kept up as distinct genera or 
not ? No doubt, with the taxonomist who worries about formal dispositions the question is all important. 
On the other hand, formal dispositions are by far not an end to the question of what nature has performed, 
and still is performing, over space, in time, by form." 

Leon Croizat, 11962 
"Space, Time, Form: The Biological Synthesis" 

Before an attempt is made to formalise a taxonomic system, it is necessary to understand the 

phylogenetic relations between the genera, the tribes and at the infrageneric level between 

subgenera and sections. All factors have to be evaluated carefully when a classification is 

being constructed and such information incorporated into the system via the nomenclatural 

process. A lack of correspondence between patterns resulting from different causal 

processes, and the gradual nature of breeding discontinuities in plants cannot be waved aside 

casually .(Brandon & Mishler, 1996). Monophyletic groups (in the traditional sense) can 

exist at all levels of inclusiveness so a ranking criterion is needed to delimit the genera. No 

universal ranking criterion can be found because there is a diversity of causal agents 

directing evolution in different lineages. Genera are aggregate units, not units of selection 

per Se, and in the absence of known causal agents, most commonly it is the distribution of 

characters which allows us to rank monophyletic groups. The phylogenetic concept in its 

traditional sense, with its pluralistic ranking criteria, may therefore be superior than 

morphological discontinuity alone and is accordance with the Darwinian view that evolution 

is descent with modification. 

At present in the Campanulaceae there is much confusion regarding generic limits, inter- and 

intrageneric relationships etc. Many Russian authors follow the system of Fedorov, but with 

modifications based on recent research in the former Soviet Union whereas Western 

botanists generally adopt the system used in IFilora Europaea, which is incompletely based 

on Fedorov and does not include all his sections and subsections of Campanula. A proper 
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understanding of the complexity of the genus Campanula is impossible with the limited 

coverage of Flora Europaea which is also badly out of date and in need of revision. The 

system used in Flora of Turkey (Davis, 1978, 1988), is essentially a refinement of 

Fedorov's system by Damboldt and (in part) by Phitos. The degree of inconsistency can be 

seen by comparing the extreme splitting approach of Russian and Chinese authors with the 

extreme lumping at the generic level by Damboldt and Phitos. Yet, within the Aegean flora, 

in groups such as that of the Campanula rupestris Sm. complex, we see extreme splitting by 

Phitos. There is also inconsistency with regard to the recognition of monotypic genera, eg. 

Davis (1950), showed no hesitation in recognising the monotypic Zeugandra but submerged 

genera which are distinct in a "de Candollean sense" such as Diosphaera Buser, to the 

inreasingly large, unwieldy genus Campanula. There is therefore a great instability and 

burdening of the nomenclature attributable mainly to the lack of consensus as to generic 

limits, which is ultimately the result of inconsistency in the application of, or complete lack 

of, a sound philosophical concept of the genus. This is, without a doubt, at least partially 

attributable to the fact that there is non-equivalency of genera within the angiosperms as a 

whole (Antonov, 1988). There is simply no single generic model or objective criteria which 

can be applied to any single plant family and this immediately imposes limitation on a 

nomenclatural system for the provision of recoverable phylogenetic information. The 

problem of generic and specific circumscription is not confined to Eurasian taxa. The studies 

of Morin (1980-1983), Morin & Shetler (198 1) and McVaugh (1941-1948) have shown that 

further studies of North American taxa are needed in order to clarify the relationships of 

species and genera within the North American continent and also with other taxa worldwide, 

especially Eurasia. In Africa, the studies of Thulin, and Hilliard & Burtt q. v. have shown that 

generic limits there are by no means finally established. 

Not all botanists who engage in systematic work are familiar with all of the techniques 

which have been either outlined or used in this study. The conclusion must be drawn that it 

is becoming increasingly desirable to use a combined eclectic/intuitive approach. This 

means that it is more imperative for botanists with different skills to cooperate in joint 

systematic research programmes. 
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Having a set of rules such as McVaugh's Principles certainly is desirable and morphological 

criteria should have primacy. The historic purpose and utility of classification are destroyed 

if a more or less absolute morphological criterion is not upheld and a host of cryptic species 

is created on purely experimental or other biological grounds (Shetler, 1982). Discontinuity 

of variation enables us to have a workable classification. This is less of a problem with 

genera which are generally recognised by a suite of characters most of which are 

morphological but often include cytological and ecological characters as well. Species taxa 

in theory should meet the criterion of spatial localization (Brandon & Mishler, 1996) but this 

cannot easily be applied to genera. Nor can genera be defined on the basis of reproductive 

criteria although many genera are interfertile. The ease with which different genera may 

hybridise may be used as a measure of the genealogical distance between them but for the 

Campanulaceae there have been few recorded instances of intergeneric or wide crossing. 

Hanabusaya may be an exception since it appears to be a cross between Adenophora and 

Campanula but at present this is merely speculative. Most of the hybrids recorded for the 

family have been between sections of the genus Campanula. It is implicit in our 

understanding of evolving genera that differences will usually be observed within the 

genotype. Therefore, in the construction of a classification, it is inevitable that paraphyletic 

taxa will be created if we are to give due recognition to the processes of evolution. 
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"Some day the 'nomenclatural noise' generated by intellectuals must be muted by the overwhelming 
magnitude of the data assembled. The phyletic-numerical treatment of these data, combined with the 
interplay ofpractitioner and user, will ultimately permit a relatively stable nomenclature." 

B. L. Turner, 1985 

MA A New Mgheir Chis fitku oftlliie CampnnuRacene bised on the 
tegrsittiollri of p elleic nnd phykgeetic data. 

The following arrangement expresses the phylogenetic hypothesis outlined above and will 

be fully written-up elsewhere. The suggested names for the higher taxa are provisional. The 

division of the family into two major tribes rather than subfamilies expresses the uniformity 

that exists throughout the family but is sufficient to emphasise the ancient split of the family 

into two major lineages. The tribe Platycodoneae is characterised largely by the possession 

of a broad hypanthium and colpate or colporate pollen. The subdivision of the tribe into 

seven subtribes expresses the evolutionary distance that separates many of the taxa. The 

Canarininae and Campanumoeinae are mostly tropical to subtropical scrambling vines or 

twiners and possess colporate pollen and berries. They are geographically distinct from each 

other, the sole genus Canarina of the Canariinae occupying parts of tropical East Africa and 

the Canary Islands, while Campanumoea and Cyclocodon of the Campanumoeinae are 

distributed from S.E.Asia to New Guinea. The Platycodoninae contains the sole genus 

Plalycodon which possesses colporate pollen but is a herbaceous herb whose open stellate 

flowers, nectar dome and bulging hypanthium connect it to the colpate genera 

Pseudocodonopsis and Obconicapsula of the Codonopsiinae. Both subtribes Ostrowskiinae 

and Echinocodoninae are placed provisionally. Ostrowskia is a tall herb from the mountains 

of Asia and, although its pollen is colpate, it has a unique capsular dehiscence. Echinocodon 

occupies a tiny range in central China and is characterised by highly variable and reduced 

vegetative parts. The Cyananthinae contains the single genus Cyananthus which is 

characterised by valvate dehiscence, colpate pollen and a fully superior ovary. It is a highly 

specialised plant genus of the high Himalayan and Chinese mountains. The residue of 
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genera such as Codonopsis and Leptocodon, although quite diverse, are comfortably 

accomodated within the single subtribe Codonopsiinae. 

The tribe Campanuleae contains all the other genera and is altogether a much larger 

grouping than the Platycodoneae. It is characterised by porate pollen, a narrower 

hypanthium, inferior ovary and diverse modes of capsular dehiscence. Probably this group is 

in a more active stage of evolution than the Platycodoneae and the evolutionary distances 

between the taxa cannot be so easily expressed by a binomial system. It accomodates the two 

major subtribes, the Campanulinae and the Wahlenberginae but it also includes taxa which 

have been given subtribal status because of the difficulty in placing them in any one group. 

These include Jasione in the subtribe Jasioneinae which is a provisional arrangement and the 

two distinct Macaronesian taxa, Musschia and Azorina in the subtribes Musschiinae and 

Azorinae respectively. Other taxa are also given provisional placement in certain 

subfamilies, eg. Peracarpa in the Campanulinae. Many taxa which were formerly included 

in the genus Campanula consistently separate in the topologies derived from the different 

analyses. There is sufficient congruence to justify the recognition of genera such as 

Brachycodon, Rapunculus, Campanulastrum, etc. and to include them in more logical 

collective categories such as the subtribe. Other genera have diverged within a single lineage 

to warrant separate recognition, eg. Azorina and Michauxia. This is not only more logical 

but also more satisfactory from a phylogenetic point of view. The following arrangement 

(see also Figs. ) of the genera, subtribes and tribes of the Campanulaceae is the classification 

recommended by this study: 
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Family: CAMPANULACEAE 

Subtribe: Ostrowskiinae (?ncert. s.) 
Genus: 	O.sIrowsAia 

Subtnbe Canantbinac 
Genus: 	Oananthus 

Genus 	Echinocodon 

Genus: 	Leplocodon 
Codonopsis 
Obconicapsula 
Pseudocodonop.s'is 

Subtribe: Platvcodinae 
Genus: 	P!atvcodo,s 

Subtribe:Campanumo 
Genus: 	Cvclocodon 

Campanumoea 

Genus: 	Canarina 

Suhtrihc: NVahlenberginae SubtrIhe: Phyteuniinae 
Genus: iVesocodon Genus: Legouslu 

Heterochaenia Popoviocodonia 
Microcodon Triodanis 
Wahienbergia Githopsis 
Cephalostigma Brachycodon 
Berenice Cylindrocarpa 
Gunilaea Sergia (incerL s.) 
Namacodon Gadellia 
Theilera Rapunculus 
Roelia "Isophylla" 
Prismatocarpas Campanulastrum 
Treichelia Petromarula 
Merciera Physoplexis 
Rhigiophyllum Phyteunia 
Siphocodon Asyneuma 
('rateroeupsa S uhtrihe: Ca mpa nulmac 

Subtribe: Jasioneinae (itzct'rt. s.) Genus: !'eraearpu (imerl. s.) 
Genus- Jiisio pie Homocodon 

Heterocodon 

Suhtribe: Musschiinae Feeria 

Genus: Nfusschia Trachelium 
Diosphaera 
Roucela 

Subtrsbe: Azorininae Hanabusaya 
Genus: .lzorinu Astrocodon 

Adenophora 
Pe(ko via 
Michauxia 
Zeugandra 
Sic yocodon 
Symphyandra 
Cryptocodon 
Campanula 
Muehlbergella 
Edraianthus 

Table 33. A new classification of the Campanulaceae to the subtribal level inferred from 
phenotypic and molecular (ITS) data. 
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Cyananthus 
Echinocodon 
Ostrowskia 
Leptocodon 
Codonopsis 
Obconicapsula 
Pseudocodonopsis 
Platycodon 
Carranumoea 
Cyck)c don 
Canarina 

Heterochaenia 
M icrocodon 
Wahienbergia 
Cephalostigma 
Berenice 
Gunillaea 
Namacodon 
Theilera 
Roella 
Prismatocarpus 
Treichelia 
Me rc ie ra 
Rhigiophyllum 
Siphocodon 
Craterocapsa 
Jasione 
Legousia falcata 
Popoviocodonia 
Truodanis 
Githopsis 
Brachycodon 
Legousia 
Cylindrocarpa 
Peracaroa 

Heterocodon 
GadeUia 
Rapunculus 
"9sophylla" 
Campanulastrum 
Petro ma ru Ia 
Physoplexis 
Phyteuma 
Sergia 
Asyneuma 
M ussc hia 
Feeria 
Diosphaera 
Trachelium 
Roucela 
Azorina 
Hanabusaya 
Astrocodon 
Adenophora 
Petkovia 
Michauxia 
Zeugandra 
Sucyocodon 
Symphyandra 
Cryptocodon 
Campariula 
Muehibergella 
Edraianthus 

Cyananthinae 
Echinocodoninae 
Ostrowskiinae 

Codonopsiinae 

Platycodoninae 
Campanumoeinae 
Can a ri n mae 

a 

a 

a 
a 

Jasioneinae 

3 
a 
a 

Musschiinae 

Azorininae 	a 

a 
E. 

 
a 
a 

IfD 

Fig.106. Hypothetical phylogenetic tree showing a new arrangement of the 
Campanulaceae to the generic level. The two tribes are the PLATYCODONEAE and 
the CAMPANULEAE. The thirteen subtribes are indicated by the ending "mae". 



OUTGROUP 

Cyananthinae 	E. ASIA 

Echir,ocodonrnae E. ASIA 

Ostrowskiinae 
	C. ASIA 

C./E. ASIA 

Campanumoeinae S.E.ASIA 

Canarininae 	AFRICA 
MACARONESIA 

Platycodoninae E. ASIA 

Wahlenbergiinae AFRICA 
S. HEMISPHERE 

JasioneEnae 	W. EURASIA 

Musschiinae 
	

MACARONESIA 

Azonninae 
	

MACARONESIA 

Campanulinae 	N. HEMISPHERE 
), 12, 14, 15, 16, 17, 28 

Phyteuminae 	N. HEMISPHERE 
n = 8, 10, 11, 12, 13, 14, 15, 16, 17, 18, 20, 29 

Fig.107. Hypothetical phylogenetic tree showing a new arrangement of the Cam panulaceae 
to the subtribal level. Superimposed on this diagram are the haploid numbers ol the 
genera each subtribe contains, plus the geographical areas of each subtribe. 
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112 PirEoirkks fcr Yuirtheir Rs1Tdllh1 sid1 Coviti©n 

The relationships of the genera within the two tribes have not been fully established. This is 

particularly true for the Campanulinae of Eurasia and North America and for the 

Wahlenberginae of southern Africa. These are areas where research priorities should be 

focused. The ITS region has proved to be an effective source of data for phylogenetic 

reconstruction and should be explored further among different levels of the taxonomic 

hierarchy and contrasted with data from genes such as rbcL and trnL. The 5.8S subregion 

may yet yield valuable phylogenetic data for an understanding of relationships among the 

higher taxa (Hershkovitz & Lewis, 1996) particularly the relations between the 

Campanulaceae and other families of the Campanulales. This is also true for the studies on 

the highly rearranged chioroplast genome of the Campanulaceae pioneered by the late M. E. 

Cosner, and by R. K. Jansen and his colleagues (Cosner et al., 1997). Cytological research is 

another area that may yield surprising results, as shown by the work of Stace & James 

(1996). In addition, the variation at and below the species for most taxa is unknown and this 

too is an area of research which would repay greater effort, especially from molecular 

systematists. It is increasingly imperative that we know the boundaries of taxa if we are to 

make conservation efforts worthwhile. All the taxa of the Campanulaceae provide an 

intellectual challenge to the student of evolution, but perhaps not so pressing as the 

challenge to conserve many rare and endangered species such as those of St. Helena (2 

species already extinct, 1 virtually extinct and 1 severely threatened), Juan Fernandez Islands 

(1 species extinct in the wild, 3 others threatened), Madeira (1 species severely threatened), 

Reunion (1 species virtually extinct, 3 species severely threatened) and Mauritius (1 species 

severely threatened). Conservation in these islands is urgent if many unique taxa in the 

Campanulaceae are to be saved from extinction through habitat destruction and 

mismanagement. One only has to consider the fate of many of the Hawaiian species of 

lobelias to realise how precarious the existence of these unique island forms are. Continental 

species of Campanulaceae are also severely threatened, the two greatest areas for concern are 

the Fynbos of the western Cape region of South Africa and the dry overgrazed mountain 

ranges of the eastern Mediterranean and south-central Asia. Already one unique species, 
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Campanula oligosperma Damboldt, from Anatolia is reported as extinct (Greuter, 1995; 

Ekimetal, 1989). 

The 1eginnng 

"I have returned to my beginning. I realize that, if through science I can seize phenomena and enumerate 
them, I cannot for all that apprehend the world. Were Ito trace its entire relief with my finger, I should not 
know any more." 

Albert Camus, 11955 
"The Myth of Sisyphus" 
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APIPENIDECIES 
12.1 Data Sets 

Talbile 1. Minimum sauiiinig tree ft'or Asterailes data set (G&1.DAT) 

j 	 llegtll 

1.Aquifo 3.Brunia 0.218650 
3.Brunia 2.Aralia 0.230280 
3.Brunia 8.Viburn 0.191310 
8.Viburn 5.Grisel 0.248600 
8.Viburn 7.Sambuc 0.236360 
5.Grisel 10.Donat 0.153390 

10.Donat 14.Styli 0.185740 
14.Styli 13.Sphen 0.126950 
2.Aralia 6.Pittos 0.125150 

1O.Donat 4.Escall 0.107050 
4.Escall 9.Argoph 0.161700 
9.Argoph 12.Penta 0.081740 

12.Penta 19.Cyphi 0.081500 
19.Cyphi 23.Nemac 0.291870 
19.Cy-phi 20.Cypho 0.273470 
20.Cypho 22.Lobel 0.288290 
22.Lobel 18.Campa 0.217760 
23.Nemac 21.Goode 0.211980 
21.Goode 16.Bruno 0.261530 
16.Bruno 17.Calyc 0.305070 
16.Bruno 15.Aster 0.286410 
21.Goode 11.Menya 0.104640 
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TzbRe 2 Minimuninni spannhung tree for Asteralls dzta subset (G&I.DAT): 
Camainiunilalls s.1. 2nd ipiuitañve "ougrouJ1ps". 

llgtll 

10.Donat 14.Styli 0.231400 
10.Donat 13.Sphen 0.209760 
10.Donat 12.Penta 0.109340 
13.Sphen 11.Menya 0.083420 
11.Menya 15.Aster 0.111350 
15.Aster 16.Bruno 0.228980 
16.Bruno 17.Calyc 0.210120 
16.Bruno 21.Goode 0.131910 
21.Goode 23.Nemac 0.053260 
23.Nemac 19.Cyphi 0.140450 
19.Cyphi 20.Cypho 0.142560 
20.Cypho 22.Lobel 0.151580 
22.Lobel 18.Campa 0.093860 
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Tabile 3. Minimum sp iioug tree for IFilowers & Friinft data set (Filowers.AT) 

j 	 lleungth 

1.Adenop 4.Azorin 0.077050 
4.Azorin 10.Canar 0.149100 
10.Canar 16.Cyclo 0.375730 
16.Cyclo 9.Campan 0.478890 
16.Cyclo 28."Hima 0.346470 
16.Cyclo 12.Codon 0.345010 
9.Campan 47.Platy 0.312000 
16.Cyclo 41.Ostro 0.269540 
12.Codon 33.Lepto 0.185330 
33.Lepto 15.Cyana 0.216600 
28."Hima 40.Nesoc 0.171800 
40.Nesoc 26.Heter 0.160090 
28."Hima 50.Pseud 0.150060 
33.Lepto 34.Merci 0.136610 
34.Merci 21.Feeri 0.137830 
21.Feeri 60.Trach 0.205690 
28."Hima 53.Roell 0.135650 
53.Roell 13,Crate 0.143920 
60.Trach 18.Diosp 0.130850 
15.Cyana 19.Echin 0.130800 
4.Azorin 5.Bereni 0.122280 
15.Cyana 31.Jasio 0.106950 
31.Jasio 45.Phyte 0.105560 
45,Phyte 46.Physo 0.262390 
45.Phyte 8.Campan 0.176580 
45.Phyte 3.Asyneu 0.173360 
8.Campan 62.Triod 0.170680 
3.Asyneu 17.Cylin 0.160200 
62.Triod 55.Sergi 0.157660 
17.Cylin 39.Namac 0.141680 
39.Namac 24.Gunil 0.167150 
3.Asyneu 48.Popov 0.140300 
45.Phyte 44.Petro 0.139100 
17.Cylin 32.Legou 0.134610 
32.Legou 6.Brachy 0.166330 
3.Asyneu 11.Cepha 0.119830 
39.Namac 49,Prism 0.119200 
24.Gunil 23.Githo 0.107250 
11.Cepha 63.Wahle 0.103920 
62.Triod 51.Rapun 0.103010 
51.Rapun 22.Gadel 0.098060 
34.Merci 52.Rhigi 0.098020 
52.Rhigi 57.Sipho 0.207000 
52.Rhigi 61.Treic 0.134670 
52.Rhigi 36.Micro 0.121530 

Continued overleaf 
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Table 3 continued 

52.Rhigi 42.Perac 0.112430 

42.Perac 29.Homoc 0.118970 

29.Homoc 27.Heter 0.135820 

52.Rhigi 59.Theil 0.099700 

8.Campan 65.Lobel 0.094320 

33.Lepto 38.Mussc 0.091340 

3.Asyneu 30. "Isop 0.090180 

53.Roell 20.Edrai 0.087350 
20.Edrai 43.Petko 0.145800 
43.Petko 25.Hanab 0.142670 
25.Hanab 58.Symph 0.166690 
58.Symph 7.Campan 0.140690 
20.Edrai 14.Crypt 0.133910 
25.Hanab 64.Zeuga 0.120970 
64.Zeuga 56.Sicyo 0.138570 

14.Crypt 37.Muehl 0.116010 
64.Zeuga 35.Micha 0.109520 
58.Symph 2.Astroc 0.097140 

25.Hanab 54.Rouce 0.089790 
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TnbRe 4. Minimum sa1niuuhig tree for Flowers & ]Fruits data subset (1FllowersE)AT): 
Campaunukae and putative "ouitgirouips' 9 . 

II 
	

lleinigth 

1.Adenop 4.Azorin 0.097050 
4.Azorin 15.Hanab 0.096720 
15.Hanab 35.Syrnph 0.144540 
15.Hanab 25.Petko 0.129470 
25.Petko 11.Edrai 0.140450 
11.Edrai 8.Crypto 0.119280 
35.Symph 6.Campan 0.114350 
8.Crypto 22.Muehl 0.107520 
15.Hanab 38.Zeuga 0.099180 
38.Zeuga 34.Sicyo 0.116930 
34.Sicyo 21.Micha 0.076690 
22.Muehl 17.Homoc 0.067580 
17.Homoc 16.Heter 0.118250 
17.Homoc 24.Perac 0.115470 
16.Heter 5.Brachy 0.077500 
5.Brachy 20.Legou 0.155750 
20.Legou 9.Cylind 0.115070 
9.Cylind 3.Asyneu 0.115150 
3.Asyneu 27.Phyte 0.111520 
27.Phyte 28.Physo 0.199640 
27.Phyte 7.Campan 0.110990 
7.Campan 37.Triod 0.107620 
37.Triod 33.Sergi 0.102490 
5.Brachy 14.Githo 0.097880 
14.Githo 30.Prism 0.107650 
30.Prism 12.Feeri 0.106870 
12.Feeri 36.Trach 0.215480 
36.Trach 10.Diosp 0.124550 
27.Phyte 26.Petro 0.089580 
33.Sergi 29.Popov 0.087090 
36.Trach 23.Mussc 0.084920 
12.Feeri 19.Jasio 0.081320 
37.Triod 31.Rapun 0.080480 
31.Rapun 13.Gadel 0.092080 
15.Hanab 32.Rouce 0.064150 
35.Symph 2.Astroc 0.062680 
3.Asyneu 18. 1 Isop 0.045320 
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Table 5. Minimum spanning tree for Flowers & ]Fruits data subset (TFllowers.IIIAT): 
Pllatycodoinieae and putative "oiiutgirouiips 99 . 

.1 
	

length 

1.Campan 5.Cycloc 0.160180 
5.Cycloc 2.Canari 0.102470 
5.Cycloc 3.Codono 0.054220 
3.Codono 7."Himal 0.063460 
1.Campan 10.Platy 0.049500 
10.Platy 9.Ostrow 0.054360 
10.Platy 11.Pseud 0.023970 
11.Pseud 6.Echino 0.073760 
6.Echino 12.Lobel 0.071960 
12.Lobel 4.Cyanan 0.072710 
4.Cyanan 8.Leptoc 0.104910 

Table 6. Miuuiinruunm spanning tree for flowers ,& Fruits data subset (Flowers.DAT): 
Wabileirubergeac and putative "ouiitgroups". 

ii 	 length 

1.Bereni 2.Cephal 0.083810 
2.Cephal 21.Wahle 0.085100 
21.Wahle 17.Roell 0.063500 
17.Roell 3.Crater 0.138600 
17.Roell 14.Nesoc 0.137020 
14.Nesoc 7.Hetero 0.159310 
7.Hetero 12.Mussc 0.045950 
2.Cephal 6.Gunill 0.036270 
6.Gunill 13.Namac 0.140560 
13.Namac 15.Prism 0.092080 
6.Gunill 5.Githop 0.079040 
5.Githop 9.Legous 0.079230 
9.Legous 8.Jasion 0.049220 
8.Jasion 22.Lobel 0.047940 
15.Prism 4.Feeri 0.041440 
4.Feeria 10.Merci 0.093510 
10.Merci 16.Rhigi 0.050540 
16.Rhigi 18.Sipho 0.148980 
16.Rhigi 20.Treic 0.082490 
16.Rhigi 11.Micro 0.070650 
11.Micro 19.Theil 0.059290 
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Tsilblle 7. Mrrthriuim spug tree for the PoRRen data set (Camp1Pal1.AT). 

j 	 lleogtllii 

1.Adenop 3.Campan 0.198460 
3.Campan 2.Asyneu 0.237600 
3.Campan 32.Rapun 0.209540 
2.Asyneu 37.Wahle 0.141720 
37.Wahle 19.Legou 0.124650 
19.Legou 12.Githo 0.123900 
12.Githo 4.Campan 0.159690 
32.Rapun 30.Prism 0.120510 
4.Campan 8.Cyanan 0.116960 
8. Cyanan 20. Lepto 0.565880 
20.Lepto 7.Codono 0.650240 
7.Codono 9.Echino 0.480010 
9.Echino 31.Pseud 0.605560 
9.Echino 38.Lobel 0.441270 
38.Lobel 6.Canari 0.393130 
6.Canari 29.Platy 0.586460 
29.Platy 5.Campan 0.558490 
20.Lepto 25.Ostro 0.286660 
25.Ostro 28.Physo 0.175740 
28.Physo 26.Perac 0.187380 
26.Perac 16.Homoc 0.203210 
30.Prism 17."Isop" 0.111670 
17. 11 lsop 10.Edrai 0.159300 
17."Isop 18.Jasio 0.140480 
17."Isop 21.Micha 0.140330 
21.Micha 14.Hanab 0.188890 
21.Micha 24.Nesoc 0.124550 
24.Nesoc 22.Mussc 0.172460 
24.Nesoc 11.Gadel 0.152230 
11.Gadel 35.Syrnph 0.183040 
35.Symph 34.Rouce 0.183040 
35.Symph 15.Heter 0.179050 
11.Gadel 36.Trach 0.157010 
22.Mussc 23.Namac 0.142450 
23.Namac 13.Gunil 0.214480 
36.Trach 27.Phyte 0.123390 
35.Syrnph 33.Roell 0.101730 
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Tabile 8. M thrnrnii spanning free for the PoRDen data subset (CampPall.DAT): 
Campairnuileae aviilluntatve "outgrouiips". 

II 	 .11 
	

lleinigtllii 

1.Adenop 3.Campan 0.255760 
3.Carnpan 2.Asyneu 0.269550 
3.Campan 32.Rapun 0.262680 
3.Campan 12.Githo 0.121760 
12.Githo 4.Campan 0.195940 
12.Githo 19.Legou 0.098340 
4.Campan 16.1-lomoc 0.088370 
16.Hornoc 26.Perac 0.279860 
26.Perac 28.Physo 0.278950 
1.Adenop 18.Jasio 0.082440 
18.Jasio 17."Isop" 0.138170 
17."Isop 10.Edrai 0.183860 
17."Isop 21.Micha 0.160090 
21.Micha 14.Hanab 0.243380 
14.Hanab 36.Trach 0.089740 
36.Trach 11.Gadel 0.165200 
11.Gadel 35.Symph 0.224100 
35.Symph 34.Rouce 0.224100 
11.Gadel 22.Mussc 0.121430 
36,Trach 27.Phyte 0.080030 
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Talbile 9. Mhiimninni spanning tree for the 1Follfteini data subset (CamplPsill.DAT): 
Wablleuiibergeae aod putative "outgroups". 

lleinigtb 

6.Canari 38.Lobel 0.129690 
6.Canari 36.Trach 0.093630 
36.Trach 30.Prism 0.094030 
30.Prism 10.Edrai 0.102910 
10.Edrai 18.Jasio 0.120520 
6.Canari 24.Nesoc 0.077260 
24.Nesoc 22.Mussc 0.185670 
22.Mussc 23.Namac 0.099410 
23.Namac 13.Gunil 0.315440 
10.Edrai 33.Roell 0.060050 
33.Roell 37.Wahle 0.078550 
37.Wahle 19.Legou 0.142300 
19.Legou 12.Githo 0.137040 
38.Lobel 15.Heter 0.050050 
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Talllle ilL Mminrni spauiioinig tree for the Seed data set (CaininpSeed.fl)AT). 

II 
	

lleinigth 

1.Adenop 51.Wahle 0.249210 

51.Wahle 41.Rapun 0.212620 

41.Rapun 42.Melan 0.358630 

41.Rapun 31.Legou 0.316330 
42.Melan 12. 11 0reo 0.273440 

12. 11 0reo 24.Cylin 0.284180 

42.Melan 32.Lepto 0.247450 

32.Lepto 40.Platy 0.417220 

12.0reo 44.Rouce 0.212650 

24.Cylin 2.Asyneu 0.202570 

32.Lepto 46.Sergi 0.198690 
46.Sergi 28.Githo 0.254920 
28.Githo 21.Codon 0.261220 
21.Codon 53."Fern 0.233740 
21.Codon 29.Isoph 0.195260 
29.Isoph 52."Hele 0.410790 
52."Hele 16.C.lin 0.498720 
52."Hele 35.Nesoc 0.436790 
52."Hele 45.Roell 0.360610 
45.Roell 26.Edrai 0.574680 
45.Roell 22.Crate 0.416090 
16.C.lin 34.Mussc 0.307710 
35.Nesoc 37.Petko 0.283670 
37.Petko 6."Ibero 0.688620 
16.C.lin 14.Megal 0.210390 
14.Megal 8.Syrnphy 0.378540 
8.Symphy 13.C.for 0.385940 
8.Symphy 38.Petro 0.363460 
38.Petro 49.SyTnph 0.369390 
38.Petro 20.Codon 0.237370 
20.Codon 50.Trach 0.250170 

50.Trach 25.Diosp 0.253990 
13.C.for 17.Spinu 0.236810 
17.Spinu 27.Gadel 0.213350 
25.Diosp 9.Involu 0.210810 
46.Sergi 3.Azorin 0.192450 
2.Asyneu 39.Phyte 0.189140 
39.Phyte 5.Campan 0.590110 
50.Trach 4.Brachy 0.188320 
4.Brachy 15.C.lan 0.233520 
53."Fern 43.Ptero 0.187710 
17.Spinu 18.Tulip 0.180270 
18.Tulip 10.Rupes 0.227390 
10.Rupes 11.Quinq 0.208060 
11.Quinq 48.Otoca 0.215680 

Continued overleaf 

369 



Table lO continued 

48.Otoca 19.C.sar 0.257290 
48.Otoca 47.Symph 0.219300 
52."Hele 23.Cyana 0.174430 
23.Cyana 36.Perac 0.341680 
36.Perac 33.Micha 0.207900 
36.Perac 7.Scapif 0.190520 
36.Perac 30.Jasio 0.172240 
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'iFabile H. Minimum spmming tiree fforr tbe Seed data subset (CaipSeedLE)AT): 

Camparnn11ee and putative "tgTos 99  

II 	 .11 
	

11egth 

1.Adenop 25.Diosp 0.126740 
25.Diosp 50.Trach 0.219490 
50.Trach 20.Codon 0.212620 
20.Codon 38.Petro 0.198640 
38.Petro 49.Symph 0.332530 
38.Petro 8.Symphy 0.326940 
8.Symphy 13.C.for 0.349230 
8.Symphy 14.Megal 0.346850 
14.Megal 16.C.lin 0.224700 
16.C.lin 34.Mussc 0.344270 
16.C.lin 29.Isoph 0.263080 
29.Isoph 37.Petko 0.287390 
37.Petko 6."Ibero 0.727270 
29.Isoph 18.Tulip 0.204560 
18.Tulip 10.Rupes 0.220780 
13.C.for 17..Spinu 0.202440 
10.Rupes 11.Quinq 0.195650 
11.Quinq 48.Otoca 0.196910 
48.Otoca 19.C.sar 0.231680 
17.Spinu 27.Gadel 0.195190 
48.Otoca 47.Symph 0.191190 
25.Diosp 9.Involu 0.181210 
37.Petko 26.Edrai 0.171070 
50.Trach 4.Brachy 0.166450 
4.Brachy 15.C.lan 0.217450 
20.Codon 46.Sergi 0.143200 
46.Sergi 28.Githo 0.261830 
46.Sergi 3.Azorin 0.191880 
46.Sergi 42.Melan 0.163480 
42.Melan 41.Rapun 0.358400 
41.Rapun 31.Legou 0.312290 
42.Melan 12. 11 0reo 0.262340 
12. 11 0reo 24.Cylin 0.267930 
12. 11 0reo 44.Rouce 0.196330 
24.Cylin 2.Asyneu 0.188750 
2.Asyneu 5.Campan 0.177600 
5.Campan 39.Phyte 0.582010 
44.Rouce 7.Scapif 0.157380 
7.Scapif 36.Perac 0.199460 
36.Perac 33.Micha 0.210020 
36.Perac 30.Jasio 0.182320 
41.Rapun 43.Ptero 0.131450 
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Tabile 12. Minimum spanning tree for the Seed data subset (CainnupSeed.DAT): 
lliatycodoinieae and putative "ouiitgrouips 99 . 

llegtb 

21.Codon 23.Cyana 0.020930 
21.Codon 35.Nesoc 0.020330 
35.Nesoc 45.Roell -0.005220 
23.Cyana 32.Lepto -0.069250 
32.Lepto 40.Platy 0.228580 

Tabile 13. Muithiniunuini sallh1ubg tree for the Seed data subset (CainnipSeed.EMT); 
Wahlleiinbergeac all putative "oiuitgrounps 99 . 

fteugth 

3.Azorin 28.Githo 0.207660 
28.Githo 53.uFern 0.106610 
28.Githo 34.Mussc 0.075190 
3.Azorin 50.Trach 0.064150 
50 .Trach 31. Legou 0.140160 
31.Legou 51.Wahle 0.083930 
51.Wahle 30.Jasio 0.154890 
34.Mussc 52."Hele 0.047820 
52.He1e 35.Nesoc 0.313490 
52."Hele 45.Roell 0.133330 
45..Roell 26.Edrai 0.356830 
45.Roell 22.Crate 0.222970 
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12.1.1 AST1RALES 

121J1.1 G&1.DAT (Asteralles) ... Gustaffsou & 3reer's Data (Deilta Data 1Flle for 
IPainikey, SC3) 

*fl1'EM DESC]IPT1[ONS 

#1 Aquiiifollaceae/ 
11,2 2,11 3,U 4 92 5,11 6,11 7,1 8,2 9,V 10,1 11,11 12,2 13,1 114,1 15,V 16,V 17 9 1 
18,1 119,U 20,U 21 9 1 22,2 23,11 24,1 25,1 26,11 27,2 28,1 29,2 30,U 311,11 32,1 
33,V 34,V 35,1 36,1 37,1 38,3 39,1 40,1 41,2 42 9 1 43 9U 44,U 45,U 46,U 

#2.Aralliiaceae/ 
1,2 2 9 1 3 9 11 4,2 5,11 6,11 7,2 8,1 9,1 10,1 11,V 12,V 13 9 11 14,1 115,V 16,V 17,1 
18,1 119,U 20,U 21,11 22,1 23,11 249 1 25 9 1 26,V 27,V 28,V 29,1 30,U 31 9 1 32,2 
33,V 34,V 35,1 36,1 37,11 38,3 39,V 40,V 411,2 42,2 43,2 44,2 45,V 46,V 

#3.Iru1unifiaceae/ 
1,2 2,11 3,11 4,111 5,11 6,U 7,1 8,11 9,1 10,1 111,1 112,2 13,11 14,1 15,1 16,V 17,1 
18,1 19,U 20,U 21,1 22,1 23,V 24,1 25 9 1 26,1 27 9U 289U 299 1 30,U 31,V 32,V 
33,2/3 34,1 35,1 36,1 37,1 38,3 39,V 40,U 41,2 42,U 43,U 44,U 45,U 46,U 

#4Esealllloiniaceae/ 
1,1 2,U 3,1 4,1 5,11 6,11 7,11 8,V 9,1 10,1 111,1 12,11 13,1 14,1 15 9V 16,1 17,1 
18,1 19,U 20,U 21,1 22,V 23,V 24,1 25,1 26,1 27,1 28,U 29,1 30,U 31,1 32,V 
33,V 34,V 35,1 36,1 37,1 38,1 39,1 40,2 41,U 42,2 43,U 44,U 45,U 46,U 

#5.Grseliuiiaceae/ 
1,11 2,U 3,1 4,1 5,1 6,2 7,1 8,1 9,2 10,1 11,1 129 1 13,1 14,1 15,1 16,1 
117,1 18,1 19,U 20,U 21,1 22,11 23,1 24 93 25,1 26,1 27,U 28,U 29,1 30,U 
31,1 32,2 33,2 34,V 35,1 36,1 37,1 38,3 39 92 40,U 41,U 42 9U 43,U 44,U 
45,U 46,U 

#6.Pfittosoraceae/ 
11,2 2,1 3,1 4,2 5,2 6,1 7 9V 8,1 9,1 10,1 11,11 12,1 13,1 14,1 15,1 16,V 17,1 
18,V 19,1 20 9 11 21,1 22,V 23,V 24,1 25,1 26,1 27,V 28,V 29,1 30,U 31,1 32,1 
33,V 34,2 35,1 36,1 37,1 38,2 
39,1 40,2 411,1 42,2 43 9U 44,U 45,1 46,2 

#7. Sam lliruicaceae/ 
1,1 2,1 3,1 4,1 5,2 6,2 7,2 8,1 9,1 10,1 11,2 112,2 13,1 14,1 15,V 16,2 17,1 
18 9 1 119,U 20,U 21,1 22,2 23,1 24,2 25,1 26,1 27,U 28,2 29,2 30,1 31,1 
32,2 33,1/2 34,2 35,1 36,1 37,1 38,3 39,1 40,2 41,U 42,1 43,U 44,U 
45,1 46,2 

#8.Vbiinriniaceae/ 
11,1 2,1 3,1 4,1 5,1 6,V 7,1 8,1 9,1 10,1 11,2 12,V 13,1 14,1115,116,2 
117,1 18,1 19,U 20,U 21,1 22,1 23,1 24,1 25,1 26,1 27,U 28,2 29,2 30,1 
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31,132,2 33,2 34 92 35,11 36,11 37,1 38,3 39,2 40,1 41,U 42,1 43,U 44,U 
45,1 46,2 

#9.ArgoipllyI1ilaceae/ 
11,1 2,U 3,1 4,U 5,1 6,U 7,11 8,U 9,U 10,1 111,1 112 9 1 13,11 14,11 15,2 16,V 17,1 
189 1 19,U 20,U 21,1 22,1 23,1 24,11 25,1 26,11 27,U 28,U 29,1 30,U 31,1 32,2 
33,V 34,2 35,1 36,1 37,1 38,1 39,1 40,U 41,U 42,U 43,U 44,U 45,U 46,U 

#110.11Jonii2itaceae/ 
1,U 2,2 3 9 11 4,U 5 9 11 6,U 7,U 8,2 9,U 10,2 11,11 112,1 13 9 1 14,1 15,1 16,1 
17,1 18,1 19,U 20,U 21,2 22,1 23,1 24,2 25,1 26,1 27,U 20,U 29,1 30,U 
31,1 32 92 33,2/3 344 35,1 36,1 37,1 38,1 39,1 40,2 41,2 42,1 434 
449 1 45,U 46,U 

#1 1.Muuiynth2ceae/ 
1,1 2,2 3,1 4,1 5,2 6,U 7,U 8,1 9,2 10,2 11,1 12,1 13,1 14,1 15,V 16,2 17,2 
18,2 19,2 2092 21 9 1 23,1 24,1 25,1 26,1 27 92 28,2 29,1 30,11 31,V 32,V 33,3 
34,2 35,1 36,1 37,1 38,2 39,1 40,2 41,2 42,1 43,2 44,2 45,1 46,2 

#12.PetahraguataceaeI 
11,U 2,U 3,U 4,1 5,1 6,2 7,1 8,U 9,110,2 11,1 12,1 13,2 14,1 15,2 16,V 17,2 
1892 19,1 20,1 21,1 22 92 23,1 244 25,1 26,1 27,1 28,1 29,1 30,1 31,1 
32,2 33 92/3 34,2 35,1 36,1 37,1 38,1 39,1 40,2 41,1 42,1 43,1 44,2 
45,2 46,1 

#13.SllneiniocThaice2e/ 
1,U 2,U 3,1 4,1 5,2 6,U 7,U $,U 9,1 10,2 11,1 12,1 13,1 14,1 15,11 16,2 
17,1 18,1 19,U 20,U 21,1 22,1 23,1 24,1 25,1 26,1 27,1 28,2 29,1 30,1 
31,1 32,2 33,3 34,2 35,1 36,1 37,1 38,1 39,1 40,2 41,1 42,1 43,1 44,1 
45,1 46,1 

#14.Stylllid1aceae/ 
1,1 2,2 3,1 4,U 5,2 6,2 7,1 8,2 9,1 10,2 11,1 12,1 13,V 14,1 15,1 16,2 17,1 
18,1 19,U 20,U 21,2 22,U 23,2 24,2 25,1 26,1 27,1 28,V 29,1 30,U 31,2 32,2 
33,3 34,2 35,1 36,1 37,1 38,1 39,1 40,2 41,1 42,1 43,1 44,1 45,2 46 9 1 

#15.AsteraaeI 
11,2 2,2 3,1 4,V 5,2 6,1 7,2 8,1 9,V 10,1 11,1 12,1 13,1 14,11 15,2 16,2 17,1 
18 92 1992 20 92 21,1 22,2 23,V 24,1 25,2 26,2/3 27,2 28,2 29,1 30,2 31,2 
32 92 33,3 34,2 35,1 36,1 37,2 38,4 39,2 40,2 41,1 42,V 43,2 44,2 45,1 
46,2 

#116.1runuonaceae/ 
1,U 2,U 3,1 4,1 5,U 6,U 7,U 8,U 9,U 10,2 11,1 12,1 13,1 14,1 15,2 16,2 
17,1 18,U 19,2 20,U 21,1 22,2 23,2 24,1 25,2 26,3 27,U 28,1 29,1 30,2 
31,2 32 9 1 33,3 34,2 35,2 36,2 37,2 38,4 39,2 40,2 41,1 42,U 43,2 44,2 
45,U 46,U 
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91 7.Callycrace/ 
1,1 2,2 3,11 4 9 1 5 92 6,2 7,2 8,2 9,111 110,2 11,11 12,11113 9 1 114 9 1 15,2 116,2 
117,1 18,2 19,2 20,2 21,1 22,2 23,2 24,1 25,2 26,3 27,U 28,1 29,11 30,2 
31,2 32,2 33,3 341,2 35,1 36,1 37,2 38,3 39,2 40,2 41,1 42,1 43,2 44,2 
45,U 46,U 

#1&Cauilace/ 
1,2 2,2 3,2 4,1 5,11 6,2 7,2 8,2 9 9 11 110,2 11,V 12,11113,11 14 91 15,2 16,2 17,1 
18,V 119,1 20,1 21,1 22,2 23,2 24 9 1 25,V 26,3 27,1 28,V 29,11 30,11 31,2 32,V 
33,V 34,2 35,136,2 37,2 30,1 39,1 40,2 41,1 42,1 43,1 44,1 45 92 46,1 

#19.Cypllnacae/ 
1,2 2,2 3,2 4,U 5,U 6,U 7,U 8,U 9,U 10,2 11,1 12,1 13,3 14,2 15,2 16,2 
17,1 18,2 19,1 20 9 1 21,1 22,2 23,2 24 9 1 25,1 26,3 27,U 28,U 29,1 30,U 
31,1 32,2 33,3 34 92 35,1 36,2 37,11 38,1 39,1 40,U 41,U 42,U 43,U 44,U 
45,U 46,U 

#20.Cyhocairpace/ 
1,U 2,U 3,U 4,U 59U 6,U 7,U 8,U 9,U 10,2 11,1 112,1 13,3 14,3 15,2 16,2 
1791 18,1 19,U 20,U 211,1 22,2 23,2 24,1 25,1 26,3 27,U 28,U 29,2 30,1 
31 9 1 32,2 33,3 34,2 35,1 36,2 37,2 38,1 39,1 40,U 41,U 42,U 43,U 44,U 
45,U 46,U 

#21 .Goniiaceae/ 
1,1 2,2 3,1 4,1 5,2 6,2 7,1 8,1 992 10,2 11,1 12,1 13,2 14,4 15,2 16,2 
17,2 118,2 19,2 20 92 21,1 22,2 23 92 24,1 25,V 26,3 27,2 28,1 29,1 30,2 
31,V 32,V 33,3 34,2 35,2 36,2 37,2 38,1 39,V 40,2 41,2 42,1 43,2 44,2 
45,2 46,1 

#22JLdlleliacae/ 
1,2 2,2 3,2 4,1 5,2 6,2 7,2 8,2 9,110,2 11,1 12,R 13,3 114,1/2 15,2 16,2 
17,1 18,1 19,U 20,U 21,1 22,2 23,2 24,1 25,2 26,2 27,1 28,V 29,2 30,1 
31,11 32,V 33,3 34,2 35,1 36,2 37,2 38,1 39,1 40,2 41,1 42,1 43,1 44,1 
45,2 46,1 

#23.114emdflad1acea& 
1,U 2,U 3,2 4,U 5,U 6,U 7,U 8,U 9,U 10,2 11,1 12,1 13,2 14,2 15,2 16,2 
17,1 18,1 19,U 20,U 21,1 22,2 23,2 24,1 25,1 26,3 27,U 28,U 29,1 30,1 
31,2 32,2 33,3 34,2 35,1 36,2 37,2 38,1 39,1 40,U 41,U 42,U 43,U 44,U 
45,U 46,U 

*END 
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12.1.1.2 @&ISUI.flAT (Asteralles). Cainiipaouillalles data subset (Defita data file for 
TPankey, SC3) 
*JM DESCIRIPTI[ONS 
#10.DoTi2tilacae/ 
11,U 2 92 3 9 11 4,U 59 1 6,U 7,U 0,2 9,U 110 92 1111 9 1 112,11 13,11 114,1 15,1 16,11 
179 1 1,1 19,U 20,TLJ 21 92 22,11 23,11 24,2 25,1 26,11 27,U 2,U 29,1 30,U 
31,1 32,2 33,2/3 349 11 3591 36,11 37,1 3,1 39,1 40,2 41,2 42,1 43 9 1 
449 1 45,U 46,U 

#11 .Menriyairntiliiaeea/ 
1 9 1 2,2 39 11 4,11 5,2 6,U 7,U 0,19,2 10,2 111,1 112,1 113 9 1 114,11 115,V 16 92 11792 
1,2 19,2 20,2 21,1 23 9 1 24 9 1 25,1 26,1 27,2 2,2 29,1 30,1 31,V 32,V 33,3 
34,2 35 9 1 36,1 37,1 3,2 39,1 40,2 41,2 42,1 43,2 44,2 45,11 4692 

#1 2.11apilragataceae/ 
1,U 2,U 3,U 4,1 59 1 6,2 7,1 0,U 9,1 10 92 11,1 12,1 13,2 14,1 115,2 16,V 17,2 
1,2 119,1 20,11 21,1 22,2 23,1 24,1 25,1 26,1 27,1 2,1 29,1 30,1 31,1 
32,2 33,2/3 34,2 35,11 36,1 37,11 3,1 39,1 40,2 41,1 42,1 43,1 44,2 
45,2 46,1 

#13.SjpThieiniodileaceae/ 
1,U 2,U 3,1 4,15,2 6,U 7,U O,U 9,110,2 11,1 12 911 13,1 14,1 15,1 16,2 
17,1 1 9 1 19,U20,U21,11 22,1 23,1 24 911 25,1 26,1 27,1 2,2 29,1 30,1 
31,1 32,2 33,3 34 92 35,1 36,1 37,1 3,1 39,1 40 92 41,1 42,1 43,11 44,1 
459 1 46,1 

#14.StyllhidIilaceae/ 
1,1 292 3,1 4,U 5,2 6,2 7,1 ,2 9,1 10,2 11,1 12,1 13,V 14,1 15,1 16,2 17,1 
1,1 19,U 20,U 21,2 22,U 23,2 24 92 25,1 26,1 27,1 2,V 29 9 1 30,U 31,2 32,2 
3393 34,2 35,1 36 9 1 37,1 3,1 39,1 40,2 41,1 42,1 43,11 44,1 45,2 46,1 

415.Asteraeeae/ 
1,2 2,2 39 1 4,V 5,2 6,1 792 0,1 9,V 10,1 11,1 12,1 13,1 14,1 15,2 16,2 17,1 
1,2 19,2 20,2 21,1 22 92 23,V 24 91 25,2 26 92/3 27,2 2,2 29,1 30,2 31,2 
32,2 33,3 342 35 9 1 36,1 37,2 34 39,2 40,2 41,1 42,V 43,2 44,2 45,1 
4692 

#1 6.1rinuniooiaceae/ 
1 9U 2,U 3,1 4,1 5,U 6,U 7,U S,U 9,U 110,2 11,1 12,1 13,1 14,1 15,2 16 92 
179 1 1,U 19,2 20,U 21,1 22,2 23,2 24,1 25,2 26,3 27,U 2,1 299 1 30,2 
31,2 32,1 33,3 34,2 35,2 36,2 37,2 3,4 39,2 40,2 41,1 42,U 43,2 44,2 
45,U 46,U 

#17.Cailyceraeeae/ 
1 9 1 2,2 3,1 4,11 5,2 6,2 7,2 0,2 9,U 10,2 11,1 12,1 13,1 14,1 15,2 16,2 
179 1 1,2 19,2 20,2 21,1 22,2 23,2 24,1 25,2 26,3 27,U 28 9 1 29,1 30,2 
31 92 3292 3393 34,2 35 9 1 369 1 37,2 38,3 39,2 40,2 41,1 42,1 43,2 44 92 
45,U 46,U 
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#1 8.Cnpaniiuliiceae/ 
1,2 2,2 3,2 4,15, 11 6,2 7,2 0,2 9,11 110 92 11,V 12,1 113,1 14,1 15,2 16,2 17,1 
10,V 119,1 20,11 21,1 22,2 23,2 24,1 25,V 26,3 27,1 20,V 29,11 30,11 31,2 32,V 
33,V 34 92 35,1 36,2 37,2 30,1 39,11 40,2 41,1 42,1 43,1 44,1 45,2 46,1 

#19.Cyhaceae/ 
1 92 2,2 3,2 4,U 5,U 6,U 7,U 8,U 9,U 10 92 11,1 12,1 13,3 14,2 15,2 16,2 
117,1 10,2 19,11 20,11 211,11 22,2 23,2 24,11 25,1 26,3 27,U 20,U 29,11 30,U 
31,1 32 92 33,3 34,2 359 1 36,2 37,1 30,1 39,1 40,U 41,U 42,U 43,U 44,U 
45,U 46,U 

#20Cyhpac2e/ 
1,U 2,U 3,U 4,U 5,U 6,U 7,U 0,U 9,TLJ 10,2 11,1 12 9 1 13,3 14,3 15,2 16,2 
117,1 10,1 19,U 20,U 21,11 22,2 23,2 24 91 25,1 26,3 27,U 20,U 29,2 30,11 
31,1 32 92 33,3 34,2 35,1 36,2 37,2 30,1 39,1 40,U 41,U 42,U 43,U 44,U 
45,U 46,U 

#21.Goii1aceie/ 
1,11 2,2 3,1 4,11 5,2 6,2 7,1 0,1 9,2 10,2 111,1 12 9 1 113,2 114,4 115,2 16,2 
17,2 10,2 19,2 20,2 21,11 22,2 23 92 24,1 25,V 26,3 27,2 20,1 29,1 30,2 
31,V 32,V 33,3 34,2 35,2 36,2 37,2 30,11 39,V 40,2 41,2 42,1 43,2 44,2 
45,2 46,1 

#22.Lobeliacae/ 
11,2 2,2 3,2 4,1 5,2 6,2 7,2 0,2 9,110,2 11,1 12,1 13,3 14,1/2 15,2 16,2 
179 11 10,11 19,U 20,U 21,1 22,2 23,2 24,1 25,2 26,2 27,1 20,V 29,2 30,1 
31,1 32,V 33,3 34,2 35,1 36,2 37,2 30,1 39,1 40,2 41,1 42,1 43,1 44,1 
45,2 46,1 

#23.Nemadfladacae/ 
1,U 2,U 3,2 4,ILJ 5,U 6,U 7,U 0,U 9,U 110,2 11,1 12,1 13,2 14,2 15,2 16,2 
117,1 10,1 19,U 20,U 21,1 22,2 23,2 24,11 25,1 26,3 27,U 20,U 29,1 30,1 
31,2 32,2 33,3 34,2 35,11 36,2 37,2 30,1 39,1 40,U 41,U 42,U 43,U 44,U 
45,U 46,U 

*END 
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121,13 IFLOWERS.TBAT (Rowers & Frujiflts).,JFllowers & Frlinfits data set (Deilta 
data file for ilPankey, SC3) 	- 

* ITEM DESCRIPTIONS 

#LAdenoilor21 <Fisdftii.>/ 
1,2 2,1 3,11 4 9 1 5,2 6,1 0,1 99 11 10,1 11,2 12,1 13,2 14,2 15,11 16 9 1 117,2 
19,2 20,2 211,1 22,11 2393 24,125,1 26,2/3 27,3 28,129,1/2/3 30,1 31,3 
32,2 33,11 34,3 35,1 36 92 37,1 38,3 39,1 41,2 42,143,144,1/2 45,3 
47 95 48,3 

#2.Astrocndon <lFeclL>/ 
1,1/2 2,11 3,1 4,2 5,2 6,2 7,2/5 8,1 9,2 10,1 11,2 12,1 13,2 14,2 15,1 16,11 
17,2 19 93 20,2 21,11 22,U 23,3 24,1 25,1 26,2 27,1 28,1 29,2 30,1 31,3 32 9 1 
33,1 34,3 35,1 36,2 37,1 38,3 39,1 41,2 429 1 43,11 44,1 45,3 47,5 48,3 

#3Asyneuninia <Gn1seb & Sdiliieiriik>/ 
1,2/3 2,1 3,11 4,2 5,2 6,2 7,5 8,1 9,3 10,2 111,2 12,1 13,2 14,2 15,1 16,1 
17,2 19,2/3 20,2 21,1 22,11 23,3 24,1/2 25,126,2/3 27,2 28,129,2/3 30,1/2 
31,3 32,1/2 33,1 34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1/2 43,1/2 44,1/2/3 
45,3 47,5 48,1/2 

#4Aznthna <lFeeir>/ 
11,2 2,1 3,1 4,1 5,2 6,1 8,1 9,1 10,1 1111,2 12,1 13,2 14,2 15,1 16,1 17,2 19,1 
20,1 21,1 22,1 23,3 24,11 25,1 26,1 27,3 28,1 29,1 30,1 31,1 32,1 33,1 34,3 
35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44,1 45,3 47,5 48,3 

#53eirenilce <Tnll.>/ 
1,2 2,11 3,11 4,2 5,2 6,2 7,5 8,1 9,3 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,11 20,1 21,1 22,1 23,3 24,1 25,1 26,1 27,2 28,1 29,1 30,1 31,1 32,1 33,1 
34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44,1 45,1 46,1 49,2 

#6.IBrachycodoini <IFed>/ 
1,2/3/5 2,1 3,1 4,2 5,2 6,2 7,6 0,1 9,2 10,1 11,2 12,1 13,U 14,2 15 9 1 16,1 
17,2 19,1 20,1 21,1 22,U 23,3 24,1 25,1 26,3 27,1 28,1 29,1 30,1 31,3 32,1 
33,1 34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,2 44,1 45,3 47,5 48,1 

#7.Cauanunili <IL,: essentilailily SectMediiuim>/ 
1,1/2/3/4 2,1 3,14,1/2 5,2 6,1/2 7,1/2/4/6 8,19,1/2 10,1 11,2 12,1/2 13,2 
14,2 15,1 16,1 17,2 19,3 20,2 21,1/2/4 22,1/2 23,3 24,125,126,1/2/3 27,2 
28,129,1/2 30,131,2/3 32,1 33,1 34,2/3 35,1 36,2 37,1 38,3 39,1/2/3 
40,1/2 41,2 42,143,144,1/2 45,2/3 47,5 48,3 50,1/2 

48.Campanunilastn <Small: C,amerkainia>/ 
1,3 2,1 3,1 4,2 5,2 6,2 7,5 8,1 9,2 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,3 20,2 21,1 22,2 23,3 24,2 25,1 26,3 27,2 28,1 29,3 30,2 31,3 32,2 33,1 
34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,2 44,1 45,3 47,5 48,1 
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#9.Caallhiuo2 <1Elluiuini>/ 
1 9 11 2,1 3 9 11 4 9 1 5,11 6,11 0,1 9,11 10,1 1111 9 1 12,11 13,2 14,1 15,11 116 9 1 117,2 19,1 
20,1 21 9 1 22,U 23,2 24,11 25,11 26,11 27,3 28,1 29,2 30,1 31,1 32,11 33,1 34,2 
359 11 36,2 37,1 38,2/4 39,1 41,1 42,11 

410.Cariiimi <L>/ 
1 9 11 2,11 3,1 4,1 5,1 6,11/2 7,2/6 8,11 9,1 110,1 11,11 12,1/2 13,2 14 9 1 15,11 16,11 
17,2 19,1 20,1 21 9 11 22,1 23,2 24,1 25,1 26,11 27,3 20,1 29,1 30,1 31,11 32,2 
33,11 34,3 35,11 3692 37,1 30,3 39,1 41,1 42,11 

#1 LCpllmaflost5g/ 
1,2 2,1 3,1 4,2 5,2 6,2 7,5 0,1 9,3 10,1 11,2 12,1 13,2 114,2 15,1 16,1 17,2 
19,2 20,11/2 21,1 22,1 23,3 24,125,126,2/3 27,2 20,1 29,2 30,1/2 31,4 32,1 
33,1 34,2 35,1 36,2 37,1/2 38,3 39,1 41,2 42,1 43,1/2 44,1/2 45,1 46,1 
49,2/3 

#12.Cornopss <Walill.>/ 
1,1 2,13,14,15,16,1/2 7,4 8,1 9,1 10,1 11,1/2 12,1 13,2 14,1/2 15,1 16,1 
17,2 19,1 20,1 21,1 22,1 23,1 24,1 25,1 26,1 27,3 28,1 29,1 30,1 31,1 
32,133,134,2/3 35,1 36,2 37,1 30,2/3/4 39,1 41,2 42,1 43,1 44,1 
45,1 46,1 49,2 

#13Clratrocps2 <1H[llllhiard & B.L.1Irntt>/ 
1,1/2/4 2,1 3,1 4,2 5,2 6,1/2 7,2/4/5/6 8,19,1/2 10,111,1/2 12,1 13,2 14,2 
15,1 16,11 17,2 19,120,1/2 21,1 22,1 23,3 24,1 25,1 26,2 27,2 20,1 29,1 30,1 
31,2 32,1 33,1 34 93 35,1 36,2 37,1 38,4 39,1 41,2 42,1 43,1 44,1 45,1 46,2 

#14.Cryptocodon <FeL>/ 
1,7 2,1 3,1 4,2 5,2 6,1/2 7,2/4 0,1 9,2 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,3 20,2 21,1 22,1 23,3 24,1 25,1 26,2 27,2 20,1 29,1 30,1 31,2 32,1 33,1 
34,3 35,1 36,2 37,1 38,3 39,2 40,1 41,2 42,1 43,1 44,1 45,3 47,5 40,2 

#15.Cyanainitlliiuis <Wallhl. ex Beinith.>/ 
1,1 2,1 3,1 4,2 5,1 6,2 7,3/4 0,2 9,1 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,1 20,1 21,3 22,1 23,1 24,1 25,1 26,3 27,1 28,1 29,1 30,1 31,3 32,2 33,11 
34,1 35,1 36,1 37,1 38,1 39,1 41,2 42,1 43,1 45,1 46,1 49,1 

#16.Cydllocolloini/ 
1,1 2,1 3,1 4,1 5,1 6,1 0,1 9,1 10,1 111,1112,1 13,2 14,1 15,1 16,1 17,2 19,1 
20,1 21,1 22,U 23,2 24,1 25,1 26,1 27,3 28,1 29,1 30,1 31,1 32,1 33,1 34,2 
35,1 36,2 37,138,1/2/4 39,1 41,1 42,1 

417.Cyllfillrccara <IRegell>/ 
1,1 2,1 3,1 4,2 5,2 6,2 7,5 0,1 9,3 10,2 11,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,3 20,2 21,1 22,1 23,3 24,1 25,1 26,3 27,2 28,1 29,1 30,1 31,3 32,1 33,1 
3493 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,3 44,3 45,3 47,5 48,1 
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#1Dospllhiar2 <IBruiser>/ 
1,1/5 2,1 3,1 4,2 5 92 6,2 7,2/3/4/6 8,19,1/2 109 1 11 92 12,1 13,2 14,2 1159 1 
16,11 17,2 19,1 20,2 21,1 22,11 23,3 24,1 25,1 26,3 27,1 20,1 29 93 30,1 
31,3/5 32 9 1 33,1 34,3 35,1 36 92 37,2 30,3 39,1 41,2 42,143,144,1/2 
4593 47,5 40,3 

#19.Echoccdouu <1DY. 1HIg>/ 
1,1/2 2,11 3 9 11 4,2 5,1 6,2 7,4/6 8,1 9,2 10,1 11,2 112,1 13,2 14,2 15,1 16 9 1 
17,2 19,1 20,2 21,3 22,U 23 9 1 24,1 25,1 26,2 27,2 20,1 29,1 30,1 31 9 1 32,1 
33,1 34,3 35,1 36,2 379 11 38,2 39,1 41,2 42,143,144,145,146,149,1/2/3 

#20Edairnth <(A.C) DC.>/ 
1,1/4/7 2,1 3,1 4,2 5,2 6,1 8,1 9,1 10,1 11,2 12,1 13,2 14,2 15,1 16 9 1 17,2 
19,3 20,2 21,1 22,1 23,3 24,1/2 25,126,1/2 27,2 20,1 29,1 30,1 31,2 32,1 
33,1 34,3 35,1 36,2 37,1 38,3 39,1/2 40,1 41,2 42,1 43,1 44,1 45,1 46,3 

#21Feñi <3uisir>/ 
1,5 2,1 3,1 4,2 5,2 6,2 7,3 0,1 9,1 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,1 20,1 21,1 22,1 23,3 24,1 25,1 26,3 27,2 28,1 29,3 30,1 31,3 32,1 33,1 
34,3 35,1 36,4 37,1 38,3 39,1 41,2 42,1 43,1 44,2 45,1 46,1 49,2 

#22.Gadlllla <Sdlliiullkiinia>/ 
1,2 2,1 3,1 4,2 5,2 6,1/2 7,5 0,19,2 10,1 11,2 12,1 13,2 14,2 15,1 16,11 17,2 
19,2 20,2 21,1 22,2 23,3 24,1 25,1 26,2 27,2 28,1 29,1 30 9 1 31,3 32,1 33,1 
3493 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44,1 45,3 47,5 40,1/2 

#23.Gftllnops <Ntuitit.>/ 
1,1/2 2,1 3,1 4,2 5,2 6,1/2 7,2/6 8,1 9,1 10,1 11,2 12 9 1 13,1 14,2 15 9 1 16,1 
17,2 19,1 20,2 21 9 1 22,1 23,3 24,1 25,1 26,3 27,2 28,1 29,1 30,1 31,3 32,1 
33,1 34,3 35,1 36,2 37 9 1 38,3 39,1 41,2 42,1 43,2 44,1/2 45,1/2 46,3 
50,1/2 

#24.Guiuiflllll2ea <Thunlluini>/ 
1,2 2,1 3,11 4,2 5,2 6,1 8,1 9,2 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 19,2 
20,1/2 21,1 22,1 23,3 24,1 25,1 26,3 27,2 28,1 29,1 30,1 31,3 32,133,1/2 
34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,2 43,2/3 44,1/2 45 92 50,1 

#25.THIabaiisiya <Nakai>/ 
1,2 2,1 3,1 4,1 5,2 6,1/2 7,4 8,11 9,1 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,3 20,2 21,4 22,1 23,3 24,1 25,1 26,2 27,2 28,1 29,1 30,1 31,2 32,1 33,1 
34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44,1 45,3 47,5 48,3 

#26troclhiaena <A DC.>/ 
1,1/2 2,1 3,14,1/2 5,2 6,1/2 7,2 8,1 9,1 10,1 11,2 12,1 13,2 14,2 15,1 16,1 
17,2 19,1 20,1 21,1 22,1 23,3 24,1 25,1 26,2 27,3 28,129,1/2 30,1 31,2 32,1 
33,1 34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44,1 45,1 46,1 49,2 
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#27.1HIenocodoiiii <Nwitt>/ 
1,1/3 2 9 1 3,11 4,2 5,2 6,2 7 96 0,1 9,2 110,111111 92 112 9 1 113,2 114,2 15,1 16,1 117,2 
199 1 20,2 211,1 22,11 23,3 24,1 25,1 26,2 27,2 20,1 29,11 30,1 31,3 32,1 33,1 
34,3 35,1 36,2 37 9 1 3093 39,1 41,2 42,1 43,1 44,1 45,3 47,5 40,3 

#20. "TH1imillcotha" <Cod1oimopss 	initrfolli>/ 
11 9 11 2,11 3,11. 4,1 5,1 69 11 0 9 11 99 11 110 9 1 111 9 1 12,1 13,2 14,2 15,1 16,1 117,2 19,2 
20,1 21,11 22,1 23,11 24,1 25,1 26,1 27,3 20,11 299 11 30 9 11 31,1 32,1 33,1 34,2 
35,1 36,2 37,1 30,2 39,1 411,2 42,11 43,1 44 9 1 45,11 46,1 49,2 

#29.00d1oiru <D.Y. Hg>/ 
1,1/3 2,1 3,11 4,2 5,2 6,2 7 92 0,1 992 10 9 11 11,2 112,11 13,2 14,2 115,11116,1 
17,2 19,1 20,2 211,1 22 9 1 23,3 24,1 25,11 26,2 27,2 28,1 29,11 30,1 31,3 
32,1 33,1 34,3 35,1 36 92 37,1 30,3 39,1 41,2 42,1 43,1 44,11 45,3 47,5 
40,3 

#30."hollnylllla"/ 
1,1/2/3 2,11 3 91 4,2 5,2 6,1/2 7,2/4/5/0 0,11 9,1/2 10,1 11,2 12,1 13,2 14,2 
15,1 16,1 17,2 1993 20,2 21,1 22,11 23,3 24,1/2 25,1 26,2 27,2 28,1 
29,11/2/3 30,11/2311,3/4 32,11/2 33,1 34,3 35,11 36,2 37,11 38,3 39,11 
411,2 42 9 1 43,11/2 44,1 45,3 47,5 48,2 

#31Jasoinie <L.>/ 
1,6/7 2,1 3 9 1 4,2 5,2 6,2 7,5 8,11 9,3 10,1 111,2 12,1 13,2 14,2 15,1 16,1 1117,2 
19,1 20,1 21,3 22,1 23,3 24,2 25,1 26,2 27,1 20,1 29,3 30,1 31,3 32,2 33,1 
34,3 35,1 36,2 3792 38,3 39,1 41,2 42,1 43,1 44,2 45,146,149',3 

#32.Legouiis <11Dulln2u1de>/ 
1,1/2/3/5 2,1 3,1 4,2 5,2 6,2 7,5 8,1 9,1 10,1 11,2 12 9 1 13,1114,2 15,1 16,1 
17,2 19,1 20,1 21,1 22,1 23,3 24,1 25,1 26,3 27,1 20,1 29,1 30,1 31,3 32,1 
33,1 34,3 35,1 36 92 37,1 30,3 39,1 41,2 42,1 43,3 44,2/3 45,3 47,5 40,1 

#33.LtocodIrn <(Hook, 11'.) ILeinni.>/ 
1,1 2,1 3,1 4,1 5,11 6,2 7,3/4 0,1 9,1 10,11 11,2 12,1 13,2 14,2 15,1 16,1 
17,2 19,1 20,1 21,1 22,2 23,1 24,1 25,1 26,2 27,3 20,1 29,3 30,11 31,4 
32,2 33,1 34,3 35,1 36,1 37,1 30,3 39,1 41,2 42,1 43,1 44,11 45,1 46,1 
49,2 

#34.Mncena <A.DC.>/ 
1,1/3 2,1 3,1 4,2 5,2 6,2 7,3/4 0,1 9,11 10,1 11,2 12,1 13,2 14,2 15,1 16,1 
17,2 19,1 20,2 211,1 22,1 23,3 24,1 25,1 26,2 27,2 28,1 29,3 30,1 31,4 32,1 
33,1 34,3 35,1 36,4 37,2 30,3 39,1 41,2 42,1 43,1 44,2 45,2 50,1 

#35.Mcmi <L'Hr.>I 
1,2/3 2,1 3,1 4,2 5,2 6,2 7,5 8,19,2/3 10,1 11,2 12,1 13,2 14,2 15,1 16,1 
17,2 19,3 20,2 21,1 22,11 23,3 24,1 25,1 26,1 27,2 28,129,2/3 30,131,1/2 
32,1 33,1 34,3 35,1 36,2 37,1 38,3 39,3 40,2 41,2 42,1 43,1 44,1 45,3 
47,5 48,3 
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#36.McrocoLilouhi <ABC.>! 
1,1/4/5 2 9 11 3 9 11 4,2 5,2 6,2 7,4 9,19,110 9 11 11 92 112,1 13,2 14,2 15,1 116,2 
17,2 11,1 119 91 20,11 21,1 22,1 23,3 24,11 25,1 26,2 27 92 2,1 29,1 30,11 31,3 
32,1 33,1 34,2/3 35,1 36,2 37,138,2/3 39,11 41,2 42,1 43,11 44,1 45 9 1 46,1 
49,1 

#37.Mllilbirgelilla <1Feir>/ 
11 9 1 2,11 3,11 4 92 5,2 6,1/2 7,2/4 8,19,2 10,1 1111,2 12,11113,2 14,2 115,11 16 9 11 
117 92 19 92 20,2 21,11 22,1 23,3 24,1 25,1 26,2 27,2 2,1 29,1 30,1 31,3 32,1 
33,1 34,3 35,1 36,2 37,1 3,3 39,2 40,1 41,2 42,1 43,1 44,1 45,3 47,6 

#3.Musdthi <ThorL>/ 
1,2 2,1 3,1 4,2 5,1 6,2 7,3 8,19,2 10,1111,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,1 20,1 21,1 22,11 23,3 24,1 25,11 26,2 27,2/3 2,1 29,3 30,1 31,2 32,2 33,1 
34,3 35,1 36,2 37,1 3,3 39,1 41,2 42,1 43,2 44,1 45,3 47,4 

#39.Namacodon <Tllnull>/ 
1,1 2,1 3,1 4,2 5,2 6,1/2 7,5 8,19,2 10,1 11,2 112,1 13,2 14,2 15,1 16,1 17,2 
19,2 20,2 21,1 22,1 23,3 24,1 25,2 26,3 27,2 2,1 29,1 30,11 31,3 32,1 33,1 
34,3 35,1 36,2 37,1 3,3 39,1 41,2 42,2 43,3 44,2 45,3 47,2 

#40.NesooHon <Thiuifl>/ 
1,1 2,1 3,1 4,1 5,2 6,1 ,1 9,1 10,1 11,11. 12,11 13,2 14,2 15,1 16,1 17,2 
19,2 20,1 21,1 22,11 23,3 24,1 25,1 26,2 27,3 2,2 29,1 30,1 31,2 32,1 
33,1 34,3 35,1 36,2 37,1 3,3 39,1 41,2 42,1 43,1 44,1 45,11 46,1 49,2 

941.Ostrowsllth <IRegell>! 
1,1/2 2,1 3,11 4,2 5,11 6,1 ,1 9,1 10,1 11,1/2 12,1 13,2 14,2 15,1 16,1 17,2 
19,2 20,1 21,1 22,1 23,2 24,1 25,1 26,1 27,3 2,1 29,1 30,1 31,1 32,1 
33,1 34,3 35,1 36,2 37,1 3,2 39,1 41,2 42,1 43,1 44,2 45,3 47,3 

#42.lPeraeairipa <IHIook.f. & Thoms.>I 
1,1 2,1 3,11 4,2 5,2 6,2 7,2 0,19,2 10,1 111,2 12,1 13,2 114,2 15,1 16,1 17,2 
19,1 20,1 21,1 22,1 23,3 24,1 25,1 26,2 27,2 2,1 29,1 30,1 31,3 32,1 33,1 
34,3 35,1 36,3 37,2 3,3 39,1 41,2 42,1 43,1 44,2 45,2/3 47,5 4,3 50,1 

#43.TPetkovi/ 
11,2 2,11 3,1 4,2 5,2 6,11 ,1 9,1 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 19,3 
20,2 21,1 22,1 23,3 24,1 25,1 26,2 27 92 2,1 29,1 30,1 31,2 32,1 33,1 34,3 
35,1 36,2 37,1 3,3 39,3 40,1 41,2 42,1 43,1 44,1 45,1 46,3 

#44.TPetrrul12 <Veinit. em Hetfiw. f>/ 
11,3 2,1 3,1 4,2 5,2 6,2 7,5 8,19,3 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,3 20,1 21,1 22,1 23,3 24,2 25,1 26,2 27,2 2,1 29,1 30,11 31,7 32,2 33,1 
34,3 35,1 36,2 37,1 3,3 39,1 41,2 42,1 43,1 44,1 45,3 47,5 48,2 
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#45.ytunuiriia <L>/ 
11 93/7 2 9 1 3,11 4,2 5,2 6,2 7 95/7 8,11 9,3 10,3 11,2 112,1113,2 14,2 15,1 16,1 
17,2 19 93 20,2 21,1 22 9 1 23,3 24,2 25,1 26,2 27,2 28,1 29,3 30,2 31,3 32,2 
33,11 34,3 35,1 36,2 37,1 38 93 39 9 11 41,2 42,11 43,11 44,1 45,3 47,5 48,1/2 

#46Thysopllxs <(Edll.) Sdllnr>/ 
1,6 2,11 3,1 4,2 5,2 6,2 7,7 8,11 9,3 10,4 111,2 112,1 13,2 14,2 15,11 16,1 17,2 
19,3 20,2 211,1 22,1 23,3 24,2 25,1 26,2 27,2 28,1 29,3 30,2 31,3 32,2 33,11 
34,3 35,1 36,2 37,1 38,3 39,11 41,2 42,1 43,1 44,11 45,3 47,5 48,2 

#47.Pllaycdoin <A.IEDC.>I 
1 9 11 2,1 3,11 4,2 5,1 6,2 7,5 8 9 1 9,2 10,1 111,1 12,1 13,2 114,2 15,1 16,1 17,2 
19,2 20,2 211,1 22,1 23,2 24,11 25,1 26,1 27,3 28,1 29,2 30,1 31,1 32,2 33,11 
34,2 35,1 36,2 37,1 38,2 39,1 41,2 42,11 43,1 44,2 45,1 46,1 49,1 

#48i1covocod©inia <Fed.>! 
11,2 2 9 1 3,1 4,2 5,2 6,2 7,5 8,11 9,3 10,1 11,2 112,1 13,2 14,2 15,11 16,1 17,2 
19,3 20,2 21,11 22,1 23,3 24,1 25,1 26,2 27,2 28,11 29,3 30,1 31,3 32,1 33,1 
34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,2 44,2 45,3 47,5 48,1 

#49.Prsmatocarjpuiis <L'IHIer.>/ 
1,11/2/5 2,1 3,1 4,2 5,2 6,1/2 7,2/3/4 0,19,1/2 10,1 11,2 12,1 13,2 14,2 15,1 
16,1 17,2 19,1/2 20,2 21,1 22,1 23,3 24,11 25,1 26,3 27,2 28,129,1/3 30,1 
31,3 32,1 33,1 34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,3 44,2 45,3 
47,1 

450.Pseulld1ocodoiniopss <IKomarov>/ 
1,1 2,1 3,1 4,2 5,1 6,2 7,5 8,1 9,2 10,1 11,2 12,1 113,2 114,2 15,1 16,1 17,2 
19,3 20,2 21,1 22,11 23,1 24,2 25,1 26,2 27,3 28,1 29,11 30,1 31,1 32,11 33,11 
34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,11 43,1 44,1 45,1 46,11 49,2 

#51.Rapuninicuiillus s.s.<(Foiunrr.) A.L. Khiradze>/ 
1,11/2/3 2,1 3,1 4,2 5,2 6,1/2 7,5 8,19,2/3 10,1 111,2 12,1/2 13,1/2 14,2 
15,1 116,1 17,2 19,3 20,2 21,1 22,1 23,3 24,1/2 25,1 26,2 27,2 28,1 
29,1 30,1 311,3 32,11 33,1 34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 
43,144,145,2/3 47,5 48,1/2 50,1/2 

#52.Rgioplliiy1lluim <IHIothsL>/ 
1,4 2,11 3,1 4,2 5,2 6,2 7,4 0,19,2/2 10,1 11,2 12,1 13,2 14,2 15,1 16,2 17,2 
118,2 19,1 20,11 21,11 22,1 23,3 24,1 25,1 26,2 27,2 28,11 29,3 30,1 31,3 32,11 
33,1 34,3 35,1 36,3 37,2 38,3 39,1 41,2 42,1 43,1 44,1 45,1 46,2 

#53.Relllla <L.>/ 
1,114 2,1 3,1 4,2 5,2 6,18,19,1/2 10,1 11,11 12,1 13,2 14,2 15,1 16,1 17,2 
19,2 20,2 21,11 22,1 23,3 24,125,126,1/2 27,3 28,1 29,1 30,1 31,2 32,1/2 
33,1/2 34,3 35,1 36,2 37,1 38,2 39,11 41,2 42,1 43,1 44,1 45,1 46,2 

454.Ruiicell2 <Dui.>/ 
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1,2/5 2,11 3,1 4,2 5,2 6,1 8 9 1 99 1 109 1 111 92 112,1 13,2 14,2 15,1 16,1 17 92 
19,3 20,2 21,1 22,11 23,3 24,11 25,1 26,2 27,2 28,1 29,1 30,1 31,3 32,1 
33,1 34,3 35,1 36 92 37,1 38 93 39,1 41,2 42,1 43,1 44 9 1 4593 47,5 48,3 

#55.Sgfia <Fe&>/ 
11,2 2,1 3,1 4,2 5,2 6,11/2 7,5 8,19,2/3 10,1 11,2 12,1 113,2 14,2 15,1 16,1 
17,2 119,3 20,2 21,1 22,1 23,3 24,1 25,1 26,2 27,2 28,11 29,2 30,1 31,3 
32,2 33,1 34,3 35l 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44,2 45,3 47,5 
48,2 

#56.SflcyocotlloT1 <(Fr) J. Dambolld>/ 
1,1 2,1 3,1 4,2 5,2 6,2 7,1 8,1 9,1 10,1 11,1 12,1 13,2 14,2 15,1 16,1 17,2 
119,3 20,2 21,1 22,1 2393 24,1 25,1 26,2 27,2 28,11 29,3 30,1 31,2 32,11 33,1 
34,3 35,1 36,2 37,1 38,3 39,3 40,2 41,2 42,1 43,1 44,1 45 93 47,5 48 93 

#57.Scdouii <Tiinirc.>/ 
11,2 2,1 3,11 4,2 5,2 6,2 7,4 0,19,1/2 10,1 11,2 12,1 13,2 14,2 15,1 16,2 17,2 
18,2 19,1 20,1 21,1 22,1 23,3 24,1 25,1 26,2 27,2 28,1 29,2 30,1 31,3 32,1 
33,1 34,3 35,1 36,2 37,2 38,3 39,1 41,2 42,11 43,1 44,1 45,1 46,2 

#58.SyllyancilTa <A0DC,>/ 
1,1/2 2,13,14,1/2 5,2 6,1/2 7,2/5 8,19,1/2 10,1 11,2 12,1 13,2 14,2 15,1 
16,1 17,2 19,3 2092 21,4 22,1 23,3 24,1 25,1 26,2 27,2 28,129,1/2 30,1 31,2 
32,1 33,1 34,3 35,1 36,2 37,1 38,3 39,1/2/3 40,1 41,2 42,1 439 1 44,1 45,3 
47,5 48,3 

#59.'1Fheiliera <E.IPlliilllips>/ 
1,1 2,1 3,1 4,2 5,2 6,2 7,4 8,1 9,1 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,1 20,2 21,1 229 1 23,3 24,1 25,1 26,2 27,2 28,1 29,3 30,1 31,3 32,1 33,11 
34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44,1 45,1 46,1 49,2 

#60.Tr2dllilwui <1L>/ 
1,5 2,1 3,1 4,2 5,2 6,2 7,3 8,1 9,1 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,1 20,1 21,1 22,1 23,3 24,1 25,1 26,3 27,2 28,1 29,3 30,1 31,5 32,2 33,1 
34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44,2 45,3 47,5 48,3 

#61 .Trthella <Vdk>/ 
1,4 2,1 3,1 4,2 5,2 6,2 7,4 8,1 9,1 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,2 20,2 21,1 22,1 23,3 24,1 25,1 26,2 27,2 28,1 29,1 30,1 31,3 32,1 33,1 
34,3 35,1 36,2 37,2 38,3 39,1 41,2 42,1 43,2 44,1 45,3 47,7 

#62.7ñollaiith <Raf.>/ 
1,3 2,1 3,1 4,2 5,2 6,1/2 7,5 8,1 9,2 10,1 11,2 12,2 13,U 14,2 15,1 16,1 
17,2 19,3 20,2 211,1 22,2 23,3 24,1 25,1 26,2 27,2 28,1 29,2 30,1 31,3 
32,1 33,1 34,3 35,2 36,2 37,1 38,3 39,1 41,2 42,1 43,2 44,2 45,3 47,5 
48,2 

#63.Wallullrga <Schratll. ex Roth>/ 
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R,1/2/3/7 2,1 3,1 4,2 5,2 6,11/2 7,5/8 8,19,1/2/3 110,1111,1/2 12,11 13,2 
14,2 15 9 1 16,11 17,11/2 19 92 20,11/2 21,122,1/2 23,3 24,125,126,2/3 
27,2 28,129,1/2/3 30,1 311,1/3/5 32,1/2 33,1/2 34,2/3 35,1 36,2 37,11 
3,2/3 39,11 411,2 42,1 43,144,1/2 45,146,149,1/2/3 

#64ZngaudIra <IP.IHL ll)avs>/ 
1,3 2,11 3,11 4,11 5,2 6,2 7,4 0,1 9,11 10,11 11 92 12,1 113,2 14,2 15,1 16,11 17,2 
19,3 20,2 21,1 22,11 23 93 24,11 25,1 26 92 27,2 2,11 29,3 30,2 31,6 32,1 33,1 
34,3 35 9 1 36,2 37,1 3,3 39,3 40,2 41,2 42,1 43,11 44 9 1 45,3 47 95 4,3 

#65iLobell <L>I 
1 9 11/2/3 2,2 3,2 4,2 5,2 6,2 7,9 8,R 9,2 10,1 11,2 12,1 13,2 114,2 15,2 16 9 1 
17,2 19,1 20,1 21,4 22,1 23,1/2 24,1 25,1 26,3 27,2 2,1 29,3 30,2 31,3 
32,1/2 33,1 34,3 35,1 36,2 37,1 3,3 39,1 41,1/2 42,143,1/2 44,1 45,1 
46,1 49,3 

*END 
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12.1i1.4 1FLOWERSC.TDAT (IFilowers & Fr ts).Caiunipalleae data subset (11ellta 
data Me for lPauikey, SC3) 

*JM DIFSCR1[11TI[ONS 

#Adolliiora <Fsdllii.>/ 
11 92 2 9 1 3,11. 4 9 11 5,2 69 11 ,1 9,11 110 9 1 1111 92 112,11113,2 114,2 115,11 116,11 117,2 
119 92 2092 21 9 11 22 9 11 23,3 24,125,126,2/3 27,3 2,1 29,11/2/3 309 1 31 93 
32 92 33,1 34,3 351 36,2 37 911 38,3 39,1 41 92 42,1 43,1 449 1/2 45,3 
4795 48,3 

#2.Astrocodouu <IFed>/ 
11,11/2 2,1 39 11 4,2 5,2 6,2 7,2/5 8,1 9,2 110,11 111,2 112,1 113,2 14,2 115 9 1 116,1 
17,2 1993 20,2 211 9 1 22,U 23,3 24,1 25,1 26,2 27,11 28,1 29,2 30,11 31,3 32 9 1 
33 9 1 34,3 35,1 36,2 37,1 38,3 39,11 411,2 42,1 43,1 44,11 45,3 47,5 48,3 

#3.Asyiineuiima <Gir1sth & Sdlluieniik.>/ 
1,2/3 2,1 3,1 4,2 5,2 6,2 7,5 8,1 9,3 10,2 11,2 12 91 13,2 14,2 15,11 16,1 
17,2 19,2/3 20,2 21,1 22,1 23,3 24,1/2 25,126,2/3 27 92 28,129,2/3 30,1/2 
31,3 32,1/2 33,1 34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1/2 43,1/2 44,1/2/3 
45,3 47,5 48,1/2 

#4Aora <IFeer>/ 
1,2 2,1 3,1 4,1 5 92 6,1 8,1 9,1 10,1 11,2 12,1 113,2 14,2 15,116,1 17,2 19,1 
20,1 21,1 22,1 23 93 24,1 25,1 26,1 27,3 28,1 29,1 30,1 31,1 32,1 33,1 34,3 
35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44,1 45,3 47,5 48,3 

#SiBradlliiycodoini <Fedl.>/ 
1,2/3/5 2,1 3,1 4,2 5,2 6,2 7,6 8,1 9,2 10,1 11,2 12,1 13,U 14,2 15,1 16,1 
17,2 19,1 20,1 21,1 22,U 23,3 24,1 25,1 26,3 27,1 28,1 29,1 30,1 31,3 32,1 
339 1 34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,2 44,1 45,3 4795 48,1 

#6.Cauaniitinlla <L: essenth.%Hy Sect.Mliunm>/ 
1,1/2/3/4 2,13,14,1/2 5 92 6,1/2 7,1/2/4/6 8,19,1/2 10,1 11,2 12,1/2 13,2 
14,2 115,1 16,1 1792 19,3 20,2 21,1/2/4 22,1/2 23,3 24,125,126,1/2/3 27,2 
28,129,1/2 30,131,2/3 32,1 33,1 34,2/3 35,1 36,2 37,1 38,3 39,1/2/3 
40,1/2 41,2 42,143,144,1/2 45,2/3 47,5 48,3 50,1/2 

#7.Camauunllastruiuo <Sallil: C,amrcainia>/ 
1,3 2,1 3,1 4,2 5,2 6,2 7,5 8,1 9,2 10,1 11,2 112,11 13,2 14,2 15,1 116,1 17,2 
19,3 20,2 21 91 22,2 23,3 24,2 25,1 26,3 27,2 28,1 29,3 30,2 31,3 32,2 33,1 
34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,11 43,2 44,1 45,3 47,5 48,1 

#8Cryptocodoim <TFcd>/ 
11,7 2 9 1 3,1 4,2 5,2 6,1/2 7,2/4 8,1 9,2 10,1 11,2 12,1 13,2 114,2 15,1 16,1 17,2 
19,3 20,2 21,1 22,1 23,3 24,1 25,1 26,2 27,2 28,1 29,1 30,1 31,2 32,1 33,1 
3493 35,1 36,2 37,1 38,3 39,2 40,1 41,2 42,11 43,11 44,1 45,3 47,5 48,2 
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#9Cyllfillfl1roc2rpa <Rcgell>/ 
11,1 2 9 11 3,11 4 92 5,2 6,2 7,5 8,1 9,3 110,2 11,2 12,1 13,2 14,2 115,11 16,11 17,2 
19,3 20,2 21,11 22 9 11 23,3 24,1 25,11 26,3 27,2 28,1 29 9 11 30,1 311,3 32,11 33,1 
34,3 35,1 36,2 37,1 38,3 39 9 11 41 92 42,1 43,3 44,3 45,3 47,5 48,11 

#10Doshieira <Iner>/ 
1,1/5 2,11 3,11 4,2 5 92 6,2 7,2/3/4/6 0,1 9,1/2 110 9 1 111 92 112,11 13,2 114,2 15,1 
16,1 117 92 19,11 20 92 211,1 22 9 11 23,3 24,1 25,11 26,3 27,11 28,11 29,3 30,11 
31,3/5 32,11 33,11 34 93 35,11 36,2 37 92 38,3 39,1 41,2 42,143,144,1/2 
45 93 47 95 48 93 

#11Edra1aniit1hs <(AiI1)C) DC.>I 
1,1/4/7 2,11 3,11 4,2 5,2 6,1 8,1 9,1 110,1111,2 12,11 13,2 14 92 15,11 116,1 17,2 
119,3 20,2 21,1 22,1 23,3 24,1/2 25,126,1/2 27,2 28,1 29,1 30,1 31,2 32,1 
33,1 34,3 35,11 36,2 37,11 38,3 39,1/2 40,1 41,2 42,1 43,1 44,1 45,1 46,3 

#12,1Fera <1Iuseir>/ 
1,5 2,1 3,1 4,2 5,2 6,2 7,3 8,1 9,1 10,1 11,2 12,11 13,2 14,2 15,11 16,1 17,2 
19,11 20,1 21,11 22,1 23,3 24,1 25,1 26,3 27,2 28,1 29,3 30,1 31,3 32,1 33,1 
34,3 35,1 36,4 37,1 38,3 39,11 41,2 42,11 43,1 44,2 45,1 46,1 49,2 

#13.ad1elllifli <Sdlliiiijillki>/ 
1,2 2,1 3,11 4,2 5,2 6,1/2 7,5 8,1 9,2 10,1 111,2 12,1 13,2 14,2 15,1 16,1 17,2 
119,2 20,2 21,1 22,2 23,3 24,1 25,1 26,2 27,2 28,1 29,1 30,1 31,3 32,1 33,1 
34,3 35,11 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44,1 45,3 47,5 48,1/2 

#14.Gtllopsfis <Nuiitt.>/ 
1,1/2 2,1 3,1 4,2 5,2 6,1/2 7,2/6 8,1 9,1 10,11 11,2 112,1 13,1 14,2 15,1 16,1 
17,2 19,11 20,2 211,1 22,1 23,3 24,1 25,1 26,3 27,2 28,1 29,1 30,11 31,3 32,1 
33,1 34,3 35,11 36,2 37,1 38,3 39,1 41,2 42,1 43,2 44,1/2 45,1/2 46,3 
50,1/2 

#15.1HIainiabuisaya <Nakrii>/ 
1,2 2,1 3,1 4,1 5,2 6,1/2 7,4 8,111 9,1 10,1 11,2 12,1113,2 114,2 15,1 16,1 17,2 
19,3 20,2 21,4 22,1 23,3 24,1 25,1 26,2 27,2 28,1 29,1 30,1 31,2 32,11 33,1 
34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44,1 45,3 47 95 48,3 

416.1HIetroodo <Nwitt.>I 
11,11/3 2,1 3,1 4,2 5,2 6,2 7,6 8,11 9,2 10,1 11,2 12,1 13,2 14,2 15,1 116,117,2 
19,1 20,2 21,1 22,1 23,3 24,1 25,1 26,2 27,2 28,1 29,1 30,1 31,3 32,1 33,1 
34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44,1 45,3 47,5 48,3 

17Momocodon <D.Y. IH[oinig>/ 
11,1/3 2,1 3,11 4,2 5,2 6,2 7,2 8,1 9,2 10,1 11,2 12,1 13,2 14,2 15,1 16,1 
17,2 19,1 20,2 21,1 22,11 23,3 24,1 25,1 26,2 27,2 28,1 29,1 30,1 31,3 
32,1 33,1 34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44,1 45,3 47,5 
48,3 
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#1$."1Isojphylllli"/ 
1 9 11/2/3 2,11 3,1 4,2 5 92 6,1/2 7,2/4/5/8 8 9 11 9,1/2 10,1 111,2 12,1 13 92 14,2 

15 9 11 116,11 17 92 19,3 20 92 21,11 22,1 23,3 24,11/2 25,1 26,2 27,2 28,11 
29 9 1/2/3 30,1/2 31,3/4 32,1/2 33,1 341,3 35,11 36 92 37,11 38,3 39,11 
41,2 42,11 43,1/2 414,1 45,3 47,5 48,2 

#19.0soirii <L.>/ 
1,6/7 2,1 3,11 4,2 5,2 6,2 7,5 8,1 9,3 10 9 11 11 92 12,11 113,2 14,2 15,1 16,1 17,2 
119 9 11 20 9 11 21,3 22,11 23 93 24,2 25,1 26,2 27,11 28,1 29,3 30,1 31 93 32,2 33,1 
34,3 35,1 36,2 37,2 38,3 39,1 41,2 42,1 43,11 44,2 45,11 46,1 49 93 

#20.Lgouiisii <d>/ 
1,11/2/3/5 2,11 3,11 4,2 5,2 6,2 7,5 8,1 9,1 10,11 11,2 112,1 13,114,2 15,1 16,1 
17,2 19,1 20,1 21 9 11 22,1 23,3 24,1 25,1 26,3 27,1 28,11 29,1 30,11 31,3 32,1 
33,1 34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,3 44,2/3 45 93 47,5 48,1 

#2 LMiichauith <L'1HIe>/ 
11,2/3 2,1 3,1 4,2 5,2 6,2 7,5 8,19,2/3 10,1 11,2 12 91 13,2 14,2 15,1 16,1 
17,2 119,3 20,2 211,11 22,11 23,3 24,1 25,1 26,1 27,2 28,129,2/3 30,131,1/2 
32,1 33,1 34,3 35,11 36,2 37,11 38,3 39 93 40,2 41 92 42,1 43,1 44,11 45,3 
4795 48,3 

922,Muiiellii11brgelllla <Fr>/ 
1,11 2,1 3,1 4,2 5,2 6,1/2 7,2/4 8,1 9,2 10,1 11,2 12,1 13,2 14,2 15,1 16,1 
17,2 19,2 20,2 211,1 22,11 23,3 24,1 25,1 26,2 27,2 28,1 29,1 30,1 31,3 32,1 
33,1 34,3 35,1 36 92 37,1 38,3 39,2 40,1 41,2 42,1 43,1 44,1 45,3 47,6 

#23Mussdlliifia <1Duximoirt.>/ 
1,2 2,1 3,1 4,2 5,1 6,2 7,3 8,1 9,2 10,1 11,2 12,11 13,2 14,2 15,1 16,1 17,2 
19,1 20,1 21,1 22,1 23,3 24,1 25,1 26,2 27,2/3 28,1 29,3 30,1 31,2 32,2 33,1 
34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,2 44,1 45,3 47,4 

#24Pracra <IHIokf & Thoms.>/ 
11,1 2,11 3,11 4,2 5,2 6,2 7,2 8,1 9,2 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 
19 9 1 20,1 21,1 22,1 23,3 24,11 25,1 26,2 27,2 28,1 29,1 30,1 31,3 32,1 33,1 
34,3 35,1 36,3 37,2 38,3 39,1 41,2 42,1 43,1 44,2 45,2/3 47,5 48,3 50,1 

#25.Ptkovl/ 
1,2 2,1 3,1 4,2 5,2 6,1 8,1 9,1 10,1 11,2 12,1 13,2 114,2 15,1 16,1 17,2 19,3 
20,2 21,1 22,1 23,3 24,1 25,1 26,2 27,2 28,1 29,1 30,1 31,2 32,1 33,1 34,3 
35,1 36,2 37,1 38,3 39,3 40,1 41,2 42,1 43,1 44,11 45,1 46,3 

426.1Ptromarull <Veimt x 1Ekdw. I>/ 
1,3 2,1 3,1 4,2 5,2 6,2 7,5 8,1 9,3 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,3 20,1 21,1 22,1 23,3 24,2 25,1 26,2 27,2 28,1 29,1 30,1 31,7 32,2 33,1 
34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44,1 45,3 47,5 48,2 
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#27.TPllnyteiuumiia <L.>/ 
1,3/7 2,11 3,11 4,2 5,2 6,2 7,5/7 8,1 9 93 110,3 111,2 112,1 13,2 14,2 15,1 16,1 
17,2 19 93 20,2 211 9 1 22,1 23 93 24,2 25,1 26,2 27,2 28,1 29,3 30,2 31,3 32 92 
33,1 34,3 35,1 36 92 37,1 38,3 39 9 1 41,2 42,11 43,1 44,1 45,3 47,5 48,1/2 

#28iPhysopllexis <(Einidlll.) Sthunr>/ 
1,6 2 9 11 3 9 1 4 92 5,2 6,2 7,7 8,11 9 93 110 94 11,2 12 9 1 13,2 14,2 15,1 16,1 17,2 
119,3 20,2 21 9 1 22 9 11 23,3 24,2 25,1 26 92 27,2 28,1 29,3 30,2 31,3 32,2 33,1 
34,3 35,1 36,2 37,11 38,3 39,1 411,2 42,1 43,1 44,1 45,3 47 95 48,2 

#29.Pvocothiuth <Fed.>! 
1,2 2,13, R 4,2 5,2 6,2 7 95 8,1 9,3 10,1 11,2 12,1 13,2 14,2 15 9 1 16,1 17,2 
19,3 20,2 21,1 22,1 23,3 24 9 1 25,1 26,2 27,2 28,11 29,3 30,1 31,3 32,1 33,1 
34 93 35,1 36,2 37,1 38,3 39,11 41,2 42,1 43,2 44,2 45,3 47,5 48,1 

00siiirnaocarjpas <L'lBIejr.>/ 
1,1/2/5 2,1 3,1 4,2 5,2 6,1/2 7,2/3/4 0,19,1/2 10,1 11,2 112,1 13,2 14,2 15,1 
16,1 17,2 19,1/2 20,2 21,1 22,1 23 93 24,1 25,11 26,3 27,2 28,129,1/3 30,1 31,3 
32,1 33,1 34,3 35 9 1 36,2 37,1 38,3 39,1 41,2 42 9 1 43,3 44,2 45,3 47,1 

#31 .Rapuuncuiillus s.s.<(Fouirr.) A.L. Kharrad7ze>/ 
1,1/2/3 2,1 3,1 4,2 5,2 6,1/2 7,5 8,1 9,2/3 10,1 11,2 12,11/2 13,1/2 14,2 
15,11 16 9 1 17,2 19,3 20,2 21,1 22,2 23,3 24,1/2 25,1 26,2 27,2 28,1 
29,130,131,3 32,133,1 349335,11 36,237,1 38,3 39,1 41,2 42,1 
43,1 44,1 45,2/3 ,t7,5 48,1/2 50,1/2 

#32.Rouncella <Dun.>/ 
1,2/5 2,1 3,1 4,2 5,2 6,11 8,1 9,1 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,3 20,2 21,1 22,1 23,3 24,1 25,1 26,2 27 92 28,1 29,1 30,1 31 93 32,1 
33,1 34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44,1 45,3 47,5 48,3 

433.Seirg2 <FedL.>/ 
11,2 2 9 1 3,1 4,2 5,2 6,1/2 7 95 8,19,2/3 10,1 11,2 12,1 13,2 14,2 15,1 16,1 
17,2 19,3 20,2 21,1 22,1 23,3 24,1 25,1 26,2 27,2 28,1 29,2 30,1 31 93 
32,2 33,1 34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44,2 45,3 47,5 
48,2 

#34.Seyocodoiiii <(TFeeir) J. Dambolldt>/ 
1,1 2,1 3,1 4,2 5,2 6,2 7,1 8,11 9,1 10,11111,112,1 13,2 14,2 15,1 16,1 17,2 
19,3 20,2 21 9 1 22 9 1 23,3 24,1 25,1 26 92 27,2 28,1 29,3 30,1 31,2 32,1 33 9 1 
34,3 35,1 36,2 37,1 38,3 39,3 40,2 41,2 42,1 43,1 44,1 45,3 47,5 48,3 

#35.Syuthyauidra <A.DC.>/ 
1,1/2 2,13,14,1/2 5,2 6,1/2 7,2/5 8,1 9,1/2 10,1 11,2 12,1 13,2 14,2 15 9 1 
16,1 17,2 19,3 20,2 21,4 22,1 23,3 24,1 25,1 26,2 27,2 28,129,1/2 30,1 31,2 
32,1 33,1 34,3 35,11 36,2 37,1 38,3 39,1/2/3 40,1 41,2 42,1 43,1 44,1 45,3 
47,5 48 93 
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#36.Trathellfln <IL>! 
1,5 2,1 3,11 4,2 5,2 6,2 7,3 09 1 9,11 10,1 11,2 12,1 13,2 14 92 15,1 16,1 17,2 
199 1 20,1 21,1 22,1 23,3 24,1 25,1 26,3 27,2 20,1 29,3 30,1 31,5 32,2 33,1 
34,3 35,1 36,2 37,1 30,3 39,1 41,2 42,1 43,1 44,2 45,3 47,5 40,3 

#37Trkttllauth <Raf.>/ 
11,3 2,1 3,11 4,2 5,2 6,1/2 7,5 0,11 9,2 10,1 11,2 12,2 113,U 14,2 115,1 16,1 
17,2 19,3 20,2 21 9 1 22,2 23,3 24 9 11 25,11 26,2 27,2 20,1 29,2 30,1 31,3 
32,1 33,11 34,3 35 92 36,2 37,11 30,3 39,1 41,2 42 9 1 43,2 44,2 45,3 47,5 
40,2 

#30Zngara <IPiHL JT1avis>/ 
1,3 2,1 3,11 4,1 5,2 6,2 7,4 0,11 9,1 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,3 20,2 21,1 22,1 23,3 24,1 25,1 26,2 27,2 20,1 29,3 30,2 31,6 32,1 33,1 
34,3 35,1 36;2 37,1 30,3 39,3 40,2 41,2 42,1 43,1 44,1 45,3 47,5 40,3 

*EN 
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12i1.L5 IFLOW 	SI1A'1F (IFilowers & Fr ts)Pflatycodouae data subset (B])elita 
data file for IPaniley, SC3) 

*ITEM DESCRI[IPTIIONS 

#1.ClluiuBinloea <TIUllilllhllIe>/ 
1 9 1 2 9 11 39 11 4,11 5,1 6,1 8,1 9,1 10,1 11,11 112,11113,2 114,11 15 9 11 116 91 1792 19,1 
20,1 21 9 11 22,U 23,2 24 91 25,1 26,1 27,3 28,1 29,2 30,1 311 9 1 32 9 1 33 9 1 34,2 
359 11 36,2 37,130,2/4 39,1 411 9 11 42,11 

#2Caus1rfiIn1a <L>/ 
1 9 1 2,1 3,1 4,1 5,1 6,1/2 7,2/6 8 9 1 9,110,1 11 9 11 12,1/2 13,2 14,11 15 9 1 16 9 1 
17,2 19 9 11 20,1 21 9 11 22 9 1 23,2 24 9 11 25 9 1 26,1 27,3 28,11 29,11 30,1 31,1 32,2 
33,1 34,3 35,1 36,2 37,1 38,3 39,1 41,1 42,1 

#3Codoiniosils <WsiilL>/ 
11,1 2 9 1 3,1 49 1 5,1 6,1/2 7,4 8,1 991 10,1 11 9 1/2 12 9 1 13,2 14,1/2 15 9 1 16 9 1 
17,2 19,1 20,1 211,1 22,1 23,1 24,1 25,1 26,1 27,3 28,1 29,1 30,1 31,1 
329 1 33,1 3492/3 35,1 36,2 37,11 38,2/3/4 39,1 41,242,1 43,1 44,1 
45,1 46,1 49,2 

#4.Cynnthuiis <Wellil. em Benth>/  
1,1 2,1 3,11 4,2 59 1 6 92 7,3/4 8,2 9,1 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,1 20,1 21,3 22,1 23,11 249 1 25,1 26,3 27,1 28,1 29,1 30,1 31,3 32,2 33,1 
349 1 35,1 36,1 37,1 38,1 39,1 41,2 42,1 43,1 45,1 46,1 49,1 

#5.Cydilocodorrii/ 
1,1 2,1 3,11 4,1 5,1 6,1 8,1 99 1 110,1 11,1 12,1 13,2 14,1 15,1 16,1 17,2 19,1 
20,1 21,1 22,U 23,2 24,1 25,1 26,1 27,3 28,1 29,1 30,1 31,1 32,1 33,1 34,2 
35,1 36,2 37,138,1/2/4 39,1 41,1 42,1 

#6iEchinocorilou <1J.Y. IHloinig>/ 
1 9 1/2 2 9 1 3,1 4,2 5,1 6,2 7,4/6 8,1 9,2 10,1 11 92 12 91 13 92 14,2 15,1 16 9 1 
1792 19,1 20,2 21 93 22,U 23,1 24,1 25,1 2692 27,2 28,1 29,1 30,1 31,1 
32,1 33,1 34,3 35,1 36,2 37,1 38,2 39,1 41,2 42,1 43,1 44,1 45,1 46,1 
499 1/2/3 

#7"1H[ilmeilcodo&' <Codloiniopsfls d1ilcermtnifolia>/ 
1,1 2,1 3,1 4,1 5,1 6,1 8,1 9 91 109 1 11,1 12,1 13,2 14,2 15 9 1 169 1 17,2 19,2 
20,1 21,1 22,1 23 9 1 249 1 25,1 26,1 27,3 289 1 29 9 1 30,1 31,1 32,1 33,1 34,2 
359 1 3692 37,1 38,2 39,1 41,2 42 9 11 43,1 44,1 45,1 46,11 49,2 

#$.Letocolloi <(IRTook. f.) Leiiui.>/ 
11,1 2,1 3 9 1 4,1 5,1 6,2 7,3/4 8,1 9,1 10,1 11,2 12 9 1 13,2 14,2 15,1 16,1 
1792 19,1 20,1 21,1 22,2 23,1 24,1 25,1 26,2 27,3 28,1 29,3 30,1 31,4 
32,2 33,1 34,3 35,1 36,1 37,1 38,3 39,1 41,2 42,1 43,1 44,1 45,1 46,1 
49,2 
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#9.Ostrowslldi <Regeli>/ 
1 9 11/2 2,1 3,11 4,2 5,11 6,11 0,1 9,1 10,11 111,1/2 12,1 13,2 14,2 15,1 16,1 17,2 
19 92 20,1 21,11 22,11 23,2 24,1 25,11 26,1 27,3 20,1 299 1 30,1 31,1 32,11 
33,1 34,3 359 11 36,2 37,1 30,2 39,1 41,2 42,1 43,1 44,2 45,3 47,3 

#1©.Pllatycodoiii <A.1DXC>/ 
11 9 11 2,11 39 1 4,2 5,1]. 6,2 7,5 0,1 9,2 110,11111,112,1 13,2 14,2 15,1 16,11 17,2 
119,2 20,2 21,11 22,11 23,2 24,1 259 1 26,11 27,3 20,1 29,2 30,11 31,1 32,2 33,11 
34,2 35,1 36,2 37 9 1 30,2 39 9 1 41,2 42,11 43,11 44,2 45,1 46,1 49,1 

#11 sedocodoopsfls <Koiniirov>I 
1,1 2,1 3,1 4,2 5,1 6,2 7,5 0 9 1 9,2 10,1 1111,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,3 20,2 21,1 22,1]. 23,1 24,2 25,1 26,2 27,3 20,1 29,1 30,1 31,11 32,1 33,1 
34,3 35,1 36,2 37,1 30,3 39,1 41,2 42,1 43,1 44,11 45,1 46,1 49,2 

#12.Lobllfl <L.>/ 
1,11/2/3 2,2 3,2 4,2 5,2 6,2 7,9 0,1 9,2 10,1 11,2 12,1 113,2 14,2 15,2 16,1 
17,2 19,1 20,1 21,4 22,123,1/2 24 9 1 25,1 26,3 27,2 20,1 29,3 30,2 31,3 
32,1/2 33,1 34,3 35,1 36,2 37,1 38,3 39,141,1/2 42,143,1/2 44,1 45,1 
469 1 49,3 
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12.1.1.6 IP'LOWERSW.DAT (TFlloweirs & 1Frinits) ... Wahlieinibergeae data subset 
(Data data flee for IParnikey, SC3) 

*11TM II1ESCR111PT11ONS 

#L1ereuiice <Thll.>/ 
11 92 2,11 3,11 492 5,2 6,2 7,5 8,1 9,3 10,1 1111,2 12,11113,2 14,2 115 9 11 16,1 117,2 
19,1 20,11 21,11 22,11 23,3 24,1 25 9 1 26,1 27,2 28,1 29,11 30,11 31,11 32,1 33,1 
34,3 35 9 1 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44 9 1 459 1 469 1 49,2 

#2Cephallotfigniia/ 
1,2 2,11 3,11 4,2 5,2 6,2 7,5 8,1 9,3 10,1 111,2 12,1 13,2 14 92 15,11 16,1 17,2 
19,2 20,1/2 21,1 22,1 23,3 24,125,126,2/3 27 92 28,1 29,2 30,1/2 31,4 32 9 1 
33,1 34,2 35,1 36,2 37,1/2 38,3 39,1 411,2 42,1 43,1/2 44,1/2 45,11 46,1 
49,2/3 

#3Cr2terocaipsa <HfiTh1ard1 & B.L.llhiirrtt>/ 
1,1/2/4 2,1 3,1 4,2 5,2 6,1/2 7,2/4/5/6 8,19,1/2 10,11 11 9 1/2 12,1 13,2 14,2 
15,1 16,1 17,2 19,120,1/2 21,1 22,1 23,3 24,1 25,1 26,2 27,2 28,1 29,1 30,1 
311,2 32,1 33,1 34,3 35,1 36,2 37,1 38,4 39,1 41,2 42,1 43,1 44,1 45 9 1 46,2 

#4,1B'eera <Tluseir>/ 
1,5 2,13,1 4,2 5,2 6,2 7,3 891 9,1 10,1 11,2 12,1 13,2 14,2 15,1 16,1 117,2 
19,11 20,1 21,1 22,1 23,3 24,1 25,1 26,3 27,2 28,1 29,3 30,1 31,3 32,1 33,1 
34,3 35,1 36,4 37,1 38,3 39,1 41,2 42,1 43,1 44,2 45,1 46,11 49,2 

#5.Giit1hiopss <Niuitt.>/ 
1,1/2 2,1 3,1 4,2 5,2 6,1/2 7,2/6 8,1 9,1 10,1 111,2 12,11 13,1 14,2 15,1 16,1 
17,2 19,1 20,2 21,1 22,1 23,3 24,1 25,1 26,3 27,2 28,1 29,1 30,1 31,3 32,1 
33,1 34,3 35,1 36,2 37,11 38,3 39,1 41,2 412,1  43,2 44,1/2 45,1/2 46,3 
504/2  

#6.Giuililiaea <Tllmiihn>/ 
1,2 2,1 3,1 4,2 5,2 6,1 8,1 9,2 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 19,2 
20,1/2 21,11 22,1 23,3 24,1 25,1 26,3 27,2 28,1 29,1 30,1 31,3 32,133,1/2 
34,3 35,1 36,2 374 38,3 39,1 41,2 42,2 43,2/3 44,1/2 45,2 50,1 

#7.THleterothaenia <A. C.>/ 
1,1/2 2,13,14,1/2 5,2 6,1/2 7,2 8,1 9,1 10,1 11,2 12,1 13,2 14,2 15,1 16,1 
117,2 19,1 20,1 211,11 22,1 23,3 24,1 25,1 26,2 27,3 28,129,1/2 30,1 311,2 32,1 
33,11 34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,1 44,1 45,1 46,1 49,2 

#$,Jaske <L.>/ 
1,6/7 2,1 3,1 4,2 5,2 6,2 7,5 8,1 9,3 10,1 11,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,1 20,1 21,3 22,1 23,3 24,2 25,1 26,2 27,1 28,1 29,3 30,1 31,3 32,2 33,1 
34,3 35,1 36,2 37,2 38,3 39,1 41,2 42,1 43,1 44,2 45,1 46,1 49,3 
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#9.Legointhi <unmI1e>/ 
1,11/2/3/5 2,11 3 9 1 4,2 5,2 6,2 7,5 0,11 9,1 10 9 1 111 92 12,1 13,1 14,2 15,11 116,1 
17 92 19,1 20,1 21,11 22,11 23,3 24,11 25,11 26,3 27,1 28,11 29,11 30,1 31 93 32,1 
33,1 34,3 35,11 36 92 37,1 30,3 399 1 411,2 42,1 43,3 44 92/3 45 93 4795 48,1 

#10.Mrcera <A.DC.>/ 
1 9 1/3 2,11 3 9 1 4 92 5,2 6,2 7,3/4 8,1 9 9 11 10 9 1 111 92 112,11 13,2 114,2 15,1 16,1 
1792 119,11 20,2 21,11 22,11 23 93 24,11 25,1 26,2 27,2 20,11 29,3 30,11 31 94 32,1 
33,1 34,3 35,11 36,4 37,2 30 93 39,1 41,2 42,1 43,1 44,2 45,2 50,11 

#111.MIficncodoinl <AJDXC.>I 
11,11415 2 9 11 3 9 11 4,2 5,2 6,2 7,4 8,1 9,1 110,11 111,2 112,1 13,2 114,2 15,1 16,2 
17,2 18,11 19,11 20,11 21,11 22,1 23,3 24,11 25,11 26,2 27,2 28,1 29,11 30,1 31,3 
32,11 33,1 34,2/3 35,1 36,2 37,138,2/3 39,1 411,2 42,1 43,11 44,1 45,1 46,11 
49,1 

#12.Mussdlla <nilrnwL>/ 
1,2 2,11 3,1 4,2 5,1 6,2 7,3 8,1 9,2 10,1 111 92 112,1 113,2 14,2 15,1 116 9 1 17,2 
19,11 20,11 21,1 22,1 23,3 24,1 25,11 26,2 27,2/3 20,1 29,3 30,1 31,2 32,2 33,1 
3493 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,2 44,1 45,3 47,4 

9113.N2nirncotilloini <Tlhiuiillün>/ 
1,1 2,1 3,1 4,2 5,2 6,1/2 7,5 0,1 9,2 10,1 111,2 12,1 13,2 14,2 15,1 16,1 17,2 
19,2 20,2 21,1 22,11 23,3 24,1 25,2 26,3 27,2 28,1 29,1 30,1 31,3 32,1 33,1 
34,3 35,1 36,2 37,1 30,3 39,1 41,2 42,2 

43,3 
 44,2 45,3 47,2 

#14.Nes©coollT1 <Tlliiuiillhn>/ 
1,1 2,1 3,1 4,1 5,2 6,1 8,1 9,1 10,1 11,1 12 9 1 13 92 14,2 15,11 16,1 17,2 
19 92 20,1 21 9 11 22,1 23,3 24,1 25,1 26,2 27,3 28,2 29,1 30,1 31,2 32,1 
33,11 34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,11 44,1 45,1 46,1 49,2 

#15.1Prsinniatocarpuis <L'IHIer.>/ 
1,1/2/5 2,1 3,1 4,2 5,2 6,1/2 7,2/3/4 0,19,1/2 10,1 111,2 12,1 13,2 14,2 15,1 
16,1 17,2 19,1/2 20,2 21,1 22,1 23,3 24,1 25,1 26,3 27,2 28,129,1/3 30,1 31,3 
32,1 33,1 34,3 35,1 36,2 37,1 38,3 39,1 41,2 42,1 43,3 44,2 45,3 47,1 

#16.Riluigopllyllllunuini <Hthst.>/ 
1,4 2,1 3,1 4,2 5,2 6,2 7,4 8,19,1/2 10,1 11,2 12,1 13,2 14,2 15,1 16,2 17,2 
18,2 19,1 20,1 21,1 22,1 23,3 24,1 25,1 26,2 27,2 28,1 29,3 30,1 31,3 32,1 
33 9 1 34,3 35,1 36,3 37,2 30,3 39,1 41,2 42,1 43,1 44,1 45,1 46,2 

#17.Roelllia <L.>/ 
1,1/4 2,1 3,1 4,2 5,2 6,18,19,1/2 10,1 11,1 12,1 13,2 14,2 15,1 16,1 17,2 
19,2 20,2 21,1 22,1 23,3 24,125,126,1/2 27,3 28,1 29,1 30,1 31,2 32,1/2 
33,11/2 34,3 35,1 36,2 37,1 38,2 39,1 41,2 42,1 43,11 44,1 45,1 46,2 

394 



#18.Spthiocodcn <'EI'urczz.>/ 
1 92 2,11 3 9 11 4 92 5,2 6,2 7,4 8,19,1/2 10,1 11,2 112,1 113,2 14,2 15,1116,2 17,2 
18,2 19,11 20,11 21,11 22,11 23,3 24,1 25,11 26,2 27,2 28,11 29,2 30,1 31,3 32,1 
339 1 34,3 35,1 36,2 3792 3893 39,1 41,2 42 9 1 43 9 1 44,1 45,1 46,2 

#19Theiler <Elliillis>/ 
1 9 1 2,11 3,11 4,2 5,2 6,2 7,4 8,11 9,11 10,1 111,2 12,1 13,2 114,2 15,1 116,1 17,2 
199 11 20,2 21,1 22,11 23,3 24,11 25,1 26,2 27,2 28,11 29,3 30,1 31,3 32,1 33,11 
34,3 35,1 36,2 37,1 38,3 39,1 41 92 42,11 43,1 44,11 45,11 46,1 49,2 

#20rchelli <Vdke>/ 
11,4 2 9 1 3,1 4,2 5,2 6,2 7,4 8,11 9,1 10,1 111,2 12,1 113,2 114,2 115,1 16,1 17,2 
19,2 20,2 21,1 22,11 23,3 24,1 25,1 26,2 27,2 28,1 29,1 30,11 31,3 32,11 33,1 
34,3 35,1 36,2 37,2 38,3 39,1 41,2 42,1 43,2 44,1 45,3 47,7 

#21 .W2thill llrgfl <Sthrad ex Roth>/ 
1,1/2/3/7 2,1 3,1 4,2 5,2 6,1/2 7,5/8 0,19,1/2/3 110,11 11,11/2 12,1 13,2 
14,2 15,1 16,117,1/2 19,2 20,1/2 21,122,1/2 23,3 24,125,126,2/3 
27,2 28,129,1/2/3 30,131,1/3/5 32,1/2 33,11/2 34,2/3 35,1 36,2 37,1 
38,2/3 39,1 41,2 42,143,144,1/2 45,146,149,1/2/3 

#22.Lobella <L>/ 
1,1/2/3 2,2 3,2 4,2 5,2 6,2 7,9 8 9 1 9,2 10,1 11,2 12,1 13,2 14,2 15,2 16,1 
17,2 19,1 20,11 21,4 22,123,1/2 24,11 25,11 26,3 27,2 28,1 29,3 30,2 31,3 
32,1/2 33,1 34,3 35,1 36,2 37,1 38,3 39,141,1/2 42,143,1/2 44,1 45,1 
46,1 49,3 

2-NOW I, 
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12.1.1.7 CAM1PPAIL.IDAT (Polllleo) ... 1F'ollilerni data se (DeDtz data fige for Pairrikey, 
SC3) 

*EM DESCfflIPTIIONS 

#LAiiolliiora <IFsdllii.>/ 
11 9 11 2 92 3 9 11 4 93 5,3/4/5 ,11I4/5 99 11/2 HI),3 111,11 12,11113,11 

#2.Ayrrneunm& 
11 9 11 29 1/2 39 11 4,3 593/4/5 0 ,u4 992 1111,3 11,11 12,11 13 9 11 

#3.Ciriiparinurrlla/ 
11 9 11 2,1/2 3,1 4,3 5,2/3/4/5 ajws 9,2 110,3 111 9 11 112,11113,11 

#4Crruiillastirurrm <Smallhl>/ 
11,11 2,11/2 3,U 41,3 5,1 ,11/3 99 11 11(,1 11,11 12,11113,11 

#5.Cairp2uniunrnoea/ 
11,11 2,2 3,11 4 92 6,1/2 0,1 9,U 1O,U 11,U 112,U 13,U 14,2 

#6.CairiiariniaJ 
1,11. 2,2/3/4 3,1/2/3 4,2,2 0,19,1 11,U 11,U 112,U 13,U 14,1/2 

#7.Codorrrioipsisl 
1,1 2,2/3 3,14,17,1/2/3 ,1/2/3 9,1 110,11 11,2 13,2 14,11 

#Cyaairirtliiruuis/ 
11 9 1 2,11/3 3,11/2 4,1 7,1 	9,110,1 11,1 112,2 13,1 14,1 

99.Ecriocoon <1DY. bog>! 
1,11 2,3 3,3 4,1 7,3 8,U3 9,1 11,U 11,U 12,U 13,U 14,2 

#10Era1airiithuis/ 
1,1 2,2 3,1 4,3 5,415 8,1 9,U 101,U 111,U 12,TLJ 13,U 

#111 .Gadeilllfia/ 
1,1 2,1 3,U 4 93 5,U 8,R 9,U 10,U 111,U 12,U 13,U 

#12.Grithopss/ 
1,1 2,11/2 3,1 4,3 592/3/4 ,1/5 9,11 11h),1 111,1 12,1 113,1 

#13Giininnillh12ea <Tlliiunllo>/ 
1,2 2,1/2 3,1 41,3 5,5 ,1/2 9,U 10,U 11,U 12,U 13,U 

#l4iHlauriabiuisaya <Naka>/ 
1 9 11 2,2 3,U 4,3 5,2/3 0,R 9,U 10,U 111,U 12,U 13,U 
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#15.IH[eiterochaeinifla/ 
1,1 2 9 11 3,11 4 93 5,4/5 8,1/9 9,U lO,U 1l,U 112,U 13,U 

#l6.1HIoocod1oui <E).Y. IHloiriig>/ 
1 9 11 2 93 39 11/2 4 93 5,415 8,11/3 9,U 11O,U 111,U 12,U 13,U 

#11 7."I[so1phylllli"/ 
1 9 1 2,2 3,U 4,3 5,4/5 8,11 9,U 11O,U 111,U 12,U 13,U 

#1$ue <L.>/ 
1 9 1 2,2 3,U 4,3 5,4/5 8,1/5 9,1 1,2 111,11 12,1 13,2 

#19.Legosfla/ 
1,1 2,1/2 3,1 4,3 5,3/4 8,1 9,ILJ 110,U 11,U 12,U 13,U 

420.Ltocod1oini/ 
1,1 2,2/3 3 9 1/3 4,1 7,1/2 8,1 9,U 110,U 111,U 12,U 13,U 14,1 

421 Mchauiixa <IL'JHIer.>/ 
1,1 2 92 3,1 4,3 5,U 8,1 9,U 10,U 11,U 12,U 13,U 

#22.Munssdlliifla/ 
1,1 2,1/2 3,1/2/3 4,3 5,5 8,1 9,1 10,U 11,11 112,2 13,U 

#23.Namacodlon <Thn>/ 
1 9 1 4,3 5,5 8,1/2 9,U 10,U 11,U 12,U 13,U 

#24.Nesocodon <Thiiulihii>/ 
1,1 2,U 3,U ,4,3 5 95 8,1 9,U 1I0,U 11,U 12,U 13,U 

#25.0strowskia/ 
1,1 2,3 3,2 4,1/3 7,11/2 8,1 9,U 10,U 11,U 12,U 13,U 

#26.1Pracarpa <IHIookfl'. & Thoms.>/ 
1,1 2,3 3,U 4,3 5,4/5 8,1 9,U lcU,U 11,U 12,U 113,U 

#27.Thytuiima/ 
1,1 2,1/2 3,1/2 4,3 5,3/4/5 8,1 9,U 10,U 11,U 112,U 113,U 

#28.Thysollexs/ 
1,1 2,3 3,U 4,3 5,4 8,1 9,U 110,U 11,U 12,U 13,U 

#29JPllityco1on <A. DC.>/ 
1 9 1 2,2/33,3 4,2 6,1 8,1 9,U 10,U 11,U 12,U 113,U 

#30.1PrsmtocaTpns/ 
1 9 1 2,2/4 3,U 4,3 5,4/5 8,1 9,U 10,U 111,U 12,U 13,U 
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#31.PseuocodoBuiopsb <Ko.>/ 
1,11 2,2 3,U 4,17,1/2/3 8,1 9,U 10,U 11,U 12,U 113,U 114,2 

#32.Racunllnis/ 
1 9 1 2 9 1/2/4 3,U 4 93 5 94/5 8,11/4/5 9,2 110 9U 11 9U 12,U 113,U 

#33.1oelih1a/ 
11 9 1 2 9 1/2 3 9 11 4,3 5,4/5 8,11 9,U 110,U 11,U 12,U 13,U 

34.Rounclla/ 
1,1 2,11 3,U 4,3 5,U 8,11 9,U 110 9U 11,U 12,U 13,U 

#35.Symplliydra <A. llC.>/ 
1,11 2,11 3 9 11 493 5,4/5 8 9 1 9,U 10,U 1111,U 12,U 113,U 

#36.Tradllllunm <IL>! 
11,1 2,U 3,1/2 4,3 5 92/3/4/5 8,1 9,U H,U 11,U 12,U 13,U 

#37.Whlleiniberga/ 
1 9 1 2,1/2 3,1 493 5 93/4/5 8,1 9,U 10,U 11,U 12,U 13,U 

43$.Lolliella <L.>/ 
1 9 1 2,1/4/5 3,14,1/2 6,2 793 8,3/7 9,1/3 10,2 11 9 1 112,2 13,2 

*END 
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12.1.1.8 CAMIPIPALC.DA'JF (Poilll) ... Caniipaiiunllze data subset (Beilta data flUe for 
lPaiiiikey, SC3) 

*EM DESCIIU1P7ffONS 

#1.Adeiniopfrnora <II'flsch.>I 
1,11 2,2 3,11 4 93 5,3/4/5 8,1114/5 9,11/2 10,3 1111,11 112,11 113,11 

#2.Asyinieuiimai 
11 9 11 2,1/2 3,11 4,3 5,3/4/5 8,1/4 9,2 10,3 111,11 12,11113 9 11 

#3.Cauiuii2& 
11 9 1 2,1/2 3,11 4 93 5,204/5 8,1/4/5 9,2 110,3 11,1 12,11 13,11 

#4 uiillastruiim <Soiiallll>/ 
1 9 11 2,1/2 3,U 41,3 5,18,1/3 9 9 1 10,1 11,1 12,1 13,1 

#10.Edrantlls/ 
1,1 2,2 39 11 4 93 5,4/5 8,1 9,U 10,U 11,U 12,U 13,U 

#1 1.GadellUUa/ 
1,1 2,11 3,U 4,3 5,U 8,1 9,U 10,U 11,U 12,U 13,U 

#12.Gfthopsfis/ 
1,11 2,11/2 39 1 4,3 5,2/3/4 8,1/5 9,1 10,1 11,1 12,1 13,1 

#14.lHl2iiiiabuiisaya <Nakal>/ 
1,1 2,2 3,U 4,3 5,2/3 8,1 9,U 110 9U 11,U 12,U 13,U 

#16.THIomocodo <I1Y. IHIoog>/ 
1,1 2,3 3,1/2 4,3 5,4/5 8,1/3 9,U 10,U 11,U 12,U 13,U 

#17.' 9 11sop1hiyliila"/ 
1,1 2,2 3,U 4,3 5,4/5 8,1 9,111 10,U 11,U 12,U 13,U 

#1$.JJasUoe <L>/ 
1,1 2,2 3,U 4,3 5 9415 8,1/5 9,11110,2 11 9 1 12,1 13,2 

#19.Legouisla/ 
1,1 2,1/2 3,11 4,3 593/4 8,1 9,U 10,U 11,U 12,U 13,U 

421,MUthaullxfia <L'Heir.>/ 
1,1 2,2 3,1 4,3 5,U 8,1 9,U 10,U 11,U 12,U 13,U 

#22.Miuissellth/ 
1,1 2,1/2 3,1/2/3 4,3 5,5 8,1 9,1 10,U 11,1 12,2 13,U 
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#26.TPeracara <IEIook. & Tlloinns>/ 
1 9 1 2 93 3,U 4,3 5,4/5 8,11 9,U 110,U 11,U 12 9U 13,U 

#27.11iiiyteinmiI 
1 9 1 2 9 11/2 3,11/2 4,3 5,3/4/5 8 9 1 9,U 11O,U 11,U 12,U 13,U 

#2$.1P1hiysopllxfls/ 
11 9 1 2,3 3,U 4,3 54 $9 1 9,U 11O,U 11,ILJ 12,U 13,U 

#32Runuiicuiillns/ 
1 9 11 2 9 11/2/4 39U 493 5,415 8,1/4/5 9,2 HI,U 11,U 12,U 13,U 

#34Rouiicea/ 
1,1 2,1 3,U 4 93 5,U 8,1 9,U 11©,U 11,U 12,U 13,U 
#35.Sympllnyainillra <A DC.>I 
1,1 2,11 3,1 4,3 5,4/5 8,1 9,U 110,U 11,U 12,U 13,U 

#36.Trdllmlluim <L.>/ 
1,1 2,U 3,1/2 4 93 5,2/3/4/5 8 9 1 9,U F,U 11,U 112,U 13,U 
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12.11.1.9 CAM1PIF'AL1P,IDAT (IPolilleo) ... Pilatycodoinieae data subset (Delta data tulle for 
IParnikey, SC3) 

*TIM DFSCfflPT11ONS 

#5.Caarnoea/ 
1,11 2 92 3,11 4 92 6,11/2 8,1 9,U H),U 11,ILJ 12,U 13,U 114,2 

#6.C2rriiairniia/ 
1,11 2,2/3/4 3,11/2/3 4,2 6,2 8,11 9,1 110,U 11,U 112,ILJ 113,U 14,1/2 

#7Codoniioipss/ 
11 9 11 2,2/3 3,14,1 7,1/2/3 8,1/2/3 9,110,1 111 92 13,2 114 9 11 

#$.Cyauiianiitlliiiiis/ 
1,11 2,1/3 3,1/2 4,17,10,2/6/0 9,110,1 11,1 12,2 113,1 14,1 

#9.Eellniinocodoini <1DY. IHIornig>/ 
11,11 2,3 3,3 49 11 7,3 8,1/3 9,11 110,U 111,U 12,U 13,U 14,2 

#20JLeiptocodwii/ 
1,1 292/3 3,11/3 4,1 7,1/2 8,1 9,U 10,U 11,U 112,U 113,U 14,1 

#24.Nesocodon <Thiinlliini>/ 
1 9 1 2,U 3,U 4,3 5,5 8,1 9,U 10,U 11,U 112,U 13,U 

#25.Ostrowsllda/ 
1,1 2,3 3,2 4,1/3 7,1/2 8,1 9,U 110,U 11,U 12,U 13,U 

#29.lPllatycodouTi <A. EJC.>/ 
1,1 2,2/3 3,3 4,2 6,1 8,1 9,U 10,U 11,U 12,U 13,U 

#31.1Pseuiidocodouiiopis <IKoinni.>/ 
11,1 2,2 3,U 4,17,1/2/3 8,1 9,U 110,U 11,U 12,U 113,U 14,2 

#38.Lobelllla <L.>/ 
1,1 2,1/4/5 3,14,1/2 6,2 7,3 8,3/7 9,1/3 10,2 11,1 12,2 13,2 

*END 
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12i1.1.10 CAM1PPALW.DAT (Polllleini) ... Wahfleimbergae data subset (Deilta data file 
'or Painikey, SC3) 

*ITEM DESCRWTIIONS 

#6.Caniiathiia/ 
1,12,2/3/4 3,1/2/3 4,2 6,2 8,111 9,11 10,U 11,U 12,U 13,U 114,1/2 

#10.1Edraaffnt1hius/ 
1,1 2,2 3 9 11 4,3 5,4/5 8,11 9,U 11©,U 11,U 12,U 13,U 

#12Gthofls/ 
1,12,1/2 3,11 4,3 5,2/3/4 8 9 1/5 9 9 11 110 9 11 111 9 1112,11 13,1 

#13.Gumniililaea <Tllniifl>/ 
1 92 2,11/2 3 9 11 4 93 5,5 8,1/2 9,U 19,U 111,U 12,U 13,U 

#1 51H1eterothaein1fia/ 
1 9 1 2,1 3,1 493 5,4/5 8,1/9 9,U 110,U 11,U 12,U 13,U 

#1$.Jaskinie <L.>/ 
1,11 2,2 3,U 4 93 5,4/5 8,1/5 9,110,2 11,1 12,1 13,2 

#19.Legouiisa/ 
1,12,1/2 3,11 4,3 5,3/4 8,1 9,U 10,U 11,U 12,U 13,U 

#22.Miuissdiliia/ 
1,12,1/2 3,11/2/3 4,3 5,5 8,1 9,1 10,U 11,1 12,2 13,U 

#23.Namaeodoini <Thuilãini>/ 
1,1 4,3 5,5 8,1/2 9,U 10,U 11,U 12,U 13,U 

#24.Nesocodon <Tilniuiilin>/ 
1,1 2,U 3,111 4,3 5,5 8,11 9,U 10,U 11,U 112,U 13,U 

#30.Prsmatocaus/ 
1,1 2,2/4 3,U 4,3 5,4/5 8,1 9,U 10,U 11,U 12,U 13,U 

#33.Roelllla/ 
1,12,1/2 3,1 4,3 5,41/5 8,1 9,U 10,U 11,U 12,U 13,U 

#36.Trac1hiel1un <L.>/ 
1,1 2,U 3,1/2 4,3 5,2/3/4/5 8,1 9,U 10,U 11,U 12,U 113,U 

937.Wallrilleini1berga/ 
1,1 2,1/2 3,1 4,3 5,3/4/5 8 9 1 9,U 10,U 111,U 12,U 13,U 
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#38.LoIbella <L.>/ 
1,11 2,1/4/5 3,14,1/2 6,2 7,3 93I7 9,1/3 10,2 11,1 12,2 113 92 

*END 
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12.1.1.11 CAMSJFE1D.DAT (SJ1s),.Seed1s data set (Delta data Ilille for lPaokey, 
SC3) 

*ITEM DESCIRIIPTIONS 

#1 Adieiniojplliiora <Aifllleyainia; A.coinifiiiisa; Aiiiakiuisaiuieirnss; Allllfolla>/ 
1 92/3 2 93/5/7 3 92/4 4 9 11/2/3/4 5,2 6 92/3 7,1/2 0,1/4 9 9 1/2 10,1/2 11,1/2/3 

#2Asyinieuniia <A aponiica; Amthaundioklles; Asceinis>/ 
1 93 2,11/7/9 3,2/4 4,2/3/4 5,2 6,2 7,2 8,19,2/6 10,1/2 11,2/3 

#3.Azothma <A.vd1all>/ 
1,1 2,2/3 3,2/4 4,2 5 92 6,2 7,2/3 8,1 9 9 11 10,1 11,2 

#4.1rac1hiycodoini <C.fastgata>/ 
1,1 2,2 3,2 4,4 5 92 6,3 7,1/2 0,1 9,1/6 10,1/2 11,2/3 

#5.Campauiiunllastriuiini <C. 	rcarniim>/ 
1,3 2 9 1/4 3,2/4 4,2/3 5,2 6,3 7,1 8,1 9,2 10,1/2 11,2/3 

#6."llberocodwn" <Cauirriparniilla arvatca>/ 
1,2/3 2,7 3,2 4,1 5 92 6,1/2 7,2/3 8,4 9,1 110,2 11,1 

#7.ScallI11orae <Cajnaounlla be11llfidfifolla>/ 
1,2/3 2,7 3,2 4,4 5,2 6,3 7,2/3 8,1 9,7 10,1/2 11,2 

#8.Symplliiyaodrñformes <Capainirin11a behnlifoliuia; C.troegeirae>/ 
1,2/3 2,2/7 3,4 4,3 5,2 6,2 7,2/3 0,1 9,7 10,11 Ij 

#9.1[irrivolliuicratae <C.cervcara; C.spcata>/ 
1,2 2,2/9 3,2 4,3/4 5,2 6,2/3 7,1 0,1 9,1 10,1/2 11,2 

#10.Riuipesfres <C.eoracea No.0314;C.boru uiniiuielllleul No.s 0087, 0088, 0089; 
C.11uieteropllnyilhla No.17; C.callamhiithiifoiliia No.10>1 
1,3 2,11/2 3,2 4,3 5,2 6,2 7,2/3 8,19,1/5 10,1 11,1/2 

#11.Qiithinellociuillares <Cam jpamilla crspa; C,tomeotosa>/ 
1,2/3 2,2/4/5 3,2 4,3 5,2 6,2 7,1/2 0,1/4 9,1/5 10,1 11,1/2/3 

#12."Oireocodoini" <Caaqauiiuilia molllls; C.acobaea; C.edluiillfls; C,allsiuiiodes>/ 
1,2 2,1/2/7 3,2/4 4,2/4 5,2 6,3 7,2/3 0,1/2 9,2/5/6/7 10,1/2 11,2/3 

#13.C.formaoekiainia <No.0345>1 
1,2 2,7 3,4 4,3 5,2 6,2 7,2/3 8,1 9 97 10,11 Ij 

#14.Megallocodlorni <Campamnila hncurva>/ 
1,3 2,1/2/4/7 3,4 4,3 5,2 6,2 7,2/3 8,11 9,7 10,11 Ij 
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#15.C.11aiimata <No.34>1 
1,12,2/7 3 92 4,3 592 6,3 7,2 3,19,1/2 10,1/2 11,2 

#16.C.11gunllata <No.9337>1 
1,3 2,U 3,4 4,11 5,2 6,1/2 7,1 8,3 9,7 10,U 11,11 

#17.SpinuDosae <Caunipanunila nuirablls>/ 
1,2 2,4/5 394 4,3 592 6 92 7,2 9,11 9 95 110,1 11,11 

#118.'IFuiillfqpelllla <Caniinaniiujilla puiiniictab var. honiieuiss>/ 
1,2 2,1/2 3,2 4,3 5,2 6,2 7,3 8,4 9,5 10,1 11,11 

#19.C.sartor <No.15>1 
11,2/3 2,1/4 3,2 4,3 5,2 6,2 7,3 8,1 9,1 10,2 11,11 

#20.Cod1oiniosphara <C.t1hyrsodos>/ 
1 92 2,2 3,4 4,3 5,2 6,2 7,2 9,11 9,1 10,2 11,R/2 

#211 .Codlouiopsils <C.bunlllleyainia; C.dllmath11ea; C.piflosunlla>/ 
1 9 11/2 2,2 3,1/2 4 9 1/2 592 6,11/2 7,1/2 9 9 1114 9 97 10,1/2 111,2 

#22.0raterocapsa <C.iirnrntainia; C.sp.>/ 
11,3 2 96/7 3,3 4,11 5 91 6,1 7,1 8,1 9,5 110,1/2 11 9 1/2 

#23.Cyaui2initlluns <C.11obahns>/ 
1,1 2,1 3,11 4,2 5,2 6,2 7,3 8 9 19,7 1092 11 92 

#24.Cyllnd1rocairpa <C.severtzow>/ 
1,2 2 9 11/7 3,2/4 4 92/4 5,2 6,3 7,2 8 9 19,4/6 10,2 11,2/3 

#25.Dospllaera <D.rununielliiairria; D.j2cqufiufl ssp. runmellainia>/ 
1,2 2,2/5 3,2/4 4,2/3/4 5,2 6,2/3 7,1/2 8 9 19,110,1/2 11,2/3 

#26.Edlra11ainithuiis <1.gramhnfoiluiuiis; E.serbciins>/ 
11,2/3 2 93/8 3,3 4 95 5,2 6,3 79 18,6 9,1 10,1/2 11 9 1 

#27.Gadlollllfia <C.11acitfflora>/ 
1 9 1/2 2,6 3,4 4,2/3 5,2 6,2 7,2 8,19,1/6/7 10,1 11,11 

#2$.Githopss <G.dfiflTlulsa>/ 
1,2 2,2 3,2 492 5,2 6,2 7,1/2 8 9 1 9 9 7 10,1 111,2 

#293sopllylllla <C.tommasinainia; C.waldstehiifiainia; C.versflcollor; C.zoys; 
C.fen esfrellllata>/ 
1,1/2/3 2,11/2/3 3,11/2 4,15 9 1/2 6,17,1/2 8,4 9 95/6/7 110,1/2 11,1 

#30Jasoinie JJhielldrec1hifl; J.huninnifill11s; J.crspa ssp.cr11spa; JLllaevfls>/ 
1,2/3 2,13,2/4 4,2/3/4 5,2 6,2/3 7,1/2 8,19,6/7 110,1/2 11,3 
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#31 .Legoiuisa <Lfinflca No37; 
1 92 2 9 11/3/9 3,2/4 492/4 5 92 693 7,11/2 ,1/2 9,1/5 10,2 11,2/3 

#32LcoiIoiui <Lgnacfllls>/ 
1,3 2 93/6 3 92 4,2 592 6,2/3 792 0,1 9,3 10,2 11,2/3 

#33,Mflhcia <Mtc atdllw; M.11avgita>/ 
11 92/3 2,1/3/9 3 92/4 493/4 5,2 6,2/3 7,2/3 0,R 9,7 110 9 11 11 9 1/2 

#34Munschi <MLwoIlll tuii; MjiinTi>/ 
1 92 2,2/5 3,2/4 4,1/2 5,2 6,1/2 7,1 9 1/3 9,6/7 110,1 111,11 

#35Nesocotll <NrtLiiu>/ 
1,2/3 2,13,1/2 4,1 5,2 6,1/2 7,2 0,4 9,7 110,1/2 111,1 

#36.TPeracar <P.crcaeckJ1>/ 
1 93 29 11 3 9 1/2 493/4 5,2 6,2/3 7,3 0,R 997 10,1/2 11,2 

#37.IPetkova <Cnplli ortha>/ 
11,2/3 2,7 3,2 4,1 5,2 6,1/2 7 92/3 0,4 9,1 10,2 11,11 

#3fromniinil <pThmuiti>/ 
1 92 2,2 3,4 4 93 5,2 6,2 7,2/3 0,19,7 10,1 11,11 

#39.Thyteiuima <IPhythniuniii pycunm>/ 
1 93 2,1/4 3,2/4 4,2/3 5,2 6,3 7,1 0,19,2 10,11/2 11,2/3 

#40atycod1on <1Pgrafflloriuim>/ 
1 93 2,6 3,2 4,2 592 6,2 7,2 8,4 9 93 10,1 111,2/3 

#41 .Ra luicTulll!1iIs <C,hawkiinisani; C.iflooini; C.tnichcallythiia>/ 
1,2/3 2,1/2/3/5/7/9 3,2/4 4,2/4 5,2 6,2/3 7,1/2/3 ,1/2 9,3/5 10,2 11,2/3 

#42.MeRanocalyx <Cam1pnlla unniicolloir>/ 
1 92 293/7 3,2/4 4,2/4 5,2 6,2/3 7,2/3 ,1/2 9,3 10,2 Ii 1,2/3 

#43.IPteroiphyilkim <C.pHmuHfoRh% <No,12>/ 
1,1/2 2,3 3,2 4,114 5,2 6,2 7,11/2/3 0,19,5 10,2 11,2/3 

#44Rouilla <Cd1rabifdlla; Cerhiiiuis>// 
11,2 2,1/2/9 3,2 4,3/4 5,2 6,3 7,2 ,1/2 9 97 10,1/2 11,2/3 

#45.1Rolllla <R acnithta; Rcllata>/ 
1 92/3 2,3/0 3,3 4,1 5,1 6,1 7,1 0,5 9,1 10,1/2 11,1 

#46.Seirgi <S.rcgdlli>/ 
1,2 2,2 3,2/4 4,2 5,2 6,2 7,2 8,19,3 10,1/2 11,2 
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#47Synpliyaiiiidri lluoffmacini11 <No2>/ 
1,2 2,2 3,2 4,3 5,2 6,2 79 1 g,i 9,2 10,1/2 111,1 

#4.0ocaflyx <Symphymadira ariunieuiia>I 
1 92/3 2,1/2/4 3 92 493 5,2 6,2 791/2 8,19,1/2 10 9 1 11 9 1 

#49.Syhyainidra waier <No.0323, 0324>! 
1,2 2,2/5 3,4 4,3 5 92 6 92 7,2/3 8,19,7 10,1111,1/2 

#50Tchellun <T.caruiilleuunrii>/ 
1,2 2,2 3,4 492/3/4 5,2 6,3 7,11 ,1 9 9 1 10,2 11 93 

#51 .Wallnlleiriibrga <Wgllorflosa; WauMllrcsaca; Wcoririgesta>I 
11,2/3 2,11/5 3,2/4 4 91/2/4 5 92 6,2/3 7,1/2 ,1/4 9,3/5/6 10,1/2 11,1/2/3 

#52."IHIdiracodo&' <W.ainiguistf©lla>/ 
1 9 1/2 2,13,1/2 4 9 11. 5,1 6,1 7,11 ,3 9,7 10,1/2 11,1 

#53."Fdziocdoini" <Wbrtr1; W.girahaua; Wllarraiini>/ 
1,1/2 2,2 3,2 4,1/2 5,2 6,2/3 7,2/3 ,1/4 9 95 10,2 111,1/2 

*END 
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12i1.1.12 CAMSEFADCDAT (Sds) ... Campalleae data subset (Deilta data Me ffor 
IPainikey, SC3) 

*ITEM DESCfflPTT[ONS 

#1 .Ad oipllnora <A.bunlllieyauiia; A.confinsa; A.lhiakuisalnleosfis; A.11llflfolla>/ 
1,2/3 2 93/5/7 3 92/4 4,1/2/3/4 5 92 6,2/3 7,1/2 0,114 9,1/2 10,1/2 11,1/2/3 

#2.Asyffueuiina <A.japornica; A.mthadodes; A.cainieseeinis>/ 
1,3 2 9 1/7/9 3,2/4 4 92/3/4 5,2 6,2 7 92 0,1 9,2/6 10,11/2 11,2/3 

43.Azorna <A.vdall>/ 
1,1 2,2/3 3,2/4 4,2 5 92 6 92 7 92/3 0,1 9,1 10,1 11,2 

#4.1rachycodoini <C.fastgata>/ 
1 9 111 2,2 3,2 4,4 5,2 6,3 7,1/2 0,19,1/6 10,1/2 11,2/3 

#5.Camarnnilastnuiuini <C.aedcaimiuim>/ 
1,3 2,1/4 3,2/4 4,2/3 5,2 6,3 7,1 8,1 9,2 10,1/2 11,2/3 

#6."Therocodoni" <Camalia arvatca>/ 
1,2/3 2 97 3,2 4,1 5,2 6,1/2 7,2/3 8,4 9,110,2 11,1 

#7.Scamorae <Callqiaunui11a belldfolla>/ 
1,2/3 2,7 3,2 4,4 5,2 6,3 7,2/3 0 9 1 9,7 10,1/2 11,2 

#0.Syyallh1drilormes <Caoiipauiiuila betunlifolia; C.tiroegeirae>/ 
1,2/3 2 92/7 3,4 4,3 5,2 6,2 7,2/3 8,1 9,7 10,1 11,1 

#9.Iinivolluiieratae <C.cervkaula; C.spiicata>I 
1,2 2,2/9 3,2 4,3/4 5,2 6,2/3 7,1 0,1 9,1 10,1/2 11,2 

#10.Ruiipestires <C.coulacea No.0314;C.11orinimuiiellllerfi No.s 0087, 0008, 0089; 
C.heteirojplliiyllhla No.17; C.callafiinitlliifolla No.10>! 
11,3 2,1/2 3,2 4,3 5,2 6,2 7,2/3 8,19,1/5 10,111,1/2 

#I I.QuinqueDocuR2ires <Caiiajpainiuilla crspa; C.tomeinitosa>/ 
1,2/3 2,2/4/5 3,2 4,3 5,2 6,2 7,11/2 0,1/4 9,1/5 10,1 11,1/2/3 

#12. 9 'Oreocodon" <Caunipainiuilla molllls; C.jacobaea; C.eduills; C.alisiniok11es>/ 
1,2 2,1/2/7 3,2/4 4,2/4 5,2 6,3 7,2/3 8,1/2 9,2/5/6/7 10,1/2 11,2/3 

413.C.foraaelldauiia <No.0345>/ 
1,2 2,7 3,4 4,3 5,2 6,2 7,2/3 0,1 9,7 10,11 Ij 

414.Megallocodlorni <Campaoinlla cRnrva>/ 
1,3 2,1/2/4/7 3,4 4,3 5,2 6,2 7,2/3 8,1 9,7 10,1 11,1 
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#15.C.112irita <No.34>! 
1 9 1 2,2/7 3,2 4,3 5,2 6,3 7,2 0,19,1/2 10,1/2 11,2 

#16.C.iloguillata <No.9337>1 
1,3 2,U 3,4 4,11 5,2 6,1/2 7,1 8,3 9,7 10,U 111,1 

417.Spiouiillosie <Camarniill21 oiiralllls>/ 
1,2 2,4/5 3,4 4 93 5,2 6,2 7,2 9,1 9,5 10,1 11,1 

#1$.Tunllflplllli <Ciniraounlla puiioctata vir. llnolrIldIcellTlslls>/ 
1,2 2,1/2 3,2 4,3 5,2 6,2 7,3 9,4 9,5 10,1 11,1 
#19.C.sartor <No.15>1 
1,2/3 2,1/4 3,2 4,3 5,2 6,2 7,3 8,1 9,1 10,2 11,1 

#20.Corllouoseri <C.tIhiyrsok1es>I 
1,2 2,2 3,4 4,3 5,2 6,2 7,2 8,11 9,11 10,2 11,1/2 

#24.Cyllinidirocarp <C,vrtzow>/ 
1,2 2,1/7 3,2/4 4,2/4 5,2 6,3 7,2 8,19,4/6 10,2 11,2/3 

#25.Doshara <D.riuimellauiia; D.jacquinfl ssp. lrulmelIfiauhIa>/ 
1,2 2,2/5 3,2/4 4,2/3/4 5,2 6,2/3 7,1/2 8,19,110,1/2 11,2/3 

426.1Eillraaothinis <E.gramofoll1uis; E.serbflciuis>/ 
1,2/3 2,3/9 3,3 4,5 5,2 6,3 7,1 9,6 9,110,1/2 11,1 

#27.Gadellllfia <C.11actiflIora>/ 
1,1/2 2,6 3,4 4,2/3 5,2 6,2 7,2 8,19,1/6/7 10,1 11,1 

#2$.Gfthoss <G.dãftTiuisa>/ 
1,2 2,2 3,2 4,2 5,2 6,2 7,1/2 8,1 9,7 10,1 11,2 

#29.Tlsojpllriylllla <C.touiimashnaoa; C.walldsteiiiaoa; C.verscollor; C.zoysil; 
C.fesfrlill2ta>/ 
1,1/2/3 2,1/2/3 3,1/2 4,1 5,1/2 6,17,1/2 8,4 9,5/6/7 10,1/2 11,1 

#30.Jasouii 	J.hliredlin; J,Thunmills; JJ.crispa ssp,crsjpa; J.11aevs>/ 
1,2/3 2,13,2/4 4,2/3/4 5,2 6,2/3 7,1/2 8,19,6/7 10,1/2 11,3 

#31.Lgonsia <L.fillcata No.37; L,scuilliuim-veoers>/ 
1,2 2,1/3/9 3,2/4 4,2/4 5,2 6,3 7,1/2 8,1/2 9,1/5 10,2 11,2/3 

#33.Mdllaunxi2 <M.tc 	atdiluiew; M.klevfigata>/ 
1,2/3 2,1/3/9 3,2/4 4,3/4 5,2 6,2/3 7,2/3 8,1 9,7 10,1 11,1/2 

#34.Miuissdllth <M.wollllastoo; M.aiuireii>/ 
1,2 2,2/5 3,2/4 4,1/2 5,2 6,1/2 7,18,1/.3 9,6/7 10,11 Ij 
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436.lPeracanipa <P.crcieoes>/ 
1 93 2,11 3,11/2 4,3/4 5,2 6,2/3 7,3 8 9 11 9,7 10,1/2 11,2 

#37.IPetkova <airnuilla orhadea>/ 
1,2/3 2 97 3,2 4 9 1 5,2 6,11/2 7 92/3 8,4 9,110,2 11,1 

#3$. rwihi <P.pflnna>/ 
1,2 2,2 3,4 4,3 5,2 6,2 7,2/3 8,1 9,7 110,11 11 9 11 

#39.Thyfruiiinri <1Plluiyiteuiia yreu1iactinuini>/ 
1,3 2,1/4 3,2/4 4,2/3 5,2 6,3 7,11 8,1 9,2 10,1/2 11,2/3 

#41.Rpullncu11lls <C.kawkfiuiisaa; C.azooini; 	chocallycinni>/ 
1,2/3 2 9 1/2/3/5/7/9 3,2/4 4,2/4 5,2 6 92/3 7,1/2/3 8,1/2 9,3/5 10,2 11,2/3 

#42.MeRanocaRym <Cimpilla ucoilor>/ 
11,2 2,3/7 3,2/4 4,2/4 5,2 6,2/3 7,2/3 8,1/2 9,3 10,2 11,2/3 

#43.Pteropllnyllhim <C.pthiniulifoilfla <No. 12>/ 
1,1/2 2,3 3,2 4,1/4 5,2 6,2 7,1/2/3 8,1 9,5 110,2 11,2/3 

944.Rouncella <C. abffdllfla; C.rhiuuis>ll 
1,2 2,1/2/9 3,2 4,3/4 5,2 6,3 7,2 8,1/2 9,7 10,1/2 11,2/3 

#46.8rga <S.rege1Ii>/ 
1,2 2,2 3,2/4 4,2 5,2 6,2 7,2 8,11 9,3 10,1/2 11,2 

#47.Symplhiyaodlra hoffauioi <No.2$>/ 
1,2 2,2 3,2 4,3 5,2 6,2 7,1 8,1 9,2 10,1/2 11,1 

#4$.0tocllyx <Syimplliiyainidra armeoa>/ 
1,2/3 2,1/2/4 3,2 4,3 5,2 6,2 7,1/2 8,19,1/2 10,1 11,1 

#49.Sympllyand1ra wanner <No.0323, 0324>/ 
1,2 2,2/5 3,4 4,3 5,2 6,2 7 92/3 8,1 9,7 10,111,1/2 

450.Tradlllliwn <T.caerunilewim>/ 
1,2 2,2 3,4 4,2/3/4 5,2 6,3 7,1 8,1 9,1 10,2 11,3 

*END 
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112i1.1.13 CAMSEI111PiDAT (Seeds) PEztycodone.%e data subset (Deilta data fflle 
for TPainikey, SC3) 

*UFEM DESCRIIPTTJONS 

#211 Codoirnoss <C lllllleyanna; C.dlleuiniatd1ea; Cipflllosiuilla>/ 
11 9 11/2 2 92 3,11/2 4,11/2 5,2 6,1/2 7,11/2 0 ,114 9,7 111,112 1111,2 

#23Cyiaotllis <Clloatun>/ 
1 9 11 2 9 11 3,11 4 92 5,2 6 92 7 93 Oj 9,7 110,2 11 92 

932JLetocodoini <ILgradll1>/ 
1,3 2 93/6 3 92 4,2 5,2 6 92/3 7 92 0,19,3 10 92 111 92/3 

#35.Nesocodoo <Norftiaijium>/ 
1,2/3 2,13,1/2 4,11 5,2 6,1/2 7,2 0,4 9 97 10,11/2 1111 1 11 

#41IPflatycodoriii <IP'graniidili1eruiim>/ 
1,3 2,6 3,2 4,2 5,2 6,2 7 92 0,4 93 10,111,2/3 

#45.IRoefllia <RnacWata; R0cliata>/ 
1,2/3 2,3/0 3 93 4,1 5,11 6,1 7,1 ,5 9 9 1 10,1/2 111,1 
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12.1.1.14 CAMSIEDW.DAT (Seeds) ... Wahlleinibergae data subset (llJellta data file 
for IPainikey, SC3) 

*liTEM DESCfflPTJIONS 

#3.Azoriuuia <A.vkilaililfl>/ 
11,1 2 92/3 3,2/4 4,2 5,2 6,2 7,2/3 0,11 9,11 110,1 11,2 

#22.Craterocasa <C.urnioiniitainia; Csp.>/ 
1 93 2,6/7 3,3 41 5 9 11 6 911 7,1 0,1 9,5 19 9 1/2 11,1/2 

#26drailatiluins <E.gramilimilfoilhiius; 1Eerbicuis>/ 
1 92/3 2,3/0 3 93 4,5 5,2 6,3 7,1 0,6 9 9 1 110,1/2 111,1 

#20.G1ithoils <Gdiffuisa>/ 
1,2 2,2 3,2 4,2 5,2 6,2 7 9 1/2 0,1 9,7 10,1 11,2 

#30.1asioInle <J.heildreildilmilil; 	ilhiuiuniililils; .JLcrilspa ssperils1pa; JJ.11aevils>/ 
1,2/3 2,13,2/4 4,2/3/4 5,2 6,2/3 7,1/2 0,19,6/7 10,1/2 111,3 

#3lLegoiinsila <Lfailcata No37; L.spec nil In-veinierils>/ 
1,2 2,1/3/9 3,2/4 4,2/4 5,2 6,3 7,1/2 0,1/2 9,1/5 110,2 11,2/3 

#34.Miuissdilnila <Mwoililastooil; M.aiuirea>/ 
1,2 2,2/5 3,2/4 4,1/2 5,2 6,1/2 7,18,1/3 9,6/7 10,1 11,1 

#35Nesocodon <N.oiiaunriltilannuns>/ 
1,2/3 2,1 3,1/2 4,11 5,2 6,1/2 7,2 0,41 9,7 10,11/2 11,1 

#45.Roellila <R.ouaciidata; Rciililata>/ 
1,2/3 2,3/0 3,3 41,1 5,1 6,1 7,1 0,5 9,1 10,1/2 11,1 

#59.Tracheililuiim <T.caerunlleuuini>/ 
1,2 2,2 3,4 4,2/3/4 5,2 6,3 7,1 0,1 9,1 10,2 11,3 

#51 Wahilerniilrgila <W.giloriosa; Waodrosaea; W.crngesta>/ 
1,2/3 2,1/5 3,2/4 4,1/2/4 5,2 6,2/3 7,1/2 0,1/4 9,3/5/6 110,1/2 11,1/2/3 

#52. "IRleileiniacodoini" <W.ainigunstilfoila>/ 
1,1/2 2,13,1/2 4,15,16, R 7,1 0,3 9,7 19,1/2 11,1 

#53."IF'erlrnallndeziocdoo" <W.berteroil; W.grahamae; W.ilarrailniilil>/ 
1,1/2 2,2 3,2 4 9 1/2 5,2 6,2/3 7,2/3 0,114 9,5 10,2 11,1/2 

*ND 
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12.111.2. Copllminietk Ma11ces 

12.1.2.1. ASTTFJRALE.CMU (Copheuiieitc M1atrc for ASTERALE.UPG) 

1.Aquifo 	1 
2.Aralia I 0.841 	1 
3.Brunia 	0.841 0.960 	1 
4.Escall I 0.657 0.657 0.657 	1 
5.Grisel I 0.775 0.775 0.775 0.657 	1 
6.Pittos 	0.725 0.725 0.725 0.657 0.725 	1 
7,Sainbuc 	0.709 0.709 0.709 0.657 0.709 0.709 	1 
8.Viburn I 0.775 0.775 0.775 0.657 0.837 0.725 0.709 	1 
9.Argoph I 0.657 0.657 0.657 1.000 0.657 0.657 0.657 0.657 1 
10.Donat I 0.657 0.657 0.657 0.808 0.657 0.657 0.657 0.657 0.808 
1 
11.Menya I 0.657 0.657 0.657 0.666 0.657 0.657 0.657 0.657 0.666 
0.666 	1 
12,Penta I 0.657 0.657 0.657 0.744 0.657 0,657 0.657 0.657 0.744 
0.744 0.666 	1 
13.Sphen 1 0.657 0.657 0.657 0.881 0.657 0.657 0.657 0.657 0.881 
0.808 0.666 0.744 	1 
14.Styli 1 0.657 0.657 0.657 0.775 0.657 0.657 0.657 0.657 0.775 
0.775 0.666 0.744 0.775 	1 
15..Agter j 0.485 0.485 0.485 0.485 0.485 0.485 0.485 0.485 0.485 
0.485 0.485 0.485 0.485 0.485 	1 
16.Bruno I 0.485 0.485 0.485 0.485 0.485 0.485 0.485 0.485 0.485 
0.485 0.485 0.485 0.485 0.485 0.821 	1 
17.Calyc I 0.485 0.485 0.485 0.485 0.485 0.485 0.485 0.485 0.485 
0.485 0.485 0.485 0.485 0.485 0.821 0.866 	1 
18.Caxnpa I 0.485 0.485 0.485 0.485 0.485 0,485 0.485 0,485 0.485 
0.485 0.485 0.485 0.485 0.485 0.597 0,597 0.597 	1 
19.Cyphi I 0.485 0.485 0.485 0.485 0.485 0.485 0.485 0.485 0.485 
0,485 0.485 0,485 0.485 0.485 0.597 0.597 0.597 0.827 	1 
20.Cypho I 0.485 0.485 0.485 0.485 0.485 0.485 0.485 0.485 0.485 
0.485 0.485 0.485 0,485 0.485 0.597 0.597 0.597 0.793 0.793 
1 
21.Goode I 0.485 0.485 0.485 0.485 0.485 0.485 0.485 0.485 0.485 
0.485 0.485 0.485 0.485 0.485 0.694 0.694 0.694 0.597 0.597 
0.597 1 
22.Lobel I 0.485 0.485 0.485 0.485 0.485 0.485 0.485 0.485 0.485 
0.485 0.485 0,485 0.485 0.485 0.597 0.597 0.597 0.793 0.793 
0.861 0.597 1 
23.Nemac I 0.485 0.485 0.485 0.485 0.485 0.485 0.485 0.485 0.485 
0.485 0.485 0.485 0.485 0.485 0.597 0.597 0.597 0.861 0.827 
0.793 0.597 0.793 1 
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12.1.2.2. ASTTRALE.CMS (Cophenetic matrix for ASTFiRALE.SffN) 

1.Aquifo I 	1 
2.Aralia I 0.888 	1 
3.Brunia I 0.888 0.960 	1 
4.Escall I 0.838 0.838 0.838 	1 
5.Grisel 	0.833 0.833 0.833 0.833 	1 

6.Pittos 	0.826 0.826 0.826 0.826 0.826 	1 
7.Sambuc 	0.815 0.815 0.815 0.815 0.815 0.815 	1 
8.Viburn I 0.833 0.833 0.833 0.833 0.837 0.826 0.815 	1 
9.Argoph I 0.838 0.838 0,838 1.000 0,833 0.826 0.815 0.833 1 
10.Donat I 0.829 0.829 0.829 0.829 0.829 0.826 0.815 0.829 0.829 
1 
11.?lenya I 0.767 0.767 0.767 0.767 0.767 0.767 0.767 0.767 0.767 
0.767 	1 
12..Penta I 0.806 0.806 0.806 0.806 0.806 0,806 0.806 0.806 0.806 
0.806 0,767 	1 
13.Sphen I 0.838 0.838 0.838 0.896 0,833 0,826 0.815 0,833 0.896 
0.829 0,767 0.806 	1 
14.Styli I 0.838 0.838 0.838 0.852 0.833 0.826 0.815 0.833 0.852 
0.829 0.767 0.806 0.852 	1 
15.Aster I 0.738 0.738 0.738 0,738 0.738 0.738 0.738 0.738 0.738 
0.738 0.738 0.738 0.738 0.738 	1 
16.Bruno 1 0.738 0.738 0.738 0.738 0.738 0.738 0.738 0.738 0.738 
0.738 0,738 0.738 0,738 0.738'0.829 	1 
17.Calyc I 0.738 0.738 0,7380.738 0.738 0.738 0.738 0.738 0.738 
0.738 0.738 0.738 0,738 0,738 0.829 0.866 	1 
18.Cainpa I 0.738 0.738 0.738 0.738 0,738 0.738 0.738 0.738 0.738 
0.738 0.738 0.738 0.738 0.738 0.744 0.744 0.744 	1 

19.Cyphi I 0.738 0.738 0.738 0.738 0.738 0,738 0.738 0.738 0.738 
0.738 0.738 0.738 0.738 0.738 0.744 0.744 0.744 0.849 	1 
20.Cypho 1 0.738 0.738 0.738 0.738 0.738 0.738 0.738 0.738 0.738 
0.738 0.738 0.738 0,738 0.738 0.744 0.744 0.744 0.830 0.830 
1 
21.Goode 1 0.738 0.738 0.738 0.738 0.738 0.738 0.738 0.738 0.738 
0.738 0.738 0.738 0.738 0.738 0.772 0.772 0.772 0.744 0.744 
0.744 1 
22.Lobel I 0.738 0.738 0.738 0.738 0.738 0.738 0.738 0.738 0.738 
0.738 0.738 0.738 0.738 0.738 0.744 0.744 0.744 0.830 0.830 
0.861 0.744 1 
23.Nemac I 0.738 0.738 0.738 0.738 0.738 0.738 0.738 0.738 0.738 
0.738 0.738 0.738 0.738 0.738 0.744 0.744 0.744 0.861 0.849 
0.830 0.744 0,830 1 
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12.1.2.3. ASTE1ALE.CMC (Coplletflc m.%tirim for ASTIERALE.CPT) 

1.Aquifo 1 	1 
2.Aralia I 0.794 	1 
3.Brunia I 0.794 0.960 	1 
4.Escall I 0.406 0.406 0.406 	1 
5.Grisel I 0.656 0.656 0.656 0.406 	1 
6,Pittos 	0.406 0.406 0.406 0.776 0.406 	1 
7.Sambuc 	0.656 0.656 0.656 0.406 0.671 0.406 	1 
8.Viburn 	0.656 0.656 0.656 0.406 0.837 0.406 0.671 	1 
9.Argoph I 0.406 0.406 0.406 1.000 0.406 0.776 0.406 0.406 1 
10.Donat I 0.406 0.406 0.406 0,573 0.406 0.573 0.406 0.406 0.573 
1 
11.Benya I 0.406 0.406 0.406 0.664 0.406 0.664 0.406 0.406 0.664 
0.573 	1 
12.Perita .1 0.406 0.406 0.406 0.573 0.406 0.573 0.406 0.406 0.573 
0.675 0.573 	1 
13.Sphen I 0.406 0.406 0.406 0.866 0.406 0.776 0.406 0.406 0.866 
0.573 0.664 0.573 	1 
14.Styli I 0.406 0.406 0.406 0.573 0.406 0.573 0.406 0.406 0.573 
0,803 0.573 0.675 0.573 	1 
15.Aster 1 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 
0,269 0.269 0.269 0.269 0.269 	1 
16.Bruno 1 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 
0.269.0.269 0.269 0.2690.269 0.814 	1 
17.Calyc I 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 
0.269 0.269 0.269 0.269 0.269 0.814 0.866 	1 
18.Campa I 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 
0.269 0.269 0.269 0.269 0.269 0.501 0.501 0.501 	1 
19.Cyphi I 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 
0.269 0.269 0.269 0.269 0.269 0.501 0.501 0.501 0.806 	1 
20.Cypho I 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 
0.269 0.269 0.269 0.269 0.269 0.501 0.501 0.501 0.747 0.747 
1 
21.Goode 1 0.269 0.269 0.269 0.269 0.269 0.269 0,269 0.269 0.269 
0.269 0.269 0.269 0.269 0.269 0.583 0.583 0.583 0.501 0.501 
0.501 1 
22..Lobel I 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 
0.269 0.269 0.269 0.269 0.269 0.501 0.501 0.501 0.747 0.747 
0.861 0.501 1 
23.Nemac I 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 
0.269 0.269 0.269 0.269 0.269 0.501 0.501 0.501 0.861 0.806 
0.747 0.501 0.747 1 
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12.2 Voucher Tetiils 

(1 = living material; h = herbarium material; p = photographs) 

lAdeDwpIwro Thch, 
A.divaricata; Eddie 96086. (ex RBGE 875003). cult. (h,l,p) 
A. remotiflora; Eddie 96087. (ex RBGE 900973). cult. (h,l,p) 

2Asy12zievro Griseb. & Schenk. 
A. limoniifolium; Papanicolou 283. Greece (h) 
A. limoniifolium; Strid 23822. Turkey (h) 
A. limoniifolium; Hartvig 10585. Greece (h) 
A. canescens; Gustavsson 4134. Greece (h) 

3Azoriiiia Feen 
A.vidalii; RBGK 4548404814. cult. (1, d, p) 

4.BracIhycodoii Fed, 
B.fastigiatus; Eddie 87053. ex. RBGE (Univ. of Cordoba) (h,) 
B.fastigiatus; Eddie 85054. ex RBGE (hem C.Baeritz). (h) 

5.Capan iida L (essentially Sect ,Medhii in?s) 
C. aizoon; J. Persson 1729. Greece (h) 
C. alliariifolia; Archibald 250.300.Turkey (h) 
C. alliariifolia; RBGE 360064. cult. (h) 
C. alpina; Hartvig 10019. Greece (h) 
C. andrewsii; Eddie 86010. Greece (h,l,p) 
C. barbata; Archibald 251.700. Italy (h) 
C. barbata; RBGE 760194.cult. (h) 
C. bellidifolia; RBGE 770282. cult. (h) 
C. betulifolia; Archibald 252.000-2/4-5. Turkey (h,1) 
C. bornmuelleri; Archibald 252.300-2.Turkey (h,l) 
C. celsii; Eddie 86001. Greece (h,l,p) 
C.cervicaria; Hartvig & Christensen 6492 (h). 
C. collina; Archibald 253.600.Turkey (h) 
C. collina; RBGE 693700. cult. (h) 
C. coriacea; Archibald 253.800. Turkey (h,l) 
C. crispa; Archibald 253.901 .Turkey (h,l) 
C. cymbalaria; Strid 23799. Turkey (h) 
C. foliosa; Hartvig; 6592. Greece (h) 
C. formanekiana; Strid 16549 (h) 
C. glomerata; Eddie 86009. Greece (h,l,p) 
C. glomerata; Eddie 86012. London (h,l,p) 
C. grossekii; Univ. of London. cult. (h) 
C. hawkinsiana; Archibald 256.001 .Greece (h,l) 
C. hawkinsiana; Baden & Franzen 1138. Greece (h) 
C. incurva; Archibald 256.800. Greece (h,l) 
C. lactiflora; Archibald 257.500.Turkey (h) 
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C. lingulata; Greuter 11177. Bulgaria (h) 
C. oreadum; Archibald 259.700.Greece (h) 
C. oreadum; Strid 10077. Greece (h) 
C. orphanidea; Archibald 259.800.Greece (h) 
C. orphanidea; Papanicolou. 282. Greece (h) 
C. patula; Univ.of London. cult. (h) 
C. pyramidalis; Eddie 86019. ex RBGK. cult. (h,p,l) 
C. raddeana; RBGE 510212. cult. (h,l) 
C. radicosa; Gustavsson 3780. Greece (h) 
C. rapunculoides; Univ. of London.cult. (h) 
C. rhomboidalis; Archibald 262.250. France (h) 
C. rhomboidalis; RBGE 760537. cult. (h) 
C. rupestris; Archibald 262.300.Greece (h) 
C. rupicola; Archibald 262.400. Greece (h) 
C. rupicola; Franzen 589. Greece (h) 
C. sarmatica; RBGE 820077. cult. (h) 
C. saxatilis; Eddie 86011. Greece (h,l,p) 
C. saxifraga; RBGE 694317. cult (h) 
C. scheuchzeri; RBGE 490009. cult. (h) 
C. stricta; Strid 23621. Turkey (h) 
C. sparsa; Hartvig 4456. Greece (h) 
C. topaliana; Archibald 265.000. Greece (h,l) 
C. topaliana; Eddie 86003-4. Greece (h,l,p) 
C. topaliana; Eddie 86006-7. Greece (h,l,p) 
C. trachelium;Hertvig 4335. Greece (h) 
C. tymphaea; Moller & Petersen 1283. Greece (h) 
C. tymphaea; Hartvig 6731. Greece (h) 
C. aucheri; Archibald 251.500. Turkey (h,l) 
C. spatulata; Strid 15172. Greece (h) 
C. spatulata; Strid 10031. Greece (h) 
C. spatulata; Hartvig 6933. Greece (h) 
C. spatulata; Eddie 86008. Greece (h,l,p) 
C. thessala; J.S.Andersen 10057. Greece (h) 
C. trichocalycina; Greuter 15487. Greece (h) 
C. tridentata; Archibald 265 .400. Turkey (h) 
C. troegerae; Archibald 265.500. Turkey (h) 
C. velebitica; Strid & Papanicolou 16634 (h) 
C. versicolor; Hartvig 10795. Greece (h) 
C. waldsteiniana; Archibald 266.000.Yugoslavia (h) 
C. zoysii; Archibald 266.101. Austria (h) 

6.Campaiiii iidastr&am Small 
C.americanum; Eddie 96050. cult. (h,l.p) 

7.Caiiiiariiiu IL 
C.canariensis; Eddie; 87068. ex RBGE (Davis 67409). (h,1,p) 

8.Codonopsis Wall. 
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C. rotundifolia; RBGE 693922. cult. (h) 
C. bulleyana; RBGE 760331. cult. (h) 
C. cardiophylla; RBGE 500271. cult. (h) 
C. viridiflora. ex. Univ. of London. cult. (h) 
C. ovata; Univ. of London. cult. (h) 
C. clematidea; Acad. Sci. Lithuania. cult. (h) 
C. handeliana; Eddie 86015. ex RBGK. cult. (h,l.p) 
C. dicentrifolia; Eddie 96022. ex RBGE. cult. (h,l,p) 
C. lanceolata; Eddie 96023. ex RBGE. cult. (h,l,p) 
C. convolvulacea; Eddie 96091. (ex Scottish Rock Garden Club). cult. (h,l,p) 

9.Craterocapsa Hillliard & B.L. lIunrtt 
C. congesta; Hirst 0448. Lesotho (h) 
C. congesta; Hirst 0408. Lesotho (h) 
C. cf. montana; Hirst 0216. Lesotho. (h) 

10.Cyal?iiaiiiith&is Wall. em IBeirrith. 
C. lobatus; RBGE 771923. cult. (h) 
C. lobatus; RBGE 570349. cult. (h) 
C. lobatus; Sherriff 7496. (h) 
C. sp.; Eddie 96082. origin unknown. cult (h,l,p) 

1 LCylhiidrocarpa Regell 
severtzowii; Eddie 87047. ex RBGE (Popov 223). (h) 

12.Diospkaera Buser 
rumeliana; Greuter 15881. Greece (h) 

D. rumeliana; Strid 9055. Greece (h) 

13.Edraiainithus (A.DC.) DC. 
E. graminifolius; Hartvig 10447. Greece (h) 
E. graminifolius; Strid 19029. Greece (h) 
E. graminifolius; Baden 883. Greece (h) 
E. parnassicus; Gustavsson 6895. Greece (h) 

14.Feeria Buser 
F. angustifolia; Eddie 87001 (ex. S.Jury). Morocco. (h) 

15.Gadellia Schuilkina 
G. lactiflora; RBGE 583773. cult (h) 
G. lactiflora; RBGE 693714. cult. (h,l,p) 

16.09hopsis Nutt. 
G. diffusa; Eddie 87051 .ex RBGE (Langdon). (h) 
G. calycina; Eddie 87.052. ex RBGE (Hellewr & Brown). (h) 

1 7.Hirnabiisaya Nakal 
H. asiatica; Eddie 96018. ex RBGE. cult. (h,l,p) 
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1.Heterocodopii Nutt. 
H. rariflorum; Eddie 87071 (ex. Rancho Santa Ana, 40828). (h). 

19.Howcodoiin D.Y. Hong 
H. brevipes; Eddie 87072. ex RBGE (Forrest 7846). (h) 

20Jasioiine L 
J. heldreichii; Univ. of London. cult. (h) 
J. montana; Eddie 87100. Suffolk. (h,p) 
J.laevis; Eddie 96035. cult. (h,l,p). 
J.crispa; Eddie 96083. cult. (h,l,p) 

2 LLegoiuisiii Dorande 
L. speculum-veneris; Eddie 87003. cult. (h) 
L. speculum-veneris; Eddie 96034. (ex Paris) cult.(h) 

falcata; Eddie 96017. cult. (h,l,p) 

22.Leptocodoiiii (Hook. f.) Lem. 
L.gracilis; Eddie 87059. ex RBGE (Cave). (h) 
L.gracilis; Eddie 87.060. ex RBGE (Ludlow & Sherriff). (h) 
L.gracilis; Eddie 96021. ex RBGE. cult. (h,l,p) 

23.Miclui.uuixia L'IHIeir. 
laevigata; Archibald 677.200. Turkey (h) 

M. tchihatchewii; Archibald 677.300. Turkey (h) 
M. tchihatchewii; Strid 24078. Turkey (h) 

24.Miuzsschia TDtmcart. 
M. aurea; RBGE 760217. cult. (h,l,p) 
M. aurea; ex Botanischer Garten der Justus-Liebig Univ. cult. (h,l,p) 
M. wollastoni; RBGE 801834. cult. (h,l,p) 

25.Nesocodon Tllunlb 
N. mauritianus. Eddie 86.022, ex. Univ. of Dublin. (h,p,l) 

26.Ostrowskia Regell 
0. magnifica; RBGK. SD.1342. USSR. (h,p,). 

27.Peracarpa Hook!. & Thorns. 
P. circaeoides; Eddie 87069. ex RBGE (Yamazaki). (h). 
P. carnosa; Eddie 87070. ex RBGE (Pram). (h) 

2$.Petropv1aruIa Vent. ex lHIedw. T. 
P. pinnata; Stamatiadou 17344. Greece (h) 
P.pinnata; Eddie 96066 (ex Pankhurst). Greece. (h) 

29.Phyte&aiina L. 
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P. spicatum; Eddie 96090.(ex RBGE 770151). cult. (h,l,p) 

31LPhysopIexis (EinidlL) Sthuiir 
P. comosus; RBGE 2626. cult. (h,1,p) 

3 JPktycodoiii AMC. 
P. grandiflorum; ex. Univ. of London. cult. (h) 
P. grandiflorum; Acad. Sci. Lithuania 653. cult (h,p,l) 
P. grandiflorum; Eddie 96076. Nantes. cult. (h,l,p) 

32.Ro&cthi Duiirirri, 
R. drabifolia; Stamatiadou 16761. Greece (h) 
R. erinus; Strid 8599. Greece (h) 
R. drabifolia; Eddie 86002. Greece (h,l.p) 
R. drabifolia; Eddie 86005. Greece (h,l,p) 

erinus; Eddie 96016. cult. (h,1) 

33.Seirgia Fl. 
regelii; Eddie 87048. ex RBGE (Popov & Vedensky). (h) 

34.Synp!zyaiiiidra A.1BC. 
S. wanneri; Strid & Georgiadou 13601. Greece (h) 
S. hoffmannii; Univ. of London. cult. (h) 
S. odontosepala; Eddie 87001. ex RBGK. cult. (h,p) 
S.zangezura; RBGE 685139. cult. (h,p) 

35.Tracheliiuim L 
T. caeruleum; Eddie 87004. origin unknown. cult. (h) 

36. WaJilethergia Sdiirall. em Roth 
W. angustifolia; RBGK 4517004396. cult. (h,p) 
W. marginata; RBGK 3306833002. cult. (h,p) 
W. gracilis; RBGK 0178500788. cult (h,p) 
W. gracilis; Eddie 86013. ex RBGK. cult. (h) 
W. mathewsii; RBGK 2457202274. New Zealand (h) 
W. ceracea; RBGK 2077802106. Australia (h) 
W. gloriosa; RBGK 2367701868. Australia (h) 
W. undulata; Eddie 86014. ex RBGK. cult. (h,p) 
W. berteroi; ex Ricci. Chile. (h) 
W. larrainii; Eddie 96058 (ex Ricci). Chile (h,l.p) 
W. grahamae; ex Ricci. Chile. (h) 
W. androsaceae; Hirst 0317. Lesotho. (h,1) 

420 


