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ABSTRACT 

The classification of Raoulia and allied genera in New Zealand 

is reviewed with the aid of numerical phenetic analysis. 

Two analyses were carried out, one on 117 specimens of Raoulia 

using 84 morphological characters and the other on 79 specimens of 

Gnapha1iinae using 165 morphological characters. 

At least seven species exist, all falling within the currently 

accepted limits of Raoulia, additional to those recognised by Allan. 

The genus as currently recognised is heterogeneous, containing three 

distinct groups and several isolated species. The present subgeneric 

and sectional arrangement of the species is demonstrated to be 

inappropriate. The bulk of Raoulia should be split into two genera. 

The affinities of R. cinerea lie \'lith Helichrysum. Generic limits 

elsewhere in the group are shown to be inaccurately defined. Thus 

Helichrysum bellidioides should be transferred to Anaphalioides (Benth.) 

Kirp., Leucogenes has closest ties to Raoulia subg. Psychrophyton and 

the New Zealand and Australian species of Ewartia are not congeneric. 

Numerical phenetic analysis is shown to be a useful tool in 

classification, particularly in a group such as the Gnapha1iinae in 

which genera are not clearly defined. Experiments in varying different 

components of the data base and of the numerical method produce many 

different arrangements of the same plant group, and demonstrate that 

no one arrangement is of necessity a reliable indication of phenetic 

relationships and, furthermore, that different results may all provide 

information useful in classification. Analyses based on floral and 

vegetative characters produced results different from each other and 



viii. 

from the two combined; floral characters contribute more heavily to 

the overall arrangement than do vegetative ones and their contribution 

is greater at higher taxonomic levels. Altering the similarity measure 

from Gower's general coefficient of similarity to the simple matching 

coefficient has little effect, as does removing the weighting effect 

of additive coding of multi-state characters. In comparison, the 

effect of varying the clustering technique is marked, with the results 

of complete linkage and especially centroid sorting proving low in 

congruence with the similarity matrix while single linkage produces 

a phenograrn with low structural value. In spite of the presence of 

markedly unequal samples of different taxa, very little difference 

is found between UPGMA and WPGMA. 
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INTRODUCTION 

This thesis is concerned with the classification of the genus 

Raoulia, which falls within the subtribe Gnaphaliinae of the tribe 

Inuleae, family Compositae. Raoulia contains twenty recognised species 

of mat and cushion plants, all endemic to New Zealand. Within the 

Gnaphaliinae, Raoulia occupies an intermediate position between two 

large and poorly defined genera, Gnaphalium and Helichrysum, and is 

apparently closely related to two small Australasian genera, Leucogenes 

and Ewartia. Genera in the Gnaphaliinae are in many instances not 

clearly demarcated, and the status and relationships of Raoulia are 

uncertain. Internally the genus is diverse and the circumscription 

and ranking of its constituent taxa are unsatisfactory. 

The work described in this thesis is part of more extensive 

research being carried out on the classification and evolution of 

Raoulia, which includes experimental cultivation, hybridisation 

experiments, cytological investigation, numerical phenetic analysis, 

cladistic analysis, the generation of phylogenetic trees and formal 

taxonomic revision. 

The primary aim of this thesis is, by carrying out a numerical 

phenetic study of Raoulia, to provide evidence for use in the 

classification of the genus and the elucidation of its evolutionary 

relationships. 

A second aim is to try to discover the relationship between 

traditional classification and a numerical phenetic technique which 

follows traditional methods as closely as possible except that it uses 

a large number of characters without a priori weighting. Apart from 

providing objectivity, numerical methods permit the simultaneous 
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comparison of large numbers of plants and characters. If it can be 

demonstrated that numerical analysis produces the same kind of results 

as traditional methods but does it more efficiently and effectively, 

then it will have been shown to be a useful tool for the practising 

taxonomist. 

A third aim, not unconnected with the second, is to explore the 

effects of some variations in data and method on the numerical analysis 

of this plant group. 

This thesis comprises the classification of RaouZia by 

numerical methods and the comparison of the resulting phenetic 

systems of classification with each other and with those derived by 

more traditional methods. Chapter 1 gives an historical account of 

the classification of RaouZia and'allied genera. Chapter 2 deals with 

materials and methods and the presentation of results: section A 

describes the plant groups and their sampling, section B is concerned 

with characters and their selection, section C outlines and discusses 

numerical techniques, and section D explains the presentation of the 

results of the numerical analysis. Chapters 3 and 4 are concerned with, 

respectively, taxonomic relationships within the genus and of RaouZia 

with allied genera. Chapters 5 to 9 explore the effects of varying 

different components of the numerical analysis, including both data base 

and methods. In Chapter 5 different character sets, and in Chapter 6, 

different methods of coding, are compared; Chapter 7 examines the 

weighting effect of a coding method used in Chapter 6; in Chapter 8 the 

results of applying different clustering methods to a single data set 

are compared and in Chapter 9 some small pilot experiments are described 

which explore the effects of including hybrids, employing incomplete 

data, eliminating uncorrelated characters and refining the treatment of 

two-state characters. Chapter 10 presents an evaluation of numerical 
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CRAPTER 1 

THE TAXONOMIC STRUCTURE AND POSITION OF RAOULIA: 

AN HISTORICAL PERSPECTIVE 

The most recent published account of the genus Raoulia is that of 

Allan (1961) in the Flora of New Zealand Vol. 1, in which he recognises 

twenty indigenous species. The entire genus, as presently constituted, 

is endemic to New Zealand, species described from Australia and New 

Guinea having been transferred to other genera (Beauverd, 1910; van 

Royen, 1973). This thesis follows Allan's classification of Raoulia 

because his is the currently accepted treatment of the genus. This is 

done in the interests of clarity and is not intended to imply that the 

present author regards Allan's classification as correct. 

The genus Raoulia was published by Sir Joseph Hooker in 1846 

in Raoul's Choix de Plantes de la Nouvelle-Zelande, to accompany the 

figure of the species collected by Raoul at Akaroa. The generic 

description is apparently taken from the manuscript of Hooker's 

forthcoming Flora of New Zealand and is apparently based on both 

Australian and New Zealand material (the former is now placed in 

Ewartia). 

SPECIES AND VARIETIES 

The species described in the Choix is R. australis, but whether 

the description applies entirely to Raoul's material, and if it does, 

whether his material was ascribable toR. australis Hook. f. sensu Allan 

or to R. hookeri Allan or to both, are matters still unresolved. 



4 

R. australis is clearly the type of the genus, but to which taxonomic 

entity the name should be attached is still unclear. This nomenclatural 

problem is outlined and discussed in Appendix 1. 

In 1853, in Vol. 1 of his Flora of New Zealand, Hooker 

demonstrated a broad concept of R. australis, including both of the taxa 

mentioned above. He also described four new species, R. subsericea3 

R. glabra3 R. tenuicaulis and R. grandiflora. A further species, 

R. bryoides, was described in 1855 in the second volume of the Flora 

of New Zealand and another six, R. haastii3 R. monroi3 R. subulata3 

R. hectori3 R. eximia and R. mammillaris, in the Handbook of the New 

Zealand Flora (Hooker, 1864). R. youngii was also described in the 

Handbook, but was placed in a different genus (Gnaphalium (Helichrysum)). * 

Between the publication of Hooker's Handbook in 1864 and Kirk's 

The student's Flora of New Zealand and the Outlying Islands in 1899, a 

further six species were described in the Transactions of the New Zealand 

Institute. They were R. petriensis (Kirk, 1877), R. apice-nigra (Kirk, 

1879), R. rubra (Buchanan, 1882), R. parkii (Buchanan, 1882), R. goyenii 

(Kirk, 1884) and R. albo-sericea (Colenso, 1888). In the student's 

Flora, Kirk added two provisional species, R. buchananii (later accepted, 

with reservations, by Allan) and R. brownii (provisionally included by 

Allan in R. eximia), and also introduced infraspecific classification 

into the genus in the form of six varieties. These were R. tenuicaulis 

var. pusilla, Buchanan's unpublished var. mollis of R. hectori (both 

accepted by Allan), R. eximia var. lata (which, like R. brownii, is by 

Allan provisionally included in R. eximia pending further study of the 

variation within that species) and three varieties of R. australis. 

Kirk described R .. australis var. lutescens to accommodate the small-

* Placed by Hooker in Gnaphalium, but with the suggestion that it might 
be better located in Helichrysum (see p. 13). 
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leaved South Island taxon which now forms part of R. australis Hook. f. 

sensu Allan. The remaining two varieties resulted from the change in 

status of two already published species, R. apice-nigra Kirk becoming 

R. australis var. apice-nigra and R. albo-sericea Col. becoming 

R. australis var. albo-sericea. 

In 1910 Beauverd altered the limits of Raoulia, transferring nine 

species to Psychrophyton, a new genus (see p. 8 below), and thereby 

reducing the number of species to eight: R. tenuicaulis~ R. haastii~ 

R. glabra~ R. subsericea~ R. parkii~ R. lutescens~ R. australis and 

R. monroi. It was clear to Beauverd, as it had been to Kirk, that 

Hooker had included two distinct taxa in his widened concept of 

R. australis. Unfortunately it was by no means clear which taxon had 

been collected by Raoul at Akaroa. Since Kirk (1899) had already given 

one of these taxa a new name, var. lutescens, the two entities could be 

given the status of separate species simply by changing the rank of this 

variety. This Beauverd did, cre~ting the new species R. lutescens (Kirk) 

Beauverd and retaining the name R. australis for the remainder of 

R. australis Hook. f. sensu lato. R. australis now comprised the type 

variety and Kirk's other two varieties, var. apice-nigra and var. 

albo-sericea. 

In 1912, Beauverd revised his conception of the limits of the 

genus so that R. subulata~ R. grandiflora~ R. youngii~ R. hectori~ 

R. eximia~ R. mammillaris~ R. bryoides 3 R. goycnii and R. rubra were 

reinstated. R. buchananii (not listed as a species in Beauverd's earlier 

paper because in the absence of floral characters he considered the 

generic identity uncertain) was included and its description was expanded 

to include the previously unknown floral characters. R. petriensis 

(also not included in Beauverd's earlier (1910 loco cit.) species list, 

in this case because he had not seen it and did not have enough 



information to decide whether it should be placed in Raoulia or 

Psychrophyton) was recognised as a species of Raoulia sensu lato. 

In addition, Beauverd published what he took to be an undescribed 

species, and which he named R. cheesemanii. This was, in fact, the 

taxon described by Hooker in 1864 as R. monroi. Beauverd's mistake 

was undoubtedly due to Hooker's inexplicable omission from his 

description of the most distinctive character of the species, the 

distichous leaf arrangement. It is hardly surprising that Beauverd 

6 

took another otherwise very similar species which occurs in dry, montane 

parts of the southern South Island to be Hooker's R. monroi, and 

described the true R. monroi Hook. f. as R. cheesemanii. Cockayne 

(1914) later discovered Beauverd's error and confirmed it by having 

specimens of R. cheesemanii compared with the type of R. nlonroi Hook. f. 

They matched exactly. Cockayne (loc. cit.) considered the two entities 

(R. monroi Hook. f. and R. monroi sensu Beauverd) to be distinct species, 

and since the one thought by Beauverd to be R. monroi was without a 

valid name, he named it R. beauverdii. 

The genus gained another species in 1910 with Cheeseman's 

publication of R. gibbsii, and yet another in 1913 when Petrie published 

R. cinerea. In 1925 Cheeseman, in the second edition of his Manual of 

the New Zealand Flora, made two additions to the genus in the form of 

new combinations. The plants originally described by Buchanan in 1882 

as Haastia loganii and later placed in Helichrysum by Kirk (1899) and 

Cheeseman (1906) became Raoulia loganii, while Buchanan's Gnaphalium 

(Helichrysum) fasciculatum (1877) became R. grandiflora var. fasciculata. 

Cheeseman had not seen specimens of Kirk's R. brownii and R. ex~m~a var. 

lata and did not accord them formal taxonomic status. 

The taxonomic treatment of the genus remained unchanged until the 

publication of Allan's Flora of New Zealand Vol. 1 in 1961, in which the 



most controversial change was the reversal of Beauverd's decision on 

the application of the name of the type species, R. australis. On the 

basis of a fragment of the Raoul collection at Kew, which "is clearly 
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the R. lutescens of Beauverd" (Allan, loc. cit., p. 702), R. lutescens 

(Kirk) Beauverd became R. australis Hoole. f. in Raoul (1846) while the 

entity retained by Beauverd as the type variety of R. australis is 

renamed R. hookeri. Allan listed three other varieties of R. hookeri: 

var. albo-sericea is the same entity as R. australis var. albo-sericea 

(Col.) Kirk; var. apice-nigra is an amalgamation of R. australis var. 

apice-nigra Kirk and R. beauverdii Ckn., which were thought to be 

synonymous (Cockayne, 1921; Allan, loc. cit.); var. laxa is a new 

variety erected by Allan to contain a distinctive form from South 

Westland. In addition, Allan described a new variety, var. dimorpha, 

within R. tenuicaulis, and denied formal taxonomic status to R. gibbsii 

Cheesem. and R. loganii (Buchan.) Cheesem., both of which comprise 

intergeneric hybrids between Raoulia and Leucogenes. A third such hybrid 

taxon, R. grandiflora var. fasciculata (Buchan.) Cheesem., is also not 

given formal taxonomic recognition and Allan noted that its status is 

uncertain. 

SPECIES GROUPS 

Raoulia has long been regarded as a heterogeneous group. The 

classic division of the genus was introduced by Hooker in 1864 in the 

Handbook of the New Zealand Flora. He pointed out that the twelve 

species fell into two natural and distinct sections of which that 

comprising R. subulata~ R. eximia~ R. grandiflora~ R. mammillaris and 

R. bryoides, characterised by a convex, often hispid receptacle, 

achenes with very long, silky hairs and a thickened areole at the base, 

and stout, rigid opaque pappus hairs thickened at the tip, was probably 
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a good genus. The two sections were formally published by Bentham and 

Hooker (Genera PZantarum VoZ 2~ 1873) as sect. Leptopappus and sect. 

Imbricaria and maintained by Kirk (1899) and Cheeseman (1906). In 1910 

Beauverd elevated them to genera (RaouZia and Psychrophyton respectively), 

but in 1912, after seeing the somewhat intermediate R. petriensis, he 

reduced them to subgenera. His subg. Eu-RaouZia is characterised by 

many very slender pappus hairs, glabrous or shortly puberulous but 

never silky-hairy achenes and filiform florets exceeding or equal to 

the tubular florets in number (except in R. petriensis). Subg. 

Psychrophyton has pappus hairs which are few, thick and flattened, 

achenes with long silky hairs (except sometimes in R. hectori) and the 

tubular florets exceeding the filiform in number. Beauverd divided 

RaouZia into five sections, Radiatae and Eradiatae in subg. Eu-RaouZia 

and Trinerves~ Uninerves and Truncatae in subg. Psychrophyton. 

Cheeseman (1925), in the second edition of his Manual of the 

New ZeaZand FZora~ followed Beauverd's arrangement but clarified 

the diagnoses of the subgenera and sections. The two subgenera were 

distinguished on the pappus alone, Eu-RaouZia having 50 to 100 or 150 

pappus hairs, in several series, very thin and slender, and usually 

denticulate, while in psychrophyton the hairs were 15 to 25, in one 

series, compressed, thickened towards the apex and furnished with 

clavate papillae. Sect. Radiatae was characterised by inner phyllaries 

with white, radiating tips and contained R. petriensis 3 R. parkii~ 

R. subsericea~ R. gZabra and R. Zutescens. Sect. Eradiatae~ in contrast, 

had inner phyllaries which were not white and radiating, and leaves 

which were spathulate, recurved, obtuse or retuse and greyish pubescent. 

It comprised R. austraZis~ R. monroi~ R. haastii~ R. tenuicauZis and 

R. cinerea. In subg. Psychrophyton~ sect. Uninerves~ containing 

R. subuZata~ R. eximia and R. mammiZZaris, was characterised by leaves 



which were uninervate at the base and acuminate or rounded at the 

apex; sect. Truncatae had leaves again uninervate at the base but 

truncate or retuse at the apex, and contained R. goyenii~ R. rubra 

and R. buchananii; sect. Trinerves contained those species which were 

trinervate at the base, R. youngii~ R. grandiflora and R. hectori, as 

well as R. loganii and R. gibbsii (then thought to be species), 

and R. bryoides in which the leaves were erroneously thought to be 

trinervate. 

Allan (1961) followed Cheeseman with some minor modifications. 

The name of subg. Eu-Raoulia was changed in accordance with more 

recent nomenclatural rules to subg. Raoulia. The single species 

with features of both subgenera, R. petriensis, was assigned to a 

subgenus of its own, subg. Mistura. The sections of subg. 

Psychrophyton were increased from three to four; sect. Truncatae 

remained unchanged; sect. Trinerves was defined as before but its 

content was halved since R. loganii and R. gibbsii were no longer 

recognised as species and R. bryoides was recognised as uninervate. 

Beauverd's sect. Uninerves was replaced by sect. Rotundatae containing 

those species with a uninervate or obscurely trinervate leaf with a 

rounded apex, R. eximia~ R. mammillaris and R. bryoides, and sect. 

Acuminatae with the single distinctive species R. subulata. 

ALLIED GENERA 

The subtribe of the Inuleae to which Raoulia belongs, the 

Gnaphaliinae, is represented in the New Zealand flora by five 

genera, Gnaphalium~ Raoulia> Leucogenes~ Ewartia and Helichrysum 

(Table 1.1). 

9 
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Table 1.1 The taxa included in the numerical analyses. 

{' '"'ph,,, oid group" { sect. Anaphalioides {G. trinerve 
G. lwokeri 

Gnaphaliwn "gnaphalioid group" -E sect. Euchiton {G. mackayi 
G. nitidulwn 

"achyroclinoid group" -( sect. Calolepis -{G. luteo-albwn r australis 

sect. Raoulia R. parkii 
R. subse1'icea 
R. glabra 
R. hooke1'i var. hookeri 
R. hookeri var. apice-nigra 

subg. RaouZia R. lwokeri var. albo-sericea 
R. hookeri var. laxa 

sect. Eradiatae R. haastii 
R. tenuicaulis var. tenuicauZis 
R. tenuicaulis var. pusilZa 
R. cinerea 
R. monroi 

RaouZ.ia subg. Mistura -[ ~R. petriensis 
sect. Acu~natae R. subulata 

n""-pol~in'" 1 
r 

grandiflora 

sect . . T1'inerves R. youngii 
spec~es R. hectori var. hectori 

subg. 
R. hecto1'i var. mol lis 

{ 
R. eximia 

Psych:mphyton sect. Rotundatae R. mammi llaris 
pulvinate R. bryoides 
species 

{R. 
goyenii 

sect. Truncatae R. rubra 
R. buchananii 

{R. 
sp. K 

Undescribed spp. R. sp. L 
R. sp. M 

Leucogenes [L. leontopod{wn 
L. grandiceps 

~tia{ 
N.Z. -[E. sinclairii r catipes 

Australia 
E. nubigena 
E. meredithae 
E. planchonii 

ad iohry,"~ { [ sect. Xerochlaena {H. beUidioides H. filicaule 

{H. depressum 
sect. Ozothamnus H. parvifoliwn H. selago 

Cassinia -C [C. leptophylla 
C. fulvida 

Mniodes --[ [M. sp. 
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Gnaphalium is a heterogeneous, cosmopolitan genus of some 

230 species.* There are three major species groups within the genus, 

the achyroclinoid group which resembles the genus Achyrocline, 

the anaphalioid group which resembles the genus Anaphalis* and the 

gnaphalioid group, which is by far the largest and is subdivisible into 

four sections, Gnaphalium~ Omalotheca~ Gamochaeta and Euchiton (Drury, 

1970, 1972). New Zealand has sixteen indigenous species of Gnaphalium~ 

of which eleven are gnaphalioid and fall within sect. Euchiton (Drury, 

1972), one is achyroclinoid and four are anaphalioid. The achyroclinoid 

species, G. luteo-album, is widely distributed, the anaphalioid species 

are endemic and the gnaphalioid species vary from widespread to endemic, 

with one species included in the present study (G. mackayi) confined to 

New Zealand, and the other (G. nitidulum) known also from New South 

Wales (Drury, 1972). 

Leucogenes is a small, endemic genus with two species recognised 

by Allan (1961) and two more yet to be described (Molloy, pers. corum.). 

Ewartia is a small Australasian genus with one species endemic to 

New Zealand, three species endemic to Tasmania and a fifth in Victoria 

and New South Wales. 

Helichrysum is a large genus of some 500 species distributed 

through Europe, Asia, Africa and Australasia. Bentham, in the Genera 

Plantarvm (1873) lists two subgenera of which the first, Euhelichrysum~ 

is divided into ten sections. Three of these are represented in the 

New Zealand flora, of which one, sect. Leontopodioides~ now has generic 

status as Leucogenes. Of the other two, sect. Xerochlaena has two species 

in New Zealand and sect. Ozothamnus has seven; all nine species are endemic. 

* The genus Gnaphalium, as conceived by Merxmuller et al. (in Heywood 
et al., 1977), contains only about 150 species. A fifth section, 
Synchaeta Kirp., is recognised. The achyroclinoid group (Gnaphalium 
sect. Calolepis Kirp.) should be excluded from Gnaphalium but its 
correct position is still obscure. The anaphalioid group, described 
as Gnaphalium sect. Anaphalioides by Bentham (1873b) and raised to 
generic status by Kirpichnikov (1950), is given "semi-accepted" generic 
status pending further knowledge. 



That there are problems in delimiting these five genera is 

apparent from a perusal of the synonymy given in Allan's Flora. 

Of the currently accepted taxa, one in Gnaphalium was formerly placed 
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in Helichrysum and another in Raoulia, three in Helichrysum have been 

referred to Gnaphalium and one species of Raoulia and both species of 

Leucogenes have been placed in both Gnaphalium and Helichrysum. The 

single indigenous species of Ewartia was earlier placed in Gnaphalium 

and Helichrysum. Hybrids between Raoulia and Leucogenes have been 

described as species of Gnaphalium (G~ (H.) fasciculatum Buchan.), 

Helichrysum (H. pauciflorum Kirk, H. loganii (Buchan.) Kirk, H. grahamii 

Petrie) and Raoulia (R. loganii (Buchan.) Cheesem., R. gibbsii Cheesem.). 

Of the four Australian species of Ewartia, at one time or another two 

have been placed in Gnaphalium and all four in Raoulia (Beauverd, 1910, 

1911). 

Hooker noted in 1864 that Raoulia was a genus founded on habit 

more than on any good characters that could separate it from Gnaphalium 

sect. Helichrysum. He considered that the section of Raoulia later 

named sect. Imbricaria probably constituted a good genus, but that the 

other species (including R. australis~ R. tenuicaulis~ R. haastii~ 

R. monroi~ R. glabra and R. subsericea) might perhaps fall into 

Gnaphalium or Helichrysum. Bentham, in the Genera Plantarum (Vol 2, 

1873), noted that Raoulia is not clearly separable from either Gnaphalium 

or Helichrysum, and in the Flora Australiensis (Vol 3, 1866) he included 

Raoulia both with Cassinia and Helichrysum in the subtribe Helichryseae 

and with Gnaphalium and Antennaria in the subtribe Eugnaphalieae, 

Kirk (1899) considered that it was impossible to maintain Raoulia as a 

separate genus (although he did retain it for convenience) since there 

were no characters to distinguish it from Gnaphalium and Helichrysum 

except the peculiar habit. He suggested placing sect. Leptopappus in 
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GnaphaZium and sect. Imbricaria in HeZichrysum. Beauverd at first split 

the genus into two but later reunited it (1910, 1912). Allan (1961) 

maintained RaouZia without comment. 

In the Handbook of the New ZeaZand FZora in 1864, Hooker claimed 

that the New Zealand species of GnaphaZium and HeZichrysum could not be 

separated naturally into the two genera. He placed all these species in 

GnaphaZium but suggested that those with thick pappus hairs broadening 

at the tip and with the outer [filiform] florets usually in one series, 

should perhaps be distinguished from GnaphaZium as HeZichrysum or 

Antennaria. These species ,,,ere those now knm"n as RaouZia youngii ~ 

Ewartia sincZairii~ Leucogenes Zeontopodium and L. grandiceps; it is 

interesting to note that the only species which are currently located 

in HeZichrysum and which were placed in either genus at the time, namely 

H. beZZidioides and H. fiZicauZe, Hooker placed without question in 

GnaphaZium! (The other species currently included in Helichrysum were 

placed by Hooker in a separate genus, Ozothamnus R. Br.) Relationships 

of the New Zealand species of Gnaphalium have been discussed by Drury 

(1970, 1972). 

The genera Leucogenes and Ewartia were erected by Beauverd in 

1910 and have been accepted by later authors. In this same paper 

Beauverd considered Anaphalis~ Leontopodium and Antennaria in relation 

to the main genera in this study. 

With two exceptions, no genera other than the five which are 

both in the New Zealand flora and currently considered to be members 

of the subtrjbe Gnaphaliinae are included in this study. 

Cassinia is included because it is doubtfully distinct, in 

New Zealand at least, from Helichrysum sect. Ozothamnus. Hooker (1864) 

noted that ozothamnus had the characters of Cassinia, but without any 

scales among the florets. He also noted that C. fulvida Hook. f., 



lacking these scales, might be more correctly placed in Ozothamnus~ 

and that C. vauvilliersii (Homb. et Jacq.) Hook. f. (formerly 

O. vauvilliersii) was scarcely distinguishable from a true 

Ozothamnus of Tasmania, O. cuneifolius A.C. 

A species which grows in the Andes of South America, and 

which closely resembles Raoulia eximia in external appearance 

(Wilson, pers. comm.) , has also been included; it is apparently 

dioecious and is referred to Mniodes (A. Gray) Benth. et Hook. f. 
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CHAPTER 2 

MATERIALS AND METHODS 

INTRODUCTION 

The construction of a system of classification by numerical 

phenetic methods involves six operational steps: 

1. The selection and assembling of the units to be classified. 

2. The selection of characters and the construction of a data matrix 

recording the expression of each character in each unit. 

3. The estimation of resemblance among the units, based on their 

character expressions. 

4. The formation of taxonomic groups, based on degrees of resemblance 

among the units. 

5. The attribution of rank. 

6. Discrimination. 

The first two steps are described in this chapter (in sections 

A and B respectively), as are the techniques used in the third and 

fourth steps (in section C). The final section (section D) explains 

how the results of the fourth step are presented. Since it is not 

proposed to erect a system of classification based exclusively on the 

results of this numerical study, the final two steps are not here 

included. 
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SECTION A. THE PLANTS 

One aim of the present numerical analysis is to elucidate 

phenetic relationships both within the genus Raoulia and between it 
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and closely related genera. To do so, one would wish to include all 

the variation present in the group. The ideal approach would be to 

study all the individual plants belonging to the group being classified, 

but since this is not possible representative samples must be chosen, 

which poses two major selection problems. In the first place, one must 

choose the groups which are to be sampled, and in the second place one 

must decide how to sample these groups. With a desire for objectivity 

and thoroughness in mind, one would wish to sample all the populations 

within the group to be classified. This would adequately cover all the 

variation in the group as well as removing the necessity for relying on 

taxa which are the result of previous classifications. 

In a genus like Raoulia, such an approach is not feasible within 

the bounds of a numerical study using a large number of characters. 

It would be difficult, even if all the taxa involved were of limited 

distribution, because of the strain on computer facilities, the problem 

of obtaining all the required material in a comparable state and the 

time involved in extracting and recording the data. In practice, in 

the case of Raoulia, to sample all populations would be quite impossible, 

because the commonest species in the genus are widespread and composed 

of innumerable individual populations. In this study, reliance was 

placed on previous extensive knowledge of the genus and the sampling 

technique was varied to fit the problems being investigated. This 

enabled the elucidation of a number of problems at different hierarchical 

levels without the total number of specimens becoming excessively large. 

For example, at the species level within subgenus Raoulia, the widely 



distributed and internally variable R. hookeri is represented by a 

much larger sample (33 specimens) than is the uniform and less widely 

distributed R. haastii (3 specimens). 

17 

The data have been divided into two sets, the first encompassing 

only the genus RaouZia and called Data Set 1, and the second including 

all the genera in the study and called Data Set 2. This strategy was 

deemed advisable for two reasons. Firstly, relationships in RaouZia 

were to be investigated at lower taxonomic levels than in the group as 

a whole. Secondly, some characters which vary among the genera are 

invariable in RaouZia, while some characters for which data was not 

available in all specimens of Data Set 1 could be included if a smaller 

sample of RaouZia was used in the study of the genera. Thus the division 

of the data into two sets enabled the use of different characters and the 

tailoring of samples to the hierarchical levels being investigated. 

The lowest ranking taxa employed in a given study are 

conventionally referred to as operational taxonomic units or OTUs 

(Sakal and Sneath, 1963; Sneath and Sokal, 1973). They may be 

individuals or aggregates of individuals such as populations or species. 

If they are individuals, they may be studied as individuals or, more 

commonly, as representatives of groups such as populations or species, 

in which case they are sometimes termed exemplars. If exemplars are 

used, care must be taken to select specimens which are typical of the 

groups they represent while at the same time guarding against the 

exclusion of material because it does not fit neatly into a previously

established taxon. 

The OTUs in this study are individuals representing populations 

(except in the case of hybrids, which are studied as individuals). 

Since not all populations of a taxon have their own exemplar, the OTUs 

represent groups of populations which are without known internal 
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discontinuities. 

Data Set 1 

Within the genus Raou~ia, the type subgenus is the largest in 

terms of both distribution and number of taxa. 

R. austra~is is widespread throughout the drier parts of the 

South Island, while in the North Island it is confined to the south-east 

coast and the Volcanic Plateau. It contains two geographically and 

morphologically distinct components, a larger southern one represented 

by five specimens (1-5) and a smaller northern one represented by two 

(6-7). 

R. parkii is restricted to drier parts of the eastern South 

Island. It has a markedly disjunct distribution, with a southern area 

extending from Central Otago into the Mackenzie Basin and a northern 

area in inland Marlborough. A few small, possibly remnant, populations 

occur in between, e.g. at Casso The southern component is represented 

by three OTUs (8-10), the intermediate by two (11-12) and the northern 

by three (13-15). 

R. subsericea ~s common throughout most of the South Island and 

extends into the south-west tip of the North Island. Although it shows 

variations in vegetative morphology which are not always just phenotypic, 

it does not contain any obviously distinct taxa. It is represented by 

seven specimens (16-22) covering a wide area and the known range of 

variation. 

R. g~abra is a common species from Mt. Egmont southwards. 

Known variation is almost entirely environmentally induced; population 

samples grown under uniform conditions show no evident differences. 

This species is represented by five specimens (23-27). 

Raou~ia hookeri, as described in Allan (1961), contains four 

varieties. It is a complex group in which the patterns of variation 
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are not yet completely understood, and it is represented in this study 

by 33 OTUs (29-61). R. hookeri var. hookeri occurs on riverbeds 

throughout the South Island, except in South Westland where it is 

replaced by a local variant, var. Zaxa. The boundary bet,.;reen these 

two taxa is not clearly defined by Allan; the lax habit can occur at 

least as a phenotypic variation in var. hookeri. Two specimens (60,61) 

of var. Zaxa, one from the type locality at Franz Josef and one from a 

coastal population slightly further south at Gillespie's Beach, are 

included in the study. Five of the OTUs listed under var. hookeri 

(31-35) are of uncertain status; they may fall within the limits of 

either variety or they may represent a series of populations linking 

the two. 

Forms of R. hooken more or less similar to the typical variety 

of riverbeds but occurring on the sea coast are represented by specimens 

28, 30, 45 and 46, listed under var. hookeri. The remaining ten OTUs 

listed under var. hookeri (29, 36-44) were selected to represent the 

distribution and the known variation. Two specimens (33, 34) from one 

population and three (39-41) from another were included to provide a 

measure of variation within populations to compare with that between 

populations. 

R. hookeri var. apice-nigra is common at higher altitudes from 

Central Otago to South Canterbury and in inland Marlborough (a 

geographical distribution similar to that of R. parkii). Also included 

by Allan in this variety is the form which occurs at lower altitudes in 

the southern part of the South Island east of the main divide and which 

was described by Cockayne (1914) as R. beauverdii. Var. apice-nigra is 

represented by nine OTUs, seven from the south (48 and 50 from low 

altitudes and 47, 49 and 51-53 from high altitudes) and two (54-55) 

from the north. 
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R. hookeri var. albo-sericea is confined to the Volcanic Plateau 

and shows little internal variation, although this is somewhat obscured 

by its frequent hybridisation with R. australis. It is represented by 

four OTUs (56-59). 

R. haastii is confined to montane riverbeds of the central part 

of the South Island east of the main divide. It is not known to be 

variable and is represented by three OTUs (62-64). 

Raoulia tenuicaulis is the most widespread of all species 

of Raoulia. It is primarily a riverbed species but it will grow in 

virtually any habitat where there is plenty of light and water and 

an absence of competition. Although it shows a great deal of internal 

variation, both environmentally induced and genetically fixed, there 

are nOiclear divisions within the species. The scattered collections of 

var. pusilla, together with the known plasticity and polymorphism of the 

species, must make this taxon suspect. Var. dimOl?pha is a growth form 

rather than a taxonomic group. R. tenuicaulis is heterophyllous, with 

broad, obtuse juvenile leaves and narrow, acute adult leaves. In 

periods of rapid growth and also as the plant moves from the juvenile to 

the adult phase, long shoots bearing the juvenile leaf type may produce 

lateral branches bearing the adult type. Var. dimorpha describes plants 

of this intermediate state. R. tenuicaulis is represented in this study 

by twelve OTUs (65-76), all from the adult phase, of which two (75 and 

76) are tentatively placed in var. pusilla. 

R. cinerea is a rare species known from only two localities, both 

in inland Marlborough. It is represented by two OTUs (77 and 78) from a 

single population. 

R. monroi is a distinctive species with no apparent internal 

discontinuities. It occurs in dry areas of the eastern South Island 

from Marlborough to Otago and is represented by three OTUs (79-81). 



There exist two further taxa which are not described in Allan 

(1961) and which appear to fall within the type subgenus. 

The first is reminiscent of both R. monroi and R. tenuicaulis 

but distinct from either. It is a creeping plant with small, often 

remote leaves and is code-named R. sp. K. It was thought to be 

restricted to the Volcanic Plateau of the North Island, whence come 

specimens 82 and 83, but a similar form has recently been discovered 

in the Waimakariri basin in the South Island and is represented by 

specimens 84 and 85. 
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The second undescribed taxon is closest to R. hookeri in external 

appearance, but has a blackish appearance. It is code-named R. sp. M. 

The known distribution is confined to the South Island and is disjunct 

therein; it occurs on (and is virtually restricted to) glacial moraine 

in the southern part of its range, which extends from Mt. Cook National 

Park to the upper Rakaia catchment. Further north it is known from 

three localities in inland North Canterbury-Marlborough, where it occurs 

on the bare shingle of alpine ridges. Only the southern component is 

represented in this study (by specimens 86-88) since flowering material 

of the northern plants was not available. 

Raoulia subg. Mistura contains only one species, R. petriensis, 

restricted to subalpine rocky places in the centre of the South Island 

east of the main divide. It is represented by OTUs 89 and 90. 

Raoulia subg. Psychrophyton contains a morphologically diverse 

group of mat-forming species and a coherent group of pulvinate species. 

The mat-forming species are four in number and are very distinct from 

one another, although they are linked by a group of shared characters. 

R. subulata occurs in wet alpine habitats throughout the South 

Island. It shows no evident internal discontinuities, and its external 

discontinuities are marked; it is unlike the rest of the genus in, for 
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example, habitat and leaf characters. It is represented by specimens 

91 and 92. 

R. grandif10ra is the most common species of the subgenus, 

occurring in a variety of open habitats from upper montane to alpine 

altitudes and from East Cape southwards. It is quite clearly delimited 

and has no clear-cut internal groupings; there is some variation in size 

but this does not seem to be related to distribution and may well be a 

phenotypic response to environmental variations. Three specimens 

(93-95) of this species are included, of which two (93 and 94) are from 

the same population. The two populations represented are from opposite 

ends of the geographic and morphological ranges. 

R. youngii is confined to the central region of the South Island, 

where it occurs in open areas on alpine debris. It forms a uniform and 

clear-cut taxon and is represented by specimens 96 and 97. Allan (1961) 

remarks that its generic status is uncertain. 

R. hectori is again a high altitude species of the central South 

Island and a clear-cut species, but it shows some internal discontinuity 

which is not yet adequately understood. Size differences certainly 

exist, but other variations which have been noted are possibly due to 

failure to recognise the true identity of some plants as being hybrids 

between this species and R. youngii. Buchanan's var. mollis is of 

uncertain status. The species is represented by four specimens (98-101) 

including one (101) believed to represent var. mollis. 

The pulvinate species of subg, Psychrophyton form a clearly 

demarcated group. Six species are described in Allan (1961) and a 

seventh is known from Otago. This last forms very hard little cushions 

somewhat resembling those of R. bryoides, and it is code-named R. sp. L. 

All the pulvinate species have rounded cushions of tightly packed 

branchlets bearing small, appressed, imbricate, densely hairy leaves, 



and they are all subalpine species of rock outcrops and fellfield. 

Species limits are not all firmly established and internal 

discontinuities are not well known. There is a shortage of available 

flowering material since the flowering season is short, most of the 

areas in which the plants grow are relatively inaccessible and the 
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fruits are shed from the capitula under dry conditions, including those 

in herbaria! This species group exhibits a large number of characters 

which do not occur in the rest of the genus, while many of the characters 

which vary in the genus are invariable in this group. Both these 

differences in characters and the shortage of material made it 

advisable to make detailed investigation of this group the subject of 

a separate study. In the present study, four representatives of 

R. eximia (102-105) and two each of R. mammillaris (106, 107), 

R. bryoides (108, 109), R. sp. L (110, Ill), R. goyenii (112, 113), 

R. rubra (114, 115) and R. buchananii (116, 117) are included. 

The above 117 OTUs make up the bulk of Data Set 1 and comprise 

the group of OTUs coded R. However there are a further seven specimens 

which are used in special studies. The group of OTUs coded X contains 

specimens 1-117, 118X and 119X; the two additional OTUs are 

representatives of North Island populations of R. australis. They are 

excluded from R because they lack many floral characters due to failure 

of the capitula to develop to maturity. Group X is used to examine the 

relationships in R. australis and to investigate the effect of missing 

data (see Chapter 9). The group of OTUs coded Y contains specimens 1-117 

and 118Y to 122Y; the last five are interspecific hybrids. Group Y is 

used to investigate the effect of hybrids on clustering (see also 

Chapter 9). 

The OTU number of each specimen in Data Set 1, together with its 

name, the herbarium number and the locality in which it was collected, 
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is listed in Appendix 2. A removable reference list of OTU numbers and 

associated names is located in the pocket inside the back cover. 

Data Set 2 

Seventy-nine specimens representing seven genera comprise Data 

Set 2. The number of specimens of Raoulia is reduced, by more than half, 

to fifty-six (1-46, 66-75). Each of the five species of Ewartia is 

represented by a single specimen (47-51) as is each of the two described 

(52, 53) and the two undescribed (78, 79) species of Leucogenes. Two 

sections of Relichrysum occur in New Zealand. Sect. ozothamnus has 

seven species, two of which are each here represented by a single 

specimen (R. parvifolium 56, and R. selago 57) and one of which is 

represented by two specimens (R. depressum 54, 55). The remaining four 

species are not represented. Sect. Xerochlaena has two species, each of 

which is represented here by a single specimen (R. bellidioides 58, 

R. filicaule 59). All three groups of Gnaphalium (Drury, 1970) are 

represented, the gnaphalioid group by G. nitidulum 60 and G. mackayi 61, 

the achyroclinoid group by G. luteo-album 62 and the anaphalioid group 

by G. trinerve 63 and G. hookeri 64. A species of Mniodes 65 from South 

America is represented, as is the genus Cassinia (C. leptophylla 76, 

C. fulvida 77) which is included because of the uncertain generic status 

of the New Zealand species. 

The seventy-nine specimens of Data Set 2 make up the group of 

OTUs coded G. The OTU number of each specimen, together with its name, 

herbarium number, and the locality in which it was collected is listed 

in Appendix 3. A removable reference list of OTU numbers and associated 

names is located in the pocket inside the back cover. 

All specimens were of direct wild origin. (In no case was 

material in cultivation used for vegetative characters, but in a very 

few instances, some floral characters have been determined from 



Table 2.1 Numbers of different types of characters used in the numerical analyses. 

Two-state Multi-state 

Ordered 
Non-ordered 

Alternative Dichotomous Not continuous Continuous 

Vegetative 12 0 0 16 11 

DATA SET 1 Floral 11 0 0 5 29 

Total 23 0 0 21 40 

Vegetative 14(6)* 0(8) 1 23 18 

DATA SET 2 Floral 20(6) 0(14) 2 14 73 

Total 34(12) 0(22) 3 37 91 

- --- ... _-----

* The figures in brackets refer to Chapter 9 Section D. 

Total 

39 

45 

84 

56 

109 

165 

N 
In 



cultivated material.) Observations were made from fresh material, 

material preserved in formalin acetic alcohol (FAA), and herbarium 

specimens; where necessary, herbarium material was reconstituted by 

heating gently in water to which a drop of detergent had been added. 

Every effort was made to examine material which was comparable 

from one OTU to another. Leaves examined were the oldest functional 

leaves. Capitula were examined at the stage of pollen presentation 

wherever possible. Variation due to age or season or phenotypic 

plasticity was avoided where it was known or suspected to occur. 

SECTION B. THE CHARACTERS 

"Although it is organisms which are classified, 
it is their characters which provide the evidence 
used in classification." 

Davis and Heywood (1963) 

Since an organism is the sum of its attributes, ideally all of 

its attributes should be used in its classification. This, however, 

is far beyond the time and ingenuity of man. The problem may be 

overcome to some extent by exploiting the human capacity for pattern 

recognition. Groups may be formed on the basis of the overall facies 

of the plants being classified, with characters which mark 

discontinuities between the groups being extracted and used for 

discrimination. As McNeill (1979, p. 467) says, "The human mind can 
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often make an assessment of similarity based on visual macro-characters 

far more effectively and rapidly than most computer-based techniques." 

The degree to which this intuitive ability to classify is developed 

varies, so that the method does not necessarily give consistent results. 

It is, of course, extremely subjective, relying on the judgement of the 



taxonomist concerned. A more objective approach, often used in 

conjunction with intuitive assessment, is to compare the plants in 
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terms of a conscious selection of their individual characters. This 

involves examining the plants and tabulating their character expressions, 

and it has a number of possible disadvantages. Objectivity may be 

reduced if the characters are selected, intentionally or unintentionally, 

to reinforce previous classifications or to show intuitively recognised 

groups. Important differences between groups may not be taken into 

account because the relevant characters are not readily recognised or 

expressed. Even if these problems are avoided, the human mind is unable 

to compare more than a few characters simultaneously. 

Numerical taxonomy began as an attempt to compare plants 

consciously and objectively, using many characters simultaneously. 

It has been defined by Sneath and Sokal (1973, p. 4) as "the grouping 

by numerical methods of taxonomic units into taxa on the basis of their 

character states." 

The basic unit of information for a numerical taxonomic study 

is called a unit character, defined by Sneath and Sokal (loc. cit., 

p. 74) as "a taxonomic character of two or more states, Ivhich within 

the study at hand cannot be subdivided logically, except for subdivision 

brought about by the method of coding." Each character is intended to 

convey one "bit" of information. It is generally recommended that 

characters be taken from all parts of the body and all parts of the life 

cycle, and that reliance should not be placed on characters described 

in the literature since these are likely to be biased in favour of 

existing classifications. 

The selection of characters for use in a numerical taxonomic 

study is of the greatest importance, since these characters form the 

basis of the classification. Character selection is governed in practice 



by time, available material and facilities, and common sense. 

Characters which are very time-consuming to explore may be rejected 
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in favour of more quickly accessible data. Fresh material may not be 

available so that characters which are not retained in preserved or 

dried material must be rejected. Some chemical analyses require large 

amounts of material, and may be rejected for this reason. A more 

general problem is that characters are required which both vary within 

the total sample (since invariant characters do not provide any 

information about groupings within the sample) and do not vary within 

the OTUs, or at least do not vary as much within as between OTUs. 

This double requirement tends to lead to a bias in favour of 

morphological characters, in which the variation patterns are easily 

seen. Non-visible characters must be tested for suitability in terms 

of such variation before they are selected. 

Correlated characters may pose problems in character selection. 

They are clearly not to be avoided as a general principle, since 

classification is effectively based on character correlations. 

Logically correlated characters, however, are to be avoided since they 

present the same information more than once, which is a form of unequal 

weighting. For example, if all plants in a sample have either red or 

blue flowers, and this is expressed as two characters, red or not red 

and blue or not blue, the first state of each character is logically 

correlated with the second state of the other; within the sample, red 

is logically not blue and blue is logically not red. Generally, a 

character which is entirely a logical consequence of another is obvious 

and easily avoided. Partial logical correlations (such as, in a 

petiolate leaf, leaf length and lamina length) can usually be avoided 

(in this example, by using lamina length and petiole length); if they 

cannot, the criterion for inclusion should be whether they are 



contributing new information. Characters which are not logically 

correlated but are highly correlated empirically should be included 

unless they are known to be caused by a single factor. For instance, 

one would not normally use the length of different leaves, but one 

would use the length of leaves and the length of bracts provided it 

was known that they could vary independently. 
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The requisite minimum number of characters for a numerical 

taxonomic study is not known. Sneath and Sokal (1973, p. 106) recommend 

not less than sixty and prefer considerably more, although they admit 

that a requirement of such a number is somewhat arbitrary and cannot be 

justified. In the absence of sufficient knowledge about optimum numbers, 

it seems sensible to use as many characters and of as diverse a nature 

as possible, in order to obtain good representations of the organisms 

involved. 

A basic principle of numerical taxonomy, arising from its avowed 

aim of objectivity, is the equal weighting of characters. Once the 

characters have been selected, they are treated as of equal significance 

a priori, that is, before classification has begun. Unit characters 

receive unit weight. Unequal weighting has been suggested from time to 

time but has not met with general acceptance. 

Characters may be classified in various ways, but from the point 

of view of applying numerical techniques they fall into the following 

classes: 

A. Two-state (binary) characters, which have only two expressions 

(states), coded positive and negative. Two-state characters are 

of several kinds, including presence vs. absence, positive vs. 

negative and equivalent states such as red vs. blue. In numerical 

taxonomy a two-state character may be treated in two ways, and on 

this basis may be divided into two types: 



1. Alternative characters are those in which shared negative 

states are counted as similarities. For instance, where the 

two states of a character are "red" and "blue ll
, one will be 

coded positive and the other negative but two red OTUs will 

be meaningfully similar and so will two blue OTUs. In 

alternative characters therefore, negative matches between 

OTUs are scored as similarities. 

2. Dichotomous characters are those in which shared negative 

states are not counted as similarities. For instance, where 

the two states are "present" and "absent ll
, shared presence 
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may be regarded as a meaningful similarity while shared absence 

is not. In dichotomous characters therefore, negative matches 

between OTUs are not counted as similarities; they are ignored. 

B. Multi-state characters have more than two expressions (states). 

They have been classified in different ways by different authors, 

but from the operational viewpoint there are two main types: 

1. Non-ordered multi-state characters are those in which the 

character states cannot be placed in an ordered sequence, 

as in, for example, inflorescence types or corolla types. 

They are also called qualitative multi-state characters. 

2. Ordered multi-state characters are those in which the character 

states can be placed in an ordered sequence. They are also 

called quantitative multi-state characters. Such characters 

may have a finite number of states, as in, for example, types 

of leaf apex, or they may be a series of measurements along a 

scale, as in, for example, leaf length, in which case they are 

sometimes called continuous characters. 

A data set containing several types of character is said to be 

a mixed data set. 
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The problem of whether or not to include negative matches of 

two-state characters in the estimation of resemblance is not susceptible 

to a simple negative or affirmative answer. In some characters negative 

matches will be meaningful in terms of similarity and in some they will 

not. According to the way the characters are coded, negative matches 

may be necessary, misleading or superfluous (cf. section C). If the 

two states of a character are 'presence' and 'absence', absence mayor 

may not be regarded as a meaningful shared state. If the two states 

are 'red' and 'blue', they are likely to each be of equal significance 

as a shared state, although one will be coded positive and the other 

negative. If the two colour states are expressed as two separate 

presence-absence characters, the inclusion of negative matches will 

provide no new information but will double the weighting on the 

information already present, since the two red OTUs, for example, would 

score a similarity for 'red' and another similarity for 'not blue'. 

The treatment of negative matches is therefore a matter for the exercise 

of judgement (or common sense) on the part of the taxonomist. 

It is advisable to decide on the method to be used for estimating 

similarity before the character data are extracted or at least before 

they are coded for computing, since some methods do not lend themselves 

to particular character types (cf. section C). 

The present numerical study employs exclusively morphological 

characters. This field was chosen because the large numbers of both 

OTUs and characters required made it mandatory that the characters be 

reasonably easily observed and that a majority of those for which data 

were collected would not have to be rejected because of unsuitable 

variation patterns (i.e. no variation in the entire sample or excessive 

variation within OTUs). The characters used in the study are listed 

in Appendices 4 and 5. An account of some of the morphological features 
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of the group is given in the following pages. 

Growth form 

All species of Raoulia are low-growing, herbaceous to 

suffruticose plants with a more or less well-developed tendency to 

form mats or cushions. The difference between these two forms is not 

clear-cut; mats are lower and flatter and cushions are higher and more 

rounded, but the one grades into the other and some species produce 

both forms. There are, however, two basic and quite distinct growth 

patterns in the genus. In the first, the young plant produces long 

(indeterminate) shoots which grow along the surface of the ground and 

produce roots at the nodes. These long shoots branch to produce either 

more long, horizontal shoots or upright shoots which are usually short 

(determinate). The number, density and extent of both horizontal and 

vertical shoots determines the overall form of the plant. A network of 

horizontal shoots which produces many close-set vertical shoots will 

result in a dense mat, as in R. australis; similar but less closely

branched growth will give a more open mat, as in R. subsericea; a 

reduction in the number of horizontal branches and the intermittent 

production of clusters of upright shoots will produce the creeping, 

invasive habit seen in R. monroi. Occasionally, as in R. hookeri var. 

laxa, there is no clear division into prostrate and upright shoots and 

a lax, sprawling mat is produced. In the mat formers the upright 

branches grow for only one season, normally terminating in an 

inflorescence. If they branch, they do so from the basal nodes, so 

that the height of the plant increases but little. Occasionally, 

however, the upright branches rebranch from the upper nodes; if they 

do this in successive years the plant gradually increases in height, 

with the oldest, central part of the plant being the highest and the 
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young, outer edges being quite flat to the ground. This is a cushion 

form. The older parts at the bottom centre of the cushion may eventually 

die and decay, forming a mass of humus into which new adventitious roots 

are produced, and incidentally forming a seed bed for other species. 

The best known example of this form is R. australis, but it occurs also 

in R. haastii, in R. tenuicaulis and occasionally, as an environmentally 

induced form, in R. hookeri var. hookeri. 

The second growth pattern in Raoulia is essentially that of a 

dwarf shrub. The tap root is persistent and adventitious roots are not 

produced (except in very old plants). The plant is thus rooted at only 

one point, in contrast to the mat-formers. Both stems and roots may 

become quite woody. Shoot branches grow as close to the vertical as 

possible; they are very closely packed, so that repeated branching 

forces the outer branches to diverge more and more from the vertical 

until the outermost areas may become quite horizontal. The result is 

a cushion. (As the plant ages, its lowermost parts may die and decay 

as new branches form above. The humus thus formed under the living 

parts is invaded by adventitious roots from the shoots above.) This 

peculiar growth form is restricted in Raoulia to the obligate cushion

forming species, namely R. eximia, R. mammillaris> R. bryoides> R. sp. L> 

R. goyenii> R. rubra and R. buchananii. They form a very distinctive 

group which includes one of the justly famous "vegetable sheep", 

R. eximia. (The other "vegetable sheep", Haastia pulvinaris, is also 

a Composite with a similar growth form, but as a member of the tribe 

Astereae it lies outside the scope of this study.) The same growth form 

is found in some plants of the high Andes of South America; one of these 

(Mniodes sp.) is included in this study. Among the other included 

genera, the nearest approach to this form is found in Helichrysum sect. 

Ozothamnus, in which some species are low-growing shrubs with very 
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closely packed vertical branches. The only other woody taxon included 

is Cassinia, in which the form is that of a larger, more open shrub. 

All the other taxa in this study are herbaceous to suffruticose. 

The two species of the gnaphalioid group of Gnaphalium (G. nitidulum 

and G. mackayi) and the four species of Leucogenes are mat-formers, 

but differ from Raoulia in having the stems initially procumbent, with 

only the older stems, if any, producing adventitious roots, and in 

having no clear differentiation into long and short shoots. The 

Australian species of Ewartia appear to be similar, as is Helichrysum 

bellidioides. H. filicaule is stoloniferous but does not form mats; 

the remaining species, G. luteo-album~ G. trinerve~ G. hookeri and 

E. sinclairii are upright or more usually decumbent herbs, often 

becoming woody at the base and usually not producing adventitious roots 

along the prostrate portion of the stem. 

Leaves 

The leaves in Raoulia are always very small, with an expanded 

photosynthetic lamina and a non-photosynthetic, more or less sheathing 

base. Those of the short shoots are always close-set and frequently 

imbricating. The leaves of all but one species bear long, uniseriate, 

eglandular epidermal hairs; the density and arrangement of these are 

often useful characters provided that care is taken to account for 

variation due to age. All leaf epidermal hairs are of the same type 

except in the pulvinate species in which stout bristles also occur. 

Leaf size and shape are useful characters although the latter 

is difficult to describe in conventional terms because of the presence 

of the sheathing base and also because the lamina is rarely flat. 

Shape is expressed in a series of ratios which show the differences in 

both blades and sheaths. The nature of the leaf apex varies from 

truncate to acuminate and is expressed as a single multi-state ordered 



character. The lamina is usually angled upward on each side of the 

midrib so that it is somewhat canaliculate. This folding may occur 

along the entire length of the lamina or just in the upper part and 
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it may change with the age of the leaf. The angle at which the lamina 

is held to the stem has a very marked effect on the overall appearance 

of the plant. It varies with age and is frequently governed by the 

folding of the lamina, the leaf being appressed to the stem as much 

as is permitted by this folding and by the position of the leaf above. 

Phyllotaxy in Raoulia is always spiral at the apex, although 

in one species, R. monroi, this is modified during development so that 

the mature leaves are arranged distichously, giving this species a very 

distinctive appearance. 

The leaf venation of Raoulia is of general as well as 

taxonomic interest, since some species possess an open pattern of 

venation, a condition which is rare in dicotyledons. The venation 

patterns in the genus have been described by Solbrig (1960), as have 

the practical problems involved in preparing the material for examination. 

The practical difficulties are, however, more than recompensed by the 

number of valuable taxonomic characters provided. It has long been 

known that the number of traces entering the leaf base varies from one 

species to another. Beauverd (1912) used this feature as a basis for 

his sections of subg. Psychrophyton, and, in his division of R. australis 

Hook. f. sensu lato into R. australis Hook. f. emend. Beauverd and 

R. lutescens (Kirk) Beauverd, he records the trinervate condition in 

the former and the uninervate one in the latter, a feature which has 

since proved to be very useful in distinguishing vegetative material of 

these two species. Venation characters which were found to be suitable 

for this study (i.e. variable over the total sample, invariable or 

varying little within GTUs, and readily definable and measurable) include 



the number of traces entering the leaf, the size and course of the 

main vein in relation to the lamina, the presence, size and angle of 

the extension of the midrib beyond the lamina into a mucro, the 

degree of branching, the relative size of branch veins, the degree 

of open venation as measured by the relative numbers of free-ending 
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or rejoined secondary veins and ultimate marginal veins, and the number 

of free-ending areolar veinlets. Leaf characters in the other genera 

extend the range of variation but do not distinguish these genera from 

Raoulia. 

Capitula 

The capitula in Raoulia are always solitary and terminal. 

They are sessile at the tips of the upright leafy branches, with the 

exception of R. glabra, in which there is some elongation of the 

internodes behind the capitulum, indicating a tendency towards the 

pedunculate habit. The capitulum always contains two kinds of florets 

borne on a receptacle and surrounded by several rows of spirally 

arranged phyllaries (involucral bracts). Variation occurs in the size 

and shape of the capitulum, the size and curvature of the receptacle, 

the number and nature of the phyllaries, the number of florets, the 

relative numbers of the t,vo kinds of florets and the structure of the 

florets. 

In the other genera, the arrangement of the capitula varies 

from solitary to a corymbose arrangement with few to many heads and, 

by reduction of the peduncles, to fascicles and glomerules. Solitary 

capitula may be sessile or pedunculate or they may be sessile at 

flowering and pedunculate at fruiting. The capitulum may be 

heterogeneous as in Raoulia~ occasionally to always homogamous due 

to the absence of filiform florets, as in some species of Helichrysum 

and in Cassinia) or of more than one kind as in the subdioecious species 
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of Ewartia and in the dioecious genus Mniodes. 

Over the whole group of genera, the receptacle ranges from broad 

to narrow and from flat to conical. The phyllaries are usually leaflike 

towards the outside and grade more or less gradually into the innermost 

phyllaries which are quite unlike the leaves and may be long to short, 

radiating to erect, conspicuously coloured white, cream, yellow or 

brownish-black or inconspicuously coloured stramineous to brown. 

Phyllaries may radiate at the tips or from the base, at different stages 

of development of the capitulum and according to atmospheric relative 

humidity. Where the capitula are heterogamous, the outer florets are 

always structurally and functionally female while those at the centre 

are structurally hermaphrodite and functionally either hermaphrodite or 

male. The corolla is tubular in both types of floret but it is always 

narrower in the outer, female ones; the latter will be referred to 

throughout this study as filiform florets while the inner florets, 

which bear stamens, will be referred to as tubular florets. 

The relative numbers of filiform and tubular florets provide the 

principal feature distinguishing the two large widespread genera, 

Gnaphalium and Helichrysum, also included in this study. In Gnaphalium, 

most of the florets are filiform, while in Helichrysum most or all are 

tubular. Cassinia is like Helichrysum, and Raoulia, Ewartia sinclairii 

and Leucogenes fall between these two extremes. (Mniodes is dioecious 

and the Australian species of Ewartia are subdiQecious.). 

Florets 

The structure of the florets is essentially the same throughout 

the group. The achenes are oblong and may vary in absolute size, size 

relative to the corolla, presence of an areole, and presence and type 

of hairs. The achene is surmounted by a disc of tissue which bears 

the style. This disc varies between taxa but also at different stages 
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of development of the floret. Above the disc is the style, ,,,hich is 

swollen at the base to form a stylopodium which has the appearance of 

nectariferous tissue. The style divides towards the apex into two arms 

which in the filiform florets are naked and usually rounded at the tip, 

with the stigmatic surface extending along the length of the inside 

of the arms. In the tubular florets, the style arms are truncate 

and papillose. The stamens have the upper part of the filament 

differentiated into an antheropodium and the base of the anthers 

sagittate and tailed. The apex of the stamen consists of a prolongation, 

usually triangular to lanceolate in shape, of the anther chambers and 

connective. In both types of floret the corolla is cylindrical, usually 

slightly expanded at the base around the stylopodium and the disc, and 

then parallel-sided or expanded towards the apex, where in the tubular 

floret it is distinctly 5-lobed but in the filiform floret usually more 

shortly 2- to 4-lobed. The lobes of the tubular florets may be spreading 

to reflexed, a feature which varies both with stage of floret development 

and between taxa. 

The pappus in RaouZia has formed the basis for subdividing the 

genus since Bentham first used it in the Genera PZantarum. There are 

two basic types in the genus. The first has numerous pappus hairs borne 

in several series; these are slender and not usually expanded at the 

tips. The second has few hairs borne in a single series, broad, 

flattened and usually expanded at the tips. The first type is 

characteristic of subg. RaouZia and the second of subg. Psychrophyton, 

while the condition in subg. Mistura is intermediate between the other 

two. Detailed examination of the pappus in RaouZia confirms these 

features and reveals a wealth of variation. The pappus hairs are made 

up of vertically elongated cells which are coherent along all or most of 

their length. The upper part of the cells may however be free to 



39 

varying degrees and may then project at varying angles, while the apex 

mayor may not be expanded. The cell tips may project more and be more 

expanded towards the apex of the pappus hair than at the centre, and 

the cell apices may be acute or obtuse. The base of the hair may have 

downward-projecting papillae which interlock with those of adjacent 

hairs or else it may be either plain and free or fused to adjacent hairs. 

The pappus hairs may differ between filiform and tubular florets or even 

in a single tubular floret. The variation in the pappus within RaouZia 

alone is almost as great as in the OTU set as a whole. 

The numbers and types of characters in the two data sets are 

shown in Table 2.2. In Data Set 1, the total of 84 characters is 

increased to 195 when all characters are coded two-state (cf. Chapter 6) 

and to 252 when the weighting on these two-state characters is equalised 

(cf. Chapter 7). In Data Set 2, which includes all the genera in the 

study, the total number of mixed characters is greatly increased, to 

one hundred and sixty-five. This is due mainly to the increase in 

available characters which vary within the total sample. To a lesser 

degree it is attributable to reduction in the number of OTUs in RaouZia, 

which permitted the inclusion of some characters previously (in Data Set 

1) excluded because of missing data, and to greater expertise in 

character selection, since the study of the genera was carried out after 

the one confined to Raoulia. 

SECTION C. THE NUMERICAL TECHNIQUES 

The estimation of resemblance 

Resemblance among OTUs is estimated by calculating a coefficient 

of resemblance between all pairs of OTUs (over all characters) of the 

data matrix. Many such coefficients have been proposed; selection of 



appropriate measures for this study was based on the following 

requirements: 

1, Similarity to traditional taxonomic method, 

2, Applicability to mixed data, 

3, Ability to handle missing data, 

4, Simplicity. 

5. Practical considerations (available computer facilities 

and programmes). 
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The general class of coefficients of resemblance known as 

association coefficients fulfils most of these requirements, 

Association coefficients are "pair-functions that measure the agreement 

between pairs of OTUs over an array of two-state or multi-state 

characters" (Sneath and Sokal, 1973, p, 129), They are thus similar 

to the method of the traditional taxonomist who compares character 

states among taxa, either in tabulated form or intuitively. Most 

association coefficients are not directly applicable to mixed data, 

since they require all characters to be two-state, However, other 

types of character (cf, Section B) may be recoded into two-state form, 

albeit with some loss of information for continuous characters at least. 

Finally, association coefficients are not affected by missing data, 

Any pair of character states which includes the code for missing data 

is simply excluded from the computation. 

Many association coefficients have been published; two which 

are simple and widely used are those of Jaccard (1908) and of Sokal 

and Michener (1958). That of Jaccard may be represented as 

SJ Nsp/Nsp + Nu 

and that of Sokal and Michener, also known as the simple matching 

coefficient, as 



41 

SSM Nsp + Nsn/Nsp + Nsn + Nu 

\\There Nsp number of shared positive states in the two aTUs 

being compared, 

Nsn number of shared negative states in the two aTUs 

being compared, and 

Nu number of unshared states; that is, the number of 

characters in which one aTU is positive and the 

other negative. 

Characters are all two-state and are scored in binary code (a,1) 

except where the character is missing and is entered as inapplicable 

(usually NC for "no comparison"). If all characters are compared, the 

total number of characters in the study = Nsp + Nsn + Nu. If one or 

both aTUs has a "no comparison" entry for a character, that character 

is excluded from the estimation of resemblance; in other words, it is 

scored as neither a match nor a mismatch and it is excluded from the 

total number of characters compared. In this case Nsp + Nsn + Nu is 

less than the total number of characters. 

If both of the aTUs which are being compared are positive for 

a character, this is scored as a match by both the above coefficients. 

If one aTU is positive and the other is negative, this is scored by both 

coefficients as a mismatch. They (SJ and SSM) differ, however, in their 

treatment of shared negative character states. If both aTUs are negative 

for a character, S excludes that character from the estimation of 
J 

resemblance between that pair of aTUs. The character is ignored, as 

with "no comparison" entries. SSM' on the other hand, scores shared 

negative character states as matches, as with shared positive character 

states. 

Most association coefficients require all characters to be 



two-state. They can be applied to other types of character only 

if these are first recoded into two-state form. There are several 

techniques for recoding multi-state characters. The most simple, 

here termed simple recoding, is to divide the character into several 

separate two-state ones, For example: 

Multi-state character 

A 

B 

C 

Two-state characters 
123 

1 

o 
o 

o 
1 

o 

o 
o 
1 
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A multi-state character has three states A, Band C. A becomes two-state 

character 1, B becomes 2 and C becomes 3. An OTU will have a positive 

score for one of these three characters and negative scores for the other 

two. Thus an OTU with state A of the multi-state character will have a 

positive score for the first two-state character and negative scores 

for the second and third. 

Simple recoding is sensitive to the difference between SJ and SSM' 

If shared negative character states are ignored (SJ)' then two OTUs with 

the same state will score one match and two OTUs with different states 

will score two mismatches. If shared negative character states are 

scored as matches (SSM) then two OTUs with the same state will score 

n matches and two OTUs with different states will score two mismatches 

and n - 2 matches, where n is the number of states present in the 

multi-state character. 

It is evident, therefore, that simple recoding should not be used 

in conjunction with the simple matching coefficient SSM' since meaningful 

similarities and differences between OTUs will be swamped by large 
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numbers of meaningless similarities derived from the shared negative 

character states brought about by the method of coding. These shared 

negative states are logical correlates (cf. p. 28), and therefore 

redundant. For instance, two OTUs which have the same state of the 

original multi-state character will score a match not only for that 

state but for all the absent states which they must both logically 

possess. 

Jaccard's coefficient SJ is less inappropriate with simple 

recoding, but it is not ideal since it weights dissimilarities twice 

as heavily as similarities. The extra weighting on dissimilarities 

is redundant since the two mismatches are always logically correlated; 

a mismatch in one two-state character necessitates a mismatch in another. 

Moreover, in a discipline in which equal weighting is a basic principle 

there seems to be no justification for weighting differences more 

heavily than similarities. 

The above disadvantages can be overcome by a modified form of 

recoding, known as nonadditive, which employs "no comparison" entries 

to avoid unwarranted comparisons. 

Multi-state character Two-state characters 
1 2 3 

A 1 0 0 

B NC 1 0 

C NC NC 1 

Nonadditive recoding is not suitable for use with the simple matching 

coefficient SSM' With Jaccard's coefficient, however, two OTUs with 

the same state will always score one match and two OTUs with different 

states will always score one mismatch, This method of recoding is 
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suitable for use with qualitative (i.e. unordered) multi-state 

characters. Although a single multi-state character is transformed 

into several two-state characters, the weighting does notfhange. 

The character is still scored only once, since there is only one valid 

comparison, the others being invalid because they involve either shared 

negative states or "no comparison" entries. 

Nonadditive recoding is less suitable for use with quantitative 

(i.e. ordered) multi-state characters because it does not take into 

account the varying degree of resemblance between different pairs of 

character states. For instance, in an ordered character with three 

states A, Band C, A will be more similar to B than to C. For this 

type of character, additive recoding may be employed. 

Multi-state character Two-state characters 
1 2 

A 0 0 

B 1 0 

C 1 1 

A multi-state character of n states is transformed into n-l two-state 

characters. 

If Jaccard's coefficient is employed with additive recoding, the 

multi-state character is transformed into two-state characters which 

weight the original character states differentially. Thus if a character 

has the three states absent (A), weak (B) and strong (C), two OTUs with 

the character absent will score no comparison, with the character present 

and weak they will score one match, and with the character present and 

strong they will score two matches. Adjacent states A and B will score 

one mismatch (presence vs. absence), Band C one match (shared presence) 
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and one mismatch (weak vs. strong). Distant states A and C will score 

two mismatches, on the somewhat dubious grounds that absence is further 

removed from strong presence than from weak presence. 

The combination of additive recoding with Jaccard's coefficient 

may be preferred if different weights are required for presence and 

varying strengths of a character, as in the presence and amount of 

a chemical substance. It has been used mainly in bacteriology 

(Sneath and Sakal, 1973, p. 151). 

For equ~l weighting of the derived two-state characters, 

additive recoding may be used with the simple matching coefficient. 

Then aTUs with the same state of a three-state character will score 

two matches; with adjacent states, one match and one mismatch; and 

with distant states, two mismatches. 

A possible disadvantage of this combination is the extra 

weighting given to the single multi-state character when it is 

transformed into several two-state characters. Thus a three-state 

character which becomes two 2-state characters assumes twice the weight 

of an originally two-state character. Moreover, the amount of extra 

weighting increases with the number of states in a character. This 

problem is investigated in Chapter 7. 

A continuous quantitative character may be treated in the same 

way as a multi-state quantitative one, but it must first be divided 

into a number of discrete states, preferably of equal size. This brings 

about some loss of information and also some distortion since aTUs with 

adjacent states will sometimes be more similar than aTUs with the same 

state. The effect of recoding quantitative characters is considered in 

Chapter 6. 

Where a single association coefficient has been employed in this 

study, it has been the simple matching coefficient. Two-state characters 



have been expressed in a manner suited to the inclusion of shared 

negative states and quantitative characters have been recoded using 

additive recoding. The qualitative multi-state character form has 

been avoided since it cannot be satisfactorily recoded for use with 

the simple matching coefficient. 
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Association coefficients are well-suited to handling two-state 

characters but there must be some doubt about their suitability when 

quantitative characters are included in the data, because of the 

problems encountered in recoding such characters into two-state form. 

The restriction to handling all negative matches in the same way which 

is imposed by the use of a single association coefficient is another 

disadvantage. A method of handling data containing different kinds of 

characters without the necessity for recoding has been proposed by Gower 

(1971). Sneath and Sokal (1973, p. 147) strongly favour the use of a 

similarity coefficient based on two-state coding of the data, but they 

also favour the use of Gower's method for mixed data (Zoe. cit., pp. 

136, 157). A suitable computer programme incorporating Gower's method 

became available part-way through this study, permitting a comparison 

of the simple matching coefficient and Gower's general coefficient of 

similarity in handling a set of mixed data (cf. Chapter 6). 

Gower's general coefficient of similarity is a composite of three 

different similarity coefficients. One of the three is chosen for each 

character in the data set. Gower distinguishes three types of character, 

dichotomous, qualitative and quantitative, each suited to one of the 

similarity coefficients. Dichotomous characters are two-state, 

presence-absence characters in which shared absences (i.e. negative 

matches) are not regarded as similarities. Jaccard's association 

coefficient SJ is used with these characters. Qualitative characters 

have two to many discrete states. If they are multi-state, the states 
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do not form an ordered set. OTUs with the same state score a match and 

with different states, a mismatch. Thus the different states are 

treated as independent, equivalent, two-state characters, but without 

the necessity for recoding. In qualitative two-state characters the 

two states are termed alternatives and are treated similarly. Negative 

matches are regarded in the same way as positive matches (i.e. as 

similarities). For qualitative two-state characters, the coefficient 

becomes the simple matching coefficient SSM' Quantitative characters 

are of two types: (a) multi-state, with the states forming an ordered 

set, and (b) continuous. Similarities between states of quantitative 

characters are measured by the coefficient 

where X
ik 

is the score of OTU i for character k, X
jk 

is the score of 

OTU j for character k and Rk is the range of character k. (This may be 

the range of the character in either the sample or the population.) 

When X. = X. then S. 'k = 1 and when X. and X. are at opposite ends of 
~ ] ~J ~ ] 

their range, then Sijk is a minimum (0 when Rk is determined from the 

sample) . With intermediate values, S. 'k is a positive fraction. 
~J 

Gower's general coefficient of similarity has been used with 

all the data in this study (cf. Appendix 7). 

The formation of groups 

The calculation of an association coefficient for all pairs of 

OTUs from a rectangular data (OTU x character) matrix produces a 

symmetrical similarity (OTU x OTU) matrix in which a measure of 

similarity between every pair of OTUs is expressed. The next step is 

the recognition of patterns in the matrix; this is the area of numerical 

taxonomy which encompasses clustering. Clusters are areas in the 

character hyperspace which show greater density of OTUs than other 
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areas. Thus the clustering stage of numerical taxonomy is equivalent 

to the formation of groups in traditional taxonomy. Many clustering 

techniques have been proposed; accounts of the various types are given 

by Williams (1971) and Sneath and Sokal (1973). The most frequently 

used methods for clustering biological material are of the ~equential, 

~gglomerative, ~ierarchic, ~on-overlapping class (SAHN). These produce 

clusters which fit into the formal taxonomic framework laid down in 

the international codes of biological nomenclature. 

SAHN clustering methods begin with all the OTUs as separate 

entities. The first step is to search for the most similar pair. 

The combined pair is then treated as a single entity and a search is 

again made for the most similar pair. The process of clustering 

continues until all the OTUs have been combined in a single group. 

SAHN methods differ from one another in their criteria for permitting 

the entry of an OTU into an established group and for combining groups. 

One of the early SAHN methods was single linkage clustering 

(Florek et al., 1951a,b; Sneath, 1957), also known as the nearest 

neighbour technique. An OTU has a similarity to an existing cluster 

which is equal to its similarity to the closest member within the 

cluster. The similarity between two clusters is equal to that between 

the closest pair of OTUs, one of which is in each cluster. Thus 

similarities between OTUs and clusters and between pairs of clusters 

are established by single links between two OTUs. 

Complete linkage clustering, or the furthest neighbour technique,_ 

is the antithesis of the single linkage method. An OTU has a similarity 

to an existing cluster equal to its similarity to the furthest member 

within the cluster. The similarity between two clusters is equal to that 

between the furthest pair of OTUs, one of which is in each cluster. 

Average linkage clustering techniques fall between the extremes 
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of single and complete linkage clustering. An average similarity must 

be computed between a candidate OTU or cluster and the cluster it is 

attempting to join. A number of average linkage methods have been 

proposed; the most common ones are combinations of weighted or 

unweighted clustering and arithmetic average or centroid clustering. 

Unweighted clustering gives equal weight to each OTU. Weighted 

clustering weights OTUs unequally in order to give merging branches in 

a dendrogram equal weight regardless of how many OTUs they carry. 

Arithmetic average clustering uses arithmetic averages of similarities 

between an OTU and the members of a cluster or between the members of 

two clusters. The similarities between members of an existing cluster 

are not considered and thus the density of the cluster is not a factor. 

Centroid clustering, on the other hand, uses the centre of gravity of 

a cluster. The point in character hyperspace whose coordinates are the 

mean values of each character for a cluster of OTUs is calculated. 

This is the centroid, and similarity is measured as the distance between 

an OTU and the centroid of a cluster or between the centroids of two 

clusters. 

In unweighted clustering using arithmetic averages, also kno,vu 

as UPGMA (for unweighted ~air-Kroup method using arithmetic ~verages), 

an OTU has a similarity to an existing cluster equal to its average 

similarity to the members of the cluster. The similarity between two 

clusters is equal to the average similarity of all members of one 

cluster with all members of the other. In weighted clustering using 

arithmetic averages (WPGMA) the procedure is similar except that the 

most recently admitted OTU in a cluster carries a weight equal to the 

combined weight of all previous members. 

Jardine, van Rijsbergen and Jardine (1969) have described ball 

clusters, in which the greatest distance between any pair of OTUs within 
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a cluster is less than the smallest gap between a cluster member and 

any OTU outside the cluster. 

The unweighted pair-group method using arithmetic averages 

(UPGMA) has been used with all the similarity matrices in this study. 

In addition, the effects of applying different clustering methods 

(including single linkage, complete linkage, UPGMA, WPGMA, centroid 

linkage and ball clusters) to a single similarity matrix (GTIO) have 

been compared (ct. Chapter 8). 

Since the phenogram used to show the results of cluster analysis 

is a two-dimensional representation of a multi-dimensional structure, 

some distortion of the relationships in the similarity matrix on which 

it is based is inevitable. The degree of fit of a phenogram to the 

similarity matrix from which it is derived may be measured using the 

cophenetic correlation coefficient proposed by Sokal and Rohlf (1962). 

A matrix of cophenetic values is obtained from the phenogram by finding 

the similarity level that links each pair of OTUs. The cross-product 

correlation coefficient is then computed between the two matrices; this 

is the cophenetic correlation coefficient, often designated CPCC. A 

value of one represents complete agreement between the two matrices. 

The cophenetic correlation coefficient as a measure of optimality 

has been criticised by Farris (1969) but Sneath and Sokal (1973, p. 279) 

find it a satisfactory measure of the agreement of a phenogram with a 

similarity matrix. The correlation coefficient between two matrices of 

cophenetic values or between two similarity matrices can also be 

calculated. These three statistics have all been termed cophenetic 

correlations but are best termed matrix correlations. Sneath and Sokal 

(~oc. cit., p. 278) propose the symbols r ,r and r to denote 
cs cc ss 

correlations between a cophenetic values matrix and a similarity matrix, 

two cophenetic values matrices and two similarity matrices respectively. 
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All computations in this study were carried out on the Burroughs 

B671S computer system at the University of Canterbury. The programmes 

used are part of the package MINT6, a modified and expanded version of 

the MINT system of programmes developed by Dr F. James Rohlf of the 

State University of New York at Stony Brook, New York. 

The codes used to identify the various matrices, phenograms, 

numerical techniques, etc., in this study are listed in Appendix 6 

and the combinations of OTUs, characters and numerical techniques 

employed are given in Appendix 7. 

SECTION D. PRESENTATION OF RESULTS 

The results of the phenetic analysis are presented primarily 

in the form of phenograms. These are tree diagrams depicting the results 

of the clustering of the OTUs on the basis of the degree of phenetic 

similarity. A scale showing degrees of similarity is shown above each 

phenogram; the range is always 1.0 to 0.5 with the single exception of 

GT15 in Chapter S. 

The OTUs are listed at the left of each phenogram. The vertical 

order is not in itself significant; it reflects such alterations to the 

original, consecutive order as are necessary to display the results of 

the cluster analysis. Similar OTUs are always placed close together 

(e.g. llO & III in Figure3.1, p.G4, near bottom of phenogram) but 

OTUs which are close together are not necessarily similar (e.g. III & 91 

in Figure 3.1). 

In the phenograms based on Data Set 1 the OTUs are listed in two 

vertical columns. This is a space-saving measure to enable the large 

number of OTUs to be fitted on to a single page; the horizontal distance 



between the two columns has no meaning in terms of similarity between 

OTUs. 
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The levels of similarity at which OTUs and clusters become joined 

during the clustering process are indicated on the phenogram by the 

vertical lines. The horizontal lines provide a visual link between the 

OTU numbers and the various levels of cluster formation. 

In terms of following the clustering procedure, a phenogram is 

read from left to right. For instance, at the top of Figure 4.1 (p.5~) 

OTUs 3 & 4 cluster together at the 0.94 level of similarity, then OTUs 

1 & 2 cluster at the 0.93 level, then the two pairs join together in a 

cluster at the 0.88 level, etc. As OTUs join into clusters and clusters 

fuse together, the number of clusters decreases until eventually all the 

OTUs are joined into a single cluster. 

However in analysing and comparing phenograms it is often clearer 

to proceed in the opposite direction, from right to left, moving 

divisively from few to many and from more distinct to less distinct 

clusters. 

In some phenograms the larger clusters, or those of particular 

significance, have been given a letter code, which is shown on the 

phenogram and used in the text, so that the analysis or comparison may 

be more easily followed by the reader. 

Some phenograms have been used in more than one chapter; in such 

cases the phenogram is presented in each chapter, with an appropriate 

heading and annotation. (For instance, the phenogram RT12 is used in 

Chapters 3, 5, 6, 7 and 9.) In one instance (phenogram RT12 in Chapters 

5 and 6) the text analysis has been duplicated. 

The names of the taxa which the OTU numbers represent are given 

in the text; names and localities from which the specimens were collected 

are listed in Appendices 2 and 3 and a removable list of names and 
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numbers can be found in the pocket inside the back cover. This pocket 

also contains copies of all phenograms; these are not annotated and 

are headed with the phenogram number only. Finally, the pocket contains 

copies of the two principal similarity matrices, RTIO and GTIO. 
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CHAPTER 3 

RAOULIA: INTERNAL RELATIONSHIPS 

The genus Raou~ia comprises twenty recognised species arranged in 

six sections and three subgenera. Three of the species contain 

recognised varieties. The currently recognised taxa are shown in Table 

3.1. They are arranged in the order in which they appear in Allan's 

F~ora of New Zea~and Vol. 1 (1961) except that for clarity of 

presentation R. hookeri var. ~axa has been placed as the second instead 

of the fourth variety of R. hookeri. Names used are those in Allan 

(~oc. cit.). (A full account of the nomenclature of the genus was given 

in Chapter 1.) 

Three undescribed taxa, all now known to be sufficiently distinct 

for their future recognition at specific rank to be uncontroversial, are 

listed among the currently recognised taxa, in Table 3.1, as R. sp. K, 

sp. Land sp. M. 

One hundred and seventeen specimens (OTUs) of Raou~ia, 

representing all known taxa within the genus, were subjected to 

numerical analysis. The degree of similarity between every pair of 

specimens was estimated, based on eighty-five characters and using 

Gower's general coefficient of similarity. The similarity values were 

compiled into a similarity matrix (RT10), on the basis of which the 

specimens were grouped by cluster analysis. Three methods of clustering 

were used. The first was the unweighted pair-group method using 

arithmetic averages (UPGMA), which is used extensively in taxonomic 

studies since it tends to combine a clear hierarchical structure 

("structural value") with a fairly accurate reflection of the relation-
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ships shown in the similarity matrix (cf. Chapter 8). The phenogram 

RT12, based on UPGMA, is sho,vn in Figure 3.1. The second clustering 

method was the weighted pair-group method using arithmetic averages 

(WPGMA), which is said to be less sensitive to cluster size than UPGMA 

(Sneath, 1976) and was used here to uncover any distortions in RT12 

which might be due to the uneven sample sizes for different taxa. The 

phenogram RTll is based on WPGMA and is shown in Figure 3.2. The third 

method used was single linkage clustering, which is not generally popular 

for taxonomic investigations because it produces phenograms which are 

unsuitable for translation into systems of classification, since they 

tend to have a poor hierarchical structure, due to chaining, and to 

cluster over a relatively small range of similarity values (cf. Chapter 

8). Single linkage was used here because it shows closest links and is 

therefore valuable in suggesting possible evolutionary relationships. 

It is also, like WPGMA, not sensitive to cluster size. The phenogram 

based on single linkage is RT13, shown in Figure 3.3. Ball clusters, 

which are clusters in which the greatest dissimilarity between any two 

members is less than the greatest similarity between any member of the 

cluster and any specimen outside the cluster, were also calculated and 

are shown in Table 3.2. 

The results of the numerical analysis, as shown in these 

phenograms, can be compared with the existing classification. However, 

where the two do not coincide, additional evidence is required in order 

to be able to determine which of the two is the more acceptable. Two 

kinds of additional evidence are presented here. The first consists of 

the author's unpublished modification of the classification given in 

Allan's Flora, made prior to the numerical analysis. The taxonomic 

groups are largely intuitive in the sense that their basis has not been 

exactly expressed in terms of character correlations and character 
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differences. They are based on extensive experience with Raou~ia in the 

field, the glasshouse and the herbarium as well as under the dissecting 

microscope and the scanning electron microscope. The second kind of 

additional evidence consists of data which are independent of (that 

is, were not used as characters in) the numerical analysis, including 

hybridisation, chromosome number and ecogeographical distribution. 

The three systems of classification are compared; where they all agree 

the classification is assumed to be satisfactory. Where they differ, 

agreement between any two of the three is taken as more likely to provide 

the better arrangement, but the additional lines of evidence are 

considered in seeking the most natural groups. Where all three systems 

of classification differ, that most in accord with other lines of 

evidence is likely to be best, but a need for further investigation 

may be indicated. 

Table 3.1 shows at the centre the existing classification within 

the genus as given in Allan (~oc. cit.), with the three undescribed taxa 

added. To the right are shown the author's earlier modifications and 

further to the right are the clusters from the phenograms. At the 

extreme right are ball clusters. To the left of Allan's classification 

are the independent lines of evidence from hybridisation, chromosome 

number and distribution data. 

THE CLASSIFICATION IN ALLAN (1961) 

In the existing classification within Raou~ia there are three 

subgenera, distinguished by characters of the pappus and achene. 

Subg. Raou~ia is characterised by "Pappus-hairs 50-150, slender, not 

flattened, not or hardly thickened at tips, not claviform, not papillate, 

achenes glabrous to pubescent." Subg. Psychrophyton has "Pappus-hairs 

15-25, flattened, claviform, papillate; achenes hirsute to papillate", 



while subg. Mistura falls between the other two, with "Pappus-hairs 

diverse, some distinctly thickened upwards as in Psychrophyton, some 
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not or hardly thickened as in Raoulia achenes nearly as in Raoulia." 

Subgenus Raoulia contains nine species which are arranged in two 

sections. Section Raoulia is characterised by "Inner phyllaries with 

white to yellow radiate tips" and includes R. australis~ R. parkii~ 

R. subsericea and R. glabra. Section Eradiatae has "Inner phyllaries 

without white or yellow radiate tips" and consists of R. hookeri~ 

R. haastii~ R. tenuicaulis 3 R. cinerea and R. monroi. 

Subgenus Mistura comprises the single species R. petriensis, 

while Psychrophyton has ten species arranged in four sections. 

Section Acuminatae contains only one species, R. subulata, and 

is distinguished by glabrous, subulate-lanceolate, acuminate leaves and 

acuminate phyllaries. 

Section Trinerves shows hairy leaves which are not acuminate 

and are distinctly 3-nerved at the base, and phyllaries which are not 

acuminate; it has t\.;ro species, R. grandiflora and R. youngii, 

characterised by phyllaries with white radiate tips and one, R. hectori~ , 

in which the phyllaries do not have radiate tips. 

Section Rotundatae is distinguished by leaves which are hairy, 

I-nerved or very obscurely 3-nerved with tips broadly to narrowly 

rounded and neither emarginate nor apiculate, and by the plants forming 

hard cushions. There are three species, of which R. eximia has inner 

phyllaries without white radiate tips and R. mammillaris and R. bryoides 

have inner phyllaries with white radiate tips. 

Section Truncatae is characterised by leaves which are hairy, 

I-nerved, broadly truncate at the tips and sometimes emarginate, 

sometimes apiculate, and by the plants forming soft cushions. There are 

three species, R. goyenii~ R. rubra and R. buchananii. 



Three of the species of Raoulia contain recognised varieties; 

apart from the type varieties, R. hookeri has three, R. tenuicaulis, 

two, and R. hectori, one. 

EARLIER MODIFICATION OF CLASSIFICATION IN ALLAN* 
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An attempt is made in Table 3.1 to depict modifications to the 

scheme in Allan which suggested themselves over several years of working 

with the genus. Queries in the table denote uncertain rank or position. 

Raoulia australis was divided into two taxa which are genetically 

and geographically distinct but morphologically similar, although 

separable. Where the North Island taxon differs from the South Island 

one, it tends to resemble R. hookeri var. albo-sericea, so that its 

affinities were uncertain as well as its rank. The affinities of the 

South Island component appeared to lie with R. hookeri var. hookeri. 

Raoulia parkii differs slightly in appearance in its northern 

and southern areas, but no definitive differences have been established. 

Material from an isolated intermediate population at Cass is distinct 

but this may be due to introgression from R. subsericea. Thus the 

presence of entities sufficiently distinct to warrant subspecific rank 

was not established. The affinities of R. parkii were thought to lie 

with R. subsericea, and possibly with R. hookeri var. albo-sericea and 

the coastal form of R. hookeri var. hookeri. 

Raoulia subsericea was regarded as a distinct species without 

infraspecific divisions, superficially resembling and possibly allied 

to R. glabra but probably closer to R. parkii. 

R. glabra has a number of features which are unique in the genus; 

it was thought that its affinities might lie outside Raoulia, although 

* Ward, unpublished. 
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they might conceivably be with R. subsericea . 

The RaouZia hookeri species complex ~.;ras regarded as containing 

at least three distinct species. R. hookeri var . hookeri, var. apice

nigra and var. aZbo-sericea are all quite distinct from one another 

both morphologically and eco-geographically . Var. Zaxa was regarded 

as doubtfully distinct from var. hookeri, but possibly warranting 

varietal status since it has its own distinctive area of distribution 

and is morphologically separable (although not by any characters given 

in the description in Allan (Zoc. cit.).A series of similar coastal 

populations was thought to warrant separation from var. hookeri at 

either subspecific or specific rank. The possibilities were also 

recognised that this coastal group might be related rather to R. parkii 

or R. hookeri var. aZbo-sericea or both, and that the coastal population 

believed to be part of var. Zaxa might belong rather with the other 

coastal populations. 

R .. hookeri var. apice-nigloa has two altitudinal components which 

are cytologically and morphologically distirictandwer e ·thoughtto 

"lyarrant specific sepaTation; there are, also ,disjunct geographical 

components which couTdbe· !:,>ubspecifically ,distinct, although this was 

not established. 

RaouZia haastii was regarded as a uniform and distinct species, 

and R. tenuicauZis as a very variable species without clear-cut internal 

divisions with the possible exception of var . pusiZZa. (Var. dimorpha 

describes not a valid taxon but only a stage in the life history (ct . 

Chapter 2, section A.) 

RaouZia cinerea was regarded as wrongly placed in subg. RaouZia. 

It has the diagnostic features of subg. Psychrophyton, but is unlike any 

species included there, and it was considered that it might be better 

placed in a subgeneric taxon of its own or possibly in another genus. 
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R, monroi was regarded as a uniform and distinct species, allied 

closely to the low altitude form of R. hookeri var. apice-nigra. 

A form from the Volcanic Plateau which was regarded by Allan as 

being conspecific with R. tenuicaulis was considered to be a distinct 

species, designated sp. K. A similar form was recently discovered in 

the South Island and may warrant separate subspecific status. 

Affinities are apparently with R. monroi and R. tenuicaulis. 

An undescribed species, very distinct although superficially 

similar to R. hookeri (in which it was earlier included), is designated 

sp. M. It has a markedly disjunct distribution but there is not yet 

sufficient data available to assess differences between the northern 

and southern components. 

In the remainder of the genus the author's opinions on species 

limits were in accord with those of Allan except that a new species L 

was segregated from R. bryoides~ and it was considered doubtful whether 

the boundary between R. eximia and R. rubra was correctly drawn. 

At higher taxonomic levels, there were considered to be two groups 

within Raoulia which are very different and should possibly be in 

separate genera. The pulvinate species of subg. Psychrophyton 

(R. eximia~ R. mammillaris~ R. bryoides~ R. goyenii~ R. rubra~ 

R. buchananii~ R. sp. L) form a coherent, uniform group, quite separate 

from Raoulia subg. Raoulia, which forms a coherent if internally variable 

entity, provided that R. cinerea is removed. The remaining five species 

(R. petriensis and the non-pulvinate species of subg. Psychrophyton) form 

a link between the above two groups but sit comfortably with neither. 

The author was unable to suggest any improvement on the subgeneric 

arrangement in Allan, except for the elevation of the pulvinate species 

group to a subgenus. However, she disagreed strongly with the sectional 

arrangement, which did not in her opinion coincide with natural species 
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groups. Possible natural groupings are indicated in Table 3.1. 

THE NUHERICAL ANALYSIS 

If a vertical line is drawn through each phenogram at the level 

of similarity at which accepted species begin to break up, an examination 

of the clusters at that level provides a basis for comparison with the 

species in the two arrangements already described. The least similar 

members of a species accepted by both authors are the t\VO specimens of 

R. subulata, 91 & 92, which link together at 0.87 similarity in all 

three phenograms. A vertical line is drawn at this level in each 

phenogram and the clusters it intersects (and those it virtually 

intersects) are listed in Table 3.1. At this level, exactly the same 

clusters occur in RT12 and RT11, while in RT13 they are the same except 

that R. australis~ R. parkii~ R. subsericea~ R. hookeri and R. monroi 

form a single cluster rather than nine separate clusters, indicating the 

presence of high similarities between members of different species. 

In cases where the arrangement in Allan has been modified by the 

author, the phenograms RT11 and RT12 sometimes support the modification 

and sometimes the original arrangement. There is no support for the 

division of R. australis, but a division into five species is indicated 

for R. hookeri. The coastal populations of R. hookeri var. hookeri are 

separated from the inland populations, but var. apice-nigra remains as 

a single entity. The coastal form of var. laxa stands alone; this does 

not suggest autonomy for this taxon, since the form from the type 

locality (specimen 61) is included in the same cluster as var. hookeri, 

but rather that the coastal form does not belong with var. laxa. Finally, 

var. albo-sericea is distinct. The phenograms support the recognition of 

the three undescribed taxa, spp. K, L & M as separate species. The 

inclusion of the South Island material of R. rubra (114) in R. ex~m~a 



is suggested, but there is no support for the separation of 

R. mammillaris and R. bryoides, regarded as separate species by both 

Allan and the present author. 
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The correlations below and above the species level between the 

numerical analysis and the current and modified classifications can be 

seen by comparing the classifications in Table 3.1 with the phenogram 

RT12 in Figure 3.1. 

Below the species level, the two suggested groups within 

R. australis (labelled A on the figure) form separately, but they unite 

at a very high level of similarity (a level at which, for example, the 

populations of R. tenuicaulis have only just begun to cluster together). 

In R. parkii (E), the postulated subspecies form separate clusters, as 

they do also in the undescribed R. sp. K (in I). On the other hand, 

there is no support provided for either of the present author's suggested 

groupings within R. hookeri var. apice-nigra (G). The varietal status of 

R. hookeri var. laxa (in C) and of R. tenuicaulis var. pusilla (in M) 

receives no support, but R. hectori var. mollis (in R) appears to be 

separate from the remainder of the species. 

The other two phenograms, RT11 and RT13, agree with RT12 on the 

above groups except that those within R. australis and R. parkii are not 

clear in RT13. Thus the phenograms are in only some cases in agreement 

with the suggested modifications to infraspecific groupings. 

Above the species level, the clusters which form in RT12 lend no 

support to the established sections of Raoulia, R. australis (A) is 

affiliated with R. hookeri vars. hookeri & laxa (B, C, D). A second 

alliance is that between the two species pairs R. parkii (E) - R. hookeri 

var. albo-sericea (F) and R. hookeri var. apice-nigra (G) - R. monro~ 

(H), which are joined by R. sp. K (I) followed by R. subsericea (J). 

The remaining five species of subg. Raoulia, n_amely R, sp. M (K), 
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Phenogram RT13. Single linkage 
clustering in Raoulia (Data Set 1). 



R. haastii (L), R. tenuicauZis (M), R. gZabra (N) and R. c~nerea (0), 

are each very isolated, although, with the exception of R. cinerea~ 

they eventually join the rest of subg. RaouZia. The phenogram RT12 

thus supports the retention of subg. RaouZia (excluding R. cinerea) 

but not the maintenance of its two sections. 
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Of the groups in subg. RaouZia suggested by the author, la is 

supported, as are ld (in its external separation if not its internal 

coherence), le, If and the isolated group 5 (the incorrectly placed 

species, R. cinerea). However, lb and lc appear to constitute a single 

group; there is no evidence for their separation. 

In the remainder of the genus, the phenogram RT12 shows two 

groups of species, the first comprising the pulvinate species of subg. 

Psychrophyton (T-Y) and the second containing three of the four non

pulvinate species of subg. Psychrophyton (Q-S) and the single species of 

subg. Mistura, R. petriensis (P). Each of the two remaining species, 

R. subuZata (Z) and R. cinerea. (0), is very isolated. 

Within the pulvinate species group there are two clear subgroups, 

one (T-V) containing R. eximia~ the southern component of R. rubra, 

R. goyenii and R. buchananii, and the other (W-Y) with R. mammiZZaris, 

R. bryoides, the northern component of R. rubra and R. sp.L. Within the 

non-pulvinate species group, the closest alliance is between R. petriensis 

and R. youngii, which lends no support for the retention of subg. Mistura. 

The phenogram does, hmvever, show two main groups, one comprising 

subg. RaouZia with the exclusion of R. cinerea and the other consisting 

of subg. Mistura, subg. Psychrophyton and R. cinerea. This suggests 

that there are grounds for retaining the two principal subgenera, 

slightly modified in content. Below this the mos t appropriate groups, 

perhaps at the section level, appear to be first the pulvinate species 

and second R. petriensis~ R. youngii~ R. hectori and R. grandifZora3 
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with R. subulata and R. cinerea each standing alone. 

The phenogram RTll (Figure 3.2), formed by WPGMA clustering, shows 

the same species groups as those in RT12 except that in the pulvinate 

species, R. sp. L forms a third cluster Y rather than linking with 

R. mammillaris and R. bryoides (W), and the northern component of R. rubra 

(X), which last joins the remainder of its species and R. eximia (T). 

The phenogram RT13 (Figure 3.3), formed by single linkage 

clustering, shows few clear species groups because of its chained 

structure. 

Ball clustering produces groups in which the maximum internal 

variation is less than the minimum external variation; that is, the 

greatest dissimilarity between OTUs in a cluster is less than the 

greatest similarity between any member of the cluster and any OTU 

outisde the cluster. The resemblance to the concept of the taxonomic 

species makes ball clusters of interest in this study. Ball clusters 

present in the data set are listed in Table 3.2; those which coincide 

with any other groups in Table 3.1 are listed in the extreme right-hand 

column of that table. 

The majority of the species (R. aU8tralis~ R. subsericea~ 

R. glabra~ R. haastii~ R. tenuicaulis~ R. c~nerea~ R. monroi~ 

R. petriensis~ R. grandij1ora~ R. youngii~ R. hectori including and 

excluding var. mollis, R. sp. L, R. goyenii, R. buchananii) form 

ball clusters, as does the species combination of R. mammillaris and 

R. bryoides, indicating taxa which are clearly demarcated phenetically. 

Below the species level, the Volcanic Plateau component of 

R. australis forms a cluster but the southern component does not. 

Examination of the similarity matrix RTIO reveals that this is because 

the similarity between OTUs 3 & 4, from the south, is exceeded by the 

similarity between OTUs 3 & 7, the latter outside the southern group. 
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Table 3.2 Ball clusters in Raoulia (Data Set 1). 
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Taxon 

R. subsel'icea 

R. hookel'i var. apice-nigra 

R. australis (5.1.) 

R. Bubsericea 

R. hookel'i var. hookeri 

R. subsel'icea 

R. hookel'i var. albo-sel'icea 

R. hookel'i var. hookeri 

R. youngii 

R. sp. K (N) 

R. monroi 

R. hookeri var. hookeri 

R. hectori var. hectori 

R. gZabra 

R. hookeri var. apice-nigra 

R. mammiZZal'is, R. bryoides 

R. eximia 

R. hookeri var. apice-nigra 

R. australis (N.I.) 

R. hookel'i var. hookeri 

R. hookeri var. apice-nigra 

R. sp. M 

R. hookeri var. albo-sericea 

R. monroi 

R. parkii 

R. parkii 

R. grandiflora 

R. haastii 

R. sp. L 

R. goyenii 

R. tenuicau lis var . . tenuic-au lis 

R. parkii· 

R. parkii 

R. sp. K (5) 

R. tenuicauZis var. tenuicauZis 

R. tenuicauZis var. tenuicauZis 

R. haastii 

R. subsel'icea 

R. cinerea 

R. hookeri var. hookeri 

R. buchananii 

R. hectori var. hectori 

R. australis 

R. glabra 

R. mammillaris, R. bryoides 

R. sp. M 

R. grandi flora 

R. subsel'icea 

R. petriensis 

R. BubuZata 

R. hectopi 

R. tenuicauZis 
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3/3 

3/3 

7/7 

2/2 

2/2 

4/4 
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In R, parkii, the southern and central components each form clusters, 

but the northern one does not, because two members (13 & 14) are less 

similar to each other than another member (15) is to an OTU (11) outside 

the group. (This whole species fails to form a ball cluster, as does 

R, hookeri var, albo-sericea, because of high similarity links between 

these two taxa,) In R, sp, K the northern and southern components form 

clusters separately but not in combination, suggesting the possibility 

of two species, while in R, sp. M the southern component forms a cluster 

(the northern component of sp, M is not represented in the data set), 

In R, hookeri var. apice-11igra, the only cluster comprises the two 

northern specimeilQ,suggesting that a fuller comparison should be made 

of the high altitude northern and southern components of this taxon, 

R. hookeri var, laxa and the coastal and inland groups of R. hookeri 

var, hookeri do not form clusters either separately or in combination, 

and the same is true of R. eximia and R. rubra, suggesting in both 

cases that a further investigation of specific limits and infra?pecific 

structure is required, 

HYBRIDISATION 

Table 3.3 lists known wild hybrids between different species of 

Raoulia and between Raoulia and Leucogenes. Based on patterns of 

hybridisation, there are three clear-cut species groups apparent within 

the genus Raoulia. 

All species of Raoulia subg. Raoulia except the wrongly placed 

species R. cinerea and the doubtfully placed R, sp. M are known to form 

hybrids with other species of the same subgenus. None forms hybrids 

with any species of the other two subgenera, or with Leucogenes, 

although at least some have the capacity to form inter generic hybrids 

(cf. Chapter 4). The species of subgenus Raoulia, excluding R. c~nerea~ 
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Table 3.3 Natural hybrids which form the basis of the hybridisation 
groups listed in Table 3.1 (all known inter~§ecific Raoulia 
hybrids and intergeneric Raoulia x Leucogenes hybrids). 

Group 1 

R. australis (S. 1.) x parkii 

R. australis (S.1.) x hookeri var. hookeri (inland) 

R. australis (Cape Palliser) x hookeri var. hookeri 

R. australis (S.1.) x hookeri 

R. australis (N.1. ) x hookeri 

R. parkii x subsericea 

R. subsericea x glabra 

var. apice-nigra 

var. albo-sericea 

R. subsericea x hookeri var. hookeri (inland) 

R. glabra x hookeri var. albo-sericea 

R. hookeri var. apice-nigra (low alt.) x monroi 

R. hookeri var. albo-sericea x sp. K 

R. haastii x tenuicaulis var. tenuicaulis 

R. tenuicaulis var. tenuicaulis x sp. K 

R. monroi x sp. K 

Group 2 

R. subulata x youngii 

R. subulata x hectori 

R. grandi flora x young~~ 

R. grandiflora x hectori 

R. youngii x hectori 

Group 3 

R. grandiflora x ex~m~a 

R. grandiflora x bryoides 

R. grandiflora x L. leontopodium 

R. grandiflora x L. grandiceps 

R. youngii x eximia 

R. youngii x L. grandiceps 

R. eximia x mammillaris 

R. eximia x bryoides 

R. eximia x L. grandiceps 

R. mammillaris x L. grandiceps 

R. bryoides x L. leontopodium 

R. goyenii x L. grandiceps 

R. rubra x L. leontopodium 

(low 

(coastal) 

alt. ) 



form the first hybridisation group. 

Almost all possible hybrid combinations are known between the 

non-pulvinate species of subgenus Psychrophyton (R. subuZata~ 

R. grandif1ora~ R. youngii~ R. hectori) but only R. grandifZora and 
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R. youngii are known to cross with any other species of RaouZia or with 

Leucogenes (as shown in Table 3.3). The four non-pulvinate species of 

subg. Psychrophyton thus form a second hybridisation group which is 

subdivided into two pairs of species. 

Not many hybrid combinations occur between the pulvinate species 

of subgenus Psychrophyton since most of them are allopatric. However 

they all, with the possible exception of the poorly known species 

R. buchananii~ form hybrids with Leucogenes, and on this basis can be 

said to constitute a third hybridisation group. 

The gap between the second and third groups is bridged by 

R. grandifZora and R. youngii, which cross with species of both groups 

of subg. Psychrophyton and also with Leucogenes. 

Hybridisation patterns therefore support the autonomy of subg. 

RaouZia, and slightly less conclusively the separation of the pulvinate 

and non-pulvinate species of subg. Psychrophyton. Hybridisation provides 

no clue to the relationships of the morphologically isolated species R. 

sp. M, R. cinerea and R. petriensis, since none of them is known to form 

hybrids. The lack of known hybrids cannot be taken to indicate genetic 

isolation, since all three species occur in remote areas and are of 

limited distribution. They may therefore have the capacity to form 

hy~ids but not the opportunity, or hybrids may occur but remain 

unrecorded. 

CHROMOSOME NUMBERS 

No chromosome counts have been published for any species of 
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Raoulia. A preliminary survey was carried out by Barbara Groves at the 

Botany Division, D.S.I.R., and at the author's request the late John 

Hair had made a considerable number of counts, though the survey was 

not quite complete at the time of his death. It is these chromosome 

counts, by Groves and Hair, 'vhich are reported here. 

The lowest and most common chromosome number in Raoulia is 

* 2n = 28, which occurs in subg. Mistura (= R. petriensis) and in all 

species of subg. Psychrophyton except possibly R. hectori (which has not 

yet been investigated) and R. bryoides (for which there is a single 

unverified count of 2n 28). This may represent a genuine uniformity 

in chromosome numbers or it may reflect inadequate sampling; a note of 

caution is sounded by the example of Leucogenes, in which both species 

have published counts of 2n = 28 (Hair and Beuzenberg, 1968), but in 

which a polyploid series has recently been uncovered (Molloy and 

Beuzenberg, pers. comm.). 

In subg. Raoulia, chromosomes have been counted in all species 

except R. cinerea. Below the species level, counts have not been made 

for R. tenuicaulis var. pusilla or for the southern components of R. sp. 

K and R. sp. M,but counts have been obtained for all other recognised 

or proposed taxa. In all of R. tenuicaulis~ R. sp. K and R. sp. M, 

only counts of 2n = 28 have been recorded, but more adequate sampling 

may expose cytological variation. R. glabra~ R. haastii and R. monroi 

also have recorded only counts of 2n = 28, but these three species do 

* Reports of a chromosome number as low as 2n = 14 elsewhere in the 
Gnaphaliinae (Gnaphalium indicum~ G. luteo-album & G. affine~ 
cf. Drury, 1970, p. 236, & Helichrysum (sect. Xerochlaena) foetidum 
(L.) Cass., fide Clapham, in Flora Europaea, 1976, 4, p. 131) suggest 
that true diploidy is as yet unknown and may not exist in Raoulia, 
in which the lowest somatic number known is 2n = 28. However, for 
the purposes of discussion here, in the absence of any lower count 
in the genus, the effective base number in Raoulia is assumed here 
to be x = 14. Thus taxa with 2n = 28 are treated as diploid, those 
with 2n = 56 as tetraploid, 2n = 84 as hexaploid and 2n = 112 as 
octoploid. 



not show any other type of disjunction and are therefore more likely 

to be cytologically uniform. 

In R. australis all South Island material so far investigated, 

including a single coastal population, has 2n = 28, while Volcanic 

Plateau material has 2n = 112. A single count of 2n = 56 from a 

coastal population at Cape Palliser, on the south-ea~ern tip of the 
s 
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North Island, suggests that further investigation of Wellington plants 

and of other coastal populations is desirable. 

Counts of R. parkii from the southern, central and northern 

parts of its range all show 2n = 84. This provides no evidence for 

the existence of separate subgenera but is of interest in that the 

only other known occurrences of this number are in all four of those 

coastal populations of R. hookeri var. hookeri which have been 

investigated. 

R. subsericea has 2n = 56, as does R. hookeri var. albo-sericea 

and R. hookeri var. laxa from the type locality at Franz Josef. (The 

chromosome number of the population from Gillespie's Beach is not known.) 

In R. hookeri var. hookeri, all inland populations which have been 

counted have 2n = 56 whereas all coastal populations have 2n = 84, 

which suggests that they should perhaps not be placed in the same 

species. 

In R. hookeri var. apice-nigra, the two low altitude populations 

which have been counted (from the southern and central parts of the 

range) show 2n = 56, while three high altitude populations, from the 

southern, central and northern parts of the range, show 2n = 28. 

DISTRIBUTION 

Raoulia has a wide range of distribution patterns, some of which 

are shown in Table 3.1. Subg. lnstura and subg. Psychrophyton consist 



of exclusively high altitude species (i.e. not normally found below 

1000 m, and occurring mainly above 1500 m), in which feature they 

resemble Leucogenes rather than subg. Raoulia. Indeed the only taxa 

in subg. Raoulia \vhich are confined to high altitudes are R. cinerea 

and R. sp. M, respectively incorrectly and dubiously located in this 

subgenus, and the doubtfully distinct high altitude component of 
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R. hookeri var. apice-nigra. All other species occur mainly at lower 

(lowland to montane) altitudes although they may ascend to higher ones. 

Within subg. Psy chrophy ton , the pulvinate species tend to be 

ecologically similar in preference but to displace one another 

geographically, and to hybridise where they meet. The non-pulvinate 

species, in contrast, are ecologically, not geographically, separated. 

Again they form hybrids where they meet. 

Within subg. Raoulia, distribution patterns are, from the 

taxonomic point of view, most interesting at the infraspecific level, 

where they range from widespread to extremely localised and from 

continuous to geographically and altitudinally disjunct distributions. 

A consideration of distribution patterns is included in the assessment 

of taxa in the following section. 

ASSESSMENT OF TAXA 

The taxa within the genus Raoulia may now be assessed in terms 

of the accumulated evidence. 

The available cytological evidence appears to demonstrate that 

R. australis, as currently interpreted, includes a polyploid series, 

2n 28, 56, 112 all being reported. 

The 2n = 56 cytotype is kno,vu only from a single count from a 

population at Cape Palliser which is still imperfectly known 

morphologically, and could not be included in the main data set 



(but cf. Section 9B, Chapter 9). Further investigation, both 

morphological and cytogeographical, of this taxon is clearly needed. 
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The other two major components of R. australis are cytologically, 

geographically and morphologically distinct. The numerical analysis 

shows a high degree of overall morphological similarity between the two 

taxa, but they are distinguishable in qualitative features such as the 

colour of both the pollen and the inner phyllary tips and the presence 

or absence of both central papillae and interlocking basal papillae on 

the pappus hairs, features in which the Volcanic Plateau populations 

(2n = 112) resemble the sympatric R. hookeri var. albo-sericea while 

the South Island populations, both coastal and inland (2n = 28), are 

more like R. hookeri var. hookeri. These resemblances in morphology 

are matched by genetic affinity as reflected in the formation of hybrids 

between the Volcanic Plateau cytotype of R. australis and R. hookeri var. 

albo-sericea and between the South Island cytotype of R. australis and 

R. hookeri var. hookeri. Specific separation of these two major 

components of R. australis seems indicated, in spite of the evidence 

from the numerical analysis. A further area of investigation which is 

indicated is the attempted production and subsequent study of artificial 

hybrids between all combinations of the taxa mentioned above, in order 

to obtain a measure of genetic affinity. 

Raoulia parkii has a markedly disjunct distribution, with 

extensive populations in the arid grasslands of inland Otago -South 

Canterbury and inland Marlborough and a few small, isolated populations 

in between. The northern populations differ slightly from the southern 

ones in characters of leaf tomentum, amount of folding of the lamina 

and the angle at which the leaf is held to the stem, which in combination 

give plants from the two areas a slightly different appearance. The 

populations from the central part of the range differ slightly in 



morphology from those to the north and south, and they do so in the 

direction of R. subsericea. At least in the Cass populations, this 
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may well be due to introgressive hybridisation between these two species, 

but detailed investigation of these particular populations has not yet 

been completed. 

Cytologically, as far as is known, R. parkii is uniform, with 

2n 84 recorded from all three of the areas mentioned above. 

In the numerical analysis, plants from the three areas are 

separated by average linkage clustering, indicating that on an overall 

phenetic basis they are distinct. However, they are not separated by 

single linkage clustering and the northern component does not form a 

ball cluster, both indications that bet,.;reen individual plants 

resemblances may sometimes be greater between than within the different 

areas of distribution. 

Since the northern and southern components of R. parkii, although 

cytologically uniform, are effectively reproductively isolated by 

allopatry and are morphologically distinguishable, at least on a 

population basis, in several quantitative characters, they are 

appropriately ranked as subspecies. Further work is needed on the 

isolated central populations, but they are probably best grouped as a 

third subspecies. 

R. parkii is closely allied phenetically to R. hookeri var. 

albo-sericea, but the two entities are cytologically, morphologically 

and geographically distinct and clearly rank as separate species. 

Raoulia subsericea has a wide and continuous distribution, has 

no known internal morphological discontinuities and is apparently 

cytologically uniform with 2n = 56. It forms a distinct cluster in 

the phenograms, as well as a ball cluster, both of which indicate a 

group which is clearly demarcated phenetically. (One specimen in the 



numerical analysis, OTU 20, is distinct from the rest of the species; 

it varies in the direction of R. parkii, belongs to a Cass population 

and has probably been affected by introgressive hybridisation.) 
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R. subsericea is clearly a distinct species, apparently more closely 

related to the R. parkii -R. hookeri var. aZbo-sericea and R. hookeri 

var. apice-nigra - R. monroi - R. sp. K alliance than to the superficially 

similar species R. gZabra. 

RaouZia gZabra shows a wide and continuous distribution combined 

with morphological and cytological uniformity (2n = 28). It is 

morphologically distinct and clearly constitutes a good species. The 

numerical analysis indicates that it occupies a very isolated position 

within subg. RaouZia, and in fact it shows some characters quite atypical 

of the genus as a whole. These include a lengthening of the internodes 

below the capitulum, a capitulum with a flat receptacle with a central 

cone, many phyllaries, and many florets the majority of which are tubular 

and hermaphrodite, all of which characters occur in HeZichrysum fiZicauZe; 

that these two species are genetically similar is shown by their ability 

to form hybrids. If RaouZia subg. RaouZia is a monophyletic taxon, 

R. gZabra may indicate an origin from HeZichrysum and may be a species 

of subg. RaouZia which has retained some primitive characters of that 

taxon. Alternatively, the isolated position in the numerical analysis 

may reflect an origin separate from the rest of the subgenus, which 

would then be polyphyletic. Such phylogenetic hypotheses must however 

remain purely speculative until more evidence of evolutionary relation

ships is obtained. 

RaouZia hookeri comprises an aggregation of populations showing 

discontinuities in cytology, morphology and eco-geographic distribution. 

Consideration of the accumulated evidence makes it clear that this 

species complex, which is currently divided into four varieties, 
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contains discrete taxonomic groups at several hierarchical levels. 

RaouZia hookeri var. hookeri occurs on bare, semi-consolidated 

shingle of riverbeds and sea coast. The riverbed and coastal populations 

are cytologically distinct (2n = 56 and 2n = 84 respectively), allopatric 

and therefore reproductively isolated, and clearly separable on an overall 

morphological basis, as shown by the numerical analysis. However, each 

of these two taxa is made up of many isolated populations and is 

internally extremely variable, and gross morphological differences which 

could be used to distinguish them have not been found. Thus, although 

they clearly constitute good biological species, it may not be practical 

to accord them separate formal taxonomic status as species. They appear 

to be closely related on an overall phenetic basis, and both share with 

R. austraZis the possession of a monoecious capitulum in which the 

tubular florets are functionally male rather than hermaphrodite as in 

the rest of the subgenus. It seems likely that the coastal form has been 

derived from the inland form; seed is very readily transported from the 

inland habitat to the coastal one, especially during spring floods. 

RaouZia hookeri var. Zaxa is limited to a small area in South 

Westland and differs from the type variety in several quantitative 

features. It has comparatively long internodes and a lax growth habit 

without clear differentiation of the branches into horizontal long shoots 

and upright short shoots, both features which can be environmentally 

induced in the type variety; var. Zaxa, however, possesses an extremely 

long disc at the base of the style, which is unique in the entire genus. 

More detailed study of the South Westland populations is required to 

determine the amount of variation present in this taxon and the exact 

limits of its distribution. Based on a consideration of material from 

the type locality (OTU 61) it is not distinct from the inland populations 

of R. hookeri var. hookeri on an overall phenetic basis or cytologically, 



but it probably warrants varietal status since it occupies a distinct 

but limited geographical area and is morphologically distinguishable 

from var. hookeri. 
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The coastal population from South Westland (represented by OTU 60) 

also listed as var. laxa in the data set is clearly quite distinct from 

both this taxon and var. hookeri. It may be a coastal derivative of 

var. laxa; further study, including cytological investiation, is 

required. 

Raoulia hookeri var. albo-sericea is geographically and 

morphologically separated from the rest of R. hookeri. In general 

appearance and overall phenetic resemblance it is closest to R. parkii3 

from which it is however distinct in geographic distribution, chromosome 

number and several morphological features. It also resembles the 

sympatric Volcanic Plateau component of R. australis in a number of 

qualitative features, although overall similarity bet'veen the t,vo is not 

great and their chromosome numbers are different (2n = 56 in R. hookeri 

var. albo-sericea, 2n = 112 in R. australis). The resemblances may be 

due to introgression, since the two taxa hybridise freely. R. hookeri 

var. albo-sericea appears to constitute a good species but one of 

uncertain affinity. 

R. hookeri var. apice-nigra has separate altitudinal components 

and also separate latitudinal elements. In the south of the South 

Island, it occurs at low and high altitudes from Central Otago to South 

Canterbury. The two altitudinal forms are separated by a zone in which 

neither occurs. They show a high level of overall similarity but are 

cytologically distinct (2n 28 in the high altitude form and 2n = 56 

in the low altitude form) and differ in several qualitative and 

quantitative morphological features. They may well have a common origin, 

but appear to warrant specific separation. The low altitude form was 



formerly accorded separate specific status as R. beauverdii Ckn. 

It is a common plant of arid, depleted grassland from Central Otago 

to the Mackenzie Basin in South Canterbury, occurring commonly with 

R. australis and R. parkii. (The population included in R. beauverdii 

by Cockayne occurring in coastal Southland (cf. Allan, 1961, p. 705), 

is represented in the data set by OTU 28 and is part of the coastal 

taxon currently included in R. hookeri var. hookeri.) 
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Further north3 R. hookeri var. apice-nigra occurs at low altitudes 

as isolated small populations on limestone and at high altitudes in the 

mountains of inland Marlborough and the extreme north of Canterbury. 

The low altitude populations here, just like the low altitude populations 

further south, have 2n = 56 and are morphologically similar to 

R. beauverdii Ckn. The restriction to limestone may be due to reduced 

competition on this substrate rather than any physiological requirement, 

since the plants grow well in cultivation in normal potting soil. 

The northern high altitude form has 2n = 28, again echoing its 

southern equivalent; it differs slightly from the southern high altitude 

form in overall appearance and in some quantitative features, but there 

are no known qualitative differences. The two are not separated by the 

numerical analysis. The northern component forms a ball cluster but 

this is not particularly significant since it is represented by only 

two specimens. 

Thus R. hookeri var. apice-nigra appears to contain two 

morphologically similar taxa which are effectively reproductively 

isolated by occurring in disjunct altitudinal zones, which differ 

cytologically and which can be distinguished by qualitative morphological 

features. These two taxa warrant separate specific status. Each of them 

is geographically disjunct, cytologically uniform and morphologically 

similar. However, each requires further internal investigation to 
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determine the presence or absence therein of distinct subspecies~ 

Raoulia haastii has a continuous distribution within the limits 

imposed by its montane riverbed habitat. It is morphologically and 

cytologically uniform and quite distinct from all other species. 

It has no close affinities but comes nearest to R. tenuicaulis, 

with which it occasionally forms hybrids. 

Raoulia tenuicaulis is the most widespread and successful of 

all species of Raoulia. It is exceedingly variable between populations, 

within populations, and even varies within the individual at different 

stages of the life history and under different environmental conditions. 

R. tenuicaulis is (as far as is known) cytologically uniform, has a 

continuous geographical distribution and in spite of its internal 

variation is quite distinct from all other species. The status of v~r. 

pusilla is difficult to assess because of the amount of variation in 

the species; further study, including glasshouse culture, cytological 

investigation and field observation, is required to determine if it 

occurs on a population rather than individual basis, and if so, whether 

it is separable from the rest of the species. 

Raoulia cinerea is a rare alpine species which is incorrectly 

placed in subg. Raoulia. An opinion as to whether it should be placed 

as an isolated component of the other part of the genus Raoulia or 

transferred to another genus or raised to a monotypic genus must await 

comparison of Raoulia with other genera (cf. Chapter 4). 

Raoulia monroi is a distinct species with a continuous 

geographical distribution and no known cytological or morphological 

discontinuities. It is allied to R. hookeri var. apice-nigra 

(particularly the low altitude component) and to R. sp. K. 

Raoulia sp. K has been known for some time from the Volcanic 

Plateau, where it was discovered by A.P. Druce. It has been found in 
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only a few, scattered locations, and was not recognised as a species 

by Allan (1961). A similar form has recently been discovered at Cass, 

in the Waimakariri basin of the central South Island. The two forms 

are more similar to each other than to anything else, but are 

sufficiently different to allow the possibility of specific separation 

from each other. Cytological investigation of the southern form and 

a more extensive comparison of the two are needed before their correct 

status with regard to each other can be determined. 

However the numerical analysis leaves no doubt of their specific 

separation from the rest of the subgenus. The extremely disjunct nature 

of the known distribution may be misleading since the plants are quite 

inconspicuous and may in fact be more widespread than is yet known. 

Affinities of the southern form are with R. monroi and R. hookeri var. 

apice-nigra; however the northern form may be closer to R. tenuicaulis, 

with which it occasionally hybridises, although this is not apparent 

from the numerical analysis. 

Raoulia sp. M is shown by the numerical analysis to be a very 

distinct species apparently belonging within Raoulia subg. Raoulia. 

It is geographically disjunct, but since only the southern component is 

included in the numerical analysis and only the northern component has 

been analysed cytologically, a decision on the status of the two 

components must a'vait further study. 

Overall, Raoulia subg. Raoulia (excluding R. cinerea) appears to 

constitute a natural taxon, phenetically and genetically distinct from 

the remainder of the genus. Within the subgenus there is not a good 

phenetic basis for the establishment of sections, since separation is 

into one large group of species and a number of single species. 

Sections must therefore be abandoned or established on some other basis. 

In Raoulia subg. Mistura (= R. petriensis) and the non-pulvinate 
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species of subg. Psychrophyton, species limits and status are quite 

clearly established, but this cannot be said for the relationships of 

the species, which remain uncertain. The numerical analysis indicates 

extreme separation of R. subulata, but this is not in accord with 

genetic relationships suggested by known hybrids. The affiliation 

between R. grandiflora and R. youngii suggested by the evidence from 

hybridisation is not supported by the numerical analysis. Since the 

phenetic evidence conflicts with the genetic evidence, and in the 

absence of cytological differences, resolution of this question requires 

new lines of evidence. Comparison with other genera, particularly 

Leucogenes~ may provide some new evidence (cf. Chapter 4). 

The pulvinate species of Raoulia subg. Psychrophyton form a 

clearly demarcated group morphologically, although they are genetically 

linked to the other part of the subgenus. The internal structure and 

species boundaries of the included taxa are not clear, and require more 

detailed study. 

CONCLUSION 

The numerical assessment of phenetic relationships in Raoulia 

has proved to be useful in providing additional evidence with which 

to assess relationships and construct the most appropriate system of 

classification within the genus. It has served to confirm some groupings 

and to show that others, if made, must be made in the knowledge that 

they conflict with the phenetic evidence, as in the case of the proposed 

division of R. australis. In several instances, including the internal 

classification of R. hookeri var. apice-nigra and the relationships of 

the South Island component of R. rubra, the numerical assessment has 

pointed to a need for further investigation. The high correlation 

between relationships indicated by the numerical analysis and those 
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indicated by lines of evidence not used in that analysis demonstrates 

that the numerical method is delimiting taxonomic groups comparable 

with those based on other kinds of evidence commonly used in taxonomic 

studies. The comparability of the results of the numerical analysis 

with the author's earlier unpublished classification shows that this 

numerical method can be extremely useful in providing an additional 

basis (i.e. a measure of phenetic resemblance) for the formation and 

ranking of groups and in refining and elucidating an already formulated, 

or partly formulated, system of classification. 
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CHAPTER 4 

RAOULIA: EXTERNAL RELATIONSHIPS 

The status and constitution of RaouZia is problematical whether 

viewed from within the genus or from without. Internally, its diversity 

is reflected in the subdivision into three subgenera and six sections, 

far more than might be expected for a genus of only twenty recognised 

species. The internal relationships of RaouZia were considered in 

Chapter 3 and it was concluded that the genus is exceedingly 

heterogeneous, containing two distinct groups which may warrant separate 

generic status and several species of uncertain affinity, some of which 

may be better placed in other genera. 

Externally, RaouZia is not clearly demarcated from other genera. 

Hooker (1864) noted that RaouZia was a genus founded on habit more than 

on any good characters that could separate it from GnaphaZium sect. 

HeZichrysum. He suggested that the section of RaouZia later named 

Imbricaria (the basis of subg. Psychrophyton) probably constituted a 

good genus but that the remaining species (now included in subg. RaouZia) 

might perhaps fall into GnaphaZium or HeZichrysum. Again, in the Genera 

PZantarum Vol. 2 (Bentham and Hooker, 1873), it was noted that RaouZia 

is not clearly differentiated from GnaphaZium or HeZichrysum except by 

the unique habit, and that it has sometimes the filiform to tubular 

floret ratio of GnaphaZium and sometimes that of HeZichrysum. Kirk 

(1899) retained RaouZia as a genus for convenience but suggested that 

sect. Leptopappus (now subg. RaouZia) should be placed in GnaphaZium and 

sect. Imbricaria (now subg. Psychrophyton) in HeZichrysum. Thus it is 

clear that, taxonomically, RaouZia cannot be considered in isolation, 



but must be compared with allied genera with regard to both its status 

and its constitution. 

87 

A cursory investigation of allied genera soon makes it clear that 

Raoulia is not the only problem genus in the group. The two major 

genera of the subtribe Gnaphaliinae, Gnaphalium and Helichrysum, are 

distinguished by the proportion of filiform (female) to tubular 

(hermaphrodite) florets in the capitulum, with the filiform florets 

more numerous than the tubular in Gnaphalium and less numerous than the 

tubular in Helichrysum. It has long been recognised that this distinction 

does not always lead to species being placed with their natural allies. 

In fact, Schultz suggested as long ago as 1845 that the two genera should 

be united. 

Hooker (1864) claimed that the New Zealand species of Gnaphalium 

and Helichrysum could not be naturally separated into these genera. 

He placed all the New Zealand species in Gnaphalium, with the proviso 

that those with the outer (filiform) florets in one series and with 

broad pappus hairs thickened at the tip (the species now known as 

Raoulia youngii~ Ewartia sinclairii~ Leucogenes grandiceps and 

L. leontopodium) should perhaps be distinguished from Gnaphalium and 

placed in Helichrysum or Antennaria. 

Moeser (1909) confirmed that the proportion of filiform to 

tubular flowers cannot be used to distinguish Gnaphalium and Helichrysum, 

but he did not unite them. Hedberg (1957) maintained that " ... a final 

decision on this point requires a thorough taxonomic revision of at 

least most species of both genera, which is indeed a colossal task." 

He provisionally maintained the separate genera, but pointed out that 

in two cases (Helichrysum cymosum (L.) D. Don & H. odoratissimum (L.) 

Sweet) the variability in the character supposedly distinguishing the 

two genera is such that different individuals of the same species 
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would be placed in different genera. Hilliard and Burtt (1973) drew 

attention to two pairs of species (H. serpyllifolium (Berg.) Pers. & 

G. polifolium Thurb.; H. simii Bolus & G. limicola Hilliard) which form 

a bridge between the two genera, there being little doubt that the 

paired species are naturally related and are artificially separated 

into the two genera by the numerical criterion. They suggested (loc. 

cit., p. 340) that there is " ... a group of plants in Africa which at 

present spans the numerical boundary between Helichrysum and Gnaphalium 

but does not fall happily into either."* 

The satisfactory separation of Helichrysum from Gnaphalium is not 

the only problem involving these genera. Helichrysum includes species 

with pa1eaceous receptacles (H. argyrophyZZum DC., H. paleatum Hilliard); 

Hilliard and Burtt (loc. cit., p. 343) state that these species are· 

related to other, epa1eate species of Helichrysum and not to each other. 

They do not, because of this character, belong to Cassinia, or any other 

genus. Hilliard and Burtt (loc. cit., p. 342) also state that II • . •.. ~n 

Australia there is little to separate Cassinia R. Br. from Helichrysum 

sect. Ozothamnus save the pa1eaceous receptac1e." These two statements 

taken in conjunction must cast doubts upon the validity of the genus 

Cassinia. 

Cassinia is an Australasian genus formerly placed outside the 

subtribe Gnapha1iinae because of its pa1eaceous receptacle. Of the 

five New Zealand species, two (C. amoena Cheesem. and C. fuZvida Hook f.) 

frequently lack receptacular pa1eae. The New Zealand species have been 

placed with the one South African species in Cassinia sect. Rhynea, 

characterised by shortly oblong rather than long linear leaves and by 

* The problem of sex-ratio variants in HeZichrysum is fully discussed 
in a recent paper by Hilliard and Burtt (1981), in which their generic 
description makes allowance for atypical sex-ratios in Helichrysum. 
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white-tipped phyllaries (Bentham and Hooker, 1873). However, Hilliard 

and Burtt (loc. cit., p. 374) retain Rhynea* as a genus, comprising the 

single South African species and distinguished from Cassinia, which 

contains the Australasian species, by the inner phyllaries falling from 

the heads as the fruits ripen in Cassinia, but not in Rhynea. This 

taxonomic arrangement is accepted by Merxmuller, Leins and Roessler 

(1977). 

Hooker, in the Handbook of the New Zealand Flora (1864), noted 

that Ozothamnus (now Helichrysum sect. Ozothamnus) has the characters 

of Cassinia (small-leaved shrubs with a narrow receptacle, involucral 

bracts in many series and no ligulate florets) but without any scales 

among the florets. He suggested that C. fulvida, lacking scales, should 

perhaps be referred to Ozothamnus, and that C. vauvilliersii (Homb. et 

Jacq.) Hook. f. is scarcely distinguishable from O. cuneifolius A.De,of 

Tasmania. The New Zealand species of Helichrysum sect. Ozothamnus differ 

from the Australian species, and resemble Raoulia, in possessing 

solitary, terminal, sessile capitula. Hooker (1864) stated that Raoulia 

was distinguished from Ozothamnus by the herbaceous habit, but in fact 

the pulvinate species of Raoulia subg. Psychrophyton are usually woody. 

The species of Helichrysum sect. Ozothamnus are shrubs, while species of 

the pulvinate group of Raoulia subg. Psychrophyton are cushions, but the 

habit of growth is similar in both, and the form of a small, rock-crevice 

plant of, for example, H. selago or H. parvifolium, differs very little 

from a well-grown specimen of R. mammillaris or R. bryoides. 

Gnaphalium is a large (c. 150 species) and poorly understood 

complex in which five sections are currently recognised (}lerxmuller, 

Leins and Roessler, 1977): Gnaphalium sect. Gnaphalium~ sect. 

* Since renamed Tenrhynea Hilliard & Burtt (Hilliard and Burtt, 1981), 
Rhynea DC. (1838) being a later homonym of Rhynea Scopoli (1777). 



Omalotheca, sect. Synchaeta, sect. Ganochaeta and sect. Euchiton 

(the last includes all the indigenous New Zealand species). Sect. 

Calolepis Kirp. (the "achyroclinoid group" of Drury, 1970) is excluded 

from Gnaphalium, as is Anaphalioides (Bentham) Kirp. (Drury's 

"anaphalioid group"). 
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The two species of Gnaphalium sensu stricto (i.e. Drury's 

"gnaphalioid group") included in the present study, G. nitidulum Hook. 

f. and G. mackayi (Buchan.) Ckn., are distinct from the remaining New 

Zealand species (Drury 1970, 1972) and resemble Raoulia in possessing 

the mat form (although the habit of growth is different) and solitary, 

terminal capitula which are sessile at anthesis (although the peduncles 

elongate as the fruits develop in the two Gnaphalium species). Drury 

(1972, loco cit.) notes that both of these species, and in particular 

G. nitidulum, come very near to Leucogenes. 

The "anaphalioid group" of Drury is accorded "semi-accepted" 

generic status by Merxmuller, Leins and Roessler (1977) as Anaphalioides 

(Bentham) Kirp. It was distinguished as a section of Gnaphalium by 

Bentham (1873, Genera Plantarum Vol. 2), who pointed out that the New 

Zealand species (i.e. Gnaphalium trinerve, G. hookeri, G. keriense~ 

G. subrigidum) form a remarkable section linking Gnaphalium with 

Anaphalis and Helichrysum. The anaphalioid group of Gnaphalium has the 

style arms of Anaphalis, with sweeping hairs all the way down rather 

than confined to the tip, and one species (G. keriense) is subdioecious, 

as is Anaphalis. This anaphalioid group also approaches Helichrysum; 

H. beUidioides and G. hookeri form a pair of very similar species, 

sometimes distinguishable in the field only by the inflorescence, which 

is monocephalous in H. bellidiaaes but polycephalous, though with only 

a few capitula, in G. hookeri. 

The genus Ewartia was erected by Beauverd (1910) to contain the 
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subdioecious species of RaouLia; however this definitive feature of the 

genus (i.e. subdioecy) is not included in Cheeseman's description in the 

ManuaL of the New ZeaLand FLora (1924) and in fact the sole New Zealand 

species, E. sincLairii, is gynomonoecious, so its position must be 

regarded as uncertain. Leucogenes, the allied genus also erected by 

Beauverd (Loc. cit.), hybridises freely with RaouLia, which suggests 

that these two genera may be more closely related than is apparent from 

their gross morphology. 

It is abundantly clear that RaouLia and the other genera of the 

Gnaphaliinae in New Zealand are not clearly demarcated. The unsuccessful 

search for characters which will define natural groups at the generic 

level suggests that a new approach might prove more fruitful. 

Many of the characters which have been used to delimit the genera 

have been found to over-ride generic boundaries; there appears to have 

been parallel development of the same features in different taxa. This 

overlapping arrangement of characters suggests a group which is still 

evolving rapidly and in which the genera have not yet become distinct. 

This theory is supported not only by morphological evidence but by a 

strong tendency towards intergeneric hybridisation (see Table 4.2), 

indicating that the genera are not yet genetically isolated. 

In this situation, there are two possible approaches to the 

classification of the group. Either the genera can be rigidly defined, 

with the admission that this will sometimes militate against natural 

alliances (e.g. the 'HeLichrysum-GnaphaLium species pairs mentioned above), 

or an attempt can be made to understand the evolutionary development of 

the group and to define the genera accordingly, within the limitations 

imposed by the formal taxonomic hierarchy and in the realisation that 

the resulting genera may not be clearly demarcated morphologically. As 

a contribution to this end, an elucidation of phenetic relationships 
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through a numerical taxonomic analysis of RaouZia and allied genera 

is attempted here. It should be pointed out, however, that the primary 

aim of this numerical analysis was to obtain information to assist in 

assigning the most appropriate position and status to the species groups 

within RaouZia. Any deduction concerning relationships among the other 

genera of the subtribe must be regarded as extremely tentative because 

of the limited number of genera sampled and the small size of the generic 

samples. 

It became apparent from the analysis of RaouZia (Data Set 1, 

Chapter 3) that there are several clear species groups within the genus, 

as well as a number of species of isolated position and uncertain 

affinity. This raises the problems of generic limits and taxonomic 

status; the question of which species should be included in RaouZia, 

and in fact of whether there should be such a genus at all, or, at the 

other extreme, whether there should be several separate genera created 

from among the present components of RaouZia. In the numerical analysis 

of Data Set 1, because only species of RaouZia were included, inevitably 

they ultimately all clustered together in the phenograms. It became 

apparent that it would be very interesting to see how the species of 

RaouZia would cluster if species of allied genera were included in the 

data set. A second data set was therefore prepared which included 

selected species of related genera occurring in New Zealand, as well as 

two groups of particular interest from outside New Zealand (the 

Australian species of Ewartia, and Mniodes sp. from South America). 

Similarity between all pairs of OTUs was estimated using Gower's general 

coefficient of similarity, and a number of clustering techniques were 

applied to the resulting similarity matrix GT10 (see Chapter 8). Three 

of the resulting phenograms are considered here,including that formed 

by UPGMA, which is the clustering method most widely used in taxonomic 



studies, and those formed by WPGMA and by single linkage clustering, 

both of which it was thought might be more appropriate to this data 

set, since the sample sizes of the taxa in the study are very uneven 

and these two methods are less sensitive to the numbers of OTUs in 

the various clusters (Sneath, 1976). 

ANALYSIS OF THE PHENOGRAMS 

The phenogram GTI2, formed by UPGMA, is shown in Figure 4.1. 

The most immediately apparent feature is that, of the six genera 

represented by more than one specimen (i.e. all except Mniodes) , the 

only two which form discrete clusters are Cassinia 76-77, the two 

species of which unite in cluster P at the 0,87 level of similarity, 

and Leucogenes~ the four species of which join at 0.82 in cluster I. 
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RaouZia forms two discrete and widely separated clusters (A & L) 

which include all but five species of the genus. Cluster A, which forms 

at 0.74, contains all of RaouZia subg. RaouZia except R. cinerea 28 and 

R. sp. M 33-34. Cluster L, which forms at 0.72, has two very distinct 

components, the first comprising R. subuZata 36 & 72 and R. hectori 39-40 

& 73, which join at 0.78 to form cluster K, and the second consisting of 

the pulvinate species of RaouZia subg. Psychrophyton (R. eximia 41, 

R. mammiZZaris 42, R. bryoides 43, R. rubra 44, R. goyenii 45, 

R. buchananii 46, R. sp. L 74-75) which join at 0.75 to form cluster M. 

Of the five species of RaouZia not included in ~lusters A and L, R. sp. 

M 33-34 is associated with the gnaphalioid group of GnaphaZium 60-61 at 

0.75 in cluster C, which joins RaouZia subg. RaouZia (A) at 0.72. 

R. cinerea 28 joins HeZichrysum fiZicauZe 59 at 0.78, to form cluster E. 

R. petriensis 35 & 71 (= subg. Mistura) stands alone as cluster F. 

R. grandifZora 37 and R. youngii 38 join each other at 0.82 to form 

cluster G, which unites with I (Leucogenes) at 0.75 to form cluster H. 



o 

o 
T 
U 
s 

1.0 

2 
:I 

4 
3--

13 
12 

14 

21 

15 
20 

68 
67 

c: 
~ 

""-v 

8 
7 

16 
18 

~ 

17 
. 

18 
66 

29 

32 
31 
"'" 

70 
o..J<J 

10 
11 
23 

22 

25 

27 

34 

24 
26 
33 
~ 

61 
~ 

55 

28 

54 

65 
r-,.,. 

35 ~-

37 
71 

52 
38 

53 
?8 ..."..., 

48 
,'" 

. ...., 
51 
36 

39 

"'-' 

50-

72 

73 

44 
A'-" 

40-

41 
45 

tv 

43 
42 

75 
74 

57 
56 

62 

77 

47 
76 

63 
58 

64 

Figure 4.1 

Similarity 
0.9 0.8 0.7 

~--
] __ ..J 

-

~ 
t--

1- -

~ 
r At 

LL- , 

t 
~ B' ..;;;.. 

~ f--

I- ~ 
E 

F 

G 
t--

IH 
1 r 

J 

K 
J 

L 

~ 

1 P-
N 

0 

P 

q I 

Phenograrn GT12. UPG}~ clustering 
in Gnaphaliinae (Data Set 2). 

94 

0.6 0.5 

'---



95 

The four Australian species of Ewartia 48-51 form a discrete 

cluster J at 0.77; this joins both F and H at 0.72, thus uniting Ewartia 

(Aust.) with R. petriensis~ R. grandiflora~ R. youngii and Leucogenes. 

The New Zealand species of Ewartia, E. sinclairii 47, is not associated 

with this group; it clusters with the achyroclinoid group of Gnaphalium 

62 (represented by G. luteo-album) at 0.75 to form cluster O. 

Helichrysum depressum 54-55 and Mniodes 65 each remains isolated 

until 0.73 when they join to form cluster D. The remainder of 

Helichrysum sect. Ozothamnus 56-57 is far removed, forming the very 

isolated clusterM. Of Helichrysum sect. Xerochlaena, H. bellidioides 58 

joins the anaphalioid group of Gnaphalium 63-64 at 0.81 to form cluster Q 

and H. filicaule 59, as already mentioned, joins R. cinerea at 0.78 to 

form cluster E. 

UPGMA clustering is said to be somewhat sensitive to unequal 

cluster size (Sneath, 1976), with a tendency to join small clusters more 

readily than large ones. WPGMA clustering is less sensitive to cluster 

size because the most recent entry to the cluster is given a weight 

equal to the rest of the cluster. The similarity matrix GT10 was 

therefore clustered by WPGMA so that the resulting phenogram GTII 

(Figure 4.2) could be compared with the UPGMA phenogram GT12 to give 

some indication of distortion in the latter due to the uneven samples 

in the data set. 

The clustering in GTll is very similar to that in GT12. The only 

major taxa which show different relationships are the Australian species 

of Ewartia 48-51 and the gnaphalioid group of Gnaphalium 60-61. Of the 

Australian species of Ewartia, E. meredithae 50 (indicated on the figure 

by a horizontal arrow) clusters with Raoulia grandiflora 37 and 

R. youngii 38, which then join Leucogenes 52-53 &78-79 as in GT12. The 

remaining three Australian species of Ewartia (E. catipes 48~ E. nubigena 
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49, E. pZanchonii 51) form cluster E, which joins the gnaphalioid group 

of GnaphaZium (cluster G) to form cluster F. This joins RaouZia sp. M 

33-34 as in RT12, but then the resulting cluster D joins with R. c~nerea 

28 and H. fiZicauZe 59 (cluster A) to form cluster B which ultimately 

joins with cluster H containing R, petriensis, R. grandifZora, 

R, youngii, E. meredithae and Leucogenes. Thus the gnaphalioid group 

of GnaphaZium (and R. sp. M) is associated with Ewartia and Leucogenes 

rather than with RaouZia subg. RaouZia, while·the Australian species of 

Ewartia are less closely knit than in RT12 and less intimately 

associated with Leocogenes. 

Single linkage clustering tends to produce phenograms with 

chaining and poor hierarchical structure (see Chapter 2, section C), 

but because of the criterion for entry into and fusion of clusters 

(i.e, linkage between the most similar pair of OTUs) it is useful in 

suggesting possible evolutionary relationships within the group being 

analysed. For the same reason, the method is not sensitive to cluster 

size. The similarity matrix GT10 was clustered by the single linkage 

method and the resulting phenogram GT13 is shown in Figure 4.3. 

In GT13, RaouZia subg, RaouZia (except R, cinerea) forms a 

discrete cluster A; R. sp. M 38-34 is contained here rather than 

associated with the gnaphalioid group of GnaphaZium, The pulvinate 

species of RaouZia subg, Psychrophyton again form a discrete cluster, G, 

which is however more distinct than in GTll and GT12 and does not form a 

cluster with R, subuZata and R. hectori as it does in those phenograms, 

Of the remaining six species of RaouZia, R. cinerea 28 again clusters 

(in H) with H. fiZicauZe 59, and R. petriensis (F) is again isolated 

until it joins into the very large cluster D (which also contains 

RaouZia subg. RaouZia, the non-pulvinate species of RaouZia subg, 

Psychrophyton~ Ewartia~ Leucogenes and the gnaphalioid and achyroclinoid 
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groups of Gnaphaliwn). R. subulata 36 & 72 and R. hectori 39-40 & 73 are 

once more linked, in cluster B, but are then associated with the other 

two non-pulvinate species of Raoulia subg. Psychrophyton, namely 

R. grandiflora 37 and R. youngii 38, and Leucogenes 52-53 & 78-79, in 

cluster C. 

The clusters of Helichryswn sect. Ozothamnus (excluding 

H. depresswn) 56-57 (M), Cassinia 76-77 (L), H. depresswn 54-55 (K), 

the anaphalioid group of Gnaphalium 63-64 with H. bellidioides 58 (J), 

and Mniodes 65 (I) are as in GTll and GT12 except that H. depresswn 

and Mniodes are further separated from one another. 

Ewartia sinclairii 47 and the achyroclinoid group of Gnaphalium 

are still associated, but very remotely, as separate entries into the 

very large cluster D. The Australian species of Ewartia are linked, 

as in GTll, with the gnaphalioid group of Gnaphaliwn (in cluster E); 

E. planchonii 51 is associated more closely with Gnaphaliwn than are 

the other three Australian species of Ewartia. 

If the three groups of Gnaphaliwn are accepted as representing 

three separate genera, there are nine genera included in Data Set 2. 

If the main subdivisions of Raoulia and Helichryswn are added, this 

gives twelve major groups. These are shown in Table 4.1, together with 

the equivalent (or as nearly as possible equivalent) numbers of most 
1\ 

distinct clusters in each of the three phenograms. 

THE TAXONOMIC IMPLICATIONS OF THE PHENOGRAMS 

Arrangements of OTUs which are consistent in all three phenograms 

are more likely to be an accurate indication of phenetic groupings than 

those which differ from one phenogram to another. The phenogram 

relationships of the OTUs in Data Set 2 strongly suggest that current 

generic limits are not in accord with phenetic relationships judged by 



degree of overall similarity. 

Raoulia: positions of the species 

Raoulia is not only heterogeneous, but also in all three 

phenograms it forms two very distinct and widely-separated entities, 

one comprising the bulk of Raoulia subg. Raoulia (all species except 
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R. cinerea and possibly R. sp. M) and the other made up of the seven 

pulvinate species of Raoulia subg. Psychrophyton. As well as these two 

groups, there are another seven species of Raoulia, the affinities of 

which are all in doubt. 

R. sp. M forms a rather isolated entity which is distantly 

associated with Raoulia subg. Raoulia in GT13, with first the 

gnaphalioid group of Gnaphalium and then Raoulia subg. Raoulia in GT12 

and with the gnaphalioid group of Gnaphalium and part of Ewartia in GTll. 

R. cinerea is isolated but closest to H. filicaule in all three 

phenograms, suggesting that its affinities may lie with Helichrysum 

sect. Xerochlaena rather than with Raoulia. 

R. petriensis has no close affinities but is nearest to 

Leucogenes, Ewartia and Raoulia grandiflora & R. youngii in GTll and 

GT12, while in GT13 it joins a large cluster already containing so many 

entities (including those just mentioned) that little can be deduced 

from the association. 

R. subulata and R. hectori are linked together in all three 

phenograms. In GTll and GT12 they cluster with the pulvinate species 

of Raoulia subg. Pschrophyton , whereas in GT13 they cluster 

simultaneously with Leucogenes and with the other two non-pulvinate 

species of Raoulia subg. Psy chrophy ton , namely R. grandiflora and 

R. youngii. 

These last two species, Raoulia grandiflora and R. youngii, are 

also paired in all three phenograms. In GTll they cluster with Ewartia 



meredithae and Leucogenes, in GT12 with Leucogenes and in GT13 with 

Leucogenes and R. subulata & R. hectori. 
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In summation, it appears there are two clear-cut groups within 

RaouZia, one consisting of most of RaouZia subg. RaouZia and the other 

of the pulvinate species of RaouZia subg. Psychrophyton. In addition, 

there is the suggestion of a broad group containing R. petriensis, the 

four non-pulvinate species of RaouZia subg. Psychrophyton, the 

Australian species of Ewartia, and Leucogenes, with RaouZia subuZata and 

R. hectori possibly forming a link between this cluster and the pulvinate 

species of RaouZia. Finally, R. cinerea appears to be more closely 

allied to HeZichrysum sect. XerochZaena than to RaouZia. 

RaouZia: status of the groups 

The phenograms suggest not only that RaouZia contains two distinct 

groups but that these cannot be contained within the same genus. Raoulia 

subg. RaouZia and the pulvinate species of Raoulia subg. Psychrophyton 

are widely separated in all three phenograms, and they show much closer 

links to other taxa than with each other. 

The affinities of RaouZia subg. RaouZia are not altogether clear; 

it is associated with all of the gnapha1ioid group of GnaphaZium, 

HeZichrysum depressum & Mniodes 3 R. cinerea & H. fiZicauZe 3 and the 

Leucogenes-Australian Ewartia - R. petriensis - R. grandifZora & R. youngii 

alliance in GT12, with H. depressum and Mniodes in GT11, and in GT13 with 

the non-pulvinate species of RaouZia subg. Psychrophyton, Leucogenes, 

and, more distantly, the Australian species of Ewartia and the 

gnapha1ioid group of GnaphaZium. The pulvinate species group of RaouZia 

subg. Psychrophyton is associated with R. subuZata and R. hectori in 

GT11 and GT12 and stands alone in GT13. It has no other particular 

associations. 



Other genera 

The species of Leucogenes always form their own cluster, but 

show a close relationship to Raoulia grandiflora and R. youngii. 

Beyond this, affinities seem to lie with R. petriensis and the 

Australian species of Ewartia and possibly with R. subulata and 

R. hectori. 

The phenograms suggest that Ewartia, as currently constituted, 
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is not a good taxon. The sole New Zealand species, E. sinclairii, is 

quite separate from the four Australian species in all three phenograms. 

Its closest affinity, still rather remote, seems to be with Gnaphalium 

luteo-album (representing the achyroclinoid group of Gnaphalium). The 

Australian species of Ewartia form a discrete cluster in GTI2, but in 

GTII E. meredithae is associated, albeit distantly, with Raoulia 

grandiflora & R. youngii and then Leucogenes, while the other three 

species link with the gnaphalioid group of Gnaphalium and then with 

Raoulia sp. M. In GTI3, E. planchonii joins with the gnaphalioid group 

of Gnaphalium before joining the other three species. There is thus the 

suggestion of a relationship between the Australian species of Ewartia 

and the gnaphalioid group of Gnaphalium, as well as the relationship 

with the Leucogenes -R. grandiflora & R. youngii -R. petriensis alliance 

suggested by GT12. 

While the small sample sizes necessitate caution in making 

deductions from the phenograms about the relationships and status of the 

other genera included in Data Set 2, there are certain points which are 

clearly indicated and which may at least be put forward as hypotheses 

worth further investigation. 

Helichrysum is represented by five species in two sections, but 

the only two species which cluster together at all are H. parvifolium 

and H. selago of sect. Ozothamnus, which in all three phenograms form a 
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very isolated cluster with no other affinities. The other species from 

this section, H. depressum, is also very isolated but shows a distant 

link with Mniodes in GT11 and GT12. Beyond this, a remote affinity with 

Raoulia subg. Raoulia is suggested by these two phenograms, \vhi1e GT13 

does not indicate any particular relationships. 

Of the two species of Helichrysum sect. Xerochlaena, 

H. bellidioides clusters quite closely with the anapha1ioid group of 

Gnaphalium to form a discrete cluster in all three phenograms. 

H. filicaule is rather distantly associated with Raoulia cinerea in 

all three phenograms; beyond this there is a slight indication of 

affinity with the EuJartia -Leucogenes -R. grandiflora & R. youngii

R. petriensis alliance. 

Since the affinities of Helichrysum depressum and H. filicaule 

lie outside the taxa in which they are currently placed, for purposes 

of discussion it is desirable to be able to distinguish clearly between 

Helichrysum sect. Ozothamnus when interpreted to be respectively 

inclusive or exclusive of H. depressum, and likewise to differentiate 

between Helichrysum sect. Xerochlaena inclusive and exclusive of 

H. bellidioides. For convenience of reference within this thesis, 

henceforth the terms sensu lato and sensu stricto, abbreviated to s.l. 

and s.s., are applied to sect. Ozothamnus and sect. Xerochlaena with 

these specific meanings. This has no further taxonomic implication 

and is adopted here merely for clarity of presentation. 

The separation of the three groups of Gnaphalium, suggested by 

Drury (1970) and upheld by Merxmu11er, Leins and Roessler (1977), is 

supported by the clustering in the phenograms. The gnapha1ioid group 

of Gnaphalium forms a discrete cluster of uncertain affinities; it is 

associated with Raoulia subg. Raoulia in GT12 and with the Australian 

species of EuJartia in GTl1 and GT13, but is in none of the phenograms 
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associated with either of the other two groups of Gnaphalium. (It 

should however be emphasized that the two species of the gnaphalioid 

group of Gnaphalium in Data Set 2 are representatives of only one group 

of one section (Euchiton) of Gnaphalium, selected for their resemblance 

to Raoulia.) 

The achyroclinoid group of Gnaphalium, represented here by the 

only indigenous New Zealand species, G. luteo-aZbum, appears to be 

rather distantly linked with Ewartia sinclairii; there is also, in 

GTII and GT12, a suggestion of a more remote link with Cassinia. 

The anaphalioid group of Gnaphalium, represented by two of the New 

Zealand species, G. trinerve and G. hookeri, is associatedwithBelichrysum 

bellidioides but is otherwise widely separated from all other groups. 

Of the remaining two genera, Mniodes is isolated but distantly 

linked in RTll and RT12 to Helichrysum depressum and then to Raoulia 

subg. Raoulia. Cassinia is also isolated, with some indication of 

distant links with GnaphaZium luteo-album, Ewartia sinclairii and, 

even more remotely, the anaphalioid group of Gnaphalium. 

In conclusion, it may be said that the phenograms indicate 

relationships which are in many ways at variance with those implied by 

the current classification of the genera, and in particular they suggest 

that Raoulia is a heterogeneous taxon which inc lues two unrelated major 

groups and a number of species which appear to belong in other genera. 

INDEPENDENT TAXONOMIC EVIDENCE 

The hypotheses suggested by the numerical analysis may to some 

extent be tested by comparing both the phenogram groups and the currently 

recognised taxa with other independent lines of evidence (i.e. with 

characters which have not been used in Data Set 2). Since all available 

morphological data was included in the data base for the numerical 

analysis, only a few independent lines of evidence are available; these 



include hybridisation, chromosome numbers, altitudinal distribution 

and sex expression. 

Hybridisation 

Hybridisation between major taxa is remarkably cornmon in the 
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New Zealand members of the Gnaphaliinae. Known hybrids are shown in 

Table 4.2; all are naturally occurring hybrids collected in the wild 

(artificial hybrids having not yet been produced). The data applies 

only to New Zealand; Mniodes and the Australian species of Ewartia 

cannot of course hybridise naturally with any of the other species in 

the data set, and it is not known if they form interspecific or 

intergeneric hybrids. While the formation of hybrids between two taxa 

indicates a degree of genetic similarity, the absence of hybrids does 

not necessarily indicate the reverse, since taxa may be separated 

geographically, altitudinally, ecologically or else reproductively 

isolated by different flowering times or other less immediately apparent 

isolating mechanisms. Taxa within the data set which do not meet in 

nature are indicated in the table by solid shading; in the cases of 

Ewartia and Cassinia, and Raoulia sp. M and Helichrysum depressum, their 

allopatry is not certain and the uncertainty is indicated by cross

hatching. 

The number of different combinations between major taxa shown in 

Table 4.2 strongly supports the view that the Gnaphaliinae, in New 

Zealand at least, is a group in which the generic boundaries are not yet 

clearly drawn. Perhaps the most interesting feature of the table is not 

the presence of anyone hybrid but rather the absence of one particular 

combination; there are no reported hybrids between Raoulia subg. Raoulia 

and Raoulia subg. Psychrophyton. Since both subgenera form hybrids 

both between their own species and with species of at least one other 



Table 4.2 Hybridisation in Data Set 2 

RaouZia subg. RaouZia 1 

R. cinerea 2 

R. sp. M 3 

R. petriensis 4 

R. subg. Psychrophyton (non-pulv. spp.) 5 

R. subg. Psychrophyton (pulvinate spp.) 6 

Ewartia sinc lairii 7 

Ewartia spp. (Australia) 8 

Leocogenes 9 

Helichrysum depressum 10 

H. sect. Ozothamnus S.s. 11 

H. bellidioides 12 

H. fiZicaule 13 

Gnaphalium: 

GnaphaZium: 

Gnaphalium: 

Mniodes 

Cassinia 

gnaphalioid group 

achyroclinoid group 

anaphalioid group 

14 

15 

16 

17 

18 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 



major taxon, this absence strongly supports the evidence from the 

numerical analysis for the elevation to independent generic rank of 

these two subgenera. 
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The three species RaouZia cinerea, R. sp. M and R. petriensis are 

not known to form hybrids with any other species either inside or outside 

RaouZia. This supports their isolated position as indicated by the 

numerical analysis, but provides no clues as to their possible relation

ships or origins. 

No clear indication of the affinities of RaouZia subg. Raoulia is 

provided by the numerical analysis or by the evidence from hybridisation. 

The most that can be said is that the suggestion of a link with 

HeZichrysum depressum in the phenograms GT11 and GT12 and with 

H. fiZicauZe in GT12 is supported by the existence of hybrids. It may 

be significant that two of the three kno,vu HeZichrysum x RaouZia hybrids 

have as the RaouZia parent R. gZabra, which is apparently a distinct and 

rather isolated entity within RaouZia subsp. RaouZia (see Chapter 3). 

The same is true of R. tenuicauZis, the RaouZia parent species involved 

in the other cross with HeZichrysum and in the cross with the anaphalioid 

group of GnaphaZium. 

The pulvinate species group of RaouZia subg. Psychrophyton was 

shown in the numerical analysis to be extremely isolated except for a 

probable link with R. subuZata and R. hectori. This is at variance with 

the evidence from hybridisation; hybrids between the pulvinate species 

group and Leucogenes involving various species combinations are quite 

cornmon, suggesting close ties between these two groups. The only 

non-pulvinate species of RaouZia which form hybrids with pulvinate 

species are R. grandifZora and R. youngii, which are also the only 

non-pulvinate species of RaouZia to cross with Leucogenes. It is worth 

remarking that almost all possible interspecific hybrid combinations are 



known within the non-pulvinate group of RaouZia subg. Psychrophyton, 

providing no support for the possibility suggested by the numerical 

analysis, that one species pair CR. subuZata and R. hectori) belongs 

with the pulvinate species group and the other CR. grandifZora and 

R. youngii) with Leucogenes. 

Leucogenes, judged on grounds of superficial morphological 

appearance, is as conspicuously distinct a genus as could be wished, 
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at least within New Zealand. Genetically, however, it presents quite a 

different picture, not only forming the well known XLeucoraouZia 

hybrids with pulvinate species of RaouZia subg. Psychrophyton but also 

crossing with HeZichrysum sect. Ozothamnus s.s., H. beZZidioides, the 

gnaphalioid group of GnaphaZium and the non-pulvinate group of RaouZia 

subg. Psychrophyton. In trying to assess the relationships of 

Leucogenes, this is a case of too much evidence rather than not enough, 

especially since there is at present no way of assessing the degree of 

genetical similarity with the Australian species of Ewartia, with which 

relationship is indicated by the numerical analysis. Another phenogram 

link, between Leucogenes and both RaouZia grandifZora and R. youngii, 

gains support from the existence of Leucogenes x R. grandifZora and 

Leucogenes x R. youngii hybrids. Leucogenes at first appears to form a 

genetical link between HeZichrysum and GnaphaZium, but closer scrutiny 

of the species involved indicates that this is unlikely because the 

species of HeZichrysum sect. Ozothamnus which forms hybrids with 

Leucogenes is H. seZago, a member of a distinct species group confined 

to New Zealand and quite possibly not truly congeneric with the rest of 

He Zichrysum , while H. beZZidioides is more closely allied to the 

anaphalioid group of GnaphaZium than it is to HeZichrysum. The ability 

to cross with H. beZZidioides may thus indicate genetical affinity between 

Leucogenes and the anaphalioid group of GnaphaZium, which is not now 
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regarded as congeneric with the gnaphalioid group of GnaphaZium and 

more probably should constitute an independent genus, AnaphaZioides. 

Genetical affinity between Leucogenes and the gnaphalioid group of 

GnaphaZium appears to be indicated by the formation of hybrids between 

L. Zeontopodium and G. mackayi, but undue weight should not be given to 

the existence 'of this combination until the gnaphalioid group of 

GnaphaZium has been adequately compared with RaouZia and Leucogenes, 

since the true affinities of the two species of gnaphalioid GnaphaZium 

included in the data set may lie with one of these two genera rather 

than with GnaphaZium s.s. 

Ehlartia sincZairii is isolated in the numerical analysis, its 

only link being a distant one with G. Zuteo-aZbum. The evidence from 

hybridisation suggests instead a link with the anaphalioid group of 

GnaphaZium via H. beZZidioides, while the overall appearance of 

E. sincZairii is more reminiscent of the New Zealand species of Cassinia. 

Clearly, further work on this species is required. 

The numerical analysis did not indicate any affinities for 

HeZichrysum sect. Ozothamnus s.s. The evidence from hybridisation 

suggests so many that it must be regarded as inconclusive; hybrids are 

formed with the pulvinate species group of RaouZia subg. Psychrophyton, 

with Leucogenes, with HeZichrysum depressum and with H. beZZidioides. 

It is apparent, however, that H. depressum is genetically closer to 

HeZichrysum sect. Ozothamnus s.s. than is indicated by the numerical 

analysis, and that this section is not as phylogenetically isolated as 

the phenetic evidence would suggest. 

HeZichrysum depressum, allied in the numerical analysis only to 

the South American Mnioides and more distantly to RaouZia subg. RaouZia, 

forms hybrids both with the latter group (specifically with R. gZabra 

and R. tenuicauZis) and with HeZichrysum sect. Ozothamnus s.s., so the 
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two lines of evidence are partially in conflict. 

HeZichrysum fiZicauZe hybridises with both HeZichrysum sect. 

Ozothamnus S.s. and RaouZia subg. RaouZia. The species of HeZichrysum 

sect. Ozothamnus concerned is H. gZomeratum. This species, which is 

not included in the data set, is unlike those species of HeZichrysum 

which are included, and may not be congeneric with them. However, 

H. fiZicaule and H. gZomeratum may both be correctly placed in 

HeZichrysum, in which case their hybrid would be an infrageneric one. 

The ability to cross with RaouZia subg. RaouZia may indicate a 

phylogenetic link between the two groups, but in view of the isolated 

position of the RaouZia parent (R. gZabra) within its subgenus, a fuller 

comparison is needed to test this hypothesis. 

It is perhaps worth remarking that in the author's experience. 

hybrids between species and genera of the New Zealand Gnaphaliinae occur 

only in the immediate vicinity of both parents. It must therefore be 

borne in mind, when considering the evidence of genetical compatibility 

derived from natural hybridisation, that even when species occur in the 

same general location and flower at the same time, they may not be in 
~he 

close enough proximity for the pollen of potential paternal parent to 
A 

reach the stigma of the potential maternal parent. Another point which 

must be considered is that only surviving hybrids will be recorded; 

others may be produced but prove ill-adapted for survival, either 

inherently or in the particular environmental conditions in which they 

find themselves. Thus the presence of natural hybrids may be taken to 

indicate genetical affinity, but care should be taken not to assume 

that the absence of hybrids necessarily implies the reverse. 

Chromosome numbers 

The chromosome numbers of the taxa in Data Set 2 provide some 

evidence useful for taxonomic or phylogenetic analysis within genera 
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but do not provide any evidence for relationships between them, partly 

because data are incomplete and partly because of lack of variation. 

2n = 28 in all species of Helichrysum in the data set, as well as in 

R. petriensis and all species of Raoulia subg. Psychrophyton which have 

been counted (i.e. all except R. hectori). In Leucogenes and Raoulia 

subg. Raoulia polyploid series occur from 2n = 28 to 2n = 112. The 

chromosome numbers of R. cinerea, Ewartia, Cassinia, Mniodes and the 

gnaphalioid and anaphalioid groups of Gnaphalium are not known. In 

the achyroclinoid group of Gnaphalium, counts of 2n = 14 and n = 14 

have been recorded for G. luteo-album. 

Distribution 

An investigation of geographical, ecological and altitudinal 

distribution revealed few signs of pattern which correlates with 

established or suggested taxonomic groupings. However, the geographic 

separation of Ewartia sinclairii from the rest of the genus (confined 

to S.E. Australia) correlates with the evidence from the numerical 

analysis, as does the geographic separation of Mniodes from the 

pulvinate species of Raoulia subg. Psychrophyton. In RaouZia subg. 

Raoulia all species except R. sp. M and R. cinerea occur at low altitudes 

(although some extend to high altitudes) while Raoulia subg. Mistura 

(R. petriensis) , Raoulia subg. Psychrophyton and Leucogenes occur 

exclusively at higher altitudes; this correlates quite well with the 

groupings suggested by the numerical analysis. 

Sex expression 

Sex expression has always been regarded as an important feature 

in the Gnaphaliinae; the two principal genera are distinguished by the 

ratio of female to hermaphrodite florets in the capitulum. The terms 

"female" and "hermaphrodite", for the outer filiform and inner tubular 
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florets respectively, are derived from gynomonoecy, the usual condition 

in the group, in which there are outer, filiform, female florets and 

inner, tubular, hermaphrodite florets. This condition is thought to 

occur in all species of HeZichrysum and GnaphaZium (s.Z.) included in 

Data Set 2, as well as in Leucogenes, Ewartia sincZairii, RaouZia 

petriensis, most of RaouZia subg. RaouZia including R. cinerea and 

R. sp. M, and the non-pulvinate species of RaouZia subg. Psychrophyton. 

There appear to have been two separate lines of development from 

the gynomonoecious condition. The first involves reduction in number 

of the outer, filiform female florets, apparent in HeZichrysum and 

culminating in monocliny as seen in Cassinia, in which all the florets 

are tubular and hermaphrodite. The second trend away from gynomonoecy 

is towards unisexuality, at first of some florets within the capitulum 

and ultimately involving the entire capitulum. The first step occurs 

when the tubular florets become functionally male through the failure 

to set seed, so that the capitulum is monoecious. Within the data set, 

monoecy occurs in all the pulvinate species of RaouZia subg. 

Psychrophyton, but within RaouZia subg. RaouZia, only in R. austraZis~ 

R. hookeri var. hookeri and var. Zaxa and R. tenuicauZis. 

The trend towards unisexuality continues with the further 

separation of the sexes from florets to entire capitula, with some 

individuals of a population possessing one type and some another. 

This culminates in total dioecy, in which individuals have either 

capitula with exclusively filiform female florets or capitula with 

exclusively tubular male florets. Within the data set, this is seen 

in Mniodes; outside the data set it occurs in the allied genera 

Antennaria and Leontopodium. 

Between monoecy and dioecy there exist various intermediate 

conditions, beginning with two kinds of capitula differing in the 
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proportion of filiform female to tubular male florets. This type of 

subdioecy occurs in AnaphaZis, in Leontopodium and in GnaphaZium 

keriense, a species of anaphalioid GnaphaZium not included in the data 

set. The condition of the Australian species of Ewartia, as reported 

by Beauverd (1910), is a curious one which might be termed functional 

dioecy. Some individuals have capitula with exclusively tubular male 

florets; others have capitula with numerous filiform female florets 

and a few inner, tubular female florets (in other words, the tubular 

florets have become functionally male sterile). 

Available data on sex expression in the species of Data Set 2 

support the separation of Ewartia sincZairii from the Australian species 

of Ewartia and the autonomy of the pulvinate species of RaouZia subg. 

Psychrophyton. It provides no support for the hypothesis of close 

relationship between the"latter group and the South American genus 

Mniodes, although the RaouZia species have started on the road leading 

to total dioecy as seen in Mniodes. 

CONCLUSION 

The subtribe Gnaphaliinae is characterised by genera which are 

poorly delimited morphologically and which, in New Zealand at least, are 

not yet genetically isolated. Taxonomic groups in which the degree of 

similarity between any pair of its members is greater than the closest 

similarity existing between any of its components and any entity outside 

the group are rare, as evidenced by the ball cluster analysis in Chapter 

8. In such a problematical assemblage, any extra line of evidence which 

can be used in classification is to be welcomed. The numerical phenetic 

analysis is also useful in providing an objective assessment of overall 

morphological resemblance which can be used to balance phylogenetic 

speculations as well as to generate hypotheses regarding evolutionary 



relationships. 

In conclusion, it can be said that the numerical phenetic 

analysis of Data Set 2 has proved to be useful both in assessing the 

status and affinities of groups within Raoulia and in generating some 

interesting hypotheses concerning the relationships of allied genera. 
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The analysis has provided unequivocal evidence for the generic 

separation of Raoulia subg. Raoulia from the pulvinate species of 

Raoulia subg. Psychrophyton. It has produced more information (although 

not conclusive evidence) concerning the affinities of Raoulia subg. 

Mistura (= R. petriensis) and the non-pulvinate species of Raoulia subg. 

Psychrophyton, and it has indicated likely affiliations for the five 

species of Raoulia subg. Raoulia which were to varying degrees isolated 

in the numerical analysis of Data Set 1 (see Chapter 3). Of the five, 

R. glabra, R. haastii and R. tenuicaulis seem to be appropriately placed 

in Raoulia subg. Raoulia, but this is not true for R. cinerea and R. sp. 

M. 

The affinities of R. cinerea lie not only outside Raoulia subg. 

Raoulia, as seen in Chapter 3, but outside the genus altogether and 

possibly with Helichrysum. In this regard, it is of note that R. cinerea 

is the only species of Raoulia with the type of receptacle seen in 

Helichrysum sect. Xerochlaena, and it also possesses the diagnostic 

generic character of a preponderance of tubular florets in the capitulum. 

The suggestion that Raoulia sp. M, doubtfully allied with Raoulia 

subg. Raoulia in Chapter 3, is affiliated rather with the gnaphalioid 

group of Gnaphalium, is supported by a feature in this species which is 

unique in Raoulia but diagnostic of Gnaphalium, namely a capitulum with 

a large number of florets the majority of which are filiform. 

With regard to the genera other than Raoulia in Data Set 2, 

the numerical analysis has been valuable in supporting the hypothesis 
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that the currently recognised classification of the subtribe Gnaphaliinae 

is unsatisfactory and in suggesting possible affinities and potentially 

fruitful areas for further investigation. Moreover, it has provided 

conclusive evidence in support of the hypotheses that EWartia sincLairii 

is not congeneric with the Australian species of EWartia and that the 

remarkable similarity in appearance between the species of Mniodes in 

the data set and Raoutia e~m~a is not indicative of close relationships 

between Mniodes and RaouLia. 



CHAPTER 5 

EFFECTS OF VARYING CHARACTER SETS: COMBINED VERSUS SEPARATED 

FLORAL AND VEGETATIVE CHARACTERS 

117 

The hypothesis of nonspecificity (Sokal and Sneath, 1963, p. 85) 

asserts that because there are no large independent classes of genes and 

because of the pleiotropic effect of genes, any character sample will 

give the same indication of similarity among a group of organisms as any 

other sample. It follows that in taxonomic studies characters may be 

drawn from one or a few organs only. This hypothesis can be tested by 

examining similarity matrices and phenograms based on different suites 

of characters. Similarity matrices and phenograms based on respectively 

combined or separated floral and vegetative characters are calculated for 

both Data Set 1 and Data Set 2. In all cases the similarity measure is 

Gower's general coefficient of similarity and the clustering technique 

is the unweighted pair-group method using arithmetic averages (UPGMA). 

The phenograms for Data Set 1 are shown in Figures 5.1 to 5.3 

and those for Data Set 2 in Figures 5.4 to 5.6. Tables 5.1 and 5.2 

compare, for Data Sets 1 and 2 respectively, clusters from the three 

phenograms, currently accepted taxa and groups suggested by the author. 

Matrix comparisons for both data sets are shown in Table 5.3, and 

scattergrams of similarity matrices in Figures 5.7 to 5.12. 

ANALYSIS OF THE PHENOGRAMS 

The phenogram RT12 (Fig. 5.1), which is based on all 84 characters, 

both floral and vegetative, or Data Set 1, shows two major clusters 

labelled A and B. Cluster A comprises all of RaouZia subg. RaouZia 1-88 
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except for R. cinerea 77-78. Cluster B consists of Raoulia subg. 

Psychrophyton 91-117 and the two anomalous species R. cinerea 77-78 and 

R. petriensis 89-90. In cluster A, R. glabra 23-27 (D) separates from 

the remainder C, which then divides into clusters E and F. Cluster F 

contains only R. haastii 62-64 (R) and R. tenuicaulis 65-76 (L), which 

separate from each other almost immediately, whereas cluster E contains 

all the remaining recognised species of the subgenus (R. australis 1-7, 

R. parkii 8-15, R. subsericea 16-22, R. hookeri 28-61, R. monroi 79-81) 

and the undescribed species K 82-85 and M 86-88. Within this cluster E, 

R. sp. M (cluster H) first becomes distinct from the remainder, D, 

which then divides into twoclusters: I, containing R. australis 1-7, 

R. hookeri var. hookeri 28-46 and R. hookeri var. laxa 60-61, and J, 

comprising R. parkii 8-15, R. hookeri var. albo-sericea 56-69, R. hookeri 

var. apice-nigra 47-55, R. monroi 79-81, R. sp. M 82-85 and R. subsericea 

16-22. Within cluster I, R. australis soon separates from R. hookeri. 

Within cluster J, R. subsericea first becomes distinct, followed by R. 

sp. K. The remaining OTUs form two groups, on the one hand R. parkii 

and R. hookeri var. albo-sericea and on the other R. hookeri var. apice

n~gra and R. monroi. 

In the second major cluster of RTI2, cluster B, R. cinerea 77-78 

(M) first separates from the remainder N. In cluster N, R. subulata 

91-92 (P) separates from the remainder 0, which divides into two clusters 

Q and R. Cluster Q consists of the remaining four non-pulvinate species 

(R. petriensis 89-90~ R. grandiflora 93-95~ R. youngii 96-97~ R. hectori 

98-101), which separate from their cluster one at a time; first 

R. grandiflora (T) separates from Q leaving S, then R. hectori (V) 

spearates from S leaving Y, then U divides into R. petriensis and 

R. youngii. Cluster R consists of the seven pulvinate species (R. eximia 

102-105~ R. mammillaris 106-107 3 R. bryoides 108-109~ the undescribed 
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R. sp. L 110-111, R. goyenii 112-113, R. rubra 114-115, R. buchananii 

116-117); it divides into cluster W, containing R. eximia, the South 

Island component (114) of R. rubra~ R. goyenii and R. buchananii, and 

cluster X, containing R. mammiZZaris~ R. bryoides~ R. sp. L and the 

North Island component (115) of R. rubra. Within cluster W, R. eximia 

and R. rubra (S.I.) become distinct from R. goyenii and R. buchananii~ 

while within cluster X, first R. sp. L and then R. rubra(N.I.) split 

off from R. mammiZZaris and R. bryoides. 

The arrangement of the species in RT12 is in reasonable accordance 

with other lines of evidence (for a full discussion, see Chapter 3) 

except for the North Island component of R. rubra which would be 

expected to fall within the cluster containing R. eximia~ R. goyenii~ 

R. buchananii and the South Island component of R. rubra. Another 

feature of RT12 is the clustering together of OTUs of the same species, 

and of even subspecific taxa. Exceptions are the mixing of 

R. mammiZZaris 106-107 and R. bryoides 108-109, the splitting of 

R. rubra 114-115, and the mixing of R. hookeri var. hookeri 28-46 and 

R. hookeri var. Zaxa 60-61. Of these three situations, the first is 

unexpected but the second and third are not unlikely in taxonomic terms 

(see Chapter 3). RT12 may reasonably be used as a standard against 

which the phenograms based solely on either floral or vegetative 

characters can be measured. 

In the phenogram RF12, based on the 45 floral characters of Data 

Set 1, the two major clusters A and B are the same as those in RT12 

except that one (90) of the two representatives of R. petriensis is 

included in cluster A. Within this cluster the three main groups are 

the same, although of the first two, R. gZabra 23-27 (F) is comparatively 

less, and R. haastii -R. tenuicauZis 62-76 (D) comparatively more 

distinct than in RT12. Within the third group (E), R. sp, M 86-88 is 
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less distinct but the arrangement is otherwise similar; R. australis 1-7 

is combined with R. hookeri var. hookeri 28-46 and R. hookeri var. laxa 

60-61 (in cluster G), while R. parkii 8-15, R. subsericea 16-22, 

R. hookeri var. albo-sericea 56-59, R. sp. M 86-88, R. hookeri var. 

apice-nigra 47-55, R. monroi 79-81 and R. sp. M 82-85, with the addition 

of part (90) of R. petriensis, are aggregated in cluster H. Within 

cluster G, R. australis and R. hookeri do not separate until after the 

removal of OTU 60, a specimen of R. hookeri from coastal South Westland. 

Within cluster H there are two main components, R. parkii combining with 

R. subsericea, part of R. petriensis, R. hookeri var. albo-sericea and 

R. sp. M to form cluster I and R. hookeri var. apice-nigra, R. monroi 

and R. sp. K forming cluster J. In cluster I, R. hookeri var. albo

sericea and R. sp. M are distinct from the remainder and almost as 

distinct from each other. 

In the second of the two main clusters of RF12, cluster B, the 

groupings differ more from those of RT12. R. cinerea 77-78 (0) is still 

distinct, but less so; of the other two main clusters, P contains 

R. subulata 91-92, R. hectori 98-101 and the pulvinate species (102-117), 

while N consists of part (91) of R. petriensis~ R. grandiflora 93-95 and 

R. youngii 96-97. Within cluster N, R. petriensis (S) separates from 

the other two species (T) which then separate from each other. Within 

cluster P, R. sp. L (R) separates from the remainder Q, in which 

R. subulata and R. hectori separate from the remaining pulvinate species 

(but not from each other), while among the six pulvinate species two 

groups are formed, R. eximia 102-105, the South Island component 114 of 

R. rubra, R. goyenii 112-113 and R. buchananii on the one hand and 

R. mammillaris 106-1073 R. bryoides 108-109 and the North Island 

component 115 of R. rubra on the other. 

There is less coherence of OTUs into species and infraspecific 



taxa in RF12 than in RT12. As well as the exceptions in RT12, which 

are all again present, and the division of R. petriensis, the North 

Island 6-7 and South Island 1-5 components of R. australis are mixed, 

as are R. parkii with R. subsericea and R. petriensis~ R. monroi with 

R. hookeri var. apice-nigra and R. subulata with R. hectori. 
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In the phenogram RV12, based on the 39 vegetative characters of 

Data Set 1, the arrangement of the OTUs departs far more radically from 

RT12 than does the arrangement in RF12. There is a tendency for many 

small clusters to separate one at a time from a large main cluster. 

The most distinct of these is cluster E, containing two species from 

different subgenera, R. glabra 23-27 and R. subulata 91-92. This is 

followed by the pulvinate species group 102-117 forming cluster D, then 

by another pair of species from different subgenera, R. haastii 62-63 

and R. hectori 98-101 forming cluster F. The next cluster to separate 

is H, comprising R. cinerea 77-78, R. sp. M 86-88 and R. grandiflora 

93-95, followed by a larger cluster, J, containing R. subsericea 16-22, 

R. sp. K 82-85 and R. tenuicaulis 65-76. Next comes R. petriensis 89-90 

combined with a specimen (28) of R. hookeri from coastal Southland to 

form cluster L, then R. monroi 79-81 forming cluster N. The remainder 

consists of a small cluster, R. australis 1-7, and a larger one 

containing two approximately equal groups, the first of which comprises 

R. parkii 8-15, part (56-67) of R. hookeri var. albo-sericea, part (46) 

of R. hookeri var. hookeri~ R. hookeri var. apice-nigra 47-55 and 

R. youngii 96-97, while the second consists of most (29-45) of R. hookeri 

var. hookeri, part (58-59) of R. hookeri var. albo-sericea and 

R. hookeri var. laxa 60-61. 

The most marked feature of RV12 is its chaining, with small 

clusters joining one at a time to a larger cluster. The OTUs of each 

species and infraspecific taxon cluster together more than in RF12 and 
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Table 5.1 A comparison of clusters based on combined and separated floral and 
vegetative characters in Data Set 1 (RaouZia). 

Groups suggested by author Clusters from phenograms 

Currently accepted taxa Species Species groups RT12 RF12 RV12 

Subg. RaouZia 

Sect. RacuZia 
R. australis 1-7 1-5 Is 1-7 1-7 1-7 

6-7 la 
R. parkii 8-15 8-15 Ib 8-15 9,11,13-15 8-15,46,49,56-57 

12 
R. subsericea 16-22 16-22 Ib 16-22 16-22,8,10,90 16-22 
R. glabra 23-27 23-27 7 23-27 23-27 23-27 

Sect. Eradiatae 
-} 28,30,45,46(607) R. hookeri var. hookeri 28-46 la 28,30,45,46 28,30,46 28 

29,31-44,61(607) 29,31-44,61 29,31-45,61 29f36-41,43,30,45,58-59 
R. hookeri var. Zaxa 60-61 1a 60 60 31-35,42,44,60-61 
R. hookeri var. apice-nigra 47-55 48,507 lc 47-55 47-55,79-81 48,50-55,96-97 

47,49,51-551 . 1c 
R. hookeri var. aZbo-sericea 56-59 56-59 1b 56-59 56-59 
R. haastii 62-64 62-64 1d 62-64 62-64 62-64 
R. tenuicaulis var. tenuicaulis 65-74 -} 65-76 } 1d } 65-76 } 65-76 65-74 
R. tenuicaulis var. pusilla 75-76 75-76 
R. tenuicauZis var. dimorpha ' -
R. cinerea 77-78 77-78 7 77-78 77 77-78 

78 
R. monroi 79-81 79-81 lc 79-81 79-81 
R. sp. K 82-85 82-85 lc 82-85 82-85 82-85 
R. sp. M 86-88 86-88 1 86-88 86-88 8G-8S 

Subg. Mistura 
R. petr"iensis 89-90 89-90 7 89-90 89 89-90 

Subg. Psychrophyton 

Sect. Acuminatae 
R. subulata 91-92 91-92 2 91-92 91 91 

92 

Sect. T1"ine!'Ves 
R. grandi flora 93-95 93-95 2 93-95 93-94 93-95 

95 
R. youngii 96-97 96-97 2 96-97 96-97 
R. hectori var. hectori' 98-100 } 98-101 } 2 ~ 98-101 }98-101,92 } 98-101 
R. hectori vsr. mollis 101 

Sect. Rotundatae 
R. eximia 102-105 102-105(1141) 3a 102-105,114 102-105,114 102-105 
R. mammillaria 106-107 106-107 3b 106-109 10G-I09,115 106-109 
R. bryoides 108-109 108-109 3b 

* R. sp. L 110-111 110-111 3b 110-111 110-111 1l0-111 

Sect. Truncatae 
R. goyenii 112-113 112-113 3a 112-tl3 112-113,116-117 112-113 
R. rubra 114-115 115 (1147) 3a 115 114-115 
R. buchananii 11G-117 116-117 3s 116-117 116-117 

-----_._._ .. _-- ---
I 
I 

>-' 
N 
V1 



to about the same extent as in RT12, although some of the exceptions 

are different. R. hookeri var. hookeri and R. hookeri var. laxa are 

again mixed~ but R. mammillaris~ R. bryoides and R. rubra cluster 

according to species. However, all four varieties of R. hookeri are 

mixed with each other and with R. parkii (see Table 5.1). 

Matrix correlations for Data Set 1 are shown in Table 5.3. 
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The correlations between the similarity matrices and the matrices of 

cophenetic values derived from the phenograms indicate that the amount 

of distortion of the similarity matrix in the phenogram is about the 

same in each case. The correlations between the similarity matrices 

based on different character sets show that the matrix based on floral 

characters (RF10) and that based on vegetative characters (RV10) are 

each highly congruent with the matrix based on combined characters 

(RT10), the correlation being somewhat higher with RFIO than with RVIO. 

The congruence between the matrices based respectively on floral and 

vegetative characters alone is, however, very low. 

In Data Set 2, the phenogram GT12 is based on all 165 characters, 

both floral and vegetative. The most distinct cluster is made up of 

Ewartia sinclairii, the achyroc1inoid 62 and anapha1ioid (s.l.) 58 & 

63-64 groups of Gnaphalium, and Cassinia 76-77. The next group to appear 

is Helichrysum sect. Ozothamnus (s.s.) 56-57, followed by the pulvinate 

species of Raoulia 41-46 & 74-75 combined with R. subulata 36 & 72 and 

R. hectori 39-40 & 73. There remain two large clusters. One contains 

Helichrysum sect. Xerochlaena (s.s.) 59, Leucogenes 52-53 & 78-79, the 

Australian species of Ewartia 48-51 and four species of Raoulia, 

R. cinerea 28, R. petriensis 35 & 71, R. grandiflora 37 and R. youngii 

38. The other is made up of Mniodes 65, Helichrysum depressum 54-55, 

the gnapha1ioid group of Gnaphalium 60-61 and Raoulia subg. Raoulia 1-27 

& 29-34 & 66-70 (including R. sp. M 33-34). 
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As the level of similarity increases, the anaphalioid group of 

Gnaphalium becomes distinct and Cassinia separates from the combination 

of the achyroclinoid group of Gnaphalium and Ewartia sinclairii. The 

pulvinate species of Raoulia separate from R. subulata and R. hectori. 

In the first of the two large clusters described above, Helichrysum sect. 

Xerochlaena together with R. cinerea separates from the remainder, which 

then breaks into three clusters, namely R. petriensis, Leucogenes 

combined with R. grandif10ra and R. youngii, and the Australian species 

of Ewartia. In the second of the two large clusters, Helichrysum 

depressum with Mniodes separates from Raoulia subg. Raoulia and the 

gnaphalioid group of Gnaphalium, then the gnaphalioid group of Gnaphalium 

combined with R. sp. M separates from the rest of Raoulia subg. Raoulia. 

At this stage in clustering (indicated by arrows on the phenogram) 

there are thirteen groups. They are shown in Table 5.2, together with 

the thirteen most distinct clusters in each of the phenograms GF12 and 

GV12 and, as a basis for comparison, the currently accepted genera and 

their main subdivisions, and major groupings suggested by the author. 

(The latter are fully discussed earlier, in Chapter 4.) 

In the phenogram GF12, which is based on the 109 floral characters 

of Data Set 2, there are two large main clusters. The first contains 

Raoulia subg. Raoulia 1-27 & 29-34 & 66-70, Helichrysum depressum 54-55, 

Mniodes 65, Ewartia planchonii 51 and the gnaphalioid 60-61 and 

achyroclinoid 62 groups of Gnaphalium. The two groups of Gnaphalium 

together with E. planchonii form a distinct cluster which subdivides 

into the achyroclinoid group of Gnaphalium on the one hand and the 

gnaphalioid group of Gnaphalium combined with E. planchonii on the other. 

In the remainder of the first main cluster, R. sp. M 33-34 first becomes 

separated, followed by R. tenuicaulis 24-27. The large residue includes 

the remaining species of Raoulia subg. Raoulia (R. austraZis 1-4, 
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R. parkii 5-7~ R. subsericea 8-9~ R. glabra 10-11~ R. hookeri 12-21 

& 66-68~ R. haastii 22-23~ R. monroi 29-30~ R. sp. K 31-32 & 69-97), 

H. depressum 54-55 and Mniodes 65. 

The second main cluster in GF12 contains Raoulia cinerea 28, 
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R. petriensis 35 & 71~ Raoulia subg. Psychrophyton 36-46 & 72-75, the 

New Zealand species of EWartia (E. sinclairii 47) and three of the four 

Australian species (E. catipes 48, E. nubigena 49, E. meredithae 50), 

Leucogenes 52-53 & 78-79, Helichrysum sect. Ozothamnus (s.s.) 56-57, 

Helichrysum sect. Xerochlaena (s.s.) 59, the anaphalioid group of 

Gnaphalium (s.l.) 58 & 63-64, and Cassinia 76-77. Within this 

agglomeration, the first cluster to become distinct is the anaphalioid 

group of Gnaphalium, followed by the combination of Cassinia and the 

four species of EWartia. The remainder splits into R. cinerea, the two 

sections of Helichrysum, R. grandiflora 37, R. youngii 38 and Leucogenes 

on the one hand, and on the other R. petriensis 35 & 71, R. subulata 36 

& 72, R. hectori 39-40 & 73 and the pulvinate species of Raoulia 41-46 

& 74-75. Of these last two groups, the first splits into R. cinerea 

combined with the two sections of Helichrysum, and Leucogenes combined 

with R. grandiflora and R. youngii. In the second, R. petriensis 

separates from R. subulata, R. hectori and the pulvinate species of 

Raoulia. At this stage of clustering (indicated by arrows on the 

phenogram) there are thirteen groups and these are shown in Table 5.2. 

In the phenogram GV12 (Fig. 5.6), based on the 56 vegetative 

characters of Data Set 2, the arrangement is not into clusters of more 

or less equal size but into small to medium-sized clusters which join 

into a main cluster one at a time. The most distinct of these clusters 

is made up of the pulvinate species of Raoulia 41-46 & 74-75 and Mniodes 

65. This becomes divided into two components, R. mammillaris 42, 

R. bryoides 43 and R. sp. L 74-75 on the one hand and R. eximia 41, 
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Mniodes 65 3 R. rubra 44> R. goyenii 45 and R. buchananii on the other. 

The second most distinct cluster is Helichrysum sect. Ozothamnus (s.l.) 

54-57 (including H. depressum 54-55). There follows a cluster made up 

of Leucogenes 52-53 & 78-79, Helichrysum sect. Xerochlaena (s.s.) 59, 

the anaphalioid group of Gnaphalium (s.l.) 58 & 63-64 and Cassinia 76-77; 

within this cluster, first Cassinia and then Leucogenes form separate 

groups. The next major cluster is made up of two species of Raoulia 

from different subgenera, namely R. subulata 36 & 71 and R. haastii 

22-23. Then comes a cluster comprising R. cinerea 28, R. sp. M 33-34, 

Ewartia 47-51 and the gnaphalioid 60-61 and achyroclinoid 62 groups of 

Gnaphalium. Within this cluster, the two species of Raoulia become 

separated from the remainder. The next important cluster is made up of 

five species of Raoulia subg. Raoulia, namely R. subsericea 8-9, 

R. glabra 10-11, R. tenuicaulis 24-27, R. sp. K 29-30 & 69-70 and 

R. monroi 31-32. This splits into two, with the separation of three 

(25-27) of the four representatives of R. tenuicaulis from the remainder 

of the cluster. There remain in the phenogram two major clusters; one 

contains R. grandiflora 37 and R. hectori 39-40 & 73 and the other 

contains five species of Raoulia drawn from all three subgenera, namely 

R. australis 1-4, R. parkii 5-7 and R. hookeri 12-21 & 66-68 from subg. 

Raoulia, R. petriensis 35 & 71 comprising subg. Mistura, and R. youngii 

38 from subg. Psychrophyton. At this stage of clustering (indicated by 

arrows on the phenogram) there are thirteen groups, which are shown in 

Table 5.2. 

Matrix correlations for Data Set 2 are shown in Table 5.3. 

The general pattern is similar to that for Data Set 1, except that the 

correlation between the similarity matrices based on combined (GT10) 

versus floral (GF10) characters is a good deal higher than that between 

the similarity matrices based on combined versus vegetative (GV10) 



Table 5.2 A comparison of clusters based on combined and separated floral and vegetative characters in DataSet 2 (Gnaphaliinae) 
I 

Currently accepted genera Major groups Taxa of 
and their main subdivisions suggested by author uncertain position 

RaouUa subg. RaouUa 1-34 & 66-70 1-27 & 29-32 & 66-70 
R. cinerea 28 
R. sp. M 33-34 

RaouUa subg. Mistura 35 & 71 R. petriensis 35 & 71 

RaouUa subg. Psychrophyton 36-46 & 72-75 41-46 6. 74-75 
R. subuZata 36 & 72 
R. grandij10ra 37 
R. youngii 38 
R. hectori 39-40 & 73 

Ewartia 47-51 48-50 
E. sincZairii 47 
E. pZanchonii 51 

Leucogenes 52-53 6. 78-79 52-53 6. 78-79 

HeZichrysum sect. Ozothamnus 54-57 56-57 
H. depressum 54-55 

HeZichrysum sect. XerochZaena 58-59 59 
H. beZZidioides 58 

"-

GnaphaZium (gnaphalioid group) 60-61 60-61 

GnaphaZium (achyroclinoid group) 62 62 

GnaphaZium (anaphalioid group) 63-64 63-64 6. 58 

Mniodes 65 65 

Cassinia 76-77 76-77 

GT12 

1-27 & 29-32 & 66-70 

35 & 71 

41-46 & 74-75 
36 & 72, 39-40 & 73 

48-51 

52-53 & 78-79, 37-38 

56-57 

59, 28 

60-61, 33-34 

62, 47 

63-64 6. 58 

65, 54-55 

76-77 

Main clusters from phenograms 
<;Fl2 GV12 

1-23 & 29-32 & 66-70, 54-55, 65 1-7 &12-21 &66-68,35 &71, 38 

33-34 28, 33-34 
24-27 25-27 

8-11 & 24 & 29-32 & 69-70 

35 & 71 

41-46 6. 74-75, 36 & 72, 39-40 6. 73 41-46 & 74-75, 65 
36 & 72, 22-23 

48-50 47-51, 60-62 

52-53 & 78-79, 37-38 52-53 & 78-79 

56-57 54-57 

59, 28 

60-61, 51 

62 

63-64 & 58 63-64 & 58-59 

76-77, 47 76-77 

, 

I 
I 

>-' 
W 
W 



Table 5.3 

Similarity matrix 
S 

RT10 

RF10 

RVIO 

RT10 RF10 

RT10 RV10 

RFlO RV10 

GTlO 

GF10 

GV10 

GT10 GF10 

GT10 GVIO 

GF10 GV10 

Correlations of matrices based on combined and 
separated floral and vegetative characters. 

134 

Phenogram 
Cophenetic values 

matrix C Correlation 

RT12 CP21 1" 0.85 
cs 

RF12 CP22 1" 0.85 
cs 

RV12 CP23 1" 0.84 
cs 

1" 0.90 
ss 

1" 0.88 
ss 

1" 0.58 
ss 

GT12 CP10 1" 0.80 
cs 

GF12 CP16 1" 0.79 cs 

GV12 CP17 1" 0.77 
cs 

1" 0.91 ss 

1" 0.82 
ss 

1" 0.52 
ss 
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characters. The correlation between the matrices based on floral 

versus vegetative characters is even lower than in Data Set 1. 

DISCUSSION 

The comparison of similarity matrices and phenograms based 

on combined or separated floral and vegetative characters does not 

support the hypothesis of nonspecificity. It is clear from both the 

matrix correlations in Table 5.3 and the analyses of the phenograms 

that classifications based respectively on floral or vegetative 

characters alone would be only partially congruent. Similar results 

have been obtained by Johnson and Holm (1968), working with Sarcostemma 

(Asclepiadaceae), and Crovello (1969) using thirty species of SaZix 

in California. 

The angiosperm plant body has four principal functional areas, 

concerned with absorption, photosynthesis, pollination and seed 

dispersal. Each of these areas is subject to different selection 

pressures and may evolve to a greater or lesser degree independently 

of the other three. Thus evolutionary divergence or convergence may 

occur in one of these areas without necessarily occurring in the others, 

so that two groups of plants may, for example, be very similar in leaf 

characters but very different in flower characters. The invalidation 

of the hypothesis of nonspecificity is therefore to be expected. 

However, the different results produced by using floral or vegetative 

characters are of far greater significance for the information they 

provide about the nature of the included taxa. For instance, the matrix 

correlations suggest that in both data sets floral and vegetative 

characters each contribute largely to the pattern of overall similarity, 

with the contribution of floral characters being larger in Data Set 2 

than in Data Set 1. This is in accordance with the general belief that 



floral characters increase in taxonomic importance compared to 

vegetative ones at higher levels in the taxonomic hierarchy. 

Both phenograms based on vegetative characters (RV12 and GV12) 

show much greater chaining than those based on floral or combined 

characters. This may be because there are many vegetative adaptive 

syndromes which do not fall into a pattern of hierarchical groups. 
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It is interesting to note that similar vegetative modifications have 

apparently arisen independently in different groups. Thus R. haastii~ 

from subg. Raoulia, links with R. subulata in GV12 and with R. hectori 

in RV12; the latter two species are from subg. Psychrophyton. 

Mniodes, a dioecious genus from Andean South America, shows close 

vegetative links with Raoulia eximia of New Zealand, although the two 

are quite unlike in floral characters. 
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CHAPTER 6 

EFFECTS OF VARYING THE CHARACTER CODING: MIXED VERSUS TWO-STATE DATA 

Characters are man-made constructions, extracted from the whole 

organism for purposes such as classification and communication. In 

formulating characters at all, taxonomists are departing from the 

natural state of the organism they are attempting to classify. There is 

likely to be distortion and loss of information (as well as unavoidable 

incompleteness, since all possible characters cannot be extracted) 

through the mere process of representing an organism by characters 

extracted from it. This can be minimised, however, by attempting to 

represent all parts of the organism in the selection of characters 

and by expressing the characters as accurately as possible. 

In numerical taxonomy, the expression of all characters within 

the rigid framework of two-state coding seems likely to introduce an 

additional cause of information loss, and one which has become 

unnecessary with the development of satisfactory methods of handling 

mixed data. However, two-state coding is attractive because of its 

relation to information theory. The basic unit of information in 

numerical taxonomy is the unit character, an attribute possessed by an 

organism about which one statement can be made, thus yielding a single 

piece of information (Sneath, 1957). If a character varies continuously 

it can be broken down into as many steps as the observational method 

will reliably allow (Sneath and Sokal, 1973). Either each step is 

counted as a feature, or at least the minimum number of features 

necessary to account for the existing variation is used. Carried to 

its logical conclusion, this procedure results in each unit character 



144 

representing an alternative which can be answered yes or no. The 

information content can then be measured in "bits" as in information 

theory. This relationship to information theory, and speculation about 

the nature of the relationship between the taxonomic bits and the 

genetic code, led Sneath and Sokal (loc. cit.~ p. 147) to favour a 

similarity coefficient based on two-state coding of data. 

Some of the problems encountered in the recoding of characters 

into two-state form are discussed in Chapter 2. It is also of interest 

to see how a single data set containing mixed characters (and employing 

Gower's general coefficient of similarity) behaves when the characters 

are recoded into two-state form (and used with the simple matching 

coefficient). The multi-state characters of Data Set 1 are recoded into 

two-state form, resulting in a total of 195 two-state characters, and 

the similarity between all pairs of OTUs is calculated using the simple 

matching coefficient. The values in the similarity matrix (RT20) are-

used to cluster the OTUs by the unweighted pair-group method using 

arithmetic averages (UPGMA); the results are shown in the phenogram RT22 

in Figure 6.1b. The arrangement of OTUs in RT22 is compared with that 

in RT12 (Figure 6.1a) which is based on mixed character data. The matrix 

correlations r between the similarity matrices based on mixed and on ss 

two-state characters are calculated, as are the matrix correlations r as 

between the matrix of cophenetic values derived from a phenogram and the 

similarity matrix on which the phenogram is based. 

In the phenogram RT12, which is based on 84 mixed characters, 

there are two main clusters, labelled A and B.* Cluster A comprises 

all of Raoulia subg. Raoulia 1-88 except for R. cinerea 77-78. 

* This analysis of RT12 is identical to that presented in Chapter 5 
and is repeated here to permit easier comparison of RT12 with RT22. 
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Cluster B consists of Raoulia subg. Psychrophyton 91-117 and the two 

anomalous species R. cinerea 77-78 and R. petriensis 89-90. In cluster 

A, R. glabra 23-27 (D) separates from the remainder C, which then 

divides into clusters E and F. Cluster F contains only R. haastii 62-64 

(K) and R. tenuicaulis 65-76 (L), which separate from each other almost 

immediately, whereas cluster E contains all the remaining recognised 

species of the subgenus (R. australis 1-7, R. parkii 8-15, R. subsericea 

16-22, R. hookeri 28-61, R. monroi 79-81) and the undescribed species K 

82-85 and M 86-88. Within this cluster E, R. sp. M (cluster H) first 

becomes distinct from the remainder G, which then divides into two 

clusters; I, containing R. australis 1-7, R. hookeri var. hookeri 28-46 

and R. hookeri var. laxa 60-61, and J, comprising R. parkii 8-15, 

R. hookeri var. albo-sericea 56-59, R. hookeri var. apice-nigra 47-55, 

R. monroi 79-81, R. sp. K 82-85 and R. subsericea 16-22. Within cluster 

I, R. australis soon separates from R. hookeri. Within cluster J, 

R. subsericea first becomes distinct, followed by R. sp. K. The 

remaining OTUs form two groups, on the one hand R. parkii and R. hookeri 

var. albo-sericea and on the other R. hookeri var. apice-nigra and 

R. monroi. 

In the second major cluster of RT12, cluster B, R. cinerea 77-78 

(M) first separates from the remainder N. In cluster N, R. subulata 

91-92 (P) separates from the remainder 0, which divides into two clusters 

Q and R. Cluster Q consists of the remaining four non-pulvinate species 

(R. petriensis 89-90, R. grandiflora 93-95, R. youngii 96-97, R. hectori 

98-101), which separate from their cluster one at a time; first 

R. grandiflora (T) separates from Q leaving S, then R. hectori (v) 

separates from S leaving U, then U divides into R. petriensis and 

R. youngii. Cluster R consists of the seven pulvinate species 

(R. eximia 102-105, R. mammillaris 106-107,R. bryoides 108-109, the 
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undescribed R. sp. L 110-111, R. goyenii 112-113, R. rubra 114-115, 

R. buchananii 116-117); it divides into cluster W, containing R. eximia, 

the South Island component (114) of R. rubra, R. goyenii and 

R. buchananii, and cluster X, containing R. mammiZZaris, R. bryoides 

R. sp. L and the North Island component (115) of R. rubra. Within 

cluster W, R. eximia and R. rubra (S.I.) become distinct from R. ,goyenii 

and R. buchananii, while within cluster X first R. sp. L and then 

R. rubra (N.I.) splits off from R. mammiZZaris and R. bryoides. 

The arrangement 'of the species in RT12 is in reasonable accordance 

with other lines of evidence (for a full discussion, see Chapter 3) 

except for the North Island component of R. rubra which would be 

expected to fall within the cluster containing R. ex&m&a, R. goyenii, 

R. buchananii and the South Island component of R. rubra. Another 

feature of RT12 is the clustering together of OTUs of the same species, 

and of even subspecific taxa. Exceptions are the mixing of 

R. mammiZZaris 106-107 and R. bryoides 108-109, the splitting of 

R. rubra 114-115 and the mixing of R. hookeri var. hookeri 28-46 and 

R. hookeri var. Zaxa 60-61. Of th~se three situations, the first is 

unexpected but the second and third are not unlikely in taxonomic terms 

(see Chapter 3). 

In the phenogram RT22, based on 195 two-state characters, the 

two main clusters A and B again separate RaouZia subg. RaouZia 1-88 from 

the pulvinate species 102-117 of RaouZia subg. Psychrophyton. 

R. subuZata 91-92 (cluster S) and R. hectori 98-101 (cluster U) are 

again associated with the pulvinate species (cluster V), but the 

remaining two species of subg. Psychrophyton~ R. grandifZora 93-95 and 

R. youngii 96-97, fall into the cluster (A) containing RaouZia subg. 

RaouZia, as do the anomalous species R. cinerea 77-78 and R. petriensis 

89-90. 
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Within cluster A there are two main groups, the smaller one, D, 

containing R. subsericea 16-22, R. glabra 23-27, R. grandiflora 93-95, 

R. cinerea 77-78 and R. sp. M 86-88, and the larger one, C, with all the 

remainder of Raoulia subg. Raoulia as well as R. petriensis 89-90 and 

R. youngii 96-97. Cluster D separates into cluster P, containing R. sp. 

M and R. cinerea, and cluster 0 with R. subsericea, R. glabra and 

R. grandiflora. The two species of cluster P soon separate from each 

other, while in cluster 0, R. grandiflora (cluster R) separates from 

R. subsericea and R. glabra (cluster Q) which eventually separate from 

each other. In cluster C, R. haastii 62-64 and R. tenuicaulis 65-76, 

just as they do in RT12, form a very distinct cluster, F, which soon 

divides to separate the two species (here indicated as clusters M and N). 

Cluster E then divides unequally to separate R. petriensis and 

R. youngii, cluster H, from the remainder, cluster G. R. sp. K (82-85) 

again forms a group on its own (cluster J), but more distinct than in 

RT12. R. australis 1-7 is again joined with R. hookeri var. hookeri 

and R. hookeri var. laxa as cluster K. In cluster L, R. parkii 8-15 

is again allied with R. hookeri var. albo-sericea 56-58 (but not 59) 

and R. hookeri var. apice-nigra 47-48 & 50-55 (but not 49) with 

R. monroi 79-81. Specimen 59, one of four representatives of R. hookeri 

var. albo-sericea, is separated from the remainder of cluster L, while 

specimen 49 (of R. hookeri var. apice-nigra) occupies the expected 

position of 59, allied with the other three representatives of 

R. hookeri var. albo-sericea. 

Within R. australis, the South Island form 1-5 is separated from 

the Volcanic Plateau material 6-7, while in the other part of cluster K 

the coastal specimens 28-30 & 45-46 of R. hookeri var. hookeri form a 

distinct group and the coastal specimen 60 of R. hookeri var. laxa stands 

alone, all features shared with RT12. Within the two clusters containing 
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the South Island form of R. australis and the inland specimens of 

R. hookeri var. hookeri and R. hookeri,var. laxa, the arrangement of 

OTUs is only partly congruent with that in RT12. In the R. parkii -

R. hookeri var. albo-sericea cluster, part (8-11 & 14-15) of R. parkii 

joins with three (56-68) of the four specimens of R. hookeri var. 

albo-sericea and the isolated specimen (49) of R. hookeri var. apice

nigra, while the remainder of R. parkii (12-13) joins later. In the 

R. hookeri var. apice-nigra -R. monro~ cluster, specimen 48 is linked 

to R. monroi 79-81 before it is linked to the bulk of R. hookeri var. 

apice-nigra (4T & 50-55) and specimen 49 is absent from the cluster, 

but the arrangement is otherwise similar to that in RT12. R. sp. K 

is again divided into its North Island 82-83 and South Island 84-85 

components. The R. tenuicaulis cluster differs from RT12 in the 

isolation of the specimen of R. tenuicaulis var. pusilla from the 

Ruahine Range (76) and in its failure to cluster with the other specimen 

(75) of this variety, as well as in the arrangement of some of the 

specimens of R. tenuicaulis var. tenuicaulis. Yet again in R. subsericea 

and R. glabra the infraspecific arrangement is only partly congruent 

with that in RT12. 

Within cluster B of RT22, R. subulata 91-92 is once more isolated 

as a very distinct cluster (S), as it was in RT12. The same is true of 

R. hectori (U). The main division of the pulvinate species (V) is the 

same as in RT12 except that the North Island component 115 -of R. rubra 

clusters with the opposite group (cluster W of RT22) which contains also 

R. eximia 102-105, the South Island component 114 of R. rubra, R. goyenii 

112-113 and R. buchananii 116-117. R. mammillaris and R. bryoides again 

fail to cluster separately, and the arrangement within the R. ex~m~a -

R. rubra (S.I.) cluster ,differs slightly from that in RT12. 

The correlation between the phenograms and the similarity matrices 
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RTIO, based on mixed characters, and RT20, based on two-state characters, 

(measured by the matrix correlation coefficient r ) is 0.95. This very 
ss 

high congruence suggests that there is little effect due to loss of 

information in the recoding of multi-state characters to two-state ones. 

The correlation between the phenograms and the similarity matrices 

from which they were derived (measured by the matrix correlation 

coefficient r ) is 0.85 for mixed data (RT12:RT10) and 0.81 for two
cs 

state data (RT22 : RT20). These figures suggest that the effects of 

clustering may be a more important distorting factor than the recoding 

of characters. 

The comparison of the arrangement of OTUs in the two phenograms 

revealed quite a large number of differences. Many of these differences 

are of perhaps only minor consequence, but the positions of no less than 

five species, R. subsericea~ R. sp. M~ R. petriensis~ R. grandiflora and 

R. youngii~ are drastically different, to the extent in the case of the 

last three species of altering their subgeneric relationship. RT12, 

based on mixed data, is the more taxonomically sound when compared with 

other evidence (see, for example, Chapter 3), but the very high 

congruence between the two similarity matrices does not permit any 

conclusions to be drawn from this, since the phenogram differences may 

be caused as much or more by the clustering process as by differences 

between the similarity matrices. 

While these results suggest that recoding of multi-state into 

two-state characters need not result in any great loss of information, 

they certainly do not demonstrate any innate superiority in the two-state 

method. The choice between mixed and two-state data must be made on 

L 

theoretical grounds and with a view to the organisms being studed. 
A 

Thus two-state coding may be more suitable for a group such as the 

bacteria while the complexity of flowering plant characters may be 

better handled by mixed data, 
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CHAPTER 7 

THE WEIGHTING EFFECT OF ADDITIVE CODING 

An important feature of numerical phenetics is its objectivity. 

While it is now generally recognised that it is far from being as 

objective as was claimed in the early days of over-enthusiasm (e.g. Sokal 

and Sneath, 1963), it does provide more objective methods than those of 

traditional taxonomy for estimating overall similarity among organisms. 

Although it has been seen as an alternative to, in turn, traditional, 

phylogenetic and cladistic approaches, its real value lies in its 

contribution to classification of a particular kind of information: it 

is the best way we have of obtaining a measure of similarity between 

entire phenotypes, by selecting characters to represent the phenotypes 

as accurately as possible and then calculating by numerical methods the 

similarity between the representative character sets. Differences in 

classification of the same group of organisms, such as the angiosperms, 

are due largely to differential weighting of characters, and a radical 

innovation of numerical phenetics was the a priori equal weighting of 

characters. This, at one step, removed the greatest subjective element 

in the assessing of relationships. While it is not here suggested that 

subjective elements should be absent from the assessment of relationships, 

it is undoubtedly valuable to have one method which will give an 

objective measure of phenotypic similarity. The differential weighting 

of characters and reducing the number of characters (itself a form of 

differential weighting) may provide valuable information, but it will be 

a different kind of information. 
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When a continuous or ordered multi-state character is converted to 

a two-state form, the method of recoding which results in the least loss 

of information is additive coding (see Chapter 2). The range of the 

character is divided into n steps and the single continuous or multi

state character is converted into n -1 two-state characters. Thus if 

leaf length, for example, is divided into five steps it will be recoded 

into four two-state characters. One result of this recoding is that 

leaf length, being represented by four characters, carries four times as 

much weight as an originally two-state character such as, for example, 

achene hairs long or short. It has been suggested by Sneath and Sokal 

(1973, p. 148), who are elsewhere staunch advocates of equal weighting, 

that quantitative multi-state characters may warrant more weight than 

two-state characters because they " ... are very likely to be caused by 

more than one genetic factor." The basis of the argument for equal 

weighting is that we do not know how to assign different weights 

correctly. Sneath and Sokal (Zoe. cit.) themselves acknowledge that 

" ... we do not in fact know whether one or several factors (genes?) are 

behind the expression of even two-state characters." There is therefore 

no justification for stating a priori that weighting characters unequally 

through recoding does not really matter, because there might be a 

justifiable genetic basis for so doing. Moreover, continuous and 

two-state characters may differ only in the amount of detail they 

provide, rather than in their intrinsic nature, as is apparent from 

the above two examples. 

The weighting effect of additive coding can be removed, but the 

procedure involves a drastic increase in the size of the data matrix 

and may therefore impose an undue strain on computing facilities. 

It is of interest to discover how much effect the differential weighting 

caused by additive coding has on the behaviour of a single data set. 
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This was investigated for Data Set 1. 

Of the 84 characters in the mixed data set, 40 were continuous, 

21 ordered multi-state and 23 two-state. (There were no unordered 

multi-state characters.) This mixed data set was used with Gower's 

general similarity coefficient to produce the similarity matrix RTI0, 

from which the OTUs were clustered by the unweighted pair group method 

using arithmetic averages (UPGMA) to give the phenogram RTI2. The 

continuous characters were each recoded by additive coding into three 

two-state characters, and the ordered multi-state characters were 

recoded, again by additive coding, into two or three two-state 

characters. With the inclusion of the original two-state characters, 

this gave a data matrix with 195 two-state characters. This two-state 

data set was used with the simple matching coefficient to produce the 

similarity matrix RT20 from which the OTUs were clustered by UPGMA to 

give the phenogram RT22. The inequalities of weighting in the two-state 

data set were removed by adjusting characters so that each contributed 

three comparisons. The continuous characters and some of the ordered 

multi-state ones, having already been converted each to three two-state 

characters, needed no adjustment. The original two-state characters 

were counted three times, thus trebling their weight. Ordered multi

state characters which had each been converted to two two-state 

characters had a third two-state character added. (The method is 

explained in Appendix 8.) The resulting data matrix, with 252 two-state 

characters, was used with the simple matching coefficient to produce the 

similarity matrix RT30 from which the OTUs were clustered by UPGMA to 

give the phenogram RT32. The phenograms RT22 and RT32 are shown in 

Figure 7.1. 

The similarity matrices were compared with each other, and each 

one was compared, using the cophenetic correlation coefficient, with the 
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phenogram derived from it. These matrix comparisons are shown in 

Table 7.1. Scattergrams of the similarity matrices are shown in 

Figures 7.2 to 7.4. 

Table 7.1 Correlations of matrices based on mixed data (RTI0, CP21), 
recoded two-state data without equalised weighting (RT20, 
CP02) and recoded two-state data with equalised weighting 
(RT30, CP02). 

Similarity matrix Cophenetic values 
S Phenogram matrix C Correlation 

RTI0 RT12 CP21 r 0.85 cs 

RT20 RT22 CPOI r 0.81 cs 

RT30 RT32 CP02 r 0.87 cs 

RTI0 RT20 r 0.95 ss 

RTI0 RT30 r 0.98 
ss 

RT20 RT30 r 0.97 ss 

The phenograms RT12 and RT22 are compared in the preceding 

chapter (pp. 146-149). As in these two, in RT32 the two main clusters 

separate Raoulia subg. Raoulia 1-88 from the pulvinate species 102-117 

and the two non-pulvinate species R. subulata 91-92 and R. hectori 98-101 

of Raoulia subg. Psychrophyton 91-117. However the position of the other 

two non-pulvinate species of Raoulia subg. Psychrophyton, R. grandiflora 

93-95 and R. youngii 96-97, and of the two anomalous species R. cinerea 

77-78 and R. petriensis 79-80 in RT32 is more like RT22 in that they fall 

within the cluster (A) which comprises mainly Raoulia subg. Raoulia. 

Within cluster A the smaller of its two main clusters, D, contains 

R. cinerea 77-78, R. sp. M 86-88 and R. grandiflora 93-95. This differs 

from RT22 in the exclusion of R. subsericea 16-22 and R. glabra 23-27, 

which cluster with the main body of Raoulia subg. Raoulia. The larger 

main cluster, C, of cluster A shows marked chaining, with R. haastii 
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62-64 (F), R. tenuicauZis 65-76 (H), R. subsericea and R. gZabra (J), 

R. petriensis and R. youngii (L) and R. sp. K 82-85 (N) being cut off 

successively. The early isolation of R. tenuicauZis and R. haastii from 

the remainder of RaouZia subg. RaouZia is similar to both RT12 and RT22, 

but the failure of these two species to cluster together differs from 

both other phenograms. The alliance of R. subsericea and R. gZabra in 

a distinct cluste~ is cornmon to RT32 and RT22 (although the position is 

different) but does not occur in RT12. R. petriensis and R. youngii are 

allied in all three phenograms but are positioned similarly in RT32 and 

RT22 and quite differently in RT12. The remainder (M) of cluster A in 

RT32 is generally similar to both RT12 and RT22. Where RT12 and RT22 

differ, RT32 does not resemble one more than the other. R. parkii 8-15 

is mixed with R. hookeri var. aZbo-sericea 56-59 as in RT22, but 

R. hookeri var. apice-nigra 47-55 is intact as in RT12. Specimen 59 

of R. hookeri var. aZbo-sericea, which clusters with the other three 

specimens of the same variety in RT12, butis isolated in RT22,takes an 

intermediate position in RT32, as the last specimen to join the 

R. parkii -R. hookeri var. aZbo-sericea cluster. In cluster B, RT32 

resembles RT22 except that R. hectori 98-101 (V) is allied to R. subuZata 

91-92 (U) rather than to the pulvinate species 102-117 (T), and the 

North Island specimen 115 of R. rubra clusters with its South Island 

counterpart 114 and then with R. eximia 102-105 instead of with 

R. goyenii 112-113 and R. buchananii 116-117. (In RT12 R. hectori 

clusters with R. petriensis and R. youngii and then with R. grandifZora, 

while R. subuZata stands alone and the North Island specimen of R. rubra 

clusters with R. mammiZZaris and R. bryoides.) In summation, this 

comparison shows that RT22 and RT32 are very similar in their major 

features, except that in RT32 R. subsericea. and R. gZabra no longer form 

a cluster (D) with R. grandifZora, R. cinerea and R. sp. M, but instead 



are included in a large cluster (G) with the bulk of Raoulia subg. 

Raoulia, thus in effect replacing R. haastii and R. tenuicaulis which 

now by successive chaining link clusters G and D. 
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The above phenogram comparison suggests that RT32 is much more 

similar to RT22 than to RT12, and therefore that the weighting effect of 

additive coding may have an even smaller effect than the change from 

mixed to two-state characters. This however is not supported by the 

similarity matrix comparisons, which are probably a more accurate 

measure of congruence since they eliminate the distortion which occurs in 

the phenogram (and which is indicated in the cophenetic correlation 

coefficient res in Table 7.1). The three similarity matrices are all 

highly congruent with one another, but the highest congruence is between 

RT30 and RTIO and the lowest is between RT20 and RT10, suggesting the 

possibility that the unequal character weighting in the RT20 data matrix 

is causing some distortion of similarities. This does, however, rest on 

the assumption that RT10 gives the more accurate reflection of overall 

similarity. Moreover, the differences in the correlation coefficients 

are so small that any hypothesis which they suggest must be regarded as 

extremely tentative. 
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CHAPTER 8 

EFFECTS OF VARYING THE CLUSTERING TECHNIQUE 

When different clustering techniques are applied to the same 

similarity or distance matrix the resulting dendrograms may differ in 

both the content of the clusters and the levels at which the clusters 

form. Certain cluster techniques are known to produce dendrograms with 

certain characteristics. Thus a frequent feature of single linkage 

dendrograms is chaining, in which OTUs are added to a main cluster 

one or two at a time, so that a hierarchy of discrete clusters does not 

form. A second feature of single linkage is the formation of clusters 

at relatively high levels of similarity because the criterion for entry 

into and fusion of clusters is less stringent than those of other 

clustering methods. 

Complete linkage is the antithesis of single linkage. The 

stringent cluster entry and fusion criterion results in discrete clusters 

which fuse at comparatively low levels of similarity. It may also be 

expected to result in unlikely associations between outlying OTUs 

(i.e. those which are not similar to any others) because two quite 

different OTUs may yet be more similar to each other than to the most 

distant member of any existing cluster. 

Average linkage methods have been introduced to try to overcome 

the problems caused by the extremes of single and complete linkage. 

They may be expected to produce trees of intermediate character, 

avoiding the chaining of single linkage and the very tight, discrete 

clusters of complete linkage. 
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Different clustering techniques have often been applied to a 

single data set (e.g. Sokal and Rohlf, 1962; Lance and Williams, 1967b; 

Boyce, 1969; ~lcNeill, 1975; Presch, 1979; Duncan, Phillips and Wagner, 

1980). The data sets are usually small and sometimes artificial (for 

instance, the Dendrogrammaceae of Duncan, Phillips and Wagner loco cit.). 

The comparison of methods by McNeill (loc. cit.), working with the tribe 

Montieae of the Portulacaceae, is comparable to that undertaken here in 

that a real taxonomic problem is under investigation and the data matrix 

is of acceptable dimensions (37 OTUs and 65 characters). 

The single data set used in the present comparison of clustering 

techniques is appropriate in that (a) it is large (79 OTUs and 165 

characters, listed in Appendices 3 and 5), (b) the taxonomic group is 

already well-known and shows hierarchical structuring, but the internal 

relationships are not clearly defined, and (c) relationships suggested 

by a phenogram may be compared not only with those suggested by other 

phenograms and with existing classifications but with independent lines 

of evidence such as chromosome number, hybridisation and geographical 

distribution. 

Figures 8.1 to 8.3 and Table 8.3 show the results of the 

application of several clustering techniques to a single similarity 

matrix. This matrix was derived from Data Set 2 using Gower's general 

coefficient of similarity. The clustering techniques were single 

linkage, complete linkage, theunweighted pair group method using 

arithmetic averages (UPGMA), the weighted pair group method using 

arithmetic averages (WPGMA), centroid sorting and ball clusters. 

The degree of fit of each phenogram to the similarity matrix GTI0 

was measured using the cophenetic correlation coefficient of Sokal and 

Rohlf (1962), which Sneath and Sokal (1973) designate as the matrix 

correlation coefficient r cs 
The correlations are shown in Table 8.2. 
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The matrices of cophenetic values derived from the phenograms are plotted 

against the similarity matrix GT10 in the scattergrams shown in Figures 

8.4 to 8.8. 

Table 8.1 shows the OTUs arranged according to currently accepted 

major groupings and those suggested by the author (based on studies 

carried out before the numerical phenetic analyses of this thesis). If 

the primary subdivisions of Raoulia and Helichrysum are included, there 

are twelve main taxa. The major clusters in each phenogram may be 

compared with these taxa and with the groups suggested by the author. 

The first thirteen* divisions of each phenogram are considered. In 

Figures 8.1 to 8.3, these are indicated by a vertical red line. 

In the phenogram GT13 (Fig. 8.1a), formed by single linkage 

clustering, the clusters all form within a narrow range of similarity 

values (0.94 - 0.74). A clear hierarchical structure is not apparent; 

there is a marked chaining effect, with individuals or small clusters 

tending to join one by one to a larger established cluster rather than 

beginning to form their own large cluster. (The uneven initial cluster 

formation at the left of the phenogram is due to the nature of the 

sample; some species are represented by several OTUs, which cluster 

together at high similarity levels, while other species are represented 

by only one OTU.) 

The thirteen major clusters in GT13 correspond quite well with 

the taxonomic groups in Table 8.1. The generic groups Cassinia 76-77 

(labelled L on the phenogram) , Mniodes 65 (I) and the achyroclinoid 62 

(D) and anaphalioid sensu lato 58 & 63-64 (J) groups of Gnaphalium and 

the two sections of Helichrysum, Xerochlaena sensu stricto 59 (H) and 

Ozothamnus S.s. 56-57 (M), each form a distinct group, as do the 

pulvinate species 41-46 & 74-75 of Raoulia (F) and each of the aberrant 

* Not all the phenograms show twelve divisions at one level of 
similarity. 



Currently accepted genera 
and their main subdivisions 

RaouZia subg. RaouZia 
1-34 & 66-70 

RaouZia subg. Mistura 
35 & 71 

RaouZia subg. Psychrophyton 
36-46 " 72-75 

1'wartia 
47-51 

Leucogenes 
52-53 & 78-79 

HeZichrysum sect.Ozothamnus 
54-57 

HeZichrysum sect.XerochZaena 
58-59 

GnaphaZium (gnaphalioid group) 
60-61 

GnaphaZium (achyroclinoid 
group) 62 

GnaphaZium (anaphalioid 
group) 63-64 

Mniodes 
65 

Cassinia 
76-77 

'- ~~~----.--- ~~---

Table 8.1 A comparison of different clustering techniques. 

Main clusters from phenograms 
Major groups Taxa of GT13 GT14 GT12 GTll 

suggested by author uncertain position Single linkage Complete linkage .. tJPGMA WPGMA 

1-27 & 29-32 & 66-70 1-27 & 29-34 & 66-70, 1-9 & 12-21 & 1-27 & 29-32 1-27 & 29-32 
36 & 72,39-40 & 73, 29-32 ,,66-70 . " 66-70 & 66-70 
52-53 ,,78-79 

10-11, 22-27 
R. cinerea 28 28 
R. Bp. M 33-3/· 

R. petriensis 35 " 71 35 " 71 35" 71,28,59 35 & 71 35 & 71 

41-46 & 74-75 41-46 & 74-75 41-46 & 74-75 41-46 & 74-75 41-46 & 74-75 
R. subuZata 36 & 72 
R. grandifZora 37 36 & 72,39-406. 73 36 &72,39-40 &73 36 &72,39-40 &73 
R. youngii 38 
R. hectori 39-40 & 73 

48-50 48-51 & 60-61 48-51 48-51 
E. sincZairii 47 47 
E. pZanchonii 51 

52-,53 ,,78-79 52-53 & 78-79 52-53 " 78-79, 52-53 & 78-79, 
37, 38 37, 38, 50 37, 38, 50 

56-57 56-57 56-57 56-57 56-57 
H. depressum 54-55 54-55 

59 59 59, 28 59, 28 
H. beZZidioides 58 

'60-61 60-61, 33-34 60-61, 33-34, 60-61, 33-34, 
48-49 [, 51 

62 62 62, 47 62, 47 62, 47 

63-64 & 58 63-64 & 58 63-64 & 58 63-64 & 58 63-64 & 58 

65 65 65, 54-55 65, 54-55 65, 54-55 

76-77 76-77 76-77 76-77 76-77 
'--------- ~~- -------- - - _ .... -

GTl5 
Centroid sorting 

1-4 
5-7, 12-15, 67 
8-11 
24-27 
18-21, 66, 68-70 
29-32 

35 & 71,37-38, 16-17 

41-46 & 74-75 

36 & 72,39-40 & 73, 
33-34, 65 

48-51,28,59,60-61 

52-53 " 78-79 

54-57 

63-64 &58,76-77, 
62,47 

--
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species R. c~nerea 28 (G) and R. petriensis 35 & 71 (E). Helichrysum 

depressum 54-55 forms its own cluster (K), as does Ewartia sinclairii 47 

(C), while the bulk of Raoulia is grouped with Leucogenes 52-53 & 78-79 

(A). The Australian species of Ewartia 48-51 cluster with the 

gnaphalioid group of Gnaphalium 60-61 (B). 

In GT14 (Fig. 8.1b), formed by complete linkage clustering, the 

clusters form over a wider range of similarity values (0.94 - 0.54) 

due to the more stringent clustering requirement. A clear hierarchical 

structure is evident which would translate readily into a well-structured 

system of classification. The thirteen major clusters correspond less 

well with those in Table 8.1. Cassinia 76-77, the anaphalioid group 

s.l. of Gnaphalium 58 & 63-64, Helichrysum sect. Ozothamnus s.s. 56-57 

and the pulvinate species groups of Raoulia 41-46 & 74-75 again each 

form distinct clusters, as does the Australian part of Ewartia 48-51. 

Those taxa represented by single species which each remained distinct 

in GT13 (Mniodes 65 .. Helichrysum sect. Xerochlaena s.s. 59, H. depressum 

54-55, Raoulia cinerea 28, R. petriensis 35 & 71, Ewartia sinclairii 47 

and the achyroclinoid group of Gnaphalium 62) are here all combined in 

clusters of two or three. Two of the non-pulvinate species of Raoulia 

subg. Psychrophyton .. R. subulata 36 & 72 and R. hectori 39-40 & 73, have 

formed a cluster while the other two, R. grandiflora 37 and R. youngii 38, 

have again linked with Leucogenes 52-53 & 78-79. Raoulia subg. Raoulia 

is split into two clusters and the outlying R. sp. M 33-34 is linked 

with the gnaphalioid group of Gnaphalium 60-61. It appears that, to 

some extent at least, in GT14 symmetry may have been achieved at the 

expense of naturalness, with outlying OTUs being forced into associations 

with rather distant partners to form heterogeneous clusters. 

The phenogram GT12 (Fig. 8.2a), formed by unweighted average 

linkage clustering (UPGMA), shows an arrangement of OTUs between those 
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of GT13 and GT14. The clusters form over an intermediate range 

(0.94 - 0.64) and the hierarchical structure is clearer than in GT13 

but less clear than in GT14, with some chaining at lower levels of 

similarity. The thirteen major groups show the best correspondence 

of these three phenograms with the groupings suggested in Table 8.1, 

differing from GT14 in the coherence of Raoulia subg. Raoulia and the 

independence of R. petriensis and from GT13 in the separation of 

Raoulia from Leucogenes and Ewartia from Gnaphalium. 

GTll (Fig. 8.2b), formed by weighted average linkage clustering 

(WPGMA) , is very similar to GT12. In the thirteen major groups, the 
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only difference of consequence is in the position of the four Australian 

species of Ewartia. In GT12 they form a discrete cluster, but in GTll, 

three species (48, 49 & 51) join with the gnaphalioid group of Gnaphalium 

60-61 and Raoulia sp. M 33-34 while the fourth (50) joins with 

R. grandiflora 37 and R. youngii 38; Leucogenes is distinct at this 

level but it joins the latter group at a very slightly lower level of 

similarity, 

Of all the five phenograms, GT15 (Fig. 8.3), formed by centroid 

sorting, has by far the best defined hierarchical structure. It would 

translate very readily into a tidy system of classification with 

well-defined levels and equal-sized groups at anyone level. However, 

analysis of the content of the thirteen major groups shows that such 

a system would take little cognizance of natural relationships as 

suggested by overall resemblance. Only three of the associations of 

Table 8.1 are present: the pulvinate species of Raoulia 41-46 & 74-75, 

Leucogenes 52-53 & 78-79, and Helichrysum sect. Ozothamnus s.l. 54-57 

including the doubtfully placed H. depressum 54-55. Each of these 

clusters is made up of four or eight OTUs which form a distinct taxonomic 

group. With only one exception, the thirteen major clusters in this 
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phenogram contain an even number of OTUs; the sale exception is 

inevitable because the total number of OTUs included (79) is odd! 

The general tendency towards successive pairing suggests that an odd 

number of OTUs in anyone of the three surviving taxonomic groups above 

would have resulted in a lack of coherence and a less taxonomically 

acceptable result. 

McNeill, Parker and Heywood (1969), working with the tribe 

Caucalideae of the Umbelliferae and using the information statistic 

and centroid sorting, obtained a phenogram which from a purely taxonomic 

point of view was incredibly symmetrical. It was suggested that this 

might be a property of the information statistic or alternatively of 

the centroid sorting strategy. The results presented here suggest the 

latter is true. 

Table 8.2 shows the cophenetic correlations of the phenograms 

with the similarity matrix from which they are derived. 

Table 8.2 Congruence between phenograms formed by different 
clustering techniques and the similarity matrix 
from which they are derived. 

Cophenetic Cophenetic 
Similarity Clustering values correlation 
matrix S technique Phenogram matrix C coefficient res 

GTI0 WPGMA GTll CP09 0.78 

GTI0 UPGMA GTl2 CPI0 0.80 

GTI0 Single linkage GT13 CPll 0.73 

GTlO Complete linkage GTl4 CP12 0.76 

GTI0 Centroid linkage GT15 CPl3 0.50 

GT12, formed by unweighted average clustering (UPGMA), shows the best 

fit, followed successively by GTll, formed by weighted average clustering 

(WPGMA), GT14, formed by complete linkage clustering and GTl3, formed by 

single linkage clustering. Lastly, GT15, formed by centroid sorting, 
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shows a very poor fit. The amount of distortion indicated in even the 

most highly correlated phenogram supports the view that no phenogram 

should be directly and uncritically translated into a system of 

classification. 

McNeill (1979) has pointed out that best fit is not the only 

desirable characteristic of a phenogram. A symmetrical hierarchical 

structure, which McNeill terms its structural value, is also important. 

This explains the common preference among taxonomists for phenograms 

based on group-size dependent clustering methods rather than on single 

linkage with its tendency towards chaining. Of the phenograms 

presented here, GT15 (formed by centroid sorting), presenting much the 

worst fit, has nevertheless by far the highest structural value, 

followed by GT14 (complete linkage), then by GT12 and GTll (both 

average linkage) and finally by GT13 (single linkage). 

A third criterion for assessing the value of clustering methods 

is the congruence of the phenograms with previous classifications and 

with independent lines of evidence. The phenograms GTll to GT15 have 

been compared (above and in Table 8.1) with accepted genera and their 

major subdivisions, and also with suggested major groups based on an 

overall assessment of relationships including consideration of 

chromosome number, hybridisation patterns and geographic distribution. 

Assessed on these grounds, GT12 shows the best arrangement of OTUs, 

closely followed by GTll (both phenograms formed by average linkage). 

Next comes GT13 (single linkage), with a considerable gap before GT14 

(complete linkage) and a very large gap to GT15 (centroid sorting). 

If the phenograms are assessed on the basis of all three criteria 

described above, GT12 (UPGMA) provides the best basis for a classification, 

closely followed by GTll (WPGMA). GT15 is high in structural value but 

shows a very poor fit with both the similarity matrix and the groups in 
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Table 8.1. GT14 is high in structural value, has a moderately high 

cophenetic correlation with GTlO, but does not fit well with the groups 

in the table. GT13 has quite a good fit with the table but a fairly low 

cophenetic correlation and poor structural value. 

It is not suggested, however, that the above criteria should 

always be used to assess the comparative value of phenograms. This 

depends on the purpose of the numerical analysis and the preferences of 

the taxonomist. Thus although the phenogram (GT13) produced by single 

linkage clustering does not translate well into a system of classification, 

it provides valuable evidence on closest phenetic relationships. It is 

perhaps best viewed as a hypothesis-generating arrangement; the 

suggestions that part of Raoulia is but poorly separated from Leucogenes 

and that the two gnaphalioid species of Gnaphalium in the data set are 

so close to Ewartia are particularly provocative. 

The groups which are distinct in all the taxonomically acceptable 

phenograms (i.e. excluding GT15) are very likely to be taxonomically 

discrete entities. However, the variation in clustering among the 

phenograms emphasizes one of the dangers of basing a classification on 

anyone phenogram: the classification may be determined at least in part 

by the method used rather than by the true interrelationships of the 

organisms being classified. 

In this regard the final method of clustering used with Data Set 2 

is of interest. It does not produce a phenogram but a series of clusters, 

termed ball clusters, in which the minimum similarity among members of a 

cluster is greater than the maximum similarity between any member of the 

cluster and any OTU outside the cluster. Table 8.3 shows the ball 

clusters derived from the similarity matrix GTlO. The similarity within 

the cluster (maximum diameter) and the minimum gap between any member of 

the cluster and any outside OTU are shown for each group. 
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Table 8.3 Ball clusters from similarity matrix GT10. 

Max. Min. 
diam. gap 

0.9403 0.7604 

0.9361 0.8622 

0.9349 0.8919 

0.9275 0.8215 

0.9264 0.8919 

0.9243 0.8797 

0.9188 0.8660 

0.9171 0.8837 

0.9086 0.8016 

0.9085 0.8789 

0.9079 0.8440 . 

0.8927 0.8511 

0.8632 0.8577 

0.8904 0.8776 

0.8889 0.8155 

0.8879 0.8553 

0.8670 0.8622 

0.8768 0.8030 

0.8760 0.8416 

0.8706 0.8508 

0.8695 0.8093 

0.8688 0.7511 

0.8676 0.8199 

0.8622 0.8423 

0.8596 0.8511 

0.8566 0.8423 

0.8535 0.7426 

0.8241 0.8185 

0,8074 0.7980 

0.8114 0.8097 

0.8391 0.8199 

0.8280 0.8165 

0.8195 0.7994 

0.8181 0.8097 

0.8109 0.7616 

0.8142 0.7795 

0.7770 0.7722 

List of OTUs 
in cluster 

54,55 

8, 9 

3, 4 

33,34 

1, 2 

29,30 

69,70 

12,13 

74,75 

31,32 

10:,.11 

26,27 

1, 2, 3, 4 

6, 7 

63,64 

16,17 

5, 6, 7 

22,23 

39,40 

19,66 

48,49 

76,77 

42,43 

78,79 

24,25 

52,53 

56,57 

24,25,26,27 

52,53,78,79 

39,40,73 

44,45 

60,61 

37,38 

36,72 

58,63,64 

35,71 

28,59 

H. depresswn 

R. subsericea 

Taxon 

R. australis (N.I,) 

R. sp, M 

R. australis (S.l,) 

R. monroi 

R. sp. K (p. p. ) 

R. hookeri var. hookeri (p.p.) 

R. sp. L 

R. sp. K (p.p.) 

R. glabra 

R. tenuicaulis var. pusilla 

R. australis 

R. parkii (p.p.) 

anaphalioid group S.s. of Gnaphaliwn 

R. hookeri var. albo-sericea 

R. parkii 

R. haastii 

R. hectori (p.p.) 

R. hookeri var. apice-nigra (p.p.) 

Ewartia (p. p . ) 

Cassinia 

R. mammillaris and R. bryoides 

Leucogenes (p.p.) 

R. tenuicaulis var. tenuicaulis 

Leucogenes (p.p.) 

Helichryswn sect. Ozothamnus S.s. 

R, tenuicaulis 

Leucogenes 

R, hectori 

R. rubra and R. goyenii 

gnaphalioid group of Gnaphaliwn 

R. grandiflora and R. youngii 

R. subulata 

anaphalioid group of Gnaphaliwn s.l. 

R. petriensis 

R. cinerea and H. sect.Xerochlaena s.s. 
(H. fi licau le ) 



Ball clustering does not provide a tree diagram as a basis for 

classification but neither does it distort the similarity matrix on 

which it is based. OTUs which cluster together are not necessarily 

very similar (e.g. RaouZia cinerea 28 and HeZichrysum fiZicauZe 59) 
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but they are more similar to each other than either is to any other OTU. 

The lack of large ball clusters in this data set, while probably due in 

part to the small samples of some major taxa, suggests a taxonomically 

difficult group in which at least some major taxa are not phenetically 

clearly distinct. 



CHAPTER 9 

EFFECTS OF SOME MISCELLANEOUS AND MINOR VARIATIONS 

IN DATA AND TECHNIQUE 
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Some small experiments with variations in characters, OTUs and 

character coding are described here. These are concerned with (a) the 

inclusion of known hybrids among the OTUs, (b) the inclusion of OTUs 

for which a large number of characters is missing, (c) a reduction in 

the number of characters used, and (d) the division of two-state 

characters into alternative and dichotomous types. 

SECTION 9A. THE INCLUSION OF HYBRIDS 

Figure 9.1 shows the two phenograms RT12 and YT12. Both are 

based on the same characters (see Appendix 4), the same method of 

estimating resemblance (Gower's general coefficient of similarity) 

and the same clustering technique (UPGMA) but with YT12 differing in 

the inclusion of hybrid OTUs in the data matrix. The OTU set Y is 

identical with the OTU set R except that the former includes five 

hybrid OTUs, listed in Appendix 2. 

Schilling and Heiser (1976) found that, in Solanum, hybrids 

caused distortion in clustering, with OTUs which were regarded as 

conspecific clustering into different groups, The distortion was 

eliminated when the hybrids were removed from the data matrix. 

Figure 9.1 shows that the inclusion of a small number of 

hybrids does not in this instance distort the clustering. It remains 

unchanged except that the hybrids cluster with one of their parents. 
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RaouLia austraLis x parkii 119 and R. austraLis x hookeri 120 & 121 

cluster with R. austraLis 1-7~ R. tenuicauLis x sp. K 122 with R. sp. K 

82-85 and R. eximia x mammiLLaris 118 with part (107) of R. mammiLLaris. 

(The other specimen (106) of R. mammiLLaris clusters with R. bryoides 

108-109 in both RT12 and YT12.) 

There is insufficient evidence to determine whether this lack of 

distortion is due to the low number of hybrids or whether it reflects a 

real difference in the clustering characteristics of the hybrids in the 

two taxonomic groups. A further study incorporating a larger number of 

hybrids is required to resolve this question. 

SECTION 9B. MISSING DATA 

In the data matrices used in all other parts of this thesis, 

missing ("no comparison") entries are due principally to the coding of 

characters rather than to incomplete data. Thus subdivisions of a 

character which is absent in a particular OTU are entered as "NC" for 

that OTU. For example, if there is a character "leaf hairs present or 

absent" then a specimen with glabrous leaves will be scored "absent" for 

this, but for further characters dealing with leaf hairs it will be 

scored "NC". 

This section investigates the effect of including in the data 

matrix two OTUs for which much of the reproductive data is missing. 

Figure 9.2 shows the two phenograms RT12 and XT12. Both are based on 

the same characters, the same method of estimating resemblance (Gower's 

general coefficient of similarity) and the same clustering technique 

(UPGMA), but with XT12 differing in the inclusion of two extra OTUs 

(listed in Appendix 2) in the data matrix. Both are specimens of 

R. austraLis from the North Island; 118x from Cape Palliser is missing 

16, and 119x from Taupo is missing 32, of the 45 floral characters in 
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the data matrix. Figure 9.2b shows that both these specimens cluster 

with OTUs 6 & 7, which are specimens of R. australis from the Volcanic 

Plateau. This is to be expected for 119x which is also from the 

Volcanic Plateau. However 118x is from the south-east tip of the North 

Island and is considered by the author to be part of the (mainly) South 

Island component of this taxon. At first sight, either specimen 118x 

belongs with the Volcanic Plateau material or its true relationships 

have been distorted due to the effect of the missing data; the problem 

is however complicated substantially by consideration of the cytological 

evidence. Whereas the South Island component of R. australis is diploid, 

with a somatic chromosome number of 28, and the Volcanic Plateau 

material is octoploid, with a somatic chromosome number of 112, it is 

now known that the somatic chromosome number of 118x is 56, i.e. 

tetraploid! Clearly this experiment, at least as far as 118x is 

concerned, is invalidated by the discovery that this population is 

cytologically distinct from both the Volcanic Plateau and South Island 

cytotypes. It is evidently very desirable that further collections from 

the Cape Palliser population providing the missing data be obtained in 

order that the taxonomic status can be properly evaluated. 

SECTION 9C. REDUCTION IN THE NUMBER OF CHARACTERS 

The important characters in classification are those which 

correlate with others to form sets of features which provide a taxon 

with its overall facies. Because~ these characters cannot be determined 

a priori, all characters in a numerical assessment of phenetic similarity 

should be given equal weight. Correlated characters may, however, be 

weighted a posteriori. Here non-correlated characters have been removed 

in an attempt to determine their effect on phenogram structure. The 

estimate of correlation was subjective. 
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Figure 9.3 shows the two phenograms RT12 and RG12. Both are 

based on the same OTUs (set R), the same method of estimating resemblance 

(Gower's general coefficient of similarity) and the same clustering 

technique (UPGMA) but with RG12 differing in the exclusion of fifteen 

characters,* judged to be non-correlated, from the total set of eighty-

four. 

The differences between the two phenograms are mainly at the left 

of the figure, at high levels of similarity and small cluster size. In 

Raoulia australis 1-7, specimen 3 from the Rakaia River in Canterbury 

clusters with the Volcanic Plateau material 6-7 in RG12, rather than with 

the other South Island material 1-2 & 4-5 as in RT12. In R. hookeri 

var. hookeri, the coastal specimens from Riverton 28 and Wellington 46 

cluster together and then with R. australis in RG12, while in RT12 they 

cluster with the other two coastal specimens of R. hookeri var. hookeri, 

OTU 30 from the Waituna Lagoon in Southland and OTU 45 from the 

Flaxbourne River in Marlborough, and then with the rest of R. hookeri 

var. hookeri (29 & 31-44) and R. hookeri var. laxa (60-61). R. haastii 

62-64 joins directly into the main cluster of Raoulia subg. Raoulia in 

RG12, but in RT12 it first unites with R. tenuicaulis 65-76. The two 

specimens of R. mammillaris, 106 and 107, cluster together before being 

joined by R. bryoides (108-109) in RG12, whereas in RT12, 106 joins 108, 

then 109 joins the cluster followed by 107, The matrix correlation r ss 

between the similarity matrices RTI0 and RGI0 is 0.99. The two-way 

scattergram of similarities between the two matrices is shown in Figure 

9.4. 

* The fifteen excluded characters are those numbered 3-6, 8, 18-19, 
21-23, 26, 28, 38-39 and 57 in Appendix 4. 
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The differences between RT12 and RG12 are small, but they are 

sufficient 'to indicate that the inclusion of non-correlated characters, 

sometimes called "noise", can affect the final clusters. On the other 

hand, since it cannot be said with any conviction that RG12 is 

taxonomically superior to RTI2, it may be that the reduced number of 

characters is simply a less complete and consequently a less accurate 

representation of phenotypes and that RG12 therefore gives a less 

satisfactory picture of phenotypic relationships than does RTI2. There 

are, however, two conclusions which can justifiably be drawn from the 

differences between RT12 and RGI2, and they are that (a) highly congruent 

similarity matrices may produce phenograms with different taxonomic 

implications, especially at the higher end of the similarity scale, and 

(b) anyone phenogram is better regarded as a hypothesis-generating 

arrangement than as a hypothesis-proving instrument. 

SECTION 9D. USE OF DICHOTOMOUS CHARACTERS 

In most methods of estimating similarity from two-state data, 

a decision must be made whether or not to include negative matches 

(see Chapter 2, p. 31). It is better to include them when the characters 

are qualitative (e.g. round versus oblong). Whether it is better to 

include or exclude them when the characters are of the presence-absence 

(or positive-negative) type, depends on the taxonomic significance of 

the "absence" state as judged by the taxonomist. 

In the other parts of this thesis all two-state characters have 

been treated as alternative characters, by using the simple matching 

coefficient which includes negative matches. Figure 9.5 shows the two 

phenograms GT12 and GT12D. Both are based on the same OTUs (listed in 

Appendix 3), the same characters (listed in Appendix 5), the same method 

of estimating resemblance (Gower's general coefficient of similarity) 
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and the same clustering technique (UPGMA) but with GT12D differing in 

that twenty-two characters (those numbered 43-45, 50-54, 147-148 & 

150-161 in Appendix 5) have been treated as dichotomous rather than 

alternative, the difference being that in the former treatment, 

negative matches are ignored. 
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If the two phenograms GT12 and GT12D are compared, it can be seen 

that the clusters in GT12D tend to form at slightly higher levels, 

indicating an accentuation of similarities. Most clusters have the same 

composition in both phenograms, but there are some differences at all 

levels. In GT12, RaouZia sp. M 33-34 (labelled C on the figure) links 

with the gnaphalioid group of GnaphaZium 60-61 (E) and then with RaouZia 

subg. RaouZia 1-32 & 66-70 (A), whereas in GT12D it does not link with 

GnaphaZium but joins directly into the rest of RaouZia subg, RaouZia (A) 

simultaneously with the cluster of R. haastii 62-64 and R. tenuicaulis 

65-76 (D). In GT12 the Australian species of Ewartia 48-51 (M) link 

with the cluster (R) containing Leucogenes 52-53 & 78-79, R. grandifZora 

37 and R. youngii 38, and simultaneously with R. petriensis 35 & 71 (F), 

then this combination (J) joins R. cinerea 28 and HeZichrysum sect, 

XerochZaena s.s. 59 (F). In GT12D the Australian species of Ewartia (G) 

link with the gnaphalioid 60-61 and achyroclinoid 62 groups of 

GnaphaZium (I) and then with R. cinerea and HeZichrysum sect, 

XerochZaena s.s. (E). Leucogenes behaves somewhat differently in the 

two phenograms, linking with R. grandiflora and R. youngii in both, then 

simultaneously with R. petriensis (G) and the Australian species of 

Ewartia (M) in GT12 but with R. subuZata 36 & 72 and R. hectori 39-40 

& 73 (L) and then with R. petriensis (J) in GT12D. In GT12 the smaller 

of the two main clusters (S) is made up of the anaphalioid group of 

GnaphaZium (s.Z.) 58 & 63-64 (T) and the combination of Cassinia 76-77, 

the achyroclinoid group of Gnaphalium 62 and Ewartia sincZairii 47 (R). 
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In GT12D the anaphalioid group of Gnaphalium (8) is again associated 

with Cassinia and E. sinclairii (Q) but not with the achyroclinoid group 

of Gnaphalium, and the cluster (R) is a secondary rather than a primary 

one. The smaller primary cluster in GT12D (T) is composed entirely of 

the pulvinate species of Raoulia, which also cluster together in GT12 

but as a secondary cluster (P) which is associated with R. subulata 

and R. hectori (N). 

The differences between the phenograms GT12 and GT12D are 

sufficient to indicate that a small alteration in the treatment of 

characters can alter the relationships among the OTUs to a -significant 

degree, once again emphasizing the point that phenograms are to be 

regarded as hypothesis-generating systems rather than systems of 

classification per se. 
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CHAPTER 10 

NUMERICAL PHENETICS APPLIED TO THE COMPOSITAE: 

GENERAL DISCUSSION AND CONCLUSION 

NUMERICAL PHENETICS: AN EVALUATION 

Since this thesis comprises a study in numerical phenetics, 

it is perhaps appropriate in conclusion to write in defence of this 

somewhat beleaguered field. 

Numerical phenetics has not attained general popularity with 

traditional taxonomists, to some extent because it has been regarded 

as an alternative to "phylogenetic" classification rather than as part 

of an overall attempt to elucidate natural relationships among organisms 

and to construct a system of classification which best reflects such 

relationships. 

In 1969 (p. 14) Sneath made the following statement: 

"Watson et al. (1966) and El-Gazzar et al. (1968) 
have examined the performance of numerical taxonomy 
with angiosperms, and they conclude that even the 
less satisfactory numerical techniques can provide 
classifications that are better than many of the 
traditional taxonomies." 

Such arrogance from advocates of numerical phenetics has not assisted in 

converting traditional taxonomists to the newer methodology. As Williams 

(himself one of the other authors in both papers referred to by Sneath 

above) has pointed out, the suggestion that numerical methods enshrine 

some form of revealed truth does great disservice to the development of 

numerical taxonomy. In his words, "the tremendous power of numerical 



classificatory methods will be dissipated if one insists on claiming 

for them powers they do not possess and using them for purposes for 

which they are not intended" (Williams, 1967, p. 379). 
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In introducing the term phenetic, Cain and Harrison (1960) said 

"We shall refer to arrangement by overall similarity based on all 

available characters without any weighting as phenetic." The concept 

of equal weighting of characters has proved an anathema to some 

traditional taxonomists, accustomed to selecting a limited number of 

characters which are useful indicators of affinity in the organisms 

being classified, and used to classifications which depend-on the 

ability of the taxonomist to weight characters. As Burtt et al. (1970, 

p. 142) have expressed it, " ... the most conservative orthodox taxonomist 

will not wish the final classification to be in any way influenced by a 

character that he does not accept as taxonomically reliable." 

Traditional taxonomists see a character in terms of its individual value 

(in indicating natural relationship) in the particular group of organisms 

concerned. Pheneticists see a character as one piece of information 

about the total organism, of equal importance among many others; the 

pheneticist attempts to obtain as accurate a representation of the 

organism as possible by using many characters. The original idea of 

giving all characters equal importance has required modification; all 

characters cannot sensibly be treated as equal, although all selected 

characters can. However, intelligent selection is vital, and requires 

some experience with characters in the organisms being classified. 

Some preliminary work is usually necessary for satisfactory selection 

of both GTUs and characters, so that all elements that may represent 

distinct taxa are included and so that the characters may be reasonably 

expected to provide an accurate representation of the organisms. The 

difference in selection between traditional and numerical taxonomy is 
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that in the latter the characters are not chosen on the basis of whether 

or not they indicate (or are thought to indicate) affinity, and thus 

an important element of subjectivity is eliminated from the basis of 

the classification. 

The underlying idea of phenetics is that organisms are compared 

on the basis of a set of characters which represent the total organism 

as accurately as possible. Since such accuracy can only be approached 

but never attained, it follows that any numerical analysis will provide 

only an estimate of true phenetic relationships. Thus the suggestion 

that a numerical phenetic analysis will necessarily provide the "best" 

classification has no logical basis. Not only will it provide only one 

of many possible arrangements; unless it is based on a small or 

artificial data set, such as is often used for evaluating numerical 

methods (e.g. Boyce, 1969; Presch, 1979; Duncan, Phillips and Wagner, 

1980), it will not provide a classification at all; it will produce a 

complex, more or less hierarchical arrangement which must be simplified 

and clarified by the taxonomist before it becomes a viable classification. 

Furthermore it has been clearly demonstrated in this thesis (cf. Chapter 

8) how the application of a number of different clustering techniques 

to the same similarity matrix will produce as many different arrangements, 

any or all of which may provide different items of information useful to 

the taxonomist in formulating his classification. 

An arrangement of taxa derived from a numerical phenetic analysis 

(as expressed in a phenogram, for example) may be used as the basis for 

constructing a system of classification, or it may be used as one line 

of evidence among several on which to base such a system. Thus a 

numerical phenetic analysis may be seen as contributing information to 

a system of classification rather than imposing one, as is the case in 

this thesis, in which the numerical phenetic results are considered in 
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conjunction with classification by traditional methods and with 

particular lines of evidence such as hybridisation patterns, chromosome 

number, and distribution. Where the numerical phenetic results conflict 

with other evidence, they may be rejected, as in the subdivision of 

Raoulia australis, or they may indicate the need for further 

investigation, as in Raoulia hookeri var. apice-nigra (cf. Chapter 3). 

The results of a numerical phenetic analysis may also be used to 

generate hypotheses about phylogenetic relationships among the organisms 

in the analysis. The suggestion that numerical phenetic techniques do 

not recognise convergence and parallelism and therefore may place taxa 

which are not closely related in the same group and those which are 

closely related in different groups (e.g. Presch, 1979, p. 370), is a 

misconception based on the use of character sets which are not adequate 

representations of the total organism. The species of Mniodes included 

in the second data set in this thesis is so similar in gross appearance 

to Raoulia ex~m~a that one might easily be mistaken for the other in the 

field were it not for the fact that they are geographically far apart. 

When the two species are compared numerically on the basis of vegetative 

characters only, they are closely allied, but when compared using floral 

and vegetative characters they appear quite unrelated (cf. Chapter 5), 

A well-executed numerical phenetic analysis provides a unique 

kind of information, and therein lies its value for taxonomy. It 

provides a measure of overall similarity between every pair of organisms 

or taxa in the analysis; this information can be transformed by 

clustering techniques into hierarchically structured phenograms or it 

can be used directly for examining the similarity relationships of any 

given OTU. If the analysis is a competent one, with well-chosen 

characters and reliable numerical techniques, the results should be a 

good indication of phenetic relationships and ought also to reflect 



phylogenetic relationships. 

NUMERICAL PHENETICS AND THE GNAPHALIINAE 

All the genera of the Gnaphaliinae in New Zealand form 

intergeneric hybrids, with the sole exception of the achyroclinoid 
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group of Gnaphalium (represented by only a single indigenous species, 

G. luteo-album). Although it is generally accepted that hybridisation 

can occur between species of the same genus, it is regarded by many as 

axiomatic that hybridisation does not occur between species of different 

genera. The presence of intergeneric hybrids is thus regarded as an 

indication that the taxa concerned do not warrant separate generic 

status. It may be that in most families intergeneric hybridisation is 

an indication of inappropriate assignment of generic rank, but the 

present study suggests that taxa may cross and yet constitute apparently 

natural if not easily defined aggregations of species. If the concept 

of intergeneric hybridisation is not permitted, then part or all of 

each genus in the New Zealand Gnaphaliinae must be amalgamated with the 

others into a large, heterogeneous assemblage with a single generic 

epithet. The erection of such a diverse and unwieldy conglomerate 

would surely be a retrograde step in both practical and theoretical 

terms, because it would create a clumsy and inconvenient taxonomic 

segment and obscure phylogenetic relationships. 

The use of the genus category is particularly important because, 

being part of the binomial, it is constantly used in the communication 

of taxonomic information, i.e. in communicating the names of species. 

It carries with it implications of both unification and separation; it 

is at the same time an aggregation of related species and a definable 

entity which can be separated from other genera within the family 

(or, as in the present study, the subtribe). The modern trend is 



to place emphasis less on the concept of the readily definable genus 

and more on the concept of the natural genus in terms of content and 

delimitation. 

Genera in the Compositae are notoriously difficult to define, 

partly because the more obvious floral characters are so uniform and 

vegetative characters so diverse that generic distinctions are hard 
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to find, and partly because species are not arranged in clear-cut 

generic groupings. Some sixty per cent of all flowering plant hybrids, 

including most of the intergeneric ones, are contained in only three 

families, the Gramineae, Orchidaceae and Compositae (Knobloch, 1972). 

As Lovis (1973) has pointed out in likening them, in this respect, to 

the Aspleniaceae (Filicopsida), these three are highly evolved, 

distinctive, specialised families in an active and plastic state of 

evolution, with generic boundaries still only partially differentiated. 

Genera which are neither genetically discrete nor clearly defined 

morphologically may nevertheless be distinct entities in both the 

phenetic and the phylogenetic sense, and this fact should be recognised 

in classification. 

The present classification of the Gnaphaliinae is unsatisfactory 

because undue reliance has been placed on single characters, such as 

the floret ratios in the capitulum of GnaphaZium and HeZichrysum, and 

because the genera are apparently still in an active state of evolution. 

If the group is to be satisfactorily classified into natural taxa, it 

will be achieved by abandoning the search for readily or strictly 

defined genera and approaching the problem in terms of natural 

aggregations of species. Numerical phenetics lends itself readily to 

to such an approach, especially in the Compositae with its wealth of 

available floral characters. The analyses described in this thesis 

have not only provided information of value in the classification of 



Raoutia~ but have indicated that such an approach might well provide 

a satisfactory solution to the problem of the classification of the 

Gnaphaliinae as a whole. 
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APPENDIX 1 

THE APPLICATION OF THE NAME RAOULIA AUSTRALIS HOOK. F. 

The original description by Hooker of Raoulia australis 

was published in Raoul's Choix de P7/antes de la Nouvelle 

Ze1ande (1846) to accompany the plate illustrating 

material collected by Raoul at Akaroa. The genus Raoulia 

is also described for the first time in the same volume. 

Only the one species is included, and therefore R. australis 

Hook. f. in Raoul is unquestionably the type species of 

the genus. The only problem which must be resolved in 

order to apply the name correctly is the identity of the 

taxon described by Hooker in the Choix. 

Earlier authors (Beauverd, 1910; Allan, 1961) have 

discussed the identity of the material collected by 

Raoul at Akaroa. A second aspect of the problem, and one 

not previously stated, is that Hooker's description was 

not necessarily based on Raoul's material. 

Material collected by Raoul at Akaroa is figured in 

the Choix. There is a piece of Raoul's collection at 

Kew which, according to Allan (1961, p. 704) "is a portion 

of the type". Since Allan (loc. cit.) cites Paris 

as the location of the type, one presumes that the remainder 

1S in the Mus~um National d'Histoire Naturelle, Paris. 

The figures in the Choix could represent either R. australis 

Hook. f. in Raoul sensu Allan or R. hookeri Allan. The 

differences between these two species are in features not 

evident from the figures, such as size of various parts, 



leaf venation and form of the disc at the base of the 

style. The capitulum suggests neither species, being 
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far too broad in relation to its length. The short style 

of the tubular floret suggests R. australis Hook. f. sensu 

Allan but the paucity of capitula is most uncharacteristic 

of this species, which normally produces capitula on most 

of the upright branchlets. The glabrous achenes and 

uniformly slender pappus hairs suggest neither species, 

while the short inner phyllaries do occur in both species 

but are common in neither. 

Both species have been collected from Banks 

Peninsula, though R. hookeri Allan is known with certainty 

from only one collection therefrom, CHRI0134 collected 

by R.M. Laing on Purple Peak above Akaroa in May, 1910. 

(A mixed unlocalised sheet labelled "615 1847" in Paris 

is discussed below, p.210 .) R. australis Hook. f. sensu 

Allan is represented by four clearly localised collections, 

namely K88/216/18 collected by Raoul at Akaroa, 

CANU21275 collected by R.M. Laing on the "new Sumner 

Road" (Evans Pass), CHR227860 collected by M.J.A. Simpson 

from the Monument, Purau in April, 1972 and CHR227799 

collected by M.J.A. Simpson and B.H. Macmillan from 

Mt. Berard, Akaroa in October 1972. Neither species has 

ever been recorded as abundant on Banks Peninsula. 

J.F. Armstrong (1870) recorded R. austraZis Hook. f. 

from the Port Hills -Sumner area and J.B. Armstrong 

(1880) recorded it from Banks Peninsula. They could 

have been referring to either R. australis sensu Allan or 

R. hookeri~ or to both, since in that period the two were 

not taxonomically separated. Laing (1914, 1919) recorded 
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R. hookeri Allan (as R. australis Hook. f.) as a rare and 

disappearing species on Banks Peninsula, with only the 

one specimen having been seen by him (on Purple Peak). 

He saw only one specimen of R. australis Hook. f. sensu 

Allan (recorded by him as R. lutescens (Kirk) Beauverd), 

from the Lyttelton-Sumner Road. Simpson (1973) found 

only single plants on the Monument and Mt. Berard and 

none on Purple Peak, which was in 1972 largely covered 

by gorse. Laing (1919) suggested that the single plant 

of R. australis Hook. f. sensu Allan which he had seen 

on Purple Peak might have grown from seed blown up from 

a riverbed on the Canterbury Plains. Simpson (loc. cit.) 

suggested that both species might have occurred on Banks 

Peninsula as the result of such chance dispersal of seed. 

This is perhaps more likely for R. austraZis Hook. f. sensu 

Allan, which occurs close at hand on Ellesmere Spit, just 

south of Banks Peninsula, and also on the western 

outskirts of Christchurch, than for R. hookeri Allan 

which would have had to travel from montane riverbed on 

the far side of the Plains. It is, however, quite possible 

that both species were once common on Banks Peninsula. 

Both are plants of open ground and both are extremely 

intolerant of competition. It is unlikely that they 

would have long survived the introduction of the European 

pasture plants and weeds which now occupy most Banks 

Peninsula sites which might have provided suitable habitats 

for these two species of Raoulia. 

The piece of Raoul's material in the Hooker 

herbarium at Kew is undoubtedly R. australis Hook. f. sensu 
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Allan. It is now mounted alone and designated as type 

material; it is labelled "Akaroa Raoul no. 255". Allan 

(Zoc. cit. p. 702) stated that this specimen was "mounted 

on a sheet bearing specimens of other plants included 

by Hooker in his widened conception of R. australis", 

but it has been separated and remounted as type material 

presumably following Allan's decision on typification. 

The sheet I have seen from Paris, although sent 

ostensibly as Raoul's collection, is unlikely to be the 

type collection, since it is labelled only "615 1847"; 

the species description was published in 1846, the number 

does not coincide with that of the Kew specimen and there 

is no indication that the material was collected by Raoul 

or at Akaroa. This sheet contains a mixture of R. australis 

Hook. f. sensu Allan and R. hookeri Allan. 

The description in the Choix does not resolve the 

problem. The clavellate pappus, a very obvious feature, 

occurs in neither species and is not figured by Raoul, 

who illustrates a slender-tipped pappus. There is, in fact, 

no character state in the description which indicates 

either species. Even leaf length (given as 1 mm) is not 

definitive; the total leaf length is more than this in 

both species while the lamina length is usually less in 

R. australis Hook. f. sensu Allan and more in R. hookeri 

Allan but may approach 1 mm in either. 

In the Flora of New Zealand Vol. 1. (1853) Hooker states 

that R. australis was "originally detected by Mr Bidwill 

on Tongariro". Bidwill (1841, p. 29) says of his journey 

between Rotorua and Taupo on February 24, 1839: "As we 
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went on, the land became more and more barren and level, 

till it became a mere moor, without a shrub, and almost 

without vegetation; a few bushes of the miserable-looking 

Dracophyllum being all that occurred to break the monotony 

of the plain. I discovered here an extraordinary Composite 

little plant, so small that I took it for a lichen; it 

grew in flat hard grey patches, and did not rise higher 

than a quarter of an inch; the patches were in general 

winding, and I am convinced the sharpest-eyed botanist 

would have at first mistaken them as I did. I afterwards 

found another but larger specimen of the same plant, 

growing near the limits of the snow, on the mountains." 

The lichen-like plant was undoubtedly the unnamed Volcanic 

Plateau taxon presently included in R. australis Hook. f. 

sensu Allan but in my opinion deserving independent 

specific status (cf. pp.76 ). The larger specimen was 

probably R. hookeri var. albo-sericea (Col. ) Allan, which 

is similar in appearance to the previous taxon but is 

larger, and reaches higher altitudes. 

It must be recognised, therefore, that when he 

described R. australis in the Choix Hooker may well have 

seen both the Volcanic Plateau forms. The description 

may even have been written before he saw Raoul's material, 

in preparation for the Flora of New Zealand, and may have 

been based on one or both of the Volcanic Plateau taxa. 

Thus the original description of R. australis in the Choix 

could have been based on anyone, or any of several 

combinations, of four different taxa, all of which the 

present author considers to be good species. There is 

clear evidence that Hooker had in mind more than Raoul's 
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N(aroa collection when composing the generic diagnosis, 

since he writes "Herba Novae Zelandiae et Tasmanniae". 

If further information cannot be obtained from 

Paris, concerning Raoul's material, or from Kew, 

concerning the material on which Hooker based his 

original description, then the situation must be resolved 

on the present evidence and in accordance with the 

International Code of Botanical Nomenclature. 

The history of use of the name R. australis Hook. f. 

is far from straightforward. First published by Hooker 

(Choix~ 1846) to describe a taxon of uncertain identity 

(see above), it was used in a broad sense by Hooker 

in the Flora of New Zealand Vol. 1 (1853) to include the 

forms now placed in 

R. hookeri Allan var. 

R. australis Hook. f. sensu Allan,· 

hookeri and probably R. hookeri var. 

albo-sericea (Col.) Allan. Kirk (1899) followed Hooker 

except that he included a new variant, var. apice-nigra 

Kirk, segregated the small-leaved South Island form as 

var. lutescens and reduced the Colenso species 

R. albo-sericea to a variety of R. australis. Beauverd 

(1910) concluded that it was not possible to decide 

whether Hooker was describing R. australis Hook. f. 

sensu Allan or R. hookeri Allan in the Choix 

and that Hooker had clearly included both forms under 

the same name in 1853. Beauverd considered them to 

be separate species, and since Kirk had been the first 

to distinguish them nomenclaturally, by segregating 

var. lutescens~ and in view of the lack of evidence 

on which to base a considered decision as to the 



identity of the type material of R. australis 5 

Beauverd concluded that the best course was to take 

up Kirk's name for one of the two species and keep 

Hooker's name for the other. Thus R. australis 
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Hook. f. sensu Allan, which had been R. australis var. 

lutescens Kirk, became R. lutescens (Kirk) Beauverd and 

R. hookeri Allan, which had been R. australis Hook. f. 

(var. australis) remained as such. Allan (1961, p. 701) 

was of the opinion that "The plant collected by Raoul 

and figured in the Choix must be accepted as the type 

of the Spa and genus." On the evidence of the piece 

of Raoul's material at Kew, which is R. lutescens 

(Kirk) Beauverd, Allan replaced this name by R. australis 

Hook. f. This left R. australis Hook. f. sensu 

Beauverd without a name and Allan duly named it R. hookeri. 

Thus the name R. lutescens was reduced to synonymy, 

R. hookeri was introduced, and the other two varieties 

formerly included in R. australis (var. apice-nigra and 

var. albo-sericea) became varieties of R. hookeri. 

R. australis Hook. f. sensu Allan and R. hookeri 

Allan are taxonomically as well as nomenclaturally 

confusing. (The taxonomic confusion is in the realm 

of identification; the two South Island taxa and the 

Volcanic Plateau form of R. australis are superficially 

similar but are taxonomically three distinct species, 

morphologically distinguishable, geographically or 

temporally isolated reproductively, and with different 

chromosome numbers.) It is therefore desirable, in 

the interests of clarity, to avoid if possible any 

further changes in the application of the name R. australis 
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Hook. f. 

Accepting Allan's designation (loc. cit . .> p. 704) 

of Paris as the location of the type of Raoulia australis 

Hook. f. in Raoul, then if the Paris material is found 

and shown to be uniformly R. australis Hook. f. sensu 

Allan, it is the holotype and the Kew material 

is an isotype. If the Paris material is found and 

proves to be uniformly R. hookeri Allan, then it is 

still the holotype of R. australis Hook. f., and 

R. australis Hook. f. sensu Allan becomes R. Zutescens 

(Kirk) Beauverd. If the Paris material is found and 

proves to be a mixture of R. australis Hook. f. sensu 

Allan and R. hookeri Allan, then one of these elements 

must be selected as the type. In this case it would 

seem better to follow Allan, not because Beauverd's 

names contravene the Code but because another reversal 

in the application of the name R. australis Hook. f. 

could only cause further confusion. If Raoul's material 

in Paris cannot be located, then the piece of Raoul's 

material at Kew should be designated as the lectotype. 

If the description in the Choix could be shown 

uneguivocably to be based on Volcanic Plateau material, 

then there would be grounds for invoking Article 69 

of the Code and rej ecting the name R. australis Hook. f., 

since it would then be associated with a description 

of one or two Volcanic Plateau taxa and a figure of one 

or two South Island taxa. Amidst such confusion the 

most sensible course might be to abandon the name 

altogether. 
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However, as already noted, the description and 

illustration, although, undoubtedly referring to RaouZia~ 

do not clearly relate to either R. australis sensu Allan, 

to R~ hookeri~ or to any other one known species. It can 

further be argued that speculation as to what collections 

Hooker may have had in mind or in front of him when he 

composed the description of R. austraZis is strictly 

irrelevant because in the final analysis the decisive 

factor for typification is that in the published work 

the description is tied to the Akaroa collection only. 

The question arises as to whether or not Paris is 

the most appropriate choice for location of the holotype 

of R. australis. The type collection is believed to have 

been divided between two locations, Paris and Kew. 

There is an undeniable logic to the argument that the 

true holotype is the portion of the type collection 

at Kew, situated in the herbarium of the author of the 

species. 

If it can be shown that the Raoul Akaroa specimen 

was in Hooker's herbarium, and accessible to him, when 

he wrote the description of R. australis published in 

the Choix~ then the choice of the Kew specimen as the 

holotype would be indisputable. 

The logical and simple course of action is therefore 

to change the designation of the location of the type of 

Raoulia australis Hook. f. in Raoul from P to K. In all 

probability, on that basis, Allan's decision regarding 

the identity of this taxon will withstand any future 

challenge. 



Postscript: A question arises as to why Raoulia 

australis was described by Hooker, rather than by 
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Raoul himself. It would clearly be interesting to 

discover something of the relationship between Raoul 

and the Hookers, and the circumstances of the 

description of R. australis~ but such an investigation 

would involve access to the Hooker papers at Kew and 

to sources in Paris. Huxley (1918) provides no 

information regarding the interaction between Raoul 

and J.D. Hooker. Glenn (1950, p. 79) states that 

some Raoul specimens were sent to W.J. Hooker, and 

also (loc. cit.~ p. 82) that Raoul specimens were given 

to J.D. Hooker while he was in Paris. If it so 

happened that the Akaroa Raoul specimen now at Kew was 

sent to W.J. Hooker and that Joseph Hooker composed 

the description of R. australis while in Paris, then the 

holotype would most certainly be Paris material. This, 

however, is unlikely. 



OTU no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

® 

APPENDIX 2 

DATA SET 1: OPERATIONAL TAXONOMIC UNITS 

* Taxon Herbarium no. 

Raoulia australis 64002 
R. australis 67980 
R. australis 66051 
R. aus tra lis 64046 
R. australis 671146 
R. australis 67638 
R. austra lis 74101 
R. parkii 67951 
R. parkii 67501 
R. parkii 67982 
R. parkii 67957 
R. parkii 66010A 
R. parkii 74064 
R. parkii 74057/4 
R. parkii 74057/7 
R. subsericea 68095 
R. subsericea 68052 
R. subsericea 68157 
R. subsericea 67974 
R. subsericea 66010B 
R. subsericea 67936B 
R. subsericea 74014 
R. glabra 67299 
R. glabra 67981 
R. glabra 65260 

Locality collected 

Otematata, N. Otago 
Tasman R., S. Canterbury 
Rakaia R., Canterbury 
Cass R., Canterbury 
wairau R., Marlborough 
Waiouru, Volcanic Plateau 
Desert Rd, Volcanic Plateau 
Hawkdun Ra., N. Otago 
Otematata, N. Otago 
Tasman R" S. Canterbury 
Macaulay R., S. Canterbury 
Cass, Canterbury 
Awatere V., Marlborough 
Awatere V., Marlborough 
Awatere V., Marlborough 
Garvie Mts, Southland 
Kyeburn, Central Otago 
Grampian Ra., S. Canterbury 
Tasman R., S. Canterbury 
Cass, Canterbury 
Cass, Canterbury 
Hurunui R., N. Canterbury 
Cleddau R., Fiordland 
Tasman R., S. Canterbury 
Cass, Canterbury 

* Numbers not prefixed by an herbarium code are those of the author. 
N 
i-" 
---..J 



26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

R. gZabra 
R. gZabra 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 
R. hookeri 

APPENDIX 2 (continued) 

VaT'. hookeri 
VaT'. hookeri 
var. hookeri 
var. hookeri 
VaT'. hookeri 
var. hookeri 
var. hookeri 
var. hookeri 
VaT'. hookeri 
var. hookeri 
var. hookeri 
var. hookeri 
var. hookeri 
var. hookeri 
var. hookeri 
var. hookeri 
var. hookeri 
var. hookeri 
VaT'. hookeri . . 
var. ap&ce-n&gra 
VaT'. apice-nigra 
var. apice-n&gra 
var. apice-nigra 
VaT'. apice-nigra 
var. apice-nigra 
var. apice-nigra 
var. apice-nigra 
var. apice-nigra 
VaT'. albo-sericea 

OTA 

68045 
74024/1 
79013/2 
67247 
74092/3 
67400 
67394 
68111 
68112 
66021 
67882 
66139 

2212 
67940 
67941 
67942 
65183 
74019 

2206 
66505 

671183 
67841 
68125 

021779 
67037 
68187 
67959 
66029B 
65244 
66584 
67752 

Akaroa, Banks Peninsula 
Rimutaka Ra., Wellington 
Riverton, Southland 
Longwood Ra., Southland 
Waituna Lagoon, Southland 
Lake Gunn, Fiordland 
Eglinton RO f Fiordland 
Matukituki Ro, W. otago 
Matukituki Ro, W. Otago 
Makarora Ro, Wo Otago 
Tasman Ro, S. Canterbury 
Potts R., So Canterbury 
Thomas R. f Canterbury 
Cass Ro, Canterbury 
Cass R., Canterbury 
Cass Ro, Canterbury 
Waipara R.T No Canterbury 
Hurunui Ro, N. Canterbury 
Maruiha R., Westland 
Flaxbourne Ro, Marlborough 
Owhiro Bay, Wellington 
Mt Cardrona, Central Otago 
Luggate, Central Otago 
Pisa Ra., Central Otago 
Waitaki R.T N. Otago 
Grampian Ra., S. Canterbury 
Two Thumb Ra., S. Canterbury 
Upper Rangitata, S. Canterbury 
Island Pass, No Canterbury 
Mt Barefell, Marlborough 
Whakapapa, Volcanic Plateau 



APPENDIX 2 (continued) 

57 R. hookeri VaY'. aZbo-sericea 67646 Waiouru, Volcanic Plateau 
58 R. hookeri var. aZbo-sericea 67647 Naiouru, Volcanic Plateau 
59 R. hookeri VaY' . aZbo-sericea 74100 T.ongariro R. , Volcanic Plateau 
60 R. hookeri var. . Zaxa 74138/2 Gillespie's Beach, s. Westland 
61 R. hookeri VaY'. Zaxa 67954 Franz Josef, s. Westland 
62 R. haastii 66475 Ahuriri R. , N. Otago 
63 R. haastii 66447 Cass R. I Canterbury 
64 R. haastii 66449 Cass R. I Canterbury 
65 R. tenuicauZis var. tenuicauZis 74031/2 Matukituki R. I W. Otago 
66 R. tenuicau lis VaY'. tenuicau lis 74040/10 Chain Hills, N. Otago 
67 R. tenuicau lis var. tenuicau lis 66476 Ahuriri R. , N. Otago 
68 R. tenuicau lis VaY'. tenuicau lis 74023 Rakaia R. I Canterbury 
69 R. tenuicauZis VaY'. tenuicaulis 66442 Cass R. , Canterbury 
70 R. tenuicauZis var. tenuicau lis 65182 Waipara R. , N. Canterbury 
71 R. tenuicauZis var. tenuicauZis 66461 Inangahua R. , Westland 
72 R. tenuicauZis var. tenuicauZis 66529 Tarndale, Marlborough 
73 R. tenuicaulis VaY'. tenuicauZis 74079/2 Waihopai R. , Marlborough 
74 R. tenuicauZis var. tenuicau lis 74025/5 Pahaoa Gorge, E. Wairarapa 
75 R. tenuicau lis VaY'. pusiZZa AK 10188 Rimutaka Ra. , Wellington 
76 R. tenuicauZis var. pusiZZa 67607 Ruahine Ra. , Hawkes Bay 
77 R. cinerea 66570/1 Mt Barefell, Marlborough 
78 R. cinerea 66570/2 Mt Barefell, Marlborough 
79 R. monroi 67470 Waitaki R. , N. Otago 
80 R. monroi 64047 Lake Heron, Canterbury 
81 R. monroi 65245A Cass, Canterbury 
82 R. sp. K. 75010/2 Kaimanawa Ra. , Volcanic Plateau 
83 R. sp. K. 74088 Lake Taupo, Volcanic Plateau 
84 R. sp. K. 79100/1 Cass R. , Canterbury 
85 R. sp. K. 79100/3 Cass R. , Canterbury 
86 R. sp. M. 66165 Erewhon, s. Canterbury N 

r-' 
~ 



APPENDIX 2 ( continued) 

87 R. sp. M. 74026 Lyell Glacier, Canterbury 
88 R. sp. M. 74010 Cameron Glacier, Canterbury 
89 R. petriensis 65142 Mt St. Bathans, Central Otago 
90 R. petriensis OTA 004998 Two Thumb Ra. , S. Canterbury 
91 R. subuZata OTA 030566 Central Fiordland 
92 R. subuZata 67902 Cass, Canterbury 
93 R. grandifZora 74030/1 Homer Tunnel, Fiordland 
94 R. grandifZora 74030/2 Homer Tunnel, Fiordland 
95 R. grandifZora 67583 Ruahine Ra. , Hawkes Bay 
96 R. youngii 65141 Mt Pisa, Central Otago 
97 R. youngii 68190 Grampian Ra., S. Canterbury 
98 R. hectori var. hectori OTA 009073 Hector Mts, Central Otago 
99 R. hectori var. hectori 2652 Mt Pisa, Central Otago 

100 R. hectori var. hectori 68189 Grampian Ra. , S. Canterbury 
101 R. hectori var. moUis AK 10125 Old Man Ra. , Central Otago 
102 R. eximia 68171 Grampian Ra., S. Canterbury 
103 R. eximia 66027 Two Thumb Ra., S. Canterbury 
104 R. eximia 65147 Mt Hutt, Canterbury 
105 R. eximia 68140 Foggy Peak, Canterbury 
106 R. mammiZZaris 75001/1 Mt Hutt, Canterbury 
107 R. mammi Z Zaris 68139 Foggy Peak, Canterbury 
108 R. bryoides 74124/1 Island Pass, N. Canterbury 
109 R. bryoides 75007/1 Richmond Ra. , Marlborough 
110 R. sp. L. 68230 Rem,arkables, Central Otago 
III R. sp. L. OTA 008882 Pisa Ra. , Central Otago 
112 R. goyenii 68145 Table Hill, Stewart Island 
113 R. goyenii 68146 Mt Rakeahua, Stewart Island 
114 R. rubra 76001 Lookout Ra., Nelson 
115 R. rubra 671179 Tararua Ra. , Wellington 
116 R. buchananii 65148 Mt Brewster, Fiordland N 

N 

117 R. buchananii WELT 45915 Harris Mts, Central 'Otago 0 



118X 
119X 
118Y 
119Y 
120Y 
121Y 
122Y 

APPENDIX 2 (continued) 

R. australis 
R. australis 
R. eximia x mammi llaris 
R. australis x parkii 
R. australis x hookeri var. hookeri 
R. australis x hookeri var. hookeri 
R. tenuicaulis var. tenuicaulis 

x "remotifolia" 

75022/3 
75017/5 
75004/7 
74039/6 
66100 
74022 
74089 

Cape Palliser, Wairarapa 
Taupo, Volcanic Plateau 
Mt Butt, Canterbury 
Ahuriri R., W. Otago 
Clarence R'f N. Canterbury 
Rakaia R., Canterbury 
Kaimanawa Ra., Volcanic Plateau 



APPENDIX 3 

DATA SET 2: OPERATIONAL TAXONOMIC UNITS 

OTU no. Taxon Herbarium no. Locality collected 

1 Raoulia australis 64002 Otematata, N. Otago 
2 R. australis 66051 Rakaia R., Canterbury 
3 R. aus tra lis 67638 Waiouru, Volcanic Plateau 
4 R. australis 75017/1 Taupo, Volcanic Plateau 
5 R. parkii 67951 Hawkdun Ra., N. Otago 
6 R. parkii 66010A Cass, Canterbury 
7 R. parkii 74057/4 Awatere V., Marlborough 
8 R. subsericea 67954 Grampian Ra., S. Canterbury 
9 R. subsericea 68095 Garvie Mts, Southland 

10 R. glabra 74024/1 Rimu taka Ra., Wellington 
11 R. glabra 68045 Akaroa, Banks Peninsula 
12 R. hookeri var. hookeri 74113/1 Cass, Canterbury 
13 R. hookeri var. hookeri 74074/1 Leatham R., Marlborough 
14 R. hookeri var. hookeri 671183 Owhiro Bay, Wellington 
15 R. hookeri var. hookeri 74092/3 Waituna Lagoon, Southland 
16 R. hookeri var. albo-sericea 74100 Tongariro Nat. Pk, Volcanic Plateau 
17 R. hookeri var. albo-sericea 75016/4 Taupo, Volcanic Plateau 
18 R. hookeri var. apice-nigra 74150/1 Luggate, Central Otago 
19 R. hookeri var. apice-nigra 75034/1 Mt St Patrick, N. Canterbury 
20 R. hookeri var. laxa 74049/1 Matuki tuki R., W. Otago 
21 R. hookeri var. laxa 74133/5 Franz Josef, S. Westland 
22 R. haastii 74070/3 Tasman R., S. Canterbury 
23 R. haastii 66447 Cass, Canterbury 
24 R. tenuicau lis var. tenuicaulis 74051/1 Matuki tuki R., W. Otago 
25 R. tenuicauZis var. tenuicau lis 74079/2 Waihopai R., Marlborough 

N 
N 
N 

* Numbers not prefixed by an herbarium code are those of the author. 



26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

APPENDIX 3 (continued) 

R. tenuicaulis var. pusilla 
R. tenuicaulis var. pusilla 
R. cinerea 
R. monroi 
R. monroi 
R. sp. K. 
R. sp. K. 
R. sp. M. 
R. sp. M. 
R. petriensis 
R. subulata 
R. grandiflora 
R. young'L-'L-
R. hectori var. hectori 
R. hectori var. mollis 
R. eX'L-m'L-a 
R. mammillaris 
R. bryoides 
R~ rubra 
R. goyen'L-'L-
R. buchananii 
Ewartiasinclairii 
E. catipes 
E. nubigena 
E. meredithae 
E. planchonii 
Leucogenes gradiceps 
L. leontopodium 
Helichrysum depressum 
H. depressum 

67607 
AK 10188 

66570/2 
74080/3 
74110/2 
75010/2 
74088 
66165 
74010 
65142 
67902 
67583 
65141 
68189 

AK 10125 
68140 
68139 
74124/1 

671179 
68146 
65148 
66680 
76002 
76003 
76006 
76008 
65238 
67594 

5400 
5402 

Ruahine Ra., Hawkes Bay 
Rimutaka Ra., Wellington 
Mt Barefell, Marlborough 
Waipara R., N. Canterbury 
Cass, Canterbury 
Kaimanawa Ra., Volcanic Plateau 
Taupo, Volcanic Plateau 
Erewhon, S. Canterbury 
Cameron Glacier, Canterbury 
Mt st Bathans, Central Otago 
Cass, Canterbury 
Ruahine Ra., Hawkes Bay 
Pisa Ra., Central Otago 
Grampian Ra., S. Canterbury 
Old Man Range, Central Otago 
Foggy Peak, Canterbury 
Foggy Peak, Canterbury 
Island Pass, N. Canterbury 
Tararua Ra., Wellington 
Mt Rakeahua, Stewart Island 
Mt Brewster, Fiordland 
Saxton R. f Marlborough 
Ben Lomond, Tasmania 
Blue Cow, N.S.W., Australia 
Mt Field Nat. Pk, Tasmania 
Mt Field Nat. Pk, Tasmania 
Mt St Bathans, Central Otago 
Ruahine Ra., Hawkes Bay 
Mt Terako, N. Canterbury 
waimakariri R., Canterbury N 

N 
W 



56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

APPENDIX 3 (continued) 

H. parvi fa Z ium 
H. seZago 
H. beUidioides 
H. fi Zicau le 
GnaphaZium nitiduZum 
G. mackayi 
G. Zuteo-album 
G. trinerve 
G. hookeri 
Mniodes sp. 
Raoulia hookeri var. apice-nigra 
R. hookeri var. hookeri 
R. hookeri var. Zaxa 
R. sp. K. 
R. sp. K. 
R. petriensis 
R. subuZata 
R. hectori var. hectori 
R. sp. L. 
R. sp. L. 
Cassinia ZeptophyZZa 
C. fuZvida 
Leucogenes aff. Zeontopodium 
Leucogenes aff. Zeontopodium 

5509 
671042 
671045 

75045 
74127 
66237 
68128 
65106 

5005 
CHR 193208 
OTA 021779 

79013/2 
74138/2 
79100/1 
79100/3 

OTA 004998 
OTA 030566 
OTA 009073 

68230 
OTA 008882 

CANU 017553 
CASS 891 
CANU .10681 
CANU 4726 

Island Pass, N. Canterbury 
Wairau Gorge, Nelson 
Wairau Gorge, Nelson 
Bawdon R., Canterbury 
Island Pass, N. Canterbury 
Blue Mtns, S. Otago 
Waitaki R., N. Otago 
Cook R., Westland 
Bluff, Southland 
Andes, Peru, S. America 
Pisa Ra., Central Otago 
Riverton, Southland 
Gillespie's Beach, S. Westland 
Cass R., Canterbury 
Cass R., Canterbury 
Two Thumbs Ra., S. Canterbury 
Central Fiordland 
Hector Mts, Central Otago 
Remarkables, Central Otago 
Pisa Ra., Central Otago 
Cape Turakirae, Wellington 
Cass, Canterbury 
Team Saddle, Marlborough 
Mt Peel, Canterbury 

N 
N 
4>-
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APPENDIX 4 

DATA SET 1: CHARACTERS 

1. Length of leaf lamina. 

2. Length of leaf base. 

3. Breadth of leaf lamina. 

4. Breadth of leaf base proximal to lamina. 

5. Breadth of leaf base proximal to stem. 

6. Diameter of leafy shoot. 

7. Length of capitulum. 

8. Breadth of capitulum. 

9. Number of phyllaries per capitulum. 

10. Number of florets per capitulum. 

11. Diameter of receptacle. 

12. Extent to which pappus exceeds corolla in tubular florets. 

13. Length of inner phyllary. 

14. 

15. 

16. 

17. 

18. 

Length of achene in tubular florets. 

Length of corolla tube in tubular floret. 

Length of corolla lobes in tubular floret. 

Length of disc in tubular floret. 

Breadth of achene in tubular floret. 

19. Breadth of corolla tube in tubular floret. 

20. Length of achene in filiform floret. 

21. Length of corolla in filiform floret. 

22. Breadth of corolla in filiform floret. 

23. Length of lamina/length of leaf. 

24. Breadth/length of leaf. 

25. Breadth/length of lamina. 

26. Point of maximum breadth* of lamina/length of leaf. 

* measured as distance from apex 
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APPENDIX 4 (continued) 

27. Point of maximum breadth of lamina/length of lamina. 

28. Breadth/length of capitulum. 

29. Number of filiform florets/total number of florets. 

30. Breadth/length of phyllary. 

31. Point of maximum breadth* of phyllary/length of phyllary. 

32. Length of tubular floret/length of phyllary. 

33. Length of achene/length of floret (tubular floret) . 

34. Breadth of corolla tube/length of corolla (tubular 
floret) . 

35. Length of disc/length of corolla (tubular floret) . 

36. Length of achene/length of floret (filiform floret) . 

37. Breadth of corolla tube/length of corolla (filiform 
floret) . 

38. Comparative length of achenes in tubular and filiform 
florets. 

39. Comparative length of corolla in tubular and filiform 
florets. 

40. Comparative breadth of corolla tube in tubular and 
filiform florets. 

41. Plant with cushion form: yes or no. 

42. Branches differentiated into prostrate and upright 
types: yes or no. 

43. Leaf base widest at the centre: yes or no. 

44. Main vein: straight or curved. 

45. Leaf mucro: present or absent. 

46. Leaf mucro: straight or upturned (no comparison if 
absent) . 

47. Leaf lamina folded: yes or no. 

48. Folding of leaf lamina persistent: yes or no 
(no comparison if absent). 

49. Folding restricted to tip of leaf lamina, at least 
sometimes: yes or no (no comparison if absent) . 
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APPENDIX 4 (continued) 

50. Fine, soft epidermal hairs present on leaf: yes or no. 

51. Stout, rigid epidermal hairs present on leaf: yes or no. 

52. Mature leaves arranged spirally on stem: yes or no. 

53. Surface of achene glabrous or almost so: yes or no. 

54. Achene hairs: long or short (no comparison if absent) 

55. Tubular florets functionally male (achenes sterile): 
yes or no. 

56. Expansion of tubular floret towards apex: 
abrupt. 

gradual or 

57. Epidermal hairs present on phyllary: yes or no. 

58. Pappus hairs* arranged in one or several series. 

59. Pappus hairs cohere in groups when removed or shed: 
yes or no. 

60. Basal portion of pappus hair structurally distinct 
from upper part: yes or no. 

61. Shaft of pappus hair: broad or narrow. 

62. Shaft of pappus hair broader than apex: yes or no. 

63. Shaft of pappus hair with spreading cilia: yes or no. 

64. Internodes: not evident; very small; distinct. 

65. Angle of leaves to stem <45 0 ; 45 0 - 900 or more; 900 

or more. 

66. 

67. 

68. 

69. 

* 

Leaf apex: always truncate, shallowly rounded or 
varying from truncate to rounded; always rounded; 
varying from rounded to subacute; always subacute; 
varying from subacute to acute; always acute. 

Comparative breadths of leaf lamina and top of leaf 
base: lamina >0.1 mm wider; lamina up to 0.1 mm 
wider or narrower; lamina >0.1 mm narrower. 

Tapering of leaf base: top >0.1 mm wider than bottom; 
top up to 0.1 mm wider or narrower; top >0.1 mm narrower. 

Pubescence cover, upper surface of leaf lamina: 
total; all except margins or margins and mid
rib; all except base; only at centre; none. 

all pappus characters taken from tubular florets unless 
otherwise stated 
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70. Pubescence cover, lower surface of leaf lamina: 
total; all except margins or margins and midrib; 
all except base; only at centre; none. 

228 

71. Pubescence density, upper surface of leaf lamina: 
high; medium; low; absent. 

72. Pubescence density, lower surface of leaf lamina: 
high; medium; low; absent. 

73. Number of veins entering leaf: 1; 1 with 1 or 2 
rudimentary lateral veins; 1 with two weaker 
laterals; 3 equal veins. 

74. Size of main vein*: massive; stout; moderate. 

75. Highest vein order: 4 to 5; 3; 2; 1. 

76. Secondary veins: looped; mixed; free. 

77. Ultimate marginal veins: looped; mixed; free. 

78. Number of free-ending areolar veinlets: 
always >2. 

0; 1 or 2; 

79. Thickness of secondary veins relative to primary 
vein: thick; moderate; thin. 

80. Curvature of receptacle: concave to flat, slightly rounded 
rounded; conical. 

81. Colour of tips of inner phyllaries; white to cream; 
yellow; stramineous to medium brown; dark brown. 

82. Phyllary apex: always truncate; truncate to rounded; 
always rounded; rounded to subacute; always subacute; 
subacute to acute; always acute. 

83. Number of pappus hairs: 
80. 

14-33; about 50; more than 

84. Apex of apical cells of pappus hair: rounded; 
rounded to subacute; subacute; acute. 

* measured as percentage breadth of lamina: massive = >4%, 
stout = 2-4%; moderate = 1.25-2%. 
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DATA SET 2: CHARACTERS 

1. Distance stout rigid hairs extend beyond apex 
(no comparison if absent) . 

2. Distance between vertically adjacent leaves. 

3. Long leaves: length of lamina (no comparison if 
leaves short). 

4. Short leaves: length of lamina (no comparison if 
leaves long). 

5. Short leaves: length of base. 

6. Short leaves: breadth of lamina. 

7. Short leaves: breadth of base. 

8. Long leaves: length of base. 

9 . Long leaves: breadth of lamina. 

10. Long leaves: breadth of base. 

11. Length of lamina/length of leaf. 

12. Breadth of laminar region/length of lamina. 

229 

13. Point of maximum breadth* of lamina/length of lamina. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

* 
** 

Breadth of folded lamina/breadth of flattened lamina. 

Breadth of laminar region/breadth of base. 

Breadth of top of base/bottom of base. 

Breadth of main vein/breadth of lamina. 

Mean** breadth of leaf base. 

Leaf length: short « 4.5 mm) i medium (5 - 11.5 mm) ; 
long (>14 mm). 

Sheath (i.e. thin, non-photosynthetic tissue): 
extends around lamina all the way; up entire side; 
short distance up side; not at all. 

o 0 Angle of leaves to stem: up to 35 i up to 45 ; up to 
700 or varying between 45 0 and 900 or more; always 
90 0 or more. 

measured from apex 

mean of breadths at top, centre and bottom 
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22. Internodes: not evident; very small (always <1 mm) 
distinct (reaching >1 mm) . 
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23. Leaf texture: thin: medium: medium to thick; thicJc 

24. Leaf apex: truncate to broadly rounded; rounded; 
subacute; acute. 

25. Cover of fine hairs on upper surface of leaf lamina: 
none; none except for a few hairs at centre near 
apex; centre only; allover except lo~er 
sides or margins and midrib; total. 

26. Cover of fine hairs on lower surface of leaf lamina: 
none; none except for a few hairs at centre near 
apex;-centre only; allover except lower sides or 
margins and midrib; total. 

27. Density of fine hairs on upper surface of leaf lamina: 
low; thin to medium or thin at margins and apex and 
dense at centre; medium; high at centre and medium 
at margins; high. 

28. Density of fine hairs on lower surface of leaf lamina: 
low; thin to medium or thin at margins and apex and 
dense at centre; medium; high at centre and medium 
at margins; high. 

29. Fine hairs of leaf lamina extending over margins: 
not at all; appressed; 0.1-0.2 mID. 

30. Fine hairs of leaf lamina extending over apex: not 
at all; appressed; 0.1- 0.2 mID; >0.5 mID. 

31. Fine hairs of upper surface of leaf lamina, appressed 
strongly; slightly or partially; not at all. 

32. Fine hairs of lower surface of leaf lamina, 
appressed strongly; slightly or partially: 
not at all. 

33. Secondary thickening of stem: 
well-developed. 

little or none: moderate: 

34. Number of veins entering leaf: 1; 1 with 1 or 2 
rudimentary lateral veins; 1 with 2 weaker laterals; 
3 equal veins. 

35. Highest vein order: 1; 1 plus a few rudimentary 
laterals: 2; 3; 4: 5. 

36. Thickness of secondary veins relative to primary vein: 
fine; fine to moderate; moderate; moderate to thick; 
thick. 
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37. Ultimate marginal veins: looped; mixed; free. 

38. Secondary veins: looped; mixed; free. 

39. Number of free-ending areolar veinlets: 1; 
1-2; 3-10; >10. 

/ 

40. Breadth of leaf base at centre of top: wider; 
about the same; narrower. 

41. Breadth of leaf base at centre of bottom: wider; 
about the same; narrower. 

42. Leaf mucro: absent; straight; upturned. 

43. Folding of leaf lamina: along entire length; 
restricted to tip. 
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44. Mature leaves arranged spirally on stem: yes or no. 

45. Lateral tomentum (tuft of hairs extending well out 
from base of lamina) present: yes or no. 

46. Main stems upright or prostrate. 

47. Branches clearly differentiated into prostrate and 
upright shoots: yes or no (no comparison if main 
stems upright) . 

48. Ultimate branch lets densely packed: yes or no. 

49. Living plant not >5 cm high or well over 5 cm high. 

50. Plant sometimes building on its own remains to form 
a hummock: yes or no. 

51. Main vein straight or curved. 

52. Main vein with vertical branches of the same diameter: 
yes or no. 

53. Veins with markedly uneven sclerenchymatous thickening: 
yes or no. 

54. Stout rigid epidermal hairs present on leaf: yes or no. 

55. Stout rigid hairs present on upper lamina: yes or no 
(no comparison if altogether absent) . 

56. Stout rigid hairs present on lower lamina: yes or no 
(no comparison if altogether absent) . 

57. Number of phyllaries per capitUlum. 
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58. Number of florets per capitulum. 

59. Number of apical cells in pappus hair*. 

60. Point of maximum breadth of apical cell of pappus 
hair. 

61. Breadth of apical cell of pappus hair. 

62. Length of papillae at centre of pappus hair. 

63. Length of papillae at base of pappus hair. 

64. Length of disc in tubular floret. 

65. Length of stylopodium in tubular floret. 

66. Breadth of achene in tubular floret. 

67. Breadth of corolla tube in tubular floret. 

68. Bread of disc in tubular floret. 

69. Breadth of stylopodium in tubular floret. 

70. Breadth of achene in filiform floret. 

71. Breadth of corolla tube in filiform floret. 

72. Length of capitulum. 

73. Mean breadth of capitulum**. 

74. Diameter of receptacle. 

75. Length of inner phyllary. 

76. Breadth of inner phyllary. 

77. Breadth of pappus hair at tip. 

78. Breadth of pappus hair at centre. 
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79. Vertical distance between central papillae of pappus 

80. 

81. 

82. 

* 

** 

hair. 

separation of apical cells of pappus hair. 

Expansion of apical cells of pappus hair. 

Length of achene in tubular floret. 

all pappus characters taken from tubular florets unless 
otherwise stated 

mean of breadths at top, neck and body 
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83. Length of corolla in tubular floret. 

84. Breadth of corolla lobes in tubular floret. 

85. Length of achene in filiform floret. 

86. Length of corolla in filiform floret. 

87. Distance pappus extends beyond corolla in tubular 
floret. 
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88. Distance pappus extends beyond corolla in filiform 
floret. 

89. Distance capitulum extends beyond vegetative leaves/ 
length capitulum. 

90. Mean breadth/length of capitulum. 

91. Breadth of capitulum, top/body. 

92. Breadth of capitulum, top/neck. 

93. Breadth of capitulum, neck/bottom. 

94. Breadth/length of tip of inner phyllary. 

95. Length of pigmented area/length of tip of inner 
phyllary. 

96. Point of maximum breadth/length of inner phyllary tip. 

97. Breadth of inner phyllary just above base/maximum 
breadth. 

98. Breadth of inner phyllary, centre/tip. 

99. Number of inner phyllaries/total number of phyllaries 
per capitulum. 

100. Length of largest florets/length of largest phyllaries. 

101 Number of filiform florets/total number of florets 
per capitulum. 

102. Breadth of pappus hair, centre/tip. 

103. Breadth of pappus hair, centre/above base. 

104. Breadth of pappus hair, below tip/tip. 

105. Breadth of pappus hair, base/above base. 

106. Length of basal papillae of pappus hair/breadth of 
hair above base. 
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107. Length of central papillae of pappus hair/breadth 
of hair at centre. 

108. Breadth of corolla at base of lobes/breadth at 
top in tubular floret. 

109. Breadth of corolla tube at centre/breadth at base 
of lobes in tubular floret. 

110. Breadth/length of achene in tubular floret. 

Ill. Breadth/length of disc in tubular floret. 

112. Breadth/length of stylopodium in tubular floret. 

113. Breadth of corolla tube/corolla top in tubular 
floret. 

114. Comparative length of achene in tubular and filiform 
florets. 

115. Comparative length of corolla in tubular and filiform 
florets. 

116. Comparative length of pappus in tubular and filiform 
florets. 

117. Comparative breadth of achenes in tubular and filiform 
florets. 

118. Comparative breadth of corolla tube in tubular 
and filiform florets. 

119. Breadth of inner phyllary tip/length of inner phyllary. 

120. Length of inner phyllary tip/length of inner phyllary. 

121. Length of achene/length of floret in tubular floret. 

122. Length of corolla lobes/length of corolla in tubular 
floret. 

123. Point of expansion of corolla*/length of corolla in 
tubular floret. 

124. Breadth of corolla tube/length of corolla ln 
tubular floret. 

125. Length of achene/length of floret in filiform floret. 

126. Length of corolla lobes/length of corolla in 
filiform floret. 

* measured as distance from apex 
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127. Breadth of corolla tube/length of corolla in 
filiform floret. 

128. Breadth/length of achene in filiform floret. 
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129. Comparative breadth of corolla top in tubular and 
,filiform florets. 

130. Clusters of capitula: subcorymbose; fascicled; 
glomerular (no comparison if capitula solitary) . 

131. Solitary capitula: sessile; becoming pedunculate; 
pedunculate (no comparison if capitula clustered) . 

132. Elongation of peduncle of capitula- cluster: 
none; slight, distinct (no comparison if capitula 
solitary) . 

133. Modification of peduncle leaves into bracts: none; 
slight; distinct. 

134. Angle of central papillae to axis of pappus hair: 
less than 100 ; much less than 450 but more than 
10 0 ; up to 45 0 ; 45 0 to 90 0 or more. 

135. Subapical cells of pappus hair: projecting not at 
all; slightly; strongly. 

136. Number of pappus hairs up to 40; 41-69; 70 or more. 

137. Fusion of pappus hairs at base: not at all; loose; 
marked. 

138. Development of receptacular cone: none; in centre 
only; entire. 

139. Apex of phyllary: truncate; truncate to bluntly 
rounded; bluntly rounded; rounded; steeply rounded; 
rounded to subacute; subacute; subacute to acute; 
acute; acute to acuminate or apiculate; acuminate 
or apiculate. 

140. Development of opaque white phyllary tip: none; 
slight or sometimes; always extensive. 

141. Apex of apical cells of pappus hair: rounded; 
rounded to subacute; subacute; acute. 

142. Receptacle: flat; almost flat; rounded; shallowly 
conical; steeply conical. 

143. Areole of achene: absent; small; large. 
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144. Achene hairs: short; medium; long; absent. 

145. Achene papillae: short; long; absent. 

146. Capitula solitary: yes or no. 

147. Inflorescence subtended by ring of large, showy, 
non-involucral bracts: yes or no. 

148. Florets very many: yes or no (yes = more than 110; 
no = less than 85). 

149. Pappus hairs in several series: yes or no. 

150. Base of pappus hair with different cellular structure 
from remainder: yes or no. 

151. Bases of pappus hairs interlocking: yes or no. 

152. Phyllary apex hooded or upturned: yes or no. 

153. Hairs present on outside of inner phyllaries: yes 
or no. 

154. Hairs present on inside of inner phyllaries: yes or 
no. 

155. Yellow pigment present in phyllary tip: yes or no. 

156. Brown pigment present in phyllary tip: yes or no. 

157. Black pigment present in phyllary tip: yes or no. 

158. Corolla lobes red: yes or no. 

159. Corolla tubes red: yes or no. 

160. Corolla lobes yellow: yes or no. 

161. Corolla lobes white: yes or no. 

162. Corolla lobes reflexed at anthesis: yes or no. 

163. Pappus hairs with tendency to fuse together: yes 

164. Pappus hairs distinctly finer in filiform than in 
tubular florets: yes or no. 

or 

165. Pappus hairs of tubular floret dimorphic: yes or no. 

no. 
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IDENTIFICATION CODES FOR OTU SETS, CHARACTER SETS, 

MATRICES, PHENOGRAMS AND NUMERICAL TECHNIQUES 

OTU SETS 

R = Data Set 1: 1-117 

X = Data-Set 1: 1-117 & 118X-119X 

Y = Data Set 1: 1-117 & 118Y-122Y 

G = Data Set 2: 1-79 

CHARACTER SETS 

T total number (vegetative and floral) 

G = reduced number: uncorrelated characters removed 

V 

F 

T (D) 

= 

= 

vegetative only 

floral only 

total, uSlng dichotomous as well as alternative 

two-state characters 

SIMILARITY MEASURES 

1 = Gower's general coefficient of similarity 

2 = Simple matching coefficient 
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3 = Simple matching coefficient with equalised weighting 

CLUSTERING TECHNIQUES 

1 = WPGMA 

2 = UPGMA 



3 = Single linkage 

4 = Complete linkage 

5 = Centroid sorting 

MATRICES OF COPHENETIC VALUES 

CP2l from RT12 

CPOI from RT22 

CP02 from RT32 

CP22 from RF12 

CP23 from RV12 

CP09 from GTll 

CPlO from GT12 

CPll from GT13 

CP12 from GT14 

CP13 from GT15 

CP16 from GF12 

CP17 from GV12 

CP25 from GT12D 

CP5l from RTll 

CP53 from RT13 
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COMBINATIONS OF OTUs, CHARACTERS AND NUMERICAL TECHNIQUES 

Character Similarity Clustering 
OTU set set measure method 

R T 1 1 

R T 1 2 

R T 1 3 

R T 2 2 

R T 3 2 
DATA SET 1 

R G 1 2 

R V 1 2 

R F 1 2 

X T 1 2 

Y T 1 2 

G T 1 1 

G T 1 2 

G T 1 3 

G T .1 4 
DATA SET 2 

G T 1 5 

G V 1 2 

G F 1 2 

G T (D) 1 2 
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WEIGHTING ADJUSTMENT IN ORDERED THREE-STATE CHARACTERS 

When ordered multi-state characters are recoded into 

two-state characters using the additive recoding method, 

an originally three-state character is converted into two 

2-state characters. To increase the number of comparisons 

made for the character from two to three (cf. Chapter 7), 

a third two-state character is added. 

Multi-state character 
Two-state characters 
123 

State A 

state B 

state C 

o 
1 

1 

o 
o 

1 

With the simple matching coefficient 

o 

NC 

1 

(SSM = Nsp + Nsn/Nsp + Nsn + Nu), matches at either end 

of the scale of the original character (A-A or C-C) score 

3/3 similarities, matches in the intermediate state (B-B) 

score 2/2 similarities (and 1 uno comparison"), mismatches 

between ends of the scale (A-C) score 0/3 similarities and 

mismatches involving the intermediate (A-B or B-C) state 

score 1/2 similarities (and 1 "no comparison ll
) • 



1-4 
5-7 
8-9 

10-11 
12-15 & 67 

16-17 
18-19 & 66 
20-21 & 68 

22-23 
24-25 
26-27 

28 
29-30 

31-32 & 69-70 
33-34 

35 & 71 
36 & 72 

37 
38 

39 & 73 
40 
41 
42 
43 
44 
45 
46 

74-75 
47 
48 
49 
50 
51 
52 

53 & 78-79 
54-55 

56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

69-70 
71 
72 
73 

74-75 
76 
77 

78-79 

NAMES OF 

RaouZia austraZis 
R. parkii 
R. subsericea 
R. gZabra 
R. hookeri var. hookeri 
R. hookeri var. aZbo-sericea 
R. hookeri var. apice-nigra 
R. hookeri var. Zaxa 
R. haastii 
R. tenuicauZis var. tenuicauZis 
R. tenuicauZis var. pusiZZa 
R. cinerea 
R. monroi 
R. sp. K 
R. sp. M 
R. petriensis 
R. subuZata 
R. grcmdifZora 
R. young-z--z-
R. hectori var. hectori 
R. hectori var. moZZis 
R. eximia 
R. mammiZZaris 
R. bryoides 
R. rubra 
R. goyen-z--z
R. buchananii 
R. sp. L 

pulvinate 
species 

Ewartia sincZairii}- N.Z. 

E. catipes J A l' 
E b · ustra 1a . ru -z-gena 
E. meredithae 
E. pZanchonii 
Leucogenes grandiceps 
L. Zeontopodium 
HeZichrysum depressum 
H. parvifoZium 
H. seZago 
H. beUidioides 
H. fi Zicau Ze 
GnaphaZium nitiduZum 
G. mackayi 
G. Zuteo-aZbum 
G. trinerve 
G. hookeri 
Mniodes sp. 
R. hookeri var. 
R. hookeri var. 
R. hookeri var. 
R. sp. K 
R. petriensis 
R. subuZata 
R. hectori 
R. sp. L 

apice-nigra 
hookeri 
Zaxa 

Cassinia ZeptophyZZa 
C. fuZvida 

subg. RaouZia 

RaouZia 

subg. Mistura 

subg. Psychrophyton 

}=Ptia 
jLeUCOgenes 

}
HeZiChrysum 

~sect. XerochZaena 

~gnaPhalioid group } 

achyroclinoid group GnaphaZium 

JranaPhalioid group 

Ozothamnus 

Mniodes 

TH~ Ll2RARY 
}cassinia 

Leucogenes Zeontopodium UNIVE,<-SIT ( Of C;~NTE"BURY 
CHRISTCHURCH, N.Z. 



NAMES OF OTUs: 

1-7 Raoulia australis 

8-15 R. parkii 

16-22 R. subsericea 

23-27 R. glabra 

28-46 R. hooken var. hookeri 

47-55 R. hooken var. apice-nigra 

56-59 R. hookeri var. albo-sericea 

60-61 R. hookeri var. laxa Raoulia subg. Raoulia 

62-64 R. haastii 

65-74 R. tenuicaulis var. tenuicaulis 

75-76 R. tenuicaulis var. pusilla 

77-78 R. C'L-nerea 

79-81 R. monroi 

82-85 R. sp. K 

86-88 R. sp. M 

89-90 R. petriensis Raoulia subg. Mistura 

91-92 R. subulata 

93-95 R. grandiflora 

96-97 R. youngii 

98-100 R. hectori var. hectori 

101 R. hecton var. mollis 
Raoulia subg. Psychrophyton 

102-105 R. eX'L-m'L-a 

106-107 R. marnmillaris 

108-109 R. bryoides 

110-111 R. sp. L 
pulvinate 
species 

112-113 R. goyen'L-'L-

114-115 R. rubra 

116-117 R. buchananii 
THE LIBRARY 
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4 
2 
6 

28 
45 
29 
42 
38 
44 
35 
34 
37 
'Y" 

60 
10 
11 
13 
15 
57 
59 
17 
21 
22 
47 
52 
51 
55 
49 
81 
82 
84 
86 
88 
63 
65 
73 
~ 
VQ 

74 
70 
75 
23 
26 
25 
78 
00 
97 ,...,... ......... 

101 
94 
91 

102 
104 
114 
112 
11e 
110 
100 
109-

1 
5 

7 
30 
46 
32-
61 
43 
31 
33 
36 
41 
4C 

8 

12 
14 
56 
58 
16 
18 
1'"' 
20 
50 
53 
54 
48 
~ , 
80 
83 
~ 
0... 

87 
62 
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66 
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